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Preface
 
Diet and nutrition are vital keys to control­
ling or promoting morbidity and mortality 
from chronic diseases. The multitude of biomo­
lecules in dietary fruits and vegetables play a 
crucial role in health maintenance. They may, 
therefore, be more effective and certainly could 
have different actions beyond nutrients. 

The U.S. National Cancer Institute reports 
that only 18% of adults meet the recommended 
intake of vegetables. Increasingly, Americans, 
Japanese, and Europeans are turning to the use 
of dietary vegetables, medicinal herbs, and their 
extracts or components to prevent or treat 
disease and cancer. It has been known for 
decades that those populations with high 
vegetable consumption have reduced risks of 
cancer. However, which vegetables or fruits, 
how much of them, and which extracts or com­
ponents are best to prevent disease and pro­
mote health? 

This book brings together experts working 
on the different aspects of supplementation, 
foods, and plant extracts, in health promotion 
and disease prevention. Their expertise and 
experience provide the most current knowledge 
to promote future research. Dietary habits need 
to be altered, for most people. Therefore, the 
conclusions and recommendations from the var­
ious chapters will provide a basis for change. 

The basic outline of the book has three sec­
tions: (A) Fruit and Vegetables in Health 
Promotion, (B) Effects of Individual Vegetables 
on Health, and (C) Actions of Individual Fruits 
in Disease and Cancer Prevention and 
Treatment. 

Constituents with anticancer activities in 
the prevention phytochemicals, are described. 
ix

cus Software - Customer Support
Bioavailability of important constituents of fruit 
and vegetables plays a key role in their effective­
ness. Their roles as well as that of whole vegeta­
bles in gastrointestinal disease, heart disease, 
and old age are defined. Each vegetable contains 
thousands of different biomolecules, some with 
the potential to promote health or retard disease 
and cancer. By use of vegetable extracts as well 
as increased consumption of whole plants, peo­
ple can dramatically expand their exposure to 
protective chemicals and thus readily reduce 
their risk of multiple diseases. Specific foods, 
individual fruits or vegetables and their by-
products are biomedicines with expanded 
understanding and use. For decades, it has been 
appreciated that oxidative pathways can lead to 
tissue damage and contribute to pathology. 
Fortunately, nature has provided us the mechan­
isms found predominately in plants to defend 
against such injury. Antioxidant nutritional 
agents have consequently attracted major atten­
tion and rightfully deserve to be studied care­
fully for possible beneficial roles. One of the 
main reasons for the interest in antioxidant 
agents in dietary vegetables, and their products, 
is their virtually complete lack of harmful side 
effects. This stands in stark contrast to many 
drugs that are promoted and studied for possible 
disease-preventive activity. 

Plant extracts as dietary supplements are 
now a multi-billion dollar business, built upon 
extremely little research data. For example, 
the U.S. Food and Drug Administration are 
pushing this industry, with the support of 
Congress, to base its claims and products on 
scientific research. Since common dietary vege­
tables and over-the-counter extracts are readily 
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available, this book will be useful to laypersons 
who apply it to modify their lifestyles, as well 
as to the growing nutrition, food science, and 
natural product community. This book focuses 
on the growing body of knowledge on the role 
of various dietary plants in reducing disease. 

Expert reviews will define and support the 
actions of bioflavonoids, antioxidants, and simi­
lar materials that are part of dietary vegetables, 
dietary supplements, and nutraceuticals. As 
nonvitamin minerals with health-promoting 
activities, nutraceuticals are an increasing body 
of materials and extracts that may have biologi­
cal activity. Therefore, their role is a major 
emphasis, along with discussions of which 
agents may be the active components. 
cus Software - Customer Support
The overall goal is to provide the most cur­
rent, concise, scientific appraisal of the efficacy 
of key foods and constituents medicines in die­
tary plants in preventing disease and improving 
the quality of life. While vegetables have tradi­
tionally been seen to be good sources of vita­
mins, the roles of other constituents have only 
recently become more widely recognized. This 
book reviews and often presents new hypothe­
ses and conclusions on the effects of different 
bioactive components of the diet, derived par­
ticularly from vegetables, to prevent disease 
and improve the health of various populations. 

Ronald Ross Watson 
Victor R. Preedy 
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1. OVERVIEW
 

Dietary guidelines are evolving from a pri­
mary focus on providing adequate intake of 
essential nutrients in order to prevent nutritional 
deficiency to an emphasis on reducing the preva­
lence of chronic diseases including cardiovascu­
lar disease, cancer, type II diabetes, and obesity 
[1–3]. During this transition, there has been a 
movement to broaden nutritional terminology 
such that nutrients are divided into two catego­
ries: essential and nonessential [4]. Essential 
nutrients are those substances that cannot be 
made in the human body but that are required 
for normal cellular function. The absence of 
essential dietary nutrients results in defined dis­
ease syndromes. Nonessential nutrients are not 
required for life, but they promote health [5]. 
Many chemical constituents of plant-based 
foods, i.e. foods which are plants or are derived 
from plants, are termed nonessential nutrients 
since they positively impact health; such phyto­
chemicals are also referred to as phytonutrients. 

Bioactive Foods in Promoting Health: Fruits and Vegetables 
Current dietary recommendations attempt to 
meet these nutrient requirements and are based 
on grouping foods using culinary definitions 
and knowledge of essential nutrient content. 
Despite the recognition that literally thousands 
of chemicals exist in plant-based foods and that 
they are likely to exert a wide range of bioactivi­
ties in living systems, dietary guidelines con­
tinue to provide limited direction about the 
specific types of plant-based foods that should 
be combined to render maximal health benefits. 
This situation exists for many reasons including: 
1) the lack of a systematic approach by which 
plant-based foods are nutritionally classified; 
2) the limited information regarding the chemical 
profile of each type of plant-based food; 3) the 
lack of data on the biological activities of plant 
chemicals; and 4) the paucity of information 
about the impact of plant-based food combina­
tions on health outcomes. However, technologi­
cal advances in chromatographic separation and 
chemical identification of phytochemicals are 
occurring at a rapid rate [6] and this progress 
is providing a large amount of information 

3 r 2010 Elsevier Inc. All rights reserved. 



4 1. BOTANICAL DIVERSITY AND HEALTH 
regarding the chemical composition of plant-
based foods. This situation has created an 
unprecedented opportunity to expand our 
approach to dietary guidelines and menu 
planning. 

The objective of this chapter is to raise the 
awareness of health care professionals about 
opportunities to extend dietary guidance about 
plant-based food intake beyond meeting the 
recommended servings/day of cereal grains, 
vegetables, and fruit by incorporating informa­
tion about the botanical families from which 
the plant-based foods are selected for menu 
planning. The approach also has the potential 
to identify food combinations that reduce 
chronic disease risk. The remainder of this 
chapter addresses three topics: Section 2 details 
the rationale underlying the proposed use of 
botanical families, Section 3 provides evidence 
of the potential usefulness of this approach in 
an effort to reduce chronic disease risk, and 
Section 4 considers how botanical families can 
be applied to meal planning. 

2. RATIONALE FOR USING 
BOTANICAL FAMILIES 

2.1 Categorizing Vegetables and Fruit 

The focus of this chapter is on vegetables 
and fruit, yet a careful inspection of how these 
terms are defined and the manner in which 
they are used reveals a surprising amount of 
ambiguity about the foods placed in each cate­
gory. While the term ‘vegetable’ generally 
refers to the edible parts of plants, the categori­
zation of foods as vegetables is traditional 
rather than scientific, varying by cultural cus­
toms of food selection and preparation. 
Moreover, in the biomedical literature, some 
foods are not classified as vegetables because 
of their content of starch, e.g. potatoes [7,8], 
without consideration that these foods, as well 
A. FRUIT AND VEGETABLE
as other staple food crops, are vehicles for the 
delivery of a wide array of small molecular 
weight compounds in addition to carbohy­
drate. The categorization of foods as fruits is 
no less ambiguous. Strictly, a fruit is the rip­
ened ovary of a plant and its contents. More 
loosely, the term is extended to the ripened 
ovary and seeds together with any structure 
with which they are combined. The botanical 
definitions for fruit are not uniformly applied 
in nutrition and dietetics; rather, cultural cus­
toms tend to determine what differentiates a 
fruit from vegetables and grains. Examples 
include: 1) the apple, a pome, in which the 
true fruit (core) is surrounded by flesh derived 
from the floral receptacle; 2) wheat, a fertilized 
ovule is comprised of an outer coat (testa) that 
encloses a food store and embryo; seeds of 
wheat, rice, and oats, which are botanically 
the fruits of the plant, are classified in food 
terms as cereal grains, i.e. they are neither vege­
table nor fruit; 3) tomato is classified as a vege­
table, though it is the ovary of the plant; and 
4) legumes, which could be botanically classi­
fied as fruits, are sometimes considered vege­
tables, but if they are consumed as a staple 
crop, they are categorized in the meat food 
group. Together, these examples demonstrate 
the need to acknowledge how we classify plant 
foods and in categorizing them, may 
bias ourselves to thinking certain foods are 
either more or less related, more or less diverse, 
or more or less likely to provide health benefit. 
To overcome this bias, we need to acknowledge 
the different ways we categorize plant-based 
foods, e.g. scientific and cultural perspectives. 
The remainder of this discussion is as inclusive 
as possible, as almost all the plant-based 
foods we eat could be classified as a fruit or 
vegetable depending on the organizational 
scheme. Inclusion allows us to consider what 
advantages might be gained from using a 
scientifically-derived botanical and taxonomic 
scheme as an additional filter through which 
plant-based foods are categorized. 
S IN HEALTH PROMOTION 



5 2. RATIONALE FOR USING BOTANICAL FAMILIES 
2.2 Linnaean Taxonomy 

Plant taxonomy classifies plants in a hierar­
chical manner. Table 1.1 shows an example of 
the taxonomic classification scheme for the 
apple (Malus domestica, Borkh.) using the 
Linnaean system, which is the most common 
method of classification for living organisms. 
Ascertaining groupings of plant-based foods by 
this taxonomic classification at the level of the 
botanical family, as shown in Table 1.2, is useful  
in promoting an understanding of general 
relationships among food crops which often go 
unrecognized [9–11]. This classification scheme 
has been used: 1) to gain insight regarding spe­
cific chemical components of foods that may 
account for health benefits; and 2) to develop 
functional foods and nutraceutical supplements 
that emphasize a particular class of chemicals 
[12–15]. However, little attention has been 
given to using this information to identify 
health-promoting combinations of plant-based 
foods that, when eaten as a regular component 
of the diet, result in a reduced risk for chronic 
diseases. 

2.3 Chemotaxonomy 

To better understand how botanical family 
classification informs understanding of the 

TABLE 1.1 Taxonomic Classification Scheme of an 
Example Food 

Taxonomic Rank Taxon 

Kingdom Plantae 

Division Magnoliophyta 

Class Magnoliopsida 

Order Rosales 

Family Rosaceae 

Subfamily Maloideae 

Genus Malus 

Species M. domestica 

Common name Apple 

Bolded ranks and taxa indicate chapter emphasis. 
A. FRUIT AND VEGETABLE
phytochemical composition of various plant-
based foods, an additional approach to taxon­
omy is needed. Chemotaxonomy, also called 
chemosystematics, is the attempt to identify 
and classify plants according to differences 
and similarities in their biochemical compo­
nents [16]. The products of plant biosynthesis 
are generally divided into primary and second­
ary metabolites as shown in Figure 1.1 [17]. 
Primary plant metabolites, e.g. carbohydrate, 
protein, and fat, are considered as the essential 
building blocks for plant growth and develop­
ment. The production of these macromolecules 
is under stringent genetic control and while 
variation among plants in the content of pri­
mary metabolites does exist and is of interest 
to nutritionists, those differences are of limited 
value in chemotaxonomy. On the other hand, 
plants have evolved the capacity for the combi­
natorial chemical synthesis of a vast array of 
secondary metabolites. The synthesis of second­
ary metabolites by plants has two main pur­
poses: 1) signaling (e.g. plant hormones); and 
2) defense against abiotic (e.g. ultraviolet light) 
and biotic stressors (e.g. microbes) [16,18,19]. 
In terms of defense, secondary metabolites pro­
tect plants against microbes, pests, and other 
plants as indicated in Figure 1.1 [19]. In a  
broad sense, all of these chemicals function as 
semiochemicals, i.e. ‘message carriers’ [20], a  
term often used in chemical ecology. The che­
micals that have evolved over the millennia 
span at least 14 defined chemical classes of 
compounds (Table 1.3) and in excess of 
200,000 chemical structures. Available evidence 
indicates that all chemical classes have a biolog­
ical activity that was selected for during evolu­
tion and that these biosynthetic strategies 
sustained the survival of the plant species 
[17,19,21]. When classical taxonomic informa­
tion and chemotaxonomic data are overlaid, 
relationships become apparent; plants within a 
botanical family tend to have greater chemical 
similarity than plants in different families, i.e. 
plants within a botanical family emphasize 
S IN HEALTH PROMOTION 



6 1. BOTANICAL DIVERSITY AND HEALTH 
TABLE 1.2 Botanical Families 

Botanical Family Common Vegetables, Fruits, Herbs, and Spices 
Name 

Actinidiaceae – Chinese gooseberry, kiwi 

Agaricaceae – Mushroom 

Anacardiaceae – Black currant, mango 

Annonaceae Custard apple Cherimoya, custard apple, pawpaw, sugar apple 

Apiaceae Carrot Carrots, celery, chervil, coriander (Chinese parsley), dill, fennel, parsley, parsnips 
(Umbelliferae*) 
Asteraceae Daisy or Artichoke, chamomile, chicory leaf, dandelion, echinacea, endive, lettuce (iceberg, 
(Compositae*) sunflower radicchio, red leaf, romaine), sunflower sprouts, tarragon 

Brassicaceae Mustard or Broccoli, Brussels sprouts, cabbages (Chinese, green, red), cauliflower, collard greens, 
(Cruciferae)* cabbage cress leaf, daikon, horseradish, kale, kohlrabi, mustard greens, radish, rocket salad 

(roquette/arugula), rutabaga, turnip, turnip greens, watercress 
Bromeliaceae – Pineapple 

Caricaceae – Papaya 

Chenopodiaceae Goosefoot Beet, beet greens, orach, spinach, Swiss chard 

Convolvulaceae Morning Sweet potato 
glory 

Cucurbitaceae Gourd Cucumber, melon (canteloupe, Crenshaw, honeydew, watermelon), pumpkin, squash 
(summer, winter, chayote, zucchini) 

Ericaceae Heath Blueberry, cranberry, huckleberry, lingonberry, oheloberry, wintergreen 

Euphorbiaceae Spurge Cassava, tapioca 

Fabaceae Pea, bean, or Soy bean, dry bean (cranberry, kidney, navy, northern, pink, pinto), alfalfa sprouts, 
(Leguminosae*) pulse peanuts, various beans: fava, garbanzo, green, lima, mung; fenugreek, jicama, lentils, 

licorice, peas (blackeye, green, pods, split), tamarind 

Lamiaceae Mint Basil, hoarhound, hyssop, lavender, lemon balm, marjoram, mint, oregano, pennyroyal, 
(Labiatae*) rosemary, sage, savory, thyme 

Lauraceae Laurel Avocado, cinnamon, sassafras 

Liliaceae Lily Aloe vera, asparagus, chives, garlic, leeks, onion, scallion, shallot 

Malvaceae – Chocolate 

Moraceae Mulberry Breadfruit, fig. jackfruit, mulberry 

Musaceae Banana Banana, plantain 

Palmae Palm Coconut, date, palm heart 

Piperaceae – Black pepper 

Poaceae Grass Bamboo shoots, corn, lemon grass, wheat, rice 
(Gramineae*) 

Polygonaceae Buckwheat Rhubarb, sorrel 

Rosaceae Rose Apple, applesauce, apricot, blackberry, cherry, Juneberry, loganberry, nectarine, peach, 
pear, plum, prune, quince, raspberry, salmonberry, sloes, strawberry 

Rutaceae Citrus Curry leaf, grapefruit, kumquat, lemon, lime, mandarin orange, orange, tangerine 

Sapindaceae Soapberry Lychee, ackee, maple syrup 

Solanaceae Nightshade Eggplant, peppers (chili, green, red), pimiento, potato, tomatillo, tomato 

Vitaceae Grape Grape, raisin 

*Alternate botanical family names. 
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FIGURE 1.1 Integration of plant and animal metabolism for chronic disease prevention in human beings. 
Plants fix carbon dioxide during the process of photosynthesis and use the fixed carbon to synthesize primary and secondary metabolites. 
Whereas primary metabolites, e.g. carbohydrates, proteins, and lipids, provide structural and functional components of the plant, secondary 

metabolites are used for communication, reproduction, defense, etc. Fourteen classes of chemical compounds are produced as plant second­
ary metabolites and each class of chemicals exerts biological activities that have the potential to promote human health via their effects on 

microbial and mammalian metabolism within the individual that ingests these chemicals as plant-based foods. Major chronic diseases that 
can be affected by plant primary and secondary metabolites are: cancer, cardiovascular disease (CVD), type II diabetes, and obesity, diseases 
that account for 60% of all deaths worldwide. Common to the pathogenesis of these diseases are altered glucose metabolism, chronic inflam­
mation, increased cellular oxidation, and chronic endotoxemia, metabolic processes that plant metabolites have been shown to affect. 
A. FRUIT AND VEGETABLES IN HEALTH PROMOTION 
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TABLE 1.3 Classes of Plant Secondary Metabolites* 

Chemical Classes 

Alkaloids 

Amines 
Cyanogenic glycosides 

Diterpenes 

Flavonoids 

Glucosinolates 

Monoterpenes 

Non-protein amino acids 

Phenylpropanes 

Polyacetylenes 
Polyketides 

Sesquiterpenes 

Tetraterpenes 

Triterpenes, saponins, steroids 

*Source: Wink [17]. 

biosynthetic pathways for specific classes of 
chemicals [16,17,22,23], and plants within 
botanical subfamilies emphasize particular 
chemical compounds within those subclasses 
in comparison to plants in other subfamilies 
[17]. The further apart the botanical families 
are from one another in the evolutionary tree 
(Figure 1.2), the more likely they are to differ 
in the composition of secondary metabolites 
[17]. In fields such as pharmocognosy, where 
medicinal plants, crude herbs or extracts, pure 
natural compounds, and foods are being evalu­
ated for health benefits [18], the goal is to iden­
tify chemicals with specific molecular targets. 
The success of efforts to identify natural pro­
ducts will be based on successfully targeting 
mammalian proteins involved in cell signaling 
during the pathogenesis of chronic diseases. 
The fact that compounds from all chemical clas­
ses listed in Table 1.3 have activity in mamma­
lian systems provides considerable support for 
developing recommendations for using phyto­
chemically diverse food combinations (recipes 
and menus) as a method to maximize the 
potential to enhance health and to prevent 
A. FRUIT AND VEGETABLE
chronic diseases in the context of promoting 
variety and moderation. As more research 
reveals the level of conservation among plant 
and animal signaling pathways, the relation­
ships among botanical taxonomy, chemotaxon­
omy, and the phytochemical composition of 
plant-based foods will provide a framework 
for predicting the bioactivity of the foods that 
are consumed as part of a diverse plant-based 
diet (Figure 1.1). 

2.4 From Botanical Family to Chronic 
Disease Prevention 

A reason for developing dietary guidelines is 
to reduce the risk of four related chronic dis­
eases. Specifically, cardiovascular disease, can­
cer, type II diabetes, and obesity are metabolic 
disorders with shared impairments in both cellu­
lar processes and metabolism, although each 
disease also retains unique characteristics. A bet­
ter understanding of their interrelationships has 
come as a result of proteomic investigations pro­
viding evidence of a common pathogenic basis 
for their occurrence [24–28]. At the cellular 
level, the pathologies associated with each dis­
ease display alterations in cell proliferation, 
blood vessel formation, and cell death. Also 
common to these diseases are alterations in glu­
cose metabolism, chronic inflammation, and cel­
lular oxidation attributed to a common network 
of cell signaling events that are perturbed in 
each of these disease states [24]. In  addition,  
emerging evidence indicates that modulation of 
gut microflora predisposes an individual to 
each of the disease processes [27,28]. Microflora 
appear to be able to exert effects through either 
biosynthesis of new compounds or chemical 
transformations of ingested ones, and as a 
consequence, influence exposure of the host 
to gut microflora-associated endotoxins [27–29]. 
By overlaying the chemotaxonomic and bioac­
tivity relationships, i.e. matching of plant-based 
foods with dysfunctional signaling pathways 
S IN HEALTH PROMOTION 
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FIGURE 1.2 Evolutionary tree of plant-based foods. 
Plants that provide foods consumed by human beings arose at different times during evolution. The tree shows the relationships that exist 
among commonly eaten plant-based foods. Foods on the same branches of the tree share more similarities, genetically and chemically, than 

foods that are further separated on the tree. The relationships shown are based on Linnaean taxonomy and were determined based on infor­
mation available from the Tree of Life web project (http://tolweb.org/tree/). Chemical relationships among botanical families are studied in 

the field of chemotaxonomy as discussed in Section 2.3 (see cited references). Only angiosperms are shown (does not include gymnosperms, 
seedless vascular, and seedless nonvascular plants). 
associated with chronic disease, a basis for 
identification and implementation of patterns 
of plant-based food consumption that inhibit 
the pathogenesis of chronic diseases will be 
developed. 

2.5 Advantages and Limitations 
of Using Botanical Families 

The use of botanical families to investi­
gate food combinations provides a broader 
A. FRUIT AND VEGETABLES
framework upon which to construct diets, as 
opposed to the reductionist approach that does 
not take into account the full spectrum of plant 
chemicals available and essentially violates the 
variety and moderation axiom. Perpetuation of 
the quest for a single phytochemical solution, 
whether it is at the level of a specific chemical 
(e.g. beta-carotene), a class of compounds (e.g. 
carotenoids), or a particular food (e.g. carrots), 
will fail to provide the diversity of the botani­
cal family approach. Use of botanical families 
 IN HEALTH PROMOTION 
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requires the consideration, identification, and 
recommendation of dietary patterns of plant-
based food intake for enhanced health benefit 
that encourages variation and, as a corollary, 
moderation. 

Nonetheless, there are limitations to this 
approach that have been identified by efforts 
associated with using chemical composition 
for taxonomic classification of plants [17,21– 
23]. One limitation of the botanical family 
approach is that in some cases, plant-based 
foods from different botanical families may 
have more chemical similarities than foods 
from within a botanical family. This would 
result from the convergent use of a certain 
class of chemicals for a specific function (e.g. 
soil–microbe interactions), environmental fac­
tors (e.g. exposed to light versus under­
ground), and plant anatomical origin (e.g. 
fruit versus stem versus root). Potato versus 
tomato is a good example of plant-based 
foods which are chemically quite different 
from each other [30,31], though they reside 
within the same botanical family. Tomatoes 
are exposed to sunlight, do not have to con­
tend with soil fauna and microbes, and are 
of fundamentally different plant anatomical 
origin (i.e. tomatoes are the ovaries of the 
plant while potatoes are underground stems). 
In considering these within-family disparities, 
examples of within-family divergent function 
of chemical classes may also be found. In 
general, one should always exercise caution 
in exploring botanical families beyond the 
commonly consumed foods, i.e. wild versus 
cultivated plants. As an example, the night­
shade family (Solanaceae), which has the 
well-known members potato and tomato, also 
has plants known for toxic effects such as bel­
ladonna. In general, plant-based foods could 
be further categorized based on plant anatom­
ical origin (i.e. leaves, roots, stems, fruits) or 
location of plant-based food components 
relative to the surroundings (i.e. under­
ground/on ground/above ground or soil/ 
A. FRUIT AND VEGETABLE
microbes/pests/fauna/light) and should con­
sider known toxicities. 

3. EVIDENCE FOR THE VALUE OF 
USING BOTANICAL FAMILIES 

3.1 Dietary Guidelines 

Dietary guidelines have been developed by 
the World Health Organization, most national 
governments, and other organizations [32]. The 
guidelines are intended to educate the public 
regarding healthy food choices, set nutrition 
policies, and plan menus, and have worked 
well for controlling nutritional deficiency dis­
eases. The development of dietary guidelines 
is recognized as an evolving process; as evi­
dence, the Recommended Dietary Allowances 
have been reformulated as the Recommended 
Dietary Intakes, and the US Dietary Guidelines 
for Americans have been updated every 5 
years since their inception. The updating pro­
cess takes into account new information on 
health and disease and trends in the food sup­
ply. The benefit that can result from this pro­
cess has been illustrated, as chronic disease 
prevention is complicated by the relatively 
unknown nature of the dietary factors that con­
trol disease occurrence, and updating is 
required for making progress. The 1995 
Dietary Guidelines for Americans focused on 
the reduction of total fat with little distinction 
among types of fat or among forms of carbohy­
drate [33]. Because emerging data provided lit­
tle evidence that the percentage of total fat in 
the diet was related to major health outcomes, 
but that the types of fat, forms of carbohy­
drate, and sources of protein had important 
influences on the risk of CVD and type II dia­
betes, McCullough and Willett developed an 
alternative dietary pattern named the Alternate 
Healthy Eating Index that took into account 
these factors [34]. As reported in 2008, these 
investigators determined that individuals who 
S IN HEALTH PROMOTION 
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followed the 1995 US dietary guidelines did 
not experience a reduced risk for the occur­
rence of chronic disease, whereas those 
individuals whose dietary pattern mirrored the 
Alternative Healthy Eating Index did experi­
ence a reduction in risk [32]. The above 
situation parallels reports of null effects for 
increased vegetable and fruit intake on various 
chronic disease endpoints, where assessment of 
vegetable and fruit intake can be crude and rel­
atively nonspecific [35]. This prompts the ques­
tion of whether greater specificity in studying 
vegetable and fruit consumption would iden­
tify a dietary pattern, which is currently 
masked, that has the potential to reduce 
chronic disease [32]. Evidence is beginning to 
emerge in support of the argument that limit­
ing the evaluation of vegetable and fruit intake 
to total amount consumed rather than using 
more detailed information, e.g. botanical 
families, is masking health-related activity of 
these plant-based foods. In a large prospective 
study, no relations between total intake of 
vegetables and fruit combined or the total 
of each considered separately were observed 
for lung cancer risk [11]. However, higher 
consumption of several botanical groups, 
including Rosaceae, Convolvulaceae, and 
Umbelliferae, was significantly inversely associ­
ated with lung cancer risk in men. Similarly, in 
several other studies, investigators analyzed 
the relation of individual plant-based foods 
and/or plant-based food groups with lung can­
cer risk; the most consistent findings were for 
Rosaceae [36–38], Brassicaceae [36,39,40], and 
Rutaceae [36,40]. A perusal of the literature 
shows additional examples similar to these 
exist [10,41], yet there is little discussion of 
using botanical families as a primary tool to 
study the effects of plant-based food intake on 
disease risk nor are we aware of ongoing 
efforts to develop food consumption instruments 
validated for the collection of this information or 
of efforts to identify botanical combinations (pat­
terns) associated with health benefit. 
A. FRUIT AND VEGETABLE
3.2 Botanical Diversity and Oxidative 
Biomarkers 

Our laboratory has investigated the impor­
tance of considering not only the amount of veg­
etable and fruit consumed but also its type, 
defined by its botanical family, using an inter­
vention approach [42]. In this study, two diets 
that varied in botanical diversity were evalu­
ated for the ability to reduce oxidative damage 
of lipids or DNA. The diets provided 8–10 ser­
vings of fruits and vegetables per day: the high 
botanical diversity diet (HBD) included plant-
based foods from 18 botanical families and the 
low botanical diversity diet (LBD) emphasized 
5 of the 18 botanical families which had been 
reported to have high antioxidant activity. In 
Table 1.4, the major foods and botanical fami­
lies are listed, with more detail provided else­
where [9,42]. The 106 women who completed 
the study on the two different diets, LBD and 
HBD, did not consume different overall 
amounts of fruits and vegetables (9.172.6 and 
8.372.1 servings per day, P > 0.1). Yet, the 
HBD diet reduced DNA oxidation (P < 0.05). 
Both diets were associated with a significant 
reduction in lipid peroxidation (P < 0.01), with 
the effect being greatest in the HBD group. Key 
findings from the study are presented in 
Table 1.5. These findings indicate that botanical 
diversity plays a role in determining the bioac­
tivity of high vegetable and fruit diets and that 
smaller amounts of many phytochemicals may 
have greater beneficial effects than larger 
amounts of a less diverse set of phytochemicals. 

4. TRANSLATION OF BOTANICAL 
FAMILY CONCEPTS TO DIETETIC 

PRACTICE 

The use of botanical families provides a sci­
entific basis by which to plan recipes and 
menus that maximize the phytochemical diversity 
S IN HEALTH PROMOTION 
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TABLE 1.4 Major Foods and Botanical Families Used 
in the Clinical Intervention 

Botanical Common Foods 
Family 

Actinidiaceae Kiwi 

Agaricaceae Mushroom 

Bromeliaceae Pineapple 

Chenopodiaceae* Spinach, Swiss chard, beet 

Compositeae Artichoke, endive, lettuce 

Convolvulaceae Sweet potato 

Cruciferae* Cabbage, broccoli, radish 

Cucurbitaceae Cucumber, zucchini, melon 

Ericaceae Blueberry, cranberry 

Gramineae Corn, bamboo shoots 
Leguminosae Chickpeas, lentils, soybeans 

Liliaceae* Chive, garlic, onion, scallion 

Musaceae Banana, plantain 

Rosaceae Apple, peach, strawberry 

Rutaceae* Grapefruit, orange, lemon, lime 

Solanaceae* Tomato, eggplant, peppers 

Umbelliferae Carrot, celery, parsnip, parsley 

Vitaceae Grape 

*Denotes botanical families emphasized in low botanical
 
diversity diet.
 
Note: Botanical family names are reflective of what is in
 
Thompson et al. [42].
 

TABLE 1.5 Effect of Botanical Diversity on 
Oxidative Biomarkers in the Clinical Intervention 

Biomarker 
Class 

Low 
Biodiversity3–5 

High 
Biodiversity3–5 

Lipid oxidation1 

DNA oxidation2 

- 0.0570.02* 

- 0.0370.34 

- 0.1370.02* 

- 0.8170.33* 

1Lipid oxidation (urinary 8-iso-PGF2α μmol/mol
 
creatinine).
 
2DNA oxidation (lymphocyte 8-oxo-dG/106dG).
 
3Mean difference between pre- and post-intervention.
 
4*P < 0.05.
 
5N ¼ 53.
 

of the diet by promoting the consumption of 
a wide variety of botanically distinct foods. 
We have constructed recipes and menus 
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with high levels of botanical diversity which 
meet established dietary guidelines, e.g. the 
Recommended Dietary Intakes, US Dietary 
Guidelines, and US Food Guide Pyramid, thus 
demonstrating the feasibility of this approach. 
These diets were successfully prepared either 
at home [42] or by food retailers [9], and the 
plans were followed by a large number of 
individuals (N > 350) for a period of up to 2 
months. Moreover, given current patterns of 
food acquisition by the general public, e.g. use 
of designer foods, convenience foods, and pre­
packaged food ingredients, and the high fre­
quency of eating out-of-home, there are many 
avenues through which the botanical diversity 
of the diet can be increased. The following 
goals and supporting rationale illustrate our 
approach to the development of menus and 
recipes. 

4.1 Rationale and Implementation 

Nutrients in foods act in synergy such that 
the beneficial effects of the phytochemicals in 
the diet emerge as something other than a sim­
ple additive property. The evidence presented 
in Section 2.3 indicates that each of the 14 clas­
ses of phytochemicals listed in Table 1.3 exerts 
biological effects but their distribution in foods 
differs across botanical families. Consequently, 
the goal of consuming many botanical families 
daily is to maximize potential for synergism 
among various phytochemicals while minimiz­
ing the likelihood of deleterious side effects. 
This strategy is supported by evidence that 
dietary phytochemicals exert their biological 
effects through hormetic relationships, i.e. in a 
U- or J-shaped dose response [43–45]. Hormesis  
is an adaptive response to a biological pertur­
bation; in the absence of a health-promoting 
phytochemical milieu, the system does not func­
tion at an arbitrarily defined optimum. By con­
structing menus comprised of foods from many 
botanical families which meet established 
S IN HEALTH PROMOTION 
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dietary guidelines, variety and moderation can 
be effectively achieved. The metric for diversity 
in the diet utilizes the list of botanical families 
in Table 1.2. The established goal of dietary 
diversity is attained by following a set of rules 
to guide menu design, which would consist of 
specific requirements for eating foods within 
each botanical family. This approach can be 
used to design recipes and menus that consis­
tently deliver between 5 and 18 botanical fami­
lies daily divided among three meals and three 
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snacks and in as few as 1400 kcal per day [9,42]. 
A high botanical diversity menu is shown in 
Table 1.6. Key points illustrated contain the 
inclusion of multiple botanical families through­
out the day and the use of different foods 
within a botanical family when that family is 
consumed more than once within a day. The 
use of multiple staple food crops is also illus­
trated as recommended in Section 4.2.1. Note 
that the botanical families used span the evolu­
tionary tree of food origins shown in Figure 1.2. 
TABLE 1.6 Example of High Botanical Diversity Menu 

Meal Menu Food Botanical Family 

Orange Rutaceae1, a 

Breakfast Waffle and orange juice Waffle Poaceae (Gramineae)2, a 

Maple Sapindaceae3, a 

Snack Banana Banana Musaceae4, a 

Spinach Chenopodiaceae5, a 

Pasta Poaceae (Gramineae)2, b 

Red potato Solanaceae6, a 

Lunch Spinach salad and red potato gratin Tofu Fabaceae (Leguminosae)7, a 

Snow peas Fabaceae (Leguminosae)7, b 

Leek Alliaceae (Liliaceae)8, a 

Bean Fabaceae (Leguminosae)7, c 

Scallions Alliaceae (Liliaceae)8, b 

Garlic Alliaceae (Liliaceae)8, c 

Snack Kiwi Kiwi Actinidiaceae9, a 

Kidney Fabaceae (Leguminosae)7, d 

Tomato Solanaceae6, b 

Sweet Convolvulaceae10, a 

Corn meal Poaceae (Gramineae)2, c 

Onion Alliaceae (Liliaceae)8, d 

Dinner Vegetarian chili and sweet potato cornbread Tomato Solanaceae6, c 

Carrots Apiaceae (Umbelliferae)11, a 

Celery Apiaceae (Umbelliferae)11, b 

Garlic Alliaceae (Liliaceae)8, c 

Cumin Apiaceae (Umbelliferae)11, c 

Black Piperaceae12,a 

Snack Hershey’s kisses Chocolate Malvaceae13, a 

*Number superscripts (i) are indexing the ith botanical family used and letter superscripts (j) indicate jth food of the ith
 
family.
 
Note: Menu ingredients not relevant to discussion of botanical families are not listed in the table, e.g. dairy, etc.
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4.2 Other Considerations 

4.2.1 Staple Food Crops 

Recognizing that food is the primary vehicle 
by which health-promoting chemicals are deliv­
ered to the human body and that staple food 
crops, i.e. dry beans, corn, rice, wheat, and pota­
toes, are consumed in large amounts on a daily 
basis, these plant-based foods should be recog­
nized as prominent delivery vehicles for plant 
secondary metabolites. Therefore, staple crops 
should not be neglected in developing 
approaches that promote botanical diversity. 
Table 1.7 indicates the lack of botanical family 
diversity in the typical Western diet; there is a 
veritable monopoly of the family Poaceae in the 
staple foods that are eaten. Two approaches are 
suggested to increase variety. The first is to rec­
ognize that legumes, botanical family Fabaceae 
(Leguminosae), and specifically dry bean 
(Phaseolus vulgaris, L.), serve as a staple food 
crop in many parts of the world with per 
capita intake of 1.5 to 3 cups per day, whereas 
average per capita intake in the United States is 
less than one-eighth cup per day. Increasing 
dry bean consumption should be a goal given 
its reported health benefits [46]. The  second
approach is to systematically vary the sub­
families of Poaceae that are used in menu plan­
ning and to include less commonly consumed 
grains that serve as staple crops in some regions 
of the world. Additionally, though not feasible 

TABLE 1.7 Botanical Families of Major 
Calorie-Contributing Plant-Based Foods to Western Diet 

Common Name Genus Botanical Family 

Wheat Triticum Poaceae 

Corn Zea Poaceae 

Rice Oryza Poaceae 

Potato Solanum Solanaceae 

Sugar* Saccharum Poaceae 

*Plant-derived food component. 
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for all crops, the varieties (i.e. cultivars) can be 
rotated, as differential health benefit has been 
reported for specific varieties of crops [30,46,47]. 

4.2.2 Factors that can Affect Dietary 
Phytochemical Exposure 

Plants use various mechanisms to defend 
themselves against microbes, pests, and other 
plants. As outlined elsewhere [48,49], plants 
have evolved two major strategies for storing 
these chemicals: 1) constitutive accumulation of 
metabolites in the target tissue organelles; and 
2) accumulation of precursor compounds and 
enzymes required for their activation in dis­
tinct tissue compartments. This information 
has implications in food preparation. First, 
since most of the natural products that are iso­
lated in substantial amounts from plants accu­
mulate in specific organelles, it is essential to 
determine where the health beneficial phyto­
chemicals are stored in the food and to develop 
food preparation techniques that maximize their 
ingestion. Second, since release of bioactive com­
pounds from foods such as onions and 
garlic depends on mixing of precursor phyto­
chemicals and plant enzymes, food preparation 
techniques should assure that these reactions 
can occur and result in maximal benefit to the 
individual consuming the food. 

4.3 Use of Botanical Classification to 
Identify Food Combinations with Human 
Health Benefit 

A major difficulty in conducting studies of 
single foods or nutrients in relation to human 
health is the high degree of correlation among 
many dietary constituents [50]. Because of this, 
identifying the effects of a single food or nutri­
ent represents a serious methodological prob­
lem. Moreover, the assumption that single foods 
or nutrients have isolated effects is not likely 
to be valid [51]. Rather, foods and nutrients, as 
S IN HEALTH PROMOTION 
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outlined in the rationale, are more likely to act 
in synergy. In response to this situation, efforts 
have been initiated to identify dietary patterns 
associated with differences in risk for various 
chronic diseases [51]. The expectation is that a 
dietary pattern is more likely to detect the total­
ity of dietary phytochemical exposure, includ­
ing relevant interactions among the chemicals 
ingested, in a manner that studies of single 
nutrients or of individual foods cannot [52]. 
Given this perspective and the data reported in 
Table 1.5, we propose that efforts to identify die­
tary patterns/food combinations that inhibit 
chronic disease should be extended to include 
the botanical family. 

5. SUMMARY 

Variety and moderation in the diet remain 
the hallmarks of sound nutritional advice with 
clear application to food-based health promo­
tion and disease prevention. The thesis of this 
chapter is that most typical dietary patterns 
fail to capitalize on the wide variety of phyto­
chemicals available from food that, when con­
sumed in appropriate amounts, may provide 
health benefit. Botanical families from which 
foods are derived can be used as a metric for 
quantifying the phytochemical diversity of the 
diet and to systematically identify plant-based 
food combinations with health benefit. A frame­
work has been provided for using the botanical 
family concept as a tool by which to assist the 
health care professional with creating diets that 
capitalize on the richness of beneficial chemicals 
in plant-based foods to maintain a lifestyle that 
promotes well-being. 
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1. OVERVIEW
 

Although some population studies have 
identified plant food intake as a potential modu­
lator of chronic disease risk, evidence support­
ing a beneficial role of vegetable and fruit 
consumption against cancer is conflicting. While 
the original report of the World Cancer 
Research Fund (WCRF)/American Institute for 
Cancer Research (AICR) [1] indicated that 
increased consumption of vegetables and fruit 
was likely to be protective against cancer at 
many organ sites, a large prospective study, the 
European Prospective Investigation into Cancer 
and Nutrition (EPIC), found no association 
between fruit and vegetable intake and the 
occurrence of cancer at many of the same organ 
sites [2]. A recent exhaustive, evidence-based 
Foods in Promoting Health: Fruits and Vegetables 1
review of the literature on this topic has 
drawn a similar conclusion [3]. The findings of 
these epidemiological studies continue to be 
debated within the scientific community 
because of recognized problems inherent in the 
measurement of food intake using food fre­
quency questionnaires and the limited range in 
the amount of vegetable and fruit consumption 
and its consistency in many populations [4–7]. 
While this debate is an important component 
of the scientific process, it has limited potential 
to advance the field beyond the current 
vegetable and fruit–cancer conundrum (VFCC). 
The goal of this chapter is to provide a differ­
ent perspective about factors that should be 
considered in evaluating the role of foods of 
plant origin in modulating the carcinogenic 
process. 
9 r 2010 Elsevier Inc. All rights reserved. 
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2. USE OF A PHARMACOLOGY 
ANALOGY TO REFRAME 

DISCUSSIONS OF THE VFCC 

The goal of constructing this ‘pharmacology 
analogy’ is to gain new insight about factors 
that may account for the VFCC if vegetable 
and fruit consumption is viewed from the per­
spective that foods represent drug delivery 
vehicles. The intent is not to portray foods as 
medicines, but rather to identify the underly­
ing nature of the science that drives current 
efforts to discover how vegetable and fruit 
intake is associated with cancer incidence and 
cancer mortality. Based on extensive reviews of 
this topic such as [3], it can be argued that the 
intent of current reductionistic approaches is 
to identify a specific chemical or set of chemi­
cals in a food that account for the food’s abil­
ity to inhibit the development of cancer. This 
intent is also reflected in efforts to develop 
functional foods [8] and nutraceuticals [9,10] 
designed to increase consumption of specific 
phytochemicals in order to decrease cancer 
risk. Accordingly, for the purposes of this anal­
ogy, food is conceptualized as a pharmaceuti­
cal agent. In this context it becomes relevant to 
ask which of the chemical components of 
foods serve as the delivery vehicle versus the 
active ingredients that prevent and control the 
development of cancer. 

2.1 Chemical Components of Plants 

A distinguishing feature of plants is their 
ability to capture atmospheric carbon dioxide 
during the process of photosynthesis. Plants 
use the carbon that is sequestered to make an 
array of organic molecules that are classified as 
either primary or secondary metabolites. 
Primary metabolites serve structural functions 
in the plant, and secondary metabolites are 
involved: 1) in cellular communication within 
and among plants; 2) in diverse functions 
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related to reproduction; and 3) as the media­
tors of a plant’s response to biotic and abiotic 
stresses [11]. 

2.1.1 Primary Metabolites 

Plant primary metabolites in foods are 
classified as carbohydrates, fats, nucleic acids 
and proteins. Of these primary metabolites, 
three classes are considered nutrients (carbohy­
drates, fats, and proteins) and they have 
received an exceptional level of attention rela­
tive to their impact on the development of 
cancer (reviewed in [3]). However, it can be 
argued that other than in circumstances related 
to deficiencies of these macronutrients in the 
diet, there is little compelling evidence and 
clearly no consensus about the ability of pro­
teins, fats, or carbohydrates, either type or 
amount consumed, to impact the development 
of cancer [3]. For this reason, in this pharmaco­
logical analogy presented herein, primary plant 
metabolites are assigned the role of inert fillers, 
i.e. they are the delivery matrix. Accordingly, 
the remainder of this section focuses on plant 
secondary metabolites. 

2.1.2 Secondary Metabolites 

Plant secondary metabolites can be catego­
rized into 14 chemical classes as shown in 
Table 2.1 [12]. It is estimated that there are in 
excess of 200,000 chemical structures that are 
synthesized by plants [13]. Given the essential 
biochemical functions that these chemicals 
play, it is not surprising that human beings 
have discovered that many of these chemicals 
have medicinal activity. In fact, plant-based 
preparations account for 70% of remedies used 
in traditional medicines around the world and 
are the basis of more than 50% of prescription 
and/or over the counter drugs used in the 
Western-type practice of medicine [14]. 
Specifically as it relates to cancer treatment, 
over 60% of current therapies are based on 
plant-derived materials or synthesized as an 
S IN HEALTH PROMOTION 
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TABLE 2.1 Classes of Plant Secondary Metabolites 

Chemical Classes* PubMed 
Citations** 

Cancer x Class 

Alkaloids 43,465 

Amines 36,821 

Cyanogenic glycosides 6 

Diterpenes 24,029 

Flavonoids 7,546 

Glucosinolates 164 

Monoterpenes 497 

Non-protein amino acids 51 

Phenylpropanes 5 

Polyacetylenes 513 

Polyketides 31 

Sesquiterpenes 2055 

Tetraterpenes (carotenoids) 13,199 

Triterpenes, saponins, 1315, 636, 961 
steroids 

*Source: Wink [12].
 
**Search conducted by the author.
 

analogue, the core structure of which is a plant 
secondary metabolite [14]. However, despite 
these statistics, only a small percentage of the 
200,000 chemical structures present in plant tis­
sue are used medicinally. While this informa­
tion documents that plant secondary 
metabolites have the capacity for potent biolo­
gical effects in human beings, it does not 
directly inform understanding of what chemi­
cals in vegetables and fruits have the capacity 
to affect the development of cancer. 

In our search of the literature, a comprehen­
sive review of the secondary metabolites pres­
ent in plant-derived foods and their potential 
to affect the development of cancer was not 
found; rather most reviews focus on a rela­
tively small number of compounds that are per­
ceived to be the key players in the prevention 
and control of cancer [15]. While a comprehen­
sive review of this topic is beyond the scope of 
this chapter, what follows is a brief description 
of an ongoing process in my laboratory that is 
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building the necessary framework for such an 
effort. Table 2.1 not only includes the names of 
the 14 classes of chemicals into which plant sec­
ondary metabolites have been categorized, but 
it also contains the results of a search of the 
PubMed database using each ‘chemical class 
name’ and the word ‘cancer’ as the search 
terms. Although the range in the number of 
citations per class is quite large, it is evident 
that chemicals from all classes of plant second­
ary metabolites have been reported to have 
effects on some aspect of cancer. The point of 
this exercise is to underscore the need for 
unbiased assessment, across all classes of plant 
secondary metabolites, of the potential of che­
micals within foods to inhibit the development 
of cancer, and not to limit the analysis to only 
a few of the many secondary plant metabol­
ites that have been reported to have bioactivity 
in mammalian systems. That phytochemicals 
in each chemical class have biological activity is 
documented in Table 2.2. 

The current approach to classification of 
foods of plant origin that is used in nutrition 
and dietetics is based on culinary practice and 
does not have a strong scientific rationale. As 
an alternative, plant-derived foods can be 
grouped according to the botanical families to 
which they belong [16,17]. Since plants within 
a botanical family emphasize the same biosyn­
thetic pathways for specific classes of chemi­
cals [12,18–20], foods derived from plants in 
different botanical families are the more likely 
to differ in their composition of secondary 
metabolites [12]. The information presented in 
Table 2.3 shows prominent chemical classes 
present in primary botanical families that are 
the source of plant-derived foods for various 
populations of the world. Note that chemical 
classes are not uniformly present across all 
botanical families, but that all chemical classes 
are present when the listed botanical families 
are considered in aggregate. If, in fact, protec­
tion against cancer is best afforded by a chemi­
cally diverse diet as suggested in [16], then the 
S IN HEALTH PROMOTION 
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TABLE 2.2 Bioactive Compounds in Each Class of Plant Secondary Metabolites 

Chemical Classes Examples of Bioactive Compounds 

Alkaloids	 Nicotine, nornicotine, anabasine, anatabine, vincristine, vinblastine, symphytine, 7-acetyllycopsa­
mine, 7-acetylintermedine, piperine, coniine, trigonelline, pilocarpine, cytisine, sparteine, pelletier­
ine, hygrine, atropine, ecgonine, scopolamine, catuabine, quinine, strychnine, brucine, morphine, 
codeine, thebaine, papaverine, narcotine, sanguinarine, narceine, hydrastine, berberine, emetine, 
ephedrine, serotonin, ergine, caffeine, theobromine, capsaicin 

Amines	 Pyrrolidine (tetrahydropyrrole), piperidine, piperazine 

Cyanogenic glycosides	 Laetrile (amygdalin), prunasin, sambunigrin, taxiphyllin, dhurrin, linamarin, lotaustralin, 
vicianin 

Diterpenes	 Retinoids, retinol, taxol, dihydrogrindelic acid, labd-13E-en-15-oate, dihydrogrindelaldehyde, ery­
throfordin, norerythrofordin, hedychilactone, hedychinone, phytol 

Flavonoids	 Apigenin, luteolin, rutin, quercetin, myricetin, baicalein, galangin, naringenin, hesperidin, cate­
chin, wogonin, deguelin, rotenone, cyanidin, pelargonidin, epicatechin, epigallocatechin gallate, 
delphinidin, fisetin, silymarin, peonidin, petunidin, malvidin, isorhamnetin, kaempferol, tangeri­
tin, epicatechin gallate, pachypodol, rhamnazin, naringin, eriodictyol, genistein, daidzein, glyci­
tein, gallocatechin, coumestrol, biochanin A 

Glucosinolates	 Sinigrin, gluconapin, glucobrassicin, glucobrassicanapin, progoitrin, glucoiberin, gluconapolei­
ferin, glucocheirolin, glucoerucin, glucoberteroin, gluconasturtiin 

Monoterpenes	 Geraniol, limonene, terpineol, carvone, carveol, α-pinene, β-pinene, eucalyptol, linalool, myrcene, 
carene, citral, citronellal, citronellol, camphor, borneol, eucalyptol 

Non-protein amino	 Alliin, methiin, propiin, isoalliin, etiin, butiin, S-allyl cysteine, djenkolic acid, ethionine, 
acids	 canavanine 

Phenylpropanes	 Caffeic acid, theaflavin, thearubigin, sesamol, rosavins, resveratrol, pterostilbene, piceatannol 

Polyacetylenes	 Panaxynol (falcarinol), falcarindiol, falcarinone, panaxydol, panaxytriol, panaxacol, dihydropanax­
acol, capillin 

Polyketides	 Acetogenins (annonacin, uvaricin), erythromycin A, pikromycin, clarithromycin, azithromycin, 
amphotericin, bullatacin, tetracyclines, discodermolide, aflatoxin, aloenin, aloesin, barbaloin, 
anthraquinones 

Sesquiterpenes	 Farnesene, farnesol, artemisinin, caryophyllene, bisabolol, cadinene, vetivazulene, guaiazulene, 
longifolene, copaene, lactucin, parthenolide 

Tetraterpenes	 α-carotene, β-carotene, and β-cryptoxanthin, lutein, lycopene, phytoene, crocetin, crocin, annatto, 
phytofluene, sporopollenin, zeaxanthine, cryptoxanthine 

Triterpenes, saponins,	 Su1, squalene, beta-sitosterol, lupeol, lanosterol, glycyrrhizin, liquiritic acid, glabrolide, licorice 
steroids	 acid, ginsenosides, betulinic acid, ursolic acid, oleanolic acid, lantadene, lantanolic acid, lantic 

acid 

Source: references [58–112]. 
VFCC may reflect a lack of adequate variety in 
the human diet as defined via the complemen­
tary chemistry associated with all 14 classes of 
plant secondary metabolites. 

Despite the considerable breadth of the infor­
mation shown in Tables 2.1–2.3, that data is 
still insufficient to fully understand either a 
specific food’s chemical profile or chemical 
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complementarity among various foods. Table 
2.4, which lists specific chemicals in each chem­
ical class and the foods in which they are 
found, provides a profile of the type of infor­
mation needed for these purposes. While infor­
mation of this type for any food is currently 
incomplete, technical advances in high through­
put chemical analysis platforms are rapidly 
S IN HEALTH PROMOTION 
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TABLE 2.3 Prominent Chemical Classes in the Botanical Families from which Plant-Derived Foods are Selected 

Botanical Family Prominent Chemical Classes 

Actinidiaceae Flavonoids, triterpenes, tetraterpenes 

Alliaceae (Liliaceae) Non-protein amino acids, flavonoids, triterpenes, alkaloids 
Anacardiaceae Flavonoids, tetraterpenes 

Annonaceae Alkaloids, flavonoids, polyketides 

Apiaceae Tetraterpenes, monoterpenes, sesquiterpenes, flavonoids, phenylpropanes, polyacetylenes, amines 
(Umbelliferae) 

Araliaceae Triterpenes, polyacetylenes 

Arecaceae (Palmae) Alkaloids, flavonoids, tetraterpenes 

Asparagaceae Flavonoids, triterpenes, alkaloids, non-protein amino acids 
(Liliaceae) 

Asteraceae Sesquiterpenes, alkaloids, flavonoids, tetraterpenes, triterpenes, diterpenes, amines, cyanogenic glyco­
(Compositae) sides, non-protein amino acids, monoterpenes, phenylpropanes 

Betulaceae Flavonoids, cyanogenic glycosides, triterpenes 

Brassicaceae Glucosinolates, tetraterpenes, alkaloids, flavonoids, non-protein amino acids, phenylpropanes 
(Cruciferae) 

Bromeliaceae Flavonoids, alkaloids, tetraterpenes 

Cactaceae Alkaloids, amines, flavonoids 

Caricaceae Glucosinolates 

Chenopodiaceae Alkaloids, amines, non-protein amino acids, flavonoids, tetraterpenes 

Convolvulaceae Alkaloids, flavonoids 

Cucurbitaceae Triterpenes, amines, non-protein amino acids 
Dioscoraceae Triterpenes 

Ericaceae Flavonoids, triterpenes, phenylpropanes 

Euphorbiaceae Glucosinolates, alkaloids, flavonoids, cyanogenic glycosides, non-protein amino acids, 
phenylpropanes 

Fabaceae Alkaloids, flavonoids, non-protein amino acids, diterpenes, triterpenes, amines, cyanogenic glyco­
(Leguminosae) sides, phenylpropanes 
Grossulariaceae Flavonoids 

Illiciaceae Flavonoids, phenylpropanes 

Juglandaceae Cyanogenic glycosides, flavonoids, phenylpropanes, alkaloids 

Lamiaceae Alkaloids, monoterpenes, triterpenes, flavonoids, sesquiterpenes, diterpenes, phenylpropanes 
(Labiatae) 

Lauraceae Alkaloids, flavonoids, amines, phenylpropanes, monoterpenes 

Lecythidaceae Triterpenes, flavonoids, non-protein amino acids 
Malvaceae Flavonoids, alkaloids 

Moraceae Flavonoids, triterpenes, alkaloids 

Musaceae Flavonoids, amines, non-protein amino acids, tetraterpenes 

Myristicaceae Phenylpropanes 

Myrtaceae Phenylpropanes, sesquiterpenes, cyanogenic glycosides, monoterpenes 

Oleaceae Monoterpenes, amines, triterpenes, cyanogenic glycosides 

Papaveraceae Alkaloids, cyanogenic glycosides 

(Continued) 
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TABLE 2.3 (Continued) 

Botanical Family Prominent Chemical Classes 

Pedaliaceae Amines, non-protein amino acids, phenylpropanes 

Piperaceae Amines, alkaloids, phenylpropanes, sesquiterpenes 

Poaceae Alkaloids, amines, cyanogenic glycosides, flavonoids, tetraterpenes, triterpenes, monoterpenes, 
(Gramineae) sesquiterpenes 

Polygonaceae Flavonoids, alkaloids 

Rosaceae Phenylpropanes, flavonoids, tetraterpenes, monoterpenes, sesquiterpenes, diterpenes, alkaloids, 
amines, cyanogenic glycosides, triterpenes 

Rubiaceae Alkaloids, non-protein amino acids, phenylpropanes 

Rutaceae Alkaloids, flavonoids, triterpenes, monoterpenes, sesquiterpenes, amines, phenylpropanes, 
tetraterpenes 

Sapindaceae Flavonoids, alkaloids, triterpenes, cyanogenic glycosides, non-protein amino acids 
Solanaceae Alkaloids, sesquiterpenes, phenylpropanes, tetraterpenes, amines, flavonoids 

Theaceae Flavonoids, phenylpropanes, alkaloids 

Verbenaceae Monoterpenes, triterpenes, alkaloids, flavonoids, phenylpropanes 

Vitaceae Flavonoids, phenylpropanes, triterpenes 

Zingiberaceae Flavonoids, phenylpropanes, diterpenes, sesquiterpenes 

Source: references [58–112]. 
providing unbiased chemical composition data 
that can be added to the relational database 
that is being developed. This information will 
provide a framework by which to systemati­
cally formulate and test plant-derived food– 
cancer hypotheses based on profiles of plant 
secondary metabolites that span the 14 classes 
of these chemicals present in foods. 

In aggregate, the evidence presented in 
Tables 2.1–2.4 substantiates the perception that 
bioactive chemicals in plant-derived foods 
have the potential to modulate the carcino­
genic process. Thus, it does not appear that the 
null results of the epidemiological investiga­
tions indicate that plant-derived foods are 
devoid of chemicals with cancer inhibitory 
activity. Rather, this information suggests that 
attention needs to be directed to alternative 
explanations of the VFCC. They include: 1) 
with our current understanding of plant-
derived foods, as reflected in the ways we 
assess plant food intake, protection against can­
cer is not apparent; 2) the plant-derived foods 
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to which consumers have access in the market 
place are not those with maximum potential 
for human health benefit; and 3) the way popu­
lations currently eat plant-derived foods, pro­
tection against cancer is not detected. The 
pharmacology analogy will be extended in an 
effort to gain further insights about these candi­
date explanations. 

2.2 Efficacy Is in the Dose 

Various national and international dietary 
guidelines partition foods of plant origin into 
categories derived from the culinary use of 
those foods, which can vary within and among 
geographic regions [21]. These same categories 
are then generally used to code food frequency 
questionnaires in order to test specific hypothe­
ses about vegetable and fruit intake and cancer 
risk or cancer mortality [4,22]. As discussed in 
Section 2.1, this approach to food classification 
does not have a strong scientific basis. 
S IN HEALTH PROMOTION 
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TABLE 2.4 Relational Matrix of Secondary Metabolites in Plant-Derived Foods as Classified By Chemical Class, 
Chemical Compound, and Botanical Family 

Chemical Class Bioactive Food (Botanical Family) 
Compound 

Alkaloids Berberine Berberis (Berberidaceae) 

Caffeine Coffee (Rubiaceae); tea (Theaceae); guarana (Sapindaceae) 
Capsaicin Chili pepper (Solanaceae) 

Cytisine Leguminosae 

Pelletierine Pomegranate (Punicaceae) 

Pilocarpine Citrus (Rutaceae) 

Piperine Black pepper (Piperaceae) 

Serotonin Banana, plantain (Musaceae); tomato (Solanaceae); walnut (Juglandaceae); pine­
apple (Bromeliaceae); plum (Rosaceae) 

Trigonelline Coffee (Rubiaceae) 

Theobromine Tea (Theaceae); cacao (Malvaceae) 

Amines Piperazine Black pepper (Piperaceae) 

Piperidine Black pepper (Piperaceae) 

Pyrrolidine Carrot (Apiaceae) 

Cyanogenic Amygdalin Walnut (Juglandaceae); apricot and black cherry (Rosaceae) 
glycosides Dhurrin Betulaceae; sorghum (Poaceae) 

Linamarin Cassava (Euphorbiaceae); lima bean (Leguminosae); flax (Linaceae); Compositae 

Lotaustralin Cassava (Euphorbiaceae); lima bean, white clover (Fabaceae) 

Prunasin Rosaceae 

Vicianin Fabaceae 

Diterpenes Carnosic acid Rosemary and sage (Lamiaceae) 

Carnosol Rosemary and sage (Lamiaceae) 

Erythrofordin Leguminosae 

Hedychilactone Zingiberaceae 

Hedychinone Zingiberaceae 

Norerythrofordin Leguminosae 

Rosmanol Rosemary and sage (Lamiaceae) 

Rosmarinic acid Rosemary and sage (Lamiaceae) 

Flavonoids Apigenin Celery and parsley (Apiaceae) 

Catechin Kiwi (Actinidiaceae); tea (Theaceae); cocoa (Malvaceae); cinnamon (Lauraceae) 

Coumestrol Alfalfa, soybean, clover (Leguminosae); Brussels sprouts (Brassicaceae); spinach 
(Chenopodiaceae) 

Cyanidin Purple asparagus (Asparagaceae); purple-fleshed sweet potato (Convolvulaceae); 
grape (Vitaceae); blueberry, cranberry (Ericaceae); blackberry, cherry, loganberry, 
raspberry, apple, plum (Rosaceae); red cabbage (Brassicaceae); red onion 
(Alliaceae); black currant (Grossulariaceae) 

Daidzein Soybean (Leguminosae) 

(Continued) 
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TABLE 2.4 (Continued) 

Chemical Class Bioactive Food (Botanical Family) 
Compound 

Delphinidin Grape (Vitaceae); cranberry (Ericaceae); pomegranate (Lythraceae); black currant 
(Grossulariaceae) 

Epicatechin Kiwi (Actinidiaceae); cocoa (Malvaceae); tea (Theaceae); cinnamon (Lauraceae) 

Epicatechin Tea (Theaceae) 
gallate 

Epigallocatechin Tea (Theaceae) 
gallate 

Gallocatechin Tea (Theaceae); pomegranate (Lythraceae) 

Genistein Soybean (Leguminosae) 
Glycitein Soybean (Leguminosae) 

Hesperidin Citrus (Rutaceae) 

Isorhamnetin Asparagus (Asparagaceae) 

Kaempferol Asparagus (Asparagaceae); tea (Theaceae); broccoli (Brassicaceae); grapefruit 
(Rutaceae) 

Luteolin Celery (Apiaceae); green pepper (Solanaceae); tea (Theaceae); perilla and sage 
(Lamiaceae) 

Malvidin Grapes (Vitaceae) 

Morin Fig (Moraceae); almond (Rosaceae) 

Myricetin Grape (Vitaceae); berries (Rosaceae) 

Naringin Grapefruit (Rutaceae) 

Pelargonidin Raspberry, strawberry, plum, blackberry (Rosaceae); blueberry and cranberry 
(Ericaceae); pomegranate (Lythraceae) 

Peonidin Cranberry (Ericaceae); red onion (Alliaceae) 

Quercetin Onion (Alliaceae); sugar apple (Annonaceae); asparagus (Asparagaceae); parsley 
and celery (Apiaceae); citrus (Rutaceae); buckwheat (Polygonaceae); lovage 
(Apiaceae); apples, chokeberry, cherry, raspberry (Rosaceae); tea (Theaceae); red 
grape (Vitaceae); tomato (Solanaceae); broccoli (Brassicaceae); cranberry, lingon­
berry (Ericaceae); prickly pear (Cactaceae) 

Rutin Citrus (Rutaceae) 

Silymarin Artichoke (Asteraceae) 

Tangeritin Tangerine (Rutaceae) 

Glucosinolates Glucobrassicin Cabbage, broccoli, mustard, cress (Brassicaceae) 

Gluconasturtiin Horseradish (Brassicaceae) 
Sinagrin Brussels sprouts, broccoli, black mustard, horseradish (Brassicaceae) 

Sinalbin White mustard (Brassicaceae) 

Monoterpenes Borneol Asteraceae (Artemisia spp.) 

Camphor Lauraceae; berries (Rosaceae) 

Citral Lemongrass (Poaceae); lemon verbena (Verbenaceae) 

Geraniol Lemongrass (Poaceae) 

Limonene Rutaceae 

Linalool Sweet basil (Lamiaceae); sweet orange (Rutaceae); coriander (Apiaceae) 

(Continued) 
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TABLE 2.4 (Continued) 

Chemical Class Bioactive Food (Botanical Family) 
Compound 

Non-protein amino Alliin Garlic and onion (Alliaceae) 
acids Butiin Onion (Alliaceae)
 

Canavanine Leguminosae
 

Etiin Onion (Alliaceae)
 

Isoalliin Onion (Alliaceae)
 
Methiin Onion (Alliaceae)
 

Propiin Onion (Alliaceae)
 

S-allyl cysteine Garlic (Alliaceae)
 

Phenylpropanes Caffeic acid	 Coffee (Rubiaceae); red clover (Fabaceae); pear, hawthorn, apple (Rosaceae); basil, 
thyme, oregano, rosemary (Lamiaceae); verbena (Verbenaceae); tarragon 
(Asteraceae); turmeric (Zingiberaceae) 

Piceatannol Grape (Vitaceae)
 

Pterostilbene Grape (Vitaceae); blueberry (Ericaceae)
 

Resveratrol Grape (Vitaceae); peanut (Fabaceae)
 

Sesamol Sesame oil (Pedaliaceae)
 

Theaflavin Tea (Theaceae)
 

Polyacetylenes	 Falcarindiol Carrot, celery, parsley (Apiaceae) 

Falcarinol Carrot, lovage, celery, parsley (Apiaceae); red ginseng (Araliaceae) 
Panaxydol Ginseng (Araliaceae); celery (Apiaceae) 

Polyketides	 Annonacin Guanabana (Annonaceae) 

Uvaricin Uvaria accuminata (Annonaceae) 

Sesquiterpenes	 Caryophyllene Rosemary (Lamiaceae); black pepper (Piperaceae); cloves (Myrtaceae) 

Farnesol Rosaceae; Poaceae 

Lactucin Lettuce (Asteraceae) 

Zingiberene Ginger oil (Zingiberaceae) 

Tetraterpenes Carotene	 Banana (Musaceae); carrot and parsley (Apiaceae); sweet potato 
(Convolvulaceae); melon and pumpkin (Cucurbitaceae); apricot (Rosaceae); 
spinach (Chenopodiaceae); collard greens and broccoli (Brassicaceae); thyme 
(Lamiaceae); cassava (Euphorbiaceae) 

Cryptoxanthin Banana (Musaceae)
 

Lutein Banana (Musaceae); spinach (Chenopodiaceae); kale (Brassicaceae)
 
Lycopene Tomato (Solanaceae); rosehip (Rosaceae)
 

Phytofluene Tomato (Solanaceae)
 

Triterpenes, sapo- Betulinic acid Caesalpinia paraguariensis (Leguminosae) 
nins, steroids Ginsenosides Ginseng (Araliaceae)
 

Glabrolide Licorice (Fabaceae)
 

Glycyrrhizin Licorice (Fabaceae)
 

Lantadene Spanish sage (Verbenaceae)
 

Lantanolic acid Spanish sage (Verbenaceae)
 
Lantic acid Spanish sage (Verbenaceae)
 

(Continued) 
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TABLE 2.4 (Continued) 

Chemical Class Bioactive 
Compound 

Food (Botanical Family) 

Licorice acid 

Liquiritic acid 

Oleanolic acid 

Squalene 

Ursolic acid 

Licorice (Fabaceae) 

Licorice (Fabaceae) 

Sage (Lamiaceae); Sapindaceae 

Rice bran, wheat germ (Poaceae); olive (Oleaceae) 

Sage (Lamiaceae); blueberry (Ericaceae); Spanish sage (Verbenaceae) 

Source: references [58–112]. 
To advance the field beyond the current 
VFCC, alternative approaches are proposed for 
identifying how plant-derived food consump­
tion can affect the development of cancer. 
These approaches were conceived in part 
based on the pharmacology analogy in which 
foods are viewed as pharmaceutical agents and 
the inherent importance is recognized of drug 
dose in determining treatment efficacy. 

In a drug development model, there is an 
explicit understanding of the active ingredient(s) 
and of the pharmacokinetics and pharmacody­
namics of the ingredient(s) that is (are) associ­
ated with treatment efficacy [14]. Given that 
we currently do not know the identity of 
the plant secondary metabolites that function 
as the ‘active ingredients’ against cancer, let 
alone what concentrations must be maintained 
in plasma for efficacy, it must be questioned 
whether hypothesis testing should be limited 
to plant-derived foods that meet the culinary 
definitions of vegetables and fruit. The concern 
is that foods assigned to these categories are 
generally not eaten in large amounts or on a 
consistent, daily basis [23]. There are not 
many pharmacology models that would pre­
dict that a drug administered in varying 
amounts with different frequencies, including 
no intake on some days, during the course of a 
week would exert a consistent or sustained 
biological effect. Consequently, alternative 
approaches are proposed for evaluating the 
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effects of plant-derived foods on the develop­
ment of cancer. 

2.2.1 Staple Food Crops 

There are food crops that are consumed by 
the populations of the world in large amounts 
on a daily basis; they are referred to as staple 
food crops. Staple food crops include dry 
beans, corn, rice, wheat, potatoes (white and 
sweet), and sorghum. In general, none of these 
staple food crops have been classified as vege­
tables or fruits in the evaluation of the effects 
of plant-derived foods on the development of 
cancer. This situation exists despite the fact 
that dry beans, corn, rice and wheat actually 
fit the botanical definition of a fruit, and 
potato and sorghum fit the botanical definition 
of a vegetable. In the typical classification 
scheme, staple crops are not included, at least 
in part, because they are viewed as sources of 
‘empty starch calories,’ a perspective that mer­
its re-examination [24]. 

Recent reports indicate that dietary levels of 
specific types (varieties or cultivars) of dry 
beans or potatoes, when included as a signi­
ficant component of dietary calories, i.e. when 
eaten as a staple, inhibited experimentally 
induced breast and/or colon cancer [25–27]. 
In addition, ongoing work in our laboratory 
indicates that anticancer activity is present in var­
ious cultivars of wheat and rice (unpublished). 
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However, as reported in [28] and reviewed 
extensively in [24], not all cultivars (varieties) 
within a staple food crop have equivalent 
amounts of anticancer activity per gram edible 
portion. In fact, different cultivars of each sta­
ple food crop are likely to contain different bio­
active chemicals [24]. This situation reflects a 
heretofore unappreciated complexity in efforts 
to evaluate various plant food cancer hypothe­
ses. However, this complexity is also a source 
of new opportunities to re-examine food con­
sumption databases gathered from broad geo­
graphical regions of the world to determine if 
the consumption of different cultivars of the 
same staple crop has distinct effects on the 
development of cancer. While at first glance, 
there might be concern that globalization of 
the food supply would prevent examination of 
differences among varieties within a crop on 
disease outcomes, this is unlikely to be an 
insurmountable obstacle. First, it needs to be 
recognized that different crop cultivars are 
used to make different products, e.g. different 
types of wheat cultivars are used to make 
noodle products versus bread products. 
Second, certain crop cultivars are characteristi­
cally eaten by different populations around the 
world, e.g. dry beans from the Andean center 
of domestication are typically eaten in Africa 
and in various parts of Europe, whereas dry 
beans from the Middle American center of 
domestication are eaten in the Americas. Dry 
beans from these centers of domestication are 
genetically distinct and have been reported to 
have different profiles of secondary metabolites 
and different effects on carcinogenesis [24]. 
Similar examples can be cited for each staple 
food crop. Thus what is required is a greater 
understanding of the uses of each staple food 
crop and the factors that determine the cultivars 
of each crop that are characteristically grown in 
various regions of the world. Failure to account 
for the existence of cultivar-associated differ­
ences in foods is likely  to  contribute to the
VFCC since such differences also exist in crops 
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that are traditionally classified as vegetables or 
fruits [24]. 

That staple crops can and should be viewed 
as more than a starchy source of calories, spe­
cifically as important delivery vehicles for vari­
ous nutrients, is not a new concept within the 
nutrition community. The importance of staple 
crops is probably best reflected in ongoing 
international efforts to improve human health 
and well-being through the prevention of nutri­
tional deficiency diseases via the biofortifica­
tion of staple crops for essential micronutrients 
[29]. This approach was explicitly developed to 
capitalize on the regular daily intake of a con­
sistent and large amount of food staples by all 
family members, and in so doing, address a 
major public health concern about whether the 
foods developed are likely to be consumed. 
Because staple foods predominate in the diets 
of the poor, this strategy implicitly targets 
lower-income households. 

2.2.2 Vegetable and Fruit Combinations 

In Section 2.2.1, a concern was expressed 
about the relatively small amounts and irregu­
lar frequency with which traditionally defined 
vegetables and fruits are consumed [23,30]. 
Nonetheless, there may be combinations of 
vegetable and fruit intake that, when consid­
ered in aggregate, would identify food combi­
nations associated with protection against 
cancer [5–7]. While the identification of food 
combinations has been proposed for more than 
a decade, it is only now beginning to gain in 
its use and acceptance [31]. Initially criticized 
when proposed because of concerns about bia­
ses that can be introduced due to the use of fac­
tor analyses to identify food consumption 
patterns associated with disease risk, the exis­
tence of food patterns has been widely studied 
by those investigating the history of foods [21]. 
From the contemporary perspective, the null 
effects not only of food-based studies of cancer 
risk but also of single and combined agent 
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intervention studies to reduce cancer risk has 
led to the conclusion that the chemicals that 
are provided by vegetables and fruit are likely 
to exert health benefits through their combina­
torial effects and as modified by the food 
matrix [32,33]. The only realistic approach 
likely to identify meaningful relationships is 
via the study of food combinations with the 
level to which the analyses are reduced, that is 
of foods as they act in combination [6,7]. This 
approach has considerable appeal in view of 
the complexity of the set of diseases generally 
referred to as cancer and of which there are 
more than 40 types with multiple subtypes at 
each major organ site [34]. Failure to search for 
and identify plant-derived food combinations 
that protect against cancer could underlie the 
current VFCC. In support of this statement, in 
a large prospective study, no relations between 
total intake of vegetables and fruit combined 
or the total of each considered separately were 
observed for lung cancer risk [7]. However, 
higher consumption of several botanical 
groups, including Rosaceae, Convolvulaceae, 
and Umbelliferae, was significantly inversely 
associated with lung cancer risk in men. 
Similarly, in several other studies, investigators 
analyzed the relation of individual plant-based 
foods and/or plant-based food groups with 
lung cancer risk; the most consistent findings 
were for Rosaceae, [35–37], Brassicaceae 
[35,38,39], and Rutaceae [35,39]. A perusal of 
the literature shows additional examples similar 
to these exist [5,40], yet there is limited mention 
of food combinations in ongoing discussions of 
the VFCC. 

3. THE PATHOGENESIS OF THE 
DISEASE 

An important consideration in any effort to 
understand and resolve the VFCC is to predict 
when during the carcinogenic process that 
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plant food consumption is likely to disrupt the 
pathogenesis of the disease. For this discus­
sion, we operationally divide effects on carcino­
genesis into primary and secondary events. 

3.1 Primary Events 

Primary events are defined as those related 
to the mutation of oncogenes and/or tumor 
suppressor genes. Thus, the benefit of reducing 
the occurrence of those events involved in the 
initial steps of transformation or tumor progres­
sion has to be considered in the framework of 
multi-hit models such as those established for 
most solid tumors, notably the colon [41]. If in  
fact, the prevention of these events is thought 
to be a primary mechanism of benefit, it 
should be expected that protection would be 
observed after 10–15 years of establishing a 
characteristic pattern of consumption, the time-
frame that is predicted to be required from an 
initial transforming mutation until clinically 
detectable disease is manifest [42]. It is not 
clear that any of the designs of prospective 
population-based investigations of the effects 
of plant-derived food on cancer incidence or 
cancer mortality have the sensitivity to detect 
effects on this time scale. If they do not, then 
the null effects on which the VFCC is based 
should be anticipated and limitations in experi­
mental designs would in part account for the 
VFCC. 

3.2 Secondary Events 

Secondary events that plant food consump­
tion may impact are noted in [42] and involve 
three major cellular processes misregulated dur­
ing carcinogenesis: cell proliferation, cell death 
(and therefore survival), and blood vessel for­
mation. If one attempts to simplify the com­
plex array of signaling events involved in these 
processes relative to those that plant secondary 
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metabolites have been reported to affect, it 
becomes clear that signaling reported to be 
affected by plant metabolites and signaling mis­
regulated during carcinogenesis intersect at 
multiple levels [15,43,44]. The relationships and 
specific regulation of these pathways by phyto­
chemicals has been the subject of a number of 
excellent reviews and the goal is not to review 
those details here [32,45]. Rather, the objective 
is to call attention to the need for predictions 
about how regulation of altered signaling by a 
pattern of food consumption would be 
expected to manifest in terms of effect on vari­
ous cancer endpoints. Specifically, what quanti­
fiable aspect of the disease would be affected, 
and how many years of observation would be 
necessary before a clinically detectable effect 
on signaling should be anticipated? At issue is 
when during the lifecycle that plant-derived 
food consumption is important and whether 
lifecycle changes in eating behaviors are ade­
quately captured using current data collection 
instruments. 

4. DESIGNING A PLANT FOOD 
RICH DIET TO REDUCE CANCER 
RISK OR CANCER MORTALITY 

For health care professionals in general and 
the dietitian in particular, the VFCC poses prac­
tical problems relative to recommending diets 
for cancer prevention and control. The perspec­
tives gained from this brief review and analy­
sis suggest that sound dietary guidance will 
continue to revolve around the cornerstone con­
cept that variety and moderation is the key to 
health promotion and disease prevention. The 
opportunity for the future lies in the identifica­
tion of food combinations that are tailored to 
the metabolic needs of the individual. For that 
purpose, there remains untapped potential in 
the design of plant food rich diets with a 
broad base of botanically defined diversity. 
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The interested reader is referred to another 
chapter in this book for a detailed discussion 
of these concepts [28]. 

5. SUMMARY 

It is now becoming clear that the many 
forms of cancer have specific genotypes, i.e. 
they are the consequence of specific defects in 
gene expression and/or protein activity [42]. 
That level of understanding is now being used 
in the pharmaceutical industry to develop 
target-specific drugs. This same information, as 
it becomes more widely available to the epide­
miologist, will provide new tools with which 
to analyze for food-related effects on pathway-
specific development of cancer [46]. Similarly, 
polymorphisms are also being identified in the 
systems that regulate the metabolism of both 
xenobiotics and essential and nonessential 
nutrients in plant-derived foods [47]. Functional 
polymorphisms in affected genes will need to 
be used to identify cohorts that can be pre­
dicted to be responsive or nonresponsive to a 
particular class(es) of plant secondary metabo­
lites [44,48–53]. While complex, the opportu­
nities for new insights will grow with the 
availability of an increasing number of high 
dimensional datasets that are derived from 
genomic, proteomic and metabolic analyses of 
human tissues and body fluids as well as the 
metabolomic profiles of plant foods and of the 
microbiome that is likely to have a profound 
yet unappreciated impact on both the com­
pounds absorbed from the gut and the activity 
of key metabolic processes within the mamma­
lian system [54–57]. In this context, currently 
available databases that form the basis of the 
VFCC are useful in identifying important leads 
about the design of prospective cohort studies 
and the formulation of food-based interventions 
that are population and context defined and 
mechanism driven. As such, the null effects of 
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today that have propagated the VFCC offer a 
wealth of opportunity and insight that will 
inform the studies of tomorrow. 
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1. INTRODUCTION
 

In the history of human nutrition, one of the 
most widespread alimentary regimens linked 
to health protection is represented by the 
Mediterranean diet (MD), evolved naturally in 
the populations that border the Mediterranean 
Sea as a consequence of the availability of par­
ticular foods that grow well in this area [1]. 
MD eating patterns consist of a wide use of 
whole grains, fruits, vegetables, nuts, fish, and 
olive oil. Red meat is consumed only a few 
times a month. The MD is therefore very low 
in saturated fat, alcohol, salt, and food pre­
served with chemical compounds. 

Recently, this traditional diet has received 
worldwide interest, as several epidemiological 
studies have indicated that this diet may have 
healthy benefits for the heart, blood pressure, 
diabetes, cancer, allergies, and arthritis [2–4]. 
The MD has also been linked to longer life, 
and it represents a useful tool in managing the 
metabolic syndrome, a condition characterized 
ctive Foods in Promoting Health: Fruits and Vegetables 3
by central obesity, hypertension, and disturbed 
glucose and insulin metabolism [5]. 

Most of those diseases generically referred 
as chronic diseases are linked to the aging pro­
cess and have been associated with oxidative 
damage, a constant process that occurs in aero­
bic organisms. The oxidative damage theory 
suggests that mitochondria produce reactive 
oxygen species (ROS), or free radicals, as nor­
mal byproducts in the phosphorylating chain 
of ATP [6,7]. Free radicals are also produced 
by enzymatic reactions, such as the NADPH 
oxidase in the phagocytes, to destroy invading 
microbes, or xanthine oxidase for uric acid for­
mation [8]. In addition, external sources such 
as pollution, cigarette smoke, and sunlight 
cause the production of free radicals, which 
are incorporated by organisms and cells [9]. 
Free radicals are highly reactive towards other 
molecules, stealing electrons in order to return 
to stable states. The molecule from which 
the original free radical steals the electron 
becomes another free radical, resulting in a 
7 r 2010 Elsevier Inc. All rights reserved. 



38 3. ANTIOXIDANT CAPACITY OF PHYTOCHEMICALS 
self-perpetuating process [8]. Excessive produc­
tion of free radicals causes damage to lipids, 
proteins, carbohydrates, and DNA [9]. 
Membranes exposed to free radicals lose their 
ability to properly transport nutrients; lipopro­
teins are changed into oxidized forms; and 
damaged DNA has the potential to accumulate 
consecutive mutations, which can lead to carci­
nogenesis [10]. Therefore, the theory of oxida­
tive damage strictly recalls the concept that 
antioxidant molecules, able to slow down the 
rate of the oxidative process, are very impor­
tant for the homeostasis of normal body 
metabolism. 

2. FIBER, MINERALS, AND 
ANTIOXIDANT ENZYMES 

Earlier epidemiological studies have sug­
gested a positive role played by whole grains, 
fruits, and vegetables in the interruption of oxi­
dative stress and therefore in disease prevention. 
This effect has been initially associated with the 
presence of fiber, unsaturated fatty acids, oligo­
elements (minerals), and vitamins. As indigestible 
polysaccharides, the fiber health benefits were 
linked to the formation of a gelatinous matrix 
that increases fecal mass. This contributes to a 
reduction in the concentration of harmful biliary 
acids and other potential cancerous compounds 
in excrement [11]. Actually, the health-protective 
mechanisms of fiber intake are under close exam­
ination in the search for a more complete picture 
that includes other molecules bound to poly-
saccharides [12]. Numerous studies have been 
developed regarding oligoelements and vitamins 
[13] as factors able to prevent or slow ‘oxidative 
damage.’ Oligoelements are transitional metals 
that have a role in the synthesis and structural 
stabilization of proteins and nucleic acids [8]. 
The most important of these metals are magne­
sium, copper, zinc [14], manganese  [15], and sele­
nium [16]. Among these, a major line of research 
has been devoted to selenium, the consumption 
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of which is inversely correlated with the risk of 
developing cancer [17]. Hydrogen selenide, 
methylselenol, and selenomethionine, the princi­
ple selenium metabolites, are able to regulate 
gene expression, protect DNA from damage, 
and stimulate the repair and regulation of cell cy­
cles and apoptosis. 

Oligoelements also enter into the mechanism 
of preventive defense against free radicals, per­
formed by antioxidant enzymes (Figure 3.1). 
These enzymes work in a coordinated and inte­
grated manner, centered on the availability of 
oligoelements and NADPH, which is the source 
of reducing equivalents against oxygen radicals 
[18]. The erythrocytes, which totally depend on 
the hexose monophosphate shunt pathway for 
the production of NADPH, are dramatically 
exposed to oxidative stress when the G6PD is 
defective [19]. Also, normal myoblasts, in the 
presence of oxidants, lose NADPH and show 
damage of membrane lipids [20]. 

3. PHYTOCHEMICAL 
ANTIOXIDANTS 

The cooperative integration of antioxidant 
enzymes and various antioxidant molecules 
and minerals is crucial to suppressing free radi­
cal reactions in cellular and extracellular 
compartments. Other metabolism-derived mole­
cules, such as urate, bilirubin, ceruloplasmin, 
transferrin, and hormones, also contribute to 
the antioxidant defense [8], but their concentra­
tion is quite stable in human plasma and 
depends on different metabolic pathways, so 
that their role as antioxidants is minor. In con­
trast, the concentration of phytochemical anti­
oxidants in the biological fluids changes from 
one person to another, depending on diet. The 
search for phytochemical antioxidants that are 
bioavailable and therefore able to prevent or 
retard chronic diseases has become a discipline 
called chemoprevention [21]. 
S IN HEALTH PROMOTION 
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FIGURE 3.1 The integrated system of the antioxidant enzymes supported by NADPH. Abbreviations used: 
SOD = superoxide dismutase; GPX = glutathione peroxidase; GR = glutathione reductase; G6PD = glucose-6-phosphate 
dehydrogenase; NADPH-P450 RED = NADPH-P450 reductase; GSH = glutathione (reduced form); GSSG = glutathione 
(oxidized form). 
SOD catalyzes, in the cytosol and mitochondria, the dismutation of two superoxide anions (O2 

*) into hydrogen peroxide 
(H2O2) and molecular oxygen. The cytosolic SOD requires Cu2 + and Zn2 + , while the mitochondrial SOD requires Mn2 + . 
The H2O2, formed by SOD, is converted by CAT to molecular oxygen and water. GPX, which is located both in the cytosol 
and in the mitochondrial matrix, converts hydrogen or lipid peroxides into water or other less reactive molecules. The cyto­
solic GPX strictly depends on Se2 + and GSH which is used by GPX to provide the electrons for reducing peroxides. GSH is 
transformed into GSSG, which is in turn regenerated to GSH by a reaction catalyzed by the GR. GR utilizes the NADPH 
produced by the G6PD. Therefore, it is the NADPH that directly provides the electrons necessary to reduce the hydrogen or 
lipid peroxides. In addition, NADPH supports the metabolism of toxic insoluble molecules which can damage the DNA 
and proteins by working as a coenzyme of the NADPH- Cyt P450 reductase. 
The primary dietary phytochemical antioxi­
dants are reported in Figure 3.2. Some consider­
ation of their chemical structures and importance 
in cell physiology and biochemistry is necessary. 

3.1 Vitamin C 

The chemical structure of vitamin C, also 
called ascorbic acid (AA), is similar to that of 
the hexose sugars, with an ene-diol group 
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involving carbons 2 and 3. This group makes 
AA a strong reducing agent, easily oxidable to 
dehydroascorbic acid (DHA). In cells, AA and 
DHA are in chemical equilibrium, and both are 
endowed with vitaminic activity. The acid char­
acter of AA is due to the facility of the –OH 
group, bound to C2 to release a proton, since 
the mono-DHA ion that is formed is stabilized 
by resonance. 

Most vegetables synthesize AA, starting 
from glucose; however, primates are unable to 
 IN HEALTH PROMOTION 
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Phytochemicals 

Polyphenols 

Glucosynolates 

Carotenoids 

Flavonoids 

Phenolics acid 

Stilbenes 

Lignans 

Isoflavones 

Flavones 

Flavonols 

Anthocyanins 

Flavanols 

Flavanones 

Phytoestrogens 

FIGURE 3.2 Different categories of diet phytochemicals 
with antioxidant properties. 

do this, since they are deficient in the enzyme 
gulonolactone oxidase, which is involved in AA 
synthesis [22]. Vitamin C is therefore an ‘essen­
tial’ vitamin and must be introduced with fresh 
vegetables and fruits. At a physiological level, 
AA is involved in several metabolic processes: 
corticosteroid hormones, biliary acids, carnitine, 
prostaglandins, histamine, collagen, iron, thyro­
xine, and some neurotransmitters. Vitamin C 
also improves the immune response and favors 
the elimination of xenobiotics and radicals. In 
fact, it directly reacts with superoxide anions, 
hydroxyl radicals, and various lipid hydroper­
oxides [23]. 

3.2 Vitamin E 

Molecules possessing vitamin E activity 
are grouped under the term ‘tocopherols.’ They 
are all homologous, derived from the 
6-hydroxychromane structure, and are classified 
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into two groups: 1) the tocopherols, including the 
α-, β-, γ, δ-tocopherols, which have a long iso­
prenic saturated side chain at C2 and a variable 
group of methyl groups bound to the chroma­
nol ring; and 2) the tocotrienols, divided into the 
α-, β-, γ-, δ-tocotrienols, which have the same 
structure as the related tocopherols, except for 
the side chain, which is unsaturated with three 
double bonds [24]. The tocopherols come 
largely from cereal sprouts, green leafy vege­
tables, oleic fruits, seeds, and their respective 
oils. Tocopherols are hydrolyzed in the small 
intestine, emulsified with the biliary acids, trans­
ported in the blood by low density lipoprotein 
(LDL), stored in the liver, and eliminated 
through bile and urine [25]. Vitamin E is a pow­
erful lipid-soluble antioxidant, which acts syner­
gistically with selenium to prevent the oxidation 
of fatty acids, membrane phospholipids, and 
proteins [26]. In the dentate gyrus of mamma­
lian hippocampus, α- and β-tocopherols have a 
neuroprotective role by preventing apoptosis 
and prolonging newborn neuron life [27]. 

When vitamin E functions as an antioxidant 
and donates its electron, it cannot function 
again until it has been ‘recharged’ by vitamin 
C. A class of chimeric molecules combining 
ascorbic acid with the chromanyl head of the 
tochopherols were synthesized in order to 
confer higher antioxidant protection in critical 
conditions like ischemia-reperfusion [28]. 

3.3 Carotenoids 

These are nature’s most widespread fat-
soluble pigments. More than 600 different 
carotenoids have been identified in plants, 
microorganisms, and animals, and approxi­
mately 20 of them can be identified in human 
blood serum after the intake of fruits and vege­
tables [29]. Carotene occurs in many forms, des­
ignated as α-carotene and β-carotene followed 
by γ-, δ-, and e-carotene. β-Carotene is com­
posed of two retinyl groups and is broken 
ES IN HEALTH PROMOTION 
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down in the mucosa of the small intestine by 
β-carotene dioxygenase to retinal and used in 
the body as both retinoic acids and retinals, 
which are the active forms of vitamin A [30]. 
Vitamin A is essential, and its lack may lead to 
blindness and other health consequences. 
Carotenoids function as antioxidants protecting 
lipids against peroxidation by quenching free 
radicals, particularly the singlet oxygen [31]. 
Citrus fruits and vegetables, including carrots, 
sweet potatoes, winter squash, pumpkin, 
papaya, mango and cantaloupe, are rich sour­
ces of carotenoids [32]. 

Lycopene, a linear carotenoid with 11 dou­
ble conjugated bonds, is the precursor of all 
carotenoids because they are formed from the 
cyclization of its structure and subsequent 
hydroxylation of specific carbons (Figure 3.3). 
Tomatoes, watermelon, pink grapefruits, apri­
cots, and pink guavas are the most common 
sources of lycopene. In humans, differently 
from β-carotene, lycopene is not transformed 
into vitamin A, lacking the β-ionone ring 
required for conversion into retinoids. 
Lycopene’s role has been associated with 
decreased incidence of prostate cancer [2]. 

Xanthophylls are yellow carotenoid pig­
ments involved in photosynthesis and found in 
the leaves of most plants. In the presence of an 
excess of photochemical energy, they contrib­
ute to the non-photochemical extinction of the 
fluorescence of chlorophyll. Zeaxanthin and 
lutein are the xanthophylls that are absorbed 
and bioavailable. They are found in the macula 
of the eye, where they decrease the risk of 
developing age-related macular degeneration 
[33] and cataracts [34]. 

3.4 Glucosinolates 

A unique group of thioglucosides naturally 
occurring in plants of the Brassicales order are 
the glucosinolates (GLs) [35]. GLs contain a 
β-D-glucopyranose moiety, linked to a sulfur 
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FIGURE 3.3 Molecular structure of lycopene (top) and 
of the molecule in the cycling phase for the synthesis of 
other carotenoids (bottom). 

atom and either an aliphatic, aromatic, or 
indole side chain; indolic GLs are derived from 
tryptophan, while non-indolic GLs derive from 
other amino acids. The most common GLs pres­
ent in edible cruciferous vegetables are shown 
in Table 3.1. 

A mixture of indolic and non-indolic GLs is 
naturally hydrolyzed by the enzyme myr­
osinase (β-thioglucoside glucohydrolase, EC. 
3.2.1.147) into isothiocyanates (ITCs) and 
indoles (Figure 3.4). These are known to effi­
ciently reduce the risks of cancer and degenera­
tive diseases by inhibiting phase 1 enzymes 
and by activating phase 2 enzymes [36,37]. 

3.5 Polyphenols 

These molecules are secondary metabolites 
of plants; they contribute to organoleptic quali­
ties, color, and defense against pathogen 
attacks. 

The chemical structure of phenols possesses 
one or more aromatic rings, with one or more 
hydroxyl groups. The radical scavenging activ­
ity consists of the ability to directly inactivate 
the ROS or bind pro-oxidant metal ions by 
means of their –OH groups [38]. 

In the former case, the polyphenol transfers 
one hydrogen to the peroxyl radical as follows: 

'
ROO++ArOH ! ArO+ROOH 

The fenoxyl radical (ArO' ) formed in this 
reaction is relatively stable and reacts slowly 
with other substrates, thus interrupting the 
S IN HEALTH PROMOTION 
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TABLE 3.1 Examples of Aromatic and Aliphatic Glucosinolates Found in Brassica Vegetables 

glucoseGLUCOIBERIN 
CCH3SOCH2CH2CH2CH2 

NOSO2O
− 

S 

GLUCORAPHANIN S glucose 

CH3SOCH2CH2CH2CH2 
C 

NOSO2O
− 

PROGOITRIN S glucose 

CH2 CHCH2CH2 
C 

NOSO2O
− 

OH 

SINIGRIN S glucose 

CH2 CHCH2 
C 

NOSO2O
− 

GLUCONAPIN S glucose 

CH2 CHCH2CH2 
C 

NOSO2O
− 

4-HYDROXYGLUCOBRASSICIN S glucose
OH 

CH2 C 

NOSO2O
− 

N 
H 

GLUCOBRASSICIN S glucose 

CH2 C 

NOSO2O
− 

N 
H 

NEOGLUCOBRASSICIN S glucose 

CH2 C 

NOSO2O
− 

N 

OH CH3 

After the mirosinase action the aliphatic glucosinolates produces isothyocianates and the aromatic the indole-3-carbinols. 
chain of oxidative reactions. At high concentra­
tions, the polyphenol may act as a pro-oxidant, 
since the amount of formed phenoxyl radicals 
is able to trigger oxidative reactions [39,40]. 
Figure 3.2 shows the categories of phenolic 
compounds. 

The phenolic acids comprise two main sub­
groups: benzoic acids and cinnamic acids. 
Natural phenolic acids occur in fruits and vege­
tables either in free or conjugated forms, usu­
ally as esters or amides. 
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Whole cereals are particularly rich in phenolic 
acids: ferulic, p-coumaric, syringic and vanillic 
acids are the most common in bran, while those 
most represented in oat are dihydrocaffeic, 
synapic and p-hydroxybenzoic acids [12,13]. 

The stilbenes are phenolic compounds con­
taining two benzenic rings linked by an ethane 
or ethene bridge. They are widely distributed in 
higher plants, acting as phytoalexins and growth 
regulators. Resveratrol (3,4,5-trihydroxystilbene) 
is the member of this chemical family found 
 IN HEALTH PROMOTION 
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FIGURE 3.4 Hydrolysis of aliphatic glucosinolates. 
Myrosinase catalyses the hydrolyzation of indolic and non­
indolic glucosinolates into isothiocyanate and indoles. The 
intermediate step shows the momentary dissociation of the 
glucosinolates into the sugar and the functional group that 
will be transformed in one of the three azo-groups. 

in grapes and wine, and it is reputed to be 
responsible for preventing heart disease, primar­
ily through the consumption of red wine [41]. 

The flavonoids’ generic structure consists of 
two aromatic rings, A and B, linked by an oxy­
genated heterocyclic C ring [42]. Based on the 
structure of the C ring, as well as on its oxida­
tion state and functional groups, flavonoids 
are classified as flavonols, flavones, flavanols 
(catechins), flavanones, anthocyanidins, and 
isoflavonoids (Figure 3.2). In fruit and vege­
tables, flavonoids are frequently present as gly­
cosides, since glycosylation makes the molecule 
less reactive but more soluble. Glucose is the 
sugar that is most frequently involved in glyco­
side formation, but we can also find galactose, 
rhamnose, xylose, and arabinose, and beyond 
them disaccharides like rutose [42]. 

The major sources of flavonoids in the Western 
diet include fruits such as citrus fruits, apricots, 
cherries, grapes, black currants, bilberries, and 
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apples; among the vegetables we include onions, 
broccoli, tomatoes, spinach, beet greens, soy­
beans, and aromatic herbs. In fact, aromatic 
herbs and spices have a flavonoid concentration 
that is several times higher than that of common 
vegetables [43]. Aromatic herbs  also  contain spe­
cial antioxidants of phenolic origin. For instance, 
rosemary contains the phenolic diterpenes, carno­
sol and rosmanol, which together with carnosic 
and rosmarinic acids, are the most active pheno­
lic antioxidants of this herb [44]; Piper nigrum 
contains five amides of phenolic acids with 
marked antioxidant properties [45]. 

The lignans are basically dimers of the cin­
namic alcohol, which cyclizes in different ways, 
generating a wide range of molecules. The lignans 
are contained in woody tissues, cereals, and vege­
tables like carrots, broccoli, and berries. Together 
with isoflavones, the lignans belong to the class of 
phytoestrogens, which are protective factors of 
cardiovascular and immune systems [46]. 

Tannins are polymers of phenolic acids or 
flavonoids, present in nature as hydrolyzable 
and non-hydrolyzable (condensed) tannins. 
The basic units of hydrolyzable tannins are gal­
lic and ellagic acids, esterified to a core mole­
cule, commonly glucose or a polyphenol such 
as catechin. Condensed tannins, also called 
proanthocyanidins, are mainly flavonoid poly­
mers. Tannins are potent antioxidants, but they 
are scarcely absorbed by the gut and are con­
sidered antinutritional factors since they are 
able to complicate and precipitate proteins and 
inhibit digestive enzymes [47]. 

4. PHENOLIC DISTRIBUTION AND 
CHANGES DURING 
DEVELOPMENT 

The distribution of phenolic compounds var­
ies greatly in the different parts of fruits or 
vegetables. In mature cherries, the phenolic 
acids, for instance the derivatives of synaptic 
acid, are very often localized in the epicarp [48]. 
S IN HEALTH PROMOTION 



44 3. ANTIOXIDANT CAPACITY OF PHYTOCHEMICALS 
In grape skin, the concentration of hydroxyl­
cinnamoyltartaric acid is several-fold greater 
than in the pulp. The skin of apples has a concen­
tration of 5-caffeoylquinic acid and catechins 
higher than in the parenchyma [48,49]. 

Interesting changes in phenolic concentra­
tion were also described during the develop­
mental stages of vegetables. The levels of 
hydroxycinnamic acid and catechin in apples 
and pears generally increase for a short time 
during the initial development of these fruits, 
and are extremely high in the raw fruits [49]. 
However, the concentration decreases to a sta­
ble level once the fruits mature. The same pat­
tern has been observed in cherries, apricots, 
prunes, grapes, and berries [48]. 

5. ACTION OF PHYTOCHEMICAL 
ANTIOXIDANTS 

The antioxidants present in fruits, vegetables, 
and grains exhibit various beneficial properties in 
humans. A number of phenolic compounds, par­
ticularly flavonoids, are efficient antiproliferative 
agents, being able to inhibit proliferation of 
tumor cells by interfering with cell-cycle proteins 
or inducing apoptosis [50]. Apple extracts contain 
phytochemicals that inhibit tumor cell growth 
in vitro by modulating the expression of selected 
genes [51]. Apples with peel inhibit colon cancer 
cell proliferation by 43%, although this inhibition 
was reduced to 29% when peeled apples were 
tested in one study [52]. The mechanisms by 
which polyphenols act as antitumoral agents are 
manifold and have been shown to be connected 
with the functions of radical scavengers, deto­
xification agents, cell signaling modulators, 
inhibitors of cell-cycle phases, and activators of 
apoptosis [53]. Some flavonoids are able to 
achieve this effect by inhibiting the enzyme DNA 
topoisomerase II, which is necessary for the sur­
vival and spread of cancerous cells [53]. 

Broccoli, cabbage, kale, and Brussels sprouts, 
of the Brassicaceae family, are considered 
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among the most important anticancer vege­
tables. Studies have demonstrated their antican­
cer effects due to glucosinolates (Figure 3.4). 
Brassica vegetables also have a remarkable 
content of antioxidants like ascorbic acid and 
carotenoids, and phenolic compounds such as 
quercetin and kaempferol [54]. Spinach and 
beet greens, belonging to the Chenopodiaceae 
family, are also interesting for chemopreven­
tion. A marked antiproliferative activity on 
HepG2 human liver cancer cells was shown 
in spinach by Chu et al. [55]. In  Beta Vulgaris 
cicla, we demonstrated a strong cytostatic 
activity towards MCF-7 breast tumor cells, 
attributable to glycosides of the flavone api­
genin [56]. 

Indeed, phenolic compounds show anti-
inflammatory activity, which is mediated by 
inhibiting the formation of transcription factors 
closely linked to inflammation, such as NF-κB 
and enzymes such as xanthine oxidase, cyto­
chrome oxidase, and lipoxygenase, which medi­
ate the inflammatory process [55,57]. 

The flavonoids of red wine and green tea, 
particularly quercetin and catechin, exhibit anti­
oxidant and antiatherosclerotic activity through 
binding to LDL. This binding process reduces 
their sensitivity to oxidation and their athero­
genic potency [58,59]. 

Flavonoids have also been shown to reverse 
vascular endothelial dysfunction by increasing 
endothelium-derived nitric oxide bioactivity 
[60,61]. 

Garlic and onions, both from the Liliaceae 
family, are interesting for the cardiovascular-
protective effect of allicin. Metabolism of allicin 
produces hydrogen sulfide, which relaxes the 
blood vessels, increases blood flow, and boosts 
heart health [62]. Allicin is also considered to 
be responsible for the anticancer activity of gar­
lic extract [63]. 

Phytochemicals can also have antimicrobial 
activity [64–66]. For instance, extracts of grape 
seed or rosemary may be used as food pre­
servatives [67]. 
ES IN HEALTH PROMOTION 
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Fruits are no less important than vegetables 
in health protection. A screening of the anti-
proliferative activities of fruits on HepG2 cells 
[68] showed the highest effect in cranberries, 
followed by lemons, apples, red grapes, 
bananas, grapefruits, and peaches. Apples 
were shown to be able to prevent mammary 
cancer in a rat model in a dose-dependent man­
ner [69]. Cranberry powder and juice have 
been proposed to prevent urinary tract infec­
tions, due to the procyanidins that inhibit the 
adhesion of Escherichia coli [70,71]. 

Another category of vegetable foods that 
were studied for their antioxidant value are 
the sprouts. The sprouts are a good source of 
amino acids, minerals, fiber, and phenolic com­
pounds [72]; interestingly, some sprouts of the 
Brassicaceae family have a content of glucosino­
lates and antioxidants higher than that of the 
mature plant [73]. 

The list of vegetables and fruits rich in mole­
cules useful for health protection is too long to 
repeat in its entirety, and only some examples 
have been mentioned here. The multiplicity of 
actions expressed by the polyphenols suggests 
that it is useful to have a number of different 
fruits and vegetables in the human diet in 
order to take in a wide range of antioxidants 
[61,74]. Since at a physiological level some anti­
oxidants work better in hydrophilic conditions 
and others within a fatty environment, the best 
health protection is achieved when both antiox­
idant types are present together in such a way 
that they work synergistically and possibly 
regenerate themselves after oxidation [75]. All 
these antioxidants are best acquired through 
whole-fruit and vegetable consumption, possi­
bly improved through seasonal selections. 

6. METHODS FOR ASSAYING 
ANTIOXIDANT CAPACITY 

The multiplicity of molecules that exploit 
antioxidant activity, their different chemical 
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and physical characteristics, and the complex­
ity of their interactions, make the use of reli­
able methods important for determining total 
antioxidant capacity in foods. For this goal, sev­
eral methods have been developed through the 
years and labeled with acronyms such as the 
following: TRAP (total radical antioxidant 
power) [76]; FRAP (ferric reducing antioxidant 
power) [77]; ORAC (oxygen radical absorbance 
capacity) [78]; and TEAC (Trolox equivalent 
antioxidant capacity) [79]. An excellent review 
on the advantages and disadvantages of these 
methods has been published [80]. 

Table 3.2 lists some characteristics of the 
most commonly used methods. 

ORAC and TRAP use a fluorescent dye as a 
target for radicals generated by thermal decom­
position of diazocompounds. The antioxidants 
of the sample function as a protective shield 
between the fluorescent dye and the radical 
species. The fluorescence decays slowly during 
the initial phases of the process when the anti­
oxidants are present at high concentrations, 
whereas it decreases quickly when antioxidants 
are almost exhausted. The area under the 
decay curve in the ORAC assay, or the length 
of the induction period (lag phase) in the 
TRAP, is compared to that of an internal stan­
dard and then quantitatively related to the anti­
oxidant capacity of the sample. 

The FRAP method uses the ferric complex 
Fe-TPTZ as a probe, which is transformed to a 
colored ferrous form when it reacts with the 
antioxidants. 

The TEAC test utilizes ABTS, which is oxi­
dized by peroxyl radicals to the stable radical 
cation (ABTS' + ), absorbing the light at 734 nm. 
In the presence of antioxidants, radical forma­
tion is inhibited, and the absorbance decay is 
monitored spectrophotometrically in the pres­
ence of the testing sample, or Trolox, at a fixed 
point in time, and then the antioxidant capacity 
is expressed as Trolox equivalents. 

The TOSC method is based on gas chro­
matographic measurements of the ethylene 
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TABLE 3.2 Comparison of different in vitro total antioxidant capacity assays 

Method ORAC TRAP FRAP TEAC TOSC Crocin 

Reagents	 AAPH, AAPH, Trolox, TPTZ, FeCl3, ABTS, K2SO4, KMBA, AAPH, Crocin, AAPH, 
Trolox, R-phycoerythrin Na-acetate Trolox Trolox 
Fluorescein 

Instrument	 Fluorescent Fluorescent Spectro- Spectro- Head space Spectro­
plate reader plate reader photometer photometer gaschromatography photometer 
spectrometer spectrometer 

Temperature 371C  371C  371C  371C  371C  371C 

Abs (nm) Ex.485, Em. Ex. 495, Em. 593 415 or 734 Depending on 443 
520 575 detector type 

pH 7.4 7.4 3.6 7.4 7.4 7.4 

Endpoint End of Lag phase Fixed time Fixed time End of production Fixed time 
fluorescence (4–10 min) (4–6 min) of etilene (10 min) 
decay 

Calibration Trolox Trolox solutions Fe3 + standard Trolox solutions – Trolox or 
solutions solutions α-tocopherol 

solutions 
Calculation Area of the Length of the Absorbance of Absorbance Area under the Ka/Kc of antioxi­
of the fluorescence lag phase final reading decrease in pres- kinetic curve dant divided for 
results curve decay minus blank ence of the Ka/Kc of Trolox 

sample 

Lipophylic Yes, in pres- Yes, in presence No Yes Yes Yes 
antioxidants ence of of cyclodextrins 

cyclodextrins 

ORAC (oxigen radical adsorbance capacity); AAPH or ABAP (Azo-bis(2-amidinopropane); TRAP (total radical-reducing 
antioxidant potential); FRAP (ferric-reducing antioxidant potential); TPTZ (2.4.6-tripyridyl-s-triazine); TEAC (trolox 
equivalent antioxidant capacity); ABTS (2.2’-azinobis(3-ethylbenzothiazoline-6-sulfonic acid); TOSC (total oxidant 
scavenging capacity); KMBA (α-keto-γ-methiolbutyric acid). 
produced from the oxidation of α-keto-γ-methiol­
butyric acid, caused by the radicals released by 
the thermal decomposition of AAPH. 

Two other methods are commonly used: the 
first is based on the oxidation of crocin by per­
oxyl radicals [81], while the second is based on 
luminol [82]. The old rancidity test against fats 
and oils is still applied to compare antioxidant 
capacities of fruit and vegetable extracts [83]. 

An advance on these methods for chemical 
antioxidant activity assay is a new test, the cel­
lular antioxidant activity (CAA) assay, which is 
a more biologically relevant method. In fact, it 
is performed in the presence of cells and 
accounts for uptake, metabolism, and localiza­
tion of antioxidant compounds [84]. The CAA 
A. FRUIT AND VEGETABLE
centers on dichlorofluorescin, a probe molecule 
trapped within cells, which can be easily oxi­
dized to produce fluorescence. The test uses 
ABAP-generated peroxyl radicals to oxidize 
dichlorofluorescin. The ability of antioxidants 
to inhibit this process is measured, and the 
decrease in cellular fluorescence indicates the 
antioxidant capacity of the sample. 

Different studies have compared data 
obtained with the popular antioxidant capacity 
assays; sometimes a significant correlation has 
been found and sometimes not [80]. The impor­
tance of the antioxidant capacity and the huge 
number of molecules and products to be 
evaluated have generated a number of data, uti­
lization of which is not easy because of the lack 
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of normalization methods. However, a similar 
trend among values has frequently been 
observed [80]. 

The ORAC assay has been considered by 
the US Department of Agriculture (USDA) as 
the official method for antioxidant capacity 
analysis, and tables of ORAC values for phyto­
chemicals, foods, and single antioxidants are 
available on the USDA website (http://www. 
usda.gov/wps/portal/usdahome). 

These tables are of great importance, since 
data on antioxidant capacity have several im­
plications for the in vivo health-protective effect 
of vegetable foods. In fact, the antioxidant capac­
ity of ingested foods is the  best  way of changing  
the antioxidant capacity in vivo and therefore pro­
tecting against ROS-induced diseases. 

In our laboratory we applied the ORAC 
method with a high throughput system, car­
ried out using a plate reader, equipped with a 
temperature-controlled incubation chamber 
and an injection pump. The ORAC method 
results are particularly adaptable for determin­
ing the antiradical activity of complex mix­
tures, and they have also been validated for 
lipophilic antioxidants in the presence of cyclo­
dextrins [85]. These polymeric molecules are 
able to incorporate lipophilic substances, leav­
ing them available for radical attack and at the 
same time making them hydrosoluble. 

Using the ORAC method, we provided the 
antioxidant capacity of both the lipo- (L-ORAC) 
and hydrosoluble (H-ORAC) fractions of fruits, 
vegetables, herbs and spices, olive oils and 
salad dressings, sauces, vegetable soups, botani­
cal extracts, beverages, biscuits, and cookies. 
Different processing and storage conditions of 
fruits and vegetables were also tested in order 
to search for the mildest food processing [86]. 

7. PLASMA ORAC VALUES 

When applied to human plasma, the ORAC 
method can provide the index of bioavailability 
A. FRUIT AND VEGETABLE
of antioxidants after the intake of foods. 
A correlation between the ORAC units of 
ingested foods and the antioxidant capacity of 
plasma has often been detected for finding a cor­
rect intake of antioxidants in humans. In the 
past decade, the daily dose of fruits and vege­
tables necessary to maintain health-protective 
effects in young and old people was tentatively 
ranked in the range 3500–6000 μmol Trolox 
equivalents (TE) [87]. In 2007, Prior et al. [88] 
studied a number of subjects exposed to a 
variable daily food intake and measured the 
ORAC antioxidant capacity of the plasma in the 
range of 1–4 hours after a meal. These authors 
showed that the consumption of dried plums 
and dried plum juice did not alter either the 
H-ORAC or the L-ORAC plasmatic value; how­
ever, the consumption of cherries, for a total of 
4500 μmol TE, increased the L-ORAC but not 
the H-ORAC plasmatic value; and consumption 
of blueberries to 12.500 or 39.900 μmol TE and 
mixed grape juices to 8.600 μmol TE increased 
both H-ORAC and L-ORAC of the plasma [88]. 

These researchers concluded that: a) con­
sumption of certain berries and fruits modifies 
the plasmatic antioxidant capacity; b) after a 
complete meal, oxidative stress increases with 
respect to the fasting condition; and c) fruits 
and vegetables are able to prevent the post­
prandial increase in oxidative stress [88]. 

Broadly speaking, the bioavailability of the 
most common polyphenols varies from 0.3 to 
43% depending on the type and ingested 
amount of food [83,89]. Such a wide range 
may be explained by the fact that, to be bio­
available, the phenolic compounds should pass 
several barriers, such as solubility and perme­
ability across the digestive tract, renal filtra­
tion, uptake from the tissues, metabolism, 
elimination, and final excretion in the urine 
[90]. Glycosylated flavonoids, which are solu­
ble but too big and polar to pass through the 
enterocyte membrane, have been thought to 
need the action of intestinal microflora to 
hydrolyze their sugars and make their phenolic 
S IN HEALTH PROMOTION 
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components potentially better absorbed, but this 
is not the case. In fact, aglycon bioavailability 
does not increase because its solubility decreases 
and dramatically reduces its uptake. In some 
cases the presence of the glucose group on the 
molecule creates an advantage, since the specific 
glucose transporters (GLUT 1–5) bind to glucose 
and transport the whole molecule inside the en­
terocyte [90,91]. 

Due to this complex series of stochastic 
events, the bioefficacy of a vegetable food to 
increase the plasmatic antioxidant capacity 
must always be evaluated in terms of both the 
type of ingested food and the plasma. 

8. ANTIOXIDANT CAPACITY OF 
FRESH AND STORED PRODUCTS 

The famous campaign ‘five a day,’ launched 
in the USA at the end of the 1990s, suggested 
eating five servings of fresh fruits and vege­
tables every day. This is because fruits and 
vegetables, if eaten fresh, maintain their com­
plete phytochemical patrimony. In fact, collec­
tion and transport from field to the storage 
facility or marketplace do not significantly 
deplete the nutritional and organoleptic proper­
ties or the antioxidant capacity of the produce. 
This is not the case, however, for produce that 
undergoes lengthy storage in refrigerated 
rooms, since vitamins and polyphenol chemical 
structures are quite sensitive to modifications 
of enzymatic oxidases and chemical oxidation 
occurring during storage. The control of envi­
ronmental conditions and the extent of the stor­
age time of fresh fruits and vegetables 
represent important steps for maintaining their 
nutritional quality [86]. Storage requires tem­
peratures in the range 5–81C, humidity levels 
of 80%, and atmospheres that are carefully con­
trolled. Under these conditions, some fruits, 
like apples, can be conserved for more than a 
year, and vegetables like chicory and cabbage 
for 3–5 months [86]. During these time periods, 
A. FRUIT AND VEGETABLE
we have observed significant fluctuations of 
the phenolics and consequently of the antioxi­
dant capacities [86]. Since cells utilize nutrients 
for their survival, after some months of stored 
fruits and vegetables have lost most of their 
phenolic content, yet they are still sold as 
fresh. Consumers should be informed that the 
nutritional value of long-stored produce is 
very often far less than that of fresh produce. 
However, it is better to eat long-stored pro­
duce than no produce at all. The nutritional 
guidelines of every country suggest that peo­
ple use vegetables of the current season and 
cultivated locally, but with globalization this 
has become an ideal situation, only applicable 
in certain districts with deep agricultural devel­
opment, such as California or the Sicilian areas 
of Italy. 

9. ANTIOXIDANT CAPACITY OF 
PROCESSED FRUITS AND 

VEGETABLES 

Fruits and vegetables, after their arrival 
from the farm to the industry, are cleaned and 
immediately processed. The rapidity of proces­
sing is very important for optimal quality of 
the final products, but inevitably the proces­
sing challenges the phytochemical molecules. 
The content of total phenols, or single marker 
compounds like vitamin C, decreases signi­
ficantly with processing [86,92]. The antioxi­
dant capacity, when measured on each stock 
of processed fruits and vegetables, describes 
the extent of quality loss. Many variables occur 
in processing, and producers wishing to give 
consumers high quality products should be 
aware of total antioxidant capacity and add 
this value to their packaging labels as proof of 
their attention to nutritional quality. 

Minimally processed products are increas­
ingly consumed nowadays. These are the 
‘ready-to-eat’ fruits and vegetables, which are 
washed, cleaned, cut, then finally submitted to 
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49 9. ANTIOXIDANT CAPACITY OF PROCESSED FRUITS AND VEGETABLES 
modified atmosphere packaging (MAP). The 
cutting is one of the most delicate steps, since 
it triggers degradative oxidation as a conse­
quence of the decompartmentalization and con­
tact of the phenolic substrates, present in the 
vacuoles, with the cytoplasmatic oxidases [93]. 
Therefore, phenolic concentration and antioxi­
dant capacity may change significantly in com­
parison with the fresh products. Organoleptic 
characteristics and phenol concentrations strictly 
depend on type of storage and MAP [94]. These 
parameters also seem to be relevant in deter­
mining the bioavailability of the phenolics in 
humans [95,96]. 

Fermentation is another process that may 
change, either positively or negatively, the 
chemical structure, the antioxidant activity, and 
possibly the bioavailability of many phytochem­
icals. Fermentation is mainly necessary for soy-
derived products such as miso, tofu, soy sauce, 
and yogurt. During this process, hydrolysis of 
the glycosylated soy isoflavones occurs, as well 
as the transformation of the aglycones. In prepa­
ration of black tea from green tea leaves, fer­
mentation oxidizes the catechins to aromatic 
substances that make the tea more flavorful but 
less rich in phenolics. In contrast, however, fer­
mentation may act positively in the release of 
healthy molecules from waste material, as hap­
pens during the fermentation of grapes, during 
which the stilbenes present in the peel are 
released in the must [94]. 

In the processing of freezing or canning vege­
tables, the heating phase, also called blanching, 
is the major factor responsible for modifications 
in phytochemicals [92]. During the blanching 
process, the industry searches for a subtle 
equilibrium between the need to inactivate the 
peroxidases, which is necessary to avoid unde­
sirable smell and taste, and to maintain the fla­
vonoids in their natural state. The heat 
treatment partially denatures the enzymes and 
prevents enzymatic degradation of the phyto­
chemicals but exposes them to thermal modi­
fications [92]. Blanching performed with vapor 
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is preferred to that from boiling water, since the 
latter can cause a phenolic loss of up to 80%, in 
comparison to an average of only 20% in the for­
mer [43]. Blanching of Brassicaceae vegetables, 
for instance, reduces the functional properties 
of the glucosinolates by inactivating the myr­
osinase. Antioxidant capacity, total phenols, as­
corbic acid, and minerals are the principal 
markers for evaluating the dispersion of nu­
trients during thermal treatments [43,92]. 

Other flavonoids that are temperature sensi­
tive can also be monitored. For instance, quer­
cetin is very thermal-hardy, as is observed in 
onions, which lose about 33% of the initial 
content after frying, 14–20% after boiling, 14% 
after steaming, and 4% after microwaving 
[97]. Soy isoflavones are also not destroyed 
following cooking; however, they are subject to 
interconversion in different forms, so that mod­
ifications of the total content of isoflavones 
may be negligible [98]. On the contrary, tem­
perature increases the release of lycopene from 
tomato peel, and the total antioxidant capacity 
of the final product increases as well [99]. 

The use of high-pressure technologies for veg­
etable sterilization is sometimes an excellent 
alternative to conventional thermal treatments. 
In carrots, tomatoes, and broccoli, the concentra­
tion of lycopene, β-carotene, and vitamin C, in 
addition to their antioxidant capacity, did not 
change after 60 min of pressurization [100]. 
However, structural modifications of phyto­
chemicals may occur, and consequently the bio­
availability of the molecules can change [100]. 

Dehydrated fruits, used in desserts or fruit 
salads, and dehydrated vegetables, used as 
powders to aromatize pasta or other commod­
ities, show significant changes in antioxidant 
capacity before and after processing. ORAC 
values of lipophilic and hydrophilic compo­
nents in dehydrated nuts, figs, prunes, and 
raisins were lower than those of fresh fruits 
[101]. Phenolic content and antioxidant capac­
ity of vegetables used for aromatized pasta 
showed a significant decay [86]. The extent of 
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FIGURE 3.5 Phenolics and antioxidant capacity in peel and pulp of two cultivars of apples and pears.
 
Sample number: 1) Apple cv. Golden Delicious; 2) Apple cv. Stark; 3) Pear cv. Abate; 4) Pear cv. Conference. Phenolics
 
are expressed in mg/g of fresh weight, ORAC in μmolTE/g of fresh weight.
 
the decay depends on the type of dehydra­
tion: lyophilization reduces the loss of anti­
oxidants minimally, while a ventilated oven 
promotes a greater decay. Residual water 
activity, which remains in fruits and vege­
tables, may be in the range of 5 to 40% after 
the dehydration treatment [102], and this 
value is important both to the food quality 
and the extent of the shelf-life. 

A study performed in our laboratory found 
significant differences in antioxidant capacities 
of apples and pears in the presence or 
absence of the peel. Figure 3.5 shows the 
results of the phenolic content and ORAC 
values; it emerges that on the basis of weight, 
the peel’s contribution to the ORAC value is 
several times higher than that of the pulp. 
However, from a nutritional standpoint, the 
contribution of the peel is minimal in fresh 
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fruit, due to the low weight of the peel as 
compared to the total mass of the fruit, but 
when the fruit is dehydrated, the loss of 
weight makes the peel’s antioxidant contribu­
tion significant [102]. The highest content of 
antioxidants in the peel suggests that it is bet­
ter to consume fruits that are both organically 
cultivated and dehydrated with peels intact. 
However, organic cultivation, in respect to 
conventional agriculture, does not show con­
sistent differences in nutritional value, just the 
difference in content of chemicals on the 
peels. For example, a 3-year study of phenolic 
and antioxidant capacity measurements of 
organic and conventional olives did not show 
significant differences in the nutritional con­
tent in these fruits [103]. 

Changes induced by technological treat­
ments in the concentration and structure of 
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TABLE 3.3 Phenolic, Flavonoids and ORAC Values of Fresh and Processed Vegetables 

Vegetable Processing Total phenols (mg/g) Flavonoids (mg/g) ORAC (µmolTE/g) 

Beet green Fresh 0.9770.07 0.4770.12 26.2472.10 
dFrozen 0.4470.05* 0.2270.08* 11.6871.10* 

Spinach Fresh 1.0170.11 0.3270.10 27.3272.30 
dFrozen 0.8170.07* 0.2870.10 16.8771.30* 

Yellow pepper Fresh 1.5470.07 0.1870.01 9.5070.89 
cGrilled 1.4570.09 0.1170.01* 6.9470.81* 

Cauliflower Fresh 0.6270.09 0.3270.02 9.2570.97 
bSteamed 0.5470.06 0.1070.01* 6.2070.58* 

Aubergine Fresh 0.2670.02 0.0970.01 3.8170.15 
bSteamed 0.1970.02* 0.0470.01* 2.4570.26* 

Carrot Fresh 0.3570.02 0.1370.02 6.9670.70 
aReady-to-eat 0.3070.02 0.1270.02 4.9970.50* 

Rocket Fresh 1.3670.12 0.4670.02 23.2772.10 
aReady-to-eat 0.6170.03* 0.1170.01* 10.1270.90* 

Valerian Fresh 1.4070.12 1.0570.12 22.5772.0 
aReady-to-eat 1.0870.74* 0.4470.02* 18.2071.30* 

Samples were obtained from the market. Vegetables were:
 
acleaned, cut and packaged under modified atmosphere (MAP);
 
bSteamed than packaged under MAP;
 
cGrilled then packaged under MAP;
 
dVegetables cleaned, blanched than refrigerated and packaged. Values are referred to edible weight and are the mean 7 S.D.
 
of four independent determinations.
 
*Significantly different from the corresponding fresh vegetable by ANOVA (p < 0.05).
 
phytochemicals in fruits and vegetables occur 
in relation to the type of processing, the phyto­
chemical concentrations, the chemical structure, 
the redox state of the molecules, and the inter­
actions with other components of the food or 
the environment. The incidences of these para­
meters cannot be foreseen, and the phenolic 
content and antioxidant capacity must be eval­
uated to create an index of the effective decay 
in phytochemical antioxidants. 

Table 3.3 shows phenolic, flavonoid, and 
ORAC values of vegetables that undergo differ­
ent processes and compares these values to 
those of fresh products. 
A. FRUIT AND VEGETABLES
10. ADDITIVE AND SYNERGIC
 
ANTIOXIDANT EFFECTS
 

Different species and varieties of fruits, vege­
tables, and grains have different phytochemical 
profiles. When an organism consumes a wide 
variety of grains, fruits, and vegetables, the num­
ber of phytochemicals taken up by the organism 
increases. The combination of many phytochem­
icals at low concentrations provides that the 
molecules display additive and very often syner­
gistic effects in their antioxidant properties. This 
synergism is frequently demonstrated by the 
 IN HEALTH PROMOTION 



52 3. ANTIOXIDANT CAPACITY OF PHYTOCHEMICALS 
antioxidant capacity of the mixture, which is 
greater than the sum of the antioxidant capacity 
of the single molecules. This synergism has fre­
quently been demonstrated in vitro and very 
likely also happens under in vivo conditions 
[104,105]. 

The synergy among phytochemicals is one 
of the reasons that nutritional guidelines insist 
on varying the foods in one’s diet, particularly 
fruits and vegetables. As the complete picture 
of the determinants for health-protective effects 
of grains, fruits, and vegetables is still 
unknown, as wide a range of phytochemicals 
possible must be ingested to provide the most 
efficacious health-protective effects. 

11. NEW FOODS AND THE ‘OMICS’ 
DISCIPLINES 

Several components of fruits and vegetables 
were isolated, and the structure was elucidated 
and finally tested singularly or in mixtures for 
obtaining the expected effect on cells and 
animals. 

Potentially, all vegetable cell metabolites can 
be identified through so-called ‘metabolomic 
analysis’ [106], which is developing into an 
essential tool in natural sciences. Metabolomic 
analysis is linked with both nuclear magnetic 
resonance (NMR) spectroscopic analysis for 
structure elucidation and pluricomponent anal­
ysis (PCA), a statistical method that evaluates 
the importance of one parameter in condition­
ing the others. The manipulation of plants and 
the search for new plants endowed with great 
antioxidant potential are conducted in tandem 
with metabolomic analysis, which is integrated 
with nutrigenetics and nutrigenomics [107,108]. 
These disciplines, which have evolved rapidly 
in recent years, have increased our knowledge 
of the interactions between life processes and 
specific components of our diet. Nutrigenetics 
asks how individual genetic disposition affects 
susceptibility to diet; nutrigenomics addresses 
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how diet influences gene transcription, protein 
expression, and metabolism. The future goal of 
these disciplines, combined in an integrated 
approach to nutrition, is to provide a wealth of 
useful information on the effects of nutrients 
and food components on metabolic pathways 
[107,108]. Personalized diet regimens, to pre­
vent the onset of nutrition-related disorders in 
genetically predisposed individuals, will be set 
up with the highest precision. 

12. FUNCTIONAL FOOD 
PRODUCTS 

Progress in plant antioxidant and bioactive 
compounds has boosted the dietary industries 
to search for functional foods, which are modi­
fied foods or food ingredients that can provide 
health benefits beyond those furnished by tradi­
tional nutrients. The main interest, at commer­
cial level, concerns fruit juices and isotonic 
beverages, which are widely consumed by 
younger people and athletes. Other interesting 
products are snacks and chocolates enriched in 
phenolic compounds with herbal extracts in 
order to increase their antioxidant capacity 
[109]. 

In our laboratory we analyzed the antioxi­
dant capacity of isotonic beverages, juices, dres­
sings, biscuits, and cookies fortified with fruit 
and vegetable extracts. Table 3.4 shows the 
remarkable increase of antioxidant capacity 
with respect to the standard food. 

13. SUMMARY 

Consumers can obtain a wide range of anti­
oxidants from the intake of a large variety of 
fresh fruits and vegetables. Investigations have 
shown that the risk of cancer and other 
chronic diseases is inversely related to the con­
sumption of vegetables and fruits. Results are 
maximally oriented to attribute the highest 
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TABLE 3.4 Total Phenols and ORAC Increase of Functional Compared to Standard Products 

Product Type Total phenols (mg/g) ORAC (µMolTE/g) 

aVegetable soup portion size 200 g Standard 0.1470.012 2.3070.31 

Functional 0.5370.049 8.7070.25 
aTomato sauce portion size 20 g Standard 0.2870.03 5.2670.27 

Functional 0.5470.06 10.7570.77 
aSweet each one 4 g Standard 0.0270.003 0.0870.02 

Functional 1.4370.11 25.5671.9 
aBiscuit each one 6 g Standard 0.4170.05 12.1970.6 

Functional 4.6170.42 76.9773.7 
bYogurt drink portion size 200 g Standard 0.1670.02 1.7670.25 

Functional 0.4170.05 8.9971.06 
aIsotonic beverage portion size 500 g Standard 0.1870.05 1.1370.04 

Functional 0.6370.08 5.0770.20 
cDark chocolate portion size 100 g Standard 0.01370.001 0.10270.009 

Functional 0.02570.001 0.15670.012 

aProduct integrated with spray-dried extract of Green Tea;
 
bProduct integrated with catechins;
 
cProduct integrated with catechins obtained from dry powder of Cocoa.
 
protective role to the antioxidant compounds 
contained in fruits and vegetables. 

Isolated pure compounds given as supple­
ments do not appear to be effective since they 
either lose bioactivity or lack synergistic com­
pounds present in the whole food [110]. 

Processed fruits and vegetables show a wide 
range of phytochemical loss. The technology in 
the food industry should reduce the loss of 
antioxidants and micronutrients to the mini­
mum level by means of mild processes and the 
monitoring of each step of the transformation 
with due control assays. 

Functional foods, containing fruit and vege­
table juices or extracts, are an important part 
of the healthful lifestyle, which includes a bal­
anced diet and physical activity. However, to 
deliver their potential public health benefits, 
functional foods need to be quality controlled 
through the collaborative efforts of food-
control organizations and the food industry, in 
order to market only those functional foods 
A. FRUIT AND VEGETABLE
that are clearly supported with scientific evi­
dence of nutritional value. 

The emerging field of nutrigenomics, or ‘per­
sonalized nutrition,’ provides individual die­
tary recommendations and may one day have 
a greater ability to reduce the risk of disease. 
Biochemical sciences should support 
the development of foods that address these 
requirements and provide consumers with the 
most appropriate and beneficial information 
for their specific nutritional needs. 

However, these expectations should not 
divert attention from the true problem, which 
is actually the supply of fresh fruits and vege­
tables at affordable prices. The huge number of 
scientific results on the health-protective effects 
of fruits and vegetables must be able to prime 
a cultural and political process that brings agri­
cultural fresh products to the center of alimen­
tary education in both families and primary 
schools. Agricultural products supported by 
science and technology can provide the most 
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relevant contributions to the long-term health 
and well-being of consumers. 
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1. INTRODUCTION
 

Essential oils are derived from various parts 
of the plant, including leaves, flowers, fruits, 
seeds, rhizomes, roots, and bark. In the plant, 
these constituents serve several physiological 
purposes for the plant – protection from pests 
and microorganisms, attraction of pollinating 
insects or birds, providing photoprotection to 
the plant, and allelopathy. The complex mix­
tures of volatile, aromatic components are sec­
ondary plant metabolites, and are usually 
obtained by distillation (water distillation, 
steam distillation, water-and-steam distillation, 
or dry distillation). Mild techniques such as 
enfleurage, expression, extraction, or fermenta­
tion are also used for the isolation of more 
sensitive compounds [1]. In general, plant 
essential oils contain constituents predomi­
nantly of aromatic (derived via the shikimate 
pathway) or terpenoid (derived via the deoxy­
xylulose phosphate pathway) character. The 
proportion of these individual constituents, the 
Bioactive Foods in Promoting Health: Fruits and Vegetables 59
location on the plant from which these chemi­
cals were isolated, variations in climate or 
growing regions, harvest times, and extraction 
techniques are all factors that affect oil quality 
and observed pharmacological properties of 
the essential oil. The biosynthetic pathways of 
these chemicals have been described [2]. 

Essential oils have traditionally been used 
to impart flavoring or preservative effects to 
foods, or to instill fragrances in cosmetics and 
aromatherapy. Since ancient times, numerous 
civilizations have also valued essential oils for 
their therapeutic qualities in disease prevention 
and treatment. The ancient Egyptians buried 
essential oils with their pharaohs for medicinal 
uses in the afterlife. Later, the Greeks and 
Romans absorbed Egyptian practices of using 
essential oils in aromatherapy and expanded 
it to their baths for promotion of well-being. 
For instance, baths infused with the oils of jas­
mine, lavender, or ylang-ylang stimulated men­
tal relaxation. Similarly, current interest in 
essential oils arises from the various bioactive 
effects they display, including antioxidant [3,4], 
 r 2010 Elsevier Inc. All rights reserved. 
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anti-inflammatory [5,6], antimicrobial [7,8], 
antiviral [9,10], and anticarcinogenic [11]. In
developed countries, the benefits derived from 
using essential oils appear optimistic. Demand 
for plant essential oils has risen as a conse­
quence of consumers searching for cheaper, 
more ‘natural’ alternatives to disease-fighting 
medications. In food and cosmetic applications, 
essential oils are considered to be biodegrad­
able, readily available, and ‘less toxic’ than syn­
thetic preservative agents. As such, this 
optimism has raised concerns and stimulated 
studies to evaluate the safety and efficacy of 
essential oils in various systems in order to bet­
ter understand their pharmacological proper­
ties and roles in health. In this regard, the 
purpose of this book chapter is to provide an 
overview of some of the bioactivities demon­
strated by essential oils, and the effects that 
these actions can have on health. The scope of 
this work will focus on the medicinal activities 
of essential oils (antioxidant, antiviral, antimicro­
bial, anticarcinogenic, and anti-inflammatory) 
and the implications that these bioactivities 
have on diseases such as aging, skin damage, 
and cancer. 

2. ANTIOXIDANT ACTIVITIES 

As organisms in an aerobic environment, 
humans are constantly exposed to environmen­
tal factors (including stress, pollution, and ultra­
violet (UV) radiation) that promote the 
generation of reactive oxygen species (ROS) 
within our bodies. The deleterious effects of 
ROS are such because they initiate the cycle of 
lipid oxidation. Oftentimes, disease progression 
is associated with lipid oxidation of cellular enti­
ties – lipid membranes, DNA bases, and pro­
teins [12–14]. The damage associated with 
pathological diseased states continues with for­
mation of peroxides and secondary lipid oxida­
tion products, such as malonaldehyde (MA), 
which can crosslink and bind to proteins and 
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DNA bases to form mutagenic Schiff bases [15]. 
Schiff bases can then proceed to attack at sites 
further away from the original site of oxidation. 

In humans, sunlight-induced skin disorders 
may occur as a consequence of oxidation of 
skin surface lipids. As the major component of 
human sebum, squalene has been studied for 
its potential to undergo oxidation due to its 
high degree of unsaturation in its triterpene 
structure [16,17] and its possible role in promot­
ing oxidative skin damage. The deleterious 
effects of squalene hydroperoxides have been 
associated with acne [18,19], skin roughness 
and wrinkle formation in hairless mice [20], 
induction of comedone formation in rabbit ear 
skin [21], and generation of MA [22,23]. While  
the body possesses natural antioxidants to pre­
vent oxidation, they are not present at the sur­
face of the skin. Research to find ways to 
inhibit oxidation of skin lipids is lacking, hence, 
it is important to find suitable candidates with 
antioxidant potentials that can prevent sunlight-
induced skin disorders such as skin cancer and 
aging. 

The therapeutic effects demonstrated by 
essential oils may be a consequence of their 
antioxidant activities. In essential oils, the pres­
ence of phenolic compounds with redox prop­
erties may allow them to behave as hydrogen 
donators, singlet oxygen quenchers, free radi­
cal scavengers, and reducing agents [24]. While 
many studies using numerous antioxidant 
assays have assessed the antioxidant activities 
of plant extracts, more research to evaluate the 
antioxidative effects of plant essential oils (or 
‘volatile plant extracts’) is needed. This is par­
ticularly important since essential oils are com­
monly used in cosmetics and skin care 
products. Since oxidative damage from UV 
light is implicated in many skin diseases, the 
abilities of essential oils to inhibit skin lipid oxi­
dation have also been studied. 

Wei and Shibamoto [25] reported the antioxi­
dant activities of 13 essential oils. Antioxidant 
activity measurements were done based on the 
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abilities of the essential oils to scavenge the 
1,1-diphenyl-2-picrylhydrazyl (DPPH) radical, 
to inhibit the cycle of lipid oxidation by pre­
venting the formation of hexanoic acid from 
hexanal (aldehyde/carboxylic acid assay), or 
malonaldehyde from UV-irradiated squalene 
(malonaldehyde/gas chromatography assay). 
Jasmine, parsley seed, rose, and ylang-ylang 
essential oils exhibited nearly 100% inhibitory 
actions in preventing hexanal oxidation at 
500 μg/mL after 40 days, comparable to that of 
the standard α-tocopherol. Moderate inhibitory 
activities were observed in juniper berry, patch­
ouli, and angelica seed oils (56–72%) at the 
same concentration. Dose-dependent activities 
were exhibited by patchouli and angelica seed 
oils at the concentrations tested for the assay 
(0, 10, 20, 50, 100, 200, and 500 μg/mL). 
Modest DPPH radical scavenging abilities were 
observed for lavender, sandalwood, chamo­
mile, ginger, or peppermint essential oils at 
200 μg/mL (48–53%). In contrast, α-tocopherol 
was 86% effective at scavenging DPPH radi­
cals. Compared to other essential oils at the 
same concentration (500 μg/mL), parsley seed 
oil showed greatest inhibitory actions against 
malonaldehyde formation from UV-irradiated 
squalene (67%). This was attributed to the high 
content of myristicin and apiole present in the 
oil. Pro-oxidant actions (based on the forma­
tion of more malonaldehyde than initially pres­
ent) were observed in some concentrations of 
patchouli and jasmine essential oils. This was 
attributed to the complexity of constituents 
present in these oil mixtures, which can affect 
the overall biological activities of the essential 
oil. As such, this finding supports the impor­
tance to thoroughly evaluate the pharmacologi­
cal actions of essential oils and their constituents 
in various assay systems in order to better under­
stand their potential roles in improving health. 

Two essential oils that have demonstrated 
excellent antioxidant activities in numerous 
assays are thyme and clove leaf oils. White 
thyme oil (versus red thyme oil) is a pale 
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yellow liquid that is redistilled from the red 
thyme oil. Water-and-steam distillation of the 
partially dried herb (Thymus vulgaris, Thymus 
zygis, or related species) yields a brownish-red, 
orange red, or gray-brown oil with a rich, pow­
erful, sweet, warm-herbal, spicy, distinctly aro­
matic odor. In contrast, white thyme oil has a 
similar odor, but is sweeter, less sharp, and 
less herbaceous [1]. Major constituents that 
have been isolated from a volatile thyme 
extract are thymol, carvacrol, linalool, α-terpin­
eol, and 1,8-cineole [26]. Thymol was also 
shown to inhibit the formation of malon­
aldehyde from blood plasma oxidation by 43% 
at 400 μg/mL. In comparison, at the same 
oncentration, α-tocopherol and butylated 
hydroxytoluene (BHT) inhibited malonaldehyde 
formation by 52 and 70%, respectively [27]. 
Thymol and other major components identified 
in thyme oil (carvacrol, γ-terpinene, myrcene, 
linalool, p-cymene, limonene, 1,8-cineole, and 
α-pinene) also showed inhibitory activities 
against ferric ion stimulated lipid peroxidation 
of rat brain homogenates, but the degree of 
effectiveness for the individual constituents 
were not as great as the overall thyme oil [28]. 
Lee and Shibamoto [4] found that thyme vola­
tile extracts inhibited the oxidation of hexanal 
for 40 days at 10 μg/mL in the aldehyde/car­
boxylic acid assay. In the conjugated diene 
assay, they found that thyme extract retarded 
methyl linoleate deterioration and at 50 μg/mL, 
the activity it demonstrated was similar to that 
of BHT and α-tocopherol. Lee et al. [26] found 
that thymol inhibited hexanal oxidation by 
almost 100% over 30 days at a concentration of 
5 μg/mL, comparable to that of α-tocopherol 
and BHT. 

Clove leaf oil is distilled from the leaves and 
twigs of the clove tree (Eugenia caryophyllata). 
The crude oil is a dark brown, often violet- or 
purple-brown oil with some cloudiness or 
precipitate. In addition to eugenol (80–90%), 
the other major constituent is caryophyllene, a 
sesquiterpene. The odor of crude clove leaf oil 
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is somewhat harsh, slightly sweet with a ‘burnt’ 
breadlike note. It is usually characterized as 
‘woody’ and ‘dry’ [1]. The antioxidant activity of 
clove leaf essential oil has also been tested in vari­
ous assay systems. Jirovetz et al. [29] found that 
at a much lower concentration of 0.5 μg/mL, 
clove leaf essential oil exhibited significantly 
higher antiradical activity (91%) toward the 2,2­
diphenyl-1-picrylhydrazyl (DPPH) radical than 
20 μg/mL of eugenol (89%), BHT (82%), or 
butylated hydroxyanisole (90%). Significant 
hydroxyl-radical scavenging activity (94%) was 
also demonstrated by this oil against ·OH in the 
deoxyribose assay at 0.2 μg/mL when com­
pared to eugenol (91% at 0.6 μg/mL) and querce­
tin (78% at 20 μg/mL), suggesting that clove oil 
had considerable chelate-generating potential 
against Fe3+ as well. Evaluation of antioxidant 
activity in the linoleic acid model system was 
done by monitoring for conjugated diene forma­
tion and malonaldehyde formation. The ability 
of clove leaf oil to inhibit conjugated diene for­
mation exceeded that of BHT at a concentration 
of 0.005% oil. The ability of the oil to inhibit the 
formation of secondary products of lipid oxida­
tion, such as malonaldehyde, was monitored by 
the thiobarbituric acid reactive substances 
(TBARS) method. Comparable activity was dem­
onstrated by clove leaf oil at half the concentra­
tion of BHT. This suggested that application of 
clove leaf oil as an antioxidant could still be 
effective at later stages of lipid oxidation. The 
main compounds found in this oil were eugenol 
(B77%), β-caryophyllene (B17%), α-humulene 
(B2%), and eugenyl acetate (B1%). 

The extent to which thyme and clove 
leaf oils could inhibit oxidation as a mixture 
was evaluated by Wei and Shibamoto [30]. 
Mixtures of thyme or clove leaf oils with rose, 
celery seed, or parsley seed oils were also eval­
uated for their abilities to inhibit mal­
onaldehyde formation from UV-irradiated 
squalene. All mixtures of thyme (50, 100, or 
500 μg/mL) with clove leaf oil (500 μg/mL) 
were over 90% effective at inhibiting 
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malonaldehyde formation, greater than that of 
the BHT (85%) or α-tocopherol (76%). Thymol, 
as well as clove leaf oil, eugenol, were also 
tested for their antioxidant actions on squalene 
oxidation. All concentrations of thymol or euge­
nol demonstrated dose-dependent activities, 
comparable to BHT. This was also consistent 
with the findings of Lee and Shibamoto [4]. 
Mixtures of essential oils at 500 μg/mL demon­
strated increasing potencies in the order of 
thyme/cinnamon leaf (7%) < thyme/parsley 
seed (71%) < clove leaf/cinnamon leaf (77%) < 
thyme/parsley seed (83%) < clove leaf/rose 
clove leaf/parsley seed (87%) < thyme/clove 
leaf (93%). Pro-oxidant effects were observed 
when lower concentrations of thyme oil (50 or 
100 μg/mL) were mixed with cinnamon or rose 
oils (500 μg/mL). These studies suggest that 
essential oils, their individual constituents, and 
mixtures of essential oils may possess potential 
for behaving as antioxidants in the prevention 
of oxidative skin damage and disease. 
However, further investigations are required to 
study the complexity of each essential oil. The 
concentrations at which essential oils and their 
individual constituents demonstrate antioxidant 
or pro-oxidant actions, require more research in 
order for an accurate assessment to be made 
regarding their use for prevention of UV-
induced oxidative skin damage. 

3. ANTIVIRAL AND 
ANTIMICROBIAL ACTIVITIES 

While many viruses exist, research on the 
virucidal effects of essential oils is deficient. 
However, one of the most commonly studied 
human pathogens, herpes simplex virus (HSV, 
type 1 or type 2), is often used because of its 
prevalence. Typically, herpes simplex type 1 
virus (HSV-1) is often used for testing the anti­
viral actions of potential agents. HSV can 
cause infections of the mouth, genitals, or cen­
tral nervous system, and may even result in 
S IN HEALTH PROMOTION 



63 3. ANTIVIRAL AND ANTIMICROBIAL ACTIVITIES 
death for the immunocompromised. Acyclovir 
has been used to manage herpes infections; 
however, some strains of the virus have 
become resistant to it. 

Occurrences of drug-resistant viral strains 
have promoted investigations into the potential 
application of essential oils as alternatives to 
synthetic antiviral medications. Schnitzler et al. 
[9] examined the antiviral activity of eucalyptus 
oil against type-1 and type-2 herpes simplex 
viruses in vitro on RC-37 cells using a plaque 
reduction assay. The IC50 value for the oil was 
0.009% for the herpes simplex virus type-1 and 
0.008% for the type-2 virus. The cytotoxic activ­
ity of the oil was determined to be 0.03% as 
based on a neutral red dye uptake assay. 
Pretreatment of the cells with eucalyptus oil 
resulted in a reduction in plaque formation, 
suggesting that the oil could exert an antiviral 
effect before or during adsorption of the virus 
to the host cell. These authors also tested the 
virucidal actions of ginger, thyme, hyssop and 
sandalwood oils on HSV-1 and the acyclovir 
resistant HSV-1 [10]. Pretreatment of all cells 
with each essential oil prior to infection signifi­
cantly reduced the infectivity of both strains 
of HSV-1. Since both strains of HSV were 
inhibited, the mechanism by which essential 
oils act is suggested to be different than that by 
acyclovir. Similar to their findings using euca­
lyptus, the researchers in this study deter­
mined that the essential oils inhibited viral 
replication during the stage before virus adsorp­
tion to the host cells, possibly by disruption of 
the viral envelope structures which are impor­
tant for adsorption to host cells. Hence, essen­
tial oils may inactivate HSV prior to host cell 
entry whereas acyclovir inhibits viral replica­
tion by interfering with host cellular DNA poly­
merase. Other essential oils that have been 
tested for their virucidal abilities against HSV 
include Melaleuca species [31], lemongrass [32], 
sandalwood [33] and Juniperus species [34]. 
Isoborneol, a constituent of some plant essen­
tial oils, was also examined for its antiviral 
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activities against HSV-1 [35]. Exposure of the 
virus to isoborneol resulted in inactivation of 
HSV-1. Isoborneol also inhibited virus replica­
tion (specifically, viral glycosylation), at a 
concentration of 0.06% without affecting 
adsorption of HSV-1. The concentrations at 
which isoborneol inhibited viral replication 
were tested to be nontoxic to three human cell 
lines, suggesting that isoborneol possesses 
potential as an antiviral therapeutic agent. 

In relation to its preservative effects in pre­
venting foodborne pathogens [36], the antimi­
crobial effects of essential oils are also sought 
after in treating cutaneous infections. For 
instance, individuals carrying the methicillin­
resistant strain of S. aureus have chronic skin 
lesions that can be potentially spread to 
other compromised individuals. Tea tree oil 
(Melaleuca alternifolia) has been widely tested 
and reviewed for its antimicrobial action, partic­
ularly as a potential treatment agent against 
this antibiotic-resistant bacterial strain of 
Staphylococcus aureus [37,38]. The traditional use 
of tea tree oil on fungal infections such as vagi­
nal candidiasis and dermatophytoses has also 
prompted investigations into exploring its anti­
candidal and antifungal potential [39,40]. 
Hammer et al. [41] investigated the in vitro 
activities of 24 essential oils, including tea tree 
oil, against Candida species. Tea tree oil was 
found to inhibit 90% of the isolates for Candida 
albicans and non-albicans Candida species at the 
lowest concentration of 0.25% (v/v) using the 
broth microdilution method. Application of 
0.25% tea tree oil was also determined to be the 
minimum concentration of oil needed to kill 
90% of isolates of C. albicans. For non-albicans 
Candida species, the concentration was 0.5% tea 
tree oil. The sensitivity of Candida species to tea 
tree oil was accomplished using the agar dilu­
tion method. For 57 Candida isolates tested, the 
minimum concentration of tea tree oil required 
to inhibit 90% of isolates was found to be 0.5%. 

The application of essential oils as antimicro­
bial agents for treatment of oral pathogens is 
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also under investigation. Periodontal disease 
and dental caries (tooth decay or cavities) are 
common ailments that are also associated 
with the presence of Candida albicans and 
Streptococcus mutans. The potential of using 
essential oils in the prevention of oral diseases 
was studied by Botelho et al. [42]. In  their
study, the essential oil Lippia sidoides and its 
major constituents thymol (57%) and carvacrol 
(17%) were added by the disk diffusion 
method to four strains of cariogenic bacteria 
(Streptococcus) and one strain of yeast (Candida 
albicans) in order to determine their antibacterial 
and antifungal properties. The inhibition zones 
for all microorganisms tested were dependent 
on the concentration of L. sidoides essential oil, 
thymol, or carvacrol added. Even though the 
concentrations of thymol and carvacrol tested 
were four times more dilute than the essential 
oil (50 mg/mL versus 217.5 mg/mL), greater 
inhibitory actions against microbial growth were 
observed by these constituents. The minimum 
inhibitory concentrations for thymol and carva­
crol ranged from 2.5–5.0 mg/mL whereas it was 
5.0–10.0 mg/mL for the L. sidoides essential oil. 
The minimum fungicidal concentration of carva­
crol was determined to be 2.5 mg/mL whereas 
that of the essential oil was 5.0 mg/mL, suggest­
ing the strong fungicidal potential of carvacrol. 
The minimum bactericidal concentration for the 
L. sidoides oil ranged from 20 to 40 mg/mL, 
whereas thymol and carvacrol demonstrated 
values of 10.0 mg/mL and 5.0 mg/mL, respec­
tively. The mechanisms by which essential oil 
components demonstrate antimicrobial action 
are based on the lipophilic nature of their hydro­
carbon skeleton and hydrophilic character of the 
functional groups present [43]. 

4. ANTICARCINOGENIC 
ACTIVITIES 

The therapeutic potential of essential oils has 
been shown to include chemopreventive and 
A. FRUIT AND VEGETABLES
chemotherapeutic activities. Chemoprevention 
describes the use of essential oils during the ini­
tiation phase of carcinogenesis in order to pro­
tect against interactions of the carcinogen with 
DNA. During chemoprevention, phase I and 
phase II enzymes are induced to detoxify the 
carcinogen. In contrast, the chemotherapeutic 
action of essential oils describes their ability to 
inhibit the expression of tumor cells (by inhibit­
ing tumor proliferation, enhancing tumor 
death, or inducing tumor cell differentiation) 
during the promotion phase of carcinogenesis 
[44]. A review of early works suggested that 
the inhibitory actions of dietary isoprenoids, 
particularly monoterpenes in essential oils, 
were particularly effective toward tumor tissues 
derived by the mevalonate pathway [45]. 

Sandalwood oil (Santalum album) is one of 
the oldest perfume materials used. The anticar­
cinogenic activity of this oil was demonstrated 
on mouse hepatic tissues [46] and skin papillo­
mas [47]. Major components that have been 
identified in sandalwood oil include α-santalol 
(46%), β-santalol (20%), E-β-santalol (7%), and 
trans-α-bergamotol (5%) [48]. The chemo­
preventive effect of α-santalol has been demon­
strated on skin tumor development in mice 
[49], and in human epidermoid carcinoma cells 
[50]. Aruna and Sivaramakrishnan [11] studied 
the chemopreventive actions of basil oil. They 
assessed the anticarcinogenic actions of basil 
oil by its effects on the carcinogen-detoxifying 
enzyme, glutathione-S-transferase (GST), and 
on 3,4-benzo(a)pyrene-induced neoplasia in 
Swiss mice. In the presence of basil oil, GST 
levels increased and significant inhibition of 
benzo(a)pyrene-induced squamous cell carci­
noma in the stomachs of the mice occurred. 
Similarly, Zheng et al. [51] tested myristicin, a 
major constituent of parsley leaf oil, for its abil­
ity to induce increased activity of GST in mice 
tissue. Because increased induction of GST has 
been correlated to inhibition of tumorigenesis, 
the observed induction of GST by myristicin in 
the liver and small intestinal mucosa in this 
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study suggested that myristicin could be a 
potential chemopreventive agent. Thyme oil 
has also been studied for its antitumor actions 
on human ovarian adenocarcinoma cells (IGR­
OV1) and its chemoresistant counterparts [52]. 
Thyme oil showed varying degrees of cytotoxic 
effects on the different cell lines of ovarian can­
cer. In vivo tumoricidal effects were studied by 
injecting thyme oil into tumor sites of tumor-
bearing DBA-2 (H2 

d) mice. After 30 days, 
tumor volume increased in the control mice 
while mice receiving thyme oil injections (10, 
30, or 50 μL of thyme oil per mouse) showed 
inhibited tumor proliferation in a dose-
dependent manner. 

Chemopreventive actions of plant metabo­
lites other than essential oils have also been 
studied. For instance, interest in the contribu­
tion of ginger and its constituents toward che­
moprevention of multistage carcinogenesis has 
spawned much research into the anticarcino­
genic and antitumor effect of ginger. Katiyar 
et al. [53] used an ethanolic ginger extract to 
study antitumor effects on a model of mouse 
skin tumorigenesis. Ginger extract significantly 
inhibited markers of skin tumor promotion, 
including inhibition of the induction of epider­
mal ornithine decarboxylase (ODC) by 12-O­
tetradecanoylphorbol-13-acetate (TPA), inhibition 
of cyclooxygenase activity and lipoxygenase 
activity, inhibition of ODC mRNA expression, 
and inhibition of epidermal edemas caused by 
TPA. Pretreatment of ginger extract to 7,12­
dimethylbenz(a)anthracene-initiated SENCAR 
mice before TPA application resulted in signifi­
cant protection against skin tumor incidence and 
its subsequent multiplicity. The antitumor activ­
ity of 6-gingerol, a constituent in ginger, was 
also demonstrated in a two-stage mouse skin car­
cinogenesis model using ICR mice. Application 
of 6-gingerol to the backs of mice before 
TPA treatment significantly inhibited 7,12-di­
methylbenz(a)anthracene-induced skin papillo­
magenesis [54]. The mechanisms by which 
essential oils or their constituents behave as 
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chemopreventive or chemotherapeutic agents 
were previously reviewed [55,56]. 

Essential oils may also play a role as biologi­
cal agents that potentiate the effects of thera­
peutic drugs. Since the mechanisms by which 
they display their pharmacological actions may 
vary from those of therapeutic drugs, com­
bined application may present a new means 
for the effective treatment of diseases and can­
cers. Geraniol, a major constituent of geranium 
essential oil, was tested by Carnesecchi et al. 
[57] for its potential synergistic effect with 
5-fluorouracil (5-FU) on inhibiting growth of 
human colon cancer cell lines. Treatment of 
colon cancer tumors uses 5-FU as a chemother­
apy agent, but its success is limited due to var­
iations in sensitivity of the tumor cells to 5-FU. 
In cancer cells, a two-fold reduction in the 
expression of thymidylate synthase and thymi-
dine kinase – two enzymes related to the cyto­
toxicity of 5-FU – was observed with geraniol 
application but not 5-FU application. In conjunc­
tion with 5-FU (20 mg/kg), geraniol (150 mg/ 
kg) reduced the volume of TC-118 human 
tumors transplanted in Swiss nu/nu mice by 
53%, whereas alone, geraniol reduced tumor 
volume by 26%. No effects were observed in 
tumor volume when 5-FU was used alone. 
The mechanisms by which geraniol affected 
cancer cells were by increasing cell membrane 
permeability in order to enhance 5-FU uptake 
by cancer cells and by altering intracellular 
signaling pathways involved in the metabolism 
of 5-FU. 

5. ANTI-INFLAMMATORY 
ACTIVITIES 

Inflammation, or the inflammatory process, 
refers to the cascade of events that occurs at 
the tissue and cellular levels to remove or 
regenerate new tissue in response to an injury 
[58]. Previously, the role of ROS in initiating 
lipid oxidation was discussed. The presence of 
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ROS can also activate transcription factors that 
induce the production of signaling molecules 
and various cytokines to exert inflammatory 
actions in the body. The assays and markers 
used for studying inflammation are diverse and 
their descriptions are beyond the scope of this 
discussion. Recently however, inflammation has 
been linked to a growing number of diseases 
(including hypertension, cancer, and stroke) and 
it has become of interest to find suitable agents 
that will minimize inflammation. The tradi­
tional use of essential oils as anti-inflammatory 
agents suggests that they may possess a role in 
alleviating inflammation. As a consequence, the 
anti-inflammatory actions of essential oils, their 
constituents, and mechanisms of action have 
been the source of much study. 

One of the plants most noted for its anti-
inflammatory activities is aloe vera (Barbadensis 
miller). While much research exists on the anti-
inflammatory activities of aloe vera [59,60], 
studies on the anti-inflammatory actions of its 
essential oil are limited. The pale, translucent 
oil is produced by cold press and is usually 
used as a carrier oil in aromatherapy. Analysis 
of the major aroma chemicals isolated and 
identified from one species of aloe by steam dis­
tillation showed (Z)-3-hexenol, (Z)-3-hexenal, 
(E)-hexenal, 4-methyl-3-pentenol, and butanol 
[61]. Extracts of aloe vera have demonstrated 
anti-inflammatory activities in tests on carra­
geenan-induced edema in the rat paw, and inhi­
bition of cyclooxygenase activity [62]. 
Enhancement of wound healing by use of aloe 
vera occurred in diabetic rats [63] and in vari­
ous cases of dermal ischemia [64]. Chao et al. 
[65] examined the influence of cinnamon leaf 
essential oil on the ability of lipopolysaccharide 
(LPS) activated J774A.1 murine macrophage to 
stimulate the production of inflammatory cyto­
kines such as tumor necrosis factor-α (TNF-α), 
interleukin (IL)-1β, and IL-6 proteins. Dose-
dependent inhibitory effects on LPS-induced 
IL-1β protein secretion were observed for the dif­
ferent concentrations of essential oil (0, 5, 10, 30 
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and 60 μg/mL). Also, the presence of 60 μg/mL 
of cinnamon leaf oil inhibited the production 
of prointerleukin-1-beta (proIL-1) protein 
expression from LPS-stimulated macrophages, 
as determined by Western blot. At this con­
centration, cinnamon leaf oil also inhibited 
approximately 65% of IL-6 protein expression 
compared to LPS-stimulated macrophages that 
were not treated with the oil. A reduction in 
LPS-induced TNF-α secretion from 52 ng/mL 
in macrophages treated with only LPS to 
35 ng/mL in macrophages stimulated with LPS 
and treated with 60 μg/mL cinnamon leaf oil 
was also observed by ELISA measurements. In 
2008, these authors used similar in vitro meth­
odologies to test the anti-inflammatory abilities 
of cinnamaldehyde, one of the major con­
stituents in cinnamon leaf essential oil [66]. 
Dose-dependent inhibition of IL-6 production 
(11, 6, 6, and 6 ng/mL) from LPS-stimulated 
J774A.1 macrophages was observed when cin­
namaldehyde was added at concentrations of 
8, 24, 40, or 80 μM, respectively. Interleukin-1, 
TNF-α, and proIL-1 expression was also 
reduced when LPS-induced J774A.1 macro-
phages were treated with cinnamaldehyde. 
Secretion of TNF and IL-1 was inhibited in a 
dose-dependent fashion when cinnamaldehyde 
was added to lipoteichoic acid (LTA) stimu­
lated J774A.1 macrophages (instead of LPS). 
No significant inhibition of TNF by cinna­
maldehyde was observed with polyinosinic­
polycytidylic acid (poly-IC) stimulated J774A.1 
macrophages. The inhibitory effect of cinna­
maldehyde on cytokine production was not 
specific to cell types tested since a reduction in 
secretion of LPS-induced TNF and IL-1 cyto­
kine production was also observed in human 
blood monocytes derived primary macro-
phages and human THP-1 monocytes. It was 
suggested that cinnamaldehyde exhibits its 
inhibitory effects on cytokine production partly 
by reducing ROS release from LPS-stimulated 
macrophages and decreasing LPS-mediated 
phosphorylation of mitogen-activated protein 
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kinases (extracellular signal-regulated kinase 
1/2 (ERK1/2) and c-Jun N-terminal kinase 1/2 
(JNK1/2)), which help in the regulation of cyto­
kines gene expression. 

Another constituent in cinnamon leaf oil, 
1,8-cineole, may also contribute to the anti-
inflammatory actions demonstrated in Chao 
et al. [65]. Santos and  Rao  [67] showed that 
1,8-cineole possessed anti-inflammatory 
actions based on inhibition of carrageenan-
induced paw edema and cotton pellet– 
induced granulomas in rats. In addition, a 
dose of 200 mg/kg of 1,8-cineole significantly 
inhibited the promotion of blue dye leakage 
by acetic acid into the peritoneal cavity of 
mice by 35% in the acetic acid–induced 
increase in peritoneal vascular permeability 
test. Because of the widespread presence of 
1,8-cineole in eucalyptus, melaleuca, and rose­
mary oils, the anti-inflammatory effects of this 
constituent may explain why some early cul­
tures used these plant essential oils to soothe 
skin ailments and rheumatism. 

Anti-inflammatory studies such as these 
suggest that the pharmacological properties 
exhibited by major constituents of an essential oil 
may play a defining role in the expression of 
overall biological activity of the essential oil. 
Research on the use of essential oils for inflamma­
tory diseases requires further investigations into 
the interactions between individual constituents 
and their responses to inflammation. Since the 
inflammatory response is a complex cascade of 
reactions, the mechanisms by which essential oils 
and their constituents participate and intervene 
in reducing inflammation require further elucida­
tion. By doing so, a rational scientific-based 
approach to recommending essential oils as anti-
inflammatory substances can be obtained. 

6. SUMMARY 

The extensive analysis of essential oils, 
their constituents, and biological activities is 
A. FRUIT AND VEGETABL
significant due to concerns of human health 
and safety. Considerable progress is being 
made to define the role of essential oils in 
reducing the risk for diseases and to character­
ize the mechanisms by which they promote 
these therapeutic effects. The demand for natu­
ral protective agents is growing as more antibi­
otic-resistant infections continue to evolve. 
However, it is important to realize that further 
investigations into the deleterious or adverse 
biological effects of essential oils in in vivo mod­
els need to be performed. By doing so, we can 
better understand their mechanisms of action 
in combating disease, and better evaluate the 
quantities at which they best exert their benefi­
cial actions to improving human health. 
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1. INTRODUCTION
 

In the foreword to Harriet V. Kuhnlein’s and 
Nancy J. Turner’s wonderful book, Traditional 
Plant Foods of Canadian Indigenous Peoples, 
Laurie Montour with the Assembly of First 
Nations in Canada, writes: ‘I never knew what 
a weed was, since I was taught that every plant 
has a purpose on this planet’ [1]. As North 
American natives volunteered or were forced to 
abandon their dependence on sustenance from 
the land, the depth of knowledge of the tradi­
tional use and benefit of fruits, vegetables, nuts, 
and grains, from among well over a thousand 
species of plants, slowly disappeared. This loss 
of knowledge continues today. 

Indigenous people did not separate nutrition 
and medicine the way our modern world does 
today. Edible plants often functioned as food 

for sustenance, and at the same time contained 
compounds with medicinal properties. 

Bioactive Foods in Promoting Health: Fruits and Vegetables 7
The O’odham Indians live in the northern 
Sonora Desert that spans southern Arizona, 
California and northern Mexico. A native 
O’odham expressed his concern for the effect 
the transition from traditional foods to modern 
foods of commerce has had on the health and 
lifespan of his people: 

The desert food is meant for the Indians to eat. 
The reason so many Indians die young is because 
they don’t eat the desert food. I worry about what 
will happen to this new generation of Indians who 
have become accustomed to present food they buy at 
the markets. [2, p. 56] 

This opinion is expressed by tribal elders 
throughout North America as they reflect upon 
the impact modern foods of convenience have 
had on the health of their tribes, for histori­
cally food was not just about nutrition, it was 

part of the social fiber around which a commu­
nity organized itself year to year. 

1 r 2010 Elsevier Inc. All rights reserved. 
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Today food scientists are finding that native 
foods, many of which we are only now begin­
ning to study, are not only nutrient-dense food 
sources but also rich sources of bioactive phyto­
chemicals. These nutrient- and phytochemical­
dense foods have the potential to protect 
against chronic and degenerative diseases as 
we have begun to discover. This realization for­
ces us to reflect upon whether our modern 
diets are protecting us or contributing to so 
many of the degenerative and aging-related dis­
eases that are prevalent today. 

What emerges from studying the chemistry 
of native foods is the discovery that if natives 
could revert back to their ancestral food sour­
ces, they contain not only health-promoting 
macronutrients such as complex carbohydrates, 
proteins and beneficial fats, but also numerous 
bioactive compounds that could protect against 
and mitigate common diseases such as obesity, 
diabetes and cardiovascular disease. 

Whether we look at the traditional food 
habits of indigenous people in the arid Sonoran 
Desert or those living in the lush forested 
Pacific Northwest of the United States or in 
Canada’s British Columbia, we find an urgency 
to learn as much as we can about their diets, 
before this knowledge is forever lost. This effort 
becomes obvious as discovery after discovery 
reveals that indigenous people knew far more 
than they have been given credit for about the 
foods they selected for themselves. 

By looking at the foods consumed from 
coast to coast, or those foods restricted by cli­
mate or geography to certain areas of North 
America, one marvels at the knowledge indige­
nous people needed to have in order to select 
the foods that most contributed to their suste­
nance and health. 

On one trip this author took to Death 
Valley, California, to learn about the indige­
nous diet of the Timbisha Shoshone Indians, 

it was revealed that despite what to most visi­
tors appeared to be a barren land, these 

A. FRUIT AND VEGETABLE
AN BIOACTIVE FOODS 

indigenous semi-nomadic people had access 
to over 800 different plant foods, among 
which several hundred were consumed annu­
ally. When in season, berries, roots, and 
green foods, found at various elevations from 
below sea level to several thousand feet 
above the desert floor, were supplemented 
with a diet of fish, fowl (doves or quail), and 
game (lizards, jack rabbits and bighorn 
sheep). Pinyon pine nuts (Pinus subsection 
Cembroides) and mesquite trees (Prosopis 
veluntina) were particularly important to the 
Shoshone in that they provided a source of 
food that could be made into flour and when 
formed into cakes, could provide calories and 
nourishment that would last well into fall, 
winter, and early spring. 

Pinyon nuts were also a major source of cal­
ories. Natives claimed that a family of four 
could harvest more than 90 kilograms (200 lb) 
of nuts in a single day. Nutritional studies 
have found that a pound of shelled pinyon 
nuts yields nearly 2800 calories [3]. This trans­
lates into a harvest of 336,000 calories per 
day. Hence, if each family member requires 
2000 calories a day, a family could in a single 
day’s harvest provide enough calories to last 
6 weeks. 

The Timbisha Shoshone’s traditional indige­
nous plant foods included root vegetables, 
green vegetables, fruit, seeds, nuts, grains, and 
rarely mushrooms, occasionally supplemented 
with flowers, lichens, algae, and the outer or 
inner bark of trees. For the indigenous people 
of the Pacific Northwest, tubers, bulbs, rhi­
zomes, and corms provided foods such as 
camas (Camassia quamash) bulbs, yellow ava­
lanche lily (Erythronium grandiflorum), silver-
weed (Argentina anserina), springbank clover 
rhizomes (Trifolium wormskioldii), and knot-
weed, a member of the buckwheat family 
(Polygonaceae) [4]. Rich in carbohydrates, the 

food sources provided much-needed nourish­
ment that could be consumed at harvest or 

S IN HEALTH PROMOTION 
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stored for later consumption. Stem and shoot 
vegetables included Indian celery (Lomatium 
nudicaule), fern fiddleheads, and parsnip 
(Pastinaca sativa), a root vegetable related to the 
carrot. Leaf vegetables came from watercress 
(Nasturtium officinale), mustard greens (Brassica 
juncea), stinging nettles (Urtica dioica) and com­
mon lambsquarters (Chenopodium album). 

Grains from wild rice (Zizania palustris), an 
annual plant native to the Great Lakes region 
of North America, or maize (Zea mays) found 
growing in the southwestern United States and 
throughout what is now Mexico, were impor­
tant sources of food that could be stored. In 
the case of maize, it could be cultivated even 
in semi-arid regions to provide crops from 
year to year. 

For Mesoamericans, maize was the major sta­
ple food. These indigenous ancient peoples 
learned to grow maize via a system known as 
the ‘Three Sisters’ that incorporated cultivation 
of maize with beans to provide nitrogen from 
nitrogen-fixing bacteria, and squashes to pro­
vide ground cover to inhibit weed growth and 
evaporation. The Mesoamericans figured out 
that by adding alkali from ashes or lime (cal­
cium carbonate) to cornmeal, the alkali liber­
ated the B vitamin niacin, which prevented 
pellagra. Non-indigenous people that settled in 
the Americas did not have this knowledge and 
once they adopted maize as a major staple 
food, parts of the southern United States in par­
ticular began to suffer from an epidemic of pel­
lagra, a deficiency of niacin [5]. 

Indigenous people also learned to combine 
maize consumption with other sources of pro­
tein from plants, such as amaranth (Amaranthus) 
and chia (Salvia hispanica), in order to provide a 
complete range of amino acids needed for pro­
tein synthesis. 

Although maize is important to meet macro-
nutrient needs, less is known about staple 

foods found in other parts of North America 
that were consumed by indigenous people. 

A. FRUIT AND VEGETABLES
73  SONORAN DESERT 

To get a snapshot of what was known by 
hundreds of indigenous communities through­
out the continent about at least a thousand dif­
ferent plant foods, three topics were selected to 
illustrate what science is learning about tradi­
tional foods, starting with natives that lived in 
the Sonoran Desert, then on to natives that 
lived along and near the borders of what is 
now Canada and the United States, and finally 
to the indigenous tribes that lived in the 
Pacific Northwest. As will become evident in 
examining the diet of these indigenous groups, 
there is still much to be learned about the bio­
activity and chemical composition of their 
native foods, which suggests this area of 
research deserves far more attention by food 
scientists and others, given the promising 
knowledge learned to date. 

2. NATIVE TRIBES OF THE 
SONORAN DESERT 

One-third of the Earth’s land surface is des­
ert. With meager rainfall, this arid land supports 
sparse vegetation and a limited population of 
people. The Sonoran Desert of the American 
Southwest has the most complex desert vegeta­
tion on Earth [6]. 

The Tohono O’odham tribes have lived in 
the Sonoran Desert for millennia [7]. Through 
collective experience they learned to adapt to 
the arid and harsh environment of the desert. 
Through a semi-nomadic lifestyle that involved 
the collection and harvesting of wild plants and 
heat-tolerant crop foods they were able to feed 
themselves year round [8]. Today the O’odham 
live on the second largest land reserve in 
the United States, covering an area of nearly 
3 million acres. Subpopulations of the O’odham 
on this reserve were distinguished by their sub­
sistence patterns. 
The colonial Spanish referred to the 
O’odham as the Papago based on the O’odham 
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expression, papahvi o-otom, referring to their 
dietary use of the tepary bean (Phaseolus acutifo­
lius var. latifolius; Phaseolus metcalfei; Phaseolus 
ritensis), an important source of protein, as 
well as the Pima by European settlers based on 
language similarities [9]. In 1986, the Tohono 
O’odham Nation voted to discard these colo­
nial/European references and adopted their 
own name, Tohono O’odham, which means 
‘desert people.’ 

That the Spanish referred to the O’odham as 
the Papagos due to their consumption of 
Phaseolus species helps to illustrate the risk 
associated with forced or voluntary abandon­
ment of traditional diets. 

Today the Tohono O’odham have the high­
est documented incidence of diabetes of almost 
any Indian tribe in North America. With the 
transition from native foods and the adoption 
of modern foods of commerce, the O’odham no 
longer consume the exceptionally high fiber 
diet of legumes such as the teparies and mes­
quite that past generations did [10]. These 
legumes combined with chia (Salvia hispanica), 
tansy mustard (Descurainia pinnata), various spe­
cies of Plantago and native seeds contributed to 
maintaining normal post-prandial blood sugar 
levels [11]. The use of chia for food, medicine 
and polyunsaturated fatty acids has a long his­
tory in the Sonoran Desert stretching back 
to pre-Columbian Mesoamerica [12]. Chia is 
rich in fiber, protein and the omega-3 polyunsat­
urated fatty acid (alpha-linolenic acid), and 
a complement of vitamins and minerals [13]. 
We now know that its antioxidant activity 
comes from flavonol glycosides, chlorogenic 
acid, caffeic acid, kaempferol, quercetin, and 
myricetin [14]. 

One subgroup living in the Sonoran Desert 
was known as the Sand Papagos before they 
changed their name to O’odham. Based on the 
recollection of elders, the Sand’s diet included 
21 wild and 9 cultivated plant species, and at 

least 23 animal species [2]. Their diverse diet 
served them well. They survived in what many 
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would consider a very demanding, arid, and 
inhospitable desert environment, yet its mem­
bers found they could meet their caloric and 
nutritional needs, as long as knowledge of 
what foods to select, when to harvest, and how 
to prepare them, was passed on from genera­
tion to generation. Knowing what foods to 
select, and when, and their location was essen­
tial to survival. Learning how to prepare some 
foods and how to maximize their use was 
equally as important. 

One can marvel at the Sand’s selection and/ 
or cultivation of different food sources, in light 
of our knowledge today of their nutritional 
composition. The Sand’s diet included mes­
quite tree (Prosopis veluntina) beans, desert 
asparagus (broomrape) (Orobanche sp.), wild 
amaranth (Amaranthus hybridus), saguaro 
(Carnegiea gigantea) and organ (Stenocereus thur­
beri) cactus fruit. These plant foods were supple­
mented with ocean (Sea of Cortez) and 
freshwater river and lake fish, and meat ob­
tained from hunting numerous wild animals, 
including lizards, rabbits and deer. 

Wild amaranth was a favorite vegetable of 
the Sand’s. The leaves of this plant appeared 
soon after the monsoon season began in the 
Sonoran Desert. During the hottest days of the 
year, the Sands would get on their hands and 
knees to eat the emerging leaves once they 
reached a certain height without removing 
them or even touching them, other than to bite 
the leaves off and ingest them. Literally, they 
grazed on fresh wild amaranth. 

Nutritional studies of wild greens found in 
the southwestern United States such as A. 
hydrides, have revealed a remarkable difference 
in nutritional density of greens compared to culti­
vated greens. For example, 100 g of cultivated 
and mass produced iceberg lettuce, so commonly 
used in salads today, lacks the nutritional den­
sity of an equal amount of wild amaranth, which 
has ‘three times as many calories (36), eighteen 

times the amount of vitamin A (6100 I.U.), thir­
teen times the amount of vitamin C (80 mg.), 
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twenty times the amount of calcium (411 mg.), 
and almost seven times the amount of iron 
(3.4 mg.)’ compared to iceberg lettuce [2, p. 97]. 
Wild amaranth was only one of many green 
Soronan vegetables consumed by natives. Others 
included lambsquarters (Chenopodium album), 
winter spinach (Spinacia oleracea), saltbush greens 
(Atriplex hymenelytra, Atriplex lentiformis), and 
purslane (Portulaca oleracea). Purslane contains 
many biologically active compounds, including 
omega-3 fatty acids, coumarins, cardiac glyco­
sides, anthraquinone glycosides, free oxalic acids, 
and numerous alkaloids and flavonoids [15]. 

The O’odham calendar was organized 
around four seasons beginning with the Light-
Green Time (Ce:dagi Masad) during the months 
of February and March. During these months 
light rain brought dormant plants to life. New 
leaves appeared on bushes and trees, allowing 
for the gathering of wild plants, particularly 
the beans from drought-resistant velvet mes­
quite (Prosopis velutina, Proscopis glandulosa) 
and the Palo Verde tree (Cercidium micro­
phyllum, Cercidium floridum). 

The bean pods of mesquite were harvested 
once the pods turn from green to yellow-
brown, and just before falling to the ground. 
Once collected, beans were dried and ground 
into flour, adding a nutty taste to breads, or 
used to make jelly, which could later be made 
into flour, or an alcoholic beverage, such as 
wine [16]. When ground into a sweet, nutrition­
ally-dense, high protein, high fiber, and gluten-
free flour, mesquite beans prove to be a 
suitable choice for diabetics, compared to eat­
ing gluten-rich wheat flour. 

The mesquite tree also had medicinal uses. 
The leaves were infused and used as eye 
drops for the treatment of conjunctivitis [3]. 
The sap was traditionally used to soothe sore 
throats, while the root was made into a salve 
to treat cuts. 

April was the Yellow Time (Uam Masad), 

which allowed for the harvesting of wild 
greens and wild onions. This was followed by 
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May, called the Painful Time (U’us Wihogdag 
Masad), when the desert starts to dry out and 
turn very hot. During May food became scarce 
as stored food began to run out. During these 
difficult times the O’odham survived on vari­
ous cacti and agave plants, and the buds of 
the cholla (Opuntia imbricata), a good source of 
calcium. Those O’odham living on the Gila 
River (the Akimel O’odham) harvested wheat 
and peas, which they shared if necessary when 
other O’odhams visited them. 

June through July was known as the 
Saguaro-Harvest Time (Ha:san Bak Masad). This 
is the hottest time of the year in the desert. 
Harvesting of mesquite beans continues. But 
most important, it is the time when the fruit­
ing of the saguaro (Carnegiea gigantea) and 
organ (Stenocereus thurberi) cactus occurs. 

With its tall trunk and arms, the Saguaro cac­
tus is the most recognizable plant found in the 
Sonoran Desert. When fully mature, a saguaro 
can weigh as much as 9000 kilograms (10 
tons). The tallest saguaro is found in Maricopa 
County, Arizona, and is nearly 14 meters tall 
with a girth of over 3 meters. To the O’odham, 
gathering the ruby-colored saguaro fruit (ha: 
san) that matures in late June held importance 
due to the variety of foodstuffs that it produces 
for consumption. The fruit contains up to 2000 
seeds, which can be ground into flour and 
stored for later use. 

When mature, the sweet strawberry-like 
fruit was picked off the tops of the trunk or 
arms of the saguaro using a long gathering 
pole called a kuipad. Once the fruit dropped to 
the ground and was gathered, the pulp was 
scooped out and placed into a basket, where-
after it was taken to the O’odham’s camp for 
processing. The fruit was mashed and then 
boiled and made into a wine (nawait) or syrup. 
When used to make wine, the syrup was taken 
and put into a ceramic pot called an ollas. The 
pots were then sealed and allowed to ferment 

into wine. Another option was to use the fruit 
pulp to make either a jam or just sun dry it for 
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future use. The fruit contains up to 2000 seeds. 
The small seeds were strained out of the fruit 
using a plaited basket made of sotol leaves 
(Dasylirion wheeleri) after which they were 
ground into flour. 

Virtually every tribe residing in what are 
now the states of New Mexico, Arizona and 
California, and those of northwestern Mexico, 
also consumed the inner bark of the large 
tuber of Proboscidea altheaefolia, known as the 
unicorn plant. P. parviflora and its dried fruit, 
named by the Spanish ‘devil’s claw,’ due to its 
appearance, contained raw seeds that were usu­
ally chewed or infrequently cooked. 

In the Sonoran Desert, Panicum sonorum, bet­
ter known as panic grass, millet, or sauwi, was 
frequently cultivated and its range expanded 
by various groups living in the Sonoran Desert 
[17]. Each plant yields up to 2000 grains. 
Families could work together to gather kilos of 
P. sonorum grain and store them in baskets or 
pots for later consumption. 

A demonstration plot organized by the US 
Soil Conservation Service in 1980 found that 
one hectare of P. sonorum produced 440 kg of 
the grain. Few southwestern natives grow this 
sweet grain today, unfortunately, due to water 
diversion projects completed in the twentieth 
century that virtually destroyed most of the 
fields used to plant panic grass. 

Wild desert gourds of the genus Cucurbita, a
genus that includes squashes and pumpkins, 
were also well known by Sonoran natives [3]. 
The cucurbitacin compounds found in native 
Sonoran gourds (C. sororia, C. moschata, C. foeti­
dissima, and C. digitata) contain tetracyclic tri­
terpenes called cucurbitacins that impart an 
intense bitter taste. This intense bitterness was 
put to good use. Rubbed on cultivated plants 
it kept grazing animals from devouring their 
crop. Recent studies have found that an extract 
of C. foetidissima can induce contractions of the 

uterine muscles to hasten childbirth, a use 
known to natives. 
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The fan palm (Washingtonia filifera) was the 
only native palm in the western United States 
that provided food. Sometimes natives would 
consume the tip of the palm, but without ques­
tion the most important food was the palm 
fruit. In wet years, the harvest might be 180 kg 
(400 lb) of the pea-sized fruit per tree [3]. The 
fruit was eaten fresh, although the seeds were 
removed. Sun dried palm fruit was stored in 
ceramic jars. 

3. SUBSISTENCE BERRIES OF 
NATIVE AMERICAN TRIBAL 

COMMUNITIES 

A consortium of institutions in North 
America have studied four wild berries for 
their phytochemical composition and metabolic 
performance-enhancing activity. These berries 
were known to be an integral part of the tradi­
tional subsistence diet in regions of Canada 
and the United States among different tribal 
communities: chokeberry (Prunus virginiana), 
highbush cranberry (Viburnum trilobum), 
Juneberry (Amelanchier alnifolia), and silver buf­
faloberry (Shepherdia argentea) [18,19]. They 
were either eaten raw, sun dried for later use, 
turned into wines or jellies, or mixed into ani­
mal meat to preserve the meat, suggesting the 
berries had antioxidant properties. Each of 
these berries had a traditional history of use. 
For example, Viburnum edule, known as ‘cramp 
bark’ by Tanaina Indians in Alaska, and a 
close species of V. trilobum, has been listed in 
numerous reference works as an antispasmodic 
[18]. A muscle relaxant, the shavings of the 
bark of V. edule are commonly used to treat 
menstrual cramps. The Upper Cook Inlet peo­
ple report its value in the treatment of colds, 
sore throat, and laryngitis. Viburnum opulus, a  
related species, also called highbush cranberry, 

has been found to contain viopudial and vi­
burtinal, both sesquiterpenes, which affect 
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cholinesterase activity [20,21]. Cholinesterase 
catalyzes the hydrolysis of acetylcholine into 
choline and acetic acid which allows a choliner­
gic neuron to return to its resting state after 
activation. Both scopoletin and viopudial have 
been determined in vivo to be responsible for 
the uterine relaxant activity of V. opulus and V. 
prunifolium [22,23]. 

Studies have demonstrated antioxidant activ­
ity of V. trilobum fruit owing to its polypheno­
lic composition, as well as the fruit of A. 
alnifolia, Prunus virginiana, and Shepherdia argen­
tea [24]. The antioxidant polyphenols contri­
bute to preserving meat and its fat. For 
example, wild blueberries mixed into bison 
meat produced pemmican which delayed the 
fat in meat from becoming rancid, a method of 
meat preservation and prevention of fat rancid­
ity well known to Plains Indians [25]. 

The Saskatoon berry (A. alnifolia), also 
known as Juneberry or serviceberry, is native 
to the northern plain provinces of Canada and 
the western United States. It has an extensive 
history of use by native cultures both as a food 
source and for its medicinal properties (e.g. to 
prevent miscarriages). 

A crude extract of A. alnifolia berries has 
been shown to inhibit nitric oxide production in 
activated macrophages, which would suggest it 
might have a role in protecting against cardio­
vascular disease or chronic inflammation. 
Analytical studies of fresh berries of A. alnifolia 
have found it contains appreciable concentra­
tions of polyphenolic anthocyanins, with 3­
galactoside and 3-glucoside conjugates as the 
predominant cyanidins, and other anthocyanins 
(cyanin 3-xyloside, perlargonin 3-glucoside, and 
malvidin derivates), in addition to the phenolic 
acids, 3-feruloylquinic, 5-feruloylquinic, as well 
as cholorogenic acids, and the flavonoid com­
pounds avicularin, hyperoside, quercitin, and 
rutin [26–29]. 
Natives used chokeberry as a food, either as 
juice and wine, mixed with meat to preserve it, 
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or as a medicine. Although considerably more 
work into its chemical composition is needed, 
a methanol extract of the berry has been found 
to have antioxidant activity in vitro owing to 
its phenolic acids [30]. Bioassays have also 
found that chokeberry inhibits aldose reduc­
tase activity. There is good evidence that 
aldose reductase contributes to diabetic compli­
cations during disease progression (e.g. 
reduced nerve conduction, retinopathy, 
nephropathy), as it is a rate-limiting enzyme in 
the polyol pathway associated with the conver­
sion of glucose to sorbitol. As sorbitol accumu­
lation increases during tissue depletion of 
myoinositol content, this results in derange­
ment of sodium-potassium adenosine triphos­
phate (ATP) activity. Only in a hyperglycemic 
state, when the enzyme hexokinase is satu­
rated, is aldose reductase activated, resulting 
in accumulation of sorbitol. Drugs designed to 
prevent or slow the action of aldose reductase 
may be a means to prevent or delay the compli­
cations of diabetes. Hence, finding evidence 
that chokeberry inhibits aldose reductase activ­
ity may be meaningful especially for popula­
tions with a higher incidence of diabetes, such 
as experienced by native North Americans 
who have reduced or abandoned their con­
sumption of such indigenous foodstuffs. 

The silver buffaloberry (S. argenta) was tradi­
tionally eaten by natives either fresh, dried, or 
in jellies, for its medicinal properties (i.e. to treat 
gastrointestinal problems), and to symbolically 
offer it to females entering puberty [25,31]. 
Nutritional and chemical analyses of the berries 
have found them to contain appreciable 
amounts of β-carotene, ascorbic acid, leu­
coanthocyanins, catechols, and flavonols [32,33]. 

Human immunodeficiency virus (HIV)-1 
reverse transcriptase is a DNA polymerase that 
will use RNA or DNA to contribute to the pro­
duction of a double-stranded DNA copy of the 
single-stranded RNA genome that is contained 

in the HIV-1 virus particle. The reverse 
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transcriptase from HIV-1 is of great interest to 
drug companies and the medical community 
because it is a target enzyme for anti-AIDS 
drugs, which act to cause termination of the 
polymerase reaction. 

Two hydrolyzable tannins, shephagenins A 
and B, along with hippophaenin A and strictinin, 
from a leaf extract of S. argentea, strongly inhibit 
HIV-1 reverse transcriptase in vitro. This activity 
was stronger than that of ( - )-epigallocatechin 
gallate, used as a positive control [34]. 

Using a cytotoxicity assay model, a metha­
nolic extract of the closely related species S. ca­
nadensis (Canadian buffaloberry) has been 
demonstrated to inhibit the growth of mouse 
mastocytoma cells [35]. 

In North America, highbush cranberry (V. tri­
lobum) grows in Canada bordering eastern and 
mid-western states, as well as Massachusetts 
and Oregon, with an isolated population in New 
Mexico, and the Canadian provinces from 
Newfoundland to British Columbia. It can be 
eaten fresh, made into jellies, or mixed with 
meat to create pemmican. Native preparations of 
the berry were used as an astringent to treat 
swollen glands, while the bark was used as an 
antispasmodic for relief of asthma, and men­
strual and stomach cramps, owing to the bitter 
compound viburnine. 

Taxonomically, highbush cranberry is not a 
cranberry (Vaccinium macrocarpon) at all, 
despite the strong resemblance in appearance 
and taste. V. trilobum is a member of the 
Caprifoliaceae, or honeysuckle family, while 
‘lowbush’ cranberry is a member of the 
Ericaceae or heather family. 

Besides being a rich source of vitamin C, the 
primary anthocyanidins that contribute to the 
antioxidant capacity of V. trilobum fruit include 
cyanidin 3-arabinosylsambubioside and cyani­
din 3-arabinoglucoside [36–38]. However, more 
research is needed on the chemistry of the 

fruit, as little is known about its composition 
compared to V. macrocarpon, whose fruit is 
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commonly consumed around the Thanksgiving 
holiday. 

The major phytochemical constituents of 
the Saskatoon berry, chokeberry, silver buffalo-
berry, and highbush cranberry have 
been investigated to evaluate their ability to 
protect against or mitigate the progression of 
diabetes, by improving glucose utilization, 
inhibiting production of aldose reductase, sup­
pressing pro-inflammatory gene expression 
(i.e. cyclooxygenase-2, interleukin-1 and inter­
leukin-6), and by measuring changing energy 
expenditure and lipid metabolism [19]. The 
endpoint measurements selected for these stud­
ies relate to the protective health value these 
berries might provide if consumed and tradi­
tionally practiced. 

Chemical analysis of the Saskatoon berry 
revealed the presence of phenolic acids, antho­
cyanins, and proanthocyanidin polymers, 
which demonstrated hypoglycemic activity and 
strong inhibition of IL-1β and COX-2 gene 
expression in vitro. Non-polar constituents, 
including carotenoids, were found to be potent 
inhibitors of aldose reductase. 

Inhibition of aldose reductase activity was 
also demonstrated with silverbuffalo berry, 
despite no detectable anthocyanins, low con­
centrations of a few phenolic acids and choloro­
genic acid, and the presence of several 
carotenoids. Nevertheless, various water, crude 
and methanolic extracts of the berry caused 
improved glycogen accumulation, reduced 
expression of IL-1β and COX-2, and altered 
energy expenditure in cells via different 
mechanisms. Collectively these findings sug­
gested to the authors that consumption of the 
berry might protect against diabetic microvas­
cular complications and a reduction in chronic 
inflammation. Since it demonstrated the ability 
to improve energy expenditure and glucose 
uptake, the authors believe it may have the 

potential to counter the symptoms of metabolic 
syndrome [19]. 
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Bioassays that were performed of highbush 
cranberry demonstrated the berry had the 
capacity to inhibit aldose reductase, improve 
glucose uptake, reduce IL-1β expression, modu­
late energy expenditure, and significantly 
improve glycogen accumulation in cells. 
Despite the author’s opinion that these results 
showed it was not a powerful mediator of 
inflammation, the compounds in the berry 
may ‘not only provide protection against dia­
betic microvascular complications but also im­
prove glucose uptake via an insulin-like effect 
as well as change energy expenditure,’ which 
when taken together, suggest the potential ‘to 
partially modulate mechanisms that may play 
a role in the development of insulin resistance 
and metabolic syndrome’ [19, p. 658]. 

Further studies in vivo are clearly needed to 
confirm the benefits of consuming these four 
berries given their phytochemical composition. 
Activity-guided fractionation and characteriza­
tion of the berries will yield further insight into 
the biological activity and health-giving proper­
ties of each of these native berries. The findings 
will contribute to our understanding of their 
nutritional and health-giving properties. 

Black cherries from the Prunus serotina tree 
can be harvested wherever the trees are found 
in North America, from Nova Scotia to 
Minnesota, south to Florida and Texas, and 
Arizona and Mexico. The fruit is astringent 
and was used for the treatment of dysentery. 

The fruit of P. serotina was eaten raw or 
cooked to make into a jelly [25]. However, the 
seed contains compounds that can be converted 
into cyanide upon release of three enzymes: pru­
nasin β-glucoside, amygdalin β-glucoside, and 
mandelonitrile lyase [39,40]. Although the flesh 
of the fruit contains cyanogenic glycosides, the 
enzymes needed to release cyanide are lacking, 
so the flesh is safe to eat [41]. Young thin bark 
from P. serotina contains the glycoside, pruna­

sin, which is a very toxic hydrocyanic acid, 
hence only small amounts were used for 
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medicinal purposes to stimulate respiration in 
asthmatics or to treat indigestion. 

Autumn olive (Elaeagnus umbellata) berries 
are found in southern Canada and the eastern 
United States, from Maine to Alabama and 
west to Wisconsin. A shrub native to Asia, 
E. umbellata provides a small red fruit that is 
extremely rich in lycopene (30–55 mg/100 g) 
with potential health benefits [42]. The red 
fruit is high in phenolic content, flavanols, and 
hydrobenzoic acid. 

Lycopene is a carotenoid that exhibits antiox­
idant properties, particularly against singlet 
oxygen, in vitro. Evidence suggests that 
increased dietary intake of lycopene, which 
accounts for about 50% of carotenoids in 
human serum, can reduce the incidence of 
some cancers (i.e. cervix, gastrointestinal tract, 
and prostate) and cardiovascular disease 
[43,44]. E. umbellata fruit is 17 times greater in 
lycopene content than tomatoes [45]. 

Since the introduction of E. umbellata from 
Asia in the early nineteenth century, the shrub 
has proven to be invasive and even declared a 
noxious weed in states like Massachusetts, 
Connecticut, Rhode Island, New Hampshire, 
Tennessee, and West Virginia, and listed as 
invasive in states such as Texas, Virginia, and 
South Carolina. The plant has nitrogen-fixing 
ability, and its seed spreads readily. The nitro­
gen cycle of native plant communities that rely 
on infertile soil for their existence suffers in the 
presence of this shrub, as well as native spe­
cies in open fields it intrudes upon, that rely 
on maximal sunlight exposure. 

Since it is well established in the eastern 
United States, and given the fruit’s high con­
tent of lycopene and strong antioxidant capac­
ity, harvesting of this fruit may warrant 
greater attention by agronomists in increasing 
its availability among native North Americans 
given their dietary need for lycopene, and the 

increased prevalence among natives of cardio­
vascular disease and various cancers. 
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4. PACIFIC NORTHWEST NATIVE
 
DIETS
 

Tanoak trees (Lithocarpus densilorus), such as 
the Oregon white oak, are members of the 
beech family Fagaceae native to the western 
United States and Canada. Tanoaks can live 
over 500 years and reach a height of 20–24 m 
under the right circumstances, although tanoak 
trees as tall as 36 m have been measured. At 
one time, the white oak’s range spanned from 
British Columbia, Canada, to northern 
California. Today these trees occupy less than 
one percent of the area they once covered. 

Tanoak trees love sun and avoid shade. 
Unfortunately, given this preference, it is also 
the same land that commercial timberlands, 
roads, homes, and businesses favor as well. 
With increasing encroachment on these lands 
by lumber companies and settlers, white oaks 
found themselves competing with large vigor­
ous Douglas firs (Pseudotsuga menziesii var. 
mensiesii), Western hemlock (Tsuga heterophylla) 
and Western red cedar (Thuja plicata), the for­
mer of which can reach heights of 60–75 m, 
eventually dramatically reducing needed light 
for production of acorns. The trees also depend 
on wildlife for their survival, such as the 
Western gray squirrel (Sciurus griseus), which 
bury the oak’s acorns, and thereby help to 
spread its range. 

The seed of tanoak trees is a nut about 
2–3 cm long with a diameter of 2 cm. The nut 
sits in a cup that requires 18 months to mature. 
The nuts are produced in clusters, although a 
few grow on a single stem. Despite the nut’s bit­
ter taste, owing to its high tannins content, 
natives utilized the nut as a source of food and 
medicine. The bitterness was reduced by leach­
ing the nut in a process mastered by natives liv­
ing in the region. 

Natives made flour and soup from the 

acorns. It has been estimated that upwards of 
50% of native northern Californians’ diet 

A. FRUIT AND VEGETABLE
N BIOACTIVE FOODS 

consisted of acorns [46]. Food scientists have 
determined that acorns are a good source of 
nutrients and polyphenolics in addition to hav­
ing high antioxidant activity because of the 
presence of hydrolyzable tannins [47]. 

The quantity and type of tannins in a food, 
whether condensed tannins, proanthocyanidins 
or condensed hydrolyzable tannins, affect its 
biological activity [48]. Tanoak tree acorns are 
particularly rich in hydrolyzable tannins. These 
tannins possess anticarcinogenic and anti-
mutagenic activity in vitro [49,50]. 

Procyanins tannins are found in many nut 
varieties, their activity dependent on chain 
length in terms of potential health benefits. 
The phytochemical composition of tanoak 
acorn cotyledon tissue and the pericarp, includ­
ing hydrolyzable tannins, has been determined 
[47]. Condensed tannins up through hexamers 
and a total of 22 hydrolyzable tannins were 
identified. The condensed tannins were procya­
nidins of the B type, while the hydrolyzable 
tannins were gallic acid and ellagic acid 
derivatives. 

Prior to European and American settlements 
arriving in the Pacific Northwest, natives peri­
odically burned the prairies and valleys where 
oak trees thrived to keep the conifers at bay. 
These burns were carefully controlled and kept 
at ground level, but were restricted or discour­
aged by settlers as they encroached upon the 
harvest areas natives had relied on for millen­
nia. Tribes subsisted in part not only on acorns 
as a dietary staple, but also on low ground veg­
etation, particularly the common camas 
(Camassia quamash) plant, which also requires 
considerable sun. C. quamash is a perennial 
member of the lily family (Liliaceae) with an 
edible bulb, and grows to 30–75 cm tall with a 
dense inflorescence. 

With the exception of dried salmon, no 
other food item was more widely desired or 
traded than C. quamash or camas bulbs. The 
bulbs were dug after flowering in the summer, 

although they could be harvested in the spring 
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as well. To prevent threatening the plant’s pro­
duction, harvesting of any one area was only 
done several years apart. Only the largest 
bulbs were harvested, leaving the smaller ones 
for the future. Natives could estimate how 
many camas bulbs might be found on a plot of 
land by observing flowering in the spring. If a 
sea of deep blue flowers appeared that stret­
ched across a field, natives knew it would be a 
rich source of camas bulbs when the quiescent 
period time came to harvest the bulbs, follow­
ing seed maturation, foliar senescence, and 
development of bulb offshoots [51]. Camas 
bulbs were used medicinally as a cough medi­
cine by boiling the bulbs and mixing the 
strained juice with honey [1]. 

Rich in inulin, a naturally occurring polysac­
charide belonging to a class of fibers known as 
fructans typically found in roots or rhizomes, 
camas bulbs could also be cooked to convert 
inulin to fructose and thereby reduce the result­
ing mass to a sweetener which when dried 
could be added to other foods. 

The inulin content of camas bulbs has now 
been shown to be important to natives not 
only for its nutritional value but also due to sig­
nificant health benefits that have only recently 
been discovered. Inulin increases magnesium 
and calcium absorption, promotes the growth 
of desirable intestinal bacteria, contains soluble 
and insoluble fibers, has minimal impact on 
blood sugar, and unlike fructose does not 
cause a rise in insulin or raise the level of trigly­
cerides [52–54]. This makes it particularly 
suitable for diabetics or those managing sugar-
related diseases. 

It is estimated that regular consumption 
of camas bulbs provides up to 10 g of inulin 
a day [55]. Since inulin is indigestible by 
the amylase and ptyalin enzymes that break 
down starch, it passes through the stomach 
and small intestine intact, and then enters the 
colon where bacteria metabolize it. This is why 
inulin is considered a prebiotic. Since inulin 

also contains soluble and insoluble fibers, it 
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increases stool bulk. The soluble fiber fraction 
also helps lower glucose levels and cholesterol. 

5. SUMMARY
 

A database search of wild plants growing in 
North America and their ancestral use by indig­
enous people suggests the need for a signifi­
cant increase in funding for research to fill 
gaps in our understanding of not just their 
nutritional value but also their phytochemical 
characterization and bioactivity. The work of 
Tozer on the uses and cultivation of more than 
1200 species in over 500 genera of wild plants 
provides a useful guide as to many of the 
plants that warrant further study of the chemis­
try and bioactivity [56]. 

The need for the study of native foods is 
made all the more urgent given the high preva­
lence of obesity and metabolic syndrome 
among indigenous populations. Establishing 
foods that could aid in protecting against or 
mitigating the progression of diseases such as 
diabetes concomitant to re-establishing these 
foods in the diet of indigenous people, could 
temper the ethnic differences in the prevalence 
of diagnosed diabetes. 

The prevalence of diabetes for American 
Indian elders in the United States is three 
times higher than the national average [57], yet 
this prevalence is not restricted to older 
Indians. The prevalence of American Indian 
and Alaska Native children, adolescents and 
young adults, from 1990 to 1998, with diag­
nosed diabetes increased by 71%, and preva­
lence increased by 46% [58]. Among the Ute 
Indians, the prevalence of diabetes is four 
times the average of others living in Utah, 
while the rate of diabetic neuropathy is at least 
43 times that of the diabetic population in the 
general Utah population [59]. Similar differ­
ences are found among most native Americans 

and indigenous populations in Canada. 
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The reason for focusing attention on the 
native foods of the O’odham population that 
live in the Sonoran Desert is due to the high 
incidence of diabetes in utero that contributes 
to most of the increase in diabetes prevalence 
in O’odham children that has been reported in 
recent decades [60]. Various ancestral foods 
contain bioactive compounds that can play a 
role in protecting the O’odham from this insidi­
ous metabolic disease. The same is evident 
from an examination of the diets of indigenous 
people along the US–Canadian border and the 
Pacific Northwest. 

It is hoped that efforts will be made to 
direct further scientific study of their tradi­
tional foods, and that of other indigenous 
populations. By such an effort these native 
foods might find their place back in the diet of 
indigenous people, and maybe benefit that of 
others living in North America. 

Anthropologist, Daniel E. Moerman, has pro­
vided an exceptional work that describes the 
medicinal uses of nearly 3,000 plants used as 
food or for medicinal purposes, that would be 
of particular interest to those studying the 
ethnobotanical and therapeutic applications of 
such plants among over 200 North American 
tribes [61]. 
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1. INTRODUCTION
 

It is generally agreed that a healthy diet 
includes eating fruit and vegetables. Yet to 
date, the majority of Americans do not eat the 
recommended amounts. Although many peo­
ple experience barriers inhibiting fruit and veg­
etable consumption, facilitators also exist that 
promote fruit and vegetable consumption. This 
chapter first describes the current fruit and 
vegetable consumption level in the United 
States and how it compares to the dietary 
guidelines promulgated by the US govern­
ment. We then proceed to provide possible 
barriers and facilitators to adult fruit and vege­
table intake. We also discuss the important 
role the government plays in establishing 
Bioactive Foods in Promoting Health: Fruits and Vegetables 8
guidelines and how governmental food assis­
tance programs can impact fruit and vegetable 
consumption. Finally, we conclude with recom­
mendations on how to promote fruit and vege­
table consumption. 

2. CURRENT FRUIT AND 
VEGETABLE CONSUMPTION IN 

THE US, AND US DIETARY 
GUIDANCE 

Fruit and vegetable consumption can be 
measured in many ways, such as number of 
times eaten daily, number of cups, and num­
ber of servings. The US government publishes 
the Dietary Guidelines for Americans [1], sets 
5 r 2010 Elsevier Inc. All rights reserved. 
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public health dietary goals in documents such 
as Healthy People 2010 [2], conducts nutritional 
surveillance and surveys to assess if the popu­
lation is meeting these guidelines, and plans 
food and nutrition education programs follow­
ing these recommendations. Dietary Guidelines 
for Americans is jointly published every 5 years 
by the Department of Health and Human 
Services (DHHS) and the Department of 
Agriculture (USDA). Recommendations for an 
individual’s fruit and vegetable consumption 
are based on the Dietary Guidelines and are 
published by the USDA for public use in 
the form of the on-line educational tool 
‘MyPyramid’ (previously the ‘Food Guide 
Pyramid’) [3]. 

Current MyPyramid dietary recommenda­
tions for fruit and vegetable vary depending 
on total calories needed for age, gender, and 
activity level and range from 1 to 2½ cups of 
fruit and 1–4 cups of vegetables per day for a 
total of 2 cups of fruit and vegetables to 
6½ cups of fruit and vegetables combined. 
For example, a 2-year-old (of any gender/ 
activity level) should eat 2 combined cups of 
fruit and vegetables, whereas a physically 
active 27-year-old male requires 3000 calories 
per day and should eat 6½ combined cups of 
fruit and vegetables, but a less active 60-year­
old female only requires 1600 calories and 
should eat 3½ combined cups of fruit and 
vegetables. 

Since previous US dietary guidelines 
defined a serving as a half-cup for most items, 
the 2005 recommendations would require 
adults to generally consume 7–13 servings [4]. 
Although current US dietary recommendations 
are given in cups, nutrition surveillance tools 
and interventions vary in assessment method 
and are still sometimes conducted in servings. 
Regardless of methodology, however, the 
results are unfortunately the same – most 
Americans simply do not meet current fruit 
and vegetable consumption recommendations, 
let alone the previous less ambitious ‘5-a-Day’ 
A. FRUIT AND VEGETABLES 
program that recommended eating at least 5 
servings of fruit and vegetables a day [5,6]. 

In 2007, the nutritional surveillance data 
from the 2005 Behavioral Risk Factor 
Surveillance System reports that only 32.6% of 
adults consumed fruit two or more times per 
day and only 27.2% ate vegetables three or 
more times per day [7]. It is even more critical 
to ask how many people eat the recommended 
amounts of both fruit and vegetables. A study 
of the National Health and Nutrition 
Examination Survey (NHANES) data from 
1988 to 2002 showed that only 11% of adults 
meet the combined fruit and vegetable recom­
mendation [8]. 

In fact, of all age groups, children aged 2–3 
are most likely to meet current fruit and vege­
table consumption guidelines, with an esti­
mated 48% of children meeting the combined 
recommendation of 1 cup. The group with the 
second highest compliance – 17% – is women 
aged 51–70. Even assuming the minimum 
requirement necessary to support a sedentary 
level of activity, all other age–gender groups 
have an estimated compliance rate under 11%. 
Adolescent boys aged 14–18 have a particu­
larly low consumption rate, with less than 1% 
(only 0.7%) meeting their combined recommen­
dation of 5 cups of fruits and vegetables. 
Furthermore, only 3% of the population con­
sumes 3 or more servings of vegetables with 
the specific requirement that at least one third 
of the vegetables consumed are dark green or 
orange [9]. 

Fruit and vegetable consumption also vary 
across other demographic characteristics. Non-
Hispanic blacks are significantly less likely to 
meet USDA guidelines than whites [8]. Latinos 
have reported higher intakes of fruit and vege­
tables than whites and blacks [10], but this has 
also been reported to be a decreasing effect 
when compared to social acculturation [11]. 

In general, individuals with higher income 
and education are more likely to achieve 
dietary guidance [8,10]. Additional reported 
IN HEALTH PROMOTION 
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demographic factors describing greater likeli­
hood of consumption include being married, 
having access to a garden, and possessing food 
security [12]. 

Worsening of food security [13] and lower 
household income both show a consistent nega­
tive association with fruit and vegetable con­
sumption [12]. An environment-level study has 
shown a positive association between neighbor­
hood socioeconomic status (SES; a measure 
evaluating income, occupation, and education) 
and fruit and vegetable intake: a 1-standard 
deviation increase in the neighborhood socio­
economic status index was associated with con­
sumption of nearly 2 additional servings of 
fruit and vegetables per week [14]. 
Additionally, smokers are also generally less 
likely to consume fruit and vegetables [15], 
and low-income smokers in particular are one 
of the groups at highest risk for inadequate 
fruit and vegetable consumption [16]. 

Because dietary patterns emphasizing fruit 
and vegetable consumption are associated with 
diabetes prevention and weight management 
[17–19], treating and preventing metabolic syn­
drome [20], and decreased risk of certain can­
cers [21] and cardiovascular disease (CVD) 
[22–24], understanding barriers, facilitators and 
predictors of fruit and vegetable consumption 
is an important public health goal. 

3. BARRIERS INHIBITING FRUIT 
AND VEGETABLE CONSUMPTION 

Recognizing the discrepancy between recom­
mended consumption and actual consumption 
leads to the question: What barriers are keep­
ing the American population and individuals 
from consuming the recommended amounts of 
fruit and vegetables? 

Barriers can prevent or inhibit fruit and veg­
etable consumption in a variety of manners 
from a macro-level to a personal level. For 
example, at the macro-level there is a very 
A. FRUIT AND VEGETABLE
basic, but significant, barrier preventing the 
population as a whole from consuming the 
recommended amounts of fruits and vege­
tables. Put very simply, we do not have 
enough on hand. The USDA reports per capita 
food availability (adjusted for loss) as defined 
by cups. During 2006, the most recent year 
reported at the time of writing, there was only 
enough fruit available in any form (including 
juice) to provide less than one cup (0.91) per 
person per day, and only enough vegetables in 
any form (including beans, lentils, legumes, and 
dehydrated vegetables) to provide less than two 
cups (1.74) per person per day [25]. Although 
this data is a rough estimate, which does not 
account for personal gardens, etc., it does pro­
vide important macro-level barrier information. 
Our food and agricultural policy as imple­
mented approximately every 5 years via the leg­
islation colloquially known as ‘the Farm Bill’ 
plays an important role in acting both as a bar­
rier (not enough supply) and as a facilitator 
(providing food assistance). 

However, the inherent limitations of our 
food supply do not address why any particu­
lar individual or group is not consuming 
recommended amounts of fruit and vegetables. 
Numerous studies have been conducted at 
neighborhood and individual levels with the 
goal of elucidating actual and perceptual bar­
riers. Barriers reported as common themes in 
the literature include lack of availability, shop­
ping practicalities, cost, time, and taste/ 
preference. 

3.1 Lack of Availability 

Environmental studies report the presence 
of fewer grocery stores in minority/mixed cen­
sus tracts [26–29] and less availability of heal­
thy foods [30]. These quantitative studies 
provide additional support to the qualitative 
reporting of lack of availability by African 
Americans in a focus group study [31]. Other 
S IN HEALTH PROMOTION 
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groups have also reported lack of availability 
as a specific barrier, such as women living on 
Prince Edward Island, Canada [32], and rural 
Lakota Indians [33]. Additionally, consumers 
may perceive that healthy foods are not avail­
able or are cost-prohibitive in their local area 
[34]. Lack of availability extends beyond gro­
cery purchasing. An increasing number of eat­
ing occasions are outside of the home, and the 
lack of availability of fruit and vegetables in 
food consumption environments such as work 
cafeterias and take-out restaurants has also 
been reported as a barrier to consumption [35]. 

3.2 Shopping Practicalities/Types of 
Stores Utilized 

The logistic requirements of shopping may 
act as a disincentive to purchase fresh produce 
[35]. Logistics, such as distance, may be more 
problematic for low-income people or those 
with transportation limitations. For example, 
Food Stamp participants reported distance 
from home to food source inversely related 
with fruit use [36]. Shopping practicalities may 
dictate the type of store utilized. In an urban 
environment, smaller stores may be more prev­
alent and more convenient than grocery stores 
and may have a significant impact on fruit and 
vegetable consumption. For example, a cross-
sectional survey in New Orleans of 102 ran­
domly selected households found that greater 
fresh vegetable availability within 100 meters 
was a positive predictor of household vegeta­
ble intake and an increase in servings per day 
was associated with increased shelf space [37]. 
Unfortunately, small stores (such as bodegas) 
in lower-income, lower-resource neighborhoods 
may be less likely to carry healthy food and 
fresh produce [38]. In an area of central 
Brooklyn, New York City, 80% of the food 
stores are convenience stores but only 28% of 
those stores carried even the basic fruits – 
apples, oranges and bananas [39]. 
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3.3 Cost 

Cost is an often-reported barrier [31,33,35]. 
A survey of low-income women in Minnesota 
found that more than one-third cited money 
concerns as a barrier [40]. Although cost may 
in some cases be a perceptual barrier, physi­
cally finding less costly produce may require a 
careful selection of grocery stores. A study on 
the cost of purchasing a fruit and vegetable 
market-basket satisfying the 2005 Dietary 
Guidelines found that prices vary across very­
low-income areas by 65% in Los Angeles and 
76% in Sacramento, with variations even in the 
same supermarket chain. This study also found 
that this basket would require the allocation of 
43–70% of lower-income families’ food-at-home 
budget, which would require a significant 
increase on spending for fruit and vegetables 
and a corresponding reduction in other areas 
[41]. This supports the finding of another 
study that for those with inflexible food bud­
gets, the perception that fruit and vegetables 
were expensive was a relatively intractable 
barrier [42]. 

Cost can manifest in a variety of barriers. 
Cost barriers are not necessarily limited to 
low-income consumers. For senior citizens (and 
others who grew up with a garden supplying 
produce), the objection to cost may also be due 
to the experience of produce as ‘free’ [31]. 
Another component to cost is perception of 
value. The cost barrier has been reported as a 
value judgment of quality [33], especially when 
fruit is out of season and does not taste as 
appealing [43]. 

3.4 Time Issues 

Time issues are another frequently identi­
fied barrier [31,35,43,44]. A survey of low-
income women in Minnesota found that half 
identified time as a barrier [40]. Effort of prepa­
ration [32] and lack of preparation time, may 
be seen as more of an issue for vegetables 
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than fruit [45,46]. The time issue barrier may 
also vary by age. A survey of 1000 European 
Union adults found that time issues were 
more important to younger responders [47]. 

3.5 Taste/Preference 

Some people identify taste as a barrier to 
healthy eating [47]. Taste is also a predictor of 
consumption [48]. Many people report a prefer­
ence for other foods [45] and without a desire 
to substitute fruit and vegetables for another 
food item. The ability to simply add fruit and 
vegetables to the diet may be hindered by a rel­
ative homeostasis in overall food and caloric 
amount intake. Taste and preference may also 
be associated with meal patterns that may 
vary across cultures and individuals. For exam­
ple, for some, vegetables are consumed only at 
an evening meal [45] and this perceived restric­
tion of eating occasion accordingly limits per­
ceived available opportunities to increase 
consumption. 

Other reported barriers include social norms 
as portrayed by the media [31], the marketing 
of unhealthy food [44], the convenience of pur­
chasing pre-packaged foods [31], and fear con­
cerning pesticides [43]. 

Finally, certain populations such as seniors, 
children and adolescents may experience addi­
tional barriers to fruit and vegetable intake. 
Seniors may have increased difficulty in shop­
ping and chewing foods, and less sensory 
motivation due to decreased taste-bud sensitiv­
ity. Seniors have reported ‘difficulties with 
digestion,’ and ‘too much trouble’ [49]. Indeed, 
an analysis of NHANES III data showed that 
risk factors for lowest consumption of fruit 
and vegetables by seniors included social isola­
tion and missing pairs of posterior teeth [50]. 
For children and adolescents, intake of fruit 
and vegetables may be highly dependent on 
parental behavior and home and school envi­
ronment [51]. 
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4. FACILITATORS PROMOTING 
FRUIT AND VEGETABLE 

CONSUMPTION 

Encouraging the American public to eat 
more fruit and vegetables is an important pub­
lic health goal. In addition to publishing dietary 
recommendations for individuals, the US gov­
ernment has also set goals for increasing fruit 
and vegetable consumption in the population. 
Fruit and vegetable consumption goals in 
Healthy People 2010 include Objective 19-5: to 
increase the proportion of persons aged 2 years 
and older who consume at least 2 daily ser­
vings of fruit, and Objective 19-6: to increase 
the proportion of persons aged 2 years and 
older who consume at least 3 daily servings of 
vegetables, with at least one-third being orange 
or dark green [2]. In order to increase consump­
tion at a population and individual level, we 
need to understand what factors can encourage 
people to overcome the reported barriers inhibit­
ing consumption. In other words, what factors 
facilitate consumption? 

Commonly reported facilitators include avail­
ability, methods of serving, and ability/expo­
sure to growing one’s own produce. While 
some facilitators may specifically address bar­
riers (i.e. cut up and prepared fruit and vege­
tables addresses time and convenience barriers), 
other reported facilitators have a more complex 
relationship with barriers. Commonly reported 
influencing factors, such as cultural support, 
and social support and norms, may act as 
either a facilitator or a barrier. Social support 
and norms, in particular, are important psycho­
social predictors of fruit and vegetable con­
sumption and will be discussed in more detail 
in the psychosocial section following. 

4.1 Availability 

Perceived availability has been reported as a 
measure of influence [52]. Some participants in 
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an intervention providing home delivery of 
fruit and vegetables reported that the sheer pres­
ence of the fruit prompted consumption [45]. 

Federal food assistance programs, such as 
school-based programs, the Women, Infants, 
and Children (WIC) program, and the 
Farmers’ Markets Nutrition Programs play a 
key role in facilitating consumption through 
availability. Low-income women in Minnesota 
who received food from assistance programs 
perceived that the programs were promoting 
healthy eating [40]. An evaluation of a feder­
ally-funded free fruit distribution program 
found that Wisconsin students who received 
the snacks reported an increased willingness to 
try new fruits and vegetables [53], and an eval­
uation in Missouri concluded that fruit distribu­
tion could be an effective component of a 
comprehensive approach to change dietary 
behavior [54]. 

In 2009, the WIC program updated the food 
package offered. This update is a significant 
facilitator of fruit and vegetable consumption, 
as the original list of eligible foods did not 
include fruits and vegetables, with the excep­
tion of fruit juice. Participants will now receive 
vouchers ranging from $6 to $10, which can be 
used to purchase fresh, frozen or canned fruit 
and vegetables [55]. 

Additional vouchers are available for specific 
use at local farmers’ markets through a program 
called the Farmers’ Market Nutrition Program 
[56]. Pilot studies of the program reported that 
when WIC participants were given vouchers for 
fresh fruit and vegetables, there was an 
increased consumption sustained for 6 months 
after termination, and that the increase was 
greater in those given farmers’ market vouchers 
than supermarket ones [57]. Similarly, an evalua­
tion of the program in Michigan found a direct 
relationship between providing coupons and 
increased fruit and vegetable consumption, but 
found that the benefits were maximized when 
nutrition education was provided with the cou­
pons [58]. A similar program providing vouchers 
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to low-income seniors for use at local farmers’ 
markets has also shown an ability to increase 
fruit and vegetable consumption [59]. 

4.2 Methods of Serving 

Providing a salad bar or serving food buffet 
or family style can increase consumption of 
fruit and vegetables. A cross-sectional survey 
of Los Angeles elementary schoolchildren 
exposed to a salad bar found a significant 
increase in fruit and vegetables consumed, 
almost all during lunch [60], and a Danish 
study observing worksite canteens using either 
a buffet style or ia la carte found the buffet serv­
ing was associated with an average 76 g 
increased intake of fruit and vegetables [61]. A  
focus group reported that participants were 
more likely to eat vegetables if served with a 
dinner entre rather being iee than offered a la  
carte [31]. Similarly, a convenience sample of a 
3-day dietary analysis from 503 college stu­
dents found that those who participated in the 
school’s pre-paid plan had fruit and vegetable 
intake closer to recommendations [62]. 

4.3 Ability to Grow Own Produce/ 
Exposure to Growing Produce 

Exposure to school-based gardening pro­
grams has been shown to increase consumption 
over an intervention without a gardening compo­
nent [63]. Although growing one’s own produce 
is often discussed in light of cultural immigrant 
food patterns (such as reinforcing the tradi­
tional patterns among first-generation Hmong 
immigrants) [44], this facilitator is also meaning­
ful to non-immigrant groups, such as rural par­
ents and pre-schoolers. A cross-sectional study 
found that frequency of eating homegrown pro­
duce was associated with increased home avail­
ability of produce, increased pre-schooler 
preference for fruit and vegetables and increased 
parental role modeling [64]. 
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4.4 Cultural Support 

For immigrant populations adjusting to dif­
fering food resources, education by members 
of the cultural group delivered through media 
and trusted community sources has been 
found helpful [44]. Cultural support may assist 
in identifying resources for familiar fruit and 
vegetables or by providing education about 
how to incorporate new and unfamiliar ones 
[31]; for example, street vendors with push 
carts who are familiar to the community could 
help facilitate the adoption of new fruits and 
vegetables [65]. 

A final note to keep in mind is that a popu­
lation or individual may have different motiva­
tors or facilitators for fruit as compared with 
vegetables. A survey of Canadian women 
found that fruit was perceived as a healthy 
between-meal snack, whereas vegetables were 
seen as an aesthetic meal component [43]. 
Similarly, a survey conducted as part of a 
British intervention found that perceived practi­
cal opportunities to increase fruit consumption 
focused on eating fruit as a dessert or as a 
between-meal snack, whereas increased vegeta­
ble consumption was perceived as possible by 
having two servings at dinner [35]. A nation­
ally representative survey in the United States 
found that for African American men, fruit con­
sumption appears to be motivated by per­
ceived benefits and standards set by important 
people in their lives, whereas vegetable con­
sumption is a function of extrinsic rewards 
and preferences for high-calorie, fatty foods 
[66]. 

5. PSYCHOSOCIAL PREDICTORS 
OF FRUIT AND VEGETABLE 

CONSUMPTION 

In addition to the above mentioned barriers 
and facilitating factors, it is also important to 
understand psychosocial determinants of fruit 
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and vegetable consumption. A literature 
review of psychosocial predictors of fruit and 
vegetable consumption co-authored by the first 
author found strong support for three main 
predictors – self-efficacy, social support and 
knowledge [67]. 

5.1 Self-Efficacy 

Self-efficacy refers to situation-specific confi­
dence in one’s ability to make and maintain a 
health behavior change [68]. Positive self-
efficacy has been found to be a predictor of 
fruit and vegetable intake [69,70]. Self-efficacy 
can manifest in various areas, such as lack of 
familiarity with available fruit and vegetables 
[31], or cooking confidence, and the self-
efficacy to cook healthy foods has been associ­
ated with higher vegetable consumption [71]. 
Cooking classes have been shown to improve 
fruit and vegetable intake in youth and adults 
[72,73]. 

5.2 Social Support 

Social support can exist at various levels in 
which an individual interacts in society. For 
example, family was the most common pro­
moter identified by low-income women [40]. 
Social support provided by churches [31] has 
been shown to increase fruit and vegetable con­
sumption [74]. Facilitated small groups in an 
intervention can also function as social support 
[75], and personal contact can make a differ­
ence. Individual attention, including motiva­
tional counseling sessions [76], has been 
reported as increasing consumption across 
numerous studies. 

However, it is important to realize that 
social support can occur in a positive or nega­
tive direction. For example, family and friends 
may act as both a barrier and facilitator [35] 
and social pressure has been reported in both 
directions for vegetable consumption [43]. The 
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direction of influence may also vary for differ­
ent individuals or populations. In one study, 
women reported that children and male part­
ners were obstructive to their attempts to eat 
more fruit and vegetables, while men reported 
that their partners were supportive of the 
change [42]. 

5.3 Knowledge of Dietary 
Recommendations/Health Literacy 

Knowledge is a mediating factor of fruit and 
vegetable intake [70]. Although adults may be 
aware that consuming fruits and vegetables is 
recommended or are familiar with the highly 
promoted message of ‘5-a-Day,’ this knowledge 
is not universal and the practicalities of how 
much to consume may not be well understood 
[77]. Additionally, the mistaken belief that one 
already is eating healthily enough is itself a bar­
rier [45]. A UK survey of low-income persons 
found that less than 5% believed they had pro­
blems with healthy eating, but only 18% 
claimed to be eating the recommended daily 
amounts of fruits and vegetables [78]. In one 
report of an intervention concerning senior citi­
zens in Georgia, only 7% were aware prior to 
the intervention of the recommended daily con­
sumption amounts for fruits and vegetables, and 
increased intake was found post-intervention to 
be independently associated with improved 
knowledge of dietary recommendations [49]. 
In a baseline survey of adults conducted for 
the 5-a-Day program, it was found that one of 
the most important factors in determining 
intake was the number of servings they 
thought they should have in a day [48]. Finally, 
general health knowledge, or health literacy, is 
also an influencer. A cross-sectional survey 
of 759 adults found that every point higher on 
the health literacy scale increased likelihood of 
eating at least 5 portions of fruit and vegetables 
a day [79]. 
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6. RECOMMENDATIONS FOR 
PROMOTING FRUIT AND 

VEGETABLE CONSUMPTION 

Dieticians and physicians who feel stressed 
about having too little time with their patients 
still have some avenues to embed methods of 
encouraging fruit and vegetable consumption 
into their practice. For example, one study 
found that it took only 1–2 minutes for medi­
cal professionals to write prescriptions for the 
purchase of discounted produce and hand it 
over with an explicit ‘5-a-day’ message [80]. In  
a rural population of African Americans, a 
low-intensity physician-endorsed self-help die­
tary intervention in which low-literacy nutri­
tion education materials and personalized 
dietary feedback were administered by mail 
and telephone was successful in initiating fruit 
and vegetable dietary changes at 1 and 6 
months post-intervention [81]. The following 
are additional specific suggestions for design­
ing interventions for promoting fruit and vege­
tables consumption. 

6.1 Be Culturally Competent 

Nutrition information, whether presented to 
an individual as counseling or as a planned 
intervention for a population, should take into 
account any specific relevant cultural views 
about food. Eating patterns, food selection, 
preparation and even food storage may have 
underpinnings in a cultural context underlying 
individual preferences, beliefs and actions. 
Accordingly, different interventions/strategies 
may be necessary to address fruit and vege­
table consumption barriers in diverse popula­
tions. As an example, magazines with 
culturally tailored health information were 
found to be more effective at increasing fruit 
and vegetable consumption than magazines 
without the cultural component [82]. Level of 
acculturation is another important factor to 
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consider [11,83,84]. A study of 662 WIC-
eligible women found that foreign-born women 
who had lived in the United States for 4 or 
fewer years consumed 2.5 more fruit and vege­
table servings daily than native-born women 
but this difference diminished with longer resi­
dence [85]. 

6.2 Be Practical 

When assessing needs or designing an inter­
vention, consider what is available for the popu­
lation of interest. Consider walking distance in 
urban neighborhoods, challenges and percep­
tions of low socioeconomic status individuals, 
and creative solutions such as mobile produce 
vendors [86]. Specifically encourage fresh pro­
duce consumption (particularly in season), but 
emphasize the benefits of eating fruits and vege­
tables of any kind. 

6.3 Be Holistic 

Consider potential multiple health impacts. 
For example, an intervention that delivered 
fruit baskets with a newsletter and recipes to 
home-bound seniors not only increased fruit 
and vegetable consumption among the seniors, 
but also provided the ancillary benefit of per­
sonal contact for seniors suffering social isola­
tion [87,88]. While the proportion of 
participants in a collective kitchen program in 
Canada consuming at least 5 fruit and vege­
table servings a day rose from 29% to 47%, the 
most common reason reported (90%) for join­
ing this program concerned social interactions 
and support [89]. 

6.4 Be Inclusive 

Multi-component interventions have been 
reported to provide increased effect on produce 
consumption [90]. A family-based intervention 
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may provide stronger reinforcement [40] and 
impact a greater number of people. 
Additionally, although many studies and inter­
ventions are focused on low-income persons, 
most Americans do not meet dietary guidance 
for fruit and vegetables. Cost-effective worksite 
interventions are also important. E-mail 
and web-based worksite programs have shown 
the potential to reach a broad adult population 
[91,92]. 

6.5 Be Specific 

Be aware that fruits and vegetables may 
have different barriers and facilitators. When 
designing educational material, consider that 
information can be tailored in a variety of 
ways that can increase consumption, such as 
lifestyle [93], an individual’s regulatory 
approach (motivated by promotion or preven­
tion goals) [94], and an individual’s preference 
for style of expert communication [95]. 
Individual goal setting, such as making a ‘con­
tract for change,’ has been shown to help 
increase consumption [96]. A systematic review 
of dietary interventions reported that two com­
ponents seemed particularly effective – goal set­
ting and small groups [97]. 

6.6 Be Flexible 

Unanticipated barriers may arise, even for 
those willing to make changes in their fruit 
and vegetable consumption. An intervention 
studying barriers reported at the end as well 
as the beginning of a 6-month dietary trial that 
a flexible action plan allowed participants to 
adapt [42]. 

6.7 Be Visual 

Demonstrating the amount that should be 
consumed by providing a visual cue, such as a 
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plate containing the recommended daily 
amount of fruit and vegetables, is a successful 
means of education [45]. 

6.8 Be Personal 

A small amount of personal contact can 
make a difference. Although a systematic 
review of fruit and vegetable consumption 
interventions has shown that face-to-face meth­
ods are most effective, telephone counseling is 
seen as an effective alternative [90] and behav­
ior change tool for fruit and vegetable con­
sumption in both healthy and ill people 
[98,99], with reported long-term success (up to 
4 years) in a randomized trial of breast cancer 
survivors [100]. 

7. SUMMARY 

Most Americans do not consume enough 
fruit and vegetables. To effectively encourage 
consumption, medical professionals should be 
aware of the barriers, facilitators and psychoso­
cial predictors that may impact individuals. 
References cited in this chapter provide further 
information for those seeking innovative ways 
to design interventions and programs, but all 
medical professionals can utilize social support 
and personal contact to encourage fruit and 
vegetable consumption. Providing easy to read 
nutritional brochures in the waiting room or 
asking patients a simple question ‘Did you eat 
any fruit and vegetables yesterday?’ are 
examples of effective, but simple, strategies 
that may be easily adoptable by medical 
professionals. 
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1. INTRODUCTION
 

This chapter focuses on the relationships 
between income, other indicators of economic 
situations, and healthy food habits. Numerous 
epidemiological studies have emphasized the 
importance of healthy food habits in the pre­
vention of major chronic diseases such as car­
diovascular diseases and several types of 
cancer. With the decline in the prevalence of 
smoking, food habits may have become the 
most important determinants of health and 
well-being in the developed countries [1]. 

Many studies have examined associations 
between education or occupation and consump­
tion of fruit and vegetables [2,3]. These socioeco­
nomic factors are also often taken into account 
in studies focused on the associations between 
eating and health. However, fewer studies have 
taken into account the economic situation, 
which may have an effect over and above the 
contribution of education and occupational 
class. This is of importance, because the eco­
nomic situation may be a key factor explaining 
Bioactive Foods in Promoting Health: Fruits and Vegetables 9
the adoption of healthy food habits for the pre­
vention of diseases [4]. Failing to take into 
account the economic situation, intervention 
and health education programs aiming to 
enhance healthy food habits in terms of the pro­
motion of fruit and vegetables consumption are 
likely to be ineffective. Moreover, if the econom­
ics partly underlie the epidemic of obesity as 
well, it is vital to consider policies that make 
the healthy choices the easiest choices by taking 
into account affordability and accessibility to 
healthy foods across all socioeconomic groups. 

In this chapter, as well as in more general 
terms, healthy eating refers to the adoption of 
dietary guidelines to meet the recommended 
intake of nutrients for maintenance of health 
and well-being. Accordingly, food habits in epi­
demiological studies usually reflect main seg­
ments of dietary guidelines [5]. Typically,
healthy eating habits are examined as consump­
tion of fruit and vegetables, and consumption 
of fruit and vegetables can be seen as an indica­
tor of overall healthiness of diet. These are also 
foods that are typically associated with a higher 
9 r 2010 Elsevier Inc. All rights reserved. 
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socioeconomic position, but there are other more 
traditional food items of a recommended diet 
such as bread and potato which show decreas­
ing consumption with an increasing socioeco­
nomic position [6]. Thus, although the price of 
foods may be one factor influencing their con­
sumption, there are also other aspects in these 
foods like their cultural appreciation that may 
affect their consumption in different population 
groups. 

Epidemiological studies focused on the con­
sumption of fruit and vegetables are reviewed 
in this chapter. In particular, this chapter is 
focused on several indicators of the economic 
situation in explaining healthy food habits and 
consumption of fruit and vegetables. The 
emphasis is on reviewing the current empirical 
evidence on the associations between the eco­
nomic situation and healthy eating among the 
adult populations in different European regions, 
the USA, and Australia. The focus is on current 
reviews and comparative surveys. When appli­
cable, results from good quality epidemiological 
studies from single countries will also be 
pointed out. First, household income, economic 
difficulties, and other material resources are con­
ceptualized with the emphasis on health promo­
tion, and second, their associations with healthy 
eating are reviewed. Additionally, food cost is 
discussed as a further external environmental 
barrier to healthy eating. Living area as well as 
access and availability are linked to various 
obstacles to improving food habits. 

The questions to be asked when assessing 
the associations between healthy food habits 
and the role of the economic situation are as 
follows: 

1. What is the role of income and other 
indicators of the economic situation with 
respect to healthy eating? More specifically, 
what are the key economic constraints to 
adoption of healthy food habits? 

2. Do the effects of the economic situation on 
healthy eating remain when education and 
A. FRUIT AND VEGETABLE
occupational social class are taken into 
account, i.e. does the economic situation 
show independent effects on healthy eating 
irrespective of socioeconomic position? 

3.	 Is the cost of healthy foods higher than that 
of less healthy food items? Are there 
differences in prices and availability of 
healthy foods by country and region? Does 
the price of food affect the consumption of 
healthy foods more among low income 
people? What are the key socioeconomic 
reasons for different access to healthy eating? 

4. With respect to implications and 
applicability of the current existing 
evidence, which are the key socioeconomic 
factors that need to be taken into account 
when aiming to promote healthy food 
habits? 

5. What actions do health policies need to take 
to successfully increase consumption of fruit 
and vegetables among the most 
disadvantaged people? 

2. ECONOMIC SITUATION AND 
SOCIOECONOMIC POSITION 

Socioeconomic position is a broad, multidi­
mensional concept that covers social, financial 
and material circumstances [7]. Conventional in­
dicators of socioeconomic position comprise 
education, occupational class, and income. 
All of these indicators reflect both common 
ranking in society and particular circumstances 
according to the specific nature of the socio­
economic indicator in question [8–11]. Moreover,  
socioeconomic indicators cannot be used inter­
changeably [12], since a single indicator captures 
only  a specific part of people’s socioeconomic 
circumstances over the life course. 

The association between the economic situa­
tion and food habits is compounded by other 
socioeconomic factors like educational qualifica­
tions and occupational position which are 
S IN HEALTH PROMOTION 



101 3. INCOME AND HEALTHY EATING 
achieved earlier in one’s life course. These 
could be more fundamental determinants of 
food habits than the economic situation as 
such, and offer different interpretations and 
policy recommendations for the observed asso­
ciations. Examining the impact of the economic 
situation independently of education and occu­
pation can help explain inequalities in healthy 
eating and therefore highlight specific needs 
for health promotion among the most disad­
vantaged groups. 

Studying income only at one point of time 
may not, however, be sufficient to describe the 
full extent of differences in economic resources 
across the life course. ‘Economic situation’ cap­
tures the childhood economic situation and cur­
rent income as well as wealth, i.e. long-term 
accumulation of economic resources. The whole 
spectrum of economic circumstances over the 
life course is expected to affect food habits. 
Accordingly, indicators of the socioeconomic 
position included in this review are assumed 
and interpreted as causal and successive. 

Individual and household incomes are 
mainly based on paid employment. The level of 
income is likely to be dependent on education 
and occupational class. Income provides 
individuals and families with the necessary 
material resources and determines their purchas­
ing power. Furthermore, income is the indicator 
of the socioeconomic position that can most eas­
ily change on a short-term basis [13]. 

For those with families, the household dis­
posable income rather than individual income 
indicates their true financial resources. Thus, 
income reflects the availability of economic and 
material resources, and directly determines 
dietary quality by making healthy foods more 
affordable and readily accessible [14]. Individual 
income only partly reflects status and prestige. 
Concerning healthy eating, household income is 
a more proper measure. Economic difficulties in 
adulthood refer to everyday financial troubles 
such as those related to buying food or paying 
bills [15]. These difficulties reflect available 
A. FRUIT AND VEGETABL
material resources and their influences on food 
habits. 

In addition to income and other indicators 
of individual material resources, the cost and 
subsequent affordability of healthy foods as 
well as area differences in access and availabil­
ity are also of importance when assessing the 
complex relationships between an economic sit­
uation and adoption and maintenance of heal­
thy eating habits. 

3. INCOME AND HEALTHY 
EATING 

Studies across the Western world have con­
sistently shown that people from low-income 
households tend to consume less healthy 
foods, smaller quantities of fruit and vege­
tables, and larger quantities of meat, fat, and 
sugar [3,12,16–20]. People having low house­
hold incomes are less likely to buy foods that 
are high in fiber and low in fat, salt, and sugar 
[12]. In addition, people in low-income house­
holds purchase less regularly and a more lim­
ited range of fruit and vegetables than people 
from high-income groups. Similar associations 
have been found when examining the consump­
tion of fruit and vegetables high in vitamin C 
and folate [3,12]. A nationally representative 
Finnish study showed that the intake of vita­
min C and carotenoids also increases with 
increasing income level [6]. The intake of these 
vitamins is likely to reflect consumption of fruit 
and vegetables. 

The UK 2002/03 Expenditure and Food 
Survey shows that the richest quintile of house­
holds consumes 20% more fruit as compared 
to that consumed in the poorest quintile of 
households [21]. Moreover, people in poverty 
or who live on state benefits or the minimum 
wage often lack money to buy enough or 
appropriate healthy food, especially if they 
have to meet other essential expenditures at 
the same time, such as high housing costs or 
ES IN HEALTH PROMOTION 
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paying debt. However, an important question 
on promoting healthy eating is whether there is 
a threshold under which unhealthy diet is more 
prevalent or whether unhealthy diet increases 
gradually with decreasing income. Figure 7.1 
shows that consumption of fruit and vegetables 
gradually declines as net family income 
decreases. At the same time, the share of 
income that is spent on food in these families in­
creases. Thus, low consumption of fruit and 
vegetables is not just due to poverty and abso­
lute material hardship (see Fig. 7.1). 

If one wishes to separate the effect of the eco­
nomic situation from other aspects of the socio­
economic position, it is essential that several 
measures of the socioeconomic position are 
examined simultaneously. An Australian study 
found that the association between education 
and occupation with fruit and vegetables 
consumption substantially attenuated to non­
significant or marginally significant when these 
socioeconomic indicators were adjusted for 
each other and income [12]. However, the asso­
ciation between household income and food 
purchasing remained strong and robust [12]. 
The same held true in a large Finnish study 
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[19,23], showing that the consumption of vege­
tables remained strongly related to household 
income after adjusting for other socioeconomic 
indicators. The association between individual 
income and use of vegetables was rather simi­
lar, but among men the association disappeared 
after adjustments [19]. A study examining the 
association between household income and 
healthy eating among middle-aged public sec­
tor employees found that the association was 
clear, and among women remained even when 
other measures of the socioeconomic position 
(SEP) were controlled for [24]. All these results 
indicate that income, especially household 
income, has an independent effect on food 
habits that is not reducible to educational level 
and occupational social class. 

4. ECONOMIC DIFFICULTIES AND 
HEALTHY EATING 

Economic difficulties indicate that people – 
although sometimes at work – cannot afford to 
buy enough food for the needs of their families 
[15]. However, economic difficulties can exist 
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FIGURE 7.1 The relationship of income to consumption of fruit and vegetables and the share of income spent on food
 
in the UK.
 
Reproduced with permission from DEFRA [22].
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at all income levels [25] and thus affect healthy 
eating irrespective of current income. These dif­
ficulties may arise from excessive consumption 
behaviors, debt, or problems that are unrelated 
to food purchasing but may limit the opportu­
nities to healthy eating. Dealing with economic 
difficulties also involves coping skills, since 
devaluation of monetary success may act as a 
buffer against feelings of deprivation [15]. 
Thus, with effective coping, the effects of lim­
ited resources may be less detrimental. When 
facing economic difficulties, different values 
are also likely to affect the choices where dis­
posable income is used. Additionally, people 
with limited resources may not choose to use 
any extra money on healthy eating but rather 
on other areas of life. 

A study among employed middle-aged 
women and men found that the more often 
people had economic difficulties, the less often 
they consumed vegetables, fruit, and other 
healthy foods (see Figure 7.2). This held true 
although all the participants were employed 
and had a constant salary. The association 
between current economic difficulties and heal­
thy food remained although both SEP and 
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parental SEP were controlled for [24]. An  
Australian study used several related measures 
on food cost concerns (such as ‘Sometimes my 
family cannot afford to buy enough food for 
our needs’). ‘Food cost concern’ was related to 
purchasing healthy food although household 
income was controlled for [26]. Thus, these 
results indicate that in all income groups – also 
in the highest groups – consumption of heal­
thy food decreases with increasing economic 
difficulties. It is therefore not sufficient to take 
into account only income when examining the 
economic situation and healthy eating or 
assume that high income linearly contributes 
to healthy eating. Instead, economic difficulties 
can act as barriers to healthy eating irrespec­
tive of current income level. 

5. AFFORDABILITY: QUESTIONS 
OF FOOD COST AND PRICING 

In addition to differences in consumption of 
fruit and vegetables and other healthy foods 
by income, prices of such foods play a large 
role in the opportunities for healthy eating. 
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FIGURE 7.2 Healthy food habits by (a) household income and (b) economic difficulties among women and men [24]. 
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Cost of healthy food is of importance, as it has 
risen much faster than that of less healthy and 
energy dense foods, at least in the USA and 
Australia, where information on trends is avail­
able [27,28]. Between 2004 and 2006 the cost of 
healthy foods increased by 19.5% in the Seattle 
metropolitan area [27], whereas the price 
change of the most energy dense foods was 
-1.8% during the same period. Similar dispro­
portionate price changes were observed in 
Australia, where cost of healthier food items 
increased by 14% in the urban areas and 18% in 
the rural areas, while cost of unhealthy foods 
was less affected by the remoteness of area [28]. 
These changes are likely to widen inequalities 
in affordability and access to healthy food items 
between income groups and areas, in particular 
for fruit and vegetables. 

International comparisons provide one 
source of information when examining the asso­
ciation between food costs and consumption. 
Additionally, trends in time within countries 
provide information on the changes in con­
sumption behaviors and the economic situation. 
A study compared nine European countries tak­
ing into account both purchasing power (Gross 
Domestic Product per capita) and price levels 
concerning affordability of vegetables in 2001 
[29]. The results showed that vegetables are 
cheaper in southern European countries (Italy 
and Spain), but also in France and Germany. 
Instead, prices of vegetables are higher in the 
Baltic countries as compared to other EU coun­
tries, making it more difficult for low-income 
people to afford frequent consumption. If the 
general availability of healthy foods at low 
price is good, this is likely to diminish the effect 
of the economic situation on food consumption. 

Accordingly, cost and affordability of healthy 
foods may be more important for actual con­
sumption habits than education, which is a 
marker of knowledge of healthy eating. Healthy 
eating costs more with fruit and vegetables as 
the key food items contributing to overall 
higher cost of a healthy diet [30]. Low-cost 
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foods also provide more energy and thus serve 
as an easy, affordable option for meeting energy 
needs among people with limited economic 
resources [27,31–33]. In particular, among low-
income people, the high cost of healthy foods 
is one of the barriers to increased fruit and 
vegetable consumption [34,35]. When consum­
ing fruit and vegetables at the habitual level, 
price is not a barrier, but additional 
purchases may be perceived as unaffordable 
among those with low incomes [34]. In the 
USA, a healthy market basket has been 
estimated to cost 17–19% more than the stan­
dard market basket [35]. The difference was 
mostly due to higher prices of wholegrain pro­
ducts and lean meat. Additionally, availability 
of healthier foods was better in high-income 
neighborhoods, further limiting the opportu­
nities of those with limited economic resources 
to follow healthier food habits. 

Overall, economic constraints are suggested 
to explain why people with low food budgets 
tend to select less healthy foods that meet 
the energy needs with less money [36]. 
Nonetheless, food cost is likely to more strongly 
determine energy density of diet than the other 
way round, i.e. food choices of people with low 
income are more likely to be based on cost 
rather than on preference for energy dense foods 
[36]. This suggests that food choices are based 
on price more than appreciation of unhealthy 
foods in place of the recommended choices. 

In addition to lower cost, less nutritious 
foods with high energy density are also more 
palatable and are also consumed for taste and 
pleasure, whereas the cheapest vegetables such 
as cabbage and carrots may be rejected [37]. 
However, those with low incomes are also 
found to be less motivated to eat fruit and vege­
tables and unaware of the discrepancy between 
their reported frequency of vegetable consump­
tion and the recommended level [34]. Thus,
high cost cannot fully explain the low preva­
lence of fruit and vegetable consumption in the 
low-income groups. Therefore, health policies 
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that aim to increase affordability of fruit and 
vegetables among the low-income groups also 
need to focus on processes that affect actual 
food purchasing behaviors, i.e. find effective 
means to increase motivation towards the bene­
fits of healthy eating and make the healthiest 
choices the easiest choices at all levels; including 
equal access, affordable prices, and improved 
availability. An intervention study from the 
USA showed that among a low-income popula­
tion, combining education to affect attitudes 
and perceptions concerning access and cost of 
healthy foods, and providing food coupons and 
cash incentives to purchase fruit and vegetables 
was more effective in increasing consumption 
than either of the interventions applied sepa­
rately [38]. Thus, it is necessary to simulta­
neously increase affordability of fruit and 
vegetables and affect actual food purchasing to 
achieve an improvement in fruit and vegetable 
consumption, at least among the most disadvan­
taged. In addition to direct costs, perception 
of prices, in particular concerning those of heal­
thy foods, may also affect dietary behaviors 
independent of socioeconomic position or the 
perception of prices may mediate the effects 
of socioeconomic status on healthy eating 
[26,39,40]. 

6. AVAILABILITY AND ACCESS TO 
HEALTHY FOODS 

Even if socioeconomic differences in dietary 
habits are well documented, the underlying 
causes for these differences are not well under­
stood. One set of possible mechanisms for the 
association between the economic situation and 
food habits relates to differences in neighbor­
hood and local environment, including availabil­
ity and access to healthy foods. While wealthy 
people usually live in different areas than the 
poor, living areas as such can also affect food 
choices. Studies have examined whether healthy 
foods are more expensive in low-income areas 
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and whether availability of healthy foods is 
lower in low-income areas [16]. 

In countries with easy access to vegetables 
such as southern European countries, consump­
tion of vegetables tends to be higher in the 
lower socioeconomic groups as compared to 
northern Europe with opposite trends [29,41]. 
Overall, differences in the level of fruit and 
vegetable consumption between northern and 
southern European countries have been nar­
rowing, although disparities remain between 
countries in the consumption of pulses and 
olive oil, which represent typical characteristics 
of southern European healthy food habits [42]. 
Other studies have found that availability of 
healthy food is poorer and that it is more expen­
sive in rural than in urban areas [43]. A study 
examining vegetable use in nine European coun­
tries found urban respondents in northern 
Europe to be more frequent daily vegetable 
users, but in central and southern Europe 
vegetable consumption did not vary by the 
place of residence [29]. A possible explanation 
for this finding is that the better availability of 
fruit and vegetables narrows differences by 
urbanization. 

Studies examining small-area variation across 
urban neighborhoods have also found differ­
ences in fruit and vegetable consumption. Those 
living in low-income neighborhoods have lower 
consumption of fruit and vegetables than those 
in wealthier neighborhoods [43,44]. A multilevel  
study in four US communities showed that peo­
ple living in the least wealthy areas had the low­
est fruit and vegetable intake, irrespective of 
their race, personal income, or education [45]. 

Access to foods may have an important influ­
ence on differences in dietary habits by neigh­
borhood socioeconomic status and racial 
composition [46]. The type and number of food 
stores have been shown to vary according to 
the racial and income level of neighborhoods, 
with supermarkets generally more common in 
white and wealthier areas than in minority and 
poorer neighborhoods. Supermarkets typically 
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have a wider variety of high-quality food pro­
ducts and lower prices than smaller neighbor­
hood food stores. Greater shelf-space of 
healthier foods in local food stores has been 
associated with higher consumption of those 
foods. Shopping at supermarkets has been asso­
ciated with increased fruit and vegetable con­
sumption [47]. 

Differences in supermarket access by socioeco­
nomic status of living area have been docu­
mented especially in the USA. A nationwide 
study reported in 2007 found significant differ­
ences by neighborhood income, racial and ethnic 
characteristics in the availability of food stores 
between urban areas [48]. Similarly, other stud­
ies have also found fewer available super­
markets in low-income neighborhoods. The 
Atherosclerosis Risk in Communities (ARIC) 
Study found that fruit and vegetable intake 
increased with each additional supermarket in a 
census tract [49]. Also, among participants in the 
USA Food Stamp Program supermarket access 
was associated with fruit consumption [50]. 

However, studies outside the USA have 
shown less consistent findings on food avail­
ability and access to supermarkets between 
deprived and affluent areas. While some stud­
ies have found that there are fewer healthy 
choices available in stores in deprived areas 
compared with wealthier areas, other studies 
have failed to find such differences [51]. Some 
studies have even found differences favoring 
more-deprived rather than less-deprived neigh­
borhoods [52,53]. As an explanation for these 
differences it has been suggested that area, 
race, and income segregation in the USA may 
be larger than elsewhere. In addition, if the 
availability of healthy foods in general is good, 
the area of living is less likely to make much 
difference in the use of fruit and vegetables. 

Most studies examining how neighborhood 
food environment affects the use of fruit and 
vegetables have used access to supermarkets as 
the measure of their availability. However, 
access to supermarkets is a crude measure for 
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access to fruit and vegetables with potential 
sources of bias. Some people may choose to do 
their shopping elsewhere than where they live. 
If access to food stores in the living area is poor, 
it is more likely that people will do their shop­
ping elsewhere. It is therefore plausible that the 
local food environment has the greatest effect 
among those who do not own a car. A poor eco­
nomic situation may force people to use their 
local food environments, as low-income families 
are unlikely to have a car. Only a few studies 
have used more refined measures than food 
store access to examine food availability directly 
across different types of neighborhoods [54]. 

While the availability of healthy foods in the 
neighborhood may affect their use, it is also 
possible that the consumption of these products 
affects their supply. Over time, low demand for 
fruit and vegetables is likely to decrease their 
availability in local shops. If the demand is low 
in low-income neighborhoods, this may create a 
genuine area effect where decreased availability 
also affects the use of those with higher income. 
Studies that have examined how increasing 
availability affects fruit and vegetable consump­
tion have produced mixed findings. In one 
study, a small increase in fruit and vegetable 
consumption was found [55]. Another study 
found little evidence for increased fruit and vege­
table consumption in an area where a large 
supermarket was established as compared to 
the control area [56]. 

7. GENERAL DISCUSSION 

There is much evidence that income level, 
economic difficulties, and affordability and 
availability of fruit and vegetables contribute 
to healthy eating. It needs to be noted, how­
ever, that one’s economic situation only partly 
captures the complex reasons for healthy eat­
ing or following a certain diet. For example, 
people on a low income are faced with greater 
structural, material, and economic difficulties 
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when purchasing healthy food [12]. A variety 
of differences between countries, food cultures, 
and traditions, tastes, and pleasure, alongside 
personal variations also modify eating beha­
viors. Furthermore, differences in fruit and vege­
table consumption by socioeconomic indicators 
may depend on area level factors such as pric­
ing and availability of healthy foods [29]. 
Moreover, one study reported that an increase 
in income is unlikely to encourage poor people 
to purchase more fruit and vegetables [57]. 
Rather, the additional income is spent on other 
goods. The study further suggested that taste 
and preference, time constraints, and other 
factors are the primary factors influencing low 
consumption of fruits and vegetables among 
low-income families [57]. 

Inequalities in healthy eating are, neverthe­
less, clear, and following an unhealthy diet 
directly affects the health of the poor and their 
chances for a healthy life. Thus, concrete mes­
sages on the opportunities to follow healthy 
food habits at low or moderate cost are 
needed to enhance healthier food habits 
among low-income people. Moreover, in con­
trast to common perceptions, it is also possible 
to adopt recommendations for healthy eating 
among low-income groups [26]. 

The effects of income and economic situa­
tion on food choices are of crucial interest for 
policy makers. Low income and other eco­
nomic constraints are independently associated 
with low use of fruit and vegetables, which is 
a strong incentive to reduce taxation of healthy 
foods in order to encourage increased con­
sumption by increasing affordability for all. 
Alongside cost, it is also important to pay 
attention to the availability of healthy, 
recommended food items in countries where 
availability of fruit and vegetables varies by 
neighborhood, season, or other reasons. Similar 
conclusions were pointed out in a report by 
the WHO on food and health in Europe [58] 
stating that ‘People’s chances for a healthy diet 
depend less on individual choices than on 
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what food is available and whether it is afford­
able.’ Thus, in order to succeed in improving 
access to healthy foods in all population sub­
groups, action at all policy levels is needed as 
well as a wider understanding of the economic 
and other constraints to healthy eating. 

7.1 Health Applications and Policy 
Implications 

To enhance healthy eating, promote health 
and well-being, and prevent diet-related 
chronic diseases, action at several policy levels 
is needed. Lower taxation of healthy foods in 
order to increase affordability of fruit and vege­
tables may increase consumption in countries 
where prices are high and the availability of 
fruit and vegetables is limited. However, moti­
vation, health education, and positive percep­
tions on healthy eating are also needed to 
modify actual food purchasing behaviors. All 
in all, taking into account the economic situa­
tion, the healthiest choices need to be the easi­
est choices in terms of price, availability, and 
pleasure to be adopted and followed in a regu­
lar, everyday diet as much as possible among 
all population subgroups. 

8. SUMMARY 

The economic situation has a key role in 
healthy eating. The motive to focus on an eco­
nomic situation and healthy eating is to find 
effective means for healthy promotion and dis­
ease prevention. If an economic situation acts 
as a barrier for healthy eating, health educa­
tion will be ineffective. 

Moreover, income and economic difficulties 
affect healthy eating over and above the effects 
of education and occupation. Food costs also 
play a large role. Thus, improving affordability 
promotes healthy eating in all population sub­
groups. Alongside cost, availability is also of 
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importance. In countries with easy access to 
fruit and vegetables, the level of the household 
income has a small effect on consumption. 
When prices are low, and availability is high, 
people with limited economic means have a 
better opportunity to include more fruit and 
vegetables in their diets. To increase the use of 
fruit and vegetables the healthiest choices need 
to become the easiest choices across all popula­
tion subgroups. 
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1. EVIDENCE SUMMARY
 

1.1 Fruit and Vegetable Consumption 

Consuming a diet high in fruits and vege­
tables is associated with a decreased risk of cer­
tain chronic diseases including cardiovascular
disease [1–4], cancer [1,5], and diabetes [6–9].
Previous literature indicates that US adult
fruit and vegetable consumption is below
recommendations [10–16]. Beginning in 1985,
the United States Department of Agriculture
(USDA) Dietary Guidelines for Healthy Americans
(Guidelines hereafter) recommended consuming
at least two servings of fruit and three servings
of vegetables daily [17,18]. In 1991, the 5-A-
Day Program for Better Health was initiated
by the National Cancer Institute and the 
Produce for Better Health Foundation to
increase public awareness of the importance of
eating at least five fruits and vegetables daily
Bioactive Foods in Promoting Health: Fruits and Vegetables 11
[19]. This was done through advertising cam­
paigns, education, and school and workplace 
interventions. In 2005, the USDA Guidelines 
were revised to emphasize fruit and vegetable 
intakes based on individual energy require­
ments and recommended 5–9 servings per day. 
Lastly, in 2007, the Produce for Better Health 
Foundation launched the Fruits and Veggies – 
More Matters campaign to reflect the 2005 
Guideline revisions. 

Previous research indicates that only a small 
proportion of Americans meet the USDA 
Guidelines for daily servings of fruits and vege­
tables [13,20,21]. An evidence table summariz­
ing fruit and vegetable consumption studies is 
referenced in Table 8.1. Twenty-four hour die­
tary recall data from the Second National 
Health and Nutrition Examination Survey 
(NHANES) (1976–1980) estimated that only 
27% of adults consumed the three or more ser­
vings of vegetables and 29% of adults 
1 r 2010 Elsevier Inc. All rights reserved. 
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TABLE 8.1 Evidence Summary for Fruit and Vegetable (F&V) Consumption 

Reference Study Population Measures Results 

Patterson NHANES II, 1976– 11,648 adults 24-hour dietary recall 45% no fruit servings 
et al. [13] 1980 administered by a trained 

interviewer 
22% no vegetable servings 
27% consumed 3 + vegetables 

29% consumed 2 + fruits 

9% consumed both 

Consumption low 

Swanson Population survey in 881 African Food frequency data African Americans were more fre­
et al. [15] three areas of US Americans and quent consumers of F&V than 

1095 white adults whites 

Patterson 1987 National Health 20,143 adults Food Frequency Females consumed more F&V, fewer 
et al. [14] Interview Survey Questionnaire meats and high-fat foods 

(NHIS) Whites consumed a more varied diet 
than African Americans or Hispanics 
Hispanics consumed the lowest 
amounts of high-fat foods; African 
Americans the most 

Basiotis [16] NHANES 1999–2002 8070 age > 2 yrs Healthy Eating Index 28% consumed Z3 servings 
vegetables 
17% consumed Z2 servings fruit 

Few met F&V recommendations 

Gary et al. Project DIRECT 2172 African Modified Block 8% met fruit recommendations (Z2) 
[12] American adults Questionnaire 16% met vegetable recommendations 

(Z3) 

Intake increased with higher income 
and more education 

Casagrande NHANES III, 1988– NHANES III: 24-hour dietary recall 11% met USDA Guidelines for F&V 
et al. [11] 1994 and NHANES 14,997 adults in both study periods 

1999–2002 

NHANES 1999– Non-Hispanic blacks less likely to 
2002: 8910 adults meet Guidelines compared to non-

Hispanic whites 
consumed the two or more servings of fruit 
recommended by USDA and DHHS [13]. Only 
9% of adults met both fruit and vegetable 
recommendations. 

Demographic patterns for fruit and vegeta­
ble consumption have been varied. Racial 
differences in consumption patterns are incon­
sistent depending on the region, sample size, 
and the method of measurement. One study 
A. FRUIT AND VEGETABLE
demonstrated that whites tend to eat a more 
varied diet than African Americans and 
Mexican Americans, but that Mexican 
Americans consume the lowest amounts of 
high-fat foods while African Americans eat the 
most [14]. A second study reported that 
African Americans have low consumption of 
fruits and vegetables with only 8% meeting the 
recommendations for fruit and 16% meeting 
S IN HEALTH PROMOTION 
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the recommendations for vegetable intake [12]. 
A third study reported that African Americans 
consumed more fruits and vegetables (citrus, 
cruciferous, and vegetables rich in vitamin 
A and C) and slightly less total and saturated 
fat than whites [15]. Finally, a fourth study 
among African Americans reported that fruit 
intake was higher among participants with 
higher income and more education [12]. 
Females have been shown to consume a more 
diverse diet than males and consume more 
fruits and vegetables, less meat, and fewer 
high-fat foods [14]. 

1.2 Fruit and Vegetable Trends 

Table 8.2 summarizes evidence of trends in 
fruit and vegetable consumption. Using the 
National Health Interview Survey (NHIS) 
between 1987 and 1992, the proportion of fruit 
and vegetable consumption and the mean num­
ber of servings per week remained stable over 
time [10]. Similarly, results from the Behavioral 
Risk Factor Surveillance System (BRFSS) exam­
ining F&V consumption at intervals between 
1994 and 2000 found that the proportion of 
individuals consuming fruits and vegetables 
five or more times per day remained constant 
at 25% [21]. The BRFSS survey conducted from 
1990 to 1996 indicated 19%, 22%, and 23% of 
adults in 1990, 1994, and 1996, respectively, 
consumed at least five fruits and vegetables 
per day which indicated slightly higher con­
sumption over time [20]. These results indicate 
a slight increase in consumption over relatively 
the same time period as the 1994–2000 BRFFS 
survey. 

1.3 Trends by Race/Ethnicity 

A cross-sectional study identified quality of 
diet trends between 1965 and 1991 using data 
from the Nationwide Food Consumption 
Surveys and the Continuing Survey of Food 
A. FRUIT AND VEGETABLES
Intake by Individuals using the Diet Quality 
Index [22]. In 1965 whites of high socioeco­
nomic status were eating the least healthful 
diet and African Americans of low socioeco­
nomic status were eating the most healthful. 
By 1991, the diets among all groups had 
improved and were relatively similar. 

Cross-sectional data from NHANES I (1971– 
1975), II (1976–1980), III (1988–1994), and 
NHANES 2001–2002 indicated that dietary 
trends were similar between blacks and whites 
across the study periods [23]. There was a sig­
nificant trend toward lower fruit consumption 
among whites and a significant trend toward 
higher vegetable consumption among black 
females. Black males and females reported 
lower intakes of vegetables compared to their 
white counterparts. 

2. DIETARY GUIDELINES 

2.1 Background 

Since 1980, the Guidelines have been jointly 
published by the Department of Health and 
Human Services (DHHS) and the United States 
Department of Agriculture (USDA). The 
Guidelines are reviewed and revised as needed 
every five years. The purpose of this publica­
tion is to provide scientific evidence for benefi­
cial nutrients to promote health and reduce 
disease risk through nutrition and healthy 
lifestyles. 

The Guidelines are developed through a 
three-stage process involving advisory commit­
tees from both DHHS and USDA. An external 
scientific Advisory Committee is appointed by 
the two Departments. The Advisory Committee 
is responsible for compiling new scientific infor­
mation relating to nutrition, disease, and physi­
cal activity and preparing a summarized report 
of the findings. The report is available for pub­
lic and Government agencies for comment and 
then the two Departments join to develop Key 
 IN HEALTH PROMOTION 
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TABLE 8.2 Evidence Summary for Trends in Fruit and Vegetable Consumption 

Reference Study Population Measures Results 

Popkin 
et al. [22] 

1965, 1977–78 Nationwide Food 
Consumption Survey (NFCS) and 
1989–1991 Continuing Survey of 
Food Intake (CSFI) 

1965: 6061 
1977–78: 16,425 

1989–1991: 9920 
adults 

Diet Quality Index 
(DQI) 

Overall dietary quality 
improved 

Racial differences decreased 
over time 

Breslow 
et al. [50] 

1987 and 1992 National Health 
Interview Survey (NHIS) Cancer 
Control Supplements 

10,000 adult 
respondents 

57-item Food 
Frequency 
Questionnaire 

Proportion of F&V consu­
mers remained stable over 
time 

Li et al. 
[20] 

1990–1996 Behavioral Risk Factor 
Surveillance System (BRFFS) 

1990: 25,499 
1994: 32,076 
1996: 37,581 adults 

6-item Food 
Frequency 
Questionnaire 

F&V consumption Z5 was 
19%, 22%, 23% in 1990, 
1994, 1996, respectively 
Slight increase in 
consumption 

Serdula 
et al. [21] 

1994–2000 Behavioral Risk Factor 
Surveillance System (BRFSS) 

1994: 87,582 
1996: 96,511 
1998: 114,129 
2000: 135,899 
adults 

6-item Food 
Frequency 
Questionnaire 

F&V consumption Z5 was 
25% for each year 
No trend in consumption 

Kant et al. 
[23] 

NHANES I (1971–1975), II (1976– 
1980), III (1988–1994), NHANES 
2001–2002 

Non-Hispanic 
black (N = 7099) 
and white 
(N = 23,314) adults 

24-hour dietary 
recall adminis­
tered by a trained 
interviewer 

Black men and women 
reported lower intakes of 
vegetables compared to 
white counterparts 

Dietary trends were similar 
between blacks and whites 

Significant decreased trend 
in fruit reporting among 
whites 

Significant increased trend 
in vegetable reporting 
among black women 
Recommendations based on the Advisory 
Committee’s initial report and the comments 
made by other agencies. The final Guidelines 
contain the details of the science-based 
Key Recommendations and, finally, the two 
Departments develop messages to communicate 
the Guidelines to the public. 

The Guidelines are the basis for national 
nutrition education programs, intervention 
A. FRUIT AND VEGETABL
programs, and federal food programs. Federal 
dietary guidance publications are, by law, 
required to follow the Guidelines. Examples 
include the USDA Food Guide, the food label, 
and the Nutrition Facts Panel. Policies for nutri­
tion-related programs such as the National 
Child Nutrition Programs or the Women, 
Infants and Children Program are based on the 
Guidelines. 
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2.2 History of Dietary Guidelines 

The Guidelines were first implemented in 
1980, and, over the past 25 years, the content, 
wording, and terminology have significantly 
evolved [18]. The first two editions, in 1980 and 
1985, stated ‘Eat food with adequate starch and 
fiber’ to include sources from wholegrain 
breads and cereals, fruit, vegetables, beans, 
peas, and nuts. To help consumers implement 
the Guidelines in daily food choices, the 1985 
edition outlined suggested servings from each 
of the major food groups. Specifically, the 
USDA suggested a minimum of at least two 
daily servings of fruits and at least three daily 
servings of vegetables. In 1990 the Advisory 
Committee revised the statement to ‘Choose a 
diet with plenty of fruits, vegetables, and grain 
products’ which explicitly targeted the food 
groups to choose from in an effort to make the 
Guidelines clearer to Americans. 

2.3 The Food Guide Pyramid 

The development of the USDA Food Guide 
Pyramid spans over six decades. The first 
National Nutrition Conference, prompted by 
President Franklin D. Roosevelt, was held in 
1941. As a result of this conference, the USDA 
developed Recommended Dietary Allowances 
(RDAs) and specified caloric intakes and essen­
tial nutrients. In 1943, the USDA announced 
the ‘Basic Seven’ which was a special modifica­
tion of the nutritional guidelines to alleviate 
the shortage of food supplies during the 
A. FRUIT AND VEGETABLE
Second World War. The seven categories 
included milk, vegetables, fruit, eggs, all meat, 
cheese, fish, and poultry, cereal and bread, and 
butter. To simplify, the ‘Basic Four’ was intro­
duced in 1956 and continued until 1979; catego­
ries included milk, vegetable and fruit, meat, 
and grain. With the rise of chronic diseases, 
the USDA addressed the roles of unhealthy 
foods and added a fifth group in the late 
1970s: fats, sweets, and alcoholic beverages to 
be consumed in moderation. Although the 
USDA’s food guide, A Pattern for Daily Food 
Choices, was published annually beginning in 
the 1980s, it was not well known. Beginning in 
1988, the USDA began to represent the 
Guidelines graphically to convey the messages 
of variety, proportionality, and moderation. 
The Food Guide Pyramid was released in 1992 
and in 1994 the Nutrition Labeling and 
Education Act required all grocery items to 
have a nutritional label. 

2.4 2005 Guidelines: The Current 
Guidelines 

Unlike past revisions, the 2005 Guidelines 
emphasized nutrient intakes based on individ­
ual energy requirements for weight maintenance 
(Table 8.3). Fiber-rich fruits and vegetables 
were one of the food groups strongly encour­
aged in the Guidelines. Two cups of fruit and 
2½ cups of vegetables per day (9 servings) were 
recommended as a reference for a 2000-calorie 
intake; an increase from the recommended five 
TABLE 8.3 The 2005 Dietary Guidelines for Number of Servings of Fruits and Vegetables, Percentage of Calories 
from Total and Saturated Fat, and Fiber 

Energy Daily Servings of Fruits % of Energy from % of Energy from Fiber (g) 
(kcal) and Vegetables Total Fat Saturated Fat 

1200 5 r30 <10 17 

2000 9 r30 <10 28 

3200 13 r30 <10 45 
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daily servings that began in 1985. These intakes 
should be adjusted depending on specific 
energy needs. Intakes would equate to 2½ to 
6½ cups of fruits and vegetables per day (5–13 
servings) for 1200–3200 calorie levels. The Key 
Recommendations emphasized choosing ‘a wide 
variety of fruits and vegetables each day’ and se­
lecting from ‘all five vegetable subgroups (dark 
green, orange, legumes, starchy vegetables, and 
other vegetables) several times a week’ [17]. The 
Guidelines recommended three cups per week of 
dark green vegetables, up to 11 cups per week 
of starchy and other vegetables, and three cups 
per week of legumes. 

2.5 MyPyramid: The Current Food 
Guide 

Along with the release of the 2005 Dietary 
Guidelines, the USDA and DHHS released the 
revised Food Guide Pyramid. In past years, 
the Food Guide Pyramid displayed the major 
food groups proportional to consumption 
recommendations. Grains and cereals formed 
the base of the pyramid, fruits and vegetables 
formed the next layer followed by dairy and 
meat, beans, and nuts, and the tip of the pyra­
mid included fats, oils and sweets to be used 
sparingly. The 2005 edition had a similar pyra­
mid shape but contained a vertical rainbow of 
colors, with each color identifying a specific 
food group and the proportion of total intake. 
In addition, a color segment for physical activ­
ity was included. The 2005 Food Guide 
Pyramid was promoted as being interactive 
on the internet by allowing individuals to tai­
lor their daily intakes depending on their age, 
gender, and activity levels. Unfortunately, 
those populations without internet access 
were disadvantaged in becoming educated 
about the importance of a healthy diet and 
ways to incorporate nutritious foods into 
daily intakes. 
A. FRUIT AND VEGETABLE
3. FRUIT AND VEGETABLE
 
INITIATIVES
 

The 5-A-Day for Better Health Program was 
the first large-scale program aimed at increas­
ing fruit and vegetable consumption by pro­
moting the consumption of five fruit and 
vegetable servings per day; in 2005 the 5-A-
Day began to encourage 5–9 servings per day 
to reflect changes in the Dietary Guidelines [24]. 
The 5-A-Day began in 1991 as a public/private 
partnership between the National Cancer 
Institute (NCI) and Produce for Better Health 
(PBH), a non-profit organization. The mission 
of the program was to increase public aware­
ness of the importance of eating at least five 
fruits and vegetables daily through education 
and advertising campaigns. The 5-A-Day has 
initiated several successful local intervention in­
itiatives in schools and the workplace [25–28] 
(Table 8.4). These multicomponent interven­
tions were based on the stages of behavioral 
change model and included interactive activi­
ties involving F&V, education, cooking demon­
strations, and involving the family and 
community. Although many 5-A-Day interven­
tions were successful, whether individuals 
maintained fruit and vegetable consumption 
after the intervention was removed has not 
been well established. Research does indicate 
that demographic and psychosocial determi­
nants have a strong bearing on sustained con­
sumption [29]; whether 5-A-Day interventions 
had a positive effect on predictors of consump­
tion has yet to be determined. 

The 5-A-Day logo, placed on grocery items, 
was developed to educate consumers on which 
grocery items counted towards the 5-A-Day 
goal. Advertising funding has been low with 
total funding for public communication under 
$3 million in 1999, which is a miniscule 
amount compared to the advertising spent on 
fast food and junk food [30]. 
S IN HEALTH PROMOTION 
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TABLE 8.4 Evidence Summary of Interventions Implemented for the 5-A-Day for Better Health Program 

Reference Population Measures Results 

Beech 
et al. [25] 

Beresford 
et al. [26] 

Stables 
et al. [27] 

Stables 
et al. [28] 

2213 students in parochial 
school in New Orleans 

2828 adults at 28 work-
sites in Seattle 

2755 and 2544 adults in 
1991 and 1997 

Seven 5-A-Day school-
based intervention studies 
funded by 1-year grants 

22 nutrition-related items to assess 
knowledge of F&V 

Food Frequency Questionnaire, 24-hour 
recalls, fiber and fat-related diet behav­
ior questions, usual day checklist 

Intervention followed behavioral stages 
of change model 

Random digit dialing baseline and fol­
low-up survey 
Questions regarding F&V consumption 
and attitudes and knowledge about 
F&V 

F&V consumption baseline vs. follow-
up; measures varied 

Knowledge and consumption low 

Attitudes toward learning about healthier 
eating practices favorable 

At 2 years, significant increase in F&V 
consumption (0.2 baseline vs. 0.5 
follow-up) 

Mean F&V consumption significantly 
higher at follow-up; null findings when 
data adjusted for demographic shifts 
Weighted only: Z5 servings F&V, 27% 
in 1997 and 23% in 1991 

Average effect size of 0.4 servings of 
F&V 

Results similar to larger scale trials 
In March 2007, the Produce for Better 
Health Foundation launched the Fruit and 
Veggies – More Matters campaign to replace 
the 5-A-Day Program [31]. The new campaign 
relies heavily on internet access but provides a 
multitude of online resources including recipes, 
individualized serving calculators, lessons for 
kids, shopping tips, and the ability to post 
questions for experts and the community. The 
Fruit and Veggies – More Matters campaign is 
part of the Produce for Better Health 
Foundation’s National Action Plan to increase 
fruit and vegetable consumption among 
Americans [32]. Marketing to children, target­
ing worksites, supermarket retailers, fruit and 
vegetable growers and processors, health-care 
industries and organizations, communities, 
research, and federal policies are some of the 
strategies outlined to meet fruit and vegetable 
intake goals. We now present a recent fruit 
and vegetable trend study among US adults. 
A. FRUIT AND VEGETABLES
4. TRENDS IN FRUIT AND 
VEGETABLE CONSUMPTION: 

DATA FROM NHANES III (1988– 
1994) AND NHANES 1999–2002 

4.1 Introduction 

To determine if national efforts to increase 
F&V consumption were successful, F&V con­
sumption trends were examined using data 
from NHANES III (1988–1994) and NHANES 
1999–2002. Data from NHANES III (1988–1994) 
coincided with the initiation of the 5-A-Day 
Program in 1991, and data from NHANES 
1999–2002 were used as the most recently avail­
able data for comparison with NHANES III. 
This analysis compared consumption to the 
USDA Dietary Guidelines that were implemented 
from 1985 to 2005, which explicitly recom­
mended eating at least two servings of fruits 
and at least three servings of vegetables daily. 
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4.2 Methods 

The National Health and Nutrition 
Examination Survey (NHANES) is a stratified 
multistage probability survey conducted in the 
non-institutionalized population, aged Z6 
months administered by the National Center 
for Health Statistics (NCHS). The NHANES 
survey has two parts: 1) an in-home interview 
for demographic and basic health information, 
and 2) a health examination in a mobile exami­
nation center (MEC). Household interviews are 
conducted by trained staff and the MEC is 
staffed by physicians, medical and health tech­
nicians, and dietary and health interviewers. 
All survey information is confidential and 
approved by the NCHS Institutional Review 
Board [33]. 

4.3 Study Population 

This study included 14,997 adults (Z18 
years) from 1988 to 1994 and 8910 adults from 
1999 to 2002 with complete demographic and 
dietary data. For 1988–1994, the number of 
missing values for variables ranged from 108 
(0.6% missing) for education to 1582 (9%) for 
poverty income ratio (PIR). Individuals with 
missing PIR tended to be slightly older, more 
often Mexican American, and have less educa­
tion than individuals not missing PIR (data 
not shown). For 1999–2002, missing values for 
variables ranged from 19 (0.2%) for education 
to 1031 (10%) for PIR. Individuals with 
missing PIR tended to be slightly older, more 
often non-Hispanic Black or Mexican 
American, and have less education than 
individuals having PIR. There were no differ­
ences in F&V consumption overall or by 
socio-demographic indicators when individuals 
with missing PIR were included in analysis in 
either NHANES dataset. Therefore, individuals 
with missing socio-demographic data were 
excluded. 
A. FRUIT AND VEGETABLE
4.4 Dietary Measures 

As part of the standard NHANES data col­
lection protocol, 24-hour dietary recalls (24HR) 
were conducted and were used to estimate the 
number of daily F&V servings. The main F&V 
variable used in these analyses was the 7- and 
8-digit food coding scheme developed by the 
USDA for NHANES III and NHANES 1999– 
2002, respectively, which categorized items by 
food group and subgroup [34]. If the main 
ingredient of a mixed dish was a fruit or vege­
table, the item was categorized according to 
the main fruit or vegetable. Sweets containing 
fruit where fruit was not the main ingredient 
were excluded from analysis. Serving sizes for 
each recorded F&V were determined using 
serving size estimations from USDA/DHHS 
Dietary Guidelines [35] and a previous 
NHANES study [13]. Fruit servings included 
whole fruit, dried and mixed fruit dishes, and 
100% fruit juice. Vegetable servings included 
white potatoes, fried potatoes, garden vege­
tables (dark leafy greens, yellow vegetables, 
tomatoes, green beans, starchy vegetables), 
salad, and legumes. Although fried potatoes 
have been criticized as a vegetable, this subcate­
gory was included in analyses to be consistent 
with previously published NHANES II data 
[13]. Additional analyses were conducted to 
estimate the proportion of individuals consum­
ing fried potatoes. Reporting a salad on a sin­
gle occasion was coded as being equal to one 
serving rather than multiple servings for each 
ingredient. 

For each vegetable, one serving consisted of 
30–149 g and two servings consisted of 
Z150 g. For each fruit, one serving consisted 
of 30–239 g and two servings consisted of 
Z240 g. For fruit juice, one serving was 62– 
371 g (2–12 ounces), two servings 372–587 g 
(12–18 ounces), and three servings Z588 g 
(Z18 ounces). To minimize the impact of 
reported overestimation, an upper limit of two 
servings for F&V and an upper limit of three 
S IN HEALTH PROMOTION 
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servings for fruit juice were established. The 
lower limit for one serving was equal to one 
ounce to capture consumption for individuals 
with lower energy intakes. Although portions 
less than one ounce could sum to a serving 
over the day, and consequently result in under­
estimation, the bias would be minimal since 
the lower limit reflects very small intake 
amounts. 

Individuals with total caloric intakes <350 kcal 
or > 7000 kcal were considered to have unreli­
able consumption patterns and were excluded 
from our final analysis [N = 195 (1.0%) and 
N = 67 (0.7%) for 1988–1994 and 1999–2002, 
respectively] [36,37]. 

4.5 Statistical Analysis 

All analyses were conducted using survey 
weighting to account for the complex survey 
design, which consisted of multistage, strati­
fied, clustered samples. Probability sampling 
weights were used in conjunction with strata 
and primary sampling units (psu) to weight 
the analysis. Mean servings of F&V, the pro­
portion of individuals consuming specific 
types of F&V, and the proportion of 
individuals meeting the Dietary Guidelines (Z2 
servings of fruit and Z3 servings of vege­
tables based on an average 2000 kcal daily 
intake) were reported [35]. To explore demo­
graphic shifts over time between NHANES 
datasets, secondary analyses were conducted 
adjusted for age, ethnicity, and gender. 
Previously published data from NHANES II, 
1976–1980 [13] were used to assess trends 
across three NHANES surveys. 

Logistic regression analysis was used to 
compare F&V consumption patterns across 
socio-demographic groups. Mean intakes of 
total energy, percentage of energy from total 
and saturated fat, and fiber were stratified by 
F&V intake and adjusted for age, gender, 
and ethnicity using multiple regression 
A. FRUIT AND VEGETABLE
models. To assess differences in consumption 
between 1988–1994 and 1999–2002, χ2 tests 
for significance were performed. All analyses 
were conducted using STATA 9.0 statistical 
software (StatCorp. 2005 Stata Statistical 
Software: Release 9. College Station, TX; 
StataCorp LP). 

4.6 Results 

4.6.1 Population Characteristics 

Sixty-eight percent and 65% of the study 
population was <50 years of age in 1988–1994 
and 1999–2002, respectively, with a greater 
number of individuals Z70 years represented 
in 1999–2002 (11.2% vs. 9.4%) (P<0.001) 
(Table 8.5). There were slight differences, 
though not significant (P = 0.055), in ethnicity 
between 1988–1994 and 1999–2002 with 76.8% 
and 72.4%, respectively, of those sampled 
reporting ethnicity as non-Hispanic White, 
10.8% and 10.3% reporting non-Hispanic Black, 
and 5.0% and 6.9% reporting Mexican 
American. Fewer participants were poor or 
near poor in 1988–1994 (12.9%, 4.9%, respec­
tively) compared to participants in 1999–2002 
(14.9%, 6.7%, respectively) (P = 0.008) [38]. 
Education level was significantly different 
between the two NHANES populations with 
41.5% in 1988–1994 reporting an education le­
vel > high school compared to 52.5% in 1999– 
2002 (P<0.001). 

4.6.2 Fruit and Vegetable Patterns 

Daily recommended fruit consumption (Z2 
servings) was similar between 1988–1994 and 
1999–2002 (27%, 28%, respectively; P = 0.196) 
(Table 8.6). There was a slight decrease in 
daily recommended vegetable consumption 
(Z3 servings) from 35% in 1988–1994 to 32% 
in 1999–2002, which was statistically significant 
(P = 0.026). Eleven percent met the daily 
recommendations (Z2 servings fruit and Z3 
S IN HEALTH PROMOTION 
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TABLE 8.5 Adult (Z18 years) Population Characteristics for NHANES III (1988–1994) and NHANES 1999– 
2002 

NHANES III, 1988–1994 NHANES 1999–2002 
(N = 14,997) (N = 8910) 
% (SE)a % (SE) P-valueb 

Age 

18–29 25.3 (0.9) 21.6 (0.8) <0.001 

30–39 24.1 (0.7) 20.3 (0.9) 

40–49 18.7 (0.7) 21.6 (0.8) 

50–59 12.0 (0.7) 15.6 (0.6) 

60–69 10.6 (0.5) 9.7 (0.5) 

Z70 9.4 (0.6) 11.2 (0.5) 

Gender 

Female 52.2 (0.5) 51.9 (0.5) 0.693 

Ethnicity 

Non-Hispanic White 76.8 (1.3) 72.4 (1.7) 0.055 

Non-Hispanic Black 10.8 (0.6) 10.3 (1.2) 

Mexican American 5.0 (0.4) 6.9 (0.9) 

Other 7.4 (0.8) 10.4 (1.7) 

Poverty Income Ratio (PIR) 

r1.0 (poor) 12.9 (0.8) 14.9 (0.9) 0.008 

1.0–1.25 (near poor) 4.9 (0.3) 6.7 (0.7) 

1.25–2.5 (moderately poor) 26.3 (1.0) 22.2 (0.9) 

> 2.5 (not poor) 55.9 (1.4) 56.2 (1.8) 

Education 

< High school 23.9 (1.1) 21.3 (0.9) <0.001 

High school completion 34.5 (0.7) 26.2 (1.1) 

> High school 41.5 (1.3) 52.5 (1.5) 

aSurvey weighted percentage and standard error.
 
bP-value for Pearson χ2 test for difference between NHANES III and NHANES 1999–2002.
 
servings vegetables) in 1988–1994 and in 1999– 
2002 (P = 0.963), indicating no change in con­
sumption. Mean daily serving intakes for fruits 
and vegetables were 3.06 and 3.04 for 1988– 
1994 and 1999–2002, respectively (P = 0.754). 
For both study periods, roughly half of the par­
ticipants reported no fruit servings, about 
25% reported no vegetable servings, and 14% 
reported no vegetable and no fruit servings 
(Table 8.7). Fruit and vegetable intakes 
adjusted for age, sex, and ethnicity did not 
A. FRUIT AND VEGETABLE
significantly change consumption patterns 
(data not shown). 

4.6.3 Fruit and Vegetable Patterns by 
Demographics 

In both study periods, recommended con­
sumption frequencies for fruits (Z2) and vege­
tables (Z3) were significantly different by 
age, ethnicity, poverty income ratio, and edu­
cation level (data not shown). In 1988–1994 
S IN HEALTH PROMOTION 
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TABLE 8.6 Mean Servings (SE) of Fruits and Vegetables and Percentage (SE) of Adults (Z18 Years) Meeting 
Daily Serving Recommendations for Fruits and Vegetables 

Servings per day NHANES III, 1988–1994 NHANES 1999–2002 P-valuea 

(N = 14,997) (N = 8910) 
% (SE) % (SE) 

Fruit 

Total Fruit 

Mean servings (SE) 0.99 (0.03) 1.07 (0.04) 0.081 

Whole Fruit 

0 63.1 (0.9) 61.3 (1.2) 0.290 

Z1 36.9 (0.9) 38.7 (1.2) 

Fruit Juice 

0 75.4 (0.8) 75.4 (0.9) 0.983 

Z1 24.6 (0.8) 24.6 (0.9) 

Recommended (Z2) 26.7 (0.8) 28.4 (1.2) 0.196 

Vegetables 

Total Vegetables 

Mean servings (SE) 2.08 (0.03) 1.97 (0.03) 0.029 

White Potatoes 

0 79.3 (0.8) 82.1 (0.6) 0.004 

Z1 20.7 (0.8) 17.9 (0.6) 
Fried Potatoes 

0 80.2 (0.6) 79.4 (1.0) 0.402 

Z1 19.8 (0.6) 20.6 (1.0) 

Salad 

0 70.8 (0.9) 72.0 (0.7) 0.335 

Z1 29.2 (0.8) 28.0 (0.7) 

Garden Vegetables 

0 46.2 (0.9) 48.9 (1.0) 0.033 

Z1 53.7 (0.9) 51.1 (1.0) 

Legumes 

0 88.7 (0.6) 87.1 (0.5) 0.059 

Z1 11.2 (0.6) 12.9 (0.5) 

Recommended (Z3) 35.0 (0.7) 32.5 (0.7) 0.026 

Total Fruit and Vegetable 

Mean Servings of Fruit and Vegetables 

Mean (SE) 3.06 (0.04) 3.04 (0.06) 0.754 

Recommended Fruit (Z2) and 
Vegetable (Z3) 

Yes 10.9 (0.4) 10.8 (0.6) 0.963 

Z5 Servings Fruits and Vegetables 

Yes 24.3 (0.6) 23.6 (0.8) 0.544 

aPearson χ2 test for difference between NHANES III and NHANES 1999–2002. 
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TABLE 8.7 Percentage (SE) of Adults (Z18 years) by Number of Consumed Fruit and Vegetable Servings 

Fruit Servings NHANES III, 1988–1994 (N = 14,997) NHANES 1999–2002 (N = 8910) 

Vegetable Servings Vegetable Servings 

0 1 2 Z3 Total 0 1 2 Z3 Total 

0 

1 

2 

Z3 

Total 

14 (0.5) 

5 (0.3) 

3 (0.2) 

2 (0.2) 

24 (0.7) 

11 (0.5) 

4 (0.3) 

3 (0.3) 

2 (0.2) 

21 (0.5) 

10 (0.4) 

5 (0.3) 

3 (0.2) 

2 (0.2) 

20 (0.5) 

16 (0.6) 

8 (0.4) 

6 (0.3) 

5 (0.3) 

35 (0.7) 

50 (0.9) 

23 (0.5) 

15 (0.5) 

12 (0.6) 

100 

14 (0.8) 

5 (0.3) 

3 (0.2) 

3 (0.2) 

25 (0.9) 

11 (0.5) 

5 (0.3) 

3 (0.2) 

3 (0.2) 

22 (0.6) 

10 (0.6) 

5 (0.3) 

3 (0.3) 

3 (0.2) 

21 (0.6) 

14 (0.7) 

8 (0.4) 

5 (0.3) 

6 (0.4) 

32 (0.7) 

49 (1.3) 

22 (0.6) 

14 (0.6) 

15 (0.8) 

100 
and 1999–2002, older individuals (Z50 years) 
were more likely to consume Z2 fruit ser­
vings and were more likely to meet both fruit 
and vegetable recommendations in both study 
periods (all P<0.05) (Table 8.8). 

Females were more likely to consume Z2 
fruit servings in both study periods (P<0.05) 
but less likely to consume Z3 servings of vege­
tables in NHANES III [odds ratio (OR) = 0.83, 
confidence interval (CI) = 0.77–0.89]. There 
were no gender differences for meeting both 
recommendations. 

Non-Hispanic Blacks were less likely to 
meet fruit recommendations compared to non-
Hispanic Whites in 1988–1994 (OR = 0.63, 
CI = 0.57–0.69) and 1999–2002 (OR = 0.68, 
CI = 0.60–0.77). Mexican Americans were less 
likely to meet fruit recommendations in 1988– 
1994 compared to non-Hispanic Whites 
(OR = 0.75, CI = 0.69–0.83); there was no differ­
ence in NHANES 1999–2002. Non-Hispanic 
Blacks were less likely to meet vegetable 
recommendations in 1988–1994 and 1999–2002 
compared to non-Hispanic Whites (OR = 0.52, 
0.0.61, respectively, P<0.05); there was no dif­
ference among Mexican Americans in both 
study periods. For meeting both fruit and 
vegetable recommendations, non-Hispanic Blacks 
were less likely in 1988–1994 and 1999–2002 
(OR = 0.45, 0.57, respectively; P<0.05) to meet 
the recommendations compared to non-Hispanic 
A. FRUIT AND VEGETABLE
Whites. Mexican Americans were less likely to 
meet fruit and vegetable recommendations com­
pared to non-Hispanic Whites in 1988–1994 
(OR = 0.76, CI = 0.68–0.88) but there was no dif­
ference in the later study period. 

In 1988–1994, a poverty income ratio > 1.0 
was associated with an increased likelihood of 
meeting fruit and vegetable recommendations 
compared to a ratio r1.0; those with the high­
est PIR (Z2.5) had 2.06 times the odds of meet­
ing the recommendations than those in the 
lowest PIR. In 1999–2002, only individuals 
with a PIR Z1.25 had an increased likelihood 
of meeting the fruit and vegetable recommen­
dations (P<0.05). 

In 1988–1994 and 1999–2002, those with Z 
high school completion were more likely to 
meet fruit, vegetable, and both fruit and vegeta­
ble recommendations (all P<0.05). A consistent 
dose–response relationship for education levels 
and the likelihood of meeting fruit and vegeta­
ble recommendations was observed. 

4.6.4 Types of Vegetables Consumed 

There was no difference in the number of 
daily vegetable servings consumed by indi­
viduals in NHANES 1988–1994 and NHANES 
1999–2002 (data not shown). Among those con­
suming one vegetable serving, 26% in 1988– 
1994 and 27% in 1999–2002 consumed fried 
S IN HEALTH PROMOTION 
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Recommended Fruits (Z2) 
and Vegetables (Z3) 

NHANES III NHANES 

1988–1994 1999–2002 

Ref Ref 

1.18 (0.99–1.41) 1.23 (0.99–1.54) 

1.22* (1.01–1.48) 1.25 (1.00–1.56) 

1.84* (1.51–2.23) 1.45* (1.14–1.83) 

1.71* (1.42–2.06) 1.80* (1.45–2.23) 

2.10* (1.78–2.49) 1.74* (1.42–2.14) 

0.97 (0.88–1.08) 1.00 (0.88–1.14) 

Ref Ref 

0.45* (0.39–0.53) 0.57* (0.46–0.70) 

0.76* (0.68–0.88) 0.95 (0.82–1.11) 

0.92 (0.71–1.20) 0.94 (0.74–1.21) 

Ref Ref 

1.40* (1.10–1.77) 0.89 (0.65–1.22) 

1.44* (1.22–1.69) 1.31* (1.06–1.61) 

2.06* (1.77–2.39) 1.65* (1.37–2.00) 

Ref Ref 

1.14 (1.00–1.31) 1.21* (1.00–1.47) 

1.78* (1.57–2.02) 1.90* (1.62–2.22) 
TABLE 8.8 Odds Ratios (95% CI) for Meeting Fruit and Vegetable Serving Recommendations Stratified b
Income Ratio, and Education for Adults (Z18 Years) 

Recommended Fruit Recommended Vegetables 
(Z2 servings) (Z3 servings) 

NHANES III NHANES NHANES III NHANES 

1988–1994a 1999–2002 1988–1994 1999–2002 

Age 

18–29 Ref Ref Ref Ref 

30–39 1.18* (1.05–1.33) 1.04 (0.90–1.21) 1.07 (0.97–1.19) 1.15* (1.00–1.33) 

40–49 1.22* (1.07–1.38) 1.12 (0.97–1.30) 1.13* (1.01–1.27) 1.10 (0.95–1.27) 

50–59 1.80* (1.58–2.06) 1.33* (1.14–1.57) 1.10 (0.97–1.24) 1.24* (1.06–1.45) 

60–69 2.11* (1.86–2.39) 1.67* (1.44–1.94) 1.03 (0.92–1.16) 1.27* (1.09–1.46) 

Z70 2.96* (2.64–3.32) 2.10* (1.82–2.41) 0.94 (0.84–1.05) 0.96 (0.83–1.11) 

Gender 

Female (vs. male) 1.12* (1.04–1.20) 1.20* (1.09–1.31) 0.83* (0.77–0.89) 0.95 (0.87–1.04) 

Ethnicity 

Non-Hispanic White Ref Ref Ref Ref 

Non-Hispanic Black 0.63* (0.57–0.69) 0.68* (0.60–0.77) 0.52* (0.47–0.57) 0.61* (0.53–0.69) 

Mexican American 0.75* (0.69–0.83) 0.93 (0.83–1.03) 1.04 (0.96–1.13) 1.01 (0.91–1.13) 

Other 1.02 (0.85–1.23) 0.97 (0.82–1.15) 0.90 (0.75–1.08) 0.83* (0.70–1.00) 

Poverty Income Ratio 
(PIR) 

r1.0 (poor) Ref Ref Ref Ref 

1.0–1.25 (near poor) 1.30* (1.11–1.51) 0.88 (0.73–1.07) 1.01 (0.87–1.17) 1.03 (0.85–1.25) 

1.25–2.5 (moderately 1.40* (1.26–1.56) 1.17* (1.02–1.34) 1.14* (1.03–1.25) 1.22* (1.07–1.40) 
poor) 

> 2.5 (not poor) 1.77* (1.61–1.96) 1.38* (1.22–1.56) 1.50* (1.37–1.64) 1.57* (1.39–1.78) 

Education 

< High school Ref Ref Ref Ref 

High school diploma 0.98 (0.90–1.07) 1.12 (0.99–1.27) 1.12* (1.03–1.22) 1.20* (1.06–1.35) 

> High school 1.60* (1.47–1.74) 1.52* (1.37–1.69) 1.31* (1.21–1.43) 1.62* (1.46–1.80) 

aNHANES III (N = 14,997); NHANES 1999–2002 (N = 8910). 
*P<0.05. 
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potatoes (P = 0.51) and 44% in 1988–1994 and 
43% in 1999–2002 consumed garden vegetables 
(P = 0.53) (Fig. 8.1). In both study periods, as 
vegetable servings increased and vegetable com­
binations became more varied, garden vege­
tables and salads were more frequently 
consumed. For individuals consuming 2 ser­
vings of vegetables, roughly 22% consumed a 
salad and a garden vegetable and roughly 19% 
consumed 2 servings of garden vegetables. 
Among individuals consuming Z3 servings in 
1988–1994 and 1999–2002, roughly 12% con­
sumed 3 servings of garden vegetables and 14% 
consumed 2 servings of garden and a salad 
A. FRUIT AND VEGETABLE
with far fewer consuming any combination con­
taining fried potatoes. The combination of vege­
tables individuals consumed over the two study 
periods did not change significantly (data not 
shown). 

4.6.5 Trends in Consumption Between 
NHANES II, NHANES III, and NHANES 
1999–2002 

Previously published data from NHANES II 
(1976–1980) was used to compare fruit and 
vegetable consumption over the past three 
NHANES surveys [39] (Fig. 8.2). The 
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FIGURE 8.1 Percentage of adults consuming zero, one, two, or Z3 daily vegetable servings and types of vegetables con­
sumed in NHANES 1988–1994’ and NHANES 1999–2002’. 
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percentage of individuals meeting fruit and 
vegetable recommendations increased only 
slightly from 9% in 1976–1980 to 11% in 1988– 
1994 and remained constant at 11% in 1999– 
2002. Fruit consumption decreased slightly 
from 29% in 1976–1980 to 27% in 1988–1994 
and 28% in 1999–2002. Vegetable consumption 
increased from 27% in 1976–1980 to 35% in 
1988–1994 and then decreased slightly to 33% 
in 1999–2002. 

4.6.6 Energy and Macronutrient 
Consumption by Fruit and Vegetable Intake 

The USDA Dietary Guidelines recommend 
14 g of fiber per 1000 kcal consumed [40]. After 
adjusting for age, gender, and ethnicity, mean 
energy and fiber intakes were higher for those 
consuming more F&V (Table 8.9), but 
remained below recommendations in both 
A. FRUIT AND VEGETABLE
study periods. The Dietary Guidelines recom­
mend 20–35% of energy from total fat and 
<10% of energy from saturated fat. The mean 
percentage of energy from total fat was 
slightly above 30% and the mean percentage of 
energy from saturated fat was slightly above 
10% for all F&V intake levels. 

4.6.7 Discussion 

Based on 24-hour dietary recall data from 
NHANES III 1988–1994 and NHANES 1999– 
2002, approximately 89% of Americans failed 
to meet USDA Dietary Guidelines for F&V. 
Furthermore, there was no improvement in 
Americans’ fruit consumption during this 
period and there was a small decrease in vege­
table intake. About half of participants did not 
consume any fruit and a quarter consumed no 
vegetables. Although 35% in 1988–1994 and 
40 
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FIGURE 8.2 Percentage of adults (Z18 years) meeting daily recommended servings of fruits (Z2) and vegetables (Z3)
 
by NHANES study periods.
 
(NHANES II from previously published data; Patterson et al. [13]).
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TABLE 8.9 Mean Intakes (SE) of Energy, Total and Saturated Fat, and Fiber by Fruit and Vegetable Consumption 
for American Adults, Adjusted for Age, Gender and Ethnicity 

NHANES III, 1988–994 (N = 14,997)	 NHANES 1999–2002 (N = 8910) 

Energy Intake	 % of  % of Energy Fiber (g/ Energy % of  % of Energy Fiber (g/ 
(kcal)	 Energy from 1000 kcal) Intake (kcal) Energy from 1000 kcal) 

from Total Saturated Fat from Total Saturated Fat 
Fat Fat 

F&V 
Servings 

0 1818 (37) 32.4 (0.4) 11.4 (0.2) 6.1 (0.1) 1813 (32) 31.9 (0.4) 10.7 (0.1) 5.5 (0.1) 

1 1922 (27) 33.1 (0.3) 11.3 (0.1) 6.9 (0.1) 1985 (29) 33.1 (0.3) 10.8 (0.1) 6.4 (0.1) 
2 2075 (37) 33.8 (0.3) 11.3 (0.1) 7.7 (0.1) 2090 (27) 33.7 (0.3) 10.9 (0.1) 7.0 (0.1) 

3 2091 (28) 32.7 (0.3) 10.8 (0.1) 8.5 (0.1) 2164 (22) 33.1 (0.3) 10.7 (0.1) 7.8 (0.1) 

4 2253 (39) 33.3 (0.3) 10.8 (0.1) 9.4 (0.1) 2269 (36) 33.0 (0.5) 10.5 (0.2) 8.1 (0.1) 

Z5 2372 (29) 32.4 (0.3) 10.3 (0.1) 10.2 (0.1) 2453 (24) 32.1 (0.4) 10.0 (0.1) 10.0 (0.2) 
32% in 1999–2002 consumed Z3 servings of 
vegetables per day on average, many indi­
viduals consumed multiple servings of the 
same vegetable, which reflects a lack of bal­
ance and variety. These results are similar to 
other studies that have estimated fruit and 
vegetable intake among American adults. 

In both surveys, non-Hispanic Blacks were 
less likely to meet F&V Guidelines than non-
Hispanic Whites (7% vs. 11%). These results 
are consistent with previous NHANES findings 
[41], although published literature is varied 
[12,14,15]. The results that F&V consumption 
was positively associated with income and edu­
cation are also consistent with findings in 
other studies [12,20,21,42,43]. This result sug­
gests that poverty continues to be a barrier for 
purchasing and consuming F&V, and could be 
one reason for low F&V consumption. In addi­
tion to the general population, behavioral inter­
ventions should target demographic groups 
that are less likely to meet the national Dietary 
Guidelines such as African Americans and low 
socioeconomic status groups. 

In contrast to study expectations, the analy­
sis indicated little change in F&V consumption 
A. FRUIT AND VEGETABLE
between 1988–1994 and 1999–2002. A slight 
increase in consumption was expected as a 
result of national initiatives such as the 5-A-
Day for Better Health Program launch in 1991 
and increased media attention on the impor­
tance of a healthy, balanced diet, which in­
cludes a variety of F&V. Although the 5-A-Day 
Campaign has produced some immediate suc­
cessful results in local interventions [44–46], 
the analyses indicated that consumption at the 
national level has not changed (Table 8.2). 
Similar results have been documented in the 
BRFSS, which examined trends over a shorter 
period. The BRFSS data collected between 1994 
and 2000 showed that the proportion of in­
dividuals consuming F&V five or more times 
per day remained constant at 25% [47]; 
another BRFSS analysis indicated 19%, 22%, 
and 23% of adults in 1990, 1994, and 1996, 
respectively, consumed at least five daily F&V 
servings [48]. Most recently, a report from 2005 
BRFSS data indicated that 32.6% of the US 
adult population consumed fruit two or more 
times per day and 27.2% ate vegetables three 
or more times per day; results for Z5 servings 
of fruits and vegetables was not reported [49]. 
S IN HEALTH PROMOTION 
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These estimates are slightly higher for fruits 
and slightly lower for vegetables than reported 
estimates from NHANES III and NHANES 
1999–2002. The differences are likely to be a 
result of the BRFSS using a brief self-
reported fruit and vegetable screener and 
NHANES using a 24-hour dietary recall as 
reporting methods. The 1987–1992 NHIS found 
that F&V consumption and the mean number 
of servings per week remained stable over 
time [50]. Although the trends in BRFSS and 
NHIS are similar to the current study, the dif­
ference in the actual proportion meeting the 
Guidelines is likely due to inaccurate portion 
size estimation and limiting F&V consumption 
to the specific combination of 2 fruits and 3 
vegetables. In these analyses, when any combi­
nation of F&V was considered, 24% of in­
dividuals consumed Z5 F&V. 

There are limitations of this study worth 
noting. First, NHANES provides only one 
24-hour dietary recall. Four 24-hour recalls are 
optimal to measure individuals’ usual intake, 
however, some research has indicated that food 
intake data based on 1-day dietary recall can 
be reliable measures of usual intakes of popula­
tion groups [51]. Second, it is likely that there 
may be inaccuracies in converting grams to ser­
vings. Nevertheless, the implemented method 
follows protocols used in the USDA Dietary 
Guidelines and is interpretable by the public. 
Even though small portions (<1 ounce) were 
excluded, which could sum to a serving over 
the span of a day, it is unlikely that the results 
were underestimated since a generous lower 
limit of one ounce was used in calculation of 
servings. Approximately <1% of individuals 
had small fruit intakes that could cumulate to 
a 1 ounce serving over a day; <10% of in­
dividuals were estimated to have small vegeta­
ble intakes that could cumulate to a 1 ounce 
serving. On the other hand, the lower limit is 
equivalent to less than half of a USDA defined 
serving, which could result in an overestima­
tion of consumption. The latter bias would be 
A. FRUIT AND VEGETABL
expected to be larger, thus, adult F&V con­
sumption may be, regrettably, lower than 
reported here. Indeed, additional analyses 
determined that less than 10% of individuals 
reported consuming between 2 and 6 ounces of 
juice and that the sum of these small quantities 
often did not reach a total of 6 ounces. 

5. CONCLUSION 

A lack of an improvement in F&V consump­
tion could be attributed to a variety of factors. 
First, food preferences are often personal 
and rooted in cultural backgrounds [52–54]. 
Second, environmental barriers continue to 
deter individuals from eating the recommended 
number of F&V. Snack and unhealthy foods are 
relatively cheap compared to fresh produce due 
to subsidies, costs in fresh food distribution, 
and the large US food supply [30]; eating out is 
common and convenient but facilitates con­
sumption of larger portion sizes with extra 
energy and fat content [55]; advertising for nutri­
tionally poor foods is much more widespread 
than for the promotion of F&V [30]; access to 
fruits and vegetables may be limited in disad­
vantaged neighborhoods [56]. Third, confusion 
over implementing the Dietary Guidelines into 
daily practice may deter individuals from trying 
to meet F&V recommendations [57]. Without 
formal education or access to pertinent informa­
tion, many Americans are missing important 
messages about the health benefits of including 
F&V in their daily diet. 

The 2005 Dietary Guidelines incorporate energy 
intake into F&V Guidelines to emphasize that 
individuals who consume more energy should 
consume more F&V (Z5 servings for <1800 
kcal, Z9 for  1800–2200 kcal and > 9 for  > 2200 
kcal). Previous analyses in NHANES 1999–2002 
found that 3.7% met the 2005 Dietary Guidelines 
recommendation of Z9 F&V servings for a die­
tary intake of approximately 2000 kcal. Although 
individuals surveyed during 1999–2002 cannot 
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be expected to meet the 2005 Guidelines, these
analyses stress the point that the proportion of in­
dividuals meeting current Guidelines is likely 
even lower and the need for further nutritional 
education is warranted. 

Consistent reports of low F&V consumption 
with no indication of improvement as well as 
consumption disparities across ethnic, income, 
and educational groups over the past several 
decades should alarm public health officials 
and professionals. With two-thirds of the US 
adult population overweight or obese, the 
implications of a diet low in F&V are exten­
sive [58]. Actions to improve the availability, 
accessibility, and affordability of fresh produce 
and to increase consumption through federally 
funded food programs, such as the Food 
Stamp Program, should be components for 
implementation. Schools and worksites pro­
vide an avenue in which to reach the general 
public about the importance of fruits and vege­
tables in a healthy diet. Successful components 
of the 5-A-Day Program, such as information 
sessions, cooking demonstrations, and commu­
nity and family involvement, are starting 
points for future interventions. The new Fruit 
and Veggies – More Matters campaign aims to 
increase consumption by targeting the primary 
household food purchasers and by educating 
on the health benefits of fruit and vegetables 
and ways to incorporate them in the daily 
diet. Despite these campaigns, new strategies 
may be necessary to help Americans make 
desirable behavioral changes to consume a 
healthy diet that includes a variety of fruits 
and vegetables. 

6. SUMMARY 

Consumption of fruits and vegetables among 
US adults is below USDA recommended ser­
vings. Low consumption has a negative effect 
on a healthy diet. A healthy diet that includes a 
variety of fruits and vegetables may protect 
A. FRUIT AND VEGETABLE
against preventable chronic diseases including 
cardiovascular disease and diabetes. To increase 
consumption, concerted efforts must address 
individual behaviors and the social and physi­
cal environments in which individuals interact 
and obtain fruits and vegetables. 
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Mixed Diet
 
Ute Alexy and Mathilde Kersting 

Research Institute of Child Nutrition (FKE), Dortmund, Germany 
Unhealthy diet and physical inactivity in­
crease the risk for several chronic diseases. 
Since dietary habits during childhood and ado­
lescence continue to a moderate degree until 
adulthood [1] and unfavorable dietary prac­
tices during youth have a negative effect on 
later health [2], dietary interventions at an 
early age are desirable. 

To improve dietary practice, there is a clear 
need for so-called ‘food-based dietary guide­
lines’ (FBDG). Such FBDGs translate scientific 
nutritional population goals, e.g. fat intake 
below 30% of energy, into comprehensible 
recommendations for the total diet. In 1998, the 
Food and Agriculture Organization of the 
United Nations and World Health Organization 
(FAO/WHO) published a report on the prepara­
tion and use of FBDG. FBDG should cover the 
total daily diet and should not be restricted to 
single meals (e.g. breakfast) or food groups (e.g. 
fruit and vegetables). FBDG should be popula­
tion based and take into account nutrition-
related health problems within a country. They 
Bioactive Foods in Promoting Health: Fruits and Vegetables 1
should also be developed on a national level 
considering traditional food consumption pat­
terns and should be practical, simple and trans­
formed into slogans [3]. 

In the FAO/WHO report, children o 2 years 
of age were not mentioned initially. However, 
it cannot be tacitly assumed that FBDG for 
adults are, per se, also appropriate for children 
or that dietary problems within a population 
are the same for all age groups. Therefore there 
is a need for specific FBDG that consider their 
special nutritional needs for children and ado­
lescents, especially the increasing energy intake 
per day and the simultaneously decreasing 
energy requirement per kg body weight, as 
well as specific food patterns and preferences 
during this period. Such FBDG should be coun­
try specific even for the young, since food and 
meal patterns, for instance weaning habits, dif­
fer even between neighboring countries. 

For Germany, the Research Institute of 
Child Nutrition Dortmund (FKE) in 1993 devel­
oped FBDG termed the Optimized Mixed Diet 
31 r 2010 Elsevier Inc. All rights reserved. 
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(OMD) for children and adolescents aged 1–18 
years. Development and preparation were in 
accordance with the FAO/WHO guidelines [4]. 
The scientific panel of the European Food 
Safety Authority (EFSA) accentuated that in 
the OMD, ‘a core of quantified food groups 
can be adequate for age groups between 1 and 
18 years’ (www.efsa.europa.eu; 2008). 

1. THE DEVELOPMENT OF
 
THE OMD
 

The basis of the OMD is 7-day daily menus, 
which were conceived taking into account: 

1. the typical meal patterns of families in 
Germany; 

2. the use of only common, easy available and 
non-fortified foods; 

3. the typical food preferences of children and 
adolescents, including, for example, fast-
food dishes and sweets. 

This approach ensured the traditional food 
pattern as demanded by the FAO/WHO [3]. 
Fortified foods were avoided since fortification 
practice in Germany is very heterogeneous: the 
range of fortification varies even within a prod­
uct group, and fortification with several vita­
mins and/or minerals is customary [5,6]. 

In a second step, these 7-day menus were 
optimized, i.e. food amounts and/or food selec­
tions were modified by trained dieticians, until 
the mean energy and nutrient intake over the 7 
days was in accordance with German reference 
values [7]. In total, the OMD provided 100% of 
energy requirements, and reached or exceeded 
the reference values for most vitamins and 
minerals (Fig 9.1). Protein constitutes 13.8% of 
energy intake, fat 32.8%, and carbohydrates 
53.4%. Percentages of energy from saturated, 
monounsaturated and polyunsaturated fatty 
acids are 10.3%, 15.2% and 7.3%. The mean 
A. FRUIT AND VEGETABLE
FIGURE 9.1 Intake of energy, minerals and vitamins in 
the OMD (% of dietary reference intakes). 

energy density (incl. beverages) is 71 kcal/100 g. 
Per 100 g, the OMD includes 17 g dietary fiber. 

In spite of the high intake of vegetables, the 
most important source for folic acid, the refer­
ence values for folic acid could not be 
achieved without fortification. The same 
applied for iodine. Therefore, in the OMD the 
use of iodized table salt fortified with folic acid 
(100 mg/per 100 g) is recommended. 

In the German reference values, six age 
groups, and subgroups by gender are indicated. 
For the 7-day menus, the 4–6-year-old age group 
was chosen as an example. Since reference nutri­
ent densities of 1–18-year-old children and 
adolescents remained fairly constant [4], by  
adapting food amounts in the menus the altered 
energy and nutrient demands of other age 
groups could be achieved using the same food 
items, but with varying food group amounts 
(Table 9.1). Food group proportions in the OMD 
are independent of age and sex. 

In a third step, the individual foods of the 
optimized menus were categorized into 11 
food groups. The criteria for aggregating these 
food groups were their specific nutrient proper­
ties or their use in the traditional German meal 
pattern. Weight proportions of the 11 food 
groups in the total diet, and proportions of 
energy and nutrients were calculated. 
S IN HEALTH PROMOTION 
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TABLE 9.1 Recommended Daily Food Group Amounts by Age and Sex in the OMD 

Age (Years) % Total Diet 

1 2–3 4–6 7–9  10–12 13–14 15–18 

Boys/Girls Boys/Girls 

Beverages mL/d 600 700 800 900 1000 1200/1300 1400/1500 38.5 

Bread, grain, potatoes g/d 200 260 350 420 520 630/520 700/580 19.3 

Vegetables g/d 120 150 200 220 250 260/300 300/350 10 

Fruits g/d 120 150 200 220 250 260/300 300/350 10 

Dairy, cheese g/d 300 330 350 400 420 425/450 450/500 13.7 

Meat, fish, eggs g/d 45 52 63 77 93 110/100 120/110 3.1 

Oil, fat g/d 15 20 25 30 35 35/40 40/45 1.2 

Confectionerya kcal/d 100 110 150 180 220 270/220 310/250 3.5 

aMaximum 10% of daily energy intake. 
2. IMPLEMENTATION OF THE
 
OMD IN GERMANY
 

For public use, three simple messages were 
derived from the aggregated food groups: 

•	 Consume abundantly: beverages and plant 
foods (e.g. fruit and vegetables, bread, 
potatoes); 

•	 Consume moderately: foods of animal origin 
(e.g. dairy, meat); 

•	 Consume sparingly: fatty and sugary 
foods (e.g. oil, fat, confectionery, soft 
drinks). 

Using the three traffic light colors (green for 
abundantly, yellow for moderately, and red for 
sparingly), these rules are a simple and catchy 
tool for nutrition education. 

The OMD is now widely accepted as the 
standard of a healthy diet during growth by 
pediatric and nutritional professionals. For 
example, the OMD is used for dietary adiposity 
and obesity intervention programs [8], 
as reference for food group intake in 
A. FRUIT AND VEGETABLES
representative dietary studies [9], and as a basis 
for recommendations for communal feeding. 

3. FRUIT AND VEGETABLES IN 
THE OMD 

Plant food and beverages account for 78% of 
the OMD, followed by foods of animal origin 
(17%) and fatty and sugary foods (5%). Fruit and 
vegetables each account for 10%. As Table 9.2 
shows, the impact of these food groups on 
energy was disproportionately low. The low 
energy density of fruit and especially vegetables 
compared to other food groups limits their pro­
portion in the  diet  during  growth. Other  plant  
food groups with a higher energy density are nec­
essary to fulfill the high energy needs in this age 
with an acceptable food volume. In contrast to 
energy, fruit and especially vegetables are impor­
tant sources for many essential nutrients, e.g. 
fiber, potassium, folic acid, and vitamin C. 
Vegetables additionally yield magnesium, vita­
min K, and vitamin A via β-carotene (Table 9.2). 
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TABLE 9.2 Percent (%) Food Consumption, Energy and Nutrients Provided by Food Groups in the Optimized 
Mixed Diet 

% of Daily Beverages and Plant Food Food of Animal Origin Fatty and 
Intake Sugary Food 

Fruit Vegetables Beverages Potatoes, Dairy, Meat, Fish, Fat, Oils, 
Bread, Grain Cheese Eggs Confectionery 

Consumption 9.9 10.1 38.5 19.3 13.7 3.1 5.5 

Energy 6.8 2.7 0.2 42.4 12.7 7.9 27.3 

Protein 3.4 6.1 0.0 40.0 24.5 21.6 4.5 

Fat 1.1 1.0 0.1 12.7 16.1 14.8 54.3 

Carbohydrates 11.2 2.8 0.3 61.5 7.5 0.1 16.6 

Fiber 13.6 15.1 0.0 65.7 0.3 0.1 5.3 

Water 10.0 11.3 46.2 13.2 14.1 2.5 2.7 

Potassium 16.5 20.7 1.2 34.6 15.5 6.1 5.6 

Magnesium 10.8 12.4 4.2 50.3 11.6 5.2 5.6 

Carotene 3.0 79.7 0.0 1.8 1.3 0.2 14.0 

Vitamin K 9.0 65.6 0.0 7.5 0.7 3.6 13.7 

Vitamin B1 6.6 9.7 2.4 55.2 7.8 16.0 2.4 

Folic acid 13.2 30.5 0.0 43.1 7.1 4.2 1.9 

Vitamin C 35.2 48.7 0.0 8.9 2.7 2.6 1.9 
4. MEAL-BASED
 
RECOMMENDATIONS OF THE OMD
 

A specialty of the OMD is the addition of 
meal-based recommendations to the total diet 
concept. Food groups of the optimized 7-day 
menus were also aggregated by the five meals 
that occur in the menus: first and second break­
fast, lunch, afternoon snack and dinner. Since 
the food patterns of the first breakfast and din­
ner, as well as second breakfast and afternoon 
snack respectively were similar, the guidelines 
for these meals were combined, resulting in 
three meal-based guidelines: cold main meals 
(i.e. breakfast and dinner), snacks (in the mid 
morning and afternoon), and lunch. 

All three meal guidelines are common with a 
great proportion of fruit or vegetables. Thus, the 
OMD is in accordance with 5-a-day campaign to 
promote fruit and vegetable intake worldwide. 

The basis of the cold main meal is dairy pro­
ducts (41% of food intake), fruit/vegetables 
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(28%), and grain (21%), completed by small 
amounts of meat and eggs (4%) and fats/oils 
(2%). The OMD lunch consists predominantly of 
potatoes, rice, pasta and legumes (41% of food 
intake), followed by fruit/vegetables (28%). Three 
times a week a lunch with a small portion of 
meat should be served; once a week with a por­
tion of fish. In OMD snacks the percentage of 
fruit and vegetables is highest (40%); dairy (21%) 
and grain (18%) are the other main components. 

Figures 9.2–9.4 show the three OMD meal pyr­
amids, which display the composition of meals. 

5. THE OMD IN COMMUNAL 
FEEDING 

The meal-based guidelines of the OMD are 
an important tool for dietary recommendations 
in communal feeding. The calculated food 
group amounts provide an informative basis for 
portion sizes in school lunches. The daily food 
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FIGURE 9.2 Composition of breakfast and dinner in the OMD. 

FIGURE 9.3 Composition of lunch in the OMD. 
group amounts recommend a portion size of 
vegetables in school lunches (Table 9.1), and 
according to the OMD this varies with age. For 
7–9-year-old children 110 g vegetables per meal 
are designated. For 15–18-year-old boys the veg­
etable portion size is doubled. Since consumed 
amounts of raw vegetables are often smaller 
than those of more soft, cooked vegetables, the 
amounts of uncooked vegetables may be 
reduced by one-third. Two studies on the feasi­
bility of the OMD recommendations in 
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communal feeding in schools showed that 
kitchen staff prefer concrete guidelines for their 
work. Therefore the FKE transcribed the OMD 
food amounts for lunch into a couple of recipes. 
Compared with common recipes, these opti­
mized recipes contained 50% more vegetables, 
less meat, more wholegrain products, and had a 
better fat quality. Sensory tests with pupils 
showed good acceptance of these modified 
recipes compared with the customary dishes, 
especially in younger children [10]. 
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FIGURE 9.4 Composition of snacks in the OMD. 

TABLE 9.3 Mean Intakes (Grams per Day) of the Three Food Items with the Highest Intakes per Food Group 
and Percentage of Total Food Group Intake Attained by these Food Items [12] 

Children (4–6 years) Adolescents (13–14 years) 

Boys (g/d) Girls (g/d) Boys (g/d) Girls (g/d) 

Fruits Fruits 

Apple 

Banana 

38.3 

20.9 

33.3 

21.2 

Apple 

Banana 

56.5 

22.0 

61.2 

20.0 

Pears 

%b 

7.8 

59.0 

7.6 

53.8 

Strawberry 

Pears 

%b 

13.0 

3.8a 

59.2 

10.5a 

11.0 

55.8 

Vegetables 

Carrots 

Cucumber 

9.6 

8.0 

9.9 

7.6 

Vegetables 

Creamed 
spinachc 

Carrot 

10.6 

8.8 

6.2a 

9.6 

Tomato 6.0 8.1 Tomato 8.5 13.6 

%b 33.8 35.6 

Cucumber 

%b 

7.5a 

24.2 

9.2 

23.4 

aThese food items do not originally belong to the three food items with the highest intake per food group, but were listed
 
for comparison with the corresponding amount of the other sex group.
 
bPercentage of total food group intake attained by these food items.
 
cConvenience product, frozen.
 
6. FRUIT AND VEGETABLE 
INTAKE IN GERMANY COMPARED 

WITH THE OMD 

Dietary surveys in Germany showed some 
clear discrepancies of food group intake 
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compared with the OMD (see Table 9.3).
Predominantly, children and adolescents
should be encouraged to consume more plant 
foods and beverages. Figure 9.5 shows fruit 
and vegetables intake in 4–18-year-old partici-
pants of the DOrtmund Nutritional and 
Anthropometric Longitudinally Designed 
S IN HEALTH PROMOTION 
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Fruit Fruit juice OMD 

400 

300 

200 

100 

0 
4–6ys 7–9ys 10–12ys 13–14ys 15–18ys 

boys girls boys girls boys girls boys girls 

Vegetables OMD 

400 

300 

200 

100 

0 
4–6ys 7–9ys 10–12ys 13–14ys 15–18ys 

boys girls boys girls boys girls boys girls 

FIGURE 9.5 Intake of fruit and vegetables in 4–18-year­
old participants of the Dortmund Nutritional and 
Anthropometric Longitudinally Designed (DONALD) Study 
compared with the recommended food amounts of the OMD. 

(DONALD) Study compared with the rec­
ommended food amounts of the OMD. At first 
sight, intake of fruits was in good accordance 
with the recommended intake of the OMD. 
However, more than half of the fruit intake 
was consumed as fruit juice. High fruit juice 
intake is suspected to promote the develop­
ment of obesity in adolescence [11]. 
Additionally, fruit juice consumption increased 
the risk of caries and the fiber content of fruit 
juice is lower than that of the original fruits. 
Therefore, at most one portion of fruit should 
be consumed as juice, and the consumption of 
unprocessed foods has to be increased. 

Vegetable consumption in the DONALD 
study marginally increased with age in spite of 
clearly increasing energy and food require­
ments. Hence, the recommended vegetable 
amounts of the OMD were not reached in any 
age group. 
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Table 9.3 shows a customary selection of 
fruit and vegetable varieties in the DONALD 
Study. Those three varieties with the highest 
consumption amounts during the 3 days of 
recording were displayed. Apples and bananas 
are the most popular fruits; carrots, tomatoes, 
and cucumbers the most popular vegetables 
[12]. The three most consumed fruit varieties 
accounted for more than half of fruit intake. 
For vegetables, the most consumed varieties 
only accounted for 23–36% of total intake, indi­
cating a higher diversity of consumption. 
Whereas food group intake differs between sex 
and age groups, selection of different foods in 
the DONALD Study is very similar, i.e. the 
most important food items of each food group 
are almost the same in all four subgroups [12]. 

7. FRUIT AND VEGETABLES IN 
CONVENIENCE (PRE-PREPARED) 

FOOD 

Consumer researchers have reported an 
increasing trend toward the use of convenience 
food (CF) products in Germany during the last 
decades. This development is attributed to sev­
eral social changes: the increasing number of 
single or small family households; the increas­
ing number of women in employment; a social 
trend toward more leisure time; the break-up of 
the traditional family mealtimes; and an overall 
increase in the demand for easily prepared and 
just-in-time meals. Simultaneously, the technical 
equipment in household kitchens (freezer, 
microwave) has increased, and food prepara­
tion skills have decreased. However, little is 
known about consumption patterns and compo­
sition of convenience products. In an evaluation 
of those convenience foods consumed in fami­
lies of the DONALD Study 2003–2006, in 86% 
of all records at least one convenience product 
was recorded [13]. Vegetable dishes, e.g. can­
ned or frozen vegetables, with spices, cream or 
fat additives or vegetarian dishes, accounted 
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for 10% of all recorded convenience products
(69 different products). Median energy density
of these products was 80 kcal/100 g; 55% of
energy content came from fat, 31% from carbo­
hydrates, and 14% from protein [13], indicating
a selection of convenience vegetable products
with additives of fat and/or cream. The impor­
tant advantages of vegetable intake, the low
energy density and fat content, are lost in this
way. Therefore, consumers should be encour­
aged to read CF ingredients labels to get an
idea of the composition. Current political efforts
to enforce the defining of nutrient profiles of
foods could be a significant step to simplify the
choice of healthy CF products by the consumer.
Vice versa, improved consumer demand could
encourage the food industry to offer improved
products. 

8. STRATEGIES FOR AN 
INCREASED FRUIT AND 
VEGETABLE INTAKE IN 

CHILDREN AND ADOLESCENTS 

The family is the central unit for the devel­
opment of food preferences and dietary habits
[14], not only in childhood but also in adoles­
cence. The development of preferences has
already started during pregnancy and con­
tinues during lactation. Children are more
likely to accept foods that are eaten by the
mother and hence introduced via the amniotic
fluid and breast milk. This early exposure lays
the foundation for the acceptance of a cultur­
ally determined diet. 

During infancy and early childhood, famil­
iarity is a major determinant of food pre­
ferences [14]. Parents should be encouraged to
offer a variety of flavors. Food preferences are
also acquired by social learning. Food intake is
modeled on those people around us, particu­
larly those whom we respect. For this reason,
the example of parents is of great importance.
Several studies have shown a high correlation
A. FRUIT AND VEGETABL
of food patterns within families. Such similar­
ity is not only found in children but also dur­
ing adolescence, although the influence of 
peers is suspected to be more powerful in this 
age group [15]. 

The learning of preferences is influenced by 
the emotional atmosphere at a meal. In a posi­
tive atmosphere, food preferences and food 
consumption amounts increase [16]. 

A common strategy to get children to eat a 
‘healthy’ but disliked food is to lure them with 
a reward, e.g. a dessert. However, this leads to 
a further decline in the preference for this 
rejected food. On the other hand, the preference 
for foods given as a reward enhances. 
Therefore, parents and caregivers should reflect 
how they present food to children and establish 
food preferences by the way they do it [14]. 

It is not only families that are responsible for 
food selection and intake; politicians should also 
be aware of the need to create positive frame­
works. Food selection is determined to a certain 
degree by food costs. A calculation on the costs 
of the OMD showed that the German concept of 
calculating social welfare for children and adoles­
cents did not result in a sufficient amount for 
this healthy diet, because energy requirements 
were not sufficiently attended to [17]. Per  
1000 kcal, a diet corresponding to the OMD 
costs on average h1.67, using foods only from a 
discounter. Buying in supermarkets raises the 
cost by h1 per 1000 kcal. Fruit and vegetables 
account for approximately 36% of food costs in 
the OMD, followed by cereals (12–22%), meat 
and fish (12–18%) and dairy (9–10%), depending 
on the type of store (discounter, supermarket, 
healthy food shop) [17]. 

Schools are important locations to reach 
almost all children and adolescents and there­
fore give the opportunity for interventions to 
improve fruit and vegetable intake. It should be 
self-evident that school lunches should include 
sufficient (see above) daily portions of vege­
tables. Unfortunately, in Germany there are no 
binding standards on school lunch quality [10]. 
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To improve school breakfasts, the distribu­
tion of school milk, at least until the fourth 
school year, is traditional in Germany and gov­
ernment subsidized. Especially for those chil­
dren who fail to eat breakfast, this is an 
important tool to improve dietary patterns. 
However, an additional school fruit program 
should be established. 

9. SUMMARY 

The OMD as an example of FBDG for chil­
dren and adolescents recommends daily 
amounts of fruit and vegetables, which are on 
average not reached in the actual diet. To im­
prove dietary patterns, different strategies are 
necessary, not only on an individual basis in 
families but also at governmental level. Parents 
(and caregivers) should be encouraged to: 

•	 offer fruit or vegetables at every daily meal 
in a positive emotional atmosphere; 

•	 give a good example by showing a healthy 
food pattern and be aware that preferences 
are impressed very early; 

•	 offer a variety of healthy and 
palatable foods but let the child decide what 
and how much to eat of this. 
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1. INTRODUCTION
 

Bacteria pose a significant problem for the 
health of humans, animals, and plants, and 
they also infect the produce that we eat. 
They have therefore been the target of eradi­
cation since their discovery over 100 years 
ago as causative agents of infection and dis­
ease. Since then, with the discovery of anti­
biotics, antibacterial agents, and vaccines, 
bacterial infection became less of a wide­
spread problem and a number of common 
diseases such as pneumonia, tuberculosis (TB) 
and cholera were practically eradicated from 
Western society. However, in the last 30 
years there has been a drastic global increase 
in the use of broad-spectrum antibiotics to 
treat bacterial infection, and the addition of 
antibacterial agents to everyday hygiene and 
cleaning products. As a result, problems have 
arisen and we are beginning to see, in the 
early twenty-first century, the gradual 
reappearance of diseases that were previously 
ioactive Foods in Promoting Health: Fruits and Vegetables 14
thought to be under control (such as TB and 
pneumonia) [1–3]. 

This problem has arisen because antibiotics 
and antibacterial agents kill bacteria. Because 
bacteria have a very short generation time, they 
are able to produce rapid responses to environ­
mental changes. When the selective pressure of 
an antibacterial agent is introduced into their 
environment, bacteria respond by becoming 
resistant, that is they remain capable of reprodu­
cing and surviving even in the presence of the 
agent. This is known as acquired resistance. 
Widespread use of antibiotics and antibacterials 
has therefore led to a huge selective pressure, 
and strains of bacteria around the world have 
rapidly developed resistance to these agents fas­
ter than we are able to develop new ones. 

2. BACTERIAL RESISTANCE 

Acquired resistance is a consequence of chan­
ges in the cellular structure and physiology 
1 r 2010 Elsevier Inc. All rights reserved. 
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of a bacterium and is brought about by 
modifications in its normal genetic makeup. 
Most modifications are caused by genetic 
mutations, by the transfer of genes from one 
organism to another enabling the acquisition 
of resistance genes, or by a combination of 
both. 

There are three main mechanisms by which 
bacteria may develop resistance to the effects 
of an agent [4].These are: 

1. Prevention of intracellular drug 
accumulation by: 
•	 changes in the outer bacterial membrane 

so it can no longer bind; 
•	 terminating active transport of the drug 

across the membrane; or 
•	 up-regulating active efflux mechanisms to 

pump the drug out before it causes 
damage. 

2. Modification of the part of the microbe 
that the drug targets, resulting in 
ineffective levels of drug binding to the 
target site. 

3. Production of a drug-inactivating enzyme 
that reduces or even eliminates the ability 
of the drug to kill the microorganism. 

However many new antibiotics are discov­
ered that have static effects or can kill bacteria, 
it is almost certain that the bacteria will 
develop resistance to all the agents developed. 
Additionally, the speed at which new agents 
are made available for use (discovered and 
tested for safety and efficacy) is unlikely to be 
able to keep up with the rate at which these 
organisms develop resistance to those in cur­
rent use, in order to provide replacements. It is 
therefore necessary to look for new sources of 
antibacterial agents as well as to develop 
novel, alternative strategies to successfully 
treat infection. Such strategies must circumvent 
the mechanisms that induce bacteria to 
develop resistance (namely interference with 
growth, metabolism or killing). 
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3. DISCOVERY OF NEW METHODS 
TO COMBAT BACTERIAL 

INFECTION 

Most current antibacterial agents work in 
the following ways: 

1. bacteriostatic activity – inhibits the growth 
of the organism. 

2. bactericidal activity – kills the organism, 
often through lysis. 

These therefore lead to the development of 
resistant bacteria. However, to combat this a 
number of new strategies and agents have 
been devised to overcome bacterial resistance 
mechanisms. These include: 

1. Inhibitors of bacterial efflux pumps [5–8] 
2. Specific targeting of antimicrobial drugs via: 

•	 probiotics [9,10]; 
•	 photodynamic therapy [11]; 
•	 bioadhesives and mucolytic agents (aids 

drug targeting at the mucosal surface) 
[12–14]; 

•	 immune enhancement and vaccine
 
development; and
 

•	 inhibition of bacterial adhesion [15,16]. 

Inhibition of adhesion has been an impor­
tant strategy as it is an alternative method to 
the use of antibiotics that does not involve ‘kill­
ing’ the target organism as most of the other 
alternative strategies do. The principle behind 
the method is to target the first step of bacte­
rial infection: to inhibit the adhesion of the bac­
terium to the host tissue [17]. Because 
inhibition of adhesion sterically blocks bacteria 
from attaching to host tissue rather than hav­
ing a bactericidal effect, the selection of inhibi­
tor-resistant strains is unlikely to occur [18]. If  
the bacterium can be prevented from binding, 
then it is less likely to invade and establish 
infection, resulting in tissue damage and host 
debilitation. Inhibitors may also be able to 
S IN HEALTH PROMOTION 
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‘remove’ organisms that are already bound, 
thus providing a therapeutic as well as prophy­
lactic application. This has been shown for 
Helicobacter pylori [19,20]. 

Bacteria adhere to tissue by specific ligand– 
receptor interactions. Therefore, by using mole­
cules (analogues) that mimic the microbial ad­
hesin or its complementary host cell receptor, 
or by using antibodies that target the adhesin 
or receptor, it is possible to block microbial 
adhesion to the host tissue (Figure 10.1). 

4. DISCOVERY OF NEW SOURCES 
OF ANTIMICROBIALS 

In addition to new strategies to fight infec­
tion, it is important that new sources of anti­
microbials are found, particularly those which 
may have limited adverse effects on the 
‘patients’ who are using them. A number of 
new sources have recently been investigated 
and these include: 

1. Animal products such as: 
•	 colostrum and milk from humans and 

animals [21–23] 

FIGURE 10.1 Principles of inhibition of microbial adhesion 
Block the first step of infection, the adhesion of the microbe to 
the host cell, by designing inhibitors (analogues) that mimic the 
adhesin or receptor. 
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•	 products such as propolis or honey (both 
produced by bees) [24–26]. 

2. Food products such as: 
•	 melanoidins which form in heat-treated 

foods [27] 
•	 glycopeptides in buttermilk [28]. 

3. Plants and plant products [29]. 

Plants are one of the most up and coming 
as well as promising natural sources of antibac­
terial substances and anti-adhesives. Investiga­
tions based on ethnobotanical studies have 
found that many plant products have cidal, 
static and anti-adhesive effects on a huge vari­
ety of different microorganisms [29,30]. In par­
ticular, a number of studies have shown that 
certain dietary fruits are very good sources of 
antibacterial agents. 

The major focus of this chapter will be to 
look at dietary fruits as novel sources of anti­
microbials, in particular, to investigate which 
bacteria they target, which components are 
responsible for their activity, and most impor­
tantly what evidence there is for their effective­
ness in humans. 

5. THE ANTIBACTERIAL EFFECTS 
OF DIETARY FRUIT 

For thousands of years, fruits have been used 
by cultures all over the world as an integral part 
of medicinal treatments. Although some uses 
were based on superstition, many fruits did in 
fact have healing properties. With the modern 
trend toward using complementary, alternative, 
and natural medicines, many of these lost 
‘secrets’ are being rediscovered and numerous 
studies and articles have been conducted to 
address the topic. This chapter is a review of the 
literature on the antibacterial effects of fruits (see 
box for definition) that are eaten in the Western 
world, and will give an overview of the experi­
mental and clinical studies that have been con­
ducted for each fruit in turn. Unless specifically 
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DEFINITION OF A FRUIT 

In botanical terms, a ‘true’ fruit is the part of and olive) are commonly and mistakenly called 
the plant that develops from the ovary after fer- vegetables and used to form savory dishes in 
tilization, its flesh constituting the pericarp walls. Western society. 
Several ‘true’ fruit (such as the avocado, tomato 
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mentioned, it is the ‘fruit’ of the plant that is
referred to in this chapter, rather than other
aerial parts of the plant itself. 

5.1 Apricot (Prunus armeniaca) 
Apricot extracts have the potential to be used

as an alternative source of antibacterial agents
as they have been shown to be effective against
a wide range of Gram-positive (G + ) and
Gram-negative (G - ) bacteria. The in vitro
experiment found that two flavonoid glycosides
(from butanolic fractions of dried apricot
extracts) were effective inhibitors of bacteria
growth [31]. They were particularly effective
against G + bacteria, including species of
Staphylococcus and Streptococcus, clinical isolates
of methicillin-resistant Staphylococcus aureus
(MRSA) and non-tuberculous mycobacteria. The
G - bacteria included Escherichia coli (E. coli)
species of Salmonella, Klebsiella pneumoniae
Pseudomonas, Shigella dysenteriae and Proteus spe­
cies. A second study has shown that other active
antibacterial components from the apricot
include triterpene acid and its glycoside [32]. 

5.2 Berries 

Berries are known to be naturally high in
antioxidants and therefore would probably be
an obvious choice when looking for potentia
antibacterial agents. True to this, a number of
A. FRUIT AND VEGETABL
studies have tested a variety of berries for their 
bioactive properties against bacteria. 

5.2.1 Raspberry (Rubus idaeus) 

Two studies have looked at the effects of 
raspberry juice and cordial on the growth inhi­
bition of bacteria in vitro. These studies found 
that they reduced the growth of five human 
pathogenic bacteria (including Salmonella, 
Shigella and E. coli) [33] and a number of other 
G + and G - bacteria [34]. In a third study 
[35], the seed extracts of the black raspberry 
were shown to be bactericidal against E. coli 
and to inhibit the growth of Listeria mono­
cytogenes in fish oils. Raspberry extracts could 
therefore have a use as food preservatives as 
well as antibacterial agents against human 
pathogenic bacteria. Raspberries contain com­
plex phenolic compounds such as ellagitannins 
which are known to have antibacterial proper­
ties on common human gastrointestinal (GI) 
pathogens such as Staphylococcus and 
Salmonella [36]. Pre-treatment of the fruit with 
enzymes may also increase their activity (as for 
bilberries and strawberries – see later sections) 
by releasing the active components from the 
cell walls of the fruit [36]. 

5.2.2 Strawberry (Fragaria) 

Although the strawberry is a very com­
monly eaten fruit, few studies have investi­
gated its potential as a source of antibacterial 
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compounds. Complex phenolic compounds and 
polymers such as ellagitannins are present in 
strawberries and these are known to inhibit the 
growth and possibly have anti-adhesive effects 
against the common human GI pathogens, 
Staphylococcus and Salmonella [36]. Pre-trea­
tment of the fruit with enzymes may increase 
their activity by releasing the active compo­
nents (as for bilberries and raspberries) [36]. 
Strawberries may therefore be useful as anti­
microbials in the food industry as using them 
in fruit products may increase their shelf-life. 

5.2.3 Bilberry (Vaccinium myrtillus) 

The bilberry (in particular phenolics isolated 
from the cell wall) has been shown to have 
antibacterial activity (growth inhibition) 
against Salmonella enterica and Staphylococcus 
aureus [37]. The antibacterial activity can be 
increased by pre-treating juices, press cakes 
and berry mashes with enzymes that liberate 
the cell wall phenolics, especially under acidic 
conditions, which is the natural environment 
of these products (particularly the juices). The 
bacteria that were tested in these experimental 
studies are involved in food spoilage and thus 
pre-treatment of the fruit with enzymes could 
increase the shelf-life of these products, mak­
ing them useful as antimicrobials in the food 
industry. 

5.2.4 Blackberry (Rubus fruticosus) and 
blackcurrant (Ribes nigrum) 

Fresh blackberries and blackcurrants, as well 
as commercial culinary cordials, have been 
shown to inhibit the growth of a number of 
G + and G - bacteria, but Mycobacterium phlei 
(a bacterium involved in food spoilage) was par­
ticularly susceptible [34]. The most active prod­
uct was blackcurrant cordial, which inhibited 
the growth of all 12 strains of bacteria. Like the 
bilberry, blackberries and blackcurrants may be 
useful if incorporated into food products, to 
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enhance their shelf-life. They may also be useful 
for treating H. pylori infection as one study has 
demonstrated that acidic high molecular weight 
galactans from blackcurrant seeds can inhibit 
the adhesion of H. pylori to human gastric 
mucosa tissue sections [38]. 

5.2.5 Cranberry (Vaccinium macrocarpon) 

Since the publication of early in vitro studies 
showing that the cranberry had antibacterial 
properties, this fruit has been the subject of 
numerous experimental and clinical studies. 
Cranberry and its constituents have been 
shown to have bactericidal, bacteriostatic and 
anti-adhesive effects on the pathogenic bacteria 
that infect the stomach, the mouth, and the uri­
nary tract. 

Helicobacter pylori is a bacterium which 
infects the stomach of over half the population 
worldwide, leading to the development of 
severe gastroduodenal diseases such as ulcers 
and cancer in 10–20% of those infected. Several 
studies have demonstrated the antibacterial 
effects of cranberry extracts on H. pylori. A  
high molecular weight non-dialyzable constitu­
ent has been shown to inhibit H. pylori adhe­
sion [39–41], phenolic extracts to inhibit its 
growth and its urease activity [42], and the 
juice (especially in combination with triple ther­
apy – antibiotics + proton pump inhibitors) to 
increase the eradication rate of H. pylori in 
infected women [43]. Interestingly, many clin­
icians tell their patients to drink cranberry juice 
as part of their treatment program for H. pylori 
infection. 

The non-dialyzable material (NDM) of cran­
berry, which was shown to inhibit H. pylori 
adhesion, has also been tested for its effective­
ness against oral pathogens. It was found to 
reduce the ability of S. mutans to form biofilms 
[44] and to adhere to saliva-coated hydroxyapa­
tite [45]. Additionally, when given as a mouth­
wash in a clinical trial, there was a significant 
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reduction in the number of salivary S. mutans 
and total bacteria compared to the placebo 
mouthwash [45]. 

Most studies on cranberry have assessed the 
ability of the juice, raw fruit, or various 
extracts as a treatment for UTIs (urinary tract 
infections) and the bacteria that are known to 
cause them. Studies have shown that cranberry 
has anti-adhesive effects, can reduce bacterial 
growth, and has some therapeutic effect on 
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UTIs (Table 10.1) [46–54]. However, the clinical 
study data provides limited evidence since 
most of the studies and trials had various sour­
ces of bias (most had small sample sizes and 
were thus likely to be underpowered, some 
were open-label and the results were mixed). 
The studies also varied hugely in treatment 
regimen (different cranberry extracts, doses, 
and outcome measures). Larger, longer-term 
studies using extracts at a variety of doses are 
TABLE 10.1 Urinary Tract Infection (UTI) Studies Involving Cranberry 

Cranberry Methods Result Reference 
Component 

H. pylori 

High molecular Anti-adhesion to gastric monolayers, gastric 
weight non-dialyz- mucus and human erythrocytes 
able constituent 

Phenolic phytoche- In vitro 
mical extracts 

Juice	 Clinical trial (RCT): Patients with H. pylori infec­
tion given cranberry juice vs. cranberry + triple 
therapy vs. placebo twice/day for 2 weeks 

Oral bacteria 

Anti-adhesion	 [39–41] 

Inhibited growth and urease; synergis- [42] 
tic effect when mixed with oregano 

NS difference between the groups for [43] 
eradication rate. However eradication 
was significantly higher for cran­
berry + triple therapy vs. placebo in 
women 

Non-dialyzable	 Clinical trial: mouthwash containing NDM vs. Significant reduction in salivary [45] 
material (NDM) placebo – daily use for 6 weeks	 mutans streptococci and total bacteria 

compared to placebo. No change in 
plaque and gingival index 

Non-dialyzable In vitro: Anti-adhesion of S. sobrinus to saliva- Inhibited adhesion [45] 
material (NDM) coated hydroxyapatite 

Non-dialyzable	 In vitro: Anti-adhesion of S. sobrinus to artificial Pre-coating bacteria with NDM inhib- [44] 
material (NDM) dental biofilm	 ited adhesion. NDM also prompted 

desorption of S. sobrinus from the 
biofilm 

UTI 

Juice Clinical study: UTI patients drink cranberry 0% patients treated with cranberry [46] 
juice after antibiotic treatment finished had relapse of symptoms vs. 21% of 

controls (no juice) 

(Continued ) 
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TABLE 10.1 (Continued) 

Cranberry Methods Result Reference 
Component 

Juice	 Clinical trial (RCT): Older people in hospital 
given cranberry juice vs. placebo to see if it 
reduced incidence of UTIs 

Juice	 Clinical trial: Cranberry juice vs. mixed berry 
juice in geriatric patients 

Juice	 Clinical study: P-fimbriated E. coli from women 
with UTIs incubated with urine from healthy 
women after consuming cranberry juice (N = 39 
isolates tested) 

Cranberry	 Clinical trial (RCT): cranberry supplement vs. 
supplement	 placebo for UTI prevention in patients with neu­

rogenic bladders. Three tablets/day for 4 weeks 

Cranberry capsules	 Clinical trial (RCT): E. coli cultured from urine 
of healthy people 12 hours after consumption 
of cranberry capsules. Measured adhesion of E. 
coli to epithelial cells and ability of E. coli to kill 
C. elegans 

Dried cranberries	 Clinical study: UTI patients ate dried cranberries 
vs. raisins vs. controls – urine collected after 
consumption of each and incubated with uro­
pathogenic E. coli. These bacteria then tested for 
ability to inhibit adhesion of P-fimbriated E. coli 

Concentrated cran- Clinical study: 1 capsule given twice/day for 
berry preparation 12 weeks to women with history of recurrent 
(30% phenolics) UTIs. Two-year follow-up 

Fractions rich in In vitro: 9 bacterial strains (G + and G - ) tested 
anthocyanins and for inhibition of growth. 
proanthocyanidins 

Cranberry proantho-	 Clinical study: P-fimbriated E. coli from women 
cyanidin extract	 with UTIs incubated with urine from healthy 

women after consuming cranberry extract 
(N = 39 isolates tested) 

NS difference between the groups for [47] 
incidence of UTIs. Significant reduc­
tion in number of E. coli infections 
(cranberry vs. placebo) 

No reduction in incidence of UTIs [48] 

Inhibited adhesion of P-fimbriated E. [49] 
coli to uroepithelial cells (79% of anti­
biotic resistant strains and 80% of 
non-resistant strains) 

NS difference between the groups for [50] 
bacterial count in urine 

E. coli – reduced ability to kill C. ele- [51] 
gans after growth in urine from people 
taking cranberry capsules. Significant 
reduction of adhesion compared to 
controls 

Some anti-adhesion activity by urine [52]
 
after consumption of cranberries.
 
None after consumption of raisins or
 
control
 

During the 4 months no women had [53]
 
UTIs. Over the 2-year follow-up the
 
N = 8 women who continued to take
 
cranberry had no UTI infections
 

Some strains susceptible to some ex- [54]
 
tracts (S. aureus, Enterofaecalis and
 
Micrococcus luteus susceptible to
 
proanthocyanin-rich extracts). S. mu-

tans, E. coli and P. aeruginosa not sus­
ceptible to any fractions
 

Inhibited adhesion of 100% of P-fim- [49]
 
briated E. coli (antibiotic resistant and
 
non-resistant strains) to uroepithelial
 
cells
 

RCT, randomized controlled trial; NS, non-significant. 
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needed to have a better idea of the effective­
ness of cranberry at treating urinary tract infec­
tions (UTIs) or other infections. 

However, despite the inconsistent evidence 
from published trials, in clinical practice cran­
berry juice (in conjunction with antibiotics) is 
often recommended to UTI patients by their 
doctor, and seems to provide help, especially 
as many UTI-causing bacteria are becoming 
resistant to the antibiotics currently used. 

5.3 Citrus fruit 

5.3.1 Grapefruit (Citrus paradisi) 

Most studies that have investigated the anti­
bacterial properties of grapefruit have focused 
on extracts of the seeds. Seed extracts have 
been shown to inhibit the growth of [55] and 
have bactericidal effects [56] on numerous G + 
and G - bacteria and on multiple strains of 
Legionella pneumophila [57]. However the 
extracts may be toxic at high concentrations to 
human cells [56]. Seed and pulp extracts have 
also been found to inhibit the growth of 20 bac­
teria, being most effective against Salmonella 
enteridis [58]. The extracts contained flava­
nones, naringin and hesperidin, indicating that 
these may be the active components. 

Interestingly, grapefruit seeds have been 
tested in a basic clinical study [59], given 
orally for 2 weeks to patients with UTIs 
caused by different antibiotic-resistant strains 
of bacteria (P. aeruginosa, Klebsiella, S. aureus, 
and E. coli). The results showed that dried or 
fresh seeds had comparable efficacy to that of 
proven antibacterial drugs, and there was a sat­
isfactory response in all patients except for the 
one whose UTI was caused by P. aeruginosa. 
Bacterial growth was reduced over time and a 
reversal of antibiotic resistance pattern was 
seen. However, grapefruit seed extracts may 
have some toxic effects when taken orally [60]; 
this needs to be tested and confirmed in fur­
ther studies. 
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In addition to the seed extracts, the volatile 
oils of grapefruit have also been shown to 
have antibacterial activity, inhibiting the 
growth of 10 bacteria (particularly S. aureus, S. 
faecalis, Shigella flexneri, and Mycobacterium 
smegmatis) [61]. 

The grapefruit therefore has the potential to 
be a good source of several antibacterial com­
ponents and a possible alternative treatment 
for UTIs. 

5.3.2 Lemon (Citrus limon) 

Oils from the lemon have been shown by 
several studies to have antibacterial activity. 
The essential oil and volatile oil were able to 
inhibit the growth of a number of G + and 
G - bacteria [61,62] with the lemon volatile oil 
being more effective than those found in 
orange and grapefruit. When tested against 
foodborne pathogens, lemon oils citral and lin­
alool were found to be effective against bacte­
ria found in apple juice (E. coli and S. enterica) 
[63]. Additionally, the vapor of lemon oils (par­
ticularly citral and linalool) has been shown to 
inhibit the growth of G + and G - bacteria 
(Campylobacter jejuni, Escherichia coli, Listeria 
monocytogenes, and Staphylococcus aureus) both 
in vitro and when tested in food systems [64]. 

Lemon juice has also been shown to be an 
effective antibacterial agent, inhibiting the 
growth of Vibrio species and antibiotic-resistant 
clinical isolates of Staphylococcus aureus, E. coli, 
Klebsiella aerogenes, and Klebsiella pneumoniae in 
two in vitro studies [65,66]. Interestingly, the 
active component in both studies was identi­
fied as citric acid. 

These studies therefore show that the oils of 
lemon may be useful in food preservation, and 
the juice (particularly citric acid) and oils as 
antibacterial agents. 

5.3.3 Orange (Citrus sinensis) 

Several different components of regular 
sweet oranges (C. sinensis) have been shown to 
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have antibacterial activity. Two studies found 
that the volatile oil inhibited the growth of 
various G + and G - bacteria (Staphylococcus 
aureus, Streptococcus faecalis, Shigella flexneri, 
Mycobacterium smegmatis, E. coli, Klebsiella pneu­
moniae, Pseudomonas aeruginosa, and Proteus vul­
garis) [61,62], and a third study [67] found that 
orange oils were antimicrobial against G + S. 
epidermis and G - E. coli. A fourth study [68] 
found that essential oils (which contained 
high concentrations of limonene) from the 
peel of both the sweet orange and the bitter 
orange (C. aurantium), inhibited the growth of 
Propionibacterium acnes but had little effect at 
low concentrations on S. epidermis. The oil also 
had low cytotoxicity to human skin cells, 
despite its antioxidant activity. 

The rind of the mandarin orange (C. 
reticulata and C. deliciosa) has also been shown 
to have antibacterial activity. Particularly 
active components against G + and G - bacte­
ria were identified as four polymethoxyflavones 
and two flavone glycosides [69,70]. However, in  
another study [71], the crude extract from the 
rind of the sweet orange was shown to have 
no or little effect against multidrug-resistant, 
β-lactamase-producing MRSA and methicillin­
sensitive Staphylococcus aureus (MSSA) isolates. 
Other extracts, however (the exact part of the 
fruit is not mentioned), have been shown to be 
active against drug-resistant Mycobacterium 
tuberculosis isolates, and not cytotoxic to human 
cells [72]. 

Bitter orange (C. aurantium) extracts have 
also been found to strongly inhibit the growth 
of E. coli and S. aureus [73]. 

There is therefore the potential for several 
different types and parts of oranges to provide 
a new source of antibacterial agents. 

5.3.4 Lime (Citrus aurantifolia) 

Extracts from the lime have been shown to 
inhibit the growth of a number of different bac­
teria. This includes methanol extracts against 
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E. coli and S. aureus [13], the citric acid compo­
nent against various strains of Vibrio [65], and 
several extracts against M. tuberculosis (exact 
part of fruit not mentioned) which were also 
shown not to be toxic to human cells [72]. One 
study [62] also found that the antibacterial activ­
ity of the lime was superior to that of the 
orange or lemon when tested against various 
G + and G - bacteria (E. coli, Klebsiella pneumo­
niae, Pseudomonas aeruginosa, Proteus vulgaris, 
and Staphylococcus aureus). The lime may there­
fore be a useful source of antibacterial agents to 
treat food poisoning (E. coli infection), respira­
tory tract infections including pneumonia, UTIs, 
wound infections, and nosocomial infections. 

5.4 Exotic and tropical fruits (that are 
commonly eaten in Western society) 

5.4.1 Avocado (Persea americana) 

Although the avocado is commonly eaten as 
a savory food, it is actually classed as a fruit. 
Botanically speaking it is a type of berry or 
drupe because it develops from the ovary of the 
plant, with its flesh comprising the pericarp. 

Active compounds (long-chain aliphatics 
and their derivatives) have been isolated from 
the avocado and shown to have antibacterial 
effects on a number of different bacteria [74]. 
In particular, this study found that the most 
active compound was 1,2,4-trihydroxy-n-hepa­
deca-16-en, which inhibited the growth of, and 
in some cases was bactericidal against, several 
G + (Bacillus species, S. aureus) and G - bacte­
ria (Salmonella typhi, Shigella dysenteriae). So, as 
well as being a good source of over 20 vita­
mins and minerals, and healthy fats, the avo­
cado may also be an effective source of 
antibacterial compounds. 

5.4.2 Banana (Musa) 

The dwarf banana (Musa acuminata) found  in  
East Asia has been shown in vitro to have 
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antibacterial activity against drug-resistant 
variants of Mycobacterium tuberculosis [72]. 
Isothiocyanates from a relative of the banana, 
the plantain (M. paradisiaca), have also been 
shown to possess antibacterial activity, having 
cidal effects on strains of E. coli when tested 
in vitro [75]. However, one study [76] found that 
the unripe pulp of plantain may have antagonis­
tic antimicrobial effects against E. coli when 
given in combination with the antibiotic cipro­
floxacin. Species of the banana may therefore 
have some use as agents for treating TB and the 
bacteria that cause food poisoning (E. coli). 

5.4.3 Fig (Ficus) 

Extracts from several species of Egyptian 
fig. (F. sycomorus L., F. benjamina L., F. benga­
lensis L., and F. religiosa L) have been shown 
in vitro to have significant antibacterial activity. 
However, two species (F. bengalensis and F. 
religiosa) may also be toxic to cells [77], and 
therefore may have limited use as antibacterial 
agents in humans, but may still be useful as 
disinfectants. 

5.4.4 Guava (Psidium guajava) 

Several studies have investigated the antibac­
terial effects of the guava plant. The leaf 
extract has been shown to inhibit the growth 
of cultured bacteria from acne lesions (P. acnes) 
and to have a significantly greater effect than 
tea tree oil [78]. The same study showed that 
when compared to the effects of the antibiotics 
doxycycline or clindamycin, guava extracts 
were equally effective for Staphylococcus species 
and less effective for P. acnes. The extract was 
also found to have anti-inflammatory activity 
and is therefore a good alternative treatment 
for acne to both antibiotics and tea tree oil, 
both of which are currently used widely and 
are probably inducing the development of anti­
biotic-resistant strains [79,80]. 

Guava fruit extracts have also been assessed 
in a number of in vitro studies. Growth 
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inhibition has been demonstrated by boiled 
water extracts (on penicillin-resistant S. aureus 
and E. coli) [81], methanol extracts (on 11 
wound isolates) [82], and ethanol extracts 
(against 21 strains of foodborne pathogens). 
The ethanol extracts were found to be particu­
larly effective against G + bacteria, but none 
were effective against E. coli or Salmonella 
enteritidis [83]. The methanol extracts were also 
shown to increase wound healing in vivo and 
were significantly better than antibiotics or con­
trol (water) groups [82]. 

A close relative of the guava is the pineapple 
guava (Feijoa sellowinana), which has also been 
shown to have antibacterial properties in vitro. 
One study [84] found that the essential oils 
were active against bacteria and the major-
constituents of the oil were: limonene (30%), 
β-caryophylliene (28%), α-pinenem β-pinene 
(8%), isocaryophyllene and estragole (all < 5%). 
A second study [85] found that aqueous ex­
tracts of the fruit inhibited the growth of a num­
ber of G + and G - bacteria and also had 
antioxidant properties. The most sensitive bacte­
ria were Pseudomonas aeruginosa, Enterobacter 
aerogenes and Enterobacter cloacae – opportunistic 
bacteria often involved in nosocomial infections 
(Enterobacter species) or affecting immunocom­
promised patients (P. aeruginosa). 

The leaves and fruit of the guava therefore 
have the potential to be used as an alternative 
treatment for acne, for wound healing, and 
against foodborne diseases and Staphylococcus 
infections. Additionally, its relative the pineap­
ple guava could be used against opportunistic 
and nosocomial infections, where it may be 
put to good use as an alternative disinfectant 
for catheters. 

5.4.5 Pineapple (Ananas sativus) 

A hydroalcoholic extract of the pineapple fruit 
(formulated as a medicinal drink) has been 
tested against M. tuberculosis, but was found not 
to have bactericidal activity even after 24 hours 
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of exposure to the drink [86]. However, the 
enzyme bromelain from the pineapple has been 
shown in a number of other studies [87–90] to 
increase the absorption of antibiotics. Treatment 
with bromelain may therefore indirectly enhance 
the antibacterial activity of antibiotics, as has 
been shown in two clinical studies [91,92].
Further studies are needed to see whether vari­
ous components of the fruit have antibacterial 
effects on other types of bacteria. 

5.4.6 Kiwi (Actinidia chinensis) 

Extracts of the pulp, skin, and seeds of the
kiwi fruit have been shown to have bacterio­
static effects on eight G + and G - bacteria,
the seeds being most active [93]. Although
extracts of kiwi may inhibit the growth of
these bacteria, other extracts have also been
shown to be inactive against H. pylori and cyto­
toxic to human cells [94,95]. 

5.4.7 Papaya (Carica papaya) 

Three studies have shown that extracts of
papaya are active against E. coli and other G -
or G + bacteria (S. aureus, Streptococcus faecalis,
Bacillus cereus, P. vulgaris, P. aeruginosa, and
Shigella flexneri) [96–98]. The active parts were
identified as chitinase (which inhibited bacterial
growth) [98], and seed extracts from the ripe
and unripe epicarp and endocarp [96,97] (which
were bactericidal, especially against G + bacte­
ria) [96]. The epicarp and endocarp themselves
did not inhibit bacterial growth [97]. Extracts
from the seeds of papaya and the enzyme chit­
inase may therefore be useful agents against:
opportunistic, nosocomial, UTI and wound
infections; food poisoning; dysentery; toxic
shock syndrome (TSS) and septicemia. 

5.4.8 Pomegranate (Punica granatum) 

The pomegranate has been the subject of
many studies investigating its antibacterial
effects. This is probably because of the
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publicity in Western society hailing it as a 
‘superfood’, as well as its widespread use in 
traditional Middle Eastern and Indian medi­
cine, where it is used for its antibacterial, anti-
inflammatory and alleviating properties, as 
well as for curing ailments such as mouth 
ulcers. Most studies performed in vitro have 
shown that extracts of the pomegranate are 
able to inhibit the growth of a number of differ­
ent bacteria (Table 10.2). Most of the extracts 
tested were obtained by alcohol extraction, and 
the rest were either water extracts or the crude 
material itself. The major active components 
identified in these studies were phenols [71,99– 
101] and flavonoids [71,100–102], which are 
highly concentrated in the peel, while several 
other studies indicated sterols, triterpenes, tan­
nins and ellagitannins, alkaloids and saponins 
[71,100,101,103]. 

Some extracts of pomegranate (particularly 
alcohol extracts) have also been shown to have 
bactericidal effects on MRSA (some acting syner­
gistically with antibiotics) [104], on enterohemor­
rhagic E. coli [100], and  on  H. pylori [105]. In  
addition, one study also showed that the metha­
nol extract of pomegranate peel was able to 
increase wound healing in vivo in rats, when 
applied topically as a water-soluble gel, and it 
gave better results than a commercial topical 
antibacterial agent. The gel was found to be 
high in phenolic compounds and the major 
active components responsible for its antibacte­
rial activity were gallic acid and catechin. As 
well as wound healing, a hydroalcoholic extract 
from the pomegranate has been found in a clini­
cal trial to be as equally effective as chlorhexi­
dine at reducing dental plaque bacteria, when 
used by healthy people as a mouth rinse [106]. 

The pomegranate could therefore have multi­
ple uses as an antibacterial agent or disinfectant 
against many types of bacteria that cause a 
wide range of diseases. The future of using this 
fruit as a new source of such agents now lies in 
further testing being done, tests for toxicity and 
tests for its effectiveness in human trials. 
ES IN HEALTH PROMOTION 



152 10. THE ANTIBACTERIAL EFFECTS OF DIETARY FRUIT 
TABLE 10.2 Studies Assessing the Antibacterial Effects of Pomegranate – Bacteria Tested and the Diseases They 
Cause 

Bacteria Examples of Diseases Caused Reference 

S. aureus, MRSA, MSSA Nosocomial infections, toxic shock syndrome (TSS) and [73,81,101,102,117– 
septicemia 120] 

Bacillus species (B. cereus, B. megater- B. cereus – food poisoning; others non-pathogenic [102,117,121] 
ium, and B. subtilis) 

P. vulgaris UTIs and wound infections [121] 

K. pneumoniae Respiratory tract infections including pneumonia [121] 

E. coli (including EPEC and EHEC) Food poisoning [73,81,100– 
102,117,120,122,123] 

Salmonella typhi and other species Food poisoning [101,102,122,124–126] 
H. pylori Gastroduodenal ulcers and cancer [105] 

Shigella dysenteriae and other species Shigellosis – dysentery–diarrhea, fever [101,102,122,126] 

Vibrio cholerae Cholera [102,122] 

Corynebacteria species Diphtheria, diseases from infection of intravascular and [102] 
prosthetic devices (e.g. endocarditis) 

Streptococcus species Toxic shock syndrome, skin infections, oral and throat in­ [102] 
fections, tooth decay, pneumonia 

Proteus vulgaris UTIs and wound infections [117,126] 

Enterobacter aerogenes Opportunistic and nosocomial infections (e.g. UTIs, wound [117] 
infections, endocarditis) 

EPEC, enteropathogenic E. coli; EHEC, enterohemorrhagic E. coli; UTI, urinary tract infection. 
5.5 Olive (Olea europaea) 
Like the avocado, the olive is eaten as a 

savory food, but it is actually a fruit. A num­
ber of studies have looked at various products 
of olive fruit for their antibacterial properties. 
These include virgin olive oil (which inhibited 
the growth of foodborne pathogens, due to its 
phenolic compounds) [107], green olive brines 
(which were bactericidal against 10 strains of a 
non-pathogenic probiotic bacteria, Lactobacillus 
plantarum) [108], and olive mill waste extracts 
(which had broad-spectrum antibacterial and 
antioxidant activity against S. aureus, E. coli, 
and Pseudomonas aeruginosa) [109]. 

Specific compounds within the olive have 
been shown to be responsible for its antibacte­
rial activity. For example, aliphatic long-chain 
aldehydes were active against the G + and 
G - bacteria that cause human intestinal and 
respiratory tract infection [110]. Most studies, 
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however, have found that phenols and pheno­
lic compounds are the main active components, 
inhibiting bacterial growth [107,109,111] as well 
as having bactericidal (lytic) effects [107,108]. 
Olive extracts have also been shown to have 
antibacterial effects against drug-resistant var­
iants of Mycobacterium tuberculosis (which cau­
ses TB) and to be non-toxic to human cells [72]. 

Extracts of olive, particularly phenolic com­
pounds, may therefore be useful in the future 
to treat TB, dermatitis, and nosocomial infec­
tions as well as the infections and diseases 
caused by foodborne and other human patho­
genic bacteria. 

5.6 Tomato (Solanum lycopersicum) 
The tomato is often mistakenly called a vege­

table and is nearly always eaten as such, being 
a common component of savory dishes and 
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having been nutritionally categorized as a vege­
table. However, strictly speaking it is a fruit, 
and more specifically a berry. 

Lycopene, the red pigment found in toma­
toes, has become the subject of much investiga­
tion. This is probably due to its properties as 
an antioxidant and having been thought to 
help reduce the risk of developing certain 
types of cancer (although the evidence for this 
is weak, as reported by the US Food and Drug 
Administration, FDA) [112]. Lycopene has 
been shown in vivo (chronic bacterial prostati­
tis, CBP, rat model) to have significant antibac­
terial effects. It was found to reduce the 
number of bacteria cultured from the prostate 
and urine, and to improve prostatic inflamma­
tion [113]. When given in combination with 
the antibiotic ciprofloxacin, its effects were syn­
ergistically enhanced. Further studies are 
clearly needed to assess its effectiveness and 
adverse effects in humans; however, lycopene 
from the tomato has the potential to be used 
as an alternative treatment for CBP and to 
enhance the effects of current antibiotic treat­
ment for this condition. 

5.7 Grapes (Vitis) 
The 70% aqueous propane extract (P70) of 

red grape (particularly from the skin) has been 
shown to have antibacterial activity against 
G + oral bacteria. When tested using S. mu-
tans, it was found to be bacteriostatic, to pre­
vent bacterial acid production, and to inhibit 
its adhesion to glass [114]. The active compo­
nent responsible is likely to be ‘resveratol’ 
which is found in the skins of red fruit such as 
red grapes, and has been shown in other stud­
ies to have antibacterial, antioxidant, and anti-
carcinogenic effects [115,116]. Flour made from 
the seeds of white grapes (Chardonnay) has 
also been shown to have antibacterial effects, 
thought to be due to its high phenolic content 
[35]. The flour was found to be bactericidal 
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against E. coli, to inhibit the growth of Listeria 
monocytogenes, and to have preservative effects 
on fish oils [35]. Interestingly, when grapes 
have been processed into red and white wine, 
their antibacterial effects still remain. One 
study [107] found that red and white wine kil­
led a variety of foodborne bacteria including 
Salmonella enteritidis and Listeria monocytogenes. 
However, whether this is due to the alcohol 
rather than the grape component of the wine 
remains to be seen. 

A pilot clinical trial has assessed the effect of 
dried grapes (raisins) on UTIs. Consumption of 
raisins by UTI patients was found not to elicit 
bacterial anti-adhesion activity in their urine 
when tested against uropathogenic E. coli [52]. 

Although raisins may not be effective at 
inhibiting the adhesion of UTI bacteria, the 
other studies have shown that grapes and 
grape products may be a new source of anti­
bacterial agents to treat food poisoning and 
dental plaque, and be used as a preservative in 
food products. 

6. CONCLUSION 

Investigations into plant materials as alterna­
tive sources of antimicrobials have become 
more common over the past few years, due to 
the increased rate of development of antibiotic-
resistant organisms. New strategies to combat 
infection are also being sought such as the use 
of ‘anti-adhesive’ molecules, targeting the pri­
mary step of infection – adhesion of the organ­
ism to host tissue [18], and plant extracts have 
been shown to do this as well [29,38,40]. 

The health benefits of plants and plant pro­
ducts such as fresh fruits may extend beyond 
their nutritional value (sources of fiber, vita­
mins, and minerals) and be far more wide-
reaching as they contain components that can 
kill, inhibit the growth, and inhibit adhesion of 
a wide variety of bacterial species including 
human pathogens. Many fruit extracts have 
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been shown to be effective at killing or inhibit­
ing the growth of bacteria. Despite this success, 
bacterial resistance can develop to these extracts 
too. However, some fruit extracts have been 
shown to inhibit the adhesion of bacteria. These 
include blackcurrant [38], grapes [114], and cran­
berry [39–41,44,45,49,51,52]. Because inhibition 
of adhesion works on the principle of sterically 
blocking bacteria from attaching to host tissue, 
the likelihood of resistance developing in bacte­
ria, which occurs when the organism is killed, 
is less likely. These fruit extracts are therefore 
most likely to be the best potential new sources 
of alternative antibacterial agents. 

Most investigations into the antibacterial 
properties of fruit have only been conducted at 
the basic experimental stage in vitro or in food 
systems and still need validation in human 
trials. However, even for those that have been 
tested in patients, the clinical study data pro­
vides limited evidence since most of the studies 
and trials had methodological limitations includ­
ing very small sample sizes or lack of blinding. 
Additionally studies varied widely in their treat­
ment regimen and so consistency of results is a 
problem. Despite the lack of trial data, cran­
berry and pomegranate are two examples of 
fruit that have been tested in clinical studies 
and cranberry is certainly used by clinicians 
today to help treat UTI and H. pylori infections. 

In order to have a better idea of the effective­
ness of fruit extracts at treating bacterial dis­
eases, larger, well-conducted RCTs are needed 
which assess different doses, as it may be that 
at higher doses the extract is more effective 
than the dose currently tested. In addition, 
studies need to be carried out for longer peri­
ods of time and compare different extracts or 
products of each fruit in several trials, since 
published data so far have been short and not 
consistent in their use of extract under scru­
tiny. Toxicity studies are also required because, 
although the fruit themselves are edible, high 
concentrations of particular extracted compo­
nents may have toxic effects in human or 
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animal systems. Additionally, for many fruits 
or fruit extracts, the active component(s) still 
remains to be identified. 

One of the problems with currently used 
broad-spectrum antibiotics is that they also kill 
the normal members of the microflora within 
the human gut – the ‘good’ bacteria. Fruit 
extracts also need to be tested to see whether 
they are specific in killing pathogenic bacteria 
rather than members of the normal microflora. 
For example, some experiments have shown 
that extracts from some fruit (including lime, 
orange, and pomegranate) killed both patho­
genic and non-pathogenic bacteria such as lac­
tobacilli and Bacillus subtilis [62,102,117]. 

Despite all these limitations, including the 
time taken for further experiments and trials to 
be conducted, it does not negate the fact that 
fruit and fruit extracts do contain antibacterial 
compounds which can kill, inhibit the growth 
of, and in some cases inhibit the adhesion of, 
bacteria that are the causes of major health 
problems in the world today. If further experi­
ments are conducted and the active compo­
nents identified, dietary fruit may comprise 
one of the prominent sources of antibacterial 
agents that will be regularly available to us in 
the future. 

7. SUMMARY 

Bacteria are rapidly becoming resistant to 
common antibiotics and antibacterial agents, 
and previously controlled diseases are begin­
ning to re-emerge. New sources are therefore 
required and one such source is plants and 
plant products including dietary fruit. 

Components and extracts from dietary fruit 
have been shown to kill, inhibit the growth, 
and inhibit the adhesion of a wide range of 
pathogenic bacteria. 

Further studies are still required for many 
fruits to identify the active components and to 
test their effectiveness and safety in humans. 
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Despite this, dietary fruits are a potential 
source of new antibacterial agents which is des­
perately needed in the world today, where a 
number of bacteria seem to have the upper 
hand in the fight against infection. 
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1. INTRODUCTION
 

Epidemiological and clinical studies in the 
nutrition field have shown the health benefits 
of adequate fruit and vegetable consumption 
[1,2] especially with regards to the prevention 
of chronic diseases [3–6]. 

Recommendations for adequate fruit and 
vegetable intake levels have been set by inter­
national health agencies and most European 
countries. National food-based dietary guide­
lines (FBDG) vary between 400 and 750 g fruit 
and vegetables per day [7], yet most of the 
national guidelines suggest at least 400 g as a 
minimum intake amount, which is also in line 
with the World Health Organization (WHO) 
recommendation [8,9]. 

While diets high in fruit and vegetables have 
been associated with beneficial health effects, a 
large proportion of the European population 
does not meet these recommendations [3,7,10– 
12]. Furthermore, adequate consumption of fruit 
Bioactive Foods in Promoting Health: Fruits and Vegetables 16
and vegetables in mothers is of utmost impor­
tance, not only for the health of the mothers but 
also for the development and health of their chil­
dren. Beside the health benefits it is worth 
emphasizing that mothers’ fruit and vegetable 
consumption patterns play an essential role in 
shaping the food preferences and the fruit and 
vegetable consumption pattern of their children. 
Mothers are therefore an important target 
group for intervention programs promoting 
fruit and vegetable intake in Europe. 

The aim of this paper is to review available 
and comparable intake data in Europe and to 
provide insight into risks and benefits of mater­
nal fruit and vegetable consumption. 

2. DATA ON FRUIT AND 
VEGETABLE INTAKE IN EUROPE 

As fruit and vegetable intake is one of the 
main nutrition quality indicators [13], it  is of  
1 r 2010 Elsevier Inc. All rights reserved. 
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particular importance to monitor the intake 
across Europe. Differences in consumption pat­
terns are useful in order to identify important 
target groups for future interventions. Some 
attempts have been made to review data from 
national studies to make international compar­
isons [14,15]. The comparability of such 
national surveys is however limited, due to 
methodological differences including variations 
in food categorization systems and food com­
position databases [16]. At the time of writing, 
comparable data from cross-European studies 
using the same standardized instruments is 
limited. 

Relevant studies collecting data using stan­
dardized instruments for measuring fruit and 
vegetable intake are the European Prospective 
Investigation in Cancer and Nutrition (EPIC) 
study and the Pro Children study. The EPIC 
study provided cross-European data of fruit 
and vegetable intake in women [17,18], 
whereas the Pro Children study was the first 
that provided detailed information on fruit and 
vegetable intake of European mothers [7,19]. 

2.1 Fruit and Vegetable Intake in 
European Women – Results from the 
EPIC Study 

The European Prospective Investigation in 
Cancer and Nutrition (EPIC) study was not spe­
cifically designed to measure fruit and vegeta­
ble intake [17,18]. While focusing on risk factors 
for cancer, food consumption patterns were 
measured generally by using standardized com­
puter-assisted 24-hour diet recalls. As a result, 
information on fruit and vegetable intake was 
obtained from 35,955 participants, of whom 
22,924 were women, in 27 administrative cen­
ters in 10 European countries. Unfortunately, 
the publication did not indicate how many 
mothers were included in the analysis [3]. 

The results reported that fruit and vegetable 
intake levels in European women were not 
A. FRUIT AND VEGETABLE
sufficient in many countries. A south–north gra­
dient for fruit and vegetable intake could be 
observed in both sexes, but was less clearly 
defined among women. 

The highest fruit consumption in women was 
found in Spain (400 g/d in Ragusa), the lowest 
in Sweden (151 g/d in Malm€o). The highest veg­
etable consumption was shown in the South of 
France (261 g/d), while the lowest intake levels 
were observed in Norway (118 g/d) and surpris­
ingly also in the North of Spain (103 g/d in 
Asturias). The highest consumption of fruit and 
vegetable juice was observed in Germany, fol­
lowed by Dutch women [3]. 

Additionally, differences in consumption pat­
terns could be observed with regards to type 
and preparation of vegetables. Relatively large 
amounts of leafy vegetables were consumed in 
the Mediterranean countries, whereas root vege­
tables were more common in Scandinavian 
countries, while the intake of cabbage was 
highest in the UK, the Netherlands, and in 
Germany. The proportion of cooked vegetables 
was highest in Greece, France, some Italian 
regions, the UK, and the Netherlands, while 
people in Norway, Sweden, and Germany ten­
ded to consume more raw vegetables [3]. 

2.2 Fruit and Vegetable Intake in 
European Mothers – Results from the 
Pro Children Study 

Data on the fruit and vegetable intake of 
European mothers was provided by the Pro 
Children study, carried out in nine European 
countries in 2003. The main objective of the 
study was to develop strategies to promote 
adequate consumption levels of fruit and vege­
tables among European schoolchildren and 
their parents. In order to achieve that aim the 
project was designed to collect information on 
actual fruit and vegetable consumption in all 
participating countries, to identify factors asso­
ciated with the consumption patterns, and to 
S IN HEALTH PROMOTION 
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develop effective intervention strategies [20]. A  
simple, self-administered survey instrument for 
fruit and vegetable intake [21] was used to col­
lect the data of 9070 mothers of 11-year-old 
children who participated in the survey. 

The Pro Children study results showed that 
in all participating countries, fruit and vegeta­
ble intake was below the recommended level. 
The consumption of vegetables was consis­
tently lower than that of fruit, while a high per­
centage of mothers reported eating fruit and 
vegetables less than once a day [7]. 

As illustrated in Figure 11.1, comparatively 
high average fruit intake levels could be identi­
fied in Portugal, Denmark, and Sweden (211, 
203 and 194 g/d), while the lowest intake was 
found in Iceland (97 g/d). High vegetable 
intake levels were shown in Portugal and 
Belgium (169 and 150 g/d). The lowest intake 
was observed in Spain (88 g/d), as consistent 
A. FRUIT AND VEGETABLE
with the findings from the EPIC study. In this 
study, the highest intake levels of fruit juice 
were observed in Austria and again in the 
Netherlands. Since Spain was the country with 
the lowest vegetable intake level, a south– 
north gradient could not be observed in the 
Pro Children data [7]. 

Differences between countries were again 
shown for the preparation of vegetables 
(Table 11.1). More than two-thirds of the total 
amounts were eaten as cooked vegetables in 
Portugal, Belgium, and the Netherlands. 
Vegetable preparation in Portugal and Belgium 
was additionally characterized by a high 
intake of vegetable soup. A high consumption 
level of raw vegetables was again observed in 
Sweden, but also in Denmark and Iceland [7]. 

Despite the fact that Portugal and Denmark 
showed the highest total consumptions of fruit 
and vegetables with an average intake of 380 g/d 
FIGURE 11.1 Average fruit and vegetable intake (g/d) of European mothers by country. 
Results from the Pro Children study. Adapted from Wolf et al. [7]. 
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and 342 g/d, respectively, European mothers are 
far from meeting the international recommenda­
tions. Notably, vegetable consumption was low 
in most of the surveyed countries. 

TABLE 11.1 Percentage of Total Vegetable 
Consumption per Preparation Method and Country 
(Results from the Pro Children Study) 

% of Total Vegetable Consumption per 
Country 

Salad Raw Cooked Vegetable 
Vegetables Vegetables Soup 

Portugal 16.7 7.2 31.2 44.9 

Belgium 13.7 16.3 33.2 36.8 

Denmark 18.7 50.0 24.7 6.6 

Sweden 28.6 44.9 21.7 4.8 

Netherlands 16.5 17.9 50.2 15.4 

Austria 25.5 29.1 26.6 18.8 

Norway 15.7 40.0 39.9 6.4 

Iceland 26.3 42.4 24.1 7.2 

Spain 27.1 17.7 31.9 23.3 

Total 20.0 27.8 30.6 21.6 
A. FRUIT AND VEGETABL
Many recommendations do not specify 
whether fruit juice should be included as a part 
of total fruit consumption or not. Therefore 
juice intake was analyzed separately. With the 
inclusion of fruit juice, the WHO population 
goal for total fruit and vegetable consumption 
of Z400 g/d was met by most countries sur­
veyed, with the exception of Norway and 
Iceland. When fruit juice was excluded average 
consumption did not reach the recommenda­
tions in any country. 

As shown in Figure 11.2, the consumption 
levels of both fruit and vegetables (without 
fruit juice) were in line with WHO recommenda­
tions for only 27% of all participating mothers. 

3. INTERPRETATION OF 
AVAILABLE DATA ON FRUIT AND 
VEGETABLE INTAKE IN EUROPE 

International nutritional surveys clearly indi­
cated that fruit and vegetable intake is below 
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FIGURE 11.2 Percentage of mothers meeting WHO recommendations for fruit and vegetable intake of Z400 g/d 
Results from the Pro Children study. Adapted from Wolf et al. [7]. 
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the recommended amount in many European 
countries. In particular, low intake levels were 
found in the northern European countries 
[3,7,12]. Therefore, a south–north gradient in 
fruit and vegetable intake could be observed in 
some studies [3] and is also reflected in some 
agricultural statistics [12]. 

This south–north gradient for fruit and vege­
table intake was to some extent also shown in 
European women [3], but could not be 
observed in mothers of 11-year-old children. In 
fact, the lowest intake level of vegetables was 
identified in Spanish mothers [7]. 

However, a tendency towards dietary unifor­
mity has been widely observed in Europe over 
the last decade [22,23]. That might be one rea­
son why a decrease in fruit and vegetable vari­
ety could also be identified in the southern 
European countries [19]. Therefore, interven­
tions should not only promote the increase in 
fruit and vegetable intake but also encourage 
variety in the diets of European mothers. 

4. BENEFITS AND RISKS OF FRUIT 
AND VEGETABLE INTAKE IN 

MOTHERS 

Fruit and vegetables are low in energy but 
relatively rich in vitamins (especially vitamin C 
and folate), minerals, and other bioactive com­
ponents which impart beneficial health effects. 
Convincing evidence exists for the role of fruit 
and vegetables in the prevention of chronic dis­
eases such as cardiovascular diseases [24–26], 
stroke [27–29], and hypertension [30] and prob­
able evidence for the protection against some 
cancers [31]. Furthermore, there is evidence 
that high fruit and vegetable intake is associ­
ated with a reduced risk of osteoporosis [32,33] 
and some eye diseases such as cataracts [34] 
and age-related nuclear lens opacities [35]. 
Besides that, fruit and vegetable intake may 
play an important role in weight management 
A. FRUIT AND VEGETABLE
and thereby in the prevention of overweight 
and obesity [1,36–38]. 

It is important to emphasize that aside from 
these general health effects, adequate fruit and 
vegetable consumption levels in mothers would 
positively affect both the mothers’ and chil­
dren’s health. 

4.1 Health-relevant Aspects of Fruit and 
Vegetable Intake in Women of 
Childbearing Age 

High fruit and vegetable intake in pregnancy 
has been shown to be positively associated with 
birth weight [39]. In contrast, inadequate fruit 
and vegetable consumption may increase the 
risk of adverse pregnancy complications and 
outcomes [40]. Low fruit and vegetable con­
sumption and the resulting low intake of 
nutrients such as folate and lutein/zeaxanthin 
may increase the risk of sporadic retinoblas­
toma in the infant [41]. Low concentrations of 
dietary and circulating folate have further been 
associated with preterm delivery, low birth 
weight and fetal growth retardation [40]. Folate 
also plays an essential role in the prevention of 
neural tube defects. Thus, adequate folate 
intake is already crucial prior to conception and 
throughout pregnancy [42]. 

Low intake of fruit and vegetables, espe­
cially green leafy vegetables, is a primary 
cause of folate deficiency [43], which is associ­
ated with an elevation of blood homocysteine. 
High maternal homocystein concentrations 
were in turn identified as a risk factor for habit­
ual spontaneous abortion and pregnancy com­
plications such as placental abruption and 
preeclampsia [40]. The long-term high con­
sumption of vegetables has the potential to 
improve folate status and is therefore associ­
ated with a reduced risk for folate deficiency 
during pregnancy [42]. 

Fruit and vegetables are important sources 
of micronutrients that are crucial for the health 
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of the mother and also for the development of 
the unborn child. High consumption of fruit 
and vegetables to optimize the folate status is 
therefore recommended by many nutritional 
guidelines [42]. Despite this, a significant pro­
portion of women of reproductive age con­
sume diets that are low in fruits and 
vegetables [7] and subsequently also low in 
micronutrients such as folate [40]. So far these 
recommendations alone have not shown any 
positive effects in reducing the occurrence of 
neural tube defects, therefore strategies for sup­
plementation and food fortification are still a 
contentious issue in the nutritional and medi­
cal field [44]. 

5. MATERNAL INFLUENCE ON 
CHILDREN’S FRUIT AND 

VEGETABLE CONSUMPTION 

Healthy diets in childhood are important as 
they shape food preferences and eating habits 
in later life and protect against early 
manifestations of nutrition-related diseases. 
Nevertheless, in many European countries, chil­
dren consume far less than the minimum 
recommended amount [10]. 

Children’s food choice is strongly guided by 
their taste preferences [45–48]. Therefore it is of 
the utmost importance to promote healthy 
food preferences and thereby healthy eating 
habits in children. Generally, children’s nearest 
social environment plays an important role in 
shaping food preferences [49]. In particular, 
maternal eating behavior has an important 
function in the development of their children’s 
eating preferences and behavior. People in 
close proximity to children’s social environ­
ments can influence children’s eating habits 
either directly by creating the child’s food envi­
ronment (by influencing exposure and accessi­
bility to food) and by acting as positive role 
models or indirectly through the transmission 
of attitudes and values [50,51]. 
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5.1 Early Exposure and Food Preferences 

Several studies noted that fruit and vegeta­
ble preferences are either the only significant 
or the most important predictor of fruit and 
vegetable consumption in children [47,52–54]. 
Children’s food preferences, on the other hand, 
are strongly associated with their consumption 
pattern. They are determined by the children’s 
food experiences and the extent to which food 
is familiar to the children [45,55]. The innate 
preference for a sweet taste is modified from 
the very beginning, initiated by early experi­
ences with food [47,56]. The early exposure to 
different tastes, either to fruits and vegetables 
or to high-energy dense foods, may have an 
important role in establishing a hierarchy of 
food selection later on [47]. Therefore research 
suggests that the earlier and broader the experi­
ence, the healthier the child’s diet [45]. 

Consequently, it was hypothesized that the 
acceptability of flavors to infants increases if 
previously exposed via amniotic fluid or breast 
milk. Breastfeeding in particular might provide 
an advantage in the initial acceptability of 
food, especially when mothers consume the 
same food regularly [57]. 

Indeed, evidence suggests that prenatal and 
early postnatal exposure to a flavor, for exam­
ple that of carrots, may promote infants’ enjoy­
ment and acceptability of that flavor in solid 
foods during weaning [47,57,58]. It was further 
indicated that even the fruit consumption of 
2- to 6-year-old children was positively affected 
by breastfeeding and the early introduction to 
fruit [59]. Frequent exposure to a wide variety 
of fruits in the first two years was shown to pre­
dict fruit variety in school-aged children [60]. 

Based on these findings, mothers should be 
encouraged to eat plentiful amounts, as well as 
a variety, of fruit and vegetables during preg­
nancy and lactation, not only to guarantee satis­
factory nutrient intake levels (for example that 
of folate), but also with regards to the early 
introduction of these flavors to their infants. 
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Mothers should be made aware of the 
importance of early and repeated food-related 
experiences for the acceptability of a variety of 
fruits and vegetables later on [60]. They should 
continue to offer new flavors such as those of 
unfamiliar fruits and vegetables, as often as 
possible. This is in order to familiarize their 
children with new tastes and to allow their chil­
dren to integrate the new food into their diets 
[45,60]. 

5.2 Family Food Environment and 
Parental Facilitation 

Parents occupy a key position in their chil­
dren’s food environment. They are the ‘gate­
keepers’ of home food supply (selection of 
menus, variety of foods, cooking or preparation 
practices) and play an important role in promot­
ing the availability and accessibility of fruits 
and vegetables [61]. Mothers can influence chil­
dren’s fruit and vegetable consumption pat­
terns by controlling fruit and vegetable 
availability, by providing a supportive eating 
environment, and by establishing clear meal 
structures [62]. Mothers can encourage their 
children’s fruit and vegetable consumption; for 
example, by eating fruit and vegetables 
together with their children, by cutting up fruit 
and vegetables between meals, and by allowing 
their children to eat as much fruit or as many 
vegetables as they like. They can further facili­
tate their children’s intake by acting as a posi­
tive role model [62,63]. 

5.3 Model Learning 

Children’s eating behaviors are particularly 
influenced by the behavior of people in their 
social environment; for example, by their par­
ents and especially by their mothers, who are 
traditionally responsible for their children’s 
care. 
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As they act as potential role models for 
their children’s health and eating behavior, 
their own fruit and vegetable consumption 
becomes a significant predictor of their chil­
dren’s consumption pattern [63–68]. Literature 
suggests that children are likely to develop sim­
ilar taste preferences and eating patterns to 
their parents [69]. Children’s food intake often 
mirrors their parents’ intake [70]. Positive asso­
ciations between parents’ and children’s intake 
could be found for nutrients [71,72] as well as 
for fruits and vegetables [63,72]. The observed 
effects were stronger between mothers and chil­
dren than between fathers and children [71]. 

Children who perceived their role models – 
in particular their mother, their father, and their 
best friends – to be daily fruit and vegetable con­
sumers were more likely to have positive atti­
tudes towards fruit and vegetables [73] and to 
be daily fruit and vegetable consumers them­
selves [52,74]. 

Thus, a number of studies show positive 
associations between healthy consumption pat­
terns of mothers and consumption patterns of 
children or adolescents, respectively [51,75]. 

It was further shown that mothers reporting 
higher levels of concern for healthful eating had 
higher intakes of fruits, vegetables, and dairy 
products. Additionally, these mothers were 
more likely to create a supportive home food 
environment for their children. Consequently, 
adolescent perception of maternal concern for 
healthy eating was shown to be positively asso­
ciated with adolescent fruit and vegetable 
intake [51]. These findings again indicated that 
maternal modeling effects have a consistent 
impact on children’s eating behavior. However, 
it was also shown that children and adolescents 
do not only imitate the eating behaviors of their 
role models, but also pick up preferences, 
attitudes, and beliefs, as well as norms and ex­
pectations towards food from their social envi­
ronment [76]. 

Mothers should recognize that their own 
fruit and vegetable intake, as well as attitudes 
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regarding fruit and vegetable intake, have the 
potential to influence their children’s intake 
levels. Furthermore, mothers should be made 
aware of the importance of adequate fruit and 
vegetable consumption and should be encour­
aged to share these health beliefs with their 
children. 

6. SUMMARY 

Despite the importance of fruit and vegetable 
consumption in the health of mothers in particu­
lar, the results of European cross-sectional stud­
ies show that intake levels of fruit and 
vegetables in women are still below the 
recommended amount. As a high proportion of 
women of a reproductive age consume diets 
that are low in fruit and vegetables, adequate 
intake of essential nutrients such as folate, vita­
min C and β-carotene cannot be guaranteed, 
and might have an adverse effect on the health 
and development of their unborn children. 
Unfortunately, a high percentage of mothers 
report that they eat fruit and vegetables less 
than once a day. Above all, mothers should be 
made aware of the great importance of their 
own fruit and vegetable intake and the associa­
tion of their food preferences with the fruit and 
vegetable intake patterns of their children. 

Published data show that national and inter­
national interventions are necessary to promote 
fruit and especially vegetable consumption in 
the European population of mothers. 
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1. INTRODUCTION
 

Osteoporosis is defined as a metabolic bone 
disease characterized by low bone mass and 
microarchitectural deterioration of bone tissue, 
leading to enhanced bone fragility and a conse­
quent increase in fracture risk. Osteoporosis has 
become a significant public health problem and 
has received great attention in industrialized 
countries. It affects an estimated 44 million 
Americans or 55% of people 50 years of age or 
older [1]. Another 34 million Americans are esti­
mated to have low bone mass, meaning that 
they are at an increased risk of osteoporosis [1]. 
Bone mineral density (BMD) is affected by 
genetic, endocrine, mechanical, and nutritional 
factors, with extensive interactions between 
these factors [2]. Nutritional factors are consid­
ered to be of particular importance to bone 
health because they are potentially modifiable. 

Previous studies have pointed toward the 
important role of nutritional factors in the 
maintenance of optimal bone health. Until 
Bioactive Foods in Promoting Health: Fruits and Vegetables 17
recently, focuses have primarily been placed 
on calcium and a few isolated nutrients. 
Nutrients such as alkaline ions (potassium and 
magnesium), vitamin K, and vitamin C, found 
abundantly in fruit and vegetables, have been 
found to be associated with greater bone mass 
and lower urinary calcium excretion in human 
studies [3]. These findings have led to the 
examination of linkages between fruit and 
vegetable consumption and bone health. A 
few studies have reported the beneficial asso­
ciations between fruit and vegetable consump­
tion and BMD and/or bone size among 
children and adults [3–11]. An increase in the 
consumption of fruits and vegetables to 4.5 ser­
vings a day has been advocated by the US 
Department of Agriculture and the American 
Heart Association Nutrition Committee on the 
assumption that such a change would reduce 
the incidences of both cancer and cardiovascu­
lar disease [12,13]. This chapter will summarize 
the association between the consumption of 
fresh fruits and vegetables and bone health, 
and the potential mechanisms. 
3 r 2010 Elsevier Inc. All rights reserved. 
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2. ASSOCIATION OF FRUIT AND 
VEGETABLE INTAKE AND BONE 

HEALTH 

2.1 Animal or In Vitro Studies 
M €

that short-term treatments (10 days) with 14 
vegetables commonly consumed by humans 
(onion, leek, garlic, wild garlic, common pars­
ley, Italian parsley, dill, lettuce, tomato, cucum­
ber, arugula, broccoli, Brussels sprouts, Chinese 
cabbage, and red cabbage) can significantly 
inhibit bone resorption in rats [14,15]. The 
effects of one gram of the dried test foodstuff 
on a urinary bone resorption marker (tetracy­
cline) were similar to or even higher than those 
of calcitonin at doses (1.25 or 2.5 IU/kg body 
weight) used to treat postmenopausal osteo­
porosis [14,15] (Figure 12.1). Their study group 
further examined many other fruits, herbs, 
nuts, beans, and seeds, mushrooms, carbohy­
drate sources, and beverages [16]. Figure 12.2 
summarizes the ranked potency of inhibition of 
bone resorption in rats by 24 fresh food items 
and red wine residue when administered at a 
dosage of 1 g/d of fresh weight [16]. For vege­
tables and bone health, a summary of animal 
studies strongly suggested the positive effects 
of onion on bone. A study using short-term 
treatment (10 days) with onion (0.03–1.5 g/ 
rat/day) has shown a decrease in the ovariec­
tomy-induced bone resorption rate in a dose-
dependent manner uhlbauer and his 

In 1999, uhlbauer and Li first reported 

[16]. M  €
colleagues noted that relative to controls, rats 
fed 1 g dry onion per day for 4 weeks had an 
increase in bone mineral content (BMC) by 
17.7% [standard deviation (SD) 6.4%; P<0.05], 
in mean cortical thickness by 14.8% (SD, 7.6%), 
and in BMD of trabecular bone by 13.5% (SD 
3.1%; P<0.05) [14]. Another study showed that 
onion-enriched diets could counteract ovariec­
tomy-induced osteopenia in young adult rats 
in a dose-dependent manner. The efficacies of 
A. FRUIT AND VEGETABLE
FIGURE 12.1 Effect of foodstuffs and the hormone calci­
tonin on bone resorption as assessed by the urinary excre­
tion of previously administered radiolabeled tetracycline. 
Data are plotted as the ratio of treated/untreated control 
[7 standard error of the mean (SEM); N = 5 per group] 
over 10 days. The 95% confidence interval of the 
untreated control groups (N = 5–6; 10 experiments) is 
shaded. Onion was used as a positive control for all 
foodstuffs. All rats received the same total daily amount 
of food, including 1 g of the dried test foodstuff. Fresh 
foods were air- or freeze-dried and ground. Calcitonin 
was injected daily at doses of 1.25 or 2.5 IU per kg body 
mass at the optimal time. *Cooked before drying; 
+P = 0.05, ++P<0.01, +++P<0.001 [14,15]. 
S IN HEALTH PROMOTION 
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FIGURE 12.2 Inhibition of bone resorption in rats by 
24 fresh food items and the red wine residue. 
To allow a comparison of the activity of various food items 
as they are consumed in real life, the results for items that 
inhibited bone resorption when administered at a dosage of 
1 g/d of dry matter were converted to fresh weight using 
their recorded loss of weight (water and ethanol) during 
drying. The values are means7SEM and are ranked accord­
ing to potency [16]. 

the highest dose of onion (14%) in preventing 
bone loss were similar to those of alendronate 
treatment in many bone indices [17]. In  in vitro 
studies, Tang et al. [18] found that water-
soluble extracts of onion inhibited osteoclas­
togenesis from co-cultures of bone marrow 
stromal cells and macrophage cells via attenua­
tion of the receptor activator of nuclear factor 
kappa B ligand (RANKL)-induced extracellular 
signal-regulated kinase (ERK), p38 and NF-κB 
activation. A substance, γ-L-glutamyl-trans-S-1­
propenyl-L-cysteine sulfoxide (GPCS), isolated 
from onion (Allium cepa L.) by bioassay-guided 
fractionation, has a molecular mass of 306 Da 
and was found to inhibit dose-dependently the 
resorption activity of osteoclasts. The minimal 
effective dose was approximately 2 mM [19]. 

Several studies have examined the effects of 
fruits on bone indices. Among fruits, dried 
plum was extensively studied by Arjmandi 
and colleagues. In 2001, they first reported that 
dried plum increases indices of bone 
A. FRUIT AND VEGETABLE
formation, i.e. serum total alkaline phosphatase 
and bone-specific alkaline phosphatase activity, 
and insulin-like growth factor I (IGF-I) [20]. 
Further studies found that dried plum, as low 
as 5% (g/100 g diet), was effective in restoring 
femoral and tibial bone density in an osteo­
penic rat: 5%, 15%, and 25% dried plum could 
dose-dependently reverse the loss of bone den­
sity and the deterioration of microarchitectural 
properties in an ovariectomized rat model of 
postmenopausal osteoporosis [21]. A 25% 
prune-enriched diet was found to have an 
equally protective effect as 17β-estradiol E2 on 
bone volume ratio (bone volume/total volume, 
BV/TV) [21]. Other studies have noted the 
effect of dried plum on preventing osteopenia 
in androgen-deficient male rats [22], and 
improving bone mass, trabecular and cortical 
bone microarchitecture, and strength in orchi­
dectomized (ORX) rats [23]. Dried plum had 
approximately 50% of the effect of parathyroid 
hormone (PTH) on vertebral bone density, but 
a greater effect (i.e. 60%) on bone biomechani­
cal properties. These findings suggest that 
dried plum may positively affect components 
of overall bone strength, including bone turn­
over rate, protein matrix synthesis, and regula­
tion of osteoblast and osteoclast activities [23]. 
These beneficial effects of dried plum may 
partly be attributable to a decrease in osteoclas­
togenesis via the down-regulation of nuclear 
factor kappa B ligand and nuclear factor for 
activated T cell expression as well as nitric 
oxide (NO) and tumor necrosis factor (TNF)-α 
production; and an enhancement of osteoblast 
activity and function by up-regulating Runx2, 
osterix, and IGF-I and increasing lysyl oxidase 
expression [22,24,25]. The restoration in some 
of the bone structural and biomechanical para­
meters might also share some similarities with 
PTH [23]. 

Only a few studies have assessed the effects 
of other fruits or fruit juices on bone indices. 
M €uhlbauer et al. reported that a 10-day treat­
ment with prune and orange, but not banana 
S IN HEALTH PROMOTION 
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or apple, could significantly inhibit bone 
resorption in rats [16]. Deyhim et al. [26] 
observed that orange juice and grapefruit juice 
reversed ORX-induced antioxidant suppres­
sion, decreased alkaline phosphatase and acid 
phosphatase activities, moderately restored 
femoral density, increased femoral strength, sig­
nificantly delayed time-induced femoral frac­
ture, and decreased urinary excretion of 
hydroxyproline. Similar positive effects of 
grapefruit juice and grapefruit pulp on bone 
quality were also observed in ORX rats by 
enhancing bone mineral deposition and slow­
ing down bone turnover [27,28] in non-ORX 
rats via an undefined mechanism. Moreover, 
hesperidin, one of the main flavonoids present 
in oranges, was reported to improve bone qual­
ity in rodents and prevented ovariectomy­
induced bone loss in mice and rats [29,30]. In
addition, Devareddy et al. [31] found that blue­
berry was effective in preventing bone loss 
caused by ovarian hormone deficiency as seen 
from whole body, tibial, and femoral BMD 
values. However, such a benefit was not 
observed in orchidectomized male rats fed 
cranberry juice [32]. 

2.2 Human Studies 

Many observational studies have directly 
examined the association of fruit and/or vege­
table consumption with indices of bone health 
[33–45]. Most of these studies are cross-
sectional in design; three are prospective 
cohort studies [34,38,40]. A summary of these 
results is presented in Table 12.1. 

2.2.1 Adult Studies 

In 1997, New et al. [33] first reported the 
association of fruit and vegetables with bone 
health in a cross-sectional study. They found 
that BMD at the lumbar spine, femoral neck, 
greater trochanter, and Ward’s area was signifi­
cantly lower by 3.4–4.8% in middle-aged 
A. FRUIT AND VEGETABL
 

(44–50 y) women who reported a low intake of 
fruit in early adulthood than in those who 
reported a medium or high intake. Tucker 
et al. [34] observed a similar favorable effect of 
fruit and vegetable consumption on BMD in 
elderly men and women (mean age 75 y) of the 
Framingham Heart Study cohort population in 
a cross-sectional examination. One serving 
increase in baseline consumption of fruits and 
vegetables was associated with 0.0049 (P<0.1) 
and 0.0053 (P<0.05) (g/cm2) increases in subse­
quent 4-year change in BMD in men after 
adjusting for baseline BMD, and other dietary 
and lifestyle factors (age, body mass index, 
physical activity score, smoking status, alcohol 
use, calcium supplement use, vitamin D supple­
ment use, season of BMD measurement, 
energy intake, dietary calcium intake, and die­
tary vitamin D intake) [34]. Similar positive 
associations between fruit and vegetable intake 
and BMD, BMC, or low fracture rate were also 
observed in middle-aged Hong Kong post­
menopausal Chinese women [41], in popula­
tion-based Mainland Chinese adult men and 
women [44], and in old women in the UK [42]. 
However, inconsistent results were also found 
in other studies. In cross-sectional studies, 
Prynne et al. [42] did not observe this positive 
link between fruit and vegetable consumption 
and BMD among 130 young women and 70 
elderly men. A similar result was found in 57 
men aged 39–42 years after controlling for lean 
body mass and energy intake [37]. In prospec­
tive cohort studies, there was no association 
between baseline fruit and vegetable intake 
and longitudinal change in BMD in 562 
women in the Framingham study (34), and in 
2–5 year hip BMD loss rates in 470 white men 
and 474 white women aged 67–79 years in a 
prospective population-based diet and cancer 
study (EPIC-Norfolk) in Eastern England (38). 
In another cohort study of 1865 peri- and post­
menopausal women (Adventist Health Study) 
who completed two lifestyle surveys 25 years 
apart, increasing fruit and vegetables was not 
ES IN HEALTH PROMOTION 
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TABLE 12.1 A Summary of Results of Studies on Fruit and Vegetables on Bone Indices 

Source Country Study Recruitment Study Age, Dietary Results: Fruit and Vegetable and 
Design Methods Size Mean Measurements Bone Indices
 

(SD) or
 
Range
 

New [33] UK CS Random F: 994 47.1(1.4) FFQ, self-adm.	 Fru at age 20–30 y and current 
BMD at LS, FN, Troch.: positive 

Tucker [34] US CS Framingham M: 345 75(4.9) FFQ, Self-adm.	 M: B (BMD in g/cm2/serving 
cohort subjects F: 562	 F&V): 0.0086* (FN), 0.011* (Ward's) 

0.0043* (Radius); high V&F, lower 
4-y Ward's bone loss 

F: B: 0.0056*(Troch) and 0.0049** 
(Radius), NS for bone loss rate 

Frassetto World ES F: 33 Elderly	 Veg. Protein & hip fracture, 
[140] countries women	 r = - 0.37* 

Veg. protein/animal protein & hip 
fracture, r = - 0.84*** 

Jones [35] AU CS Clinical M: 215 8.2(0.3) FFQ by Fru and BMD (TB, FN, LS): NS 
subjects F: 116 mother or Veg and TB BMD: r = - 0.15*; 

guardian Veg & FN, LS BMD: NS 

Whiting [37] Ca CS Random M: 57 39–42 FFQ, self-adm. F&V and BMD (TB, Hip, LS): NS 

Kaptoge US Cohort Pop.-based M: 470 67–79 7-d FD V&F and BMD loss: NS 
[38]	 F: 474 

McGartland UK CS Random M: 594 12,15 Diet history	 12y Girls: Fru and heel BMD: posi­
[39] F: 747 method	 tive; Fru and radius BMD: NS 

15y girls and 12 or 15y boys: F&V 
and BMD: NS 

Tylavsky US CS Volunteers F: 56 8–12 FD	 F&V and TB bone area: positive; 
[45]	 F&V and urine calcium: negative 

F&V and TB BMD, BMC: NS 

Vatanparast Ca Cohort Pop.-based M: 85 8–20 Multi-24-h	 Boys: F&V and TB BMC increases: 
[40] F: 67 recalls	 positive; Girls: NS 

Prynne [42] UK CS Volunteers a. F: 125 a. 16–18 7-day FD	 a. Fru, F&V and BMD/BMC at TB, 
b. M: 132 b. 16–18	 LS (not Hip, FN): positive: 
c. F: 130 c. 23–37	 b. Fru, F&V and BMD/BMC at TB, 
d. M: 70 d. 60–83	 LS, hip, FN: positive: 
e. F: 73	 e. 60–83 c. Fru or Veg and BMD/BMC at 

TB, LS, hip, FN: NS 
d. Fru or Veg and BMD/BMC at 
TB, LS, hip, FN: NS 
e. Fru & LS BMC: Positive; F and 
BMD at TB, LS, hip, FN: NS 

Chen [41] HK CS Volunteers F: 670 48–63 FFQ, interview	 F&V and BMD at TB, LS, hip (but 
not FN): positive, Fru > veg 

(Continued) 
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TABLE 12.1 (Continued) 

Source Country Study Recruitment Study Age, Dietary Results: Fruit and Vegetable and 
Design Methods Size Mean Measurements Bone Indices
 

(SD) or
 
Range
 

Okubo [141] Japan CS Com.-based F: 291 46.4(3.7) 147-item FFQ	 Dietary pattern with high Veg, 
Fru, mushroom, fish and BMD at 
radius and ulna: positive 

Zalloua [44] China CS Pop.-based M: 5848 24–67 Short FFQ	 Fru and BMD at TB and Hip: posi-
F: 6207	 tive, Veg and BMD: NS 

Thorpe [43] US Cohort Volunteers F: 1406 52–53 FFQ	 F&V and all minor trauma frac­
tures: NS 

UK, United Kingdom; US, United States; AU, Australia; HK, Hong Kong; CS, cross-sectional study; cohort, prospective 
cohort study; ES, ecological study; Pop.-based, population based; Com.-based, community-based; FFQ, food frequency 
questionnaire; Self-adm., self-administrated; FD, food diary; Fru, fruits; Veg, vegetables; F&V, fruit and vegetables; TB, 
total body; LS, lumbar spine; FN, femur neck; Troch, trochanter; BMD, bone mineral density; BMC, bone mineral content; 
NS, no significant association.
 
*,** and ***: P<0.05, P<0.01 and P<0.001.
 
associated with a reduced risk of all fractures
 
due to minor trauma.
 

2.2.2 Childhood Studies 

Tylavsky et al. [45] showed fruit and vegeta­
ble intake to be a significant independent pre­
dictor of bone area but not BMD or BMC in 56 
girls aged 8–13 years. Children who reported 
consuming Z3 servings of fruits and vege­
tables per day had more bone area of the 
whole body (6.0%; P = 0.03) and radius (8.3%; 
P = 0.03), lower urinary calcium excretion and 
lower PTH than children who reported consum­
ing <3 serving of fruit and vegetables per day. 
Prynne et al. [42] found that greater fruit and 
vegetable intake was associated with higher 
BMD and BMC in the whole body and spine, 
and BMC at the hip in 111 boys and 101 girls 
(mean age 17 y). Similar positive association of 
fruits and vegetables with heel BMD was 
found by McGartland et al. [39] in 378 girls 
(but not in 324 boys) aged 12 years. In a 7-year 
follow-up study, Vatanparast et al. [40] found 
that every additional serving of vegetables and 
fruits was associated with an increase of 5.4 g 
(SE 1.3) of total body BMC accrual in 85 boys 
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aged 8–20 years, but no significant effect was 
observed in 67 girls of similar age. 

Up to now, only one randomized controlled 
trial has directly examined the effect of fruits 
and vegetables on bone indices. In the trial, a 
2-year supplementation of 300 g self-selected 
fruit and vegetables per day in 52 healthy 
postmenopausal women did not significantly 
persistently reduce bone turnover or prevent 
BMD loss over 2 years as compared with 47 
controls (Figure 12.3) [46]. A 3-month Dietary 
Approaches to Stopping Hypertension (DASH) 
intervention study involving 23 76-year-old 
men and women showed that a diet high in 
fruit and vegetables significantly reduced 
serum osteocalcin (OC) by 8–11% and C-termi­
nal telopeptide of type I collagen (CTX) by 
16–18% (both P<0.001) [47]. As compared with 
a typical American diet, the DASH diet empha­
sizes fruits, vegetables, and low fat dairy 
foods, and includes whole grains, poultry, fish, 
and nuts, with reduced fats, red meat, sweets, 
and sugar-containing beverages. The DASH 
diet thus contains reduced amounts of total fat, 
saturated fat, and cholesterol, and increased 
amounts of potassium, calcium, magnesium, 
dietary fiber, and protein. Since the calcium 
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FIGURE 12.3 Mean (7SEM) percentage change over 
the duration of the study (2 y) in bone mineral density 
(BMD) at the lumbar spine (LS) (N = 60, 61, 66, and 63 in 
the high-dose potassium citrate, low-dose potassium citrate, 
placebo, and fruit and vegetables groups, respectively) and 
mean total hip (N = 58, 59, 65, and 60 in the high-dose 
potassium citrate, low-dose potassium citrate, placebo, and 
fruit and vegetables groups, respectively). P = 0.88 for LS, 
P = 0.14 for mean total hip [one-way analysis of variance 
(ANOVA)]. The results were similar after adjustment for 
confounders (i.e. age, weight, height, and social deprivation 
category). P = 0.90 for LS, P = 0.21 for mean total hip [analy­
sis of covariance (ANCOVA)] [46]. 

content is substantially higher in the DASH 
diet, it is not certain if the benefits of the 
DASH diet on bone turnover can be attributed 
to the increases in fruit and vegetable consump­
tion. More well-controlled and larger trials are 
needed to clarify if fruit and vegetables are ben­
eficial to bone health and the extent of that ben­
efit, if any. 

In summary, human studies on the effects 
of fruit and vegetables on bone health have 
yielded inconsistent results. Although some 
observational studies have found a favorable 
association of fruit and vegetable consumption 
with bone health, results with null effects may 
be unreported. We are thus not able to con­
clude that greater fruit and vegetable intake im­
proves bone health. Moreover, most of the 
reported studies are cross-sectional in design, 
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have relatively small sample size, and out­
comes are mostly based on BMD and/or bone 
biomarkers rather than on osteoporotic frac­
tures. Further evidence is required to substanti­
ate the bone health effects of fruits and 
vegetables in human populations. 

3. MECHANISMS OF ACTION 

3.1 Acid–base Homeostasis and Bone 
Health 

The maintenance of a stable physiologic sys­
temic pH is of critical importance to the sur­
vival of mammals. Almost every biological 
process in the human body is dependent on 
the acid–base balance, including bone metabo­
lism. Acid–base homeostasis is tightly regu­
lated in the extracellular fluid at pH 7.4 
(70.05). Bone contributes to the acid–base 
homeostasis as it delivers cations such as potas­
sium, calcium, magnesium, and sodium, which 
can be associated with alkali salts such as cit­
rate or carbonate. It was suggested that osteo­
porosis may, in part, be caused by the 
continual release of alkaline salts from bone for 
acid–base balance [48]. 

The importance of acid–base homeostasis to 
bone health has been extensively addressed in 
previous reviews [48–51]. Theoretical considera­
tions of the role that alkaline bone minerals 
may play in the defense against acidosis date 
back as far as the early nineteenth century 
[48,52]. The fundamental concepts were estab­
lished in the 1960s to 1970s. A large number of 
human studies in the past decade provided evi­
dence that net endogenous acid production is 
associated with low BMD [48,53–56]. Dietary  
intake and nutritional state can strongly influence 
the acid–base  balance in  humans.  The organic  
acids that are produced during metabolism and 
the hepatic oxidation of sulfur-containing amino 
acids (cysteine and methionine) lower blood pH 
through increased production of hydrogen 
S IN HEALTH PROMOTION 
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ions. Alkaline dietary salts contain the cations 
(potassium, calcium, and magnesium) and act 
as buffers for organic acids that have the poten­
tial to raise the pH. Insufficient buffering capac­
ity from alkaline salts, in a state of long-term 
negative acid–base balance, may result in 
chronic low-grade metabolic acidosis even in 
healthy persons [48,53–56]. Even mild forms of 
long-term low-grade metabolic acidosis can 
impair skeletal architecture and stability 
because the skeleton is a large but not an end­
less alkaline reservoir. 

3.1.1 In Vitro Studies 

In vitro studies have shown that metabolic aci­
dosis induces a calcium efflux from bone. 
Neuman and Neuman [57] found that a reduc­
tion in medium pH produced a marked increase 
in hydroxyapatite solubility from bone. 
Dominguez and Raisz [58] observed that acidic 
medium induced the release of 45Ca from pre-
labeled fetal rat limb bones in organ culture. 
Bushinsky et al. noted a net calcium efflux from 
the calvaria and a fall in mineral sodium, potas­
sium, carbonate, and phosphate, when medium 
pH was lowered (pH <7.40) by decreasing the 
bicarbonate ion concentration during acute in­
cubations (3 h) in an in vitro bone organ culture 
system [59,60] (Figure 12.4). Initially, metabolic 
acidosis stimulates physicochemical mineral dis­
solution and subsequently cell-mediated bone re­
sorption [51,61]. Any reduction in extracellular 
pH enhances osteoclastic activity. Arnett and 
Dempster [62] found that reduction in medium 
pH from 7.4 to 6.8 resulted in a 14-fold increase 
in the mean area resorbed per bone slice after a 
24-hour incubation. Five- and 9-fold increases 
were seen at pH 7.2 and 7.0 [62]. Similar results 
were observed in other in vitro studies [63–65]. 
In addition, many studies found that acidosis 
also suppresses the activity of the bone-
resorbing cells, osteoblasts, and decreases gene 
expression of specific matrix proteins and alka­
line phosphatase activity [51,66–68]. 
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FIGURE 12.4 Effect of initial medium pH on net cal­
cium flux in calvariae cultured for three hours.
 
A positive flux indicates net calcium movement from the cal­
variae into the medium. pH was adjusted for the 3-hour incu­
bation with concentrated HCl or NaOH at a Pco2 of 40 mmHg.
 
Calvariae were preincubated in control medium for 24 hours
 
prior to this 3-hour incubation. r = 0.890, N = 46, P<0.001.
 
(Reproduced with permission from Bushinsky et al. [60].)
 

3.1.2 Animal and Human Studies 

A few animal and human studies have pro­
vided evidence that natural, pathologic, and 
experimental states of acid loading and/or aci­
dosis have been associated with negative cal­
cium balance and lower bone loss [56,69]. 
Many epidemiological studies have examined 
the association of dietary acid load and bone 
metabolism or bone mass. In observational 
studies, dietary acid load was estimated by 
using acid-forming (protein, particular animal 
protein) or base-forming (potassium and mag­
nesium) nutrients, net endogenous acid produc­
tion (NEAP) or dietary potential renal acid 
load (PRAL). 

3.2 Dietary Protein and Bone Health 

Mixed effects of dietary protein on bone 
health have been observed [70,71]. Urinary cal­
cium is influenced by the acid–base status of 
the total diet, increases with acid-forming 
foods, such as meat, fish, eggs, and cereal, and 
is lower with plant foods [72,73]. The high pro­
tein content of the Western diet is often cited 
as a risk factor for osteoporosis or bone 
S IN HEALTH PROMOTION 
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fractures [74,75]. Diets based on high animal 
protein might have a greater negative effect on 
skeletal health than do vegetable-based diets 
because animal protein induces a greater 
increase in urinary calcium excretion than vege­
table protein [24]. However, a large prospec­
tive study of a cohort of Iowa women aged 
55–69 years with 104,338 person-years showed 
that increasing quartiles of animal protein 
intake but not vegetable protein were associ­
ated with a lower risk of hip fracture [RR for 
Q4 vs. Q1: 0.31 (95% CI 0.10, 0.93)] after the 
adjustment for potential confounders [76]. A
statewide case-control study in Utah including 
1167 cases (831 women, 336 men) and 1334 con­
trols (885 women, 449 men) also noted higher 
total protein intake was associated with a 
reduced risk of hip fracture [OR for Q4 vs. Q1: 
0.35 (0.21–0.59)] in men and women aged 50– 
69, years but not in men and women 70–89 
years of age [77]. A review by Heaney and 
Layman [71] on how the amount and type of 
protein influences bone health concluded that 
optimal protein intake for bone health is likely 
to be higher than the current recommended 
A. FRUIT AND VEGETABLE
 

intakes, particularly in the elderly. Concerns 
about dietary protein increasing urinary cal­
cium and acid production appear to be offset 
by increases in intakes of calcium, fruit, and 
vegetables [48]. 

3.3 Base-forming Nutrients and Bone 
Health 

3.3.1 Potassium and Bone Health 

Potassium is a major base-forming nutrient 
in the diet. Fruits and vegetables are the major 
source of potassium. Many studies have exam­
ined the association of potassium and bone 
health. In 1997, New et al. [33] first reported a 
significant association of higher lumbar spine 
(LS) BMD with higher intake of potassium in 
994 healthy premenopausal women aged 45–49 
years (Figure 12.5). Similar positive associations 
between potassium and BMD or BMD changes 
were observed in some observational epidemio­
logical studies in adults [34,37,53,78–82] and in 
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FIGURE 12.5 Mean (7SEM) increase in lumbar spine BMD with quartiles of energy-adjusted magnesium or potassium
 
intake in 994 healthy premenopausal women aged 45–49 years.
 
All P for linear trend <0.005. *Significantly different from quartile 4, P<0.01 (ANOVA).
 
**Significantly different from quartile 1, P<0.02 (Mg) and P<0.06 (K) (ANCOVA: adjusted for age, weight, height, physical
 
activity, smoking, and social status) [33].
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prepubertal children [35], but not in a study in 
older men and women [38]. 

Most short-term intervention studies show a 
favorable effect of potassium on calcium or 
bone metabolism. A 18-day randomized con­
trolled trial (RCT) in 18 postmenopausal 
women showed that potassium bicarbonate 
given orally in doses of 60–120 mmol/d 
resulted in no significant change in net intesti­
nal absorption of calcium, but improved the 
calcium balance ( + 56 776 mg) with a reduc­
tion in urinary calcium excretion (Figure 12.6) 
[83]. The net renal acid excretion also decreased 
from 70.9 (SD: 10.1) in the control period to 
12.8 (21.8) mmol/d during the supplementation 
period, indicating that endogenous acid was 
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almost completely neutralized during treatment 
[83]. Another RCT in 60 postmenopausal 
women showed that the addition of oral 
potassium citrate (90 mmol/d) to a high-salt 
(225 mmol/d sodium) diet prevented the 
increased excretion of urinary calcium and bone 
resorption marker (N-telopeptide, NTx) caused 
by a high salt intake [84]. Many other short-
term studies also showed that the administra­
tion of potassium bicarbonate (KHCO3) 
resulted in lower urinary calcium excretion, 
improved calcium balance, and decreased bone 
resorption [85–88]. 

Previously, only two RCTs had examined 
the long-term effect of potassium on bone 
health. A 1-year RCT showed that interventions 
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FIGURE 12.6 Effect of potassium bicarbonate supplementation on calcium and phosphorus excretion in urine, external 
calcium and phosphorus balance, and calcium and phosphorus excretion in stool in 18 postmenopausal women. 
The values shown at the bottom of the figure are the average (7SD) potassium bicarbonate-induced changes from the con­
trol period (before supplementation). To convert calcium values to millimoles per day per 60 kg, divide by 40; to convert 
phosphorus values to millimoles per day per 60 kg, divide by 31. NS denotes not significant. The P values are for the com­
parisons between the control period and the supplementation period [83]. 
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of 30 mEq/d of oral potassium citrate signifi­
cantly improved BMD at the lumbar spine, left 
hip, and total hip (all P<0.001) compared with 
30 mEq/d of potassium chloride (KCl) in 161 
postmenopausal women (age 58.674.8 y) with 
low bone mass (T score - 1 to  - 4) [89]. These 
results suggested that increasing daily alkali 
intake as citrate significantly improved bone 
health, and the effect was independent of 
reported skeletal effects of potassium. In 
another randomized placebo-controlled trial, 
long-term supplementation with alkali-provid­
ing potassium citrate did not persistently influ­
ence bone turnover and BMD changes in 276 
postmenopausal women (55–65 y) with a mean 
daily calcium intake of B900 mg/d [46]. 
Potassium citrate 18.5 or 55.6 mEq/d for 2 
years did not result in any significant changes 
in serum C-telopeptide (CTX), serum N-propep­
tide (NTx) of type I collagen (P1NP), and uri­
nary free deoxypyridoline cross-links relative to 
creatinine (fDPD/Cr) at 3, 6, 12, 18, and 24 
months, and did not significantly influence 2­
year BMD changes (see Figure 12.3) [46]. 
However urinary pH was significantly and per­
sistently increased in both of the potassium 
intervention groups but only a transient reduc­
tion in fDPD/Cr was noted in the high-dose 
potassium citrate group at 4–6 weeks, and that 
value returned to baseline at 3 months [46]. 
Similar negative results were observed in an 
animal study in which potassium intervention 
for 19 months caused a decrease in calcium 
excretion but had no effect on long-term bone 
markers, BMD, or bone strength in male rats 
with either a normal or a high-protein diet 
[90]. Due to differences in designs and popula­
tions, and limited sample size, further larger 
studies are needed to address the long-term ef­
fects of potassium on bone health. 

3.3.2 Magnesium and Bone Health 

Magnesium (Mg) is the second most abun­
dant intracellular cation in the body. Mg exists 
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in macronutrient quantities in bone (0.5–1% 
bone ash) and dietary Mg deficiency has been 
implicated as a risk factor for osteoporosis. 
Impaired bone growth, decreased bone forma­
tion, increased bone resorption, and increased 
skeletal fragility have been observed in rats 
with selective dietary Mg depletion [91–95]. 

Epidemiological studies in humans have 
generally shown a positive correlation between 
dietary Mg intake and bone density and/or an 
increased rate of bone loss with low dietary 
Mg intake [33,34,81,96,97]. New et al. found a 
significant correlation of BMD of the lumbar 
spine with Mg intake in a study of 994 pre­
menopausal women [33]. Yano et al. [80] 
reported a positive correlation between Mg 
intake and appendicular BMD in 912 women 
aged 43–80 years, but not in 1208 men aged 
61–81 years. Tucker et al. [34] found that Mg 
intake was associated with greater BMD at one 
hip site for both men and women and in the 
forearm for men in the Framingham Heart 
Study subjects aged 69–97 years. Greater Mg 
intake was also associated with less 4-year 
decline in BMD at two hip sites in men but 
not in women [34]. Wang et al. [98] observed 
that dietary Mg intake was positively related 
to quantitative ultrasound (QUS) properties of 
calcaneus in pre-adolescent girls. These results 
suggested that Mg was important in skeletal 
growth, development, and maintenance. 

Human interventional studies examining 
Mg effects on bone are limited and the results 
of short-term Mg intervention on bone turn­
over are conflicting. Dimai et al. [99] found 
that daily oral supplementation of a moderate 
dose of 360 mg/d Mg for 30 days significantly 
reduced serum levels of biochemical markers 
of both bone formation and resorption in 12 
normal young males (non-Mg-deficient). 
However, the effects were significant only dur­
ing the first 5–10 days of the study. In a simi­
lar trial with a double-blind, placebo-controlled 
randomized crossover design, increasing Mg 
intake from the usual level (11 mmol/d) to 
S IN HEALTH PROMOTION 
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22 mmol/d for 28 days did not significantly 
affect serum osteocalcin, bone-specific alkaline 
phosphatase, or urinary pyridinoline and Dpd 
excretion in 26 young women [100]. The effect 
of dietary Mg intervention on bone mass has 
not been extensively studied. In an uncon­
trolled study of postmenopausal osteoporotic 
women, Mg supplementation was associated 
with BMD increases in 60% of those treated 
[101]. A placebo-controlled study of patients 
with gluten-sensitive enteropathy demon­
strated increased BMD after 6 months of Mg 
supplementation (504–576 mg MgCl2 or Mg 
lactate daily), compared with placebo-supple­
mented subjects [102]. Another 1-year double-
blind, placebo-controlled, randomized trial 
showed that a daily dose of 300 mg Mg given 
orally for 12 months significantly increased 
accrual (P = 0.05) in integrated hip BMC but 
had no significant effect on bone turnover bio­
markers in 60 healthy 8–14-year-old Caucasian 
girls with dietary Mg intake of less than 
220 mg/d [103]. Thus, Mg intervention studies 
to date have shown positive effects on bone 
mass but further larger long-term studies are 
needed to confirm the beneficial effect of Mg. 

3.3.3 Dietary Acid Load and Bone Health 

Western diets consumed by adults are esti­
mated to generate 50–100 mEq acid/d 
[104,105]. Renal net acid excretion can be mea­
sured directly with 24-hour urine collection, 
but such measurement is impractical in large 
population studies. Alternative approaches 
have been developed to examine the net acid 
content of the diet [106]. Frassetto et al. [107] 
have found that protein to potassium ratio pre­
dicts net endogenous acid production (NEAP) 
[NEAP = 54.5 x (protein intake/potassium in­
take) - 10.2]. Another validated measurement 
was developed by Remer et al. [108] and esti­
mates the dietary potential renal acid load 
(PRAL) using the formula: PRAL (mEq/d) = 
[phosphorus (mg/d) x 0.037 + protein (g/d) x 
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0.49] - [potassium (mg/d) x 0.021 + magnesium 
(mg/d) x 0.0263 + calcium (mg/d) x 0.013] [108]. 

Many studies have examined and found an 
inverse correlation between the dietary acid 
load and bone health in humans. In 1993, a 
cross-sectional survey of 764 middle-aged and 
elderly women with markedly different dietary 
patterns and lifestyles found that urinary cal­
cium was positively correlated with urinary 
acids, including titratable acid (r = 0.46, 
P<0.0001), ammonia (r = 0.42, P<0.0001), and 
sulfate (r = 0.52, P<0.0001) [73]. New et al. 
[109] observed a significantly inverse associa­
tion between energy-adjusted NEAP and BMD 
at the spine, hip, and forearm (P<0.02 to 
P<0.05) in 1056 premenopausal or perimeno­
pausal women aged 45–54 years. Hip and 
forearm bone mass decreased significantly 
across increasing quartiles of energy-adjusted 
NEAP (P<0.02 to P<0.03), and trends at the 
spine were similar (P<0.09) (Figure 12.7). 
Lower estimates of energy-adjusted NEAP 
were also correlated with lower excretion of 
deoxypyridinoline and were significant pre­
dictors of spine and forearm bone mass [109]. 
Welch et al. [110] found that PRAL was 
inversely associated with calcaneal broadband 
ultrasound attenuation (BUA) in 8188 women 
(P = 0.002) but not in 6375 men (P = 0.78) aged 
42–82 years in Norfolk (UK) after adjusting for 
potential confounders. Similar inverse associa­
tions between dietary acid load and bone indi­
ces were also observed in healthy children and 
adolescents [111,112], in perimenopausal and 
early postmenopausal women [53] and in 
ambulatory Swiss elderly women [55]. These 
studies suggested high dietary acid load might 
have an adverse effect on bone health. 

Most of the short-term intervention studies 
using metabolic diets have shown that an 
alkali diet can improve calcium and bone 
metabolism. Bleich and coworkers [113] fed 
normal subjects protein, ammonium chloride 
(NH4Cl), and sodium bicarbonate (NaHCO3) 
and measured urinary calcium excretion. 
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FIGURE 12.7 Mean (7SEM) femoral neck bone mineral 
density (BMD) by quartile (Q; N = 264) of calculated net 
rate of endogenous non-carbonic acid production (NEAP; 
mEq/d/8.29 MJ) in 1056 women aged 45–54 years. 
P for linear trend <0.02. Mean BMD values for Q1–Q4 were 
852, 848, 841, and 824 g/cm2, respectively. *Significantly dif­
ferent from Q4, P<0.04 (ANOVA with Tukey's test, adjusted 
for age, weight, height, and menopausal status). [109] 

Protein and NH4Cl, which are metabolized 
into metabolic acids, led to a marked increase, 
while the base NaHCO3 led to a decrease, in 
renal calcium excretion. There was no measur­
able change in intestinal calcium absorption 
with any treatment. Another four-phase short-
term double-crossover trial in eight healthy 
male volunteers showed that compared with 
an alkali diet, an acid diet significantly 
increased urinary calcium excretion by 74% 
and urinary CTx excretion by 19% (Figure 12.8) 
[114]. Similar results were observed in other 
studies. Short-term administration of bicarbon­
ate or potassium has resulted in decreases in 
urinary acid, NTX [84,85], and urinary calcium 
excretion [85–87]. However, long-term supple­
mentation of an alkali diet (18.5 or 55.6 mEq 
potassium citrate, or 300 g fruits and vege­
tables) did not significantly improve bone mass 
and bone biomarkers, except for a transient 
reduction in fDPD/Cr at 4–6 weeks in an RCT 
in 276 postmenopausal women (55–65 years) 
[46]. More stringent longer-term RCTs with 
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FIGURE 12.8 Average (7SEM) daily excretion rates of 
calcium and C-telopeptide according to diet and study day. 
A) acid-forming diet; B) base-forming diet. Day 3: no calcium 
supplement; day 4: 1 g calcium supplement. Diet effect on 
calcium: P = 0.0002; on C-telopeptide: P = 0.01; no significant 
effect of calcium supplement. [114] 

larger sample sizes are needed to demonstrate 
the acid–base hypothesis. 

3.4 Other Potential Mechanisms 

Except for a major source of base cations, 
fruit and vegetables are high in calcium, 
vitamin K, numerous antioxidant compounds, 
and phytochemicals such as polyphenols, car­
otenoids, tocopherols, tocotrienols, glutathione, 
and ascorbic acid, as well as enzymes with 
antioxidant activity [115]. Thousands of biologi­
cally active phytochemicals have been identi­
fied in fruits and vegetables. These compounds 
may also contribute to the favorable effects of 
fruit and vegetables on bone health. 
M €uhlbauer et al. [116] showed that the effect 
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of vegetables, salads, and herbs, which inhibit 
bone resorption in the rat, is not mediated by 
their base excess but possibly by a pharmaco­
logically active compound(s). Since many arti­
cles have reviewed the effects of calcium and 
vitamin K on bone health, we will only summa­
rize the effects of antioxidants and other bioac­
tive phytochemicals on bone health. 

3.4.1 Oxidative Stress, Antioxidants, and 
Bone Health 

Reactive oxygen species (ROS) are oxygen-
containing molecules produced during normal 
metabolism [117]. The organism has enzymatic 
and non-enzymatic antioxidant systems to neu­
tralize the harmful effects of the endogenous 
ROS products. Oxidative damage can result 
when the critical balance between free radical 
generation and antioxidant defenses is unfavor­
able. Oxidative stress has been hypothesized to 
play a key role in cardiovascular diseases, can­
cer initiation, cataract formation, the aging pro­
cess, inflammatory diseases, and a variety of 
neurological disorders [118]. A few studies have 
shown that oxidative damage may also contrib­
ute to the progress of osteoporosis [119–122]. 

In vitro studies suggested that osteoclast­
generated superoxide directly contributes to 
bone degradation. The presence of superoxide 
production at the osteoclast–bone interface sug­
gests a direct effect of superoxide in osteoclastic 
bone resorption [119,120]. Oxidative stress 
inhibits osteoblastic differentiation of bone cells 
[121]. In addition, it has been demonstrated 
that osteoblasts produce antioxidants such as 
glutathione peroxidase (GPx) to protect against 
ROS [123], and inhibition of osteoclastic super-
oxide availability results in a reduction in bone 
resorption [124]. In vivo studies by Altindag 
et al. [122] found that plasma total oxidative 
status (TOS) and oxidative stress index (OSI) 
were significantly higher, and plasma total anti­
oxidant status (TAS) level was lower, in osteo­
porosis patients than in healthy controls 
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(P<0.001 for all). A significant negative correla­
tion between oxidative stress index and BMD 
was found in the lumbar and femoral neck 
region (r = - 0.63, P<0.001; r = 0.40, P = 0.018) 
[122]. These data suggest oxidative stress may 
increase osteoporosis risk in humans. 

Fruits and vegetables are rich sources of die­
tary antioxidants, such as vitamin C, β-caro­
tene, and other carotenoids, including lutein, 
zeaxanthin, and lycopene. These antioxidants 
have the highest singlet oxygen-quenching 
properties [125] and are thought to protect 
against oxidative stress and prevent osteoporo­
sis. Many studies have examined dietary anti­
oxidant intake or plasma antioxidant levels 
and bone health. Maggio et al. [126] observed 
that plasma antioxidant vitamins (C, E, and A) 
and the enzymatic activities of superoxide dis­
mutase (SOD) in plasma and erythrocytes and 
of glutathione peroxidase in plasma were con­
sistently lower in osteoporotic than in control 
women [126]. An inverse dose–response associ­
ation between intakes of vitamin E, β-carotene, 
and selenium and the risk of hip fracture was 
observed among ever smokers in the elderly 
Utah population [127]. Maggio et al. noted that 
plasma levels of carotenoids (zeaxanthin, 
β-cryptoxanthin, lycopene, α-carotene, β-caro­
tene) and retinol were significantly lower in 45 
osteoporotic than in 45 control elderly women 
[128]. The dietary antioxidant lycopene 
reduced oxidative stress and the levels of bone 
turnover markers in 33 postmenopausal 
women [129]. Several [33,126,127,130,131], but 
not all [132,133], studies found a positive asso­
ciation between vitamin C and BMD or lower 
risk of osteoporosis in human. These data sug­
gest that antioxidants rich in fruit and vege­
tables may explain, at least in part, the 
beneficial effects of fruits and vegetables on 
bone health. However, a large cross-sectional 
study in the Women’s Health Initiative Study 
observed dietary antioxidants (vitamin A, reti­
nol, β-carotene, vitamin C, vitamin E, and sele­
nium) had no independent associations with 
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BMD [133]. Further high-quality large RCTs 
are needed to confirm the favorable effect of 
antioxidants on bone health. 

3.4.2 Effects of Other Biologically Active 
Compounds on Bone Health 

Fruits and vegetables contain an abundance 
of other biologically active compounds with 
potential bone health effects. Vegetables are 
rich sources of calcium, which is an essential 
material for bone structure and also itself an 
alkali salt [48]. Dark green leafy vegetables are 
the major sources of dietary vitamin K, which 
has been demonstrated to improve bone health 
[134]. Many phytochemicals, such as flavo­
noids and polyphenols, have been found in 
both in vitro and animal studies to have bene­
fits to bone health. Studies have noted that 
quercetin, a flavonol and also a phytoestrogen 
commonly found in onions and apples, may 
increase bone formation [135], suppress bone 
resorption by decreasing the differentiation of 
osteoclast progenitor cells and inhibiting the 
activity of mature osteoclasts [136], and 
increase bone minerals in rats [137]. Rutin and 
hesperidin, flavonoids rich in fruits and vege­
tables, have also been found to inhibit trabecu­
lar bone loss caused by estrogen deficiency in 
ovariectomized rats [14,30,138]. Bu et al. found 
that dried plum polyphenols enhance osteo­
blast activity and function by up-regulating 
Runx2, osterix and IGF-I and increasing lysyl 
oxidase expression, and at the same time atten­
uate osteoclastogenesis signaling [24,25]. Citrus 
bioactive compounds (limonin and naringin) 
improve bone quality in orchidectomized rats 
[139]. A  γ-L-glutamyl-trans-S-1-propenyl-L-cys­
teine sulfoxide (GPCS) was isolated from onion 
(Allium cepa L.). It inhibits dose-dependently 
the resorption activity of osteoclasts [19]. These 
results show that multiple biologically active 
compounds contained in fruits and vegetables 
may contribute to the improvement of bone 
health. 
A. FRUIT AND VEGETABLE
4. SUMMARY
 

Animal and observational epidemiological 
human studies have generally found that fruits 
and vegetables have a beneficial effect on bone 
health. Most observational human studies are 
cross-sectional in design and have a relatively 
small sample size. Only one relatively small 
RCT directly examined the association between 
fruit and vegetable intervention and bone 
health, and revealed a null effect on bone indi­
ces. At present, no sufficient solid evidence is 
available to conclude that greater fruit and veg­
etable intake improves bone health. Further 
well-designed longitudinal studies examining 
the effect of fruit and vegetable consumption 
on BMD changes and risk of osteoporotic frac­
tures are needed to examine this hypothesis. 

Several mechanisms are proposed for the 
potential effects of fruits and vegetables on 
bone health. Among them, acid–base homeosta­
sis theory plays a key role in the beneficial 
effect of fruits and vegetables. Alkaline bone 
mineral may play a part in the defense against 
metabolic acidosis. Base cations (potassium, cal­
cium, and magnesium), rich in fruits and veg­
etables, act as buffers for organic acids and 
thus prevent acidosis-induced bone loss. Many 
human studies have found that greater intakes 
of potassium and magnesium and lower 
dietary endogenous acid load are associated 
with better bone indices. Due to the many lim­
itations in the studies on fruits and vegetables 
and bone health, better-quality and longer-
term RCTs are needed to demonstrate the 
acid–base hypothesis. Apart from being a 
major source of base cations, fruits and veg­
etables are also rich sources of calcium, vita­
min K, numerous antioxidant compounds, and 
other biologically active phytochemicals. The 
favorable effect of calcium and vitamin K on 
bone has long been established. An increasing 
number of studies have suggested that oxida­
tive stress might play a role in the progression 
S IN HEALTH PROMOTION 
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of osteoporosis, and dietary antioxidants from 
fruits and vegetables might reduce oxidative 
stress and prevent osteoporosis. A few biologi­
cally active phytochemicals, such as quercetin, 
rutin, and hesperidin, have been identified 
from fruits and vegetables and found to have a 
beneficial effect on bone health in animal and 
in vitro studies. Further human studies are 
needed to examine the effects of these phyto­
chemicals on bone indices. 

In conclusion, fruits and vegetables might 
have a favorable effect on bone health, but 
more solid evidence is required to demonstrate 
this hypothesis and test the potential mechan­
isms of action. 
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1. INTRODUCTION
 

Socioeconomic position (SEP) refers to an 
individual’s social and economic ranking 
within society based on access to resources 
(such as material and social assets, including 
income, wealth, and educational credentials) 
and prestige (i.e. an individual’s status in a 
social hierarchy, linked for instance to their 
occupation, income, or education level) [1]. 
Commonly used proxy indicators for SEP 
include education level; own or household 
income; and occupational status. Socioeconomic 
position can also be assessed at the area (as 
opposed to individual or household) level, for 
example, using indicators based on the propor­
tion of residents with particular socioeconomic 
characteristics residing within neighborhoods. 

Compared with those of high SEP, 
individuals of low SEP have been demon­
strated with reasonable consistency to be at 
increased risk of low or inadequate fruit and 
Bioactive Foods in Promoting Health: Fruits and Vegetables 19
vegetable consumption (for example, not meet­
ing recommendations of two daily servings of 
fruit, and five of vegetables, currently pro­
moted in many developed countries). That this 
has been reported across a range of studies 
focusing on different aged target groups, and 
using different indicators of SEP, attests to the 
robustness of this finding. The following sec­
tion provides an overview of evidence demon­
strating socioeconomic inequalities in fruit and 
vegetable consumption in children, adoles­
cents, and adults. These are reported with con­
sideration to the particular measure of SEP 
used. This is important, since evidence sug­
gests that, while associations of different SEP 
indicators with diet are similar, they are also 
independent, potentially reflecting distinct 
underlying social processes impacting on diet 
[2,3]. The examination of separate socioeco­
nomic indices therefore provides additional 
insights into the likely mechanisms underlying 
socioeconomic variations in diet. These mechan­
isms are considered further in Section 3. 
5 r 2010 Elsevier Inc. All rights reserved. 
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2. OVERVIEW OF EVIDENCE ON 
SOCIOECONOMIC INEQUALITIES 

IN FRUIT AND VEGETABLE 
CONSUMPTION 

The following overview of existing evidence 
on socioeconomic inequalities in fruit and 
vegetable consumption is restricted to evidence 
from developed countries, primarily because 
these countries typically have more established 
systems of nutrition monitoring and reporting 
of inequalities in diet. Further, factors affecting 
food supply, diets, and socioeconomic varia­
tions in diet are likely to be quite different 
between developed and developing countries. 

2.1 Children and Adolescents 

A child’s SEP is largely determined by that 
of his or her parents, and thus SEP for chil­
dren is typically characterized using measures 
such as parental education or income level. 
Similarly, the SEP of adolescents is most often 
based on parental SEP. There is evidence that 
children’s diets do vary according to SEP. For 
example, using the UK Avon Longitudinal 
Study of Parents and Children (ALSPAC), 
Northstone and Emmett [4] found that among 
4–7-year-olds, a dietary pattern described as 
being based on ‘junk’ type foods (which was 
low in fruits and vegetables) was more com­
mon among children of mothers with lower 
levels of education. Conversely, among the 
ALSPAC children, a ‘health conscious’ dietary 
pattern (which included fruits and vegetables) 
was more common among children of mothers 
with higher levels of education. In their review 
of fruit and vegetable consumption among chil­
dren and adolescents, Rasmussen et al. [5] iden­
tified 46 papers that examined associations of 
these dietary factors with SEP. They concluded 
that, despite SEP being operationalized differ­
ently across these studies, low SEP was consis­
tently associated with low or less frequent 
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intake of fruit and vegetables, and this was 
especially the case when SEP was indicated by 
family income. 

2.2 Adults 

Many studies of adult populations show dif­
ferences by SEP in the quantity and/or variety 
of fruits and vegetables consumed. For exam­
ple, a systematic review of socioeconomic varia­
tions in diet across Europe showed that higher 
SEP, assessed using both education and occupa­
tion, was consistently associated with greater 
consumption (grams/day) of both fruits and 
vegetables [6]. Similarly, socioeconomic gra­
dients in fruit and vegetable consumption 
among adults have been reported in studies in 
the US [7], Canada [8], the UK [9] and 
Australia [10–12], using measures of occupa­
tion [9,10], education [8], income [8,11,12], wel­
fare benefit status [9], and neighborhood SEP 
[7]. Consistent with these findings, studies 
have also shown parallel socioeconomic differ­
entials in intakes of macro- and micronutrients 
found in fruits and vegetables, such as fiber, 
vitamin C and folate among adults [11,13]. 
Of particular concern are findings from pro­
spective studies showing that socioeconomic 
inequalities in adults’ fruit and vegetable 
consumption are not decreasing [14] and may 
actually be widening [15] over time. 

2.3 Associations of Multiple SEP 
Indicators with Fruit and Vegetable 
Intakes 

As noted above, different etiological path­
ways may underlie associations of different 
indicators of SEP with fruit and vegetable 
intakes. For example, education may reflect an 
individual’s knowledge and attitudes that 
might in turn impact on his or her decision or 
ability to adopt health-promoting dietary 
ES IN HEALTH PROMOTION 
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behaviors such as eating fruits and vegetables 
(such mechanisms are considered further in 
Section 3). However, relatively few studies have 
attempted to disentangle the relationships 
between divergent indicators of SEP and fruit 
and vegetable consumption. In 2007, Lallukka 
et al. [16] examined the inter-relationships 
between seven different indicators of SEP and 
an index of healthy food habits, which included 
consumption of fresh fruit and vegetables. That 
study found that two indicators of childhood 
SEP – parental education and childhood eco­
nomic difficulties – were not associated with 
current healthy eating. However, the remaining 
indices – education, occupational class, house­
hold income, home ownership, and economic 
difficulties – were all associated with fruit and 
vegetable consumption in the hypothesized 
direction. These associations were attenuated 
but mostly remained significant when all SEP 
indicators were considered simultaneously, sug­
gesting that these indicators have primarily 
independent effects on diet. 

2.4 Summary 

The evidence summarized above demon­
strates the existence of socioeconomic inequal­
ities in fruit and vegetable consumption, such 
that persons of low SEP are at increased risk of 
consuming relatively lesser quantities and varie­
ties of fruits and vegetables than their higher 
SEP peers. These socioeconomic inequalities 
have been observed in samples of children, ado­
lescents, and adults. The associations of SEP 
with fruit and vegetable consumption appear 
robust across indicators of SEP, and in fact dif­
ferent indicators appear to be independently 
associated with fruit and vegetable intakes, sug­
gesting divergent underlying etiological path­
ways. These findings are a cause for concern, 
since the wide-ranging benefits to health of fre­
quent consumption of fruits and vegetables are 
well recognized. Consuming lower than ideal 
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amounts of fruits and vegetables places 
persons of low SEP at increased risk of nutri­
tional deficiencies and a range of associated 
adverse health outcomes, including obesity, 
cardiovascular problems, and certain cancers. 
Socioeconomic inequalities in fruit and vegeta­
ble consumption parallel inequalities in health 
outcomes, and represent one potential pathway 
by which low SEP might lead to poorer health. 
In order to redress this situation, an under­
standing of the mechanisms underlying socio­
economic inequalities in fruit and vegetable 
consumption is required. 

3. MECHANISMS UNDERLYING 
SOCIOECONOMIC INEQUALITIES 

IN FRUIT AND VEGETABLE 
CONSUMPTION 

While there has now accumulated a reason­
able body of research evidence on the determi­
nants of fruit and vegetable intakes, data on 
the determinants of socioeconomic inequalities 
in these intakes have been slower to emerge. 
That is, we do not yet have a good understand­
ing of why people of lower SEP tend to 
have lower intakes of fruits and vegetables. 
Qualitative studies and quantitative descriptive 
studies have shed some light on possible 
explanations, but until recently very few quanti­
tative studies had empirically tested the contri­
bution of different factors to explaining or 
mediating socioeconomic inequalities in fruit 
and vegetable consumption, using appropriate 
research designs. In recent years, several quanti­
tative studies have capitalized on advances 
in understanding and application of statistical 
methods of testing mediating pathways to 
begin to provide insights into the pathways by 
which low SEP might lead to less favorable con­
sumption of fruits and vegetables. 

An overview of the evidence on potential 
mediators of socioeconomic gradients in fruit 
and vegetable intakes, drawing from both 
S IN HEALTH PROMOTION 
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qualitative and quantitative research designs, is 
provided below. This review considers mediat­
ing factors in an approach consistent with the 
conceptual framework of social–ecological 
models of health behavior [17], which posit the 
importance of influences within intrapersonal, 
social, and physical environmental domains. 

3.1 Children 

To our knowledge, no studies have aimed to 
explicitly test the mediators of socioeconomic 
variations in children’s fruit and vegetable 
consumption. However, it is plausible that the 
mediators that apply to adults’ intakes are also 
likely to impact the intakes of children, given 
that children’s SEP and also their dietary 
intakes are strongly determined by parental fac­
tors. There is some evidence that mothers of 
low SEP consider costs more often, and health 
less often, when making food-purchasing choi­
ces; however, these factors did not explain socio­
economic (educational) variations in diet [18]. 

3.2 Adolescents 

To our knowledge, only two studies to date 
have empirically tested potential mediating 
pathways linking SEP to fruit and/or vegetable 
consumption among adolescents. We previ­
ously tested the role of constructs derived from 
social cognitive theory (i.e. self-efficacy, the 
perceived importance of health-promoting be­
haviors, social observation of mother and of 
best friend, social support for healthy eating 
from family and from friends, and availability 
of fruits, vegetables, and energy-dense snack 
foods in the home) in explaining socioeconomic 
variations in fruit intakes among 2529 
Australian adolescents [19]. With the exception 
of social support for healthy eating from 
friends, all of the constructs tested contributed 
to explaining socioeconomic variations in 
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adolescents’ fruit intakes. The cognitive factors, 
particularly the perceived importance of heal­
thy behaviors, appeared to be the strongest 
mediators. In a longitudinal study of 896 
Norwegian adolescents [20], both income and 
education were positively associated with fruit 
and vegetable intakes. Perceived accessibility of 
fruit and vegetables at home was the strongest 
mediator of these associations. 

3.3 Adults 

Slightly more evidence is available concern­
ing the potential mediators of socioeconomic dis­
crepancies in fruit and vegetable intakes among 
adults. An overview of this evidence, catego­
rized according to social–ecological domain 
(intrapersonal, social, or physical environmen­
tal), is provided below. 

3.3.1 Intrapersonal Mediators 

Lower levels of nutrition knowledge, and 
less consideration of health as a priority when 
making food choices, have been implicated as 
potential explanatory factors in the association 
of SEP with diet quality among adults [21,22]. 
For example, Ball et al. [21] showed that 
women with lower levels of education had less 
knowledge about the nutrient sources and 
health effects of different foods, and reported 
giving less consideration to health when mak­
ing food-purchasing choices, and these factors 
partly explained their lower intakes of fruits 
and vegetables. 

Some have suggested that the poorer diets 
of adults of low SEP are attributable to a lack 
of cooking skills or interest in cooking among 
these groups, but evidence of socioeconomic 
differentials in these constructs is equivocal 
[23,24]. Other potential explanations for the 
lower intakes of fruits and vegetables among 
adults of low SEP include lower perceived pal­
atability of fruits and vegetables [25], apathy 
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toward nutrition messages [26], a lack of moti­
vation, or misperceptions about the adequacy 
of one’s diet [27], but again little empirical evi­
dence directly attests to the role of these fac­
tors in mediating socioeconomic variations in 
fruit and vegetable intakes. 

It is also important to consider the possibility 
of over-reporting of fruit and vegetable intakes 
by those of high SEP as a potential explanatory 
factor for socioeconomic gradients in intakes. 
That is, people of high SEP may report higher 
than actual intakes of fruits and vegetables, 
because, for example, they may be more aware 
of the social desirability of frequent consump­
tion of these foods, and/or more eager to pres­
ent their diets in a favorable light. However, it 
is unlikely that such a reporting bias would 
completely account for the relatively consistent 
findings across multiple studies, and using a 
variety of measures of SEP and fruit and vegeta­
ble consumption. 

3.3.2 Social and Physical Environmental 
Mediators 

More recently, attention has shifted from a 
primary focus on intrapersonal factors, to 
encompass broader social and physical environ­
mental factors as possible mediators of socioeco­
nomic inequalities in diet. However, evidence 
for the importance of social and physical envi­
ronmental factors in explaining socioeconomic 
discrepancies in consumption of fruits and vege­
tables remains patchy and inconsistent. Some 
data suggest that people of low SEP receive less 
social support from their families to eat health­
ily [28], which may impede their efforts to eat 
more fruits and vegetables. Time pressures asso­
ciated with long or inflexible working hours 
have also been implicated as barriers to shop­
ping for and preparing healthy foods in low 
SEP groups [28]. 

In terms of broader environmental factors, 
some data suggest that over the past few 
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decades the prices of fruits and vegetables 
have increased disproportionately more than 
those of foods high in sugar or fat [29], and sev­
eral authors have argued that the poorer diet 
quality among individuals of low SEP is 
attributable to the relatively higher costs of a 
healthy diet [25]. However, this hypothesis is 
not supported by all available evidence. 
For example, in a quasi-experimental study, 
Inglis et al. [30] showed that socioeconomic 
inequalities in the healthfulness of food choices 
(including fruits and vegetables) were not 
reduced through (theoretically) manipulating 
the food budgets available to low- and high-
income women. In another study [31], 
objectively-assessed food prices did not impact 
on food-purchasing decisions or explain 
inequalities in purchasing of healthy and less 
healthy foods (although this study did not 
access fruits and vegetables specifically). 

Similarly, there is mixed evidence concern­
ing the impact of availability and accessibility 
to food stores in explaining socioeconomic 
inequalities in fruit and vegetable consump­
tion. Some research, primarily from the USA, 
indicates that there are fewer large super­
markets [32–39], or fewer healthier choices 
available in stores [33,40], in more socioeco­
nomically deprived neighborhoods. These 
findings might imply that the lower intakes 
of fruits and vegetables among lower SEP 
individuals are at least partly attributable to 
poorer access to these foods in local neighbor­
hoods. However, other studies from the USA 
[35,41], UK  [42,43], Canada [44–47], New 
Zealand [48], and Australia [49–51] found 
mixed evidence, or few differences in food 
availability or access to supermarkets between 
deprived and affluent areas, or otherwise dif­
ferences favoring more, rather than less, 
deprived neighborhoods. Qualitative studies 
have also demonstrated that availability of 
and access to good quality healthy foods 
are not perceived as significant barriers to 
S IN HEALTH PROMOTION 
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healthy eating among low SEP groups 
[28,52]. Less than a handful of studies have 
explicitly tested the role of food availability 
and access in mediating associations of SEP 
with diet, and those that have indicated that 
the less healthful diets of individuals of low 
SEP were not explained by socioeconomic dif­
ferences in food availability or access [21,53]. 

4. IMPLICATIONS FOR FUTURE 
RESEARCH 

This overview of the scientific literature 
shows that there are consistent socioeconomic 
differentials in intakes of fruits and vegetables, 
by which individuals of low SEP are at 
increased risk of inadequate consumption of 
these foods. These findings are relatively 
robust across age groups, and across different 
SEP indicators. However, much less is known 
about the mechanisms underlying associations 
of SEP with fruit and vegetable consumption. 
There is a particular dearth of information on 
mediating factors among children and adoles­
cents. Existing studies of mediators among 
adults are few in number and findings are 
inconsistent. More research is required to exam­
ine the inter-relationships among different 
indicators of SEP, and how these might 
independently or jointly impact on fruit and 
vegetable consumption. There are also very 
few longitudinal studies in this area, and hence 
a lack of evidence on likely temporal associa­
tions among SEP, mediating factors, and fruit 
and vegetable consumption. Clearly, further 
epidemiological research, in particular longitu­
dinal studies and studies focused on children 
and adolescents, is required to elucidate more 
clearly the reasons why persons of low SEP are 
at increased risk of low consumption of fruits 
and vegetables. Evidence from intervention 
studies would also be of great value, since 
these studies can shed light on the causes 
of socioeconomic inequalities in fruit and 
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vegetable consumption, and on the most effec­
tive strategies for reducing these inequalities. 

5. SUMMARY: IMPLICATIONS FOR 
PRACTICE 

The available literature on the existence of 
socioeconomic differentials in fruit and vegeta­
ble consumption among children, adolescents, 
and adults points to several practice implica­
tions. In particular, there is good evidence that 
persons of low SEP are likely to require addi­
tional assistance to enable them to better meet 
health recommendations regarding consump­
tion of fruits and vegetables. However, in con­
trast, the factors that mediate socioeconomic 
inequalities in fruit and vegetable intakes and 
that might therefore be targeted in nutrition 
promotion interventions, remain poorly under­
stood. In the absence of strong evidence of 
mediating factors, it is difficult to recommend 
public health strategies or policies that might 
be implemented in order to reduce socioeco­
nomic discrepancies in fruit and vegetable con­
sumption. However, the limited existing 
evidence suggests several strategies that could 
be considered, at least for adolescents and 
adults. Among adolescents, strategies aimed at 
increasing self-efficacy, at promoting the impor­
tance of healthy eating, and at promoting 
increased availability of fruits and vegetables 
in the home may help in supporting low SEP 
adolescents to consume more fruits and vege­
tables. Among adults, such strategies might 
include nutrition education and messages 
aimed at promoting the importance of health 
when making food-purchasing choices; advice 
on engaging family and garnering support 
for making healthy food choices; and tips 
on time-efficient preparation of fruits and 
vegetables. While broader policies ensuring the 
equitable provision of healthy foods in all 
neighborhoods across the socioeconomic spec­
trum are clearly important, further research is 
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necessary before advocating for this as a spe­
cific strategy for reducing socioeconomic 
inequalities in fruit and vegetable consumption. 
In any case, available evidence suggests that 
such environmental strategies should be supple­
mented with education and support to enable 
individuals to make healthy dietary choices, 
regardless of their socioeconomic position. 
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This chapter is about working with industry 
for the promotion of fruit and vegetable con­
sumption. The term ‘industry’ is broad and 
open to interpretation. It usually refers to the 
commercial food supply chain; however, for 
the purpose of building partnerships to pro­
mote fruit and vegetable consumption, there 
are many participants who have the potential 
to influence. Potential partners cross sectors 
and include the public sector (for example, 
Health, Education, Agriculture, Transport, 
Public works, Commerce and Trade, Local gov­
ernment, Environment departments), private 
sector (agriculture suppliers, producers, fruit 
and vegetable processing, packaging, transport, 
marketing, retailers, wholesalers and importer 
industries, media, financial institutions, work-
sites, schools, and hospitals), non-government 
organizations (community groups, consumer 
groups, non-government health organizations, 
professional associations – dieticians, parents, 
ve Foods in Promoting Health: Fruits and Vegetables 20
teachers, community or religious leaders) 
and international bodies [World Health 
Organization (WHO), Food and Agricultural 
Organisation (FAO), United Nations Children’s 
Fund (UNICEF), etc., consultative and advo­
cacy groups] [1–3]. 

1. INCREASING FRUIT AND 
VEGETABLE CONSUMPTION 

Many factors influence what we eat. 
Interventions to change any behavior need to 
be aimed at those things that can be changed 
or modified. Identification of the modifiable 
determinants of fruit and vegetable cons­
umption assists the development of effective 
interventions. Modifiable factors should be con­
sidered when designing strategies and develop­
ing the appropriate partnerships to deliver 
interventions. Age, gender, and ethnicity are 
5 r 2010 Elsevier Inc. All rights reserved. 
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not modifiable determinants of consumption; 
however, they need to be considered in develop­
ing interventions as they may affect other char­
acteristics relating to food intake. Examples of 
this could include age-related dietary needs, 
food knowledge, or the likelihood of wanting to 
eat more. 

1.1 Factors Influencing Fruit and 
Vegetable Consumption 

Both personal (demographic and individual) 
and environment factors influence human 
behavior and need to be considered when 
developing interventions to achieve health out­
comes [4]. Although fruit and vegetables are 
often treated as one food category, there are 
broad differences in their sensory qualities, cul­
tural uses, and attributes which suggest that 
different factors may influence consumption 
[5,6]. The factors influencing fruit consump­
tion may be similar to those for vegetables, 
however the extent of influence differs [7]. 
Determinants of consumption are also specific 
for certain forms and type of fruit and vege­
tables, for example, the barriers to eating 
cooked vegetables are different to those to eat­
ing salad vegetables or fresh fruit [6]. There is 
a lack of consumer knowledge about what 
fruit and vegetables are available and what to 
do with them [8]. People eat fewer fruit and 
vegetables when they perceive more barriers 
[9], consider them expensive [6,9], perceive 
there is an additional cost to adding more 
fruit and vegetables to the usual food budget 
[10], or incorrectly perceive they have an ade­
quate or high current intake [6,9]. Children’s 
taste preferences [9], and mother’s beliefs con­
cerning disease prevention also influence con­
sumption [9]. 

1.1.1 Personal Factors 

Demographic factors associated with fruit 
and vegetable consumption include age, gender, 
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socioeconomic status, ethnicity, education, geo­
graphic location, and employment. Socio­
economic status includes household income, 
educational attainment, occupation, marital sta­
tus, social class, and area of residence [11]. 
Individual factors including knowledge, atti­
tudes, beliefs, food budgeting, preparation and 
cooking skills, life course events and experiences 
(food upbringing, dietary changes for health, 
social roles, food skills, practice of food tradi­
tions) and intentions are associated with fruit 
and vegetable consumption [10,12–14]. 

It has been estimated that demographic fac­
tors account for about 10% of the variation in 
fruit and vegetable consumption compared to 
individual psychosocial factors which account 
for about 25% [15]. 

Modifying the individual level factors 
has been the main focus of many of the inter­
ventions to increase consumption, for example 
providing information and campaigning to 
improve knowledge, attitudes and beliefs 
about fruits and vegetables, and taking steps 
to increase food purchase and preparation 
skills. The focus of these interventions is usu­
ally associated with positive attributes (their 
health benefits, or taste, etc.). 

1.1.2 Environmental Factors 

Environmental influences on health behavior 
have been defined as all factors external to the 
individual [7]. Environmental factors influence 
food availability, marketing, and promotion. 
These influences include, but are not limited 
to, the proximity of food outlets [16], media 
marketing and promotion of foods [4], work­
force food service, variety of foods available, 
and portion sizes [17]. Cost and availability 
seem to play an important role in fruit and veg­
etable intake [9,18], however the influence on 
fruit and vegetable consumption varies [19,20]. 
A system-wide approach is required to modify 
any environmental influences on fruit and veg­
etable consumption. 
ES IN HEALTH PROMOTION 
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1.2 Addressing the Influences on 
Consumption of Fruit and Vegetables 

Consumption is influenced by structural fac­
tors impacting on supply [7]. Anecdotal evi­
dence suggests that retailers are not marketing 
fruit and vegetables as aggressively as they 
were a decade ago. Public health and policy 
makers need to collaborate with industry to 
assist them to communicate appropriate mes­
sages to consumers [21]. 

A comprehensive approach to increasing 
fruit and vegetable consumption is required 
[22]. Interventions need to address socio-cul­
tural, economic, educational and technical chal­
lenges to expand and address the fruit and 
vegetable supply chain. Individual eating beha­
viors lie alongside these supply factors [23,24]. 
Interventions need to be based on scientific evi­
dence, evaluated to determine effectiveness and 
unintended consequences, and messages need 
to be integrated into dietary guidelines and pro­
grams, and be culturally specific [1]. Strategies 
required include increasing: 

•	 consumer awareness of the benefits of 
healthy eating, motivation and skills to 
increase consumption 

•	 fruit and vegetable production and 
availability 

•	 understanding of the components of 
consumer food choice attributes (taste, 
texture, form, price, convenience, quality, 
and safety) 

•	 innovation and the development of fruit and 
vegetable based food products 

•	 opportunities for consumption in various 
settings, for example worksites 

•	 the implementation and evaluation of 
educational campaigns integrated with 
efforts to increase availability of and access 
to fruit and vegetables [1]. 

Cost components of accessibility occur 
throughout the value chain: cost of production, 
processing, transport, wholesale and retail 
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marketing practices [21]. Changes in any of 
these cost components can have an impact 
on either final price or cost effectiveness of 
selling in some locations, particularly rural and 
remote areas [25]. 

Policy interventions include guidelines, 
voluntary and enforceable codes of conduct, 
legislation, and supporting regulations [26]. 
Policies, strategies, and guidelines can provide 
the strategic direction and political impetus to 
assist organizations and governments to take 
action to address health issues. There is some 
agreement that public policy could assist local 
communities to alter the mix of local food 
retailing to enable access to fresh, good qual­
ity, appropriately priced fruit and vegetables 
[27]. Inter-sectoral food policies implemented 
at a local government level have resulted in 
increased access to fruit and vegetables 
[28–30]. Policies include food security policies, 
agricultural production policies, education (and 
school) policies, credit policies, environmental 
policies, farming policies, labor, land and 
water policies, commerce and trade policies, 
food and agriculture taxation policies, horticul­
tural and poverty reduction policies, and bilat­
eral and multilateral donor programs [1]. 
Regulation and fiscal policies to encourage con­
sumption of fruit and vegetables are depen­
dent on each country’s political, social, and 
environmental situation. Food manufacturers 
and retailers lobby governments to influence 
dietary advice to the public in an effort to 
establish a ‘healthy’ or ‘nutritious’ image for 
their products [31]. The evidence to suggest 
that these changes will result in healthier food 
choices is limited, or not available. Regulation 
to limit advertising and promotion of nutrition­
ally less-preferable foods or facilitation of 
advertising and promotion of fruit and vege­
tables through health claims is a possibility [1]. 
For example, in Australia, there is a consider­
ation of claims related to dietary advice con­
cerning fruit and vegetables that would be 
allowed, for example ‘eat at least two servings 
ES IN HEALTH PROMOTION 
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of fruit and five of vegetables every day’ and 
‘oranges are good sources of vitamin C.’ It is 
envisaged that these new regulations would 
allow use of health claims outlining the health 
benefits of eating more fruit and vegetables on 
fresh and partially processed fruit and vege­
tables at point of sale [32,33]. 

1.3 Partnerships to Increase Fruit and 
Vegetable Consumption 

1.3.1 Health Sector Interest 

Communication models to improve eating 
habits in line with dietary recommendations 
need to influence opinion leaders in all strata 
of society [34]. Structural support for such in­
itiatives requires a broad base and should 
include government, horticulture, and food 
industry sectors [34]. There is limited financial 
support available for such initiatives and part­
nerships can assist in influencing stakeholders 
to improve public health by well-funded 
promotions of fruit and vegetables [34]. 

There are several reasons for health sector 
leadership in increasing fruit and vegetable 
consumption: 

1. There is growing evidence of the health 
protection effects of adequate intake of fruit 
and vegetables. 

2. Average population intakes in many 
countries are significantly lower than 
recommended levels across all ages and 
gender groups. 

3. Consumers hold an overoptimistic 
assessment of their current intake. 

4. Consumers have a low awareness of 
recommended levels of consumption. 

5. Consumers generally are amenable to 
change as they already view fruit 
and vegetables as ‘good for them’ or 
‘healthy.’ 

6. There is little media promotion of fruits and 
vegetables compared to the heavy 
A. FRUIT AND VEGETABL
promotion of ‘less nutritious’ or ‘junk’ foods 
(for example, confectionery, sugary 
breakfast cereals, soft drinks, savory snacks, 
take-away meals) [35]. 

To help reduce chronic disease, the WHO 
and FAO ask nations to conduct targeted cam­
paigns to increase consumption of fruit and 
vegetables [36], asserting that effective health 
communication ‘has the capacity to create 
awareness, improve knowledge and induce 
long-term changes in individual and social 
behaviors.’ Leadership for national campaigns 
should be either health or agriculture driven, 
or both [1]. 

Increasing consumption of fruit and vege­
tables requires good quality, appropriately 
priced fruit and vegetables to be available to 
the majority of consumers. Barriers to increas­
ing consumption related to taste, price, quality, 
and supply are best resolved through industry 
food supply channels. Facilitating dietary 
change to increase fruit and vegetable con­
sumption requires strong partnership between 
industry, government, wholesalers, and others 
in the production, distribution, and marketing 
chain [2,3,15,35,37–39]. 

The assumption is that horticultural and 
retail industries would enhance health sector 
efforts due to their expertise in, and resources 
for, the promotion of their products. 

1.4 Other Interests in Increasing Fruit 
and Vegetable Consumption 

There are numerous economic and societal 
benefits to increasing fruit and vegetable con­
sumption across a population. In addition to 
the well-documented health benefits, from an 
economic perspective, there are the ‘bottom 
line’ financial rewards for industry, employ­
ment opportunities across many sectors, and 
long-term health care cost savings. The horticul­
ture and related industries aim to supply 
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produce that will deliver consumer satisfaction 
and, thus, improve industry profitability. The 
horticulture sector and related industries influ­
ence the supply, demand, and quality of food 
and are leading domestic market growth in 
many countries [34]. The food service sector is 
an important influence as market share is 
increasing and there is opportunity to increase 
the provision of fruit and vegetables in some 
countries [40]. 

Food distribution impacts the environment – 
the supply chain results in ‘food miles’ [41]. 
Fruit, vegetables, and horticulture overall are 
probably the least impacting of all agriculture 
in terms of emissions. There is some sugges­
tion they are actually carbon positive. The 
impact of trade practices also needs to be con­
sidered [42]. Fresh produce and seafood have 
the most volatile prices due to their distribu­
tion systems, transportation paths, product 
perishability, and seasonality [21]. 

Public policy has a role in determining 
which fruits and vegetables are produced and 
consumed, for example price corrections 
through taxes or levy systems to assist produc­
tion. Strategies can be employed to ‘improve 
the long term productivity, diversity and qual­
ity of fruit and vegetable production’ [1]. 
National horticultural research and govern­
ment agriculture agencies should assist the 
grower community to develop and implement 
interventions [1]. 

Interventions can address all aspects of the 
supply chain, for example transport cost and 
handling procedures, and how to add value to 
the current market. The FAO and the WHO 
encourage countries to engage many stake­
holders to ensure links with promotional pro­
grams and adopting practices that ensure 
product quality and safety [1]. 

Elements which could be included in a 
framework for action include: 

•	 advocacy, information and decision support 
•	 supporting urban/peri-urban horticulture 
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•	 promoting sustainable production and 
enhancing efficiency of production factors 

•	 preventing post-harvest losses and 
enhancing value of fresh produce 

•	 ensuring food safety and quality 
•	 strengthening trade intelligence, marketing, 

processing, and financial services 
•	 promoting research and technology 
•	 investing in nutrition education, e.g. in rural, 

home gardens, school feeding and gardens. 
The FAO/WHO workshop, p. 11 [1] 

2. THE COMMON OBJECTIVE AND 
THE POINTS OF DIFFERENCE 

The common objective ‘to increase consumption 
of fruit and vegetables’ is a good reason for health 
and industry to work together. 

From a health perspective, dietary re­
commendations encourage eating more fruit 
and vegetables and eating a wide range of 
fruit and vegetables, in a variety of forms, par­
ticularly fresh. The fruit and vegetable industry 
is disparate, with many players who are often 
in direct competition for the same consumer 
market (for example, growers of carrots versus 
celery). Industry is often skeptical of a generic 
fruit and vegetable promotion, with a prefer­
ence for specific product or retailer promotion 
[35], reinforced by the need to show commod­
ity producers or business owners a return on 
the marketing investment made. However, suc­
cessful promotion of the consumption of fruit 
and vegetables will necessitate commercial 
operators and others – some of whom are in 
direct competition – to collaborate on issues of 
mutual benefit [43]. In fact, ‘collaborative com­
petition’ is required. 

The right mix of organizational commit­
ment, leadership, relationships, opportunities, 
and capacity to achieve results is required [35]. 
S IN HEALTH PROMOTION 
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A number of factors are considered essential 
preconditions to successful collaborative health 
action: necessity, opportunity, capacity to work 
together, relationships, planned action, evalua­
tion, and sustainability of outcomes [29,35]. 

2.1 The Food Supply and Health 

Many of the dietary factors that influence 
health are modifiable, therefore leading to the 
acknowledgement of preventable diet-related 
disease. Governments and health authorities 
are actively working on aligning the food sup­
ply chain with healthy diets. All players aim to 
identify leverage points along the supply chain 
that can lead to increases in consumption. For 
example, in the effort to address the obesity 
epidemic, the Chinese government identified a 
A. FRUIT AND VEGETABL
need to ‘enhance scientific guidance in the 
fields of agriculture, food manufacturing, distri­
bution and marketing to make them play more 
important roles in improving people’s nutrition 
and health status’ [44]. See Figure 14.1 for 
examples of modifying factors at an individual 
and environmental level along the agro-food 
supply chain and health. 

2.2 The Fruit and Vegetable Supply 

The fruit and vegetable supply chain is com­
plex and interrelated. There are many potential 
points to influence consumer consumption. In 
response to calls for increasing the provision of 
fruits and vegetables, the food industry often 
expresses the comment, ‘we provide what con­
sumers demand.’ In relation to the food supply 
FIGURE 14.1 The food system – identifying agro-food supply and health relationships. 
Adapted from references 44 and 45. 
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chain, the ‘consumer’ context is relevant. It has 
been suggested that the whole concept of con­
sumer power and consumer choice should be 
scrutinized in relation to the food supply chain 
[46]. The processed food manufacturers are the 
‘consumers’ of much of the primary agricul­
tural produce and imports. Supermarkets buy 
from farms, food processors, and wholesaler. 
Food services – catering outlets (including fast 
food chains, public or institutional caterers, e.g. 
schools and hospitals) – are the purchasers of 
large amounts of the food passing along the 
system and influence the types of foods that 
are on menus. See Figure 14.2 to consider the 
complex relationships influencing fruit and veg­
etable supply and demand. 

2.3 Industry Trends in Fruit and 
Vegetable Supply 

Supply-side and demand-driven factors con­
tribute to fruit and vegetable consumption. The 
specific factors vary between countries, and 
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between developed and developing countries. 
This discussion is based on trends in devel­
oped countries. Horticulture industries collect 
market intelligence to assist in their strategic 
development. These industries collect informa­
tion on consumer attitudes to and perceptions 
of specific fruit and vegetable categories, food 
purchasing habits, perceptions of quality, taste, 
and value. 

On the supply side, improvements in tech­
nology for shipping, handling, plant breeding, 
and packing mean that produce is less perish­
able and maintains appearance and quality. 
Consumers now have more variety available 
for a much longer period of the year, for exam­
ple grapes, pears, and strawberries. New varie­
ties with consumer-preferred attributes are 
available, for example seedless grapes and 
watermelon [47]. 

On the demand side, food industry data sup­
ports the notion that convenience is an impor­
tant and increasing factor determining fruit 
and vegetable intake [47]. The food service 
FIGURE 14.2 The fruit and vegetable supply chain 
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sector is emerging as an important influence as 
market share is increasing and there is opportu­
nity to increase the provision of fruit and vege­
tables [40]. Figure 14.3 highlights consumer 
trends and the main interests of health and 
industry. 

Work in the USA over the last two decades 
has identified a number of factors that were 
related to the increase in domestic consump­
tion of fruit and vegetables, specifically relat­
ing to the improvements in: availability and 
quality of produce all year round; addressing 
the convenience aspect; consumer desire for 
health benefits [49]. Trends in the increased 
consumption of specific types of fruit and vege­
tables point to these factors. Since the mid 
1970s food preferences have changed with 
Americans eating more fresh or frozen and less 
canned product, and food stores have a greater 
selection and quantity of fresh produce on 
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display. Consumers are eating more asparagus, 
broccoli, and types of lettuces. The supply of 
some products relies on imports, for example, 
bananas in America. 

Consumer preferences, technological innova­
tions, and globalization have affected the vol­
ume of sales, price, and quality of fresh fruits 
and vegetables. Electronic commerce allows for 
improved grower–retailer communications and 
marketing of produce. Shelf life and quality of 
perishable products have improved due to im­
provements in the transport system. As a 
result, supermarkets often have a year-round 
supply of produce varieties, pre-cut produce, 
and more packaged and branded items. These 
changes have had profound effects on the way 
the produce industry is organized and the way 
it conducts business [42]. Today’s super­
markets carry twice as many types of produce 
than they did a decade ago. Fresh-cut produce 
FIGURE 14.3 Health and industry priorities on food supply market trends. 
Adapted from references 40 and 48. 
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is growing rapidly, with the proportion of 
sales of prepackaged salads having doubled. 
Fruit and vegetables are available all year 
around in many parts of the world due to 
improved production, storage, and transporta­
tion allowing for the availability of produce 
during counter seasons in both hemispheres. 

3. POINTS OF INFLUENCE IN THE 
FOOD SUPPLY CHAIN 

The objective: ‘to increase and sustain access to 
high quality, safe, affordable fruit and vegetables’ 

There are many points along the food sup­
ply chain where consumption can be influ­
enced (Table 14.1). As well as changes to the 
supply side factors to influence fruit and vege­
table intake, industry partners are key to influ­
encing changes in knowledge, attitudes, and 
skills to prepare fruit and vegetables. It is 
important to identify the specific objectives of 
strategies to increase consumption, for example 
awareness (increase the proportion of the popu­
lation aware of the need to increase their con­
sumption of fruit and vegetables); attitude/ 
perceptions (increase the proportion of the pop­
ulation who perceive the benefits of fruit and 
vegetables in terms of taste, convenience, low 
relative cost, safety, and health); knowledge 
(increase the proportion of the population with 
the knowledge of the recommended minimum 
intakes of fruits and vegetables); and skills to 
purchase and prepare (increase the proportion 
of the population with knowledge, skills, and 
confidence to select and prepare convenient, 
low-cost, tasty vegetable and fruit dishes). 

One of the main benefits of establishing part­
nerships to promote fruit and vegetable con­
sumption is that each sector is aware of the 
barriers and opportunities that exist within 
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TABLE 14.1 Examples of Leverage Points to Increase 
Fruit and Vegetable Consumption along the Food Supply 
Chain 

Partnership activities 

Agricultural production 

Incentives (financial and non-financial) 

Planning incentives supporting fruit and vegetables food 
production 

Agricultural trade 

Policy 

Conduct health impact assessments focused on impact of 
fruit and vegetable consumption on trade decisions 
Agro-food processing 

Plant and equipment 

Appropriate fruit and vegetable storage facilities and han­
dling practices 

Food retailing/eating outlets 

Incentives (financial and non-financial) 

Incentive or food provision programs to increase access of 
fruit and vegetables through food services – worksites, 
childcare, hospitality, retailer, or transport owner accredita­
tion schemes 

Community and organizational policy 

Local and organizational food and nutrition policies to 
increase access to fruit and vegetables 

Advertising and promotion 

Legislation and regulation 

Legislate to curb advertising and promotion of foods that 
displace fruit and vegetables – restrict food advertising 
directed at children 

Communication 

Conduct targeted fruit and vegetable social marketing 
campaigns 

Food purchase and consumption 

Point of sale 

Tastings and demonstrations 

Infrastructure support 

Information systems 

Improve communication of fruit and vegetable marketing 
and information through the supply chain, e.g. availability, 
price, quality, volume statistics 

Identification and surveillance of determinants 

Collect and analyze information to assess fruit and vege­
table supply, cost, quality, access, sales/marketing 
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their sector. Sharing this information with 
other sectors can assist in identifying solutions 
beyond the reach of one sector alone. 

Successful initiatives to increase fruit and 
vegetable consumption require both effective 
promotional interventions and initiatives to 
address the underlying structural factors. 
Structural supports for public health initiatives 
include: research to assist the development and 
assess the potential impact of health and non-
health interventions; evaluation and monitor­
ing of change; development and implementa­
tion of policy to support initiatives addressing 
structural barriers; adequate and sustained re-
sourcing (both human resources and funding 
arrangements); and a strategic management 
structure to manage coalitions at national, 
state, and local levels [50]. These are similar to 
those identified at the first international meet­
ing of 5-A-Day managers to promote fruit and 
vegetables, Figure 14.4 [51]. 

Inter-sectoral action is essential for the 
effective promotion of fruit and vegetable 
consumption [3,15,35,37–39]. The right mix 
of organizational commitment, leadership, 
relationships, opportunities, and capacity to 
achieve results is required [35]. A number of 
factors are considered essential preconditions 
to successful collaborative health action: 

Increased fruit 
and vegetable 

intake 

Environmental 
Change 

Partnership 
Development 

Mass 
Communication 

& Education 

Policy 
Development 

Research 

FIGURE 14.4 Effective programs to increase fruit and
 
vegetable intake.
 
Adapted from Morten Strunge Meyer [51].
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necessity, opportunity, capacity to work 
together, relationships, planned action, evalua­
tion, and sustainability of outcomes [29,35]. 

3.1 Approaches to Developing 
Partnerships 

Many countries have formed cooperative 
partnerships to implement strategies to 
increase fruit and vegetable consumption. The 
partnerships are formed in recognition of the 
common agenda to increase fruit and vegetable 
consumption. The intent of health–industry 
fruit and vegetable partnerships is clearly to 
increase the consumption of fruit and vege­
tables to promote health. These partnerships 
may underpin population-based campaigns 
and promotions of a health-based message. As 
such, the arrangements require an agreement 
on the objectives of the collaboration, the 
nature of activities and the recognition of 
points of difference (if possible). 

The International Fruit and Vegetable 
Alliance (IFAVA) was formed in recognition of 
the role of health in the promotion of fruits 
and vegetables globally and the need for indus­
try and health to work together. IFAVA aims 
to ‘foster efforts to increase global fruit and 
vegetable consumption for better health 
through promoting efficiencies, facilitating col­
laboration on shared aims and providing 
global leadership – all of which is based on 
sound science.’ For more information on the 
role of IFAVA, visit http://www.ifava.org 

The New Zealand ‘5 + A Day’ Fruit and 
Vegetable Alliance aims to improve public 
health. The Alliance aims to provide strong 
leadership, a united voice for promoting the 
allocation of resources to support a national 
sustainable campaign, consistent and targeted 
messages, information sharing, synergy of ef­
forts, reduction in duplication, evidence and 
evaluation to guide activities, a consumer 
focus, and an agreement to work at all levels 
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of society (individual, family, interpersonal, 
organizational, industrial, community, media, 
and policy). 

The Australian Go for 2&5s campaign in­
vites partners to undertake a formal agreement 
to improve public health through a collabora­
tive, coordinated, cooperative approach. The 
language chosen in the describing of partner­
ships has implications for how the work is 
undertaken. For example, in contemporary lan­
guage, ‘collaboration’ refers abstractly to all 
processes wherein people work together – 
applying both to the work of individuals as 
well as larger collectives and societies; ‘coopera­
tion’ refers to the practice of people or entities 
working with commonly agreed upon goals 
and possibly methods, instead of working sepa­
rately in competition; coordination is the regu­
lation of diverse elements into an integrated 
and harmonious operation – essentially, inte­
grating or linking together different parts of an 
organization to accomplish a collective set of 
tasks [52]. 

3.1.1 Components of Effective Partnerships 

There are many models designed to assist in 
developing effective inter-sectoral partnerships 
for action. One model identifies important 
dimensions to inter-sectoral action including: 
the necessity for the sectors or organizations to 
work together; the factors that are providing 
the opportunity for them to work together; the 
capacity to work together; established relation­
ships that will allow them to achieve their goal; 
the degree of planning of the action and the 
potential for evaluation; and the sustainability of 
the action [53]. Common or shared visions, 
mutual need, shared decisions, shared benefits, 
and risk have also been identified as impor­
tant. These types of models for analysis of 
inter-sectoral action are a constructive tool for 
identifying potential strengths and weaknesses 
of the health and industry partnerships. 
A. FRUIT AND VEGETABLE
3.2 Formalizing the Relationship 

Campaigns to promote fruit and vegetables 
are usually supported by formalized licensing 
agreements to protect the brand or message, 
and ensure compliance with the health intent. 
There are many countries in which industry 
and health work together through formalized 
relationships to achieve increased fruit and veg­
etable consumption. Licensing frameworks and 
campaign materials, including resources to 
assist the management of the brand and the 
nutrition aspects of the campaign, need to be 
established. 

Promotion campaigns, such as USDA’s Food 
Guide Pyramid and the 5-A-Day for Better Health 
program, improved produce quality, increased vari­
ety and year-round availability. They have also 
boosted consumption of fresh fruit and vegetables. 

Kaufman et al., p. 15 [42] 

The purchase of fruit and vegetables in the 
USA doubled between 1987 and 1997 and con­
sumption increased by 12.3% to 319 pounds 
per capita [42]. The choice increased, the num­
ber of individual produce items increased by 
94%, and food service produce sales increased 
62% over that time period. The Department of 
Agriculture found that consumers were more 
aware of the health benefits of fruit and vege­
tables, and were responding by increasing 
consumption. 

3.3 Protecting the Brand 

Establishment of a brand amplifies the effect 
of individual promotions and enables expan­
sion of activities across many communities. 
Formal agreements aim to ensure the brand is 
protected, that the standard of the campaign is 
managed, and assist with communication 
between partners. The national 5 A-Day logo 
and licensing scheme, which formalizes the 
multilevel public and private partnerships, has 
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5 TO 10 A-DAY CANADA 

The Canadian fruit and vegetable program is two national health organizations: the Canadian 
privately funded by the produce industry and Cancer Society and the Heart and Stroke 
non-government organizations and is supported Foundation of Canada. http://www.5to10aday. 
via a trilateral partnership agreement with the com 
been acknowledged as the key to the success 
of the program in the USA[3]. 

It has been estimated that there was a four­
fold return in promotional value for every dol­
lar invested by the National Cancer Institute in 
the 5 A-Day scheme in the USA, and in 
Australia the return was estimated at $26 AUD 
of promotional investment for every dollar 
invested [3,54]. 

3.4 Protecting the Health Message 

Health and horticulture have a common 
agenda when it comes to encouraging con­
sumers to eat more fruit and vegetables; how­
ever, the health sector requires that fruit and 
vegetables are promoted in the ‘total diet’ con­
text. Dietary guidelines encourage eating pat­
terns to reduce the risk of diet-related disease 
and improve population well-being, that is, 
encouraging a wide variety of fruit and vege­
tables and other recommended food groups 
while limiting dietary sodium, fat, alcohol, and 
added sugar. This remains at odds with many 
industry-based marketing campaigns that focus 
on individual products or at best groups of pro­
ducts such as ‘Summerfruit’ or ‘vegetables’ or 
engage in ‘cross-promotions’ with other less 
nutritious products, for example those high in 
fat, added sugar, or salt. It is essential, there­
fore, that as partnerships are formed they align 
on the health message and agree to protect the 
nutritional integrity with any activity. 
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Most campaigns have some nutrition guide­
lines or criteria that must be agreed to when 
being allowed to carry or promote the brand. 
Usually these criteria promote fruit and vege­
tables in a way consistent with the country’s 
dietary recommendations. Food companies that 
wish to develop, label, advertise, and promote 
food or recipes as ‘healthy’ or as part of a cam­
paign must demonstrate that product nutrition 
profiles meet agreed nutrient targets [55]. 
Specific nutrition criteria in line with health 
policy were required to assist industry partners 
to implement campaign messages. The criteria 
aimed to identify fruit, vegetables, and recipes 
that could be promoted using the campaign 
logos. The UK and US 5 A-Day and the 
Australian Go for 2&5s campaigns supply 
nutrition criteria to partner organizations to 
assist their promotion of fruit and vegetables 
in the context of a healthy diet [56–58]. 

Dietary guidance encourages consumption 
of whole foods containing essential nutrients, 
while limiting dietary sodium, fat, and added 
sugars. Guidelines recommend an appropriate 
energy intake to reduce the risk of overweight 
and obesity but do not assess the ‘healthiness’ 
of individual food items. Food selection guides 
provide a conceptual framework for selecting 
the types and amounts of foods to meet die­
tary recommendations. They usually provide 
food group-based recommendations, specify 
what constitutes a food group, and give stan­
dard serving sizes with visual representations. 
Campaign nutrition criteria usually require the 
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5 A-DAY USA
 

Awareness of the 5 A-Day message among 
adults over 18 years in the USA increased from 
7.7% in 1991 to 19.2% in 1997 and knowledge of 
the program increased from 2% to 17.8% [59]. 
When reflecting on the 5 A-Day Program in the 

USA, it was considered that the development of 
the 5 A-Day message and logo was one of the best 
decisions made [3]. Permission to use the ‘brand’ 
was integral to licensing arrangements that sup­
ported partners to implement the campaign. 

GO FOR 2&5s AUSTRALIA 

Evaluation of the 2003 Australian Go for 
2&5s fruit and vegetable campaign found 70% 
awareness, increases in knowledge of recom­
mended amount of vegetables, and attempts to 
increase consumption [60]. The industry–govern­
ment partnership formed to develop this cam­
paign was integral [35]. Campaigns need to be 
maintained to achieve sustained change [61]. An  
Australian government review of intervention to 
promote fruit and vegetables recommended a 
national social marketing campaign as an effec­
tive intervention to promote fruit and vegetables 
[61]. http://www.gofor2and5.com.au/ 

The US 5 A-Day  program and the Department 
of Health in Western Australia's fruit and vegetable 
campaigns commenced at about the same time in 
the late 1980s [3,62]. Adequate resources and long-
term investment are required to sustain interven­
tions. Experience from these campaigns shows 
that intervention activity and outcomes are related 
to the resources invested [3,63]. Partnerships are  
critical: each partner takes the lead in a range of 
areas, securing funding, ensuring ongoing activities, 
identifying new opportunities, and ongoing 
developments. 
inclusion of specific amounts of fruit and/or 
vegetables in products or recipes to be pro­
moted or endorsed, as well as cut-off levels for 
nutrients or ingredients to be limited (fat, 
sugar, alcohol, or salt) [58]. 

4. FUTURE CHALLENGES 

Environmental effects of climate change 
resulting in changes to natural systems that 
result in nutrition and diet-related health 
impacts (e.g. food-producing systems, affecting 
A. FRUIT AND VEGETABLE
yields and nutritional quality; food yields, bio­
diversity of the food supply; reduced food 
yields and affordability, leading to dietary 
imbalances and poor nutrition) are just some 
of the challenges faced by partnerships to 
encourage increased consumption of fruit and 
vegetables. Countries need to consider global 
influences on food and nutrition policy, particu­
larly in relation to food production, distribu­
tion, advertising, and promotion [64]. Nutrition 
policy also has significant implications for agri­
culture and trade [64]. There is an increasing 
emphasis on the need for food policy to 
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support the production, access, promotion, and 
equitable consumption of health-promoting 
foods [65]. Food security is a priority, that is, 
food availability, access to food, stability of 
supply, and safe and healthy food utilization 
[66]. Climate change, the growing use of food 
crops as a source of fuel, and soaring food 
prices threaten to temper efforts to overcome 
food insecurity and malnutrition. 

Inter-sectoral partnerships, working collabo­
ratively to achieve an agreed vision, will pro­
vide the foundation, commitment, leadership, 
and resources required to face these challenges. 
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1. INTRODUCTION
 

Of all the herbal remedies consumed for 
their health benefits, garlic ranks the highest, 
both in popularity and range of efficacy. Garlic 
(Allium sativum), one of the oldest plants used 
in medicine, has been an important part of life 
for centuries, across cultures and millennia. 
Garlic has been used to spice food, fortify sol­
diers for war, cure colds, heal infections, and 
treat ailments ranging from heart disease to 
cancer and even the plague. 

Today, after close to 6000 years of folklore, 
modern science has confirmed many of garlic’s 
benefits. With its rich source of phytochem­
icals, largely organosulfur compounds, and 
high antioxidant activity, garlic has proven to 
have a broad range of health benefits and anti-
aging effects, helping prevent disease and age-
related pathological conditions. Scientific and 
clinical studies have shown that garlic can 
enhance immunity, protect against infection 
and inflammation, and help lower the risk of 
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cancer, heart disease, and dementia, the most 
common form of which is Alzheimer’s disease. 
Scientific studies also show that garlic does not 
have to be eaten raw or fresh to be effective, 
that its potent odor is not needed for its health 
benefits. Research shows that aged, deodorized 
garlic extract (kyolic), that is highly rich in anti­
oxidants [1–6], often works even better than 
fresh garlic, without causing digestive disorders 
and ‘garlic breath.’ 

2. A HISTORY OF GARLIC 

Garlic is a hardy perennial plant that 
belongs to the lily family. Although the exact 
geographic origin of garlic is not known, mod­
ern botanists think it came from Central Asia, 
some say Siberia, where it was discovered and 
cultivated by people foraging in the fields for 
food and healing herbs. Garlic was transported 
east and west by migrating tribes, becoming 
native to the Near East, Europe, the Far East, 
        23 r 2010 Elsevier Inc. All rights reserved. 
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and Africa. Its characteristic white bulb is 
devoid of smell and flavor when intact, but 
when cut it is pungent both in taste and smell. 

Remnants of garlic have been found in cave 
dwellings that are over 10 000 years old. 
Egyptian tombs, dating back to close to 5700 
years ago, were found to contain sketches of 
garlic and clay sculptures of the bulb. The 
ancient Egyptian text Codex Ebers details for­
mulas with garlic as remedies for heart pro­
blems, headaches, tumors and other ailments. 
Chinese writings dating from 2700 BC describe 
garlic for treating many ailments and for 
enhancing vigor. In India, Ayurvedic medicine 
recommends garlic to boost energy and treat 
colds and fatigue. 

In modern times garlic has become a popu­
lar health-promoting herb in the Far and Near 
Eastern countries, Europe, and the USA. In cer­
tain parts of China people eat about 20 grams 
of garlic a day, approximately eight medium-
sized cloves. In Germany, most adults take a 
daily garlic supplement to promote health. In 
the USA the use of garlic supplements has 
been rapidly escalating over the years, with 
the most popular supplement being the odor­
less aged garlic extract [1]. 

3. THE COMPOSITION AND 
CHEMISTRY OF GARLIC 

The composition of garlic is complex, with 
over 200 different compounds that contribute 
to its effects. The most important and unique 
feature of garlic is its high content of organo­
sulfur substances. Garlic contains at least four 
times more sulfur than other high sulfur 
vegetables – onion, broccoli, and cauliflower. 
Garlic also contains fructose-containing carbo­
hydrates, protein, fiber, saponins, phosphorus, 
potassium, zinc, moderate amounts of sele­
nium and vitamin C, steroidal glycosides, lec­
tins, prostaglandins, essential oil, adenosine, 
vitamins B1, B2, B6, and E, biotin, nicotinic 
   B. EFFECTS OF INDIVIDUA
     
    

    

   

      
        

     
        

       
     

       
      

      
       

     
     

        
    

       
     

    
        

        
       

   
  

      
        

     
       
      

      
         

      
       

     
      

      
       

acid, fatty acids, glycolipids, phospholipids, 
anthocyanins, flavonoids, phenolics, and essen­
tial amino acids [1–6]. 

3.1 Organosulfur Compounds 

Depending on the conditions of its cultiva­
tion, garlic may contain at least 33 different 
organosulfur compounds. The allyl sulfur con­
stituents in garlic are largely responsible for its 
health benefits. The major allyl sulfur content 
in freshly crushed/chopped/cut garlic is alli­
cin, which is unstable and breaks down rap­
idly to produce odorous oil-soluble di-allyl 
sulfide, di-allyl disulfide, di-allyl trisulfide, and 
ajoene. The major allyl sulfur constituents in 
aged garlic extract (AGE) include S-allyl-cyste­
ine and S-allyl-mercaptocysteine, which are 
water soluble and formed by the process of nat­
ural aging bioconversion [1–6]. 

From a medicinal point of view, and effec­
tiveness in preventing age-related conditions, 
the stable water-soluble organosulfur com­
pounds in garlic are highly effective. Present to 
some extent in fresh garlic, their level is 
increased by a process of aging [1–4]. 

4. COMMERCIALLY AVAILABLE 
GARLIC PREPARATIONS 

Modern scientific findings on the medicinal 
benefits of garlic led to the development of 
garlic preparations that are available commer­
cially. These include kyolic aged garlic extract 
(AGE), an odorless supplement produced by 
extracting and aging organically grown garlic, 
for 20 months, in an alcohol solution, at room 
temperature [1–4]. The extraction and aging pro­
cess produces a high content of water-soluble 
organosulfur compounds, and converts unstable 
compounds, such as allicin, to stable com­
pounds, thus increasing the antioxidant content 
of AGE, compared to fresh garlic [1–5]. 
    L VEGETABLES ON HEALTH 
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The major organosulfur compound in AGE 
is S-allyl cysteine. It is stable, has high antioxi­
dant activity, and is highly bioavailable, with 
an absorption of close to 98% into the circula­
tion. S-allyl cystine is used for commercial stan­
dardization of the AGE products including 
tablets, capsules, and liquid forms. S-allyl mer­
captocysteine, unique to AGE, is also a water-
soluble organosulfur antioxidant compound, 
formed during the process of extraction and 
aging [1–3], and similar to S-allyl cysteine 
has a wide range of health and anti-aging bene­
fits. Aged garlic extract also contains some 
lipid-soluble organosulfur compounds. 

Non-sulfur compounds in AGE include pro­
teins, carbohydrates (sugars, fructans, pectins), 
saponins, that are steroid substances are 
shown to have antibacterial and antifungal 
actions, allixin, and fructosyl arginin [4], that 
are important antioxidants [1–4]. 

Other commercially available garlic supple­
ments include garlic powder tablets, that are 
said to contain a specified amount of allicin, oil 
of steam-distilled garlic, and oil-macerated gar­
lic, both containing volatile oil-soluble dialyl sul­
fides [1,3,6]. 

4.1 Garlic in Modern Medicine 

Research on the health benefits of garlic has 
increased in the last three decades, in part due 
to the enhanced practice of complementary 
and alternative medicine. Garlic and some gar­
lic supplements, notably aged garlic extract, 
the most researched among the supplements 
with over 600 scientific publications, have been 
found to play a role in reducing the risk of a 
wide range of chronic diseases and pathologi­
cal conditions associated with aging, such as 
atherosclerosis, heart disease, stroke, cancer, 
and Alzheimer’s disease; helping to boost 
immunity, and protect against combat fatigue 
and toxic effects of radiation and certain medi­
cations (reviewed in references 1, 5–7). 
   B. EFFECTS OF INDIVIDUAL
    
 

 

          
       

      
     

      
       
      
       

        
    

       
     

      
         

       
         
        
       

      
       

       
      
     

       
      

     
   

      
       

        
     

     
     

      
      

        
      

        
      

       
       

5. AGING, OXIDANT STRESS AND
 
ANTIOXIDANTS
 

Aging is a slow wear and tear of the body 
that is influenced by multiple genetic and envi­
ronmental factors. Our genes determine the 
hereditary aspects of life, including susceptibil­
ity to disease. However, environmental factors 
such as diet and lifestyle modify genetic pat­
terns. Aging comes with altered metabolic pro­
cesses, an accumulation of mutations, and cell 
death that ultimately result in a variety of age-
related conditions, including atherosclerosis 
and cataracts and diseases such as heart dis­
ease, cancer, and dementia [5–13]. 

The causative link between oxidative stress 
and aging is one of the most accepted theories 
of aging, largely observed by studies showing 
that the intake of fruits and vegetables that are 
rich in antioxidant is associated with a reduced 
risk of many chronic diseases and aging. 
Reactive oxygen species (ROS), that include 
free radicals, are the major culprits [1,5–13]. 
Produced as by-products in the generation of 
energy in normal metabolism, ROS increase 
during infection and inflammation, exercise, 
and stress, and in exposure to exogenous sour­
ces, including NOx pollutants, smoking, certain 
drugs (e.g. acetaminophen), and radiation, 
including sunlight [1]. 

High levels of ROS with inadequate anti­
oxidants to neutralize them lead to oxidative 
stress that is a triggering or promoting factor 
in many age-related pathological conditions; 
these include cancer, cardiovascular disease, 
Alzheimer’s disease, and several other neuro­
logical diseases. Oxidative damage by ROS 
accumulates with age and its consequences 
depend on the molecules that are attacked and 
on the prevailing levels of protective anti­
oxidants, which get depleted by ROS and fall 
to lower levels with age [6–8,12]. 

When the target molecule is DNA, the result­
ing ROS-induced mutations can lead to cancer 
     VEGETABLES ON HEALTH 
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[8]. Oxidation of lipids and proteins injures cell 
membranes, increases blood vessel fragility, 
damages immune cells, and modifies enzymes, 
including protective enzymes and many 
other molecules [7,8,13]. Oxidative modification 
of low density lipoprotein (LDL) cholesterol 
increases the risk of atherosclerosis, cardiovas­
cular, and cerebrovascular disease; free radical-
producing beta amyloid peptides (Abeta) in the 
brain trigger neuronal death by apoptosis, 
increasing the risk of brain atrophy and demen­
tia, including Alzheimer’s disease. Stroke that 
can be triggered by an atherosclerotic clot can 
be followed by dementia, as brain cells, 
deprived of oxygen and blood (ischemia) dur­
ing blockage, die by apoptosis, also called pro­
grammed cell death [10–14]. 

Apoptosis is regulated by the Bcl-2 family 
of proteins that includes the pro-apoptosis 
proteins Bax and others and the apoptosis 
inhibitors Bcl-2, Bag, and others. Apoptosis is 
associated with characteristic morphological 
changes in cells and their DNA [14] that 
result largely from the action of activated cyste­
ine proteinases (caspases). Apoptosis occurs 
through a mitochondrial-dependent pathway, 
with the release of cytochrome C, followed by 
activation of the caspase cascade, with caspase 
3 leading cells to their death. Alternately, pro­
grammed cell death proceeds via a mitochon­
drial-independent pathway, with the ligation of 
death receptors CD95 (Fas/Apo1) and the sub­
sequent recruitment of caspases [14]. 

Antioxidants neutralize and destroy ROS, 
and prevent reactive radicals from interacting 
with tissue molecules, including DNA, proteins, 
and lipids, and causing genetic changes and 
apoptosis [7,13]. While internal antioxidants 
such as glutathione, superoxide dismutase, cata­
lase, and peroxidases provide some protection 
against excessive oxidative damage, a diet rich 
in plant products that contain essential nutri­
ents and phytochemicals with antioxidant activ­
ity is the optimal assurance for neutralizing free 
radical-mediated stress that leads to aging and 
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age-related diseases. Garlic represents an impor­
tant source of antioxidant phytochemicals and 
has been shown to help prevent diseases associ­
ated with aging [1,5,6,13]. 

6. GARLIC AND 
CARDIOVASCULAR DISEASE 

(CVD) 

Preclinical and clinical studies have reported 
the ability of garlic to help prevent cardiovascu­
lar disease by multiple effects, reducing cardio­
vascular risk factors [1,5,6,15–35]. Garlic  has  
been shown to lower blood pressure [23,24], 
inhibit platelet aggregation and adhesion (thus 
helping prevent blood clots) [18,19], reduce LDL  
cholesterol (the bad cholesterol), and elevate 
high density lipoprotein (HDL; the protective 
cholesterol) [15,18,20]. Garlic prevents LDL oxi­
dation that is an exacerbating factor in atherogen­
esis [22]. S-allyl cysteine has been shown to 
deactivate the cholesterol-synthesizing enzyme, 
HMA-CoA reductase, by 30–40% [28], having  an  
additive effect with lipid-lowering statins. 

A study on elderly subjects found that inges­
tion of garlic leads to decreased oxidation reac­
tions, which plays a part in the beneficial 
effects of garlic. Supplementation of garlic 
extract improves blood lipid profile, strength­
ens blood antioxidant potential, and results in 
significant reductions in systolic and diastolic 
blood pressures. It also leads to a decrease in 
the level of peroxidation product (MDA) in the 
blood, which demonstrates reduced oxidation 
reactions in the body [35]. 

Another study evaluated the effects of 
raw garlic consumption on human blood bio­
chemical factors in hyperlipidemic individuals. 
In this trial 30 volunteer individuals with blood 
cholesterol higher than 245mg/dL consumed 
5 g raw garlic twice a day for 42 days, followed 
by the same number of days with no garlic 
consumption. After 42 days of garlic con­
sumption cholesterol and triglycerides were 
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significantly reduced and HDL cholesterol 
showed a significant increase. After the 42 
days with no garlic consumption total choles­
terol and triglycerides significantly increased 
and HDL was decreased [29]. 

A double-blind crossover placebo-controlled 
study on the effect of aged garlic extract on 
blood lipids was performed in a group of 41 
moderately hypercholesterolemic men (choles­
terol 220–290mg/dL). Following 6 months’ 
ingestion of 7.2 g aged garlic extract per day 
there was  a  reduction in total  serum cholesterol  
of 6.1% or 7.0% over baseline, and LDL and 
blood pressure were decreased by 4% when com­
pared with average baseline values and 4.6% in 
comparison with placebo period concentrations. 
In addition, there was a 5.5% decrease in systolic 
blood pressure and a modest reduction of dia­
stolic blood pressure in response to aged garlic 
extract [36]. 

Garlic has been found to reduce smoking-
related oxidative damage and lower the pro­
duction of prostaglandins involved in inflam­
mation [6,30]. Aged garlic extract has also been 
found to reduce levels of homocysteine, a risk 
factor for CVD [17,20,21,32,33], and reduce the 
levels of nuclear factor kappa B that is 
involved in oxidation and inflammation linked 
to atherosclerosis [34]. 

A double-blind placebo-controlled random­
ized clinical study has found that garlic inhibits 
the progression of coronary artery calcification 
and potentially reduces the risk of heart attacks 
[20]. Twenty three patients, who were at high 
risk for heart disease, received either 1200mg/d 
aged garlic extract, for one year, or a placebo. 
As all patients were on statin and aspirin ther­
apy, any improvement seen under the influence 
of the extract would be an additional benefit to 
statin treatment. Using non-invasive electron 
beam computed tomography to measure calcifi­
cation, that is a measure of atherosclerosis, 
investigators found that in patients on placebo 
coronary artery plaques progressed at a rate of 
22% a year, while the addition of aged garlic 
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extract to the diet reduced progression to 7.5%. 
The garlic extract also elevated HDL and 
decreased LDL, triglycerides, and homocysteine, 
as compared to placebo. 

6.1 Garlic, Microcirculation, and 
Endothelial Function 

Garlic has been shown to increase blood 
flow, including microcirculation [1,15,17], and 
protect endothelial cells from oxidative dam­
age. Improved microcirculation is most impor­
tant in aging as arteries stiffen with age and 
microvasculature is damaged, increasing the 
risk of CVD as well as dementia. Experimental 
and clinical studies with aged garlic extract 
show that garlic increases the production of an 
endothelial relaxing factor, cellular nitric oxide 
(NO), that improves endothelial function and 
helps reduce hypertension [17,25]. 

Elevated plasma homocysteine above 
12 µmol/L is associated with increased oxidant 
stress, a depletion of endogenous antioxidants 
such as glutathione, and endothelial dysfunc­
tion, thus enhancing the risk of CVD [17]. 
Aged garlic extract is reported to increase glu­
tathione levels and stimulate NO generation in 
endothelial cells. A placebo-controlled blinded 
crossover trial in healthy subjects found that 
aged garlic extract protected endothelial cells 
from the damage of homocysteine, in part, by 
preventing a decrease in bioavailable NO and 
other factors during acute hyperhomocysteine­
mia [17]. In another study, a randomized dou­
ble-blind placebo-controlled trial, 15 men with 
coronary artery disease were treated with 
2.4 g/d of aged garlic extract or placebo, for 
two weeks. Garlic treatment increased endothe­
lial function (dilation and increased blood 
flow) by 44%, compared to placebo, indicating 
that short-term treatment with aged garlic 
extract improves impaired endothelial function 
in men with coronary artery disease [31]. 
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7. CANCER AND AGING
 

Cancer, a major cause of human death, 
increases in frequency with age [8]. Women 
are most frequently affected by cancers of the 
breast, lung, colon, uterus, ovary, and skin, 
while men are most frequently victims of can­
cers of the prostate, lung, colon, and skin [36]. 
All cancers involve the malfunction of genes 
that control cell growth and division. About 
5–10% of cancers are hereditary, whereby an 
inherited defective gene predisposes a person 
to a particular cancer. The remainder of can­
cers result from multiple mutations in DNA 
and promotion events by damage to other 
molecules, that accumulate with age, following 
exposure to oxidative injury or cell death from 
external factors (tobacco, chemicals, ionizing 
radiation, sunlight) and internal factors (hor­
mones, immune conditions, and oxidative 
events and inflammation). Reactive oxygen spe­
cies are believed to play a major role in the ini­
tiation and promotion of cancer and aging. 
Antioxidants that protect against oxidant stress 
prevent cancer in a wide range of preclinical 
studies [8,9,37–44]. Some human studies sup­
port this concept; for example, the finding 
that clinical progression of breast cancer is 
linked to an increase in oxidant stress, as mea­
sured by increased levels of peroxidation pro­
ducts [38], and that a high intake of antioxidant-
containing plant foods, including garlic, can 
reduce the risk of certain cancers [7,8,37–44]. 

7.1 Garlic and Cancer 

Epidemiological observations, largely in 
China, the USA, and Italy show that a high 
consumption of garlic dramatically lowers the 
risk of stomach and colorectal cancer, some­
times by 50% [1,40,41,43]. A trend towards an 
association between garlic consumption and 
reduced risk of prostate and breast cancer has 
also been reported [41]. Preclinical studies 
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consistently show a cancer-preventive effect of 
garlic, aged garlic extract, and their compo­
nents, inhibiting growth of mammary, colon, 
stomach, and other cancers and inducing apo­
ptosis in the cancer cells [1,44,45]. Studies also 
show the ability of aged garlic extract to pro­
tect normal cells against apoptosis induced by 
radiation and chemicals, such as methotrexate, 
in cancer treatment [1,39,46]. 

Molecular studies, carried out mostly with 
aged garlic extract, support existing data that 
garlic-derived organosulfur compounds reduce 
cancer risk. S-allyl mercaptocysteine has been 
shown to inhibit the progression of cancer 
cells at either the G1/S or G2/M phase and 
modify redox-sensitive signal pathways, caus­
ing mitotic arrest and apoptosis [47], and aged 
garlic extract was found to inhibit angiogene­
sis, the step needed for tumor growth [48], and 
to boost immunity [49]. 

The antioxidant effects of the water-soluble 
compounds in garlic and some of the lipid-solu­
ble compounds play an important role in their 
cancer preventive action [1,8,44]. S-allyl cyste­
ine and S-allyl mercaptocysteine, that is unique 
to the aged extract, have powerful radical 
scavenging ability [1–4], a capacity to increase 
cellular glutathione and inhibit lipid peroxida­
tion, that is associated with cancer develop­
ment [38]; some lipid-soluble organosulfur 
compounds in garlic and in aged garlic extract 
have also been found to exert a protective 
effect against cancer [50], in part, due to their 
ability to scavenge ROS and decrease lipid per-
oxidation [51]. 

While the protective effects of fresh garlic 
in significantly lowering the risk of cancer of 
the gastrointestinal tract are well established 
[40,41], the role of aged garlic extract as a can­
cer-preventive agent in humans has now been 
reported, thus complementing the preclinical 
studies that have long established the efficacy 
of the odorless supplement in cancer preven­
tion [44]. In a double-blind randomized clinical 
trial, patients with precancerous colorectal 
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adenomas received a high dose of kyolic aged 
garlic extract (2.4 mL/d), while other patients, 
who served as controls, received a low dose 
(0.16 mL/d). Using colonoscopy, the number 
and size of adenomas were measured before 
aged garlic extract intake and at 6 and 12 
months after intake. The study showed that in 
the control subjects there was a linear increase 
in the number of adenomas, from the onset of 
the study (baseline). By contrast, subjects in the 
group that received the high dose of aged gar­
lic extract had a significant reduction in adeno­
mas. Aged garlic extract decreased both the 
size and number of colon adenomas after 12 
months of treatment (P ¼ 0.04), potentially sup­
pressing progression to colorectal cancer [52]. 

8. GARLIC AND COGNITIVE 
FUNCTIONS 

Cognitive impairment, loss of memory, and 
the onset of dementia and its most common 
form Alzheimer’s disease (AD), are devastating 
forms of deterioration that may occur in aging. 
Alzheimer’s disease accounts for more than 
70% of all cases of dementia [53]. During the 
past decade there has been a growing volume 
of data showing that vascular factors play a 
role in Alzheimer’s disease and that people 
with cardiovascular risk factors and a history 
of stroke have an increased risk of both vascu­
lar dementia and AD [54]. 

The antioxidant actions of garlic and aged 
garlic extract and their broad range of cardio­
vascular protection may be extended to protect­
ing the brain and helping reduce the risk of 
dementia, including vascular dementia and AD. 
Garlic has potential to protect the brain against 
neurodegenerative conditions by its antioxidant 
actions, its efficacy in lowering cholesterol, inhi­
biting inflammation, reducing homocysteine, 
preventing oxidative brain injury following 
ischemia, protecting neurons against apoptosis 
triggered by oxidative stress, and preventing 
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neurotoxicity by beta amyloid peptide, the 
hallmark of AD [4]). In addition, aged garlic 
extract was found to prevent atrophy in the 
frontal brain of early senescence mice models, 
improved learning and memory retention, and 
increased longevity [55]; other studies showed 
that allixin, a component of garlic and AGE, 
enhanced the survival of neurons and increased 
the branching points in axons of hippocampus 
neurons [56]. 

8.1 Homocysteine 

Elevated homocysteine, a risk factor for car­
diovascular and cerebrovascular diseases [57], 
is also an independent risk factor for AD and 
other forms of dementia [53,58]. The link 
between high levels of homocysteine and 
dementia, found in epidemiological studies, has 
been confirmed in case-control studies, where 
people with vascular dementia and AD had 
higher levels of homocysteine than did healthy 
people. Investigators provided compelling evi­
dence of a direct link between elevated plasma 
homocysteine and loss of cognition; they 
showed that in adults with intact cognition, an 
increase in plasma homocysteine, over time, is 
associated with an increased incidence of 
dementia including AD [53]. 

Research on the effects of garlic on homocys­
teine, using AGE, found that AGE reduced 
homocysteine-related vascular damage [16,17]. 
In a clinical trial, AGE was found to reduce 
macro- and microvascular endothelial dysfunc­
tion during acute hyperhomocysteinemia [17]; a  
preclinical trial found that while homocysteine 
stimulated the uptake of oxidized LDL into mac­
rophages, a step in early atherosclerosis, AGE 
inhibited the uptake, thus helping prevent for­
mation of early atherosclerotic lesions [16]. 

In a preclinical study, homocysteine levels 
were compared following a 4-week feeding of a 
folate-deficient diet that contained AGE with a 
feeding of a folate-fortified diet and AGE. 
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Plasma homocysteine was 30% lower in the 
folate-deficient animals that received AGE, but 
not in those with adequate folate. The results sug­
gest that AGE may serve as an added treatment 
in hyperhomocysteinemia [21]. A clinical study 
showing that AGE inhibits the progression of cor­
onary artery calcification also showed a trend in 
a lowering of homocysteine levels [20]. 

8.2 Protection Against Ischemic/ 
Reperfusion Adverse Effects 

Ischemia is a feature of heart diseases, tran­
sient ischemic attacks, cerebrovascular acci­
dents, and peripheral artery occlusive disease. 
The heart, the kidneys, and the brain are 
among the organs that are the most sensitive to 
inadequate blood supply. Ischemia in brain tis­
sue, for example due to stroke or head injury, 
causes a cascade to be unleashed, in which pro­
teolytic enzymes and free radicals damage and 
kill neurons by apoptosis, sometimes leading to 
dementia. 

Restoring blood flow after ischemia can 
increase the damage, as the reintroduction of 
oxygen enhances free radical production, result­
ing in reperfusion injury and necrosis contribut­
ing to the development of dementia following 
a stroke. 

Water-soluble garlic compounds have been 
found to protect neurons from ischemia/reper­
fusion injury and increase their survival. In 
focal ischemia, aged garlic extract, S-allyl cyste­
ine, allyl sulfide (AS) or allyl disulfide (ADS) 
was administered 30 min prior to ischemic 
insult. Three days after ischemic insult, water 
contents of both ischemic and contralateral 
hemispheres were measured to assess the 
degree of ischemic damage. Treatment with 
aged garlic extract and S-allyl cysteine attenu­
ated ROS and prevented brain injury; treat­
ment with S-allyl cysteine reduced infarct 
volume. None of the lipid-soluble compounds 
tested had a protective effect [59]. 
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8.3 Garlic Prevents Cognitive Decline 

Garlic has been shown to act as a neuropro­
tective agent, potentially defending against AD 
[5]. One of the characteristic features of AD is 
the accumulation of extracellular plaques of 
aggregated β-amyloid peptide (Abeta) that trig­
ger neuronal death by apoptosis. Reactive oxy­
gen species, produced by Abeta, are thought to 
play a role in the apoptotic mechanism of 
Abeta-mediated neurotoxicity [60]. Garlic and 
S-allyl cysteine have been shown in a number 
of experimental studies to protect neuronal cells 
against Abeta toxicity and apoptosis [60–63] 
and prevent cognitive decline [64–68]. When 
model neuronal cells (PC12) were exposed to 
Abeta they showed a significant increase in 
ROS [60–62]. A number of studies have shown 
that AGE and S-allyl cysteine prevent Abeta­
induced neurotoxicity, suppressing ROS genera­
tion, attenuating the activation of the apoptotic 
enzyme caspase 3, in a dose-related manner, 
and attenuating DNA fragmentation and apop­
tosis [61–63]. 

Preclinical studies in models that are geneti­
cally prone to early aging show that garlic has 
additional anti-aging effects [64,65]. Treatment 
with AGE or S-allyl cysteine prevented the 
degeneration of the brain’s frontal lobe, 
improved learning and memory retention, and 
extended lifespan. Isolated neurons from the 
hippocampus area, grown in the presence of 
AGE or S-allyl cysteine, showed an unusual 
ability to grow and branch, which may be 
linked to the findings that the extract increases 
learning and cognition [66]. 

Studies with AGE and S-allyl cysteine 
have further confirmed the neuroprotective 
effects of garlic and its components. The effi­
cacy of S-allyl-l-cysteine in preventing cognitive 
decline, by protecting neurons from Abeta­
induced neuronal apoptosis, was found to be 
mediated in part by binding to Abeta, inhibiting 
Abeta fibrillation, and destabilizing preformed 
Abeta fibrils [67]. Feeding of AGE to mice with 
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accelerated Abeta formation prevented deteriora­
tion of hippocampal-based memory tasks in the 
mice, suggesting that AGE has a potential for 
preventing AD progression [68]. 

A study in Alzheimer’s Swedish double 
mutant mouse model (Tg2576), investigated the 
anti-amyloidogenic, anti-inflammatory, and anti-
tangle effects of dietary AGE (2%) and 
compared its efficacy with that of its prominent 
constituent, the water-soluble S-allyl-cysteine 
(20mg/kg) and the lipid-soluble di-allyl-disul­
fide (20mg/kg). The ameliorative effects of 
dietary interventions were found to be in the 
order of AGE4SAC4DADS [69]. The authors 
suggest that dietary intervention with a herbal 
alternative such as AGE, which has a wide 
range of benefits, including cholesterol reduc­
tion, antioxidant effects, and anti-inflammatory 
actions and has no adverse side effects, ‘may 
provide greater therapeutic benefit over a single­
ingredient synthetic pharmaceutical drug hav­
ing serious side effects in treating Alzheimer’s 
disease’ [69]. 

9. GARLIC REDUCES FATIGUE 

Fatigue and reduced levels of energy are 
conditions that often accompany aging. 
Traditional medicine and practices in antiquity 
used garlic treatment to help increase energy 
levels [1]. Other studies have shown that gar­
lic, in the form of AGE, can increase endurance 
in exercise and reduce fatigue [70,71]. 
Although the underlying mechanism remains 
unclear, earlier studies showed that garlic’s 
ability to increase vasodilation, blood flow, 
and consequently oxygen supply may play an 
important part in its anti-fatigue effects. 

10. SUMMARY 

Numerous studies point to the health bene­
fits and anti-aging effects of garlic. Rich in 
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antioxidants and in organosulfur compounds, 
that provide most of its benefits, garlic has 
been shown to help prevent chronic diseases 
and conditions associated with aging, notably 
cardiovascular and cerebrovascular diseases, 
cancer, and Alzheimer’s disease. Garlic has 
been found to reduce the risk factors for dis­
ease and aging, including reducing oxidative 
stress and inflammation, lowering cholesterol, 
triglycerides, and homocysteine, inhibiting cor­
onary artery plaque formation, and preventing 
platelet aggregation. Garlic treatment was 
found to increase vasodilation and blood flow, 
lower blood pressure, prevent neuronal cell 
death and increase memory and cognition, 
boost immunity, increase glutathione, an 
important internal antioxidant, increase physi­
cal endurance, and ameliorate fatigue. Among 
the many studies on the anti-aging effects of 
garlic, the most consistent results, reported in 
over 600 publications, are from preclinical and 
clinical research with aged garlic extract (kyo­
lic), an odorless, highly standardized supple­
ment, prepared by a long-term extraction and 
aging of fresh garlic, which enriches its anti­
oxidant content and renders its stable water-
soluble compounds, such as S-allyl cysteine, 
highly bioavailable [72]. Taken together, a diet 
rich in garlic and its standardized stable supple­
ment promotes general health, and helps pro­
vide protection from chronic diseases and aging. 
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1. INTRODUCTION
 

There has been an increase in individual life 
expectancy throughout the developed countries 
with parallel increases in chronic diseases such 
as cardiovascular disease. In addition, there 
has been an international resurgence in ‘green­
ing issues’ due to wider coverage of media. 
Consumers are also more knowledgeable 
regarding health issues and thus have been 
more interested in food and its components 
that can either delay or prevent chronic dis­
eases such as cardiovascular disease [1]. There 
is also epidemiological evidence for an associa­
tion between food and chronic diseases. The 
available evidence indicates that a higher con­
sumption of fruits and vegetables leads to a 
lower prevalence of risk factors for cardiovas­
cular disease such as hypertension, obesity, 
type II diabetes, etc. [2,3]. 

The concept of complementary and alterna­
tive medicine (CAM) is now widespread and 
is now part of the traditional health care sys­
tems in many parts of the world. Within CAM, 
herbs, spices, and components of food with 
medical properties (nutraceuticals) are being 
marketed for the treatment and prevention of 
Bioactive Foods in Promoting Health: Fruits and Vegetables 23
chronic diseases including cardiovascular dis­
ease. In these days of high-tech and high-cost 
health care, CAM is increasingly being used 
and is considered to be cost effective thus pro­
viding savings in health care [4]. One of the 
most popular CAMs for the treatment and pre­
vention of cardiovascular disease is garlic. 

2. GARLIC 

Garlic (Allium sativum) originates from 
Central Asia and has been used universally as 
a flavoring agent and phytomedicine. The bene­
ficial effects of garlic consumption in treating a 
wide variety of human diseases and disorders 
have been known for centuries. In ancient 
Egypt, it was used to promote general health 
and was mentioned in the Codex Eber as a 
treatment for various disorders. In ancient 
China garlic was used for promoting a healthy 
digestive system and enhancing male potency, 
while in Greece soldiers and athletes con­
sumed garlic to enhance their stamina. 

The composition of garlic is shown in 
Table 16.1. The  major part of garlic (65%) is  
made up of water and the rest of the dry 
5 r 2010 Elsevier Inc. All rights reserved. 
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weight is composed of mainly fructose-containing 
carbohydrates, followed by sulfur compounds, 
protein, fiber, and free amino acids [5]. It also
contains high levels of saponins, phosphorus, 
potassium, sulfur, zinc; moderate levels of sele­
nium, vitamins A and C; and low levels of cal­
cium, magnesium, sodium, iron, manganese, 
and B-complex vitamins. About 97% of com­
pounds present in garlic are water soluble and 
between 0.15 and 0.7% of the compounds are 
oil soluble. Due to the intense interest in garlic, 
commercial garlic preparations have become 
widely available over the years and one can 
buy these from pharmacy outlets and super­
markets. Garlic is reported to have many medic­
inal properties, however the most widely 
researched and reported effect of garlic is its 
ability to either prevent or reduce cardiovascu­
lar disease [1,6–8]. 

TABLE 16.1 General Composition of Garlic 

Component Amount 
(fresh weight; %) 

Water 62–68 

Carbohydrates (mainly fructans) 26–30 

Protein 1.5–2.1 

Amino acids: common 1–1.5 

Amino acids: cysteine sulfoxides 0.6–1.9 

γ-Glutamylcysteines 0.5–1.6 

Lipids 0.1–0.2 

Fiber 1.5 

Total sulfur compoundsa 1.1–3.5 

Sulfur 0.23–0.37 

Nitrogen 0.6–1.3 

Minerals 0.7 

Vitamins 0.015 

Saponins 0.04–0.11 

Total oil-soluble compounds 0.15 (whole)–0.7 (cut) 

Total water-soluble compounds 97 

Source: reference 5.
 
aExcluding protein and inorganic sulfate (0.5%).
 
B. EFFECTS OF INDIVIDUAL
3. CARDIOVASCULAR DISEASE
 

Cardiovascular disease (CVD) remains 
the leading cause of morbidity and mortality 
worldwide and is characterized by multiple 
risk factors. Epidemiological studies have identi­
fied some of these as elevated serum lipids (cho­
lesterol and triglycerides), increased plasma 
fibrinogen and coagulation factors, increased 
platelet activation and aggregation, alterations 
in glucose metabolism and smoking [9,10]. 
Hypertension and the oxidative modification of 
low density lipoprotein (LDL), free radicals, 
inflammation of the arteries, and altered cal­
cium handling by the heart are now also consid­
ered important mechanisms in the development 
of CVD [11]. The normalization of abnormal 
lipids, lipoproteins, and hypertension, inhibi­
tion of platelet aggregation, and an increase in 
antioxidant status and nitric oxide are believed 
to improve this disease. 

Dietary modification is an important part of 
the strategy of reducing and treating CVD, 
thus ‘designer’ diets and phytochemicals, and 
dietary supplements are being actively pro­
moted as part of the daily diet to maintain a 
healthy heart. Cardiovascular disease patients 
are also increasingly demanding natural pro­
ducts to treat their heart disease and con­
sumers are using CAM to maintain a healthy 
heart. This disease is characterized by multiple 
factors and is thus open to CAM intervention, 
and scientific literature shows that many phyto­
chemicals including garlic address the normali­
zation of these factors. There is widespread 
usage of CAM among National Health Service 
patients in the UK [12,13] and similar results 
have been reported for herb and supplement 
use in the USA adult population [14,15]. There 
is widespread usage of CAM for maintaining 
heart health [16–19] and one of the most 
widely used phytochemicals is garlic. A sum­
mary of the mechanisms by which garlic 
reduces CVD is given in Table 16.2, and the 
 VEGETABLES ON HEALTH 
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4. EFFECTS OF GARLIC
TABLE 16.2 Summary of the Mechanisms by which 
Garlic Reduces Cardiovascular Disease 

Reduction in serum lipids (cholesterol and triglycerides) 

Increase in bioavailability of nitric oxide 

Increase in antioxidant status 
Decrease in low density lipoprotein (LDL) oxidation 

Decrease in platelet aggregation 

Increase in elastic properties of blood vessels 

Reduction in hypertension 

detailed mechanisms by which it maintains a 
healthy heart are discussed below. 

4. EFFECTS OF GARLIC ON SERUM 
LIPIDS 

Hyperlipidemia and lipoprotein abnormali­
ties disrupt serum lipid levels and are well-
established risk factors in heart disease. 
Cholesterol levels are related to nutritional 
status [20] and heart disease is treated by drugs 
although the use of natural products such as gar­
lic is also widespread. Numerous studies have 
reported a reduction in serum lipid levels by gar­
lic [7,8]. In vitro studies have indicated that gar­
lic and its constituents can inhibit key enzymes 
involved in lipid synthesis in cultured rat 
hepatocytes and human HpG2 cells [21,22]. 
Cycloalliin, a cyclic sulfur imino acid present in 
garlic, is reported to reduce serum triacylgly­
cerol levels in rats without affecting hepatic tria­
cylglycerol synthesis and content, suggesting an 
alteration of lipoprotein assembly and secretion 
mechanisms in the liver [23]. This was con­
firmed by another study which indicated that 
allicin, a component of garlic, may affect athero­
sclerosis by lipoprotein modification and inhibi­
tion of LDL uptake [24]. In another series of 
experiments di-allyl tetrasulfide, another compo­
nent of garlic, was administered to rats exposed 
to cadmium which is associated with distinct 
pathological changes including dyslipidemia. 
Di-allyl tetrasulfide administration resulted in a 
B. EFFECTS OF INDIVIDUA
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reduction in cadmium-mediated CVD [25]. 
Cyclosporin A is a commonly used immunosup­
pressive drug and one of its side effects is the 
elevation of plasma LDL. It has been reported 
that in the Wistar rat model, animals given 
cyclosporin A and subsequently treated with 
garlic had reduced LDL levels compared with 
controls [26]. Garlic has also been subjected to 
human clinical trials; for a comprehensive 
review see references 7, 8, and 27. The effect of 
raw garlic and enteric-coated garlic powder con­
sumption on human blood biochemical para­
meters in hyperlipidemic individuals has been 
investigated. Raw garlic (5 g twice per day for 
42 days) resulted in a decrease in serum lipids 
as did enteric-coated garlic tablets (equal to 
400 mg/d for 42 days). The study using enteric­
coated garlic tablets was a single-blind placebo-
controlled study, and the number of subjects for 
both of these studies was between 30 and 150 
[28,29]. The effect of short-term garlic supple­
mentation on lipid metabolism in hypertensive 
subjects has also been investigated and the 
results indicated that garlic supplementation 
could be useful as an adjunct agent in the treat­
ment of hyperlipidemic patients [30]; however,  
contradictory data has also been reported [31,32]. 
An analysis of the clinical trials conducted so far 
does indicate that garlic is effective in lowering 
serum cholesterol in hypercholesterolemic sub­
jects, and it is likely that this effect is seen at a 
certain threshold of serum cholesterol [8,27]. The  
mechanism by which garlic reduces serum cho­
lesterol has not been fully elucidated, however 
it is likely that garlic reduces cholesterol, at least 
in part, through competition with dietary and 
biliary cholesterol for intestinal absorption in 
mixed micelles and by inhibiting key enzymes 
involved in cholesterol synthesis. Evidence 
reported by Calpe-Berdiel et al. suggests that 
plant sterols and stanols may reduce cholesterol 
by regulating proteins implicated in cholesterol 
metabolism both in enterocytes and hepatocytes; 
this may be one mechanism by which garlic also 
displays its hypolipidemic property [33]. 
L VEGETABLES ON HEALTH 
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5. EFFECT OF GARLIC ON LDL
 
OXIDATION
 

Free radicals or reactive oxygen species 
(ROS) have also been implicated in the devel­
opment of CVD [34]. The two most biologi­
cally important ROS are superoxide ions and 
hydrogen peroxide, and both are produced in 
the vascular cells by a number of oxidases 
such as NADPH oxidases, xanthine oxidase, 
lipoxygenase, etc. The production of ROS is 
counterbalanced by antioxidant enzymes and 
if this balance is disturbed ROS can accumu­
late and result in oxidative stress which has 
been linked to chronic diseases including 
CVD. ROS can cause the oxidation of low den­
sity lipoprotein (OxLDL) that is then taken up 
by macrophages which have a foamy appear­
ance and become activated leading to a state 
of chronic inflammation [35] which is now 
regarded as central to CVD. ROS can also 
induce platelet aggregation, monocyte adhe­
sion, and vascular smooth muscle cell apopto­
sis [36], and these can be inactivated by 
endogenous antioxidant enzymes and by die­
tary ingestion of phytochemicals with antioxi­
dant properties, such as garlic. 

Many studies have investigated the role of 
garlic as an antioxidant in both in vitro and 
in vivo systems. An extract of garlic has 
been shown to prevent the depletion of intra­
cellular glutathione (GSH) when endothelial 
cells were incubated with Ox-LDL, and in 
addition garlic extract prevented the in vitro 
oxidation of isolated human LDL by scaveng­
ing ROS and inhibiting the formation of lipid 
peroxides [37,38]. In another study the antioxi­
dant activity of allicin, a thiosulfinate com­
pound found in fresh garlic, has been 
reported to act against the oxidation of 
cumene and methyl linoleate in chloroben­
zene [39]. Garlic has also been shown to sig­
nificantly inhibit the adhesion of monocytes 
to IL-1α-stimulated endothelial cells indicating 
B. EFFECTS OF INDIVIDUA
that garlic modulates the expression of inter-
cellular (ICAM) and vascular cell adhesion 
molecules (VCAM) thus having a beneficial 
effect in CVD [40]. Garlic components di-allyl 
disulfide and di-allyl trisulfide have also been 
reported to suppress oxidized LDL-induced 
vascular cell adhesion molecule and E-selectin 
expression through protein kinase A- and 
B-dependent signaling pathways [41]. Cyclo­
oxygenase (COX) enzymes are elevated in 
inflammatory conditions and garlic has also 
been reported to inhibit lipid peroxidation 
and the activity of COX thus further display­
ing its antioxidant potential [42]. 

Garlic has also been investigated for its anti­
oxidant properties in in vivo systems [8,34], 
although some conflicting data has been 
reported. However, the evidence points 
towards garlic being a strong antioxidant 
[8,43]. The prostaglandin F2 isomers, F2 iso­
prostanes, have been investigated as reliable 
markers for enhanced oxidative stress in vivo. 
Urinary excretion of F2-isoprostane, 8-iso-pros­
taglandin F2α (8-epi-PGF2α) has been proposed 
as a risk marker in patients with CVD: in fact 
increased levels have been reported in coro­
nary plaques of patients with heart disease 
and high levels of oxidative stress. It has also 
been proposed that 8-epi-PGF2α is a reliable 
marker of oxidative damage in chronic heart 
failure [44,45]. Smokers are subjected to 
increased oxidative stress and thus have ele­
vated levels of F2-isoprostanes both in their 
serum and urine. In a study conducted with 
smokers and non-smokers, dietary supplemen­
tation with an aged garlic extract for 14 days 
reduced plasma and urine concentrations of 
F2-isoprostanes by 29% and 37% respectively 
in non-smokers and by 35% and 48% respec­
tively in smokers. Interestingly, 14 days after 
cessation of the aged garlic extract, plasma and 
urine concentrations of F2-isoprostanes in both 
groups returned to values similar to those at 
the start of the study. In this study the plasma 
antioxidant capacity of non-smokers was also 
L VEGETABLES ON HEALTH 
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twice that of smokers and the antioxidant 
capacity of smokers significantly increased by 
53% following the ingestion of aged garlic 
extract for 14 days, however this decreased sig­
nificantly once the aged garlic extract ingestion 
was discontinued [46]. The effects of garlic 
consumption on plasma and erythrocyte antiox­
idant parameters in elderly subjects have been 
reported. The conclusion of this study was that 
ingestion of garlic significantly lowered plasma 
and erythrocyte malondialdehyde (MDA) 
levels, and increased the activities of the antioxi­
dant enzymes glutathione peroxidase and cata­
lase indicating that garlic consumption may 
decrease oxidative stress in the elderly [47]. 
Endothelial dysfunction can also be caused by 
increases in oxidative stress which can lead to a 
decrease in the bioavailability of nitric oxide 
(NO) which plays a critical role in the vascular 
pathobiology of hyperhomocysteinemia. In a 
placebo-controlled, blinded crossover trial aged 
garlic extract improved homocysteinemia­
induced endothelial dysfunction in macro- and 
microcirculation, in part by preventing a 
decrease in the bioavailable NO [48]. The mech­
anism by which garlic exerts its antioxidant 
properties is not clear, and is probably complex 
due to the complex composition of garlic. It 
may be acting as an antioxidant by directly 
scavenging free radicals, chelating metal ions, 
augmenting endogenous antioxidant systems, 
and also by stimulating the synthesis of nitric 
oxide. 

6. EFFECT OF GARLIC ON 
PLATELET AGGREGATION 

It is now recognized that platelets play an 
important role in the etiology of cardiovascular 
disease. On activation, platelets undergo shape 
change, aggregate, secrete their contents, and 
finally liberate arachidonic acid which is con­
verted to prostaglandins and lipoxygenases 
related products [49]. The platelet plasma 
B. EFFECTS OF INDIVIDUA
membrane contains intrinsic glycoproteins 
(GPIIb/IIIa) and these act as receptors to 
which activating and inhibiting agents can 
bind. On activation the platelets release vari­
ous mediators into the circulation including 
transforming growth factor (TGF-β), interleu­
kin 1 beta (IL-1β), prostaglandin E2 (PHE2), 
thromboxane A2 (TXA2), and CD40 ligand 
(CD40L). There is also a transient increase in 
free cytoplasmic calcium ions (Ca2 + ). 
Thromboxane A2 stimulates platelet aggrega­
tion while the prostaglandin I2 (PGI2) inhibits 
platelet function as does an increase in intracel­
lular platelet cyclic adenosine monophosphate 
(cAMP), cyclic guanine monophosphate 
(cGMP), and nitric oxide (NO) [10]. 

The role of garlic in preventing platelet 
aggregation has been extensively investigated 
and evidence points to garlic preventing 
platelet aggregation by multiple effects [50]. 
Cyclooxygenase (COX) enzymes are elevated 
in inflamed and cancerous cells and it has 
been reported that garlic inhibits COX-1 and 
COX-2 enzymes and lipid peroxidation in vitro 
[42]. In support of this, di-allyl trisulfide (DAT) 
rich garlic oil displayed anticoagulant proper­
ties by inhibition and/or inactivation of throm­
bin hence preventing thrombus formation. 
However, at a high dose DAT significantly 
increased plasma fibrinogen concentration and 
also affected the levels of other hematological 
parameters such as erythrocyte count, hemoglo­
bin, and platelets [51]. Platelets express the con­
stitutive isoform of nitric oxide synthetase 
(cNOS) and activation of this enzyme by 
calcium influx during platelet aggregation 
provides an important feedback mechanism 
which prevents platelet aggregation. Garlic 
has also been reported to exert its beneficial 
effect on platelet aggregation by increasing NO 
availability. Nitric oxide inhibits platelet adhe­
sion, platelet granule secretion, platelet aggre­
gation, and arachidonic acid liberation [49,52]. 
It has also been reported that low density lipo­
protein (LDL) on contact with platelets induces 
L VEGETABLES ON HEALTH 
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their aggregation [53]; hence garlic may be 
able to inhibit the pathways responsible for 
this. Although the majority of the in vivo stud­
ies indicate that consumption of garlic inhibits 
platelet aggregation [8], contradictory results 
have also been reported and could be due 
to the type and concentration of garlic used 
and the length of the studies [54,55]. Despite 
some contradictory data, there is strong evi­
dence that garlic inhibits platelet aggregation 
by multiple mechanisms such as inhibition of 
cyclooxygenase activity, suppression of Ca2 + 

mobilization, increases in cAMP, increase 
in availability of NO, increase in antioxidant 
levels, and the interaction and inhibition of 
exposure of GPIIb/IIIa to its fibrinogen recep­
tor [10,56]. 

7. EFFECT OF GARLIC ON BLOOD 
PRESSURE 

Raised blood pressure (hypertension) is a 
well-established risk factor for heart disease 
and there appears to be a strong association 
between blood pressure and some oxidative 
stress-related parameters which indicates that 
oxidative stress may be involved in the patho­
physiology of hypertension [57]. Diets rich in 
phytochemicals such as garlic have been 
shown to reduce hypertension. Aged garlic 
extract has been shown to improve endothelial 
function in men with coronary artery disease, 
and garlic is reported to improve coronary 
endothelial function by reducing pulmonary 
vasoconstriction [58,59] and this may be due to 
the ability of garlic to activate NO [52]. It has 
also been reported that garlic exerts its antihy­
pertensive action by displaying prostaglandin-
type effects which are known to decrease 
peripheral vascular resistance [60]. Another 
mechanism by which garlic may reduce hyper­
tension is by its ability to inhibit angiotensin­
converting enzymes and vasodilating effects 
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[61–63], however no effect of garlic in hyperten­
sion has also been reported [8,64]. 

In 2008, a systematic review and meta­
analysis of the effect of garlic on blood pres­
sure has been reported [65]. In this study ran­
domized controlled trials with true placebo 
groups using garlic-only preparations, and 
reporting mean systolic and/or diastolic blood 
pressure and standard deviations were 
included in the meta-analysis. The conclusion 
of this review was that garlic preparations are 
superior to placebo in reducing blood pressure 
in individuals with hypertension. 

8. OTHER PROPERTIES OF GARLIC 
ON HEART HEALTH 

Garlic has been shown to reduce plasma vis­
cosity and increase capillary skin perfusion [66]. 
In humans, consumption of garlic has shown a 
decrease in unstable angina, an increase in the 
elastic properties of the blood vessels, and a 
decrease in peripheral arterial occlusive disease 
was also observed [8]. Garlic has been shown to 
increase peripheral blood flow in healthy sub­
jects and can also inhibit the progression of coro­
nary calcification in patients undergoing statin 
therapy [67,68]; however, the number of studies 
within these areas is rather limited and very 
few clinical trials have been reported. 

The majority of studies with garlic indicate 
that it has a positive effect on heart health; how­
ever, some conflicting data has also been 
reported mainly due to the use of different gar­
lic preparations, the number and type of clinical 
trials, and the questions addressed by them [8]. 

9. SUMMARY 

Evidence supports the fact that regular con­
sumption of garlic can reduce factors associated 
with cardiovascular disease; this is summarized 
L VEGETABLES ON HEALTH 
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FIGURE 16.1 Summary of the mechanism by which garlic maintains a healthy heart.
 
Factors which contribute to cardiovascular disease are reduced fibrinolysis, increase in platelet aggregation, blood clotting,
 
elevated serum blood lipids, increase in LDL oxidation, and hypertension. These are indicated by the solid arrows. Garlic
 
reduces the contribution of these as indicated by the broken arrows.
 
in Figure 16.1 It suggests that garlic can reduce 
serum lipids in hypercholesterolemic subjects, 
and in addition, has strong antioxidant proper­
ties and can reduce oxidative stress by increas­
ing the availability of NO, which in turn 
reduces the extent of LDL oxidation. Garlic con­
sumption is also associated with a reduction in 
hypertension and the most widely reported 
property of garlic is its ability to inhibit platelet 
aggregation in healthy subjects and patients 
with CVD. The mechanisms of action by which 
garlic prevents CVD are being addressed and 
its consumption for maintaining a healthy heart 
should be encouraged. 
B. EFFECTS OF INDIVIDUAL
References 
1.	 Rahman, K. (2003). Garlic and aging: new insights into 

an old remedy. Ageing Research Reviews, 2, 39–56. 
2.	 Bazzano, L. A., Serdula, M. K., & Liu, S. (2003). 

Dietary intake of fruit and vegetables and risk of car­
diovascular disease. Current Atherosclerosis Reports, 5, 
492–499. 

3. Lundberg, J. O., Feelisch, M., Bj €orne, H., Jansson, E. A., 
& Weitzberg, E. (2006). Cardioprotective effects of vege­
tables: Is nitrate the answer? Nitric Oxide, 15, 359–362. 

4.	 Herman, P. M., Craig, B. M., & Caspi, O. (2005). Is com­
plementary and alternative medicine (CAM) cost-effec­
tive? A systematic review. BMC Complementary and 
Alternative Medicine, 5, 11. 

5.	 Lawson, L. D. (1996). The composition and chemistry 
of garlic cloves and processed garlic. In H. P. Koch, & 
 VEGETABLES ON HEALTH 



242 16. GARLIC AND HEART HEALTH 
L. D. Lawson, (Eds.), Garlic The Science and 
Therapeutic Application of Allium sativum L and related 
species (pp. 37–107). USA: Williams and Wilkins Press. 

6.	 Tattelman, E. (2005). Health effects of garlic. American 
Family Physician, 72, 103–106. 

7.	 Banerjee, S. K., & Maulik, S. K. (2002). Effect of garlic 
on cardiovascular disorders: a review. Nutrition 
Journal, 1, 4–14. 

8.	 Rahman, K., & Lowe, G. M. (2006). Garlic and cardio­
vascular disease: a critical review. Journal of Nutrition, 
136, 736S–740S. 

9.	 Wood, D. (2001). Established and emerging cardiovas­
cular risk factors. American Heart Journal, 141, S49–S57. 

10.	 Rahman, K. (2007). Effects of garlic on platelet bio­
chemistry and physiology. Molecular Nutrition and Food 
Research, 51, 1335–1344. 

11.	 Scott, J. (2004). Pathophysiology and biochemistry of 
cardiovascular disease. Current Opinion in Genetics and 
Development, 14, 271–279. 

12.	 Sharples, F. M., van Haselen, R., & Fisher, P. (2003). 
NHS patients’ perspective on complementary medi­
cine: a survey. Complementary Therapies in Medicine, 11, 
243–248. 

13.	 Crawford, N. W., Cincotta, D. R., Lim, A., & Powell, 
C. V. (2006). A cross-sectional survey of complemen­
tary and alternative medicine use by children and ado­
lescents attending the University Hospital of Wales. 
BMC Complementary and Alternative Medicine, 6, 16. 

14.	 Kennedy, J. (2005). Herb and supplement use in the US 
adult population. Clinical Therapeutics, 27, 1847–1858. 

15.	 Buettner, C., Phillips, R. S., Davis, R. B., Gardiner, P., 
& Mittleman, M. A. (2007). Use of dietary supplements 
among United States adults with coronary artery dis­
ease and atherosclerotic risks. American Journal of 
Cardiology, 99, 661–666. 

16.	 Pharand, C., Ackman, M. L., Jackevicius, C. A., 
Paradiso-Hardy, F. L., & Pearson, G. J. Canadian 
Cardiovascular Pharmacists Network. (2003). Use of 
OTC and herbal products in patients with cardiovas­
cular disease. Annals of Pharmacotherapy, 37, 899–904. 

17.	 Yeh, G. Y., Davis, R. B., & Phillips, R. S. (2006). Use 
of complementary therapies in patients with cardio­
vascular disease. American Journal of Cardiology, 98, 
673–680. 

18.	 Edwards, Q. T., Colquist, S., & Maradiegue, A. (2005). 
What’s cooking with garlic: is this complementary and 
alternative medicine for hypertension? Journal of the 
American Academy of Nurse Practitioners, 17, 381–385. 

19.	 Artz, M. B., Harnack, L. J., Duval, S. J., Armstrong, 
C., Arnett, D. K., & Luepker, R. V. (2006). Use of 
non-prescription medications for perceived cardiovas­
cular health. American Journal of Preventive Medicine, 
30, 78–81. 
B. EFFECTS OF INDIVIDUA
~	 ­

Rocha-Gonc-alves, F., Ferreira, A., & Bettencourt, P. 
(2008). Cholesterol – A marker of nutritional status in 
mild to moderate heart failure. International Journal of 
Cardiology, 129, 65–68. 

20.	 Araujo, J. P., Frioes, F., Azevedo, A., Lourenco, P., 

21.	 Gebhardt, R. (1993). Multiple inhibitory effects of gar­
lic extracts on cholesterol biosynthesis in hepatocytes. 
Lipids, 28, 613–619. 

22.	 Liu, L., & Yeh, Y. Y. (2001). Water-soluble organosul­
fur compounds of garlic inhibit fatty acid and triglyc­
eride synthesis in cultured rat hepatocytes. Lipids, 36, 
395–400. 

23.	 Yanagita, T., Han, S., Wang, U., Tsuruta, Y., & Anno, 
T. (2003). Cycloalliin, a cyclic sulphur imino acid, re­
duces serum triacylglycerol in rats. Nutrition, 19, 
140–143. 

24.	 Gonen, A., Harats, D., Rabinkov, A., Miron, T., 
Mirelman, D., Wilchek, M., Weiner, L., Ulman, E., 
Levkovitz, H., Ben-Shushan, D., & Shaish, A. (2005). 
The antiatherogenic effect of allicin: possible modes of 
action. Pathobiology, 72, 325–334. 

25.	 Murugavel, P., & Pari, L. (2007). Diallyl tetrasulfide 
protects cadmium-induced alterations in lipids and 
plasma lipoproteins in rats. Nutrition Research, 27, 
356–361. 

26.	 Taghizadeh, A. A., Shirpoor, A., & Dodangeh, B. E. 
(2005). The effect of garlic on cyclosporine-a-induced 
hyperlipidemia in male rats. Urologic Journals, 2, 
153–156. 

27.	 Gorinstein, S., Jastrzebski, Z., Namiesnik, J., 
Leontowicz, H., Leontowicz, M., & Trakhtenberg, S. 
(2007). Molecular Nutrition and Food Research, 51, 
1365–1381. 

28.	 Mahmoodi, M., Ismail, M. R., Asadi, K. G. R., 
Khaksari, M., Sahrbghadam, L. A., Hajizadeh, M. R., 
& Mirzaee, M. R. (2006). Study of the effects of raw 
garlic consumption on the level of lipids and other 
blood biochemical factors in hyperlipidemic indivi­
duals. Pakistan Journal of Pharmaceutical Sciences, 19, 
295–298. 

29.	 Kojuri, J., Vosoughi, A. R., & Akrami, M. (2007). 
Effects of anthum graveolens and garlic on lipid profile 
in hyperlipidemic patients. Lipids Health Disease, 6, 5.  

30.	 Duda, G., Suliburska, J., & Pupek-Musialik, D. (2008). 
Effects of short-term garlic supplementation on lipid 
metabolism and antioxidant status in hypertensive 
adults. Pharmacology Reports, 60, 163–170. 

31.	 Zhang, L., Gail, M. H., Wang, Y. Q., Brown, L. M., 
Pan, K. F., Ma, J. L., Amagase, H., You, W. C., & 
Moslehi, R. (2006). A randomised factorial study of the 
effects of long-term garlic and micronutrient supple­
mentation and of 2-wk antibiotic treatment for 
Helicobacter pylori infection on serum cholesterol and 
L VEGETABLES ON HEALTH 



REFERENCES	 243 
lipoproteins. American Journal of Clinical Nutrition, 84, 
912–919. 

32.	 Gardner, C. D., Lawson, L. D., Block, E., Chatterjee, L. 
M., Kiazand, A., Balise, R. R., & Kraemer, H. C. (2007). 
Effect of raw garlic vs commercial garlic supplements 
on plasma lipid concentrations in adults with moderate 
hypercholesterolemia: a randomised clinical trial. 
Archives of Internal Medicine, 167, 346–353. 

33. Calpe-Berdiel, L., Escolaa-Gil, J. C., & Blanco-Vaca, F. 
(2009). New insights into the molecular actions of 
plant sterols and stanols in cholesterol metabolism. 
Atherosclerosis, 203, 18–31. 

34.	 Rahman, K. (2007). Studies on free radicals, antioxi­
dants, and co-factors. Clinical Interventions in Aging, 2, 
219–236. 

35.	 Libby, P. (2002). Inflammation in atherosclerosis. 
Nature, 420, 868–874. 

36.	 Papaharalambus, C. A., & Griendling, K. K. (2007). 
Basic mechanisms of oxidative stress and reactive oxy­
gen species in cardiovascular injury. Trends in 
Cardiovascular Medicine, 17, 48–54. 

37.	 Ide, N., & Lau, B. H. S. (2001). Garlic compounds 
minimise intracellular oxidative stress and inhibit 
nuclear factor-KB activation. Journal of Nutrition, 131, 
1020S–11026S. 

38.	 Dillon, S. A., Burmi, R. S., Lowe, G. M., Billington, D., 
& Rahman, K. (2003). Antioxidant properties of aged 
garlic extract: an in vitro study incorporating human 
low density protein. Life Science, 72, 1583–1594. 

39.	 Okada, Y., Tanaka, K., Sato, E., & Okajima, H. (2006). 
Kinetic and mechanistic studies of allicin as an antioxi­
dant. Organic and Biomolecular Chemistry, 4, 4113–4117. 

40.	 Rassoul, F., Salvetter, J., Reissig, D., Schneider, W., 
Thiery, J., & Richter, V. (2006). The influence of garlic 
(Allium sativum) extract on interleukin 1 alpha-induced 
expression of endothelial intercellular adhesion mole­
cule-1 and vascular cell adhesion molecule-1. 
Phytomedicine, 13, 230–235. 

41.	 Lei, Y. P., Chen, H. W., Sheen, L. Y., & Lii, C. K. 
(2008). Diallyl disulfide and diallyl trisulfide suppress 
oxidized LDL-induced vascular cell adhesion molecule 
and E-selectin expression through protein kinase A-
and B-dependent signaling pathways. Journal of 
Nutrition, 138, 996–1003. 

42.	 Raman, P., Dewitt, D. L., & Nair, M. G. (2008). Lipid 
peroxidation and cyclooxygenase enzyme inhibitory 
activities of acidic aqueous extracts of some dietary 
supplements. Phytotherapy Research, 22, 204–212. 

43.	 Banerjee, S. K., Mukherjee, P. K., & Maulik, S. K. 
(2003). Garlic as an antioxidant: The good, the bad and 
the ugly. Phytotherapy Research, 17, 97–106. 

44.	 Nishibe, A., Kijima, Y., Fukunaga, M., Nishiwak, N, 
Sakai, T, Nakagawa, Y., & Hata, T. (2008). Increased 
B. EFFECTS OF INDIVIDUA
isoprostane content in coronary plaques obtained from 
vulnerable patients. Prostaglandins Leukotrienes and 
Essential Fatty Acids, 78, 257–263. 

45.	 Radovanovic, S., Krotin, M., Simic, D. V., Mimic-Oka, 
J., Savic-Radojevic, A., Pijesa-Ercegovac, M., Matic, M, 
Ninkovic, N., Ivanovic, B., & Simic, T. (2008). Markers 
of oxidative damage in chronic heart failure: role in 
disease progression. Redox Report, 13, 109–116. 

46.	 Dillon, S. A., Lowe, G. M., Billington, D., & 
Rahman, K. (2002). Dietary supplementation with 
aged garlic extract reduces plasma and urine concen­
trations of 8-iso-prostaglandin F2α in smoking and 
nonsmoking men and women. Journal of Nutrition, 
132, 168–171. 

47. Avic, A., Atli, T., Erg €uder, I. B., Varli, M., Devrim, E., 
Aras, E., & Durak, I. (2008). Effects of garlic consump­
tion on plasma and erythrocyte antioxidant parameters 
in elderly subjects. Gerontology, 54, 173–176. 

48.	 Wiess, N., Ide, N., Abahji, T., Nill, L., Keller, C., & 
Hoffmann, U. (2006). Aged garlic extract improves 
homocysteine-induced endothelial dysfunction in 
macro- and microcirculation. Journal of Nutrition, 136, 
750S–754S. 

49.	 Willoughby, S., Holmes, A., & Loscalzo, J. (2002). 
Platelets and cardiovascular disease. Eur. Journal of 
Cardiovascular Nursing, 1, 273–288. 

50.	 Allison, G. L., Lowe, G. M., & Rahman, K. (2006). 
Aged garlic extract and its constituents inhibit platelet 
aggregation through multiple mechanisms. Journal of 
Nutrition, 136, 782S–788S. 

51.	 Chan, K. C., Yin, M. C., & Chao, W. J. (2007). Effect 
of diallyl trisulfide-rich garlic oil on blood coagulation 
and plasma activity of anticoagulation factors in rats. 
Food and Chemical Toxicology, 45, 502–507. 

52.	 Ku, D. D., Abdel-Razek, T. T., Dai, J., Kim-Park, S., 
Fallon, M. B., & Abrams, G. A. (2002). Garlic and its 
active metabolite allicin produce endothelium- and ni­
tric oxide-dependent relaxation in rat pulmonary arter­
ies. Clinical and Experimental Pharmacology and 
Physiology, 29, 84–91. 

53.	 Akkerman, J. W. (2008). From low-density lipoprotein 
to platelet activation. International Journal of 
Biochemistry and Cell Biology, 40, 2374–2378. 

54.	 Wojcikowski, K., Myers, S., & Brooks, L. (2007). 
Effects of garlic oil on platelet aggregation: a double-
blind placebo-controlled crossover study. Platelets, 18, 
29–34. 

55.	 Scharbert, G., Kalb, M. L., Duris, M., Marschalek, C., 
& Kozek-Langenecker, S. A. (2007). Garlic at dietary 
doses does not impair platelet function. Anesthesia and 
Analgesia, 105, 1214–1218. 

56.	 Allison, G. L., Lowe, G. M., & Rahman, K. (2006). 
Aged garlic extract may inhibit aggregation in human 
L VEGETABLES ON HEALTH 



244 16. GARLIC AND HEART HEALTH 
platelets by suppressing calcium mobilization. Journal 
of Nutrition, 136, 789S–792S. 

57.	 Rodrigo, R., Prat, H., Passalacqua, W., Araya, J., 
Guichard, C., & achler, J. P. (2007). Relationship B€
between oxidative stress and essential hypertension. 
Hypertension Research, 30, 1159–1167. 

58.	 Williams, M. J., Sutherland, W. H., McCormick, M. P., 
Yeoman, D. J., & De Jong, S. A. (2005). Aged garlic 
extract improves endothelial function in men with coro­
nary artery disease. Phytotherapy Research, 19, 314–319. 

59.	 Sun, X., & Ku, D. D. (2006). Allicin in garlic protects 
against coronary endothelial dysfunction and right 
heart hypertrophy in pulmonary hypertensive rats. 
American Journal Physiology Heart and Circulatory 
Physiology, 291, H2431–H2438. 

60.	 Rashid, A., & Khan, H. H. (1985). The mechanism of 
hypotensive effect of garlic extract. Journal of Pakistan 
Medical Association, 35, 357–362. 

61.	 Al-Qattan, K. K., Khan, I., Alnaqeeb, M. A., & Ali, 
M. (2003). Mechanism of garlic (Allium sativum) 
induced reduction of hypertension in 2K-1 C rats: a 
possible mediation of Na/H exchanger isoform-1. 
Prostaglandins Leukotrienes and Essential Fatty Acids, 
69, 217–222. 

62.	 Al-Qattan, K. K., Thomson, M., Al-Mutawa’a, S., Al-
Hajeri, D., Drobiova, H., & Ali, M. (2006). Nitric oxide 
mediates the blood-pressure lowering effect of garlic 
B. EFFECTS OF INDIVIDUAL
in the rat two-kidney, one-clip model of hypertension. 
Journal of Nutrition, 136, 774S–776S. 

63.	 Sharif, A. M., Darabi, R., & Akbarloo, N. (2003). 
Investigation of antihypertensive mechanism of garlic 
in 2K 1C hypertensive rat. Journal of 
Ethnopharmacology, 86, 219–224. 

64.	 Capraz, M., Dilek, M., & Akpolat, T. (2007). Garlic, 
hypertension and patient education. International 
Journal of Cardiology, 121, 130–131. 

65.	 Ried, K., Frank, O. R., Stocks, N. P., Fakler, P., & 
Sullivan, T. (2008). Effect of garlic on blood pressure: 
A systematic review and meta-analysis. BMC 
Cardiovascular Disorders, 8, 13. 

66.	 Kisewetter, H., Jung, F., Pindur, G., Jung, E. M., 
Mrowietz, C., & Wenzel, E. (1991). Effect of garlic on 
the thrombocyte aggregation, microcirculation, and 
other risk factors. International Journal of Clinical 
Pharmacology, Therapy and Toxicology, 29, 151–155. 

67.	 Anim-Nyame, N., Sooranna, S. R., Johnson, M. R., 
Gamble, J., & Steer, P. J. (2004). Garlic supplementa­
tion increases peripheral blood flow: a role for inter­
leukin-6? Journal of Nutritional Biochemistry, 15, 30–36. 

68.	 Budoff, M. J., Takasu, J., Flores, F. R., Nihara, Y., Lu, 
B., Lau, B. H., Rosen, R. T., & Amagase, H. (2004). 
Inhibiting progression of coronary calcification using 
aged garlic extract in patients receiving statin therapy: 
a preliminary study. Preventive Medicine, 39, 985–991. 
 VEGETABLES ON HEALTH 



C  H A P T E R  

17
 
Fig, Carob, Pistachio, and Health
 

Soliman Khatib1,2 and Jacob Vaya1,2 
1Laboratory of Natural Medicinal Compounds, MIGAL-Galilee Technology Center, Kiryat Shmona,
 

Israel
 
2Department of Biotechnology, Tel-Hai Academic College, Israel
 
1. INTRODUCTION
 

1.1 Fig 

The word ‘fig’ usually refers to Ficus, the fig 
tree and its fruit known as the Common fig 
(Ficus carica). The Common fig is a large, decid­
uous shrub or small tree native to southwest­
ern Asia and the eastern Mediterranean region 
(Greece east to Afghanistan). It grows to a 
height of 3–10 m, with smooth gray bark. The 
Common fig is widely grown for its edible 
fruit throughout its natural range in Iran, as 
well as in the rest of the Mediterranean region, 
and in other areas of the world with a similar 
climate. There is evidence that figs, specifically 
the Common fig (F. carica) and Sycamore fig 
(F. sycomorus), were among the first – if not 
the very first – plant species that were deliber­
ately bred for agriculture in the Middle East, 
starting more than 11, 000 years ago. Nine sub-
fossil F. carica figs dated to about 9400–9200 BC 

were found in the early Neolithic village, 
Gilgal I (in the Jordan Valley, 13 km north of 
Jericho). These were a parthenocarpic type, 
and thus apparently an early cultivar. This 
Bioactive Foods in Promoting Health: Fruits and Vegetables 24
finding predates the cultivation of grain in the 
Middle East by many hundreds of years [1]. 

The fruit is 3–5 cm long, with a green skin, 
sometimes ripening towards purple. The sap of 
the tree’s green parts is an irritant to human 
skin. The fig fruit is actually the flower of the 
tree, known as an inflorescence (an arrange­
ment of multiple flowers), a false fruit or multi­
ple fruit, in which the flowers and seeds grow 
together to form a single mass (Figure 17.1A). 

Fig fruits can be eaten fresh or dried and 
are used in jam-making. Most commercial pro­
duction is in dried or otherwise processed 
forms since the ripe fruit does not transport 
well, and once picked does not keep well. It is 
cooked as a vegetable and is believed to be 
good for heart ailments. 

On the basis of the Dietary Reference Intakes 
(DRI) data published by the Food and Nutrition 
Board of the US Institute of Medicine, and the 
Nutrient Composition Data published by the US 
Department of Agriculture (USDA) 2002, dried 
figs have the best nutrient score among dried 
fruit. Figs are one of the highest sources of cal­
cium and fiber in plants. Furthermore, dried 
figs are the richest in fiber, and contain 
5 r 2010 Elsevier Inc. All rights reserved. 
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(A) (B) (C) 

FIGURE 17.1 (A) Fig fruit (bbs.fruit8.com/viewthread.php?tid = 36364). (B) Carob pod (www.thefreedictionary.com/ 
carob+beans). (C) Pistachio nuts (www.thefreedictionary.com/pistachio). 
important minerals and vitamins (Table 17.1). 
Figs have a laxative effect and contain many 
antioxidants. Moreover, they are a good source 
of flavonoids and other polyphenols [2]. In one  
study, a 40 g portion of dried figs (two medium 
size figs) produced a significant increase in the 
plasma antioxidant capacity [3]. 

1.2 Carob 

The carob (Ceratonia siliqua L.) is a legumi­
nous evergreen shrub or tree of the family 
Leguminosae (pulse family) native to the east­
ern Mediterranean, probably the Middle East, 
where it has been cultivated for at least 4000 
years. Its value was recognized by the ancient 
Greeks, who brought it from its native Middle 
East to Greece and Italy, and by the Arabs, 
who disseminated it along the North African 
coast and north into Spain and Portugal. The 
fruit is an indehiscent pod, elongated, com­
pressed, straight or curved, thickened at the 
sutures, 10–30 cm long, 1.5–3.5 cm wide, and 
about 1 cm thick (Figure 17.1B). In many 
Mediterranean countries the fruit is used in pop­
ular beverages and confectioneries. In Western 
countries, carob powder is produced by deseed­
ing carob pods. Carob powder is a natural sweet­
ener [4] with a flavor and appearance similar to 
chocolate; therefore, it is often used as a cocoa 
substitute, free of caffeine and theobromine. 
B. EFFECTS OF INDIVIDUA
Carob pods ethanolic extract contains three 
major carbohydrates: sucrose (437.3 mg/g dry 
weight), glucose (395.3 mg/g dry weight) and 
fructose (42.3 mg/g dry weight). Together these 
three carbohydrates account for 87.54% of the 
total dry weight extract. Carob pods are also 
rich in protein (5–8 g protein per 100 g dry 
weight). Moreover, the pod has vitamins A and 
B and several important minerals, such as K, P, 
Ca, and Mg, as major minerals and Fe, Mn, Zn, 
and Cu as trace minerals. Carob pods are virtu­
ally fat-free (0.2–0.6%). Results published by the 
USDA National Nutrient Database for Standard 
Reference are presented in Table 17.1 [4–6]. 

1.3 Pistachio 

Pistachio (Pistacia vera L., Anacardiaceae; some­
times placed in Pistaciaceae) is a small  tree,  
reaching up to 10 m tall, and is native to moun­
tainous regions. Pistachio nuts are commonly 
consumed in western Asia. Pistachios (as part 
of the pistacia genus) have existed for about 80 
million years [7]. Archaeological evidence in 
Turkey indicates that nuts were used as food as 
early as 7000 BC. 

The fruit is a drupe, containing an elon­
gated seed with a hard shell and a striking ker­
nel, which has mauvish skin, light green flesh, 
and a distinctive flavor. When the fruit ripens, 
the husk changes from green to an autumnal 
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TABLE 17.1 Nutritional Value (per 100 g) of Dry Roasted Pistachio Nuts, without Salt Carob Flour, and Dried 
Uncooked Figs 

Unit Fig (dried) Carob Pistachio 

Water g 30.1 3.6 2.0 

Energy kcal 249.0 222.0 571.0 

Protein g 3.3 4.6 21.4 

Total lipid (fat) g 0.9 0.65 46.0 

Fatty acids, total saturated g 0.1 0.1 5.5 

Fatty acids, total monounsaturated g 0.2 0.2 24.2 

Fatty acids, total polyunsaturated g 0.35 0.2 13.9 

Carbohydrate, by difference g 63.9 88.9 27.7 

Fiber, total dietary g 9.8 39.8 10.3 

Sugars, total g 47.9 49.1 7.8 

Minerals and Vitamins 

Calcium (Ca) mg 162.0 348.0 110.0 

Iron (Fe) mg 2.0 2.9 4.2 

Magnesium (Mg) mg 68.0 54.0 120.0 

Phosphorus (P) mg 67.0 79.0 485.0 

Potassium (K) mg 680.0 827.0 1042.0 

Sodium (Na) mg 10.0 35.0 10.0 

Zinc (Zn) mg 0.5 0.9 2.3 

Copper (Cu) mg 0.3 0.6 1.3 

Manganese (Mn) mg 0.5 0.5 1.3 

Selenium (Se) µg 0.6 5.3 9.3 

Vitamin C (total ascorbic acid) mg 1.2 0.2 2.3 

Thiamin (B1) mg 0.1 0.05 0.8 

Riboflavin (B2) mg 0.1 0.5 0.15 

Niacin (B3) mg 0.6 1.9 1.4 

Pantothenic acid (B5) mg 0.4 0.05 0.5 

Vitamin B6 mg 0.1 0.4 1.3 

Folate, total (B9) µg 9.0 29.0 50.0 

Vitamin A µg 0.0 1.0 13.0 

Vitamin E (α-tocopherol) mg 0.3 0.6 1.9 

Vitamin K (phylloquinone) µg 15.6 0.0 13.2 

Data from the USDA National Nutrient Database for Standard References. 
yellow/red and the shells split partially open 
(Figure 17.1C). This is known as dehiscence 
and happens with an audible pop. The kernels 
are often eaten whole, either fresh, or roasted 
and salted, and are also used in ice cream and 
confections. In 2003, the Food and Drug 
Administration (FDA) approved the first quali­
fied health claim specific to nuts, declaring 
B. EFFECTS OF INDIVIDUAL
them to lower the risk of heart disease: 
‘Scientific evidence suggests, but does not 
prove, that eating 1.5 ounces (42.5 g) per day 
of most nuts, such as pistachios, as part of a 
diet low in saturated fat and cholesterol, may 
reduce the risk of heart disease.’ In a study at 
Pennsylvania State University, pistachios, in 
particular, significantly reduced the level of 
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low density lipoprotein in the blood of volun­
teers [8]. Dry roasted pistachio nuts are rich in 
carbohydrates (27.65 g total carbohydrates, 
7.88 g sugars, and 10.33 g dietary fibers per 
100 g), proteins (21.35 g per 100 g) and fat 
(45.97 g per 100 g; of which 5.5 g are saturated 
fatty acids and 40.5 g unsaturated fatty acids). 
In addition, pistachio nuts contain some impor­
tant vitamins and minerals (see Table 17.1). 

2. PHENOLIC AND POLYPHENOL
 
CONTENT AND COMPOSITION IN
 
THE FIG, CAROB AND PISTACHIO
 

Polyphenol compounds are distributed 
among many types of fruits and vegetables, 
B. EFFECTS OF INDIVIDUA
where they carry out specific functions and 
impart sensory properties (flavor and color). 
The interest in polyphenol compounds has 
increased over the last few decades, as these 
agents have become popular among the public, 
who attribute them several medicinal proper­
ties, mostly related to their antioxidant activity 
[9,10]. 

Polyphenols are divided into two categories: 
flavonoidal and non-flavonoidal (Figure 17.2). 
The non-flavonoidal phenols include phenolic 
acids, lignans, and stilbenes. The stilbene 
resveratrol, found in red wine, has recently 
received great attention regarding its anticarci­
nogenic properties and neuroprotective effect 
[11,12]. 

Flavonoids may be divided into several 
subclasses, namely anthocyanins, flavonols, 
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FIGURE 17.2 Polyphenol structures: (A) flavonoidal polyphenols, and (B) non-flavonoidal polyphenols. 
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flavans, flavanol, flavones, and isoflavones, 
based on their heterocyclic ring (ring C), 
degree of oxidation and ring B position 
(Figure 17.2A). In general, these compounds 
are constructed from an aromatic ring that is 
hydroxylated or methoxylated and/or glycosy­
lated. The linked carbohydrate moieties are 
often glucose or rhamnose. The number of car­
bohydrate units is commonly 1, but they may 
also comprise 2 or 3 units bound to the 
hydroxyl functional group on the aromatic 
ring at several possible positions [13,14]. 

Flavonoids are the most widely studied 
class of polyphenols with respect to their anti­
oxidant and biological properties. They display 
powerful antioxidant activities in vitro, being 
able to scavenge a wide range of reactive oxy­
gen species (ROS), reactive nitrogen species 
(RNS), and chlorine species, among them 
superoxide, hydroxyl, and peroxyl radicals, as 
well as hypochlorous and peroxynitrous acids. 
Some flavonoids can also chelate metal ions, 
such as copper and iron. 

Polyphenols constituents, existing in vege­
tables and fruits, have been shown to have the 
capacity to delay or prevent diseases associ­
ated with oxidative stress (OS), e.g. the neuro­
logical diseases Alzheimer’s and Parkinson’s 
[14–16], atherosclerosis, cancer, diabetes, and 
aging [17–24]. 

It is extremely difficult to estimate the daily 
average intake of polyphenols, because of the 
diversity of their chemical structure, making 
the estimation of their content in foods com­
plex. Moreover, the polyphenol intake level is 
largely depend on the sort of food consumed, 
geographical distribution of the specific type, 
seasonal variations in their content, people’s 
habits (the preferential consumption of tea, cof­
fee, and/or wine), and the analytical methods 
employed to detect polyphenol levels. It is esti­
mated that in the USA the total intake of poly-
phenols is 1 g/d, that of anthocyanins is 
12.5 mg/d, and the consumption of total flavo­
noids is 13 mg/d [14,25]. 
B. EFFECTS OF INDIVIDUAL
The bioavailability of polyphenols varies 
widely from one compound to another. It 
depends on their chemical structure, which 
determines their absorption rate through the 
gastrointestinal tract and their metabolism, and 
thus, their biological bioavailability. Most poly-
phenolics are poorly absorbed from the intestine 
and are highly metabolized, or rapidly elimi­
nated. The maximal plasma concentrations of fla­
vonoids are low, usually not more than 1 µM, 
with a maximum level attained 1–2 h after inges­
tion. Therefore, the maintenance of a high con­
centration in the plasma requires repeated 
ingestion of the polyphenols over time. 

Table 17.2 summarizes the phenolic and 
polyphenol content and composition in the fig, 
carob, and pistachio. 

2.1 Polyphenol Content and 
Composition in the Fig 

The polyphenol antioxidant composition 
and level in dried fig fruits was determined 
and analyzed by several investigators. Its total 
content in fig fruits was analyzed using an 
oxidation–reduction colorimetric assay (Folin– 
Ciocalteu reagent) [26], which showed that 
dark fig fruits were richer in polyphenols than 
the green varieties, and the skin of the fruit 
had a higher content of polyphenols than the 
pulp. As reported by Solomon et al. [27], who 
used gallic acid as the standard, the total poly-
phenol content ranged from 49 to 281 mg (gal­
lic acid equivalent)/100 g fruit weight (FW) in 
the light and the dark fig fruits, respectively; 
their polyphenol content in the skins varied 
from 42 to 463 (gallic acid equivalent) 
mg/100 g FW in the light and the dark ones, 
respectively; and the polyphenol content in 
pulps ranged from 37 to 100 mg (gallic acid 
equivalent)/100 g FW in the light and the dark 
varieties, respectively. These results have been 
confirmed by Del Caro and Piga [10], who ana­
lyzed the total polyphenol content and 
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TABLE 17.2 Polyphenol Composition of Fig Fruit, Carob Pods, and Pistachio Nuts 

Fig (mg/100 g FW) Carob (mg/100 g FW) Pistachio (mg/100 g FW) 

Total polyphenol content 49–281 [3,10,27] 1950 [32] 35 [38] 

Gallic acid 0.38 [29] 602 [36] ND 

Ellagic acid ND 25 [36] ND 

Chlorogenic acid 1.71 [29] ND ND 

Syringic acid 0.1 [29] ND ND 

trans-resveratrol ND ND 0.709b [39–41] 

Total flavonoid content 69.7–145.2 [10,27] ND ND 

Rutin 52.7–107.1 [10,29] ND ND 

( + )-Catechin 4.03 [29] 50 [36] ND 

( - )-Epicatechin 0.97 [29] – ND 

Quercetin glycosides ND 107 [36] ND 

( - )-Epicatechin gallate ND 30 [36] ND 

( - )-Epigallocatechin gallate ND 110 [36] ND 

Daidzein ND ND 3.68b [41] 

Genistein ND ND 3.4b [41] 

Total anthocyanin content 3.2–11 [27,31] ND ND 

Cyanidin (cy)3-rutinoside 48–97%a [10,27,31] ND ND 

Cyanidin (cy)3-glucoside 5–15%a [10,27,31] ND ND 

Cyanidin (cy)3-galactoside ND ND 0–42.6 [42] 

Proanthocyanidins ND 290 [32] 268b [41] 

Ellagitannins ND 46 [32] ND 

FW, fruit weight; ND, not detected.
 
Numbers in brackets are references.
 
aThe values are percent of the total anthocyanin content.
 
bThe value per 100 g extract and not fruit dry weight.
 
composition in fig fruit by using the high per­
formance liquid chromatography (HPLC)-diode 
array detector (DAD) method. These authors 
showed that polyphenols were localized 
mostly in the peel, while the pulp had only a 
low content of polyphenols. In addition, the 
peel of the dark fig fruit was richer in poly-
phenols (253 mg/100 g FW) than the peel of 
the lighter varieties (78 mg/100 g FW). 

Vinson et al. [3], who analyzed the total 
polyphenols in fresh and dried fruits, using the 
same method as Solomon et al. [27], but with 
catechin as a standard, reported that the total 
polyphenol content in fresh fig fruit was 
4867218 (mg catechin equivalents per 100 g 
B. EFFECTS OF INDIVIDUAL
FW), whereas in dried fruit it was 320737 
(mg catechin equivalents per 100 g FW). 
Moreover, they testified that dried figs and 
plums have the best nutrient score among the 
other dried fruits investigated. 

Flavonoids belong to the widespread 
class of polyphenol compounds. The content 
and composition of the flavonoids have been 
analyzed by several methods, such as 
HPLC–DAD and HPLC–mass spectrometry 
(MS). The total flavonoid content in fig fruits, 
as reported by Solomon et al. [27], was mea­
sured colorimetrically [28] using a 510 nm 
wavelength and ( + )-catechin as the standard. 
Similarly, flavonoids are also localized in the 
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skin of the dark fig fruit. Total fruit flavo­
noids ranged from 21.5 (mg catechin equiva­
lent/100 g FW) for the darker variety to 2.1 
(mg catechin equivalent/100 g FW) for the 
lighter one. The skin was the major tissue that 
contributed to the total flavonoid content, 
ranging from 45.6 (mg catechin equivalent/ 
100 g FW) for the darker variety to 2.2 (mg cat­
echin equivalent/100 g FW) for the lighter 
one. The flavonoid composition of the peel 
and pulp of two Italian fresh fig cultivars 
(Ficus carica L.) were analyzed by Del Caro 
and Piga [10], using the HPLC–DAD method. 
Results showed that all of the flavonoids con­
tent is concentrated in the peel in the case of 
the black cultivar. The total flavonoids content 
was 145.2 mg/100 g FW for the black peel and 
69.7 mg/100 g FW for the green one, where 
rutin was the major flavonoid constituent, 
with levels ranging from 52.7 to 107.1 mg/ 
100 g (fresh peel basis) for green and black 
figs, respectively. Similar results were ob­
tained by Veberic et al. [29], who also ana­
lyzed the flavonoids content in the fig fruit, 
using the HPLC–DAD system, which identi­
fied the flavonoids ( + )-catechin, ( - )-, epica­
techin and rutin as well as the polyphenols 
gallic acid, chlorogenic acid, and syringic acid. 

Analysis of polyphenols extracted from light 
and dark type figs revealed levels of rutin 
ranging from 28.7 mg per 100 g FW for the 
dark cultivar to 4.89 mg per 100 g FW for the 
lighter one, followed by ( + )-catechin (up to 
4.03 mg per 100 g FW), chlorogenic acid (up to 
1.71 mg per 100 g FW), ( - )-epicatechin (up 
to 0.97 mg per 100 g FW), gallic acid (up to 
0.38 mg per 100 g FW), and syringic acid (up 
to 0.10 mg per 100 g FW) [29]. 

In another study, Vaya and Mahmood [30] 
analyzed the total flavonoid content of leaf 
extracts (70% ethanol) from fig (Ficus carica L.), 
carob (Ceratonia siliqua L.), and pistachio (Pistacia 
lentiscus L.) plants by reverse phase HPLC and 
DAD array and electrospray ionization (ESI)­
mass spectrometry (MS) detectors. They found 
B. EFFECTS OF INDIVIDUA
that the major flavonoids in the fig leaf are quer­
cetin and luteolin, with a total of 63.1 and 
68.1 mg/100 g extract, respectively. 

Anthocyanins belong to the widespread 
class of flavonoid compounds. The content 
and composition of the anthocyanins were 
determined by investigators, who employed 
several methods, such as HPLC–DAD and 
HPLC–MS. The anthocyanin composition in 
the fig fruit (Ficus carica L.) was analyzed by 
Duenas et al. using HPLC, reverse phase 
chromatography coupled to DAD and MS 
detection [31]. Fifteen anthocyanin pigments 
were detected, most of them containing cyani­
din (Cy), e.g. aglycone and some pelargonidin 
(Pg) derivatives. Rutinose and glucose were 
present as substituting sugars, as well as acyla­
tion with malonic acid. Minor levels of peoni­
din 3-rutinose (Pn 3-rutinoside) in the pulp 
were also detected. According to Duenas et al. 
[31] the total anthocyanin content in the skin 
ranged between 3.2 and 9.7 mg per 100 g FW 
and between 0.15 and 1.5 mg per 100 g FW in 
the pulp for the light and dark fig fruit, 
respectively. The main anthocyanin in both 
parts of the fruit was Cy 3-rutinoside 
(Figure 17.3A) (48–81% of the total anthocya­
nins in skin and 68–79% in pulp) followed by 
Cy 3-glucoside (Figure 17.3B) (5–18% in skin 
and 10–15% in pulp). Malonyl derivatives 
were more abundant in the skin (1.2–6.5%) 
than in the pulp (1.0–2.6%). 

The total anthocyanin content described by 
Del Caro and Piga [10] was 93 (mg per 100 g 
FW) and 0.49 (mg per 100 g FW) for the peel 
and the pulp of the dark fig fruit, respec­
tively. In addition, minor amounts of antho­
cyanins were detected in the pulp of the 
green fruit (1.7 mg per 100 g FW). As reported 
by Duenas et al. [31], Del Caro and Piga [10] 
also stated that cyanidin 3-O-rutinoside is the 
main anthocyanin in the pulp and peel of the 
fruit (97%), while cyanidin 3-O-glucoside was 
less prevalent, detected only in the peel of the 
black figs (3%). 
L VEGETABLES ON HEALTH 



252 17. FIG, CAROB, PISTACHIO, AND HEALTH 
(A) OH (B) 

O 

O 
+ 

O 

OH 

OH 

OH 

OH 

HO 

HO 

OH 

OH 
OH 

OH 
O 

O 

O 
+ 

O 

OH 

OH 

OH 

OH 

OH 

FIGURE 17.3 (A) Cyanidin (Cy) 3-rutinoside, and (B) cyanidin (Cy) 3-glucoside. 

O 

H3C OH 

OH 
Total anthocyanin content was also deter­
mined by Solomon et al. [27] using a pH differ­
ential method [28]. Absorbance was measured 
at 520 and 700 nm and expressed as cyanidin-3­
glycoside (molar extinction coefficient of 
26 900 L.m - 1.mol - 1 and molecular weight of 
449.2) equivalents per 100 g FW or 100 g tissue. 
The total anthocyanin level was higher in all 
ripe fruits as compared to that in unripe ones. 
For example, the anthocyanin level was 3.0 mg/ 
100 g FW in the unripe variety and 11.0 mg/ 
100 g FW in the ripe one. Furthermore, extracts 
of darker varieties showed higher contents of 
anthocyanins, ranging from 11.0 (mg/100 g 
FW) for the dark varieties to 0.1 (mg/100 g FW) 
for the light ones. In both ripe and unripe fig 
fruits, skins had higher anthocyanin levels as 
compared to pulps. For example, in the dark fig 
fruit, the skin had 100 times more anthocyanin 
content, as compared to pulp. Accordingly, 
dark fruit skins had more anthocyanins, relative 
to purple or lighter varieties. 

Corresponding to the results reported by 
Duenas et al. [31] and Del Caro and Piga [10], 
Solomon et al. [27] concluded that cyanidin­
B. EFFECTS OF INDIVIDUAL
3-O-rhamnoglucoside (cyanidin-3-O-rutinoside; 
C3R) was the main anthocyanin in all fruits 
(95%), followed by cyanidin 3-O-glucoside. 

2.2 Phenol and Polyphenol Content and 
Composition in the Carob 

The polyphenol and tannin contents in an 
acetone extract of carob pods were analyzed by 
Avallone et al. [32], using the Folin–Ciocalteu 
method for the polyphenols [26], and by the 
vanillin assay [33] for the analysis of the pro­
anthocyanidin quantity. The ellagitannin level 
was estimated by oxidation with nitrous acid, 
according to the method described by Bate-
Smith [34], and gallotannins were exposed to 
acid hydrolysis, affording free gallic acid, 
which was further detected by a rhodanine 
reagent [35]. The results showed that pure ace­
tone was inefficient in the extraction of poly-
phenols, and in particular, of tannins from 
carob pods. 

The efficiency of tannin extraction was 
improved significantly by using a mixture of 
acetone and water. Thus, 70% acetone 
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extracted 1950 mg of total polyphenols, 290 mg 
of proanthocyanidins, and 46 mg of ellagi­
tannins in 100 g carob pods (all based on dry 
weight). 

The polyphenol constituents in carob pods 
were analyzed using an HPLC with a DAD in 
conjunction with a liquid chromatography 
LC–MS method for the determination of 
major polyphenols in vegetables, fruits and 
teas [36]. It was revealed that carob pods 
contain the following flavonoids: quercetin 
glycosides [231 µmole (107 mg)/100 g FW], 
( + )-catechin [175 µmole (50 mg)/100 g FW], 
( - )-epicatechin gallate [68 µmole (30 mg)/100 g 
FW], ( - ) epigallocatechin gallate [239 µmole 
(110 mg)/100 g FW]. An abundant quantity of 
polyphenols was also found, including gallic 
acid [3540 µmole (602 mg)/100 g FW] and ella­
gic acid [84 µmole (25 mg)/100 g FW]. 

Menelaos Papagiannopoulos et al. also ana­
lyzed the polyphenol composition (simple phe­
nols, tannins, and flavonoids) of the carob 
fibers in a similar fashion using an HPLC 
with a UV detector in conjunction with MS 
[37]. In carob fibers, which had been prepared 
from carob pods, 41 individual phenolic com­
pounds could be detected. They included gal­
lic acid, hydrolyzable tannins, and condensed 
tannins, as well as derivatives of myrictin, 
quercitin, and kaempferol. The polyphenol 
content was influenced by carob pod proces­
sing. Carob pods (kibbles), carob syrup, carob 
fiber, and roasted carobs were found to con­
tain 44.8, 108.5, 414.2, and 120.8 mg poly­
phenols/100 g, respectively. In addition, the 
polyphenol composition was affected by the 
carob pod processing. For example, the con­
tent of condensed tannins in carob pods (kib­
bles), carob syrup, carob fiber and roasted 
carobs was 1.4.8, 0.90, 19.18 and 1.87 mg tan­
nins/100 g, respectively. 

The flavonoid content in leaf extracts of car­
obs (Ceratonia siliqua L.) was also examined 
[30] by Vaya and Mahmood using HPLC con­
nected to UV/VIS array and ESI-MS detectors; 
B. EFFECTS OF INDIVIDUA
nine different flavonoids were detected, with 
the major one being myricetin (148.6 mg/100 g 
extract). 

2.3 Phenol and Polyphenol Content and 
Composition in the Pistachio 

The total polyphenol content in pistachio 
hulls was analyzed by Goli et al. [38] using the 
Folin–Ciocalteu method [26]. The polyphenols 
were extracted by two different extraction meth­
ods (solvent and ultrasound-assisted) and with a 
mixture of three different solvents (water, metha­
nol, and ethyl acetate); the total polyphenols 
were determined and expressed as tannic acid 
equivalents per 100 g dry weight of sample 
(TAE/gdw). Higher extraction yields of phenolic 
compounds were obtained with an increase in 
the polarity of the solvent. Extraction with water 
afforded the highest yield (35 mg TAE/gdw), as 
compared to with ethyl acetate (5.7 mg TAE/ 
gdw) or with methanol (32.8 mg TAE/gdw). 
There was no significant difference (P<0.05) in 
the extraction yield obtained from the solvent 
and ultrasound-assisted methods. 

The polyphenol composition was deter­
mined by either HPLC–DAD, or by an HPLC 
instrument connected to an MS, as a detector 
(LC–MS). Sicilian pistachios, harvested on ten 
different farms in Sicily, were extracted with 
ethanol:water (80:20), and subsequently their 
stilbene concentration was determined [39]. 
Resveratrol derivatives have attracted much 
attention due to different therapeutic effects. In 
all tested samples, trans-resveratrol and trans­
resveratrol-3-O-b-glucoside (trans-piceid) were 
detected with no cis isomers. The mean value of 
trans-resveratrol was 0.01270.003 mg/100 g, 
trans-piceid was 0.69770.055 mg/100 g and the 
total resveratrol concentration was 0.70970.054 
mg/100 g. Epidemiological and clinical investiga­
tions have shown that the polyphenolic phyto­
alexin resveratrol (3,5,4u-trihydroxystilbene) has 
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been associated with reduced cardiovascular dis­
ease and reduced cancer risk. 

The polyphenolic phytoalexin resveratrol 
content in pistachio nuts was determined by in­
vestigators by the same methods as mentioned 
above. Tokusoglu et al. [40] reported that the 
trans-resveratrol concentration in pistachio vari­
eties is 0.009–0.167 mg/100 g (average = 0.115 
mg/100 g), and others [41] claimed that 
the total amount of trans-resveratrol was 
0.01270.0012 mg/100 g. Exposure of the pista­
chio extracts to UV light at 366 nm for 1 min 
converted approximately 20% of the trans­
resveratrol to cis-resveratrol [40] according to 
analysis by the GC–MS method. 

Other polyphenols found in pistachio 
extracts include proanthocyanidins, and the 
phytoestrogens daidzein and genistein at con­
centrations of 268.1278.31, 3.6870.41, and 
3.4070.37 mg/100 g, respectively [41]. 

Anthocyanins were extracted from the 
external skins of pistachio kernels by Bellomo 
and Fallico [42] using aqueous formic acid 
(1%) as the solvent, followed by methanol 
containing 0.1% HCl. Afterward, their struc­
tures were elucidated by the HPLC–MS/MS 
method. Cyanidin-3-galactoside was found to 
be the major anthocyanin present in pistachio 
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kernels, and in some samples a small amount 
of cyanidin-3-glucoside was also detected. The 
level of cyanidine-3-galactoside in pistachios 
ranged from non-detectable quantities to 
42.64 mg/100 g, depending on the ripening 
progress. Pistachios in the unripe stage con­
tained the lowest anthocyanin content (2.2 mg/ 
100 g), whereas in the intermediate stages the 
level of anthocyanin was 10.6–14.7 mg/100 g. 
In ripe samples, it reached 30.0 mg/100 g. The 
ripening status correlated well with the antho­
cyanin level with an R2 of 0.9425. 

3. CAROTENOID COMPOSITION IN 
FIG, CAROB, AND PISTACHIO 

Carotenoids are pigments that occur natu­
rally in chromoplasts of plants and in some 
other photosynthetic organisms, such as algae, 
some types of fungus, and some bacteria. 
There are over 600 known carotenoid com­
pounds, which are divided into two classes, 
xanthophylls and carotenes (Figure 17.4). 
Carotenoids can act as antioxidants, and in 
humans β-carotene (Figure 17.4A) is a precur­
sor of vitamin A, a pigment essential to vision. 
(A) 

HO 

HO 
(B) 

FIGURE 17.4 Carotenoid structures: (A) β-carotene, representative of the carotene carotenoid family, and (B) lutein, rep­
resentative of the xanthophylls carotenoid family. 
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Many in vivo studies have been carried out to 
evaluate the contribution of carotenoids to 
human health, when consumed in diets rich in 
carotenoids, either owing to high fruit and 
vegetable content or to diet supplementation 
with pure compounds, mostly β-carotene and 
lycopene. The carotenoid content in selected 
components of the Mediterranean diet has 
been analyzed [43]. Table 17.3 summarizes the 
carotenoid content and composition in 
fig, carob, and pistachio. Major carotenoids 
present in fig include lutein, cryptoxanthin, 
lycopene, β-carotene, and α-carotene. Lycopene 
was the most abundant carotenoid (0.32 mg/ 
100 g FW), followed by lutein and β-carotene 
(0.08 and 0.04 mg/100 g, respectively). Another 
study analyzed the carotenoids content in vege­
tables and fruit commonly consumed in Israel 
[44]. It was found that carob pods contain 
0.2 mg total carotenoids/100 g dry weight, with 
α- and β-carotene (0.08 mg/100 g dry weight), 
lycopene (0.03 mg/100 g dry weight), and 
lutein (0.02 mg/100 g dry weight) as the major 
constituents. Carotenoids were also extracted 
from the pistachio kernel by Bellomo and 
Fallico [42], with acetone:methanol (75:25) as 
solvents and their concentration determined by 
an HPLC with a DAD detector. 

Lutein was the main carotenoid identified, 
although a small amount of β-carotene was also 
present (<0.18 mg/100 g). The lutein level 
depends on both the degree of ripeness and the 
source of the kernels, with values ranging 
from 5.2170.294 mg/100 g and 4.1370.164 
for the unripe harvested nuts from Turkey 
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and Iran, respectively, to 18.0170.068 and 
3.7770.20 mg/100 g for the ripe ones harvested 
in Turkey and Italy, respectively. Giovannini 
and Condorelli [45,46] claimed that the 
average level of lutein and β-carotene was 
0.79 mg/100 g each in ripe fruit, with a value of 
0.94 for β-carotene:lutein, compared to 0.05 for 
this ratio, as reported by Bellomo and Fallica 
[42]. 

4. PHYTOSTEROL COMPOSITION 
IN THE FIG AND PISTACHIO 

Phytosterols are formed in ornamental 
plants, medicinal herbs, edible plants, shrubs, 
and trees. It has been widely reported that 
plant sterols (phytosterols) lower the serum 
cholesterol level in animals and humans [47– 
51]. Furthermore, investigators claim that phy­
tosterols have positive effects in the treatment 
of benign prostatic hyperplasia, rheumatoid 
arthritis, allergies, and stress-related illness, as 
well as inhibiting the development of colon 
cancer [52]. 

Jeong and Lachance [53] studied the sterol 
profiles of various ‘parts’ of fig tree branches, 
i.e. structural components (bark, stem, pith) 
and fig fruit, using the GC–MS method. 
Following saponification (treatment with KOH 
solution), the weight of the solid concentrate, 
resulting from the KOH hydrolysis, was 
433 mg of solid/100 g dry weight of fig fruit. 
Four phytosterols were determined in the 
solid. Sitosterol was the most predominant 
TABLE 17.3 Carotenoid Composition of Fig Fruit, Carob Pods, and Pistachio Nuts 

Fig (mg/100 g FW) Carob (mg/100 g FW) Pistachio (mg/100 g FW) 

Lutein 0.08 [43] 0. 02 [44] 3.77–18 [42] 

Lycopene 0.32 [43] 0.03 [44] ND 

α- and β-carotene 0.04 [43] 0.08 [44] 0.18 [42] 

FW, fruit weight; ND, not detected. 
Numbers in brackets are references. 
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component (28% of the solid, 121 mg/100 g dry 
weight of fig fruit), fucosterol (5% of the solid, 
21.7 mg/100 g dry weight of fig fruit), stigmas­
tirol (3.2% of the solid, 13.9 mg/100 g dry 
weight of fig fruit), and campesterol (1.3% of 
the solid, 5.629 mg/100 g dry weight of fig 
fruit). 

The same procedure was carried out by 
Arena et al. [54] in the determination of the 
phytosterol composition in pistachio oil 
extracted by a Soxhlet extractor in the solvent, 
petroleum ether, for 6 h. After alkaline hydroly­
sis of the pistachio oil, nine sterols were identi­
fied and quantified. β-Sitosterol was the 
predominant component in all samples, vary­
ing from about 85 to 88%. Also detected were 
Δ5-avenasterol (5–9%), campesterol (3–4.5%) 
and other sterols, such as clerosterol, stigmas­
terol, Δ5,24-stigmastadienol, Δ7-stigmastenol, 
and Δ7-avenasterol [trace amounts (<1%)]. 

5. ANTIOXIDANT ACTIVITY AND 
HEALTH-PROMOTING EFFECTS 

The phytochemicals in fruits and vegetables 
attract the interest of many investigators due to 
their potential health benefits and largely 
because of their antioxidant activity. Usually a 
mixture of compounds contribute to the antioxi­
dant activity of a specific plant, some due to 
their capacity to donate an electron, others 
owing to their capacity to chelate transition me­
tals, and still others as a result of their cell sig­
naling effects, which promote the activity of the 
defense system, including the synthesis of spe­
cific enzymes, such as superoxide dismutase, 
catalase, and glutathione peroxidase [55]. 

5.1 Antioxidant Activity and Health-
promoting Effects of the Fig Fruit 

Several studies have been published in the 
last few years in which the antioxidant level in 
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fig fruits has been determined. Some of 
them have shown a high correlation between 
the polyphenol content and the level of the anti­
oxidant capacity. Solomon et al. [27] measured 
the antioxidant capacity using the Trolox 
Equivalent Antioxidant Capacity (TEAC) 
method. This study demonstrated a correlation 
between total polyphenols, total flavonoids, or 
total anthocyanins and antioxidant activity. The 
antioxidant activities were higher in extracts of 
the dark fig varieties, with the skin the major 
contributing tissue, as it had a threefold higher 
antioxidant capacity as compared to the pulp. 
In another study, the ability of the water extract 
of dark fig fruit to protect the low density lipo­
proteins (LDL) and very low density lipopro­
teins (VLDL) oxidation was evaluated [3]. The 
results demonstrated that spiking the plasma 
with the fig extract (50 µM and 100 µM fig poly-
phenols, as measured by the Folin assay) 
increased the lag time of LDL and VLDL oxida­
tion by 25 and 40%, respectively. In the same 
study, Vinson et al. [3] determined the antioxi­
dant capacity of human plasma (using the 
TEAC method) after consumption of fig fruit. 
Five males and five females, aged 25–58, partici­
pated in the research, and their plasma antioxi­
dant capacity was analyzed after consumption 
of either 240 mL of Spritet alone (control) or 
40 g of dried fig fruit. Results revealed that con­
sumption of Spritetdecreased the antioxidant 
capacity, which reached the lowest level at 1 h 
after the consumption of the soft drink. In con­
trast, fig fruit consumption increased the antiox­
idant capacity of the plasma significantly over a 
period of 4 h. 

In another in vivo study, the effect of fig leaf 
extract on diabetic rats was tested [56]. There 
were four groups of rats: streptozotocin­
induced diabetic rats (N = 10); diabetic rats, 
which received a single dose of an aqueous frac­
tion of Ficus carica leaf extract (N = 14); diabetic 
rats, which received a single dose of a chloro­
form fraction of the leaf extract (N = 10); and 
normal rats (N = 10). The results demonstrated 
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that both the aqueous and chloroform extract of 
Ficus carica leaves reduced the hyperglycemia 
in diabetic rats and normalized the fatty acids 
and vitamin E values, whereas the chloroform 
extract was more effective in reducing fatty 
acid levels. These studies confirm that the anti­
oxidant status in rat plasma was affected in the 
diabetes syndrome, and that Ficus carica 
extracts from leaves tend to normalize it. 

The cytotoxicity of fig fruit latex (FFL) 
against human cancer cells was also examined 
[57]. It was found that FFL has a strong dose-
and time-dependent anticancer activity against 
human glioma and hepatocellular carcinoma 
(HCC) cells, with a lower cytotoxicity toward 
normal liver cells; in short, the HCC cells were 
more sensitive to FFL than normal liver cells. 
FFL also inhibits the colony growth potential 
of cancer cells in a dose-dependent manner 
in vitro. The anticancer activity of original fresh 
FFL (collected from ripe fig fruits, drop by 
drop without squeezing) is more potent 
(IC50 = 0.25–0.8 1 g/mL) than that of the hydro­
phobic resin [6-O-acyl-β-D-glucosyl-β-sitoster­
ols (6-AGS)] extracted from FFL and identified 
by Rubnov et al. (IC50 = 25 µg/mL) [58]. 

The mechanism of the anticancer activity of 
FFL against human glioma and HCC cells was 
investigated by Jing Wang et al. [57]. It was 
suggested that FFL has a strong antiprolifera­
tion effect, since it induced apoptosis, inhibited 
DNA synthesis, and caused G0/G1 phase 
arrest of cancer cells. 

5.2 Antioxidant Activity and Health-
promoting Effects of the Carob Pod 

The antioxidant activity of the aqueous carob 
pod crude polyphenols extract was evaluated 
by Kumazawa et al. [59] by means of several 
methods: the β-carotene–linoleic acid system 
(10 µg/mL was obtained), 1,1-diphenyl-2-picryl 
hydrazyl (DPPH) radical scavenging activity 
(25 µg/mL), rabbit erythrocyte membrane ghost 
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system (100 µg/mL), and rat liver microsomal 
system (1 mg/mL). In all of the above methods, 
the carob pod crude polyphenol extract, with 
the above concentrations, showed a strong anti­
oxidant activity, in comparison to the well-
known polyphenol antioxidants (e.g. catechin, 
quercetin, and gallic acid), which have been 
attributed to the carob pod polyphenol content. 
Similarly, carob fiber, produced by cold water 
extraction by Papagiannopoulos et al. [37], 
showed a strong antioxidant activity, when 
measured by the DPPH method and by the 
TEAC method. The carob pod’s high polyphe­
nolic content and its strong antioxidant activity 
make this nutrient an interesting potential can­
didate for health food. 

Carob pulp, rich in insoluble fibers, was 
examined for its ability to lower the total and 
LDL cholesterol level in hypercholesterolemic 
patients [60]. Volunteers (N = 58) with hyper­
cholesterolemia consumed daily, both bread 
(two servings) and a fruit bar (one serving), 
either with (N = 29) or without (N = 29) a total 
amount of 15 g/d of a carob pulp preparation 
(carob fiber). Total LDL, high density lipopro­
tein (HDL) cholesterol, and triglyceride con­
centrations in serum were assessed at baseline 
and after 4 and 6 weeks. Results showed that 
the consumption of carob fiber reduced LDL 
cholesterol by 10.572.2% (P = 0.010). The 
LDL:HDL cholesterol ratio was marginally 
decreased by 7.972.2% in the carob fiber 
group compared to the placebo group 
(P = 0.058). Carob fiber consumption also low­
ered triglycerides in females by 11.374.5% 
(P = 0.030). Lipid-lowering effects were more 
pronounced in females than in males. Similar 
research supported the above findings that the 
daily consumption of food products enriched 
with carob fiber has beneficial effects on the 
human blood lipid profile and may be effective 
in prevention and treatment of hypercholester­
olemic patients [61]. These results strengthen 
the concept that carob fiber affords a beneficial 
effect on human health. This effect may be 
L VEGETABLES ON HEALTH 
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attributed to the high content of lignin and 
polyphenols (especially tannins), and their abil­
ity to adsorb bile acids in the chymus. 

The postprandial effects of carob fiber, rich 
in polyphenols, on circulating ghrelin levels, 
plasma triglycerides, non-esterified fatty acids 
(NEFA), and substrate utilization in humans 
were investigated [62]. Ghrelin is a peptide hor­
mone produced and excreted mainly in the 
stomach [63]. It circulates in two major forms, 
acylated ghrelin and desacyl ghrelin. Acylated 
ghrelin acts as an orexigenic signal of the cen­
tral nervous system, and its levels increase dur­
ing fasting and are suppressed postprandially. 
The administration of ghrelin induces body 
weight gain by promoting food intake and 
decreasing fat utilization [64]. Gruendel et al. 
[62] found that consumption of carob fiber 
extract rich in polyphenols by 20 healthy sub­
jects, aged 22–62 years, lowered acylated ghre­
lin to 49.1%, triglycerides to 97.2%, and NEFA 
to 67.2% compared with the effect of the con­
trol meal (P<0.001). Total ghrelin and insulin 
concentrations were not influenced by the con­
sumption of a carob fiber-enriched liquid meal. 
Postprandial energy expenditure was increased 
by 42.3%, and respiratory quotient (RQ) was 
reduced by 99.9% in those who received a liq­
uid meal with carob fiber in comparison to 
those who were given a control meal 
(P<0.001). These results indicate that carob 
fiber might exert beneficial effects on energy 
intake and body weight. 

The ability of carob bean juice in treatment 
of children with diarrhea was examined [65]. 
Diarrhea in children may cause dehydration 
and is treated by the World Health 
Organization (WHO) standard oral rehydration 
solution (ORS). The ORS protects children 
from dehydration and provides effective rehy­
dration, but it does not treat and reduce the 
diarrhea. Aksit et al. [65] found that the addi­
tion of carob bean juice (20 mL per kg body 
weight of patient) to ORS, shortened the diar­
rhea duration by 45%, reduced stool output by 
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44%, and decreased the ORS requirement 
by 38% relative to children who received 
ORS alone. 

The antiproliferative effects of carob 
(Ceratonia siliqua L.) on the mouse hepatocellu­
lar carcinoma cell line (T1) were also investi­
gated [66]. Extracts from pods and leaves of 
carobs (Ceratonia siliqua L.) were tested for 
their ability to inhibit cell proliferation of the 
mouse T1 cells. Incubation of these cells for 
24 h with carob pod and leaf extracts signifi­
cantly inhibited their proliferation. The two 
extracts showed a marked reduction in T1 cell 
proliferation in a dose-related fashion, reaching 
the maximal effect at 1 mg/mL. Pod and leaf 
extracts were also able to induce apoptosis in 
T1 cell lines, as indicated by the darker stain­
ing of nuclei in treated cells. The effect on apo­
ptosis obtained by leaf extracts (0.2 mg/mL) 
was greater than that obtained with pod 
extracts (0.4 mg/mL). 

In another study, the ability of carob pod 
fiber to suppress tumor cell growth was inves­
tigated by determining selected biological 
effects in human colon cells [67]. An aqueous 
carob fiber extract was used to determine its 
influence on the survival and growth of the 
HT29 colon adenocarcinoma cell line and the 
pre-neoplastic adenoma LT97 cell line, as 
models of late and early cancer stages. The 
results showed that carob fiber modulates 
parameters of cell growth differently in 
human HT29 colon adenocarcinoma cells 
than in LT97 colon adenoma cells. In both 
human colon cell lines used, cell growth was 
inhibited. The inhibition of proliferation was 
more pronounced in LT97 adenoma than in 
the less differentiated HT29 adenocarcinoma 
cells, and the reduction in cell number was dis­
tinctly higher in the latter. After 72 h, carob 
fiber extract reduced survival of rapidly prolif­
erating HT29 cells (by 76.4712.9%), whereas 
metabolic activity and DNA synthesis were 
only transiently impaired. Survival of the 
slower growing LT97 cells was less decreased 
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(by 21.5712.9%), but there were marked 
effects on DNA synthesis (reduction by 
95.677%, 72 h). The antitumor activity of the 
carob pod fiber is not due to the main com­
pound found in the fiber, gallic acid. 

5.3 Antioxidant Activity and Health-
promoting Effects of the Pistachio 

The antioxidant activity in polar pistachio 
hull extract (PHE) was analyzed by Goli et al. 
[38]. The oxidation of soybean oil in the pres­
ence of PHE and synthetic antioxidants (BHA 
and BHT for comparison) was assessed by mea­
suring the peroxide value (PV) and thiobarbi­
turic acid reactive substances value (TBARS). 
The PV value is a gauge of the primary pro­
ducts of lipid oxidation, and the TBARS value 
is a measure of the formation of secondary oxi­
dation products, mainly malondialdehyde, 
which may contribute to the off flavor or odor 
of the oxidized oil [68]. According to PV and 
TBARS, all samples examined in the presence 
of PHE (0.02–0.06%) were more stable on heat­
ing at 601C than the control. The antioxidant 
effect of PHE increased with concentration, 
and at a concentration of 0.06%, the antioxi­
dant activity was not significantly different 
(P<0.05) from that of the synthetic anti­
oxidants (BHA and BHT) at levels of 0.02%. 

The activity of the hydrophilic pistachio nut 
extracts in biological models of lipid oxidation, 
including bovine liver microsomal membranes 
and human LDL was investigated by Gentile 
et al. [41]. When lipid oxidation was induced 
in microsomes by the hydrophilic radical gener­
ator AAPH, in the absence of nut extract, the 
production of TBARS reached a plateau after a 
90 min incubation, while hydrophilic extracts 
from 0.25 to 1.0 mg pistachio nuts increased 
the lag time to over 120 min, implying that the 
antioxidant activity of the nuts slowed down 
the oxidation rate in a dose-dependent man­
ner. Employing pro-oxidation conditions, such 
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as the Fe + 3/ascorbate system, resulted in a 
decrease in the lag time, with a maximum of 
60 min. Co-incubation with the extracts result­
ing from 0.5 and 1.0 mg of nuts increased the 
protective activity observed in the metal-depen­
dent oxidation model. This phenomenon could 
be derived from the expression of combined 
peroxyl radical-scavenging abilities and metal­
chelating activity of one or more extract compo­
nents. In addition, the hydrophilic extract of 
pistachio nuts brought about an increase in the 
susceptibility of LDL to oxidation. Thus, when 
LDL was incubated with the hydrophilic nut 
extract (30–100 µg), a dose-dependent elonga­
tion of the lag phase was observed. Five hun­
dred micrograms of the hydrophilic nut extract 
protected LDL from oxidation for 6 h. 

Clinical and epidemiological studies have 
reported the beneficial effects of pistachio nuts 
on serum lipid levels. Consumption of pistachio 
nuts at a level of 15% of the daily caloric intake 
affected lipid profiles of human subjects with 
primary and moderate hypercholesterolemia 
(serum cholesterol greater than 210 mg/dL) [69]. 
Subjects that consumed pistachio nuts showed 
statistically significant increases in HDL-C (6%, 
P = 0.02), as well as decreases in total choles­
terol (TC):HDL-C (-9%, P = 0.001), LDL-C: 
HDL-C (-14%, P = 0.004) and in B-100:A-1 
(apoliproteins) (-13%, P = 0.009). Decreases 
were also seen in LDL-C (-9%, P = 0.06), with 
no changes in body mass index or blood pres­
sure observed. It is assumed that changes in 
ratios of TC:HDL-C and LDL-C:HDL-C are bet­
ter predictors of coronary heart disease (CHD) 
risk reduction than changes in each of these spe­
cific component levels [70,71]. Others  [72] have 
reported that the apolipoprotein ratio B-100:A-1 
is the best lipoprotein-related measure to esti­
mate CHD risk. Similar results have been 
obtained in another two investigations carried 
out by Gebauer et al. [73] and Kocyigit et al. 
[74]. They showed that the consumption of pista­
chio nuts by healthy volunteers may reduce the 
risk of cardiovascular disease. 
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It may be concluded that consumption of 
pistachio nuts at levels of 15–20% of the daily 
calories (about 2–3 ounces per day), causes a 
decrease in oxidative stress and improved total 
cholesterol and HDL levels in hypercholesterol­
emic, as well as in healthy volunteers [74], and 
may reduce the risk of cardiovascular disease. 

6. SUMMARY 

Fig fruit, carob pods, and pistachio nuts have 
been grown throughout the Mediterranean 
region for thousands of years. They have been 
used as food and their effects on health have 
been long recognized. As part of the worldwide 
recognition of the potential health value origi­
nating from plants, the antioxidant activity and 
health-promoting effects of these foods have 
been extensively investigated. Their consump­
tion brings about an increase in the plasma anti­
oxidant capacity, protects the low (LDL) and 
very low density lipoproteins from oxidation, 
reduces lipid levels in plasma, and thus may 
reduce risk of cardiovascular disease. They 
have also demonstrated anticancer activities. 
Studies are continuing to isolate the con­
stituents responsible for such biological effects 
and elucidate their structure. Although more 
investigations are necessary to confirm this activ­
ity, it is mostly clinical studies that are needed. 
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1. INTRODUCTION
 

1.1 Poi 
Poi is a Hawaiian word for the primary 

Polynesian staple food made from the corm of 
the kalo plant (known widely as taro). In the 
traditional native Hawaiian diet, poi is made 
by first steaming taro which is then mixed 
with a little water to form a smooth paste 
(Figure 18.1). Poi is usually a bit thick and star­
chy. When fresh, poi tastes rather bland. Most 
people prefer to eat poi warm with other foods 
or allow it to cool for 2–3 days, after which it 
develops a strong sour taste. This souring oc­
curs due to the yeast and lactic acid bacteria 
naturally found on the plant’s corm surface [1]. 
During the ‘souring’ process acid production 
changes the pH from 6.3 to 4.5 within 24 
hours, and reaches its lowest pH on the fourth 
or fifth day of fermentation. At this point poi is 
usually discarded. Over the years, innovations 
in poi production have resulted in methods 
that allow poi to stay fresh longer and have a 
sweeter taste. This has produced a less tradi­
tional version group of products generally 
requiring refrigeration [2]. 
ioactive Foods in Promoting Health: Fruits and Vegetables 26
As early as 1933, Allen and Allen were able 
to identify the presence of three Lactobacillus spe­
cies and two Streptococcus (renamed Lactococcus) 
bacteria, which included the L. lactis species, in 
poi [3]. Bilger and Young (1935) later identified 
the actions of lactic acid, acetic acid, formic 
acid, alcohol, and acetaldehyde as being the pri­
mary agents for why poi ‘sours’ [4]. In  one  
study, Huang et al. (1994) identified the pre­
dominant species in sour poi as Lactococcus lactis 
[about log10 5.8 colony-forming organisms 
(CFU)/g] [1]; the major acids are lactic and 
acetic acid [1]. 

1.2 Cultivation of Poi (Taro) 
Taro (Colocasia esculenta L.) has been culti­

vated for many centuries. Originating in Asia, 
taro is now primarily found in tropical and sub­
tropical regions, where it was historically a 
major dietary staple on the islands of the 
Pacific, especially Hawaii, New Zealand, and 
west to Indonesia (Figure 18.2). Taro became 
especially important to the Hawaiians who asso­
ciated it with their gods and the original ances­
tor of the Hawaiian people, and even used it 
5 r 2010 Elsevier Inc. All rights reserved. 
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FIGURE 18.1 Poi is made by first steaming taro and then pounding it until it reaches a nice smooth paste. 

FIGURE 18.2 Taro plant and taro root. 
for medicinal purposes [5]. The Kanaka Maoli, 
the indigenous Hawaiian people, are linked 
closely with the taro plant. They believed that 
taro had the greatest life force of all foods. 
According to the Kumulipo, the creation chant 
of the Kanaka Maoli, taro grew from the first­
born son of Wakea (sky father) through 
Wakea’s relationship with his and Papa’s (earth 
mother’s) daughter, Ho`ohokulani. The son, 
Haloa-naka, was stillborn and after he was bur­
ied, out of his body grew the taro plant, also 
called Haloa, which means everlasting breath. 
From this legend, taro and poi became symbols 
and means of survival for the Hawaiian people, 
B. EFFECTS OF INDIVIDUA
which is celebrated by ritual eating of poi as 
part of a ceremony of life that brings people 
together and supports a relationship of `ohana 
(family) and of appreciation of the `aumakua 
(ancestors). 

1.3 Historical Review and Medical Use 

The nutrient composition of poi primarily 
includes carbohydrates, along with a few other 
nutrients [6]. In the first part of the twentieth 
century, researchers believed that, due to its 
easy digestibility, poi might have beneficial 
L VEGETABLES ON HEALTH 
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health effects for certain gastrointestinal condi­
tions such as diarrhea, gastroenteritis, 
irritable bowel syndrome, and inflammatory 
bowel disease. Other uses began to be 
explored, including the possibility of poi being 
utilized in medical nutrition therapy for certain 
health conditions. Early studies in the mid­
1960s [7] suggested that poi might be useful for 
the treatment of allergies and failure-to-thrive 
in infants due to its high content of easily 
digestible starch. In addition, its probiotic func­
tionality also has led some to conclude that poi 
might also be useful as a cancer treatment and 
to address depressed immune function. 

1.3.1 Digestive Disorders 

Poi is easily digested, and this may benefit 
certain health conditions involving the gastroin­
testinal tract (Table 18.1) [5]. MacCaughey 
(1917) recognized how easily poi was digested 
B. EFFECTS OF INDIVIDUAL
and attributed this to the small size of the taro 
starch granule [8]. Langworthy and Deuel 
(1922) confirmed this finding and further estab­
lished that the raw starches of rice and taro 
root were notably more digestible as the result 
of the smaller size of the starch granules. 
Further evidence of the high digestibility of poi 
has been demonstrated in human studies 
which have reported no measure of undigested 
starch in feces, even when large quantities of 
poi were consumed [9]. 

The high digestibility of poi also appears to 
be related to the relative ease with which it 
breaks down. Derstine and Rada (1952), for 
example, reported that the easy digestibility of 
poi and the high absorbability of its minerals 
such as calcium and phosphorus appears to be 
related to its rapid fermentation process [7]. 
Taro starches have irregular, polygonal shapes 
and very small granular sizes. The average 
diameter of taro starches ranges from 2.6 to 
TABLE 18.1 Reported Uses of Poi [4] 

Medical 
Conditions 

Reference Study Objective Subject 
Type 

Number 
of 
Subjects 

Study 
Length 

Treatment 
Conditions 

Results 

Digestive 
disorders 

[8,10] Assess starch gran­
ules in poi 

Plant N/A ? N/A Found taro starch granule size: 
1–8 μm 

[9] Assess digestion of 
starch found in poi 

Human ? ? N/A 98.88% of taro starch was di­
gested with up to 250 g of 
starch consumed/day 

Food 
allergies 

[7] Observe use of poi 
as a food source 

N/A N/A N/A N/A Found WWII use in hospitals 

[13] Compare poi vs. rice 
as food source for ill 
infants 

Human 100 6 
months 

Fed poi/rice 
instead of 
cereal 

Found rice-fed group and poi-
fed group thrived equally well 

[14] Compare poi vs. 
cereal for allergic 
reactions 

Human 132 ? Fed poi/rice 
instead of 
cereal 

7% of both groups showed 
signs of allergy 

Failure-to­
thrive 

[13] Case study of poi as 
cereal substitute 

Human 12 11–45 
days 

Fed poi and 
formula 

All gained enough weight to 
be discharged 

Colorectal 
cancer 

[24] Evaluation of muta­
genic properties of 

Plant N/A ? N/A Taro fiber composition acts by 
adsorption of mutagens 

taro 

N/A, not applicable; WWII, Second World War. 
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3.76 μm [10]. This small size makes poi an excel­
lent food for the patient with digestive 
disorders. 

1.3.2 Infant Allergies 

Because of its very low protein content, poi 
is hypoallergenic and as such has been used as 
a food substitute for people with food allergies 
[5]. Alverez in 1939 was the first to suggest 
that poi be used as a substitute food for aller­
gic people [11]. During the Second World War, 
poi was used as a substitute starch for people 
allergic to cereal or grain [7]. Feingold [12] was 
one of the first to suggest that poi be consid­
ered a substitute for soy milk in infants allergic 
to both soy and cow’s milk. Physicians in 
Hawaii were some of the first to investigate poi 
as a substitute for food allergies. In a 1961 
paper, Dr Jerome Glaser noted the high use of 
poi for allergic infants and those with gastroin­
testinal disorders and theorized that infants 
allergic to grain cereal could eat poi as a substi­
tute. Glaser conducted a 6-month study of 100 
infants, in which 50 infants were to be fed poi 
and compared with 50 rice-fed babies, and 
found that both groups of infants thrived 
equally well [13]. 

Roth et al. confirmed Glaser’s findings after 
they tested 132 potentially allergic infants and 
found that breastfed babies remained 
completely symptom-free. Of the infants fed 
cow’s milk substitutes (N = 132), about 7% of 
the rice-fed infants (4/55) and poi-fed infants 
(5/73) showed signs of allergy. Roth con­
cluded that poi was definitely well tolerated 
by the babies, and poi may be a useful alterna­
tive when there is a family history of cereal 
allergy [14]. 

Glaser et al. also reported two case studies 
in which poi proved to be helpful to allergic 
infants. One infant boy had a severe multiple 
food intolerance. He was considered a failure­
to-thrive infant. At the age of 9 months, he was 
started on poi as the main dietary carbohydrate, 
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which he had no trouble tolerating. By the age 
of 19 months, he was at the lower limit of 
weight for his height. His intake of poi was 
approximately one pound per day. He was last 
seen at the age of 4 years and 3 months, at 
which time he had a normal weight and height 
for his age, appeared healthy, and was still con­
suming large amounts of poi [13]. The other 
case involved an allergic infant girl. She was 
experiencing severe gastrointestinal problems 
that were attributed to cow’s milk allergy. She 
was placed on an elimination diet using poi as 
the cereal alternative. She thrived well on this 
diet [13]. The lack of gluten in poi makes it an 
ideal substitute for cereals in patients with 
celiac disease [13]. 

1.3.3 Failure-to-thrive 

Weight gain is often the desired outcome 
for patients with failure-to-thrive. From the 
mid 1960s, a few studies have been done on 
the use of poi and failure-to-thrive. Glaser et al. 
reported in 1967 that preterm infants who con­
sumed poi thrived as well as other preterm in­
fants not fed poi of comparable weight and 
size [13]. In a case study of a premature 
female infant who weighed 1500 g at birth, 
after being on various formulas and only gain­
ing 100 g in 54 days, her risk of failing to 
thrive became acute [13]. She was then given 
poi and quickly responded positively. She was 
discharged from the hospital after being able 
to maintain a healthy weight (2250–2500 g). 
Glaser concluded that poi can safely be re­
commended as a food for any very young 
infant. However, because these studies were 
conducted a long time ago, further research is 
warranted for the use of poi in infants and 
children. 

1.3.4 Probiotic Effects 

Poi can be used as a probiotic in medical 
nutrition therapy [15]. The predominant bacte­
ria in poi are Lactococcus lactis (95%) and 
L VEGETABLES ON HEALTH 
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Lactobacilli (5%) [1], both of which are lactic 
acid-producing bacteria. Poi contains signifi­
cantly more of these bacteria per gram than 
yogurt. The first reported study conducted to 
investigate the effect of poi consumption on gas­
trointestinal tract bacterial concentration was a 
crossover clinical study including 18 subjects (a 
poi group of 10 and a control group of 8) by 
Brown and colleagues in 2005 [16]. They found 
no significant differences in total bacterial 
counts following fresh poi diet versus following 
a control diet, nor were significant differences 
found in counts of specific bacterial species. 
However, they expected that ‘sour poi’ might 
have a greater effect than this fresh poi as a 
potential probiotic. More research is needed to 
confirm that poi has a probiotic function. 

1.3.5 Colon Cancer 

Colorectal cancer continues to be a leading 
cause of morbidity and mortality in the 
Western world [17]. Hawaiians tend to have 
lower incidence rates of colorectal cancer. In 
addition to the epidemiological data linking poi 
and low colon cancer incidence, poi has several 
properties significant to the decreased risk of 
carcinogenesis including fiber content, novel 
phytochemical contents, pH influences, and 
possible probiotic chemoprotection. Colon can­
cer prevention has long been associated with 
plant-rich diets, especially ones supplemented 
with probiotics. Brown et al. (2005) were first 
to find out that poi extract can have two dis­
tinct inhibitory effects towards colon cancer 
[18]. One is that it can directly inhibit the prolif­
eration of mammalian colon cancer cells by 
inducing the apoptosis of the cancer cells. The 
other is that components of poi stimulate the 
immune system by activating lymphocytes 
which have previously been shown to kill 
numerous types of colon cancer cells, both in 
humans and in rodents. 

Like many plants, poi contains a unique collec­
tion of compounds relevant to chemoprotection 
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and anticancer activity. Taro corms have been 
reported to contain anthocyanins, cyanidin 
3-glucoside, pelargonidin 3-glucoside, and cya­
nidin 3-rhamnoside. These substances have 
antioxidant and anti-inflammatory properties 
which could protect the intestine from carcino­
gens [19]. Kim et al. reported that taro has 
high ‘cancer preventative activity’ compared 
with other vegetables [20,21]. Another study 
discovered the antioxidant nicotinamide ade­
nine dinucleotide oxidase in taro which has 
been shown to produce potent inhibition of 
induced oxygen free radical generation in an 
animal model, suggesting that taro carries a 
significant antioxidative cancer preventative 
potential [22]. Fiber content (poi contains 3.7 g 
of fiber per 100 g) might also contribute to the 
positive anticancer effects against colon can­
cers [20,22,23]. 

1.3.6 Other Potential Health Benefits 

Some research suggests that poi may be use­
ful to control Salmonella typhimurium. Okabe 
and others (1996) investigated the anti-
mutagenicity effects on the Trp-P2-induced 
mutagenicity to Salmonella typhimurium using 
different preparation bases. The study investi­
gated the effects on TA 98 of water extracts, 
ethanol extracts, and gummy materials pre­
pared from four root crops: nagaimo (Chinese 
yam, Dioscorea opposita Thumb.), jinenjo (D. 
japonica Thunb.), satoimo (taro, Colocasia escu­
lenta (L.) Schott), and processed taro (freeze­
dried poi). The gummy processed taro showed 
the highest inhibition of 60% among the speci­
mens used [24]. 

It also has been observed that groups who 
have consumed taro have tended to have clear 
and conditioned skin. It is believed that poi 
has some kind of chemical that is good for the 
skin. However, the components that may be 
responsible for this property are currently 
unknown. 
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2. SUMMARY
 

Studies from the mid 1960s suggest that poi 
may have great potential for treating certain 
medical conditions, especially infant food aller­
gies and failure-to-thrive in infants. In addition, 
the easy digestibility and other characteristics 
of poi might make it a nutritional supplement 
for promoting weight gain in patients with con­
ditions such as failure-to-thrive, cancer, AIDS, 
and inflammatory bowel disease. Its combina­
tion of antioxidant and anti-inflammatory com­
pounds suggests poi may have cancer fighting 
properties, in particular against colorectal can­
cer. Finally, poi may offer a nutritional supple­
ment unique in its possible probiotic activities 
and ability to reduce skin damage and condi­
tions that affect complexion and appearance. 

2.1 Summary Points 

•	 Poi can be a milk substitute for babies born 
with an allergy to dairy products because of 
its nutritional value. 

•	 Poi can also be used as a baby food for 
babies with severe food allergies. 

•	 Sour poi has more probiotics than yogurt. 
•	 Poi does good to your gastrointestinal 

system. 
•	 Poi has anticancer and antimutagenic 

properties. 
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1. CHILDREN’S FEAR AND
 
LOATHING OF VEGETABLES
 

It is broadly accepted that the consumption 
of ample fruits and vegetables is beneficial to 
one’s health. More specifically, it has been 
shown to decrease the probability of develop­
ing diverse forms of cancer and it protects 
against the development of obesity (i.e. severe 
overweight) and hence adverse obesity-related 
chronic health consequences such as type II dia­
betes and cardiovascular or coronary heart 
disease [1,2]. Therefore, various health organiza­
tions across the world encourage the consump­
tion of fruits and vegetables. The World Health 
Organization recommends a minimum intake 
of 400 g of fruit and vegetables (excluding pota­
toes and cassava) per day [3]. Although most 
people are likely unaware of the specific health 
dangers of not eating vegetables, the general 
fact that eating fruits and vegetables promotes 
Bioactive Foods in Promoting Health: Fruits and Vegetables 27
good health can be considered conventional wis­
dom. Undoubtedly, the efforts exerted by the 
health organizations and policy makers in moti­
vating the consumption of fruit and vegetables 
have contributed to this wisdom, yet growing 
knowledge concerning healthful dietary habits 
does not always lead to the desired change in 
eating behavior [4]. Indeed, most people still 
consume much less vegetables than is generally 
recommended and this particularly holds true 
for children. Many children are reluctant to eat 
vegetables [5], and this is a matter for concern 
as dietary habits and food preferences are devel­
oped during childhood and appear less suscepti­
ble to change in later adulthood [6]. 

An important question that arises is why so 
many children are reluctant to eat sufficient 
amounts of vegetables. Gibson et al. [7] found 
that vegetable consumption among 9–11-year 
old children was predicted by their mother’s 
belief that choosing the right food for her 
3 r 2010 Elsevier Inc. All rights reserved. 
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child is important for preventing disease. 
Paradoxically, the children ate less vegetables 
the more they believed that vegetables are good 
for one’s health and the stronger their mothers’ 
concern for disease prevention. Gibson and col­
leagues speculate that when parents attempt to 
push their child to eat vegetables by posing the 
threat of future health consequences, this only 
serves to devalue the food, effectively ingrain­
ing the cognition that vegetables are good for 
you but taste bad. This is definitely an effect 
that one should be careful to avoid as Gibson 
and colleagues found that an even better predic­
tor of children’s vegetable consumption was ‘lik­
ing’ for vegetables. The more a child liked 
certain vegetables, the more frequently s/he 
would consume these vegetables. Interestingly, 
the mothers rated their liking of vegetables 
higher than their children did and the mothers’ 
liking ratings did not explain their children’s 
vegetable consumption. In other words, the 
common notion that young children like what­
ever their parents like does not apply to chil­
dren’s appreciation of vegetables. Gibson and 
colleagues [7], reviewing a large body of litera­
ture, also found that among children and ado­
lescents (6–18 years old) taste preferences 
(i.e. degree of vegetable liking) are positively 
correlated with vegetable intake. Overall, one 
may conclude that the answer to the question 
of why children tend to eat very few vegetables 
is relatively straightforward: they do not like 
the taste of them. So what is the likely origin of 
this dislike for vegetables in children? 

Children’s reluctance to eat vegetables has 
been linked to food neophobia [8]. Food neo­
phobia literally means ‘fear of novel foods’ and 
is expressed as a reluctance to eat, or the avoid­
ance of, unfamiliar foods/flavors. It has been 
suggested that such neophobia should be con­
sidered as a phobia in a true clinical sense. In 
a study, young adults had to rate their willing­
ness to eat certain novel foods and their 
expected dislike and perceived danger of eat­
ing the foods. Perceived danger is known to 
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contribute to the expression of specific phobias 
such as a spider phobia. Although most partici­
pants did not evaluate the foods as particu­
larly dangerous, the ones who did were far 
less willing to eat these foods [9]. Russell and 
Worsley [9] demonstrated in an Australian 
sample of 371 preschool children (2–5 years 
old) that the degree of food neophobia is nega­
tively correlated with preference of various 
foods, but especially with the preference of ve­
getables [10]. In other words, the more neo­
phobic the child, the less it likes vegetables. 
The challenge then is to overcome this appar­
ent aversion for the flavor of vegetables and 
this leaves the question how to achieve this. 

2. PRACTICE MAKES VEGETABLES 
TASTE PERFECT 

Robert Zajonc [11] showed that repeat mere 
exposure to certain words in everyday lan­
guage and communication is correlated with a 
more positive attitude toward these words. He 
further showed that repeat exposure to a set of 
given words actually causes increased liking of 
these words. This mere exposure effect has 
been replicated many times across species and 
across a wide variety of stimulus domains, 
including taste. Indeed, repeated exposure to a 
certain taste of food increases liking of that 
food in adults, and in children it has been 
found to increase the willingness to eat more 
of that food [12,13]. Mere exposure to novel 
foods has thus been suggested as a possible 
means to reduce food neophobia. 

There is ample evidence that repeated expo­
sure to novel foods lessens food neophobia. 
For example, Pliner and colleagues [10] had 
one group of participants taste seven different 
novel foods and another group taste seven sim­
ilar but familiar foods. At test, all participants 
were required to make several choices. Each 
choice comprised the selection to taste one of 
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two foods; one of the two foods being novel 
(e.g. a bite-size serving of a Peruvian salad) 
and the other being familiar. Participants who 
prior to this test had had to taste several other 
novel foods now proved less neophobic. 

The mere exposure effect with regard to neo­
phobia is not limited to adults. Sullivan and 
Birch [14], for instance, exposed 39 approxi­
mately 4–6-year-old preschool children to tofu (a 
new food to these children) twice a week for a 
period of 9 weeks and found that the preference 
for tofu increased with exposure frequency. This 
effect required about 8–15 exposures, which cor­
roborated earlier findings [12,13,15]. However,  
Williams et al. [16] noted that in these previous 
studies the exposure usually comprised just a sin­
gle food or a very limited number of novel 
foods. These researchers wondered whether the 
number of exposures required for acceptance of 
a novel food decreases with an increase in the 
number of foods previously accepted. They 
investigated this in six children being treated for 
extreme food selectivity or outright food refusal. 
One particular case concerned a 5-year-old girl 
with autism whose diet had comprised merely 
hot dogs, bacon, peanut butter, eggs, toast, and 
chocolate, but just prior to treatment had stop­
ped eating altogether. Treatment of her food 
refusal comprised, among other things, regular 
exposure to novel foods presented in meals and 
taste sessions. Meals would contain three table­
spoons of about three different novel foods 
(fruits, vegetables, meat, starch, or dairy prod­
uct), and taste sessions were used to introduce 
the child to a specific novel food. With the intro­
duction of the first novel food, the 5-year-old 
girl mentioned above required 27 presentations 
before she accepted it. Of the 49 different novel 
foods introduced and accepted across treatment, 
only the first four foods required 10 or more pre­
sentations before acceptance. The same pattern 
of results was found for the other five patients 
with the final ten foods introduced at the end of 
treatment requiring just one to seven exposures. 
Three months after treatment, the parents of the 
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abovementioned girl reported that she was still 
eating a variety of 47 foods. It is not quite clear 
why the effect of mere exposure is facilitated 
with an increasing number of foods previously 
accepted, but one might speculate that this is the 
result of stimulus generalization. With each intro­
duction of a flavor of a novel food, this flavor is 
more likely to resemble some other already 
known and liked flavor. It should be noted that 
this ‘I like it, it tastes like chicken’ effect only 
works if one knows what ‘chicken’ tastes like 
and if one likes the taste of ‘chicken’ [17]. 

Mere exposure thus appears to be a poten­
tially powerful means to increase children’s lik­
ing and acceptance of certain foods, but does it 
also specifically work for vegetables? Williams 
and colleagues [16] exposed their participants to 
different novel foods from various food groups, 
including vegetables. They did not find that the 
number of exposures required for acceptance of 
vegetables was any different from other food 
groups. This suggests that for vegetables too, 
repeated mere exposure may help to promote 
acceptance and consumption. A more system­
atic investigation into this matter was under­
taken by Jane Wardle and her co-workers. In 
one particular study Wardle and colleagues [18] 
instructed parents to expose their own children 
(3–7 years of age) to a certain target vegetable 
(e.g. carrots) every day for a period of 2 weeks. 
This ‘exposure’ group was compared with two 
other groups: one group of parents who 
received information leaflets containing sugges­
tions on how to promote fruit and vegetable con­
sumption, and one group who were told that 
they would get advice on promoting healthful 
dietary habits in their children. At the start and 
directly after the 2-week period, all children 
received a taste test in which they were 
instructed to taste and evaluate six different 
vegetables. One of the vegetables served as the 
target vegetable. Subjective liking and intake 
were measured during these taste tests. At post-
test, children from the parents in the ‘exposure’ 
group liked the target vegetable better and 
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consumed more of it in comparison to the pre­
test and relative to the children from the parents 
in the other two groups [19]. This result was, 
however, restricted to the parents who man­
aged to expose their child to the target vegeta­
ble for at least 10 days. Wardle and colleagues 
note that the exposure itself was not at all a 
trouble-free undertaking. Fourteen of the 48 par­
ents did not manage to complete the exposure 
for at least 10 days and many more parents 
reported finding the exposure very difficult. 

Wardle and colleagues [18] instructed par­
ents to conduct the exposure procedure, but 
children may also be exposed to vegetables 
within a school setting. Several such school pro­
grams were examined in the Netherlands: 
Schoolgruiten (a compound name combining 
the Dutch words for school, fruit, and vege­
tables) and Pro-Children. Both programs were 
aimed at increasing children’s consumption of 
fruits and vegetables. The Pro-Children pro­
gram tested in the Netherlands was part of a 
larger international European program. Each of 
these interventions were designed so as to tar­
get several determinants of fruit and vegetable 
consumption, with one of the primary determi­
nants being recognized as liking of fruit and 
vegetables. Through repeated exposure to vege­
tables at school, the investigators hoped to 
improve the schoolchildren’s preference of fruit 
and vegetables and in doing so promote behav­
ior change; that is, increased acceptance and 
consumption of vegetables. For the duration of 
each intervention, children received a ready to 
eat piece of fruit or vegetable twice a week at 
school. As expected, stable intake of a high fre­
quency of fruits and vegetables or an increase 
in this frequency was significantly predicted by 
liking of fruit and vegetables [20]. 

2.1 Age-related Mere Exposure Effect 

It is commonly agreed that food neophobia 
is strongest between 2 and 8 years of age, so 
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perhaps exposure to vegetables is more effec­
tive at increasing vegetable liking in older chil­
dren. Indeed, Loewen and Pliner [21] 
demonstrated that 10–12-year-old children 
could use a single brief exposure to novel but 
good-tasting foods as a learning experience 
from which they deduce that novel foods do 
not necessarily have to taste bad, hence limit­
ing food neophobia. Younger children (i.e. 7–9­
year-old children), however, proved unable to 
use such a cognitive reasoning strategy despite 
the fact that these children too found the novel 
foods to be good tasting. This cognitive facility 
to ‘refute’ one’s food neophobia may well be 
the reason that food neophobia is less common 
or less strong among adults [8]. Conducting 
exposure to vegetables in later childhood may 
thus be more effective at attenuating food neo­
phobia. However, one might argue that by 
then potentially established unhealthy dietary 
habits are likely less amenable to change. With 
regard to promoting vegetable consumption in 
children one should perhaps strive to induce a 
liking for vegetables at the earliest age possi­
ble. But what is that ‘earliest age’? 

Sullivan and Birch [22] exposed 4–6-month­
old infants consistently to either a pea or green 
bean puree during a period of 10 consecutive 
days and found that the infants demonstrated 
a clear increase in the amount consumed of 
specifically the vegetable they had been 
exposed to. Birch and colleagues [17] exposed 
4–7-month-old infants repeatedly to a specific 
target food and found that acceptance of this 
food was increased significantly after just a sin­
gle exposure. Maier et al. [23] also found evi­
dence of a rapid increase in the intake of a 
previously disliked vegetable puree in approxi­
mately 7-month-old infants. Forestell and 
Mennella [24] evaluated the effects of breast-
feeding and repeat exposure on acceptance and 
consumption of green beans. A sample of 4–8­
month-old infants was fed green beans each 
day for eight consecutive days. Some of the 
infants were also fed peaches within an hour 
L VEGETABLES ON HEALTH 
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after having been fed the green beans. As 
expected, the repeated exposure to (i.e. con­
sumption of) the green beans increased accep­
tance of the green beans in the infants. This 
effect was evident to a similar degree in both 
the breastfed and the formula-fed infants. 
However, only the infants who had experi­
enced the green beans with the peaches came 
to display less facial expressions of distaste dur­
ing feeding of the green beans. At the initial 
exposure, the infants ate more from the pea­
ches than from the green beans and they 
clearly liked the peaches. Peaches taste sweet 
and humans have an innate preference for 
sweet tastes. Forestell and Mennella speculate 
that the liking of the green beans was 
enhanced due to an acquired association with 
the sweet taste of the peaches. It is certainly 
true that strong flavor preferences can be estab­
lished through associative learning (or condi­
tioning) and the results of Forestell and 
Mennella suggest that such learning may be 
stronger than (or add to) a mere exposure 
effect. But how exactly do associative learning 
mechanisms contribute to the development of 
a flavor preference? 

3. SIGNALS FOR SATISFACTION 

As argued above, the appreciation of the fla­
vor of a food is largely based on experience. 
Next to (or perhaps on top of) a mere expo­
sure effect, associative learning may contribute 
to the acquisition of food likes [25]. Associative 
learning in this respect refers specifically to 
Pavlovian conditioning, the learning of an asso­
ciation between a so-called ‘conditioned stimu­
lus’ (CS; e.g. a flavor) and a biologically 
relevant unconditioned stimulus (UCS; e.g. 
food). Pavlov [26] demonstrated that dogs 
would come to salivate to a tone after several 
pairings of the tone (the CS) and the adminis­
tration of food (UCS). Pavlov further noted 
that his dogs could differently display a 
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conditioned salivary reflex dependent upon the 
content of the UCS. An aversive UCS such as 
the administration of an electric shock would 
elicit a defensive salivary reflex, poor in mucin, 
whereas appetitive UCSs elicited appetitive 
mucin-rich salivation. Pavlov, however, did 
not explain this in terms of a hedonic response 
system. Such a hedonic view on the Pavlovian 
acquisition of likes and dislikes was not formu­
lated until the 1960s with the work on condi­
tioned flavor aversions by John Garcia (see 
reference 28). 

The so-called ‘Garcia effect’ refers to the 
finding that when certain negative events are 
paired with food consumption, this will typi­
cally lead to an aversion for the flavor of that 
particular food. In a characteristic flavor aver­
sion learning procedure, thirsty rats are given 
a drink that has been distinctly flavored. After 
consuming this flavor (the CS), the rats are 
exposed to gamma radiation or are injected 
with some poisonous substance (e.g. lithium 
chloride; the UCS) with the purpose of mak­
ing the rats feel ill. After recovery, the animals 
are then given a choice to consume the fla­
vored drink or plain water. Typically, the ani­
mals will avoid the flavored drink [28,29]. 
Similar effects have been demonstrated in 
human subjects [30–33]. Importantly, such con­
ditioning, or associative learning, may also 
underlie a positive hedonic shift and as such 
may be instrumental in promoting liking and 
consumption of vegetables in children. Two 
main associative learning processes have been 
identified that may contribute to the acquisi­
tion of food likes: 1) flavor–nutrient learning; 
and 2) flavor–flavor learning. For both techni­
ques, a neutral or even disliked flavor is 
paired with a positive UCS; that is, a satisfy­
ing post-ingestive stimulus in the case of fla­
vor–nutrient learning, or an already highly 
liked flavor such as the sweet taste of saccha­
rin in the case of flavor–flavor learning. In 
both cases, the initially neutral or disliked fla­
vor CS becomes better liked due to the 
L VEGETABLES ON HEALTH 
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acquired association between this flavor and 
the satisfying UCS. In other words, this flavor 
preference learning endows the flavor CS with 
a signaling value, a signal for satisfaction, and 
as such becomes better liked itself. 

3.1 Flavor–nutrient Learning 

Bolles et al. [34] found that rats learn an 
apparent flavor preference for food paired 
with high caloric density, suggesting that a pos­
itive post-ingestive consequence (e.g. satiation) 
leads to a positive shift in the hedonic value of 
the flavor of the food. Such flavor preference 
learning is a form of conditioning where the 
preference for an initially neutral, or even dis­
liked flavor increases due to pairings of the 
flavor of a food (the flavor CS) with the post-
ingestive consequences of the macronutrients 
in that food (the nutrient UCS) [25,35]. 

Positive shifts in flavor preference due to 
flavor–nutrient learning have repeatedly been 
demonstrated in animals, using nutrient UCSs 
such as ethanol (7 kcal/g), fat (9 kcal/g), pro­
tein (4 kcal/g), and carbohydrate (4 kcal/g) 
[36]. Conditioning of flavor preferences has also 
been demonstrated in humans. Booth et al. [37] 
found that adults readily learn a preference for 
food associated with a high starch content. 
Mobini et al. [38] showed that in one group of 
participants, pairing a peach-flavored ice tea 
with sucrose enhanced liking of this particular 
flavor, as compared to another group of partici­
pants who received a similar but minimally 
sweetened flavor. Furthermore, this effect was 
the most prominent among the participants 
who had received flavor–nutrient training in a 
hungry state, which is in line with the general 
notion that flavor–nutrient learning entails the 
learning of an association between the flavor 
CS and the satiating consequence of the nutri­
ent UCS [39]. Yeomans et al. [40] further demon­
strated in human adults that flavor–nutrient 
learning may contribute to both enhanced 
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liking and intake of a flavor paired with 
sucrose. Interestingly, Brunstrom and Mitchell 
[41] found evidence of flavor–nutrient prefer­
ence learning in unrestrained but not in 
restrained eaters. This difference seems at odds 
with the aforementioned notion that flavor– 
nutrient learning is most prominent when 
hungry. Brunstrom and Mitchell, however, 
speculate that severe long-term or frequent calo­
rie restriction associated with high dietary 
restraint makes one less sensitive to feelings of 
appetite, hunger, and satiation, hence debilitat­
ing flavor–nutrient learning. 

The few human studies on flavor–nutrient 
learning all seem to suggest that the reinfor­
cing property of the nutrient UCS lies in its 
property to evoke a subjective post-ingestive 
signal. It is important to note that this signal­
ing effect of different macronutrients is not 
directly tied to caloric density. The metabolism 
of different nutrients occurs at different rates 
in different tissues and organs, and nutrients 
may have different satiating effects [42]. Each 
of these factors can affect the timing and the 
perceived intensity of the post-ingestive signal 
provided by macronutrients, and thus the 
learning of a flavor preference. Sclafani [43], in  
reviewing studies on flavor–nutrient learning, 
reported that fat administrations may be less 
effective in conditioning flavor preferences in 
rats than the isocaloric administration of carbo­
hydrates. Lucas and Sclafani [44,45] directly 
compared the reinforcing and satiating effects 
of carbohydrate and fat in conditioning flavor 
preferences in rats. Carbohydrate proved to be 
more effective in conditioning a flavor prefer­
ence than fat. Lucas and Sclafani [44] also dem­
onstrated that carbohydrates have stronger 
satiating effects than fat. This may explain the 
differential reinforcing potency of carbohy­
drate and fat in conditioning flavor pre­
ferences in rats. 

In an unpublished study, we tested whether 
a positive shift in liking of a flavor due to 
flavor–nutrient learning would be especially 
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279 3. SIGNALS FOR SATISFACTION 
pronounced for flavors paired with high carbo­
hydrate content. On a pre-test, participants had 
to taste, evaluate, and rank order seven differ­
ent novel (i.e. not commercially available) fla­
vors of yogurt. Subsequently, during 12 
conditioning sessions three of these flavors 
were consistently paired with either a low-
energy yogurt, or a high-fat yogurt, or a high-
carbohydrate yogurt. At post-test, it was found 
that only liking of the carbohydrate-paired fla­
vor, as rated on an 11-point Likert scale, had 
increased relative to pre-test. It should be 
noted that the flavors were only paired with 
fat or carbohydrates during training, not at the 
pre and post-test. 

3.1.1 Flavor–nutrient Learning in Children 

Flavor preference learning, that is, the acqui­
sition of an association between a flavor and its 
post-ingestive consequence, extends to children 
as well. In fact, early failures to demonstrate 
clear flavor–nutrient learning in human adults 
led some researchers to speculate that this form 
of flavor preference learning in humans is 
restricted to children [41]. Birch et al. [46] dem­
onstrated conditioned flavor preferences in chil­
dren for drinks paired with a high carbohydrate 
content [47]. Similar results were found in chil­
dren when pairing flavors with a high dietary 
fat content [48,49]. 

The food consumed in the studies referred to 
above was usually some type of dessert, and so 
the question arises whether flavor–nutrient 
learning is still effective when the test food or 
flavor comprises the taste and odor of a vegeta­
ble. To investigate the potential of flavor–nutri­
ent learning as a means to increase children’s 
liking of vegetables, Zeinstra et al. [50] had 7–8­
year-old children consume two different vegeta­
ble juices, one of which was paired with a high 
energy density by adding maltodextrin to it. 
The children were instructed to consume 150 g 
of the juice (either high or low caloric) each day 
for a period of 14 consecutive schooldays. Each 
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juice was thus drunk seven times. Despite add­
ing non-caloric sweetener to the vegetable jui­
ces, the children proved to be extremely 
hesitant to consume the daily required mini­
mum amount of the juice, which was at least 
80% of the serving. The children found the 
flavor of the juices to be very intense and very 
unpleasant. Not surprisingly then, no evidence 
of any flavor–nutrient learning was found. 
The children consumed far too little of the tar­
get vegetable flavors to experience any post-
ingestive nutrient effect. This result implies that 
flavor–nutrient learning may not be an alto­
gether practical and effective method to 
increase children’s liking and acceptance of 
vegetables. 

3.1.2 Flavor–flavor Learning 

Eric Holman [51] tested whether a rat’s fla­
vor preference could be influenced by the 
sweetness of saccharin associated with the fla­
vor. In one of his experiments, rats received on 
alternate days a highly sweetened flavored 
solution or another less sweetened flavored 
solution. Flavors were almond and banana and 
the assignment of one of these flavors to the 
highly sweetened solution was counter­
balanced between the animals. At test, the rats 
were offered the choice between the almond-
and the banana-flavored solution. Holman 
found that his rats clearly preferred the flavor 
that previously had been paired with the high­
est saccharin concentration. 

This flavor–flavor learning has also been 
demonstrated in humans. Baeyens et al. [52] 
found that pairing a flavor with the aversive 
taste of polysorbate-20 (the emulsifier Tween) 
led to decreased liking of that particular flavor. 
They, however, did not find evidence of posi­
tive flavor–flavor learning with pairings of a 
specific neutral flavor with a sweet taste. This 
latter failure may be attributed to the fact that 
overall the sweet taste was only moderately 
liked. Zellner et al. [53] did observe significant 
L VEGETABLES ON HEALTH 
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flavor–flavor learning. They had students drink 
different flavors of tea. Some of these teas had 
to be tasted several times with sucrose. At test, 
all participants again had to taste and evaluate 
the different teas, now left unsweetened, and the 
participants clearly and specifically liked the pre­
viously sweetened teas better than before condi­
tioning. Yeomans and colleagues [40] similarly 
found evidence of flavor–flavor learning when 
a specific flavor of dessert was paired with 
the sweet taste of either sucrose or aspartame. 
To ensure that the sweet taste (the flavor UCS) 
was well liked, Yeomans took care to only select 
self-identified sweet-likers for participation in 
their study. 

Anita Jansen and I discussed the possibility 
that flavor–flavor learning might be a particu­
larly powerful and practical method to 
increase children’s liking of vegetables. On the 
basis of previous findings one could argue that 
successful positive flavor–flavor learning 
requires far less exposure to the target flavor 
than is usually the case with a mere exposure 
procedure and that, unlike flavor–nutrient 
learning, it does not require abundant inges­
tion of the target flavor. To test whether such 
flavor–flavor learning actually increases chil­
dren’s liking of vegetables we conducted an 
experiment. In this experiment 4–6-year-old 
children evaluated and rank ordered six differ­
ent vegetables. Next, they were instructed to 
repeatedly consume small amounts of two of 
the six specific vegetables. These two flavors 
served as the flavor CSs and one of the two 
vegetables was now sweetened with glucose. 
After this repeated exposure procedure of 
approximately one hour’s duration, all children 
again were instructed to evaluate and rank 
order the six vegetables. At this post-test, the 
children now specifically ranked the previously 
sweetened vegetable as better liked than before 
[54]. This effect was successfully replicated in a 
recent study by Capaldi and Privitera [55]. In a  
first experiment they had 2–5-year-old children 
repeatedly taste grapefruit juice mixed with 
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the sweet taste of sucrose. This led to 
increased liking of unsweetened grapefruit 
juice. Moreover, this positive shift in liking 
proved stable for weeks. In a second experi­
ment, undergraduate students were presented 
with several occasions in which they were 
instructed to consume one small stalk of cauli­
flower and another stalk of broccoli. One of 
the two vegetables would be sweetened by 
having it dipped in sugar water. The assign­
ment of vegetable to sugar water was counter­
balanced between participants. Capaldi and 
Privitera found that the pairings of either cauli­
flower or broccoli increased liking of the taste 
of these vegetables. 

In sum, flavor–flavor learning may be a via­
ble method to increase children’s liking of vege­
tables in both the short and longer term. 
However, research findings concerning this 
method are still scarce and hence several ques­
tions remain concerning the efficacy and bene­
fits of flavor–flavor learning. One such 
question is whether the established shift in lik­
ing for a particular flavor, as established 
through flavor–flavor pairings, likely gen­
eralizes to other vegetables. In an unpublished 
study, we investigated this in a sample of 50 
8–10-year-old children. In this study, the chil­
dren received several bite-size servings of bell 
pepper and tomato. Both the pepper and 
tomato were offered in two varieties, namely 
red and yellow. At a pre-test, the children had 
to taste and evaluate each variety. Next, the 
children received several exposures to the pep­
per (red or yellow) and tomato (yellow when 
the pepper was red and vice versa). In half of 
the participants, the pepper was sweetened by 
briefly dipping the vegetable in sugar water. 
For the other half of the sample, the tomato 
was sweetened, not the pepper. At a post-test, 
all children had to evaluate the vegetables 
once more, now unsweetened. Although the 
effects were small, the results indicated that at 
post-test, the initially sweetened vegetable was 
now better liked than the other vegetable. This 
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effect though was only apparent when consid­
ering flavor (pepper versus tomato), not color 
(red versus yellow), implying that a positive 
hedonic shift for a vegetable established 
through flavor–flavor learning appears fairly 
flavor specific and does not generalize easily to 
vegetables that have perceptually similar char­
acteristics (e.g. color) but taste differently. 

4. SUMMARY 

It is important to realize that, generally 
speaking, children’s food preferences and aver­
sions are still fairly limited and certainly not 
fixed. Therefore, children in particular can still 
learn to like (or dislike) specific foods and fla­
vors, including the taste of vegetables. This lat­
ter finding is noteworthy as children generally 
dislike the often bitter taste of vegetables – 
which may be especially prominent in food 
neophobic children – leading to reluctance to 
consume healthful amounts of vegetables. The 
learning referred to in the present chapter con­
cerns learning through direct experience with 
food, but learning to appreciate certain foods is 
certainly not limited to such experiential learn­
ing. When attending a large banquet where 
they serve all kinds of foods one does not 
immediately recognize as such (it can happen), 
one can learn that a certain food tastes good 
by carefully observing other food consumers. 
What foods do they put on their plate? How 
do they react when they taste a certain food? 
One could also ask someone attending the ban­
quet how a given food tastes. Such social cues 
have also been found to affect food choice and 
food intake in both adults and children [47,56– 
58], but it is beyond the scope of the present 
chapter to describe this social learning effect. It 
suffices to note that at present, it is still 
unclear whether such social learning also effec­
tively promotes liking, acceptance, and intake 
of vegetables in children. 
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As for experientially learning to like the taste 
of vegetables, mere exposure has proven to 
effectively increase children’s acceptance and 
liking of vegetables. One prominent practical 
drawback of this procedure is that it generally 
requires a large number of exposures to 
achieve this effect. In this respect, flavor–flavor 
learning holds great promise. It has been 
shown that very few exposures to a sweetened 
vegetable suffice to increase children’s liking of 
that vegetable. More research, however, is 
needed to determine whether the positive 
hedonic shift is also associated with more fre­
quent and greater intake of vegetables. 
Although food liking and food choice/intake 
are usually strongly correlated, it has been 
shown that a shift in food liking does not neces­
sarily prompt a relevant change in intake [40]. 

If one wishes to apply the research reviewed 
in the present chapter to increase children’s 
liking and intake of vegetables, best practice – 
when considering the current body of research 
– would be to repeatedly expose the child to 
various vegetables. Such exposure should 
comprise the consumption of at least one 
spoonful of vegetable, and to facilitate an expo­
sure effect one could mix sugar (e.g. sucrose, 
glucose, or fructose) with the vegetables for the 
first few exposures. This is to promote flavor– 
flavor and potentially flavor–nutrient learning 
and as such to advance a short- and longer-
term positive shift in vegetable liking and 
intake. 
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1. INTRODUCTION
 

Epidemiological investigations have pro­
vided evidence that a diet high in vegetables 
and fruits is associated with a reduced risk for 
the development of, for example, cancer and 
cardiovascular diseases [1–6]. Compounds asso­
ciated with the health-promoting effects of 
vegetables are glucosinolates and other organo­
sulfur compounds and their degradation pro­
ducts, phytosterols, vitamins, polyphenols, 
carotenoids, and dietary fibers [1,6]. These dif­
ferent classes of natural products may only 
partly explain the health effects of vegetables, 
and consequently focus has been directed 
toward other types of potential health-promot­
ing compounds such as glycolipids [7,8] and 
polyacetylenes [6,9–15]. 

Naturally-occurring polyacetylenes include 
all compounds containing two or more conju­
gated carbon–carbon triple bonds. However, 
the term ‘polyacetylenes’ is also often used 
interchangeably to describe natural products 
Bioactive Foods in Promoting Health: Fruits and Vegetables 2
containing a single acetylenic bond if they are 
formed from polyacetylene precursors [16,17]. 
In this review, the latter and broader definition 
of polyacetylenes will be used. Polyacetylenes 
are widely distributed, occurring in plants, 
fungi, lichens, moss, marine algae, and 
invertebrates [16–18]. Polyacetylenes are often 
unstable, being sensitive to UV light as well as 
oxidative and pH-dependent decomposition, 
which often provides substantial challenges for 
their isolation and characterization [12,16,18]. 
The triple bond functionality of polyacetylenes 
makes these natural products a very interest­
ing group of compounds whose reactivity 
toward proteins and other natural products 
may explain their wide variety of bioactivities. 

Polyacetylenes are examples of bioactive sec­
ondary metabolites that have been considered 
undesirable in plant foods due to their toxic 
properties. Some polyacetylenes are known 
to be potent skin sensitizers, and to be neuro­
toxic in high concentrations, but are also highly 
bioactive compounds with potential health-
promoting properties. The beneficial effects of 
85 r 2010 Elsevier Inc. All rights reserved. 
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FIGURE 20.1 Aliphatic C17-polyacetylenes isolated from the edible parts of food plants. 
most bioactive polyacetylenes from higher plants 
occur at non-toxic concentrations. Hence, poly-
acetylenes appear to be an important group 
of nutraceuticals in vegetable foods that are 
obvious targets for the development of health­
ier foods and food products. In particular, 
aliphatic C17-polyacetylenes such as falcarinol 
(1)1 and related metabolites (falcarinol-type 
polyacetylenes) (Figure 20.1) present in carrots 
and related vegetables possess interesting 
1Bold numbers refer to the polyacetylenes illustrated in th
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bioactivities, including anticancer and anti-
inflammatory effects and are now considered as 
important bioactive compounds that contribute 
significantly to the health effects of certain vege­
table foods [6,9–15]. 

This review highlights the present state of 
knowledge on the occurrence of naturally 
occurring polyacetylenes in the edible parts of 
food plants with special focus on their bioactiv­
ity and possible relevance for human health. 
e figures. 
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PLANTS
 

More than 2000 polyacetylenes are known, of 
which the majority have been isolated 
from higher plants. Polyacetylenes are wide­
spread among species within the botanically 
related plant families Apiaceae, Araliaceae, and 
Asteraceae, and have in addition been found to 
occur sporadically in at least 21 other plant fam­
ilies [16,18–23]. The polyacetylenes isolated 
among Apiaceae and Araliaceae species are 
mainly aliphatic polyacetylenes. Plants belong­
ing to the Asteraceae are frequent producers of 
acetylenes with more than 1100 polyacetylenes 
in this plant family. The structural diversity of 
polyacetylenes isolated from Asteraceae species 
B. EFFECTS OF INDIVIDUAL
is considerable and includes thiophenes, thio­
ethers, sulfoxides, alkamides, spiroacetal enol 
ethers, aromatic and aliphatic polyacetylenes. 
The structural diversity among polyacetylenes 
seems to indicate the involvement of many dif­
ferent precursors in their biosynthesis. A com­
parison of the polyacetylene structures, 
however, clearly indicates that most poly-
acetylenes are biosynthesized from unsaturated 
fatty acids. Feeding experiments with 14C- and 
3H-labeled precursors have confirmed this 
assumption and further that polyacetylenes are 
built up from acetate and malonate units [17– 
26]. The first step in the biosynthesis of poly-
acetylenes is the dehydrogenation of oleic acid 
and linoleic acid to the C18-acetylene crepe­
nynic acid (Figure 20.2). Two distinct path­
ways for the formation of acetylenic bonds 
FIGURE 20.2 A possible biosynthetic pathway for aliphatic C17-polyacetylenes of the falcarinol-type and dehydrofalcari­
nol-type in higher plants. 
[O] = oxidation; [H] = reduction; - [H] = iron-catalyzed dehydrogenation with molecular oxygen by the loss of water [17]. 
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have been proposed: desaturation of existing 
alkene functionality through an iron-catalyzed 
dehydrogenation with molecular oxygen [25] or 
the elimination of an activated enol carboxylate 
intermediate that is driven by CO2 formation 
leading to triple bond formation [27]. The former 
pathway would be operative with full-length 
acyl lipids whereas the latter would install acety­
lenic groups during de novo fatty acid biosynthe­
sis [17,25,27]. Both  hypotheses  appear  to  be
valid for the biosynthesis of polyacetylenes dis­
cussed in this review. Further dehydrogenation 
of crepenynic acid leads to diyne and triyne 
C18-acids that by α- and  β-oxidation and other 
oxidative degradation reactions leads to poly-
acetylene precursors of various chain lengths, 
which are then transformed to a large variety of 
polyacetylenes. 

Food plants that are known to produce poly-
acetylenes in their utilized plant parts include 
important vegetables such as artichoke, auber­
gine, carrot, celeriac, lettuce, parsley, parsnip, 
and tomato (Table 20.1). However, many food 
plants have not yet been investigated for poly-
acetylenes, although they belong to plant fami­
lies that normally produce polyacetylenes. 
Therefore, it is expected that polyacetylenes are 
much more common in vegetable foods than 
described in the present review. 

Aliphatic C17-polyacetylenes of the falcarinol­
type (e.g. 1–7, 10, 11) (Figure 20.1) are  wide­
spread amongst Apiaceae and Araliaceae species, 
and consequently nearly all polyacetylenes 
found in the edible parts of food plants of the 
Apiaceae are of the falcarinol-type (Table 20.1). 
Falcarinol-type polyacetylenes are, however, less 
common in food plants of other plant families, 
although falcarinol (1) and falcarindiol (2) and
related C14- and  C15-polyacetylenes (32, 40) 
(Figure 20.3) have been found in tomatoes and 
aubergines of the Solanaceae (Table 20.1), where 
they appear to be phytoalexins [28–30]. The
biosynthesis of polyacetylenes of the falcarinol­
type seems to follow the normal biosyn­
thetic pathway for aliphatic C17-polyacetylenes, 
B. EFFECTS OF INDIVIDUA
 

 

 

with dehydrogenation of oleic acid leading to 
the C18-acetylenes crepenynic acid and dehy­
drocrepenynic acid, which is then transformed 
to C17-acetylenes by β-oxidation. Further 
oxidation and dehydrogenation leads to poly-
acetylenes of the falcarinol-type and/or 
dehydrofalcarinol-type (8, 9) as outlined in 
Figure 20.2. Dehydrofalcarinol-type poly-
acetylenes are characteristic for certain tribes of 
Asteraceae [16,21–23]. So  far,  they  have  only  
been found in the edible parts of tarragon (8) 
[31] and Jerusalem artichoke (9) [32]. 

From Asteraceae food plants structurally 
very diverse polyacetylenes have been iso­
lated, including aliphatic polyacetylenes, acet­
ylenic thiophenes, aromatic and spiroacetal 
enol ethers, in accordance with the structural 
diversity among polyacetylenes found in this 
plant family (Table 20.1; Figures 20.1, 20.3, 
20.4, 20.5). 

Spiroacetal enol ethers are characteristic for 
species of the tribe Anthemideae (Asteraceae) 
[16,21], and it is therefore not surprising that 
the polyacetylenes isolated from the edible 
parts of Chrysanthemum coronarium (garland 
chrysanthemum) [21,33–35] and Matricaria 
chamomilla (chamomile) [36–40], both belonging 
to the tribe Anthemideae, are spiroacetal enol 
ethers (Table 20.1; Figure 20.4). The C12- and 
C13-spiroacetal enol ethers present in the above-
mentioned food plants are most likely bio­
synthesized from a C18-triyn-ene acid precursor 
by α-oxidation followed by two β-oxidations 
leading to a C13-triyn-ene alcohol, which is then 
transformed into the spiroacetal enol ethers 45 
and 46 by further oxidation and ring closure 
(Figure 20.6). Further oxidation of compounds 
45 and 46 leads to the spiroacetal enol ethers 
42–44, 47 and 48, whereas oxidation and decar­
boxylation followed by addition of CH3SH or 
its biochemical equivalent leads to thioether 
and/or sulfoxide spiroacetal enol ethers such as 
compounds 49–57 (Figures 20.4, 20.6). Artemisia 
dracunculus (tarragon), also belonging to the 
tribe Anthemideae, is characterized by the 
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TABLE 20.1 Polyacetylenes in the Edible Parts of Food Plants 

Family/species Common name Plant part used Primary Polyacetylenes in References 

for foodsa useb used plant parts 

Apiaceae ( = Umbelliferae) 

Aegopodium podagraria L. Bishop's weed, ground elder L, St V 1, 2, 12 16,57,83 

Anethum graveolens L. Dill L, S C, V 1, 2, 16 16,83 

Anthriscus cerefolium (L.) Hoffm. Chervil, salad chervil, French parsley L, S C, V 1, 2 83c 

A. sylvestris Hoffm. Cow parsley L V 2 c,d 

Apium graveolens L. var. Dulce Celery L, S C, V 1, 2 c,e 

A. graveolens L. var. Rapaceum Celeriac, knob celery, celery root R V 1, 2, 4 - 6, 10 11,16f 

Bunium bulbocastanum L. Great earthnut T, L, F C, V 1, 5, 6 16 

Carum carvi L. Caraway R, L, S C 1, 2, 6, 7 16,83g 

Centella asiatica L. Asiatic or Indian pennywort L V 1, 2 c,d 

Chaerophyllum bulbosum L. Turnip-rooted chervil R, L V 1, 5 c 

Coriandrum sativum L. Coriander, cilantro L, S C, V 1, 2 c,d 

Crithmum maritimum L. Samphire, marine fennel L V 1, 2 109 

Cryptotaenia canadensis (L.) DC. Hornwort, white or wild chervil R, L, St, F V 1, 2 h 

Daucus carota L. Carrot R, L V 1 - 3, 6, 10, 11 9 - 16,19,26, 
62 - 65,82i 

Ferula assa-foetida L. Asafoetida, giant fennel R, S, Sh C 6 16 

F. communis L. Common giant fennel L, S C, V 2 93 

Foeniculum vulgare Mill. Fennel L, S C, V 1, 2 11,83d 

Heracleum sphondylium L. Common cow parsnip, hogweed L, Sh V 1, 2 83c 

Levisticum officinale Koch. Lovage, garden lovage L, S C, V 2, 6 c 

Oenanthe javanica (Blume) DC. Water dropwort, water celery L, St, Sh V 1, 2 63j 

Pastinaca sativa L. Parsnip R, L V 1, 2, 5, 6 11,16,83 

Petroselinum crispum (Mill.) Parsley L C, V 1, 2, 5, 6 16,83c 

Nyman ex 

A. W Hill. ( = P. sativum 
Hoffm.) 

P. crispum (Mill.) Nyman ex A. Hamburg parsley, turnip-rooted parsley R, L C, V 1, 2, 4, 10 11,60 
W. Hill. 

var. tuberosum 

Pimpinella major (L.) Hud. Greater burnet saxifrage R, L, S C 1, 2 83 

P. saxifraga L. Burnet saxifrage R, L, S C 31 16k 

Sium sisarum L. Skirret, chervil R V 6 16g 

Trachyspermum ammi (L.) Spr. Ajowan, ajwain L, S C 13 - 16 16 

Asteraceae ( = Compositae) 

Arctium lappa L. Edible burdock, Gobo R V 18, 24 - 29, 36 - 39, 16,20,42 - 45,63,74 
58 - 69 

Artemisia dracunculus L. Tarragon, esdragon L C, V 8, 19 - 21, 41 31 

Bellis perennis L. Common daisy L, F C, V 22, 23 73l 

Chrysanthemum coronarium L. Garland chrysanthemum, Shungiku L V 42 - 57 21, 33 - 35c 

(Japanese), Kor tongho (Chinese) 

Cynara scolymus L. Globe artichoke L, F V 27, 28 16c 

Cichorium endivia L. Endive, escarole L V 30 c 

C. intybus L. var. foliosum Chicory R, L V 30 46 

Helianthus tuberosus L. Jerusalem artichoke T V 9 16,32 

Lactuca sativa L. Lettuce L V 17 16m 

(Continued) 
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TABLE 20.1 (Continued) 

Family/species Common name Plant part used Primary Polyacetylenes in References 

for foodsa useb used plant parts 

Matricaria chamomilla L. ( = M. Chamomile, German chamomile F C 45, 46 36–40 
recutita (L.) Rausch.) 

Campanulaceae 

Platycodon grandiflorum (Jacq.) Balloon flower, Chinese bell flower R, L V 33–35 47,48 
A. DC. 

Solanaceae 

Lycopersicon esculentum Mill. Tomato Fr V 1n, 2n, 32n 28,29 

Solanum melongena L. Eggplant, aubergine Fr V 2n, 40n 30 

aR, roots; T, tubers; L, leaves; St, stems; Sh, shoots; F, flowers; Fr, fruits; P, pods; S, seeds.
 
bV, vegetable; C, condiment or flavoring [12,63].
 
cChristensen, L.P., unpublished results.
 
dNakano, Y., Matsunaga, H., Saita, T., Mori, M., Katano, M., and Okabe, H. (1998). Antiproliferative constituents in
 
Umbelliferae plants II. Screening for polyacetylenes in some Umbelliferae plants, and isolation of panaxynol and falcarindiol
 
from the root of Heracleum moellendorffii. Biol. Pharm. Bull. 21, 257–261.
 
eAvalos, J., Fontan, G.P., and Rodriguez, E. (1995). Simultaneous HPLC quantification of two dermatoxins, 5-methoxypsora­
len and falcarinol, in healthy celery. J. Liq. Chromatogr. 18, 2069–2076.
 
fBohlmann, F. (1967). Notiz €
uber die Inhaltsstoffe von Petersilie- und Sellerie-Wurzeln. Chem. Ber. 100, 3454–3456. 
gBohlmann, F., Arndt, C., Bornowski, H., and Kleine, K.-M. (1961). €Uber Polyine aus der Familie der Umbelliferen. Chem. 
Ber. 94, 958–967. 
hEckenbach, U., Lampman, R. L., Seigler, D. S., Ebinger, J., and Novak, R. J. (1999). Mosquitocidal activity of acetylenic com­
pounds from Cryptotaenia canadensis. J. Chem. Ecol. 25, 1885–1893. 
iBentley, R.K., Bhattacharjee, D., Jones, E.R.H., and Thaller, V. (1969). Natural acetylenes. Part XXVIII. C17-Polyacetylenic al­
cohols from the Umbellifer Daucus carota L. (carrot): Alkylation of benzene by acetylenyl(vinyl)carbinols in the presence of 
toluene-p-sulphonic acid. J. Chem. Soc. (C), 685–688; Yates, S.G., and England, R.E. (1982). Isolation and analysis of carrot 
constituents: myristicin, falcarinol, and falcarindiol. J. Agric. Food Chem. 30, 317–320; Lund, E.D. (1992). Polyacetylenic car­
bonyl compounds in carrots. Phytochemistry 31, 3621–3623; Lund, E.D., and White, J.M. (1990). Polyacetylenes in normal 
and water-stressed ‘Orlando Gold’ carrots (Daucus carota). J. Sci. Food Agric. 51, 507–516; Czepa, A., and Hofmann, T. 
(2003). Structural and sensory characterization of compounds contributing to the bitter off-taste of carrots (Daucus carota 
L.) and carrot puree. J. Agric. Food Chem. 51, 3865–3873; Czepa, A., and Hofmann, T. (2004). Quantitative studies and sen­
sory analyses on the influence of cultivar, spatial tissue distribution, and industrial processing on the bitter off-taste of car­
rots (Daucus carota L.) and carrot products. J. Agric. Food Chem. 52, 4508–4514; Kidmose, U., Hansen, S. L., Christensen, L. 
P., Edelenbos, M., Larsen, E., and Norbæk, R. (2004). Effects of genotype, processing, storage, and root size on bioactive 
compounds (carotenoids, polyacetylenes, 6-methoxymellein) in organically grown carrots (Daucus carota L.). J. Food Sci. 69, 
S388–S394; Baranska, M., Schulz, H., Baranski, R., Nothnagel, T., and Christensen, L.P. (2005). In situ simultaneous analysis 
of polyacetylenes, carotenoids and polysaccharides in carrot roots. J. Agric. Food Chem. 53, 6565–6571; Christensen, L.P., 
and Kreutzmann, S. (2007). Determination of polyacetylenes in carrot roots (Daucus carota L.) by high-performance liquid 
chromatography coupled with diode array detection. J. Sep. Sci. 30, 483–490; Yang, R.-L., Yan, Z.-H., and Lu, Y. (2008). 
Cytotoxic phenylpropanoids from carrot. J. Agric. Food Chem. 56, 3024–3027. 
jFujita, T., Kadoya, Y., Aota, H., and Nakayama, M. (1995). A new phenylpropanoid glucoside and other constituents of 
Oenanthe javanica. Biosci. Biotech. Biochem. 59, 526–528. 
kSchulte, K.E., R €ucker, G., and Backe, W. (1970). Polyacetylenes from Pimpinella-species. Arch. Pharm. 303, 912–919. 
lAvato, P., and Tava, A. (1995). Acetylenes and terpenoids of Bellis perennis. Phytochemistry 40, 141–147. 
mBentley, R.K., Jones, E.R.H., and Thaller, V. (1969). Natural acetylenes. Part XXX. Polyacetylenes from Lactuca (lettuce) spe­
cies of the Liguliflorae sub family of the Compositae. J. Chem. Soc. (C), 1096–1099. 
nMainly isolated from infected plant tissue. 
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FIGURE 20.3 Aliphatic C7 to C15-polyacetylenes isolated from the edible parts of food plants. 
Glc = β-D-glucose. 
B. EFFECTS OF INDIVIDUAL VEGETABLES ON HEALTH 



292 20. BIOACTIVITY OF POLYACETYLENES IN FOOD PLANTS 
FIGURE 20.4 Aromatic and spiroacetal enol ether acetylenes derived from polyacetylene precursors and isolated from 
the edible parts of food plants. 

FIGURE 20.5 Acetylenic dithiophenes derived from polyacetylene precursors, and isolated from the roots of Arctium 
lappa (edible burdock). 
B. EFFECTS OF INDIVIDUAL VEGETABLES ON HEALTH 



293 2. POLYACETYLENES IN FOOD PLANTS 
FIGURE 20.6 Possible biosynthesis of C12- and C13-spiroacetal enol ethers isolated from the edible parts of food plants. 
presence of aliphatic polyacetylenes as well as 
aromatic polyacetylenes, especially in the under­
ground parts, which are not used for food [41]. 
From the aerial parts of tarragon that are used 
both as a vegetable and condiment the aro­
matic polyacetylene capillene (41) has been 
isolated together with several aliphatic poly-
acetylenes (8, 19–21) (Table 20.1; Figures 20.1, 
20.3, 20.4). The majority of aromatic acetylenes 
isolated from higher plants appear to follow 
almost the same biosynthetic route as the spir­
oacetal enol ethers [16,18,21]. 

The roots of Arctium lappa (edible burdock), 
which are used for food in Japan, are espe­
cially rich in both aliphatic polyacetylenes 
and acetylenic dithiophenes (Table 20.1; 
Figures 20.1, 20.3, 20.5) [42–45]. Most of the 
aliphatic polyacetylenes isolated from A. 
lappa (18, 24–29, 36–39) are widely distributed 
in Asteraceae, whereas most of the dithio­
phenes (58–69) have only been isolated from 
this plant species [16,18,20–22]. Dithiophenes 
B. EFFECTS OF INDIVIDUAL
are characteristic for certain tribes of the 
Asteraceae and are most likely biosynthesized 
from the highly unsaturated and widespread 
trideca-3,5,7,9,11-pentayn-1-ene (28) followed 
by addition of 2 x H2S or its biochemical equiv­
alent [16,18,20–22]. A special type of acetylenic 
dithiophenes (68, 69) found in edible burdock 
are those linked to guaianolide sesquiterpene 
lactones. The biosynthesis of these dithio­
phenes probably involves reaction with arctinal 
(58) and a sesquiterpene lactone to afford ox­
etane-containing adducts that after cleavage 
afford diols by hydrolysis, and subsequent oxi­
dation then leads to the ketols 68 and 69 [42]. 

The aliphatic polyacetylenes isolated from 
edible burdock and the edible parts of other 
food plants, including endive (30), chicory (30), 
and balloon flower (33–35) [46–48] (Table 20.1) 
are biosynthesized from C18-acetylenic acids 
by 2 x β-oxidation or 2 x β-oxidation and 
1 x α-oxidation leading to C14-acetylenic and 
C13-acetylenic precursors, respectively. Further 
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information about the biosynthesis of aliphatic 
polyacetylenes, including those isolated from 
food plants, can be found in several reviews 
on the subject [16–23]. 

3. BIOACTIVITY OF 
POLYACETYLENES IN FOOD 

PLANTS 

3.1 Allergenicity 

Many plants of the Araliaceae and Apiaceae 
have been reported to cause allergic contact der­
matitis and irritant skin reactions primarily due 
to occupational exposure (e.g. nursery workers) 
[49]. The relation between clinical effect and 
content of polyacetylenes has shown that falcar­
inol (1) and related C18-polyacetylenes are 
potent contact allergens, being responsible for 
many allergic skin reactions caused by plants 
of the Apiaceae and Araliaceae [49–53]. On the 
other hand, polyacetylenes of the falcarinol­
type such as falcarindiol (2) and falcarinone (5) 
do not seem to be allergenic [50]. The aller­
genic properties of falcarinol indicate that it is 
very reactive toward mercapto and amino 
groups in proteins, forming a hapten–protein 
complex (antigen). The reactivity of falcarinol 
toward proteins is probably due to its hydro­
phobicity and its ability to form an extremely 
stable carbocation (resonance stabilized) with 
the loss of water (Figure 20.7), thereby acting 
as a very strong alkylating agent toward vari­
ous biomolecules. This mechanism may explain 
the anti-inflammatory, anti-platelet-aggregatory 
and antibacterial effect of falcarinol and related 
aliphatic C17-polyacetylenes as well as their 
cytotoxicity and anticancer activity. 

Allergic contact dermatitis from common 
vegetables of the Apiaceae such as carrots is 
known but rare [54,55], probably due to the rel­
atively low concentrations of falcarinol in food 
plants compared to ornamental and wild plant 
B. EFFECTS OF INDIVIDUAL
FIGURE 20.7 Possible reaction of falcarinol (1) with bio­
molecules that may explain its allergenicity. 
Anti-inflammatory, anti-platelet-aggregatory and/or anti­
cancer activity of polyacetylenes of the falcarinol-type and 
dehydrofalcarinol-type may be explained by a similar 
mechanism. RSH = thiol residue of a biomolecule. 

species [49], or possibly a desensitizing effect 
of oral intake. 

3.2 Antibacterial, Antimycobacterial, and 
Antifungal Activity 

Falcarinol (1) and falcarindiol (2) have been 
identified as important antifungal compounds 
in carrots and other Apiaceae plant species, 
inhibiting spore germination of various fungi in 
concentrations ranging from 20 to 200 μg/mL 
[19,56–65]. In many Apiaceae plant species 
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polyacetylenes of the falcarinol-type tend to act 
as pre-infectional compounds, although some 
increases can be observed in response to infec­
tions [19,58,64,65]. However, in tomatoes and 
aubergines of the Solanaceae, polyacetylenes of 
the falcarinol type only seem to be present dur­
ing infection and hence act as phytoalexins in 
these food plants [28–30]. Studies have also 
shown that falcarinol, falcarindiol, and related 
C17-polyacetylenes have antibacterial effects as 
well as antimycobacterial effects [66–69]. The 
antimycobacterial effects toward Mycobacterium 
spp. including M. aurum, M. fortuitum, and M. 
tuberculosis [68,69], and antibacterial effects 
toward resistant strains of the gram-positive bac­
teria Staphylococcus aureus [66,68] are particu­
larly interesting. The antistaphylococcal activity 
and effects against mycoplasma and other anti­
bacterial effects occurred at approximately 
10 μg/mL, i.e. at non-toxic concentrations, and 
thus represent pharmacological useful proper­
ties. This indicates that falcarinol-type poly-
acetylenes could have positively effects 
on human health, and may be used to develop 
new antibiotics. 

Several polyacetylenes from the Asteraceae 
have demonstrated antibacterial effect against 
gram-positive bacteria (e.g. Bacillus spp., 
Staphylococcus spp., Streptococcus spp.) and 
gram-negative bacteria (e.g. Escherichia ssp., 
Pseudomonas ssp.) as well as antifungal activity 
against Candida albicans and Microsporum spp. 
[18,56,70–75]. Bacteriostatic and/or fungistatic 
activity has been demonstrated for the ali­
phatic polyacetylenes 8, 22, 23, 27, and 28, the 
spiroacetal enol ethers 44–46, and capillene (41) 
[18,56,70–75], and this activity in some cases 
can be enhanced by UV light [18,56,70,76]. 

3.3 Neurotoxic, Neuritogenic, and 
Serotonergic Effects 

The polyacetylenes cicutoxin and oenantho­
toxin (Figure 20.8) occurring in the Apiaceae 
B. EFFECTS OF INDIVIDUAL
FIGURE 20.8 Chemical structures of highly neurotoxic 
aliphatic C17-polyacetylenes isolated from non-food 
Apiaceae plants. 

species water-hemlock (Cicuta virosa), spotted 
water-hemlock (Cicuta maculata), and hemlock 
water dropwort (Oenanthe crocata), are known 
to act directly on the central nervous system, 
causing convulsions and respiratory paralysis, 
and hence are extremely poisonous [77–79]. 
Consequently, water-hemlock and related toxic 
plants have been responsible for the death of 
numerous human beings and livestock [80]. 
The mode of action of cicutoxin and oenantho­
toxin is probably related to their ability to inter­
act with the γ-aminobutyric acid type A 
(GABAA) receptors by inhibiting the specific 
binding of GABA antagonists to GABA-gated 
chlorine channels of GABAA receptors as demon­
strated in the rat brain [81]. Binding to these 
ion channels therefore seems to play an impor­
tant role in the acute toxicity of these com­
pounds and hence their pharmacological mode 
of action. Structure–activity relationship studies 
in rats with cicutoxin and related derivatives 
have shown that the length of the π–bond con­
jugated system in these polyacetylenes and the 
geometry of the double bonds are critical for 
the toxicological effects. Moreover, a terminal 
hydroxyl group and an allylic alcohol sepa­
rated a certain distance of approximately 14 
carbon atoms appears to be essential for neuro­
toxicity [79,81]. These findings are supported 
by the fact that falcarindiol (2) with two 
hydroxyl groups at a distance of six carbon 
atoms and falcarinol (1) with only one 
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hydroxyl group do not exert convulsive action 
in vitro [79]. However, the neurotoxicity of fal­
carinol has been demonstrated upon injection 
into mice (LD50 = 100 mg/kg) [82] whereas fal­
carindiol does not seem to have any acute 
effect as demonstrated in rats with an LD50 

>200 mg/kg [81]. The type of neurotoxic symp­
toms produced by falcarinol is similar to those 
of cicutoxin. Cicutoxin with an LD50 <3 mg/kg 
in rats is, however, much more toxic than fal­
carinol [81]. Poisoning of mammals from volun­
tary ingestion of natural sources of falcarinol 
has not been reported and therefore intake of 
vegetables containing falcarinol is considered 
to be safe. Dill and/or ajowan contain poly-
acetylenes [12,16,83], including compounds 13– 
16 that are closely related to cicutoxin and 
oenanthotoxin (Table 20.1; Figures 20.1, 20.8). 
However, as the polyacetylenes 13–16 do not 
fulfill the requirements for neurotoxicity as 
described above, these polyacetylenes are not 
expected to exert any neurotoxic effects and 
hence their presence in food plants is consid­
ered to be safe. 

Aliphatic C17-polyacetylenes of the falcarinol­
type also seem to have an effect on neur­
itogenesis of cultured paraneurons. It has for 
example been demonstrated that falcarinol has 
a significant neuritogenic effect on paraneurons 
like PC12 and Neuro2a cells at concentrations 
above 2 μM [84,85] and a neuroprotective effect 
on induced neuronal apoptosis [86]. Further, 
it has been demonstrated that falcarinol 
improves scopolamine-induced memory deficit 
in mice, which is probably due to its ability to 
promote neuritogenesis of paraneurons [84]. 
Based on the potential neuritogenic and neuro­
protective effect of falcarinol together with its 
good lipophilic character, falcarinol may be 
considered as a candidate for the prevention 
and treatment of certain nervous system dis­
eases such as Alzheimer’s disease. 

Several serotonergic agents, including falcar­
indiol, have been isolated from the roots of 
Angelica sinensis by serotonin receptor (5-HT7) 
B. EFFECTS OF INDIVIDUAL
binding assay-directed fractionation [87]. This 
indicates that polyacetylenes of the falcarinol­
type may also act on serotonin receptors, and 
thus may exhibit pharmacological effects that 
are for example related to improvement of 
mood and behaviors. 

3.4 Anti-inflammatory and Anti-platelet­
aggregatory Effects 

The inflammatory process attracts leuko­
cytes from the intravascular compartment to 
the site of damage, a process mediated by the 
inducible expression of cytokines, chemokines, 
and cell surface proteins. In addition, inflamma­
tion leads to an induced expression and activ­
ity of enzymes such as cyclooxygenases 
(COXs) and lipoxygenases (LOXs), which pro­
duce inflammatory mediators like prostaglan­
din E2. Transcription factor NF-κB plays a 
key role for the inducible expression of genes 
mediating pro-inflammatory effects and is thus 
an important target for the development of 
anti-inflammatory agents. A large variety of 
inflammatory signals lead to NF-κB activation, 
including lipopolysaccharide (LPS), nitric oxide 
(NO), and pro-inflammatory cytokines such as 
interleukin-6 (IL-6), IL-1β, and TNF-α. Only a 
few food plants have been investigated for 
potential anti-inflammatory effects. However, 
in a 2008 study it was demonstrated that ex­
tracts of purple carrots possess anti-inflamma­
tory activity by decreasing LPS-induced 
production of IL-6, TNF-α, and NO in macro­
phage cells in concentrations around 10 μg/mL 
[14]. Purple carrots are unique due to the pres­
ence of very high concentrations of anthocya­
nins and other polyphenols, which are known 
to possess anti-inflammatory effects. Bioassay-
guided fractionation of carrot extracts, how­
ever, revealed that the main anti-inflammatory 
agents in the extracts were falcarinol (1), falcar­
indiol (2), and falcarindiol 3-acetate (3), which 
clearly suggests that polyacetylenes, not 
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polyphenols or carotenoids, are responsible for 
the anti-inflammatory activity of carrots. 
Falcarinol and falcarindiol are also strong in­
hibitors of LOXs (5-, 12- and 15-LOX) involved 
in tumor progression and atherosclerotic pro­
cesses [88–92]. Furthermore, falcarindiol is an 
effective inhibitor of COXs, in particular COX-1, 
whereas the COX activity of falcarinol does not 
seem to be pronounced [88,92]. 

The anti-platelet-aggregatory effects of falca­
rinol and falcarindiol, and hence their protective 
effects against development of cardiovascular 
diseases, are probably related to their anti-
inflammatory activity, and in particular their 
ability to inhibit certain LOXs that are respon­
sible for the production of thromboxanes, such 
as thromboxane B2 [88,93–95]. Furthermore, it 
has been suggested that the anti-platelet­
aggregatory activity of falcarinol is related to its 
ability to modulate prostaglandin catabolism 
by inhibiting the prostaglandin-catabolizing 
enzyme 15-hydroxy-prostaglandin dehydroge­
nase (PGDH) [96]. Falcarinol also has a signi­
ficant antiproliferative effect on vascular smooth 
muscle cells (VSMCs) from rats in a concentra­
tion of 9 μM [97]. Abnormal proliferation of 
VSMCs plays a central role in the pathogenesis 
of atherosclerosis, and possibly in the devel­
opment of hypertension [98]. Consequently, the 
antiproliferative effect of falcarinol on VSMCs 
further indicates a central role of this poly-
acetylene in the prevention of atherosclerosis. The 
anti-inflammatory and anti-platelet-aggegatory 
B. EFFECTS OF INDIVIDUA
activity of polyacetylenes of the falcarinol­
type are most likely due to their ability to 
react with nucleophiles (Figure 20.7), and 
hence LOX and COX enzymes as well as NF­
κB on a critical nucleophilic site of this 
transcription factor. 

Extracts from the plant Plagius flosculosus 
(Asteraceae) inhibit the induction of NF-κB 
[99]. The spiroacetal enol ether 45 was identi­
fied as the anti-inflammatory agent responsible 
for this effect, in a concentration of 25 μg/mL, 
whereas the spiroacetal enol ethers 42 and 47 
were found to have no or only a minor anti-
inflammatory effect. It has been suggested that 
the exocyclic double bond of polyacetylene 
spiroacetal enol ethers has electrophilic proper­
ties and hence may react with nucleophiles to 
form aromatic furan adducts as illustrated in 
Figure 20.9 [99]. It is therefore possible that 
NF-κB inhibition occurs by alkylation at a criti­
cal point of the transcription factor in the 
same manner as suggested for falcarinol-type 
polyacetylenes. The differences in the anti-
inflammatory activity of compounds 42, 45, and  
47 suggest that the substitution pattern of the sat­
urated furan ring can modulate the electrophilic 
reactivity of the exo-methylene double bond. The 
results indicate that spiroacetal enol ether poly-
acetylenes are powerful inhibitors of NF-κB 
activity and that the activity of these com­
pounds depends on the substitution pattern of 
the saturated furan ring. Consequently, chamo­
mile and garland chrysanthemum containing 
FIGURE 20.9 The possible reaction of spiroacetal enol ethers with nucleophiles explaining their inhibition of, for exam­
ple, the transcription factor NF- κB, and hence their anti-inflammatory activity.
 
Nu = nucleophile.
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compound 45 and other spiroacetal enol ethers 
(Table 20.1) may be used to treat inflammatory 
conditions. 

Finally, it has been demonstrated that the 
aromatic polyacetylene capillene (41) present in 
tarragon strongly inhibits induced TGF-β1 apop­
tosis of primary cultured hepatocytes, which 
could indicate that this polyacetylene can be 
used in the treatment of various inflammatory 
liver diseases [100]. 

3.5 Cytotoxicity and Anticancer Effect 

Focus on the potential anticancer effect of 
polyacetylenes was initiated early in the 1980s 
by the discovery of the anticancer activity of 
petrol extracts of the roots of Panax ginseng 
(Araliaceae) [101,102]. Since then the lipophilic 
constituents of this plant have been intensively 
investigated, leading to the isolation and identi­
fication of several cytotoxic polyacetylenes of 
the falcarinol-type, of which falcarinol (1), 
panaxydol, and panaxytriol (Figures 20.1, 20.10) 
are the best studied polyacetylenes from this 
plant [12,18,56,102–108]. Falcarinol, panaxydol, 
and panaxytriol are highly cytotoxic to various 
cancer cell lines, such as leukemia (L-1210), 
human gastric adenocarcinoma (MK-1), mouse 
melanoma (B-16), and mouse fibroblast-derived 
tumor cells (L-929) [103–105]. The most toxic 
effect has been observed for MK-1 cells with 

FIGURE 20.10 Examples of highly cytotoxic polyacety­
lenes of the falcarinol-type isolated from ginseng species 
(Araliaceae) that may contribute to the anticancer effect of 
ginseng roots. 
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ED50 values of 0.027 μg/mL (falcarinol), 
0.016 μg/mL (panaxydol), and 0.171 μg/mL 
(panaxytriol) [105]. In addition, these poly-
acetylenes also inhibit the growth of normal 
cell cultures such as human fibroblasts (MRC­
5), although the ED50 against normal cells 
appears to be around 20 times higher than for 
cancer cells. In particular, panaxytriol does not 
inhibit the growth of MRC-5 cells by 50% even 
at concentrations >70 μg/mL [105]. The selec­
tive in vitro cytotoxicity of falcarinol, panax­
ydol, and panaxytriol against cancer cells 
compared to normal cells indicates that they 
may be useful in the treatment of cancer. 
Falcarindiol (2) also possesses cytotoxic 
[11,109–111] and antimutagenic [112] activity 
in vitro, although it appears to be less bioactive 
than falcarinol. Falcarindiol 8-methyl ether (4) 
and panaxydiol (10) isolated from celeriac, 
parsley, and carrots (Table 20.1; Figure 20.1) 
are examples of further polyacetylenes from 
food plants exhibiting cytotoxic effects in 
human cancer and leukemia cell lines [11,113]. 

The mechanism for the cytotoxic activity 
and potential anticancer effect of falcarinol­
type polyacetylenes is still not known but may 
be related to their reactivity towards nucleo­
philes and hence their ability to interact with 
various biomolecules (Figure 20.7). This is in 
accordance with in vitro studies showing a 
suppressive effect of falcarinol on cell prolifera­
tion of tumor cells (e.g. K562, Raji, Wish, 
HeLa, and Calu-1) [114], an effect that is proba­
bly related to the ability of falcarinol to arrest 
the cell cycle progression of the cells at various 
phases of their cell cycle. This indicates that fal­
carinol is able to induce apoptosis as demon­
strated for Caco-2 cells [13]. 

Although polyacetylenes of the falcarinol-type 
have demonstrated interesting in vitro effects, 
only a few studies have been conducted to 
investigate their effect in vivo. From the aerial 
parts of Dendropanax arboreus (Araliaceae), 
several aliphatic C17-polyacetylenes were iso­
lated, of which falcarinol, falcarindiol, and 
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dehydrofalcarinol (8) (Figure 20.1) were  found
to exhibit in vitro cytotoxicity against human 
tumor cell lines, with falcarinol showing the 
strongest activity [110]. Preliminary in vivo evalu­
ation of the cytotoxic activity of falcarinol and 
dehydrofalcarinol using the LOX melanoma 
mouse xenocraft model demonstrated some 
potential for in vivo antitumor activity of falcar­
inol and dehydrofalcarinol with the latter show­
ing the strongest therapeutic effect [110]. The
most interesting findings on the potential in vivo 
anticancer effect of aliphatic C17-polyacetylenes 
are from a preclinical study on rats demonstra­
ting inhibitory effects of carrots and falcarinol on 
the development of induced colon preneoplastic 
lesions [10]. 

In the human diet, carrots are the major die­
tary source of falcarinol, although falcarinol 
may also be supplied by many other plant 
food sources (Table 20.1). An in vitro study con­
ducted by Reinik et al. showed that falcarinol 
B. EFFECTS OF INDIVIDUAL
 

 

could stimulate differentiation of primary 
mammalian cells in concentrations between 
0.001 and 0.1 μg/mL falcarinol. Toxic effects 
were found above >0.5 μg/mL falcarinol 
(Figure 20.11), while the major carotenoid in 
carrots, β-carotene, had no effect even at 
100 μg/mL [9]. This biphasic effect (hormesis) 
of falcarinol on cell proliferation has also been 
demonstrated for cancer cells (Caco-2) [13] and 
is fully in accordance with the hypothesis that 
toxic compounds have beneficial effects at cer­
tain lower concentrations [115,116]. Therefore, 
falcarinol appears to be one of the bioactive 
components in carrots and related vegetables 
that could explain their health-promoting prop­
erties, rather than carotenoids or polyphenols. 
This hypothesis is further supported by studies 
on the anti-inflammatory compounds of carrots 
[14] and bioavailability studies of falcarinol in 
humans [12]. When falcarinol was adminis­
tered orally via carrot juice (13.3 mg falcarinol/ 
FIGURE 20.11 Effects of increasing concentrations of falcarinol (1) on proliferation, measured by incorporation
 
of [methyl-3H]thymidine into mammary epithelial cells prepared from prepubertal Frisian heifers and grown in three-

dimensional collagen gels [9].
 
No effect on proliferation was observed for β-carotene when tested in the same bioassay [9].
 
*P<0.09, **P<0.01, ***P<0.001.
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FIGURE 20.12 Concentration of falcarinol (1) in plasma of 14 volunteers as a function of time after ingestion of a break­
fast meal with 300, 600 and 900 mL carrot juice, respectively, that contained 13.3 mg falcarinol per liter carrot juice. 
Mean 7 standard error of mean. 
L carrot juice) in amounts of 300, 600, and 
900 mL, respectively, it was rapidly absorbed, 
reaching a maximum concentration in serum of 
0.0023 μg/mL and 0.0020 μg/mL at 2 and 5 
hours after administration of 900 mL carrot 
juice (Figure 20.12). This is within the range 
where the in vitro data indicate a potentially 
beneficial physiological effect (Figure 20.11), 
and a possible inhibitive effect on the prolifera­
tion of cancer cells. 

The possible anticancer effect of falcarinol 
and carrots has been studied in an established 
rat model for colon cancer by injections of the 
carcinogen azoxymethane (AOM) in rats by 
feeding with carrot or purified falcarinol [10]. 
Eighteen weeks after the first AOM injection, 
the rats were killed and the colon examined 
for tumors and their microscopic precursors, 
aberrant crypt foci (ACF) [10]. The carrot and 
falcarinol treatments showed a significant ten­
dency to reduced numbers of (pre)cancerous 
lesions with increasing size of lesion as shown 
in Figure 20.13. Although falcarindiol and fal­
carindiol 3-acetate (3), which are also present 
in carrots (Table 20.1), may have a similar 
mode of action as falcarinol, they are expected 
B. EFFECTS OF INDIVIDUAL
FIGURE 20.13 Effect of treatments with carrot or falcar­
inol (1) on the average numbers per animal of four types of 
(pre)cancerous lesions in rat colons. 
Smallest tumors correspond to aberrant crypt foci (ACF) 
size of approximately 20 [10]. The trend for reducing the rela­
tive number of lesions with increasing size of lesion was 
significant (P<0.03). 
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to have less effect than falcarinol. The possibil­
ity to generate two active centers for nucleo­
philic attack in falcarindiol and falcarindiol 
3-acetate reduces the lipophilic character of 
these compounds and hence their reactivity, in 
accordance with the observed non-allergenic 
properties of falcarindiol [50] and the less cyto­
toxic activity observed for falcarindiol com­
pared to falcarinol. So the physiological effects 
of falcarindiol and falcarindiol 3-acetate are 
expected to be qualitatively similar but quanti­
tatively less than those of falcarinol, and fur­
thermore, they may even interact with 
falcarinol in an antagonistic manner thereby 
affecting its effectiveness. This may also 
explain the possible, although not significant, 
differences in the effect and trend observed 
between the carrot diet and the falcarinol diet 
shown in Figure 20.13 [10]. 

The results clearly suggest that the protec­
tive effect of carrot against cancer can be 
explained to a high degree by its content of fal­
carinol, and not carotenoids or polyphenols as 
has previously been suggested [117–120]. The 
cytotoxic activity of polyacetylenes of the fal­
carinol-type toward cancer cells and possible 
in vivo anticancer effect indicates that they may 
be valuable in the treatment and/or prevention 
of different types of cancer, and could contrib­
ute to the health-promoting properties of cer­
tain food plants. 

Cytotoxic activities of aromatic and spiro­
acetal enol ethers, which have so far not been 
detected in food plants, have been demon­
strated. It is therefore likely that further poly-
acetylenes may prove to be potential 
anticancer agents of food plants. It is interest­
ing to note that lipophilic extracts of the roots 
of Platycodon grandiflorum (balloon flower), 
which is used both as herbal medicine and 
food in Asia, have anticancer activities [121]. 
The anticancer principles of balloon flower 
have not been identified but it is likely that the 
anticancer agents are identical with the poly-
acetylenes lobetyol (33), lobetyolin (34), and 
B. EFFECTS OF INDIVIDUAL
lobetyolinin (35) isolated from the roots of this 
plant (Table 20.1). 

4. SUMMARY 

This review has demonstrated that poly-
acetylenes in food plants, and in particular 
aliphatic C17-polyacetylenes of the falcarinol­
type, comprise a group of natural products 
with important bioactivities such as anti­
mycobacterial, antifungal, anti-inflammatory, 
anti-platelet-aggregatory, neuritogenic, seroto­
nergic, and anticancer activity. The traditional 
view of polyacetylenes in food as undesirable 
toxicants therefore needs to be revised and 
instead these compounds may be regarded as 
important nutraceuticals that contribute signifi­
cantly to the health effects of vegetables and 
in particular those of the Apiaceae family such 
as carrot, parsley, fennel, and celery. In addi­
tion, some polyacetylenes of the falcarinol-type 
may be used to develop new antibiotics and 
to prevent and treat cardiovascular diseases, 
cancer, and certain nervous system diseases 
such as Alzheimer’s disease. The major chal­
lenge with regard to bioactive polyacetylenes 
is to confirm their health-promoting effects 
in vivo in clinical as well as in further preclini­
cal studies. 
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1. NITRATE AND NITRITE IN THE
 
ENVIRONMENT
 

The gaseous form of nitrogen makes up 78% 
of the troposphere. Its incorporation into terres­
trial nitrogenous compounds takes place via dif­
ferent pathways, including microorganisms, 
plants, and human industrial and agricultural 
activities. 

Nitrogen taken from the air is converted to 
ammonia by nitrogen-fixing bacteria. In most 
soils, ammonium is rapidly oxidized to nitrite, 
and consequently into nitrate in a nitrification 
process by the action of the aerobic bacteria, 
such as Nitrosomonas and Nitrobacter. 

The nitrate ion (NO3
- ) is the stable form of 

nitrogen for oxygenated systems. Although it 
is chemically unreactive, it can be microbially 
reduced to the reactive nitrite ion [1]. Nitrate is 
very soluble and, unless intercepted or taken up 
by plant roots, leaches down into the soil along 
with irrigation or rainwater or is carried away 
by runoff. Under certain conditions nitrate may 
Bioactive Foods in Promoting Health: Fruits and Vegetables 3
undergo bacterial conversion to molecular nitro­
gen (N2), nitrous oxide (N2O), or nitric oxide 
(NO) by a process called denitrification. 
Presence of nitrates, excess water, and available 
carbon source are important factors affecting the 
denitrification process. While nitric oxide easily 
gets converted to nitrate and is brought down 
again by precipitation, nitrous oxide escapes to 
the stratosphere and destroys ozone producing 
a greenhouse effect [2]. 

Nitrate and nitrite occur in drinking water 
mainly as a result of intensive agricultural activ­
ities. Nitrate-containing compounds present in 
soil are generally soluble and readily migrate 
into groundwater. Contamination of soil with 
nitrogen-containing fertilizers, including anhy­
drous ammonia, as well as animal or human 
natural organic wastes, can raise the concentra­
tion of nitrate in water. As nitrite is easily oxi­
dized to nitrate, nitrite levels in water are 
usually low, and nitrate is the compound pre­
dominantly found in groundwater and surface 
waters. Water in highly polluted wells may also 
contain nitrites at elevated levels. Drinking 
07 r 2010 Elsevier Inc. All rights reserved. 
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water is regarded to be the second-largest
source of nitrate in the diet after vegetables
[3–5]. To guarantee drinking water safety, maxi­
mum permitted concentrations have been estab­
lished for nitrate and nitrite, being 50 mg/L and
0.5 mg/L, respectively [6]. 

Being an essential element for plant growth,
nitrogen is absorbed by plants in the form of
ammonium or nitrate from soil water. Nitrates
accumulated in plants form a nitrogen reserve,
which is needed for amino acid and protein syn­
thesis [7,8]. Normally, nearly all nitrates ab­
sorbed by plant roots are reduced once inside
the plant to form ammonia which serves as a pre­
cursor for protein synthesis. Every reduction step
is catalyzed by a certain enzyme – reductase. 

However, under some stress conditions, ni­
trates can accumulate in plants to high levels.
Accumulation of nitrates into the plant is influ­
enced by many factors such as soil composition,
growth density of cultivars, lighting, growth
temperature, growing under cover or in the
open air, harvesting time, occurrence of plant
diseases, etc. 

As the maximum limit concentrations for ni­
trates and nitrites in food and drinking water
have been established by legislation, a wide
scale of analytical methods, including spectro­
photometric, high-performance liquid chroma­
tographic (HPLC), ion chromatographic (IC),
gas chromatographic (GC), polarographic and
capillary electrophoretic (CE), for the determina­
tion of nitrate and nitrite content in food or in
water have been developed. Use of HPLC meth­
ods has gained more popularity in the last dec­
ades since they are more rapid than classic
methods based on reduction process followed
by colorimetry [9]. 

2. OCCURRENCE OF NITRATES 
AND NITRITES IN VEGETABLES 

Nitrate is an essential nutrient for plants,
making vegetables the most important source
B. EFFECTS OF INDIVIDUA
 
 

 

 
 
 
 

 

 

 

 
 
 
 

 
 

 
 

 

 
 

 
 

of nitrates for humans through its accumula­
tion. It has been estimated that vegetables 
contribute up to 92% of human exposure to 
nitrates [10–13]. 

Nitrate levels present in vegetables naturally 
via the nitrogen cycle are affected by factors such 
as plant species, climatic and light conditions, 
soil characteristics, and fertilization regime. 
Concentrations of nitrates in edible parts of vege­
tables can vary enormously, ranging from below 
10 to up to 10,000 mg/kg [14]. 

According to nitrate content vegetables can 
be divided into three groups [15]: 

1. Plants with nitrate content higher than 
1000 mg/kg – rocket, lettuce, spinach, herbs, 
beetroot, etc. 

2. Plants with average content of nitrate 
(50–1000 mg/kg) – carrot, green beans, 
cauliflower, onion, pumpkin, eggplant, 
potato, etc. 

3. Plants with nitrate content lower than 
50 mg/kg – berries, fruits, cereals, pod 
vegetables. 

De Martin and Restani showed that leafy 
green vegetables accumulate high amounts of 
nitrates, concentrations reaching up to 6000 mg/ 
kg [16]. The highest amounts are absorbed by 
rocket, a leafy vegetable popular especially in 
the Mediterranean countries. Increased use of 
synthetic nitrogen fertilizers and livestock 
manure in agricultural activities during the last 
years has led to higher nitrate concentrations in 
vegetables and drinking water [17]. The nitrite 
content of most fresh, frozen, or canned vege­
tables is relatively low and usually in the order 
of 0–2mg/kg  [18,19]. Levels of nitrates  and  
nitrites in vegetables determined in different 
countries are presented in Tables 21.1 and 21.2. 

In order to protect human health and taking 
into account the possible health risks, the level of 
nitrates and nitrites in food should be reduced to 
as low as reasonably achievable (the ALARA 
principle). The regulatory limits for nitrates in let­
tuce, spinach, and  vegetable-based infant food  
L VEGETABLES ON HEALTH 
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TABLE

Vegetab Irani Italyj Koreak New Sloveniam 

Commo Zealandl 

Beetroot 1727 

Cabbage 504 400 725 331 881 

Carrot 458 195 316 58 264 

Cauliflow 202 

Celery 887 1678 1610 

Chinese 1740 

Cucumb 813 212 93 

Dill/fenn 313 

Garlic 229 34 124 

Green be 298 

Leek 56 

Lettuce 1300 2430 1590 1074 

Onion 249 32 23 

Parsley 1150 

Potato 155 81 452 129 158 

Pumpkin 639 67 

Radish 1902 2067 1878 

Rhubarb

Spinach 748 1845 4259 990 965 

Spring o 436 

Sweet (b 623 76 

(Continued ) 
 21.1 Mean Content of Nitrates in Vegetables in Different Countries, mg/kg 

le Belgiuma Cyprusb Denmarkc Estoniad Finlande Francef Germanyg Great 
dity Britainh 

 656 1493 1446 1800 644 1630 1211 

 2408 342 437 607 498 451 338 

278 148 264 121 232 97 

er 287 214 86 

3135 759 565 613 

cabbage 993 1243 1057 

er 344 <30 160 240 192 

el 1492 2936 1043 1541 

174 121 

ans 585 455 449 

841 308 410 

2782 1083 2603 2167 1835 1974 1489 1051 

59 55 140 78 48 

2690 1320 966 1980 

154 227 144 94 82 192 93 155 
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TABLE 21.2 Mean Content of Nitrites in Vegetables in Different Countries, mg/kg 

Vegetable Commodity Chinaa Denmarkb Francec Irand Koreae Sloveniaf 

Beetroot – 0.91 – 6.93 – – 

Cabbage 0.48 0.16 – 5.23 0.4 0.2 

Carrot – – 4.15 2.91 0.5 0.2 

Cauliflower – – 2.00 4.8 – – 

Celery 2.17 – 2.00 3.98 – – 

Chinese cabbage 0.20 0.34 – – 1.0 – 

Cucumber 0.29 – 2.00 5.32 0.3 0.2 

Dill/fennel – – 7.40 3.1 – – 

Garlic – – 2.00 2.77 0.4 – 

Green onion – – – – 0.4 – 

Leek – 0.15 2.53 – – – 

Lettuce – 0.20 6.25 4.21 0.7 0.3 

Onion – – 11.0 5.63 0.3 – 

Potato 1.59 0.60 – 1.84 0.6 1.2 

Pumpkin – – – – 0.6 – 

Radish – – 3.39 4.56 0.7 – 

Spinach – 11.00 18.88 3.42 0.5 – 

Sweet (bell) pepper – – – 7.38 0.4 – 

Tomato 0.23 – – 10.13 – 0.3 

Turnip – – 2.00 3.28 – – 

aZhong, W., Hu, C., and Wang M. (2002). Nitrate and nitrite in vegetables from north China: content and intake. Food 
Additives and Contaminants 19, 1125–1129. 
bPetersen, A. and Stoltze, S. (1999). Nitrate and nitrite in vegetables on the Danish market: content and intake. Food 
Additives and Contaminants 16, 291–299. 
cMenard, C., Heraud, F., Volatier, J.-L., and Leblanc, J.-C. (2008). Assessment of dietary exposure of nitrate and nitrite in 
France. Food Additives and Contaminants 25, 971–988. 
dShahlaei, A., Ansari, A. N., and Dehkordie, F. S. (2007). Evaluation of nitrate and nitrite content of Iran Southern 
(Ahwaz) vegetables during winter and spring of 2006. Asian Journal of Plant Sciences 6, 1197–1203. 
eChung, S.Y., Kim, J.S., Kim, M., Hong, M.K., Lee, J.O., Kim, C.M., and Song, I.S. (2003). Survey of nitrate and nitrite con­
tents of vegetables grown in Korea. Food Additives and Contaminants 20, 621–628. 
fSussin J., Kmecl V., and Gregorcic A. (2006). A survey of nitrate and nitrite content of fruit and vegetables grown in 
Slovenia during 1996-2002. Food Additives and Contaminants 23, 385–390. 
are established by the European Commission 
Regulation (EC) No. 1881/2006 (Table 21.3) [20]. 

3. FACTORS AFFECTING NITRATE 
AND NITRITE CONCENTRATION 

IN FOOD 

The concentration of nitrates in plant pro­
ducts depends on the biological properties of cul­
tivars, plant portion, size of the vegetable, light 
intensity, soil composition, air temperature, 
B. EFFECTS OF INDIVIDUAL
moisture, growth density, maturity of the plant, 
duration of growth period, harvesting time, 
nitrogen source, and storage time and conditions 
[4,21–24]. 

Plant Portion The accumulation of nitrates 
in plants differs to a large extent depending on 
the portion of the plant [4]. Nitrate content in 
plants reduces as follows: petiole>leaf>root> 
stem>inflorescence>tuber>bulb, fruit, seed [25]. 
Accumulation of nitrates can differ between 
potato breeds. The roots of cabbage contain 
more nitrates compared to the leaves, which 
 VEGETABLES ON HEALTH 
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TABLE 21.3 Maximum Levels for Nitrate [Commission Regulation (EC) No 1881/2006] 

Foodstuffs Maximum Levels (mg NO3 - /kg) 

Fresh spinach (Spinacia oleracea) Harvested 1 October to 31 March 3000 

Harvested 1 April to 30 September 2500 

Preserved, deep-frozen or frozen 2000 
spinach 

Harvested 1 October to 31 March: 

Fresh lettuce (Lactuca sativa L.) lettuce grown under cover 4500 
(protected and open-grown lettuce) 
excluding lettuce listed next 

lettuce grown in the open air 

Harvested 1 April to 30 September: 

4000 

lettuce grown under cover 3500 

lettuce grown in the open air 2500 

Iceberg-type lettuce Lettuce grown under cover 2500 

Lettuce grown in the open air 2000 

Processed cereal-based foods and baby 200 
foods for infants and young children 
makes it advisable to avoid cabbage roots in 
the human diet. Experiments have shown that 
outer layers of cucumbers and radish contain 
two to three times more nitrates than inner 
layers do. To reduce the risk of high nitrate 
intake, cucumbers, especially early greenhouse 
cucumbers, should be peeled prior to consump­
tion [26,27]. 

Temperature This is an important factor influ­
encing the residual nitrate content in vegetables: 
low temperatures in spring or autumn slow 
down photosynthesis and favor nitrate accumu­
lation; too high temperatures reduce nitrate 
reductase activity causing higher nitrate con­
centrations. In optimal growth temperature 
conditions stress in plants is avoided and no 
temperature-related excess nitrate accumulation 
is observed [23]. 

Lighting Conditions These influence the 
activity of the enzyme nitrate reductase. Shaded 
plants lack sufficient photosynthetic energy to 
convert nitrate to amino acids. Via the distur­
bance of nitrate reductase reduced lighting 
causes disorders in the formation of organic 
compounds and the concentrations of nitrates 
will stay high. 
B. EFFECTS OF INDIVIDUAL
Moisture Low humidity conditions in soil 
are related to an advanced nitrification process 
which causes excess of nitrate that can accumu­
late in the plants. Moderate soil moisture condi­
tions (80–90%) favor reasonable plant nitrogen 
nutrition while wet conditions, like low humid­
ity, increase the nitrate concentrations in plants. 

Soil Composition and Fertilization While 
circumstances such as fertilization and other 
growth conditions are the same, the lowest 
nitrate concentrations are detected in vegetables 
grown in light sandy soils. Higher accumulation 
of nitrates is reported in clay- and humus-rich 
soils. Plants grown without excessive nitrogen 
fertilizer have far less nitrates. Nitrate fertilizer 
applied shortly before harvest causes the great­
est increase in nitrate levels and should be 
avoided. Slower nitrogen-releasing sources such 
as animal and green manures enable production 
of vegetables with significantly lower nitrates. 
However, plant species, stress factors, and plant 
growing conditions have been reported to have 
more influence on nitrate levels in plants than 
amount of nitrogen fertilizer applied [28]. 

Growth Density of Cultivars This influences 
the final nitrate content of vegetables from two 
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aspects. First, higher density will shadow the 
plants from light and cause decreased growth 
via enzyme inhibition. The same type of reduc­
tase inhibition has also been reported for 
weedy fields. Second, there is a mutual relation­
ship between growth density, soil fertility, and 
nitrate content of the plants. In the conditions 
of a soil rich in plant nutrients and low growth 
density, over-consumption of nitrogen by 
plants may occur [29,30]. 

Plant Maturity and Growth Period 
Generally, the nitrate content is highest in early 
plant growth stages and decreases with maturity 
[30]. Stems of vegetables contain higher amounts 
of nitrates than leaves. Longer and lighter 
growth periods favor the reduction of nitrates in 
plants for time of harvesting. 

Storage Time and Conditions Studies have 
shown that during storage of vegetables in opti­
mal conditions, nitrate content decreases slowly. 
Studies have also shown that during 6 months 
of storage, nitrate content in vegetables de­
creases 1.5–2.0 times [30]. At the same time, 
nitrite concentrations in vegetables may increase 
to elevated levels due to bacterial nitrification of 
nitrate to nitrite when vegetables are stored in 
rooms with high humidity and poor sanitation. 
Storage of vegetable salads, raw purees, and jui­
ces at room temperatures can increase the nitrite 
concentrations to potentially hazardous levels 
[31,32]. For the latter reason raw vegetable-
containing food, especially infant food, should 
preferably be prepared only shortly prior to con­
sumption. Significant changes in nitrate and 
nitrite content of vegetable products have not 
been detected following storage in refrigerated 
conditions. 

4. NITRATES AND NITRITES: 
HEALTH RISKS VERSUS 

USEFULNESS 

Humans are subjected to significant nitrate 
and nitrite levels, mainly from food and water 
B. EFFECTS OF INDIVIDUA
but also via nitrogen-containing drugs/chemi­
cals used for therapeutic purposes. The fate of 
nitrate in the human organism has been the 
subject of numerous studies and the results 
have been compiled in several reviews [33–36]. 

In 1990, taking into account the possible 
health risks, the European Commission’s 
Scientific Committee for Food (SCF) set maxi­
mum daily intake (ADI) values for nitrate and 
nitrite. After reviewing these values in 1995, the 
present acceptable daily intakes for nitrates 
0–3.7 mg/kg body weight (bw) and for nitrites 
0–0.06 mg/kg bw were determined [37]. The 
USA Environmental Protection Agency (EPA) 
reference dose (RfD) for nitrate is 1.6 mg nitrate 
nitrogen/kg bw per day and for nitrite 0.1 mg 
nitrite nitrogen/kg bw per day [1]. 

Ingested nitrate is effectively absorbed in the 
upper part of the small intestine [38]. From the 
proximal small intestine the dietary nitrate is 
absorbed into the plasma. Plasma nitrite levels 
are normally lower than nitrate levels because 
of the lower exposure and due to the rapid 
oxidation from nitrite to nitrate by oxygenated 
hemoglobin [39]. Absorbed nitrate is rapidly 
transported by the blood and selectively 
secreted by the salivary glands, resulting in 
high salivary nitrate levels [33,40]. About 25% 
of ingested nitrate is secreted in the saliva. 
Approximately 20% of the secreted salivary 
nitrate, constituting 5–7% of the overall 
absorbed nitrate dose, is rapidly converted to 
nitrite by a specialized flora of anaerobic nitrate 
reducing bacteria on the tongue [33,41,42]. Oral 
reduction of nitrate is the most important 
source of nitrite for humans and accounts for 
70–80% of the total nitrite exposure. In the stom­
ach nitrite will be transformed to nitric oxide 
and other metabolites. Most of the absorbed 
nitrate is ultimately excreted in the urine [34]. 

In addition to exogenous ingestion, nitrite 
and nitrate are formed in human saliva and 
gastrointestinal tract by endogenous synthesis 
mediated mostly by bacteria [36,41,43–46]. 
The main source of endogenous nitrate in 
L VEGETABLES ON HEALTH 
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mammals is the L-arginine-NO pathway; nitric 
oxide is produced from the amino acid L-argi­
nine and molecular oxygen by nitric oxide syn­
thetase [41,45]. Estimation of the daily amounts 
of nitrate, nitrite, and N-nitroso compounds 
formed endogenously is complicated; a contri­
bution of as large as or greater than from the 
normal diet has been suggested [13,47]. 

4.1 Health Risks 

Nitrate itself is relatively non-toxic. As approx­
imately 5% of all ingested nitrate is converted in 
saliva and in the gastrointestinal tract into more 
toxic nitrite, the assessment of the health risk of 
nitrates should take into account the toxicity of 
nitrites and also N-nitroso compounds which 
can be formed in reaction of nitrite with amines 
or amides in food or endogenously. 

4.1.1 Acute Toxicity 

The most widely known adverse effect of 
nitrite in humans is the formation of methemo­
globin (metHb) and further symptoms of 
methemoglobinemia, so-called ‘blue baby syn­
drome,’ which occurs probably due to the con­
sumption of high levels of nitrates and nitrites 
from drinking water or vegetable-based infant 
foods [5,48]. Clinical symptomatic disease is 
rare and limited mainly to babies less than 90 
days old, but may also be encountered among 
older children when vitamin C intake is low 
and in adults with low gastric acidity [35]. 
Methemoglobin, a derivative of hemoglobin in 
which the iron has been oxidized from the Fe2 

+ 

to the Fe3 
+ state, imparts a characteristic brown­

ish color to the blood. 

NO- þ oxyHbðFe2þÞ ! metHbðFe3þÞ þNO-
2 3 

As a consequence of the formation of metHb 
the oxygen delivery to tissues is impaired. 
Normal levels of methemoglobin in human 
blood are 1–3%. Once the proportion of metHb 
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reaches 10% of normal Hb levels, clinical symp­
toms (cyanosis, asphyxia, suffocation) occur 
[5,24,33,49,50]. Speijers reported in 1996 that the 
toxic doses for methemoglobin formation ran­
ged from 33 to 350 mg nitrate ion/kg bw, and 
it could easily lead to death of infants [51]. 
Babies less than 3 months old are particularly 
susceptible to methemoglobinemia because of 
higher levels of fetal oxyHb present in the 
blood, which oxidizes to metHb more readily 
than non-fetal oxyHb. Additionally, infants 
have a higher gastric pH (pH >4), but there are 
low concentrations of reducing agents to recon­
vert the metHb back to oxyHb, and their methe­
moglobin reductase system is immature [1,52]. 
Intake of nitrate from water used for drinking 
or food preparation can imply a risk for infants 
also due to their proportionately higher intake 
of nitrate through drinking water by body 
weight. 

The controversies over the topics of nitrate 
and nitrite toxicity have been critically 
reviewed and analyzed in the book ‘Nitrate 
and Man’ [53], where the authors conclude 
that the regulations enacted in Western Europe 
and in the USA to control the nitrate content 
of water are based on faulty epidemiology, 
and that there is lack of proof of the toxicity of 
nitrate. The authors suggest that WHO, US, 
and EU regulations regarding nitrate levels in 
potable water should be re-examined and indi­
cate that well-water methemoglobinemia cases 
could be related to unhygienic wells. 

4.1.2 Chronic Effects 

The second widely known concern is that 
nitrate, when reduced to nitrite, can react with 
amines or amides to form N-nitroso com­
pounds [46,50,54]. Nitrosation occurs mainly in 
two ways: during preparation and storage of 
food, and in the stomach as a result of the 
action of salivary nitrite produced through 
enzymatic reduction of endogenous or exoge­
nous nitrate [55–57]. Antibiotic inhibition 
L VEGETABLES ON HEALTH 
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studies have shown that some of the broad-
spectrum antibiotics significantly reduce the 
nitrite concentration in the saliva, suggesting an 
important role of bacteria in the conversion of 
nitrate to nitrite [58]. 

N-nitroso compounds have been shown to be 
carcinogenic in more than 40 animal species and 
therefore it is quite evident that humans may be 
included [36,59]. It has been reported that vege­
tables with high nitrate content in the diet could 
cause a human to risk gastrointestinal cancer 
[60]. Several earlier studies have evaluated die­
tary sources of nitrite in association with pancre­
atic cancer risk. N-nitroso compounds have been 
shown to cause tumors in animal species tested 
and induced cancer in many different organs 
including the pancreas [61,62]. A  study by  Coss  
et al. was especially aimed to determine the asso­
ciation of increased consumption of nitrate and 
nitrite from drinking water and dietary sources 
with pancreatic cancer risk [63]. This population-
based case-control study in Iowa concluded that 
long-term exposure to drinking water nitrate at 
levels below the maximum permitted level of 
nitrate nitrogen was not associated with pancre­
atic cancer. However, the authors suggested that 
the consumption of dietary nitrite from animal 
products can increase cancer risk. Many other 
cancer sites in humans are suspected to be 
related to N-nitroso compounds but unfortu­
nately only a few epidemiological studies exist. 
Eichholzer and Gutzwiller reported that taking 
into account the results of different epidemiologi­
cal studies, a causal relationship between stom­
ach cancer and dietary N-nitroso compounds as 
well nitrite and nitrate cannot be concluded or 
excluded [13]. In the book ‘Food Safety, 
Contaminants and Toxins’ the authors con­
cluded the need for cohort studies to evaluate 
properly the effect of dietary N-nitroso com­
pounds, nitrite, and nitrate on human cancer 
risk [13]. 

Besides carcinogenesis, the nitrosating sub­
stances have also shown teratogenic effects 
related to DNA alkylation. Malformation of the 
B. EFFECTS OF INDIVIDUA
fetus is induced either by germ-cell mutation 
or by transplacental transmission of nitroso 
compounds [58]. However, there is not yet 
enough data available on dietary exposure and 
increased risk for congenital malformation. 
More research is needed to support statements 
on the teratogenic effects of N-nitroso com­
pounds in humans. 

Researchers have presumed some of the 
N-nitroso compounds, their precursors, and 
modulators of their metabolism to be risk fac­
tors for different types of brain tumors in both 
adults and children [64]. The causes of brain 
cancer are not yet well known, and there is 
still a need for scientific evidence on increased 
risk of brain tumor regarding intake of vege­
tables, cured meats, and drinking water. Intake 
of cured meats and an increased risk for adult 
brain tumors has been reported, but there is no 
good proof that consumption of cured meats 
in childhood or maternal diet during preg­
nancy can increase the risk of brain tumors in 
children [13,34,65,66]. 

4.2 Minimizing the Health Risks 

Nitrosamines are found in diverse foods 
and beverages, primarily those to which ni­
trates or nitrites have been added. In addition 
to that, they may also be formed during frying 
or smoking of food. The most toxic nitrosa­
mine often detected in food is N,N-dimethyl­
nitrosamine (NDMA) [67]. As N-nitroso 
compounds have shown to be genotoxic carci­
nogens in animal experiments, there is no 
threshold dose below which no tumor forma­
tion would occur. The levels of these com­
pounds in food should be kept as low as 
reasonably achievable. 

Ascorbic acid and tocopherols have been 
used to inhibit nitrosation processes in food. 
The same effect can be attributed to plant poly-
phenols and tannins, thus plant sources of 
nitrite may form less N-nitroso compounds 
L VEGETABLES ON HEALTH 
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than might otherwise be predicted [37]. Chow 
and Hong reported that there is a protective 
effect of dietary vitamin E against nitrite and 
nitrate toxicity which is attributable to its abil­
ity to limit the production and availability of 
superoxide and NO, while dietary selenium 
enhances the level of selenoenzymes/com­
pounds, which reduce the formation of reac­
tive free radical peroxynitrite [44]. 

It can be concluded that when nitrate is con­
sumed as a part of a normal vegetable-rich 
diet, simultaneously consumed bioactive sub­
stances such as vitamin C and other plant anti­
oxidants can reduce the amount of 
nitrosamines formed by up to half [67,68]. 

4.3 Beneficial Effects 

The use of nitrites and nitrates as antimicro­
bial agents, as well as food preservatives and 
flavoring/coloring agents in meat and fish pro­
ducts, was already well known at the end of 
nineteenth century and is still important in 
everyday practice [53,69,70]. Through the 
years, the antibacterial effect of nitrite has been 
demonstrated by food research scientists 
against the lethal Clostridium botulinum and 
many other bacteria, including enteric patho­
gens such as Salmonella and Escherichia coli. By  
inhibiting bacterial growth, nitrate and nitrite 
in certain doses inhibit the spoilage of meat 
and meat products. Nitrate itself, because of its 
chemical characteristics, has no bactericidal ef­
fects. Nitrate metabolites, including nitrite, 
nitric acid, and NO have antimicrobial activity 
for prevention of intestinal pathogens [42,71]. 
A bactericidal effect of nitrite under the acidic 
conditions present in the mouth and stomach 
has been verified on some of the most impor­
tant foodborne pathogens like Yersinia 
enterocolitica, Salmonella enteritidis, Salmonella ty­
phimurium, Shigella sonnei, and Escherichia coli 
[72]. Nitrate displays indirect anti-infective 
B. EFFECTS OF INDIVIDUAL 
effects through acidification of nitrite at sites 
other than the mouth and digestive tract like 
the skin surface [73], the respiratory tract [74], 
and the lower urinary tract [75]. 

It has been reported by many scientists that 
one of the reduced nitrate products, NO, is 
beneficial to human health. NO is known as an 
important signal molecule in regulating many 
physiological functions in human body and, as 
reported by Archer, serves as an effective host 
defense against pathogens [76]. NO is an effec­
tive vasodilator and thrombocyte aggregation 
inhibitor which means that its deficiency can 
cause arteriosclerosis, diabetes, low blood pres­
sure, and many other diseases [52,63]. 

Nitrites have been used for medical pur­
poses as a vasodilator, a circulatory depressant 
to relieve smooth muscle spasm, and an anti­
dote for treating cyanide poisoning [77]. 
Several toothpastes contain 5% potassium 
nitrate and are designed to lower dental hyper­
sensitivity to rapid temperature changes. Some 
curatives against fungal infections (e.g. econa­
zole nitrate) as well as treatment for burns 
(e.g. 0.5% nitrate aqueous solution) contain 
nitrate. Here, the nitrate ions are needed to 
keep the active component of the medicament 
in solution [78,79]. 

There is a lot of controversy about the toxic 
or beneficial effects of nitrite and nitrate in the 
human body and it seems that it will remain a 
disputed topic. Vegetables are considered bene­
ficial in human nutrition as a source of fiber, 
vitamins, and nutrients. They may also contain 
versatile bioactive molecules, such as anti­
oxidants, which may act as protective agents 
against chronic diseases, like cardiovascular 
diseases and diabetes, and even cancer [34]. A 
large range of these compounds is listed in 
International Agency for Research on Cancer 
(IARC) handbooks of cancer prevention [80]. 
In 1996 Hill reported a 20–40% reduction in 
deaths from cancer for vegetarians compared 
to non-vegetarians even when the vegetarians 
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had a nitrate intake three times higher than 
non-vegetarians; 61 mg/person/d and 185–194 
mg/person/d, respectively [35]. 

However, consumption of large amounts of 
nitrates in vegetables and drinking water for a 
prolonged period should be avoided. The car­
cinogenicity of nitrate, nitrite, and N-nitroso 
compounds has been and definitely will be 
reviewed many times regarding ongoing and 
future research on this very important topic. It 
can be generally stated that the beneficial and 
harmful effects of nitrate to human health are 
dependent on its dose, and reducing nitrate 
intake could be an acceptable way of prevent­
ing certain nitrate-related diseases [41,58]. 

5. NITRATE AND NITRITE 
INTAKE 

Interest in the dietary intakes of nitrates and 
nitrites has arisen from concern about their pos­
sible adverse effect on health [81,82]. Exposure 
to nitrate and nitrite is associated mainly with 
three major dietary sources: vegetables, drink­
ing water, and meat products. 

For non-genotoxic food chemicals the esti­
mated exposure is compared to acceptable daily 
intake (ADI) value. ADI is defined as an esti­
mated maximum amount of an agent, expressed 
on a body mass basis, to which a subject may 
be exposed daily over his or her lifetime with­
out appreciable health risk. For the calculation 
of ADI value, a 100-fold uncertainty factor is 
applied to the maximum non-effect dose deter­
mined in long-term animal studies in order to 
derive an acceptable intake for humans. 

The first international evaluation of the risks 
associated with nitrate and nitrite ingestion was 
conducted by the Joint FAO/WHO Expert 
Committee on Food Additives (JECFA) in 1962 
[83]. An acceptable daily intake (ADI) of 0– 
3.7 mg/kg bw for nitrate was established in 
1990 and for nitrite 0–0.06 mg/kg bw in 1995 
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by the EU Scientific Committee for Food (SCF). 
In its most recent reviews JECFA reconfirmed 
an ADI for nitrate and set an ADI of 
0–0.07 mg/kg bw for nitrite [33,50]. 

Differences in dietary habits as well as in 
water quality between countries result in differ­
ent nitrate intakes, but vegetables are still the 
major source of nitrate intake by humans, con­
tributing approximately 40–92% of the average 
daily intake [10–13]. Up to 20% of the total 
nitrate intake comes from the consumption of 
drinking water [84]. 

According to an oral bioavailability study of 
nitrate from nitrate-rich vegetables in humans 
[85], the nitrate from vegetables is absorbed 
very effectively, resulting in absolute nitrate 
bioavailability of around 100%, and the 
authors concluded that reducing the amount of 
nitrate in vegetables could be an effective mea­
sure to lower the systematic nitrate exposure 
of the general population. 

To assess any potential health impact from 
different vegetable intake scenarios the 
European Food Safety Authority (EFSA) 
CONTAM Panel compared the nitrate exposure 
estimates with the ADI for nitrate of 3.7 mg/kg 
bw per day, equivalent to 222 mg for a 60 kg 
adult. Thus, a person eating 400 g of a variety 
of vegetables, as recommended by the World 
Health Organization (WHO), at typical median 
nitrate concentration levels would have a mean 
dietary exposure to nitrate of 157 mg/d. 
However, those who consume a high level of 
vegetables grown under unfavorable produc­
tion conditions may exceed the ADI approxi­
mately 2-fold. Consumption of more than 47 g 
of rucola at the median nitrate concentration 
would lead to exceeding the ADI. 

Nitrite intake from vegetables is low com­
pared to the amounts resulting from endoge­
nous conversion of nitrate. In consuming the 
recommended amount of vegetables with a 
mean nitrite concentration of 0.5 mg/kg, the 
exposure is 0.003 mg/kg bw per day [34]. 
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6. SUMMARY
 

The nitrate ion has a low level of acute toxic­
ity, but if transformed into nitrite, it may consti­
tute a health problem. The concern over 
nitrites in the diet has two aspects: they may 
create an excess of methemoglobin, possibly 
leading to toxic effects such as cyanosis; and 
they can cause the endogenous formation of 
carcinogenic N-nitroso compounds. At the 
same time, it is generally accepted that a bal­
anced vegetable-rich diet helps to reduce the 
risk of a number of diseases, including cancer 
and cardiovascular diseases. Many reports 
have shown the beneficial effects of nitrates 
and nitrites to human health, including antimi­
crobial activity. 

Some risk assessments of nitrate and nitrite 
concluded that exposure to nitrate from vege­
tables is unlikely to result in appreciable health 
risks, therefore the beneficial effects of vegeta­
ble consumption prevail. However, there may 
be some specific risk groups, e.g. individuals 
with a high proportion of nitrate-rich vege­
tables in their diet or unfavorable local/home 
production conditions for vegetables that con­
stitute a large part of the diet [34]. 
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1. INTRODUCTION
 

Human immunodeficiency virus (HIV) infec­
tion and acquired immune deficiency syndrome 
(AIDS) has become a global health crisis. 
According to the UNAIDS 2008 Report on the 
Global AIDS Epidemic [1], the number of 
people living with HIV and AIDS was 33.2 
million. Of those, roughly 22.5 million people 
were living in Africa alone, with an HIV preva­
lence rate of 5% in the general population. In 
2007, approximately 2.5 million people were 
reported to be infected by HIV. In the same 
year, more than 2.1 million people died from 
AIDS [2–4]. 

Despite the existence of antiretroviral (ARV) 
drugs, there is no cure, which indicates the 
need for alternative/complementary therapy. 
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Scientific evidence gathered to date points to 
the essentiality of nutrition in the control of 
HIV infection and AIDS [2–4]. 

There is an intricate relationship between 
nutrition, HIV, and AIDS. Very early on in the 
AIDS epidemic, it was recognized that persons 
with HIV infection and AIDS have nutritional 
deficiencies that predispose them to disease 
progression [2,3,5,6]. Independently, experi­
mental evidence generated prior to the advent 
of AIDS had established a clear link between 
nutrition, immunity, and infection [7,8]. Thus, 
it is well known that nutritional deficiency 
lowers immunity and predisposes to infection. 
Conversely, nutritional supplementation modu­
lates the immune system and provides resis­
tance to infection and, hence, may provide the 
needed solution to this epidemic. 
3 r 2010 Elsevier Inc. All rights reserved. 
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In the case of HIV, infection has been linked 
to virus-induced enteropathy [9] involving 
damage to the intestinal mucosa and contribut­
ing to nutrient deficiency. In turn, nutrient 
loss can exacerbate diarrhea, weight loss, and 
wasting, which are the physical symptoms 
associated with AIDS. Malnutrition, viral infec­
tion, and nutrient loss constitute a triumvirate, 
creating a vicious circle leading to immune 
deficiency and increased susceptibility to 
opportunistic infection. This circle cannot be 
broken by ARV drugs, which are in them­
selves immunosuppressive and toxic, as speci­
fied in the product information leaflets of ARV 
drugs provided by the manufacturers [10]. The 
circle, however, can be remedied by nutritional 
intervention, as nutrients have been shown to 
modulate the immune system and suppress 
viral infection. The role of micronutrients for 
optimum function of the immune system has 
been recognized by 9 Nobel prizes and it is a 
condition, sine qua non, in restoring the 
immune system – a target that is beyond the 
reach of drug therapy [8,11–13]. 

This review is aimed at highlighting the 
essentiality of nutrition in AIDS, focusing spe­
cifically on the role of micronutrients in restor­
ing the immune system leading to delay, 
deceleration, or reversal of disease progression. 
Here, we summarize the known benefits of 
nutrients, commonly found in fruits and vege­
tables, in controlling AIDS. In addition, we 
describe the results of a micronutrient program 
conducted in a community-wide setting in 
South Africa that has unraveled the power of 
micronutrient supplementation in reducing the 
severity of physical symptoms of AIDS and 
improving the health of AIDS patients. 

2. CHARACTERISTICS OF AIDS 

AIDS is associated with progressive depletion 
of a specific class of immune cells (CD4 + T 
B. EFFECTS OF INDIVIDUAL
lymphocytes) whose loss leads to opportunistic 
infections and cancer. The defective immuno­
logic responses linked to CD4 + T cell loss  
include impaired proliferative ability, decreased 
interleukin-2 (IL-2) secretion, and unresponsive­
ness to recall antigens or stimulation through 
the CD3/TCR complex [14]. 

Since 1984, AIDS has been linked to infec­
tion by HIV, which has been implicated as a 
causative agent of AIDS [15]. Although HIV 
infects CD4 + T cells, it is found in only a 
small proportion of such cells in the body. 
Furthermore, unlike other viruses such as mea­
sles, influenza, common cold, and herpes, 
which have an incubation period of only a few 
days, the latent period for manifestation of 
AIDS symptoms following HIV infection is 
8–10 years, a remarkably long interval [16]. 
Considering these facts HIV infection alone 
can’t be the sole cause of AIDS and other fac­
tors associated with viral infection, such as 
nutritional deficiencies, must play an important 
role in AIDS development [2,3,13]. 

3. LIMITATIONS OF CURRENT 
ANTIRETROVIRAL TREATMENT 

Conventional treatment is based on the use 
of ARV drugs that can lower virus load but do 
not fully restore the immune system or cure 
AIDS (as the labels on the medication clearly 
indicate this fact). The claims advanced by 
medical authorities for a sustained halt of 
AIDS progression are highly questionable. 

There is some evidence that ARV drugs lead 
to improvements in surrogate markers such as 
the level of CD4 cells. ARV drugs are capable 
of lowering viral load in the bloodstream but 
latent virus persists in a dormant state in lym­
phoid tissue and macrophage cells from which 
it can reappear upon reactivation. Furthermore, 
prolonged ARV treatment is often accompa­
nied by severe side effects as noted below and 
 VEGETABLES ON HEALTH 
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patients frequently develop resistance to ARV 
drugs over time, suggesting the need for other 
treatment modalities. 

There is only limited evidence (from uncon­
trolled surveys or controlled trials) that ARV 
drugs offer clinical benefits [11,12,17]. The  effec­
tiveness of ARV drugs in having any clinical 
benefits at all depends upon a number of 
factors, such as the nutritional status of the 
patient and the level of CD4 cells at the time at 
which ARV treatment begins. Thus, in an uncon­
trolled survey of 1219 patients on triple-drug ther­
apy conducted by Hogg et al. [17], it was
reported that participants with CD4 cell counts of 
<50/µL were 6.67 times  and those  with counts  
of 50–199/µL were 3.41 times more likely to die 
than those with counts of at least 200/µL. 

Further, in a retrospective cohort study of 394 
patients at an HIV referral center in Singapore, 
it was reported that at the time of starting ARV 
treatment malnutrition was significantly associ­
ated with reduced survival [18]. With respect  to  
improvement of the immune system, the ability 
of ARV drugs to restore or improve a patient’s 
immune system is limited by their very nature 
of being toxic to the bone marrow and blood 
cell system. 

In terms of controlled studies, only a few, 
mostly short-term trials have looked at the 
effects of ARV drugs on clinical parameters 
such as survival or disease progression. As 
stated above, there is no long-term clinical 
proof for prolonged survival with ARV treat­
ment from controlled studies available in scien­
tific literature.[11, 12]. 

Among the few controlled studies is the 
licensing study of AZT (azidothymidine), the 
first ARV drug to be used in AIDS patients, 
which provides the only evidence for clinical 
benefit of ARV drugs [19,20]. However, the 
benefits were short-term in duration (4-month 
survival) and were attended by serious 
adverse reactions. 

Thus, approximately 24% of AZT recipients 
(4-month survivors) developed anemia (reduced 
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red blood cell count or hemoglobin concentra­
tion), compared to 4% of those who received a 
placebo. Furthermore, 21% of the AZT recipients 
had to be given red cell transfusions to keep 
them alive compared to only 4% receiving the 
placebo [19]. 

Notably, the short-term survival benefit of 
AZT seen in the initial trial was not main­
tained in a follow-up 21-month study [11,20], 
which found a rapid decline in the survival 
reported for the first 4 months. A few years 
later, a large, placebo-controlled trial, the 
British–French Concorde study, conducted in 
HIV-asymptomatic individuals showed unam­
biguously that AZT was unable to prevent 
AIDS in this patient population [12]. 
Subsequent trials have been mostly uncon­
trolled surveys or comparative studies that 
compare one ARV drug regimen with another 
without inclusion of an ARV-free control 
group [21–23]. Because there are no other con­
trolled long-term studies, the ARV proponents 
cite uncontrolled surveys such as the ones by 
Hogg et al. [17] and Palella et al. [21] to make 
a case for lowering of disease progression. 
However, these surveys only show that the 
conferral of benefits depends on CD4 count at 
the time of administration of ARV treatment. 
ARV proponents also rely on surrogate mar­
kers to make claims about survival, claiming 
the drugs to be life saving or life prolonging. 
Two commonly used surrogate markers are 
HIV viral load or CD4 count, which have been 
routinely employed to approve ARV drugs 
over the last two decades. However, an 
improvement in surrogate markers without 
demonstration of corresponding improvement 
in clinical symptoms is not a significant 
improvement since the validity of these surro­
gate markers as predictors of clinical improve­
ment has been questioned [12,24]. Thus,  
lowering of viral load or improvement in CD4 
count has not been unequivocally shown to 
lead to improvement in survival or life 
extension. 
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4. DAMAGING SIDE EFFECTS OF
 
ARV DRUGS
 

Because of the exclusive emphasis of the 
medical community on HIV as the etiological 
agent of AIDS, several different classes of ARV 
drugs have been developed that are targeted at 
different steps in the virus lifecycle. These 
include inhibitors of reverse transcription, poly­
peptide processing by viral protease, virus 
fusion, and viral DNA integration. Although 
all classes of ARV drugs have been employed 
in clinical practice, latent virus still persists in 
a dormant state and patients undergo only par­
tial immune recovery. Furthermore, prolonged 
antiretroviral treatment is often accompanied 
by severe side effects as noted below and 
patients frequently develop resistance to ARV 
drugs over time, suggesting the need for other 
treatment modalities. 

The toxicities of reverse transcriptase (RT) 
inhibitors, namely nucleoside analogues, non­
nucleoside analogues, and protease inhibitors, 
which form part of the highly active antiretrovi­
ral therapy (HAART), are well known [25–33] 
and documented in patients information 
leaflet of every commercially available ARV 
drug [10]. 

RT inhibitors produce serious side effects 
and are toxic to all cells in the body. Those 
organs that have a high rate of cell prolifera­
tion (multiplication) are particularly affected by 
this toxicity. By virtue of their ability to block 
DNA synthesis, the RT inhibitors cannot dis­
criminate between the replicating virus and 
the rapidly dividing cells – such as those of the 
bone marrow – that are essential to keep the 
human body alive and in optimum health. 

Since the bone marrow is the production site 
of red and white blood cells, an impaired pro-
duction/function of red blood cells leads to ane­
mia whereas an impaired production/function 
of white blood cells leads to an impairment of 
the immune system (drug-induced immune 
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deficiency). The toxicity of ARV drugs (RT 
inhibitors) on the bone marrow and blood cell 
system and the known side effects of anemia 
(loss of red blood cells) or leukopenia (loss of 
white blood cells) are known to the manu­
facturers of ARV drugs as this information is 
part of the mandatory ARV product information 
and has been reported in published studies 
[25–28]. Since ARV drugs are known to affect 
the bone marrow they can further weaken the 
immune system and pose risk for drug-induced 
immune deficiency. 

Although the doses of NRTIs (nucleoside 
reverse transcriptase inhibitors) have been low­
ered in the triple drug combination cocktails 
such as HAART, the toxicity is still evident as 
documented by the reports of thrombocyto­
penia (low platelet count) and anemia in the 
studies by Carbonara et al. [29] and Mocroft 
et al. [30]. 

Additionally, both nucleoside and non­
nucleoside reverse transcriptase inhibitors (NRTIs 
and NNRTIs)  contained in triple drug cocktails  
(e.g. HAART) are hepatotoxic, i.e. cause damage 
to the liver [31]. Further,  NRTIs  in  HAART have  
been linked to mitochondrial toxicity [32] and 
the protease inhibitors in HAART have been asso­
ciated with a lipodystrophy syndrome, character­
ized by dyslipidemia, i.e. a severe impairment 
of the metabolism and storage of fats in the 
body [33]. 

Many protease inhibitors also have other 
serious adverse side effects. There are a num­
ber of metabolic complications associated with 
the use of some ARV drugs, including derange­
ment in glucose and lipid metabolism, bone 
metabolism, and lactic acidemia (sustained 
accumulation of lactic acid in the blood), 
which have been documented in industrialized 
countries. [32,33] 

Two drugs commonly employed in preven­
tion of mother-to-child transmission (PMCT) of 
HIV are zidovudine (AZT) and nevirapine. 
Both drugs are highly cytotoxic in the PMCT 
setting. Nevirapine is reported to damage the 
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liver (hepatotoxicity) and zidovudine has been 
reported to produce damaging prenatal effects 
in utero and perinatal effects in newborn 
infants [31,34–37]. 

4.1 Drug-induced Immune Deficiency 

Since ARV drugs are known to affect the 
bone marrow (precursor of both white and red 
blood cells), they can further weaken the 
immune system and pose risk for drug-
induced immune deficiency. Based on WHO 
reports [38], the average annual global mortal­
ity rate for all HIV-positive persons (including 
the minority on ARV drugs) for the year 2000 
can be estimated to be B1.4% (assuming that 
all newly diagnosed AIDS cases died in the 
same year). During the years 1998 and 2001, 
which fall on either side of the WHO year, the 
rate of death from AIDS in (initially asymptom­
atic) HIV-positive persons treated with ARV 
drugs was reported in two uncontrolled sur­
veys conducted in the USA and Canada [17,21] 
to be 6.7–8.8% – 4–6 times higher than the 
global mortality rate of HIV-positive persons 
from the WHO estimation. Thus, it is likely that 
the use of ARV drugs, while affecting the HIV 
(viral) load, may actually impair the immune 
system and cause drug-induced immune defi­
ciencies. Further research in this area must be 
conducted with high priority in order to avoid 
a possible failure of current global strategies to 
control AIDS. 

5. NEED FOR NON-TOXIC, 
NUTRITIONAL THERAPY 

The optimum treatment for AIDS should 
depend on relatively non-toxic, non-
immunosuppressive agents or activities that 
slow disease progression. This includes activi­
ties that reduce stress, promote the adoption of 
healthy lifestyles including proper nutrition (in 
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particular micronutrients that enhance the 
immune system), cessation of unhealthy habits 
(e.g. smoking, alcohol, drug use), and prophy­
laxis of preventable opportunistic infections. 

The pathological basis of AIDS is a dysfunc­
tional immune system clinically indicated by 
abnormally low levels of white blood cells. 
Micronutrients are essential for both red and 
white blood cell formation. Of particular impor­
tance are vitamins B3, B5, B6, B12, and vitamin 
C, folic acid, and iron. 

ARV drugs have limited ability to restore 
a patient’s immune system. By contrast, 
micronutrients have been shown to have 
immune-restoring and disease-retarding poten­
tial [39–48]. 

As discussed above, the median time of pro­
gression from HIV infection to AIDS has been 
estimated by reputable research at 9–10 years, 
unlike that of only a few days for manifesta­
tion of symptoms by measles and influenza. 
In this period, multivitamins and micro-
nutrients should be used as an effective and 
economical preventive measure to improve 
immune system function in HIV infected 
individuals before exerting aggressive ARV 
drug therapies [45–47]. The use of ARV drugs 
in this period, before the progression to AIDS, 
runs the risk that patients who would other­
wise live for an average of 9–10 years without 
developing AIDS will develop much sooner 
a drug-induced form of immune deficiency 
that is indistinguishable from (and as deadly 
as) AIDS. 

Without micronutrients and vitamins, life is 
not possible and without an optimum daily 
supply of micronutrients and vitamins in the 
form of either adequate nutrition or supplemen­
tation, the metabolism of cells and the immune 
system generally is impaired and optimum 
health is impossible. 

Furthermore, analysis of HIV patients in 
Singapore showed that malnutrition at the 
time of starting ARV treatment was signifi­
cantly associated with reduced survival [18]. 
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Protein-calorie malnutrition and specific micro-
nutrient abnormalities are common in HIV and 
AIDS infection and have been linked to 
increased disease progression (see section 
below). Hence, nutritional therapy would be of 
immense benefit to HIV/AIDS infected patients. 

6. NUTRITIONAL DEFICIENCIES 
AND THEIR IMPACT IN HIV 

INFECTION AND AIDS 

The relationship between HIV and AIDS 
and poor nutrition has been well established 
since the onset of the AIDS epidemic [48]. 
Very early on with the emergence of HIV infec­
tion and AIDS, it was established that the dis­
ease was associated with protein-calorie 
malnutrition as well as specific micronutrient 
abnormalities. Malnutrition is prevalent in the 
developing world, particularly African and 
Asian countries. 

Micronutrients reported to be altered in 
HIV/AIDS patients include vitamins A, B12, 
B6, C, and E; trace minerals selenium and zinc; 
amino acids cysteine and glutamine; and the 
tripeptide glutathione. 

Infection with HIV exacerbates the impact 
of poor nourishment, while poor nutrition 
hastens the progression of HIV infection to 
AIDS, wasting, and death. Opportunistic infec­
tions and their associated symptoms limit food 
intake and intensify resting energy demands, 
increasing nutritional needs. HIV-related symp­
toms such as anorexia, nausea, vomiting, mal­
absorption, and diarrhea further worsen poor 
nutrition. For undernourished HIV-infected 
people, the resulting downward spiral of 
inadequate nutritional intake, inability to main­
tain weight and lean tissue mass, micro-
nutrient deficiency, and increased susceptibility 
to opportunistic infections accelerates the devel­
opment of AIDS. This decline ultimately leads 
to malnourished, HIV-infected people who 
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become economically unproductive and unable 
to control their illness. 

It is therefore essential in any treatment of 
HIV that a comprehensive nutritional program 
is adopted. Such a program should include, 
where necessary, supplementary meals and 
micronutrients. If implemented properly, such 
regimens will promote and enhance the 
immune systems of HIV-positive patients. 

Optimal nutritional status and maintenance of 
adequate vitamin and mineral levels delays the 
progression to AIDS [4,46,47,49]. HIV-positive 
infants and children face a confluence of three 
powerful nutritional challenges, namely high 
nutritional needs to sustain their growth rate, 
rapid progression to AIDS associated with signifi­
cant wasting, and an immature, compromised 
immune system, with increased risk for opportu­
nistic infections and diminished nutritional 
intake Consequently, all HIV-positive children 
under the age of 14 should receive nutritional 
packages consisting of vitamin syrup and a sup­
plement meal. 

Providing HIV-infected pregnant women 
with a multivitamin supplement that contains 
vitamins B, C, and E along with iron and 
folate reduces the potential for vertical trans­
mission of HIV. 

7. THE ESSENTIALITY OF 
MICRONUTRIENTS FOR OPTIMAL 

HEALTH 

Micronutrients are essential for sustaining 
all cellular functions. Vitamins and minerals 
are needed in smaller amounts than proteins, 
fats, and sugars but without them cells cannot 
convert food into biological energy and build 
different body structures. 

The essential micronutrients include: vita­
mins C, the B-complex vitamins (B1, B2, B3, 
B5, B6, B12), vitamins E, D, K, A; the minerals 
calcium magnesium, sodium, potassium; the 
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trace elements selenium and zinc; and the 
amino acids cysteine, glutamine lysine, proline, 
and arginine. 

Today our food is poor in micronutrients. 
A comparison of the content of micronutrients 
in fruits and vegetables between 1985 and 1995 
showed that over this 10-year period there was 
between 14% and 93% decline per 100 g of 
food in the content of calcium, magnesium, 
vitamin C, folic acid, and vitamin B6. 

Deficiency of micronutrients is difficult to 
recognize. Whereas the deficit or absence of 
natural elements such as air (oxygen), water, 
and food can be felt (by our senses), the defi­
ciency of vitamins or minerals cannot be 
sensed but has to be measured in blood by bio­
chemical means. 

Long-term deficiency of micronutrients leads 
to many diseases, including failing of the 
immune system. Disease arises in healthy cells 
that can affect tissues, leading to sick organs 
and the spread of disease in the body. Poor 
nutrition and long-term vitamin deficiency can 
impair the function of immune cells making a 
person susceptible to various viral and bacte­
rial infections. In AIDS, there is selective loss 
of helper (CD4) T cells that leads to a gradual 
shift from the Th1 (intracellular immunity) to 
Th2 (extracellular or autoimmune) cytokine 
shift, increasing vulnerability to opportunistic 
infection [50]. 

The critical role of micronutrients for health 
has been recognized but not implemented. 
A few years ago UNICEF [51] reported that vita­
min and mineral deficiencies affect one-third of 
the world’s people (2 billion persons), debilitat­
ing minds, bodies, energies, and the economic 
prospect of nations. Despite that report, very 
little has been done by the international agency 
to alleviate global micronutrient deficiency. 

Since AIDS is the major health problem 
linked to malnutrition and micronutrient defi­
ciency, it presents an excellent opportunity to 
intervene in this disease with nutrient supple­
mentation. Today we have a real possibility of 
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controlling AIDS by taking advantage of research 
progress in science-based natural health or cellu­
lar medicine by applying micronutrient-based 
approaches. 

8. CLINICAL BENEFITS OF 
MICRONUTRIENT 

SUPPLEMENTATION IN HIV/AIDS 

Although ARV drugs cannot cure AIDS, 
there are several studies published in peer-
reviewed scientific journals (see sections 8.1 
and 8.2 below) which suggest that nutrition, 
including proper vitamin and micronutrient 
supplementation, can help to arrest the deterio­
ration of patients with HIV, delay the onset of 
AIDS and, by increasing CD4 count and reduc­
ing viral load, reverse the progression of the 
disease. This is supported by several clinical 
and experimental studies conducted with sin­
gle and multiple micronutrients that are sum­
marized below: 

8.1 Effects of Single Nutrients or their 
Combinations 

Specific effects of micronutrients on blocking 
HIV multiplication have also been demon­
strated. Thus, certain vitamins such as vitamin 
C and amino acid derivatives such as N-acetyl­
cysteine (NAC) were shown to have anti-HIV 
activity in HIV-infected cells [52–54]. These  labo­
ratory studies were validated by clinical im­
provements seen in HIV-infected patients 
following supplementation with these nutrients 
[41,55,56]. 

In an early observational study, supplemen­
tation of AIDS patients with large doses of vita­
min C was associated with stabilization of 
helper T lymphocyte count and amelioration of 
opportunistic infection [57]. 

In HIV-infected adults, supplementation with 
vitamins C and E reversed oxidative damage to 
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DNA which was promoted by treatment with 
zidovudine or AZT [58]. 

In a randomized, placebo-controlled, double-
blind trial in HIV-infected subjects, a combina­
tion treatment with vitamin C (1000 mg) and 
vitamin E (800 IU daily) was reported to reduce 
significantly several markers of oxidative stress 
and produce a trend towards reduction in 
HIV viral load after 3 months of supplementa­
tion [55]. 

A pilot study of short-term, combination 
treatment with high-dose NAC and vitamin C 
reported improvements of immunological and 
virological parameters in patients with advanced 
AIDS [41]. 

In a cohort of HIV-infected subjects with 
low CD4 count, subjects with CD4 <200 who 
took NAC showed significantly longer survival 
than a comparable group (CD4 <200) who did 
not supplement with NAC [56]. 

In a randomized, placebo-controlled, double-
blind trial, daily supplementation with sele­
nium in HIV-seropositive men and women 
(with attained serum selenium levels greater 
than 26.1 µg/L) was reported to prevent the pro­
gressive elevation of HIV-1 viral load and 
improve CD4 cell count after 9 months of treat­
ment. In contrast, in non-responding selenium-
treated subjects (with serum selenium levels of 
less than or equal to 26.1 µg/L), an elevation in 
viral load was seen [59]. 

In 2008, in HIV-positive subjects with a his­
tory of unresponsiveness to ARV (viral load 
>10,000 copies/cm3), alpha-lipoic acid supple­
mentation was shown to improve lymphocyte 
function [60]. 

8.2 Effects of Multivitamins or Multiple 
Nutrients 

Two prospective, longitudinal studies car­
ried out at two well-respected US universities 
and published in peer-reviewed journals were 
among the first studies to show that the 
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ingestion of a multivitamin supplement by 
asymptomatic HIV-positive men was associ­
ated with significantly reduced onset of AIDS 
development [45,46]. These studies demon­
strated the important – and acknowledged – 
role played by vitamins in delaying the onset 
of AIDS. 

In a large Tanzanian trial in pregnant and 
lactating women [47], multivitamins, mainly 
vitamins B, C, and E at doses of up to 22 times 
recommended daily intakes, resulted in signifi­
cant reductions over the entire period of 
follow-up in the risk of progression of the dis­
ease. The study was a randomized, double-
blind, placebo-controlled trial and demonstrated 
that inexpensive multivitamin treatment was 
effective in staving off the development of the 
AIDS disease among HIV-positive women. The 
key findings were: 

a)	 Multivitamins reduced maternal viral load 
and all signs of HIV-related complications, 
and raised maternal CD4 and CD8 counts, 
compared to no multivitamins. 

b)	 The progression of AIDS to stage 4 
(according to the WHO’s grading and 
corresponding to the full-blown 
manifestation of the disease) was reduced 
by 50% in patients receiving multivitamins. 

c)	 The relative risk of patients dying from 
AIDS was lowered by 27% in patients 
receiving multivitamins. 

d)	 ‘Multivitamins also significantly reduced all 
signs of complications,’ including oral 
lesions (ulcers) reduced by 48%, lip 
infections reduced by 56%, difficult, painful 
swallowing reduced by 53%, diarrhea 
reduced by 25%, and fatigue reduced by 
24%. 

In a randomized, placebo-controlled, double-
blind trial in HIV-infected subjects living in 
Bangkok, multiple micronutrient supplementa­
tion was shown to enhance significantly the sur­
vival of individuals with a low CD4 count 
(<100) [49]. 
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In a randomized, double-blind trial on HIV-
infected patients in Kampala, Uganda, daily 
supplementation with two different combina­
tions of micronutrients was shown to improve 
CD4 cell count, quality of life, and body weight 
after 52 weeks [4]. 

8.3 Advantages of Micronutrients over 
ARV Drugs 

Micronutrients are also non-toxic compared 
to ARV drugs. There is a fundamental differ­
ence between vitamins and ARV drugs with 
respect to the assessment of ‘side effects.’ 
Vitamins are natural substances known to the 
human body and recognized by millions of its 
cells; hence, a surplus is generally eliminated 
by natural means. Thus, perhaps with the 
exception of a few lipid-soluble vitamins, even 
relatively high doses of vitamins are known to 
be safe. 

In contrast, ARV drugs are synthetic mole­
cules not recognized by the cells of the body 
as natural substances. Moreover, the toxicity of 
these drugs, e.g. their damage to DNA to 
block its replication, is the desired mechanism 
for these drugs. The only way for the body to 
eliminate these synthetic substances is by using 
a detoxification process in the liver. Since these 
drugs exert their toxicity even during their 
elimination, liver failure is an established and 
frequent side effect of ARV drugs. Moreover, 
HIV infection is linked to a deficiency of gluta­
thione, a major intracellular antioxidant and 
detoxifier in the body. 

Thus, with respect to side effects, there is no 
comparison between natural micronutrients and 
the severe side effects from ARV-induced toxic­
ity (such as organ failure and drug-induced 
immune deficiencies) which are frequently seen 
even in the range of the recommended therapeu­
tic doses [19,20,25,27–29]. However, the manu­
facturers of ARV drugs ignore these facts, with 
drug patentability being an important economic 
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reason to do so, and continue to draw massive 
profits from some of the poorest countries in 
the world [10]. 

Micronutrients confer substantial clinical 
benefits at all stages of disease relative to ARV 
drugs. In short: 

a)	 Multivitamins and micronutrients are 
essential for optimum immune system 
function and should be considered the basis 
of correcting immune deficiencies, including 
AIDS. 

b)	 There is no significant evidence that once 
AIDS has developed ARV drugs can deliver 
proven clinical benefits or are clinically 
effective, and at best they may deliver 
improvements in surrogate markers, limited 
effects on the immune system, or short-term 
improvement in survival. 

c)	 There is evidence that vitamins and 
micronutrients can provide clinical benefits 
once AIDS has developed [13]. 

d)	 The side effects from taking ARV drugs are 
known to be very significant. 

e)	 There are few if any side effects from 
taking multivitamins and micronutrients 
and any side effects are trivial when 
compared to the known side effects of ARV 
drugs. 

Ideally, the case for one treatment being bet­
ter than another would be made from a com­
parative study of both treatments in the same 
trial. However, no such trials have been pub­
lished or (as far as we are aware) carried out. 
Nevertheless, the significantly reduced risk of 
AIDS development at an early non-symptom­
atic stage of HIV infection from consumption 
of a daily multivitamin supplement as seen in 
prospective studies in HIV-positive, asymptom­
atic men [45,46] was an important finding. 
Similarly, the delayed progression of HIV dis­
ease seen in HIV-positive pregnant women 
given multivitamin supplements was also an 
important, significant finding [47]. In contrast, 
in the Concorde study, AZT was unable to 
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delay the progression of the HIV disease in 
asymptomatic HIV-positive individuals [12]. 

Since multivitamin supplementation delayed 
the progression of HIV to AIDS and vitamins 
are essentially non-toxic compared to ARV 
drugs, multivitamin supplementation provides 
a better alternative to ARV therapy in the 
early stages of HIV infection. 

At later stages of HIV infection, in cohorts 
of patients with low CD4 counts, multiple 
micronutrient supplementation was also shown 
to significantly enhance survival of individuals 
with low CD4 counts. Those with a count 
<100 and taking a placebo were 4 times as 
likely to die compared with those being given 
micronutrients. Those with higher counts up to 
200 on placebo were twice as likely to die [49]. 

In contrast to the benefits of micronutrient 
supplementation in HIV patients in the later 
stages of HIV infection, as discussed above, 
only short-term improvement in survival with 
attendant serious side effects was seen from 
AZT treatment in AIDS patients, a benefit that 
was not maintained in a longer-term follow-up 
study [11,19]. Furthermore, the effect of triple-
combination ARV treatment on survival in 
AIDS patients was shown to worsen with the 
decline in CD4 count (<200/µL) [17]. 

In addition, other benefits seen from inges­
tion of micronutrients include: 

a) Immune restoration and retardation of HIV 
disease progression. 

b) Decreases in AIDS-defining symptoms 
following micronutrient supplementation as 
seen in our community health nutrient 
program affecting people with AIDS in 
South Africa (see section below). 

c) Improvement of CD4 count, quality of 
life and body weight after 52 weeks 
following daily supplementation with 
micronutrients [4]. 

Pending a cure for HIV/AIDS, vitamins and 
micronutrients are certainly more of an 
‘answer’ than ARV drugs. Whether vitamins 
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and micronutrients will halt the disease’s 
progression to AIDS or delay its onset will 
depend on individual patient circumstances, 
but at the pre-AIDS stage they are more effec­
tive in the treatment of HIV than ARV drugs. 

CD4 counts or HIV viral load have been 
employed as surrogate markers for AIDS over 
the last two decades and are routinely used as 
a biomarker to approve ARV drugs. Insofar as 
micronutrients are concerned, there is evidence 
that they not only improve surrogate markers 
(CD4 count and viral load) but also retard dis­
ease progression and decrease AIDS-defining 
symptoms. In contrast, except for the short-term 
survival benefit seen with AZT in the Fischl 
et al. studies [11,19] and limited, relative sur­
vival benefit (dependent on CD4 count) reported 
in the Hogg et al. study [17], there is no signifi­
cant evidence that ARV drugs cause reversal of 
the progression of AIDS beyond affecting surro­
gate markers. In contrast micronutrient supple­
mentation in a community-wide setting in South 
Africa has been shown to reduce the physical 
symptoms of AIDS as presented below. 

9. OUTCOME FROM A 
COMMUNITY HEALTH 

MICRONUTRIENT PROGRAM IN 
SOUTH AFRICA 

9.1 Background and Setting 

In 2005, the Dr Rath Health Foundation 
South Africa, a non-profit organization, donated 
a micronutrient supplement program to the 
South African National Civic Organization 
(SANCO) to support its community-based nutri­
tional health initiative among people affected 
by AIDS. SANCO organized the distribution of 
this nutritional supplement in various town­
ships in South Africa, including Cape Town 
(Townships: Khayelitsha and Western Cape), 
KwaZulu Natal province (including Durban) 
and Free State. 
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9.2 Participants and Methods 

9.2.1 Evaluation 

Participants in this program were selected by 
community health professionals and included 
adult HIV-positive men and non-pregnant 
women with advanced AIDS symptoms (CDC 
stage 2 or 3), none of whom were or had been 
taking ARV drugs. 

At the beginning of the program and after 
periodic intervals of taking the nutritional sup­
plement, the health status of the participants 
was assessed with the aid of a bilingual ques­
tionnaire that graded AIDS-defining symptoms 
for Africa (according to the Bengui definition 
of AIDS) and other physical symptoms on a 
scale of 0 to 4 (0 = no symptoms, 1 = mild, 
2 = medium, 3 = advanced, 4 = severe). 

Approximately 813 patients were evaluated 
who had completed all three examinations and 
questionnaires. The scores from the ques­
tionnaires were entered into Excel data sheets 
and the severity of symptoms after the first 
three visits (visit 3) was compared to that 
observed at the first visit (visit 1) which marks 
the start of nutritional supplement intake by 
the participants. 

Statistical significance of differences in the 
change of symptom severity between visit 1, 
visit 2 and visit 3 was determined by the one-
tailed paired t test. Statistical significance of 
the result is indicated by a P-value, where P 
equal or below 0.05 indicates that the results 
reached statistical significance. The lower the 
P-value, the more likely it is that the result 
will be achieved in a larger population. 

9.2.2 Informed Consent 

All participants gave their informed consent 
prior to participation in this program. 

9.2.3 Nutritional Supplement 

The nutritional supplement consisted of a 
defined combination of vitamins, minerals, trace 
B. EFFECTS OF INDIVIDUA
elements, amino acids, and polyphenols (from 
green tea) as well as other nutrients and was 
supplied in the form of tablets to be taken three 
times a day with meals. This natural program 
was declared as a Food/Nutritional supplement 
for distribution and importation into South 
Africa in terms of the Foodstuffs, Cosmetics 
and Disinfectant Act, 1972 (act No 54 of 1972) 
and allowed into South Africa by the Director, 
Inspectorate and Law Enforcement of Medicine 
Regulatory Affairs. 

9.3 Results 

9.3.1 Khayelitsha Township 

The results from evaluation of participants 
in the Khayelitsha Township near Cape Town 
have been previously reported [56]. Briefly, 
changes in severity of symptoms were evalu­
ated after three visits (10–12 weeks) from 
the beginning of micronutrient supplementa­
tion in 56 participants who completed all three 
examinations and questionnaires. The results 
showed statistically significant reduction in 
severity of: 

a) All AIDS-defining symptoms that include 
fever, weight loss, diarrhea, cough, and 
severity of tuberculosis (TB). 

b) Fungal and opportunistic infections. 
c) Other physical symptoms associated with 

AIDS such as skin sores, skin rashes, 
swollen glands, colds and flu, fatigue, 
headache, numbness in extremities, and 
joint pain. 

No adverse side effects occurred from intake 
of the micronutrient supplements. 

9.3.2 KwaZulu-Natal 

The micronutrient supplement evaluated in 
Khayelitsha was subsequently rolled out in 
KwaZulu-Natal by SANCO. Similarly to other 
sites, the health status of participants was 
assessed with the aid of a bilingual questionnaire 
L VEGETABLES ON HEALTH 
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TABLE 22.1 Severity of AIDS Related Symptoms at Baseline (0 Weeks) and after 4 and 8 Weeks of Taking 
Nutritional Supplement in Subjects from KwaZulu-Natal (KZN) 

Symptom Number Symptom Severity Symptom Severity After Taking Nutritional 
of Before Taking Supplement 
Patients Nutritional 

Supplement 

Visit 1 (0 weeks) Visit 2 (4 weeks) Visit 3 (8 weeks) 

Score % Score Decrease Score Decrease P-value 
in % in % 

AIDS-defining symptoms 

Cough, breath 421 1.54 100 1.11 28.00 0.96 37.69 <0.0001 

Diarrhea 296 1.28 100 0.80 37.47 0.67 48.02 <0.0001 

Fever, chills, sweating 473 1.72 100 0.94 45.51 0.89 48.34 <0.0001 

Other physical symptoms 

Blurred vision 406 1.07 100 0.91 15.17 0.86 19.1 0.002 

Colds, flu 455 1.49 100 0.96 35.74 0.82 45.44 <0.0001 

Dizzy, light headed 362 1.24 100 0.69 43.97 0.72 41.96 <0.0001 

Dry, itchy skin 440 1.66 100 1.13 31.74 1.00 39.53 <0.0001 

Eyes sensitivity 457 1.78 100 1.42 20.30 1.31 26.45 <0.0001 

Gum bleeding 276 1.06 100 0.73 30.82 0.67 36.30 <0.0001 

Irregular heartbeat 335 1.07 100 0.79 26.94 0.77 28.61 0.0001 

Loose teeth 134 0.85 100 0.62 27.19 0.46 46.49 0.001 

Skin bruises 297 1.26 100 0.87 30.93 0.75 40.80 <0.0001 

Sweating without exertion 429 1.72 100 1.21 29.44 1.06 38.40 <0.0001 

Swelling 235 1.16 100 0.68 41.54 0.56 51.47 <0.0001 

Unusual thirst 522 2.07 100 1.76 15.00 1.71 17.13 <0.0001 

Vomiting, nausea 267 1.10 100 0.64 42.18 0.50 54.42 <0.0001 

Pain symptoms 

Headache 511 1.73 100 1.28 25.90 1.16 32.81 <0.0001 

Joint pain 476 1.88 100 1.22 34.83 1.06 43.67 <0.0001 

Muscle cramps 414 1.56 100 1.15 26.58 0.94 39.88 <0.0001 

Pain in mouth, lip, gums 301 1.13 100 0.64 43.40 0.70 38.42 <0.0001 

Pains, numbness, tingling 483 1.90 100 1.16 39.28 0.95 50.16 <0.0001 

Data express severity of AIDS-related symptoms as mean values of symptom scores in indicated number of patients.
 
These scores were determined with the aid of a questionnaire as described in the text.
 
A decrease in severity of symptoms after 4 weeks and 8 weeks of taking nutritional supplement was calculated and
 
expressed as percent change. Statistical analysis evaluated significance of change in severity of symptoms between visit 1
 
(0 weeks) and visit 3 (8 weeks) of micronutrient supplementation. Values with P<0.05 were considered statistically
 
significant.
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that graded AIDS-defining symptoms for Africa 
and other physical symptoms on a scale of 0 to 4 
(0 = no symptoms, 1 = mild, 2 = medium, 
3 = advanced, 4 = severe). The evaluation 
included assessing the changes in severity of 
symptoms after three visits (8 weeks) from the 
beginning of micronutrient supplementation. Five 
hundred and twenty two participants completed 
all three examinations and questionnaires. 

Results showed that daily micronutrient sup-
plementation was associated with statistically 
significant reduction in severity of all symp­
toms (Table 22.1), which included: 

a) AIDS-defining symptoms including fever, 
chills and sweats, diarrhea, and cough 
(Figure 22.1).
 

b) Specific clinical symptoms such as blurred
 
vision, colds and flu, unusual thirst, 
vomiting, and nausea. 

c) Other physical symptoms including 
swelling, skin bruises, irregular heartbeat, 
and gum bleeding. 

d) Pain symptoms such as numbness of 
extremities, pain in mouth, lip and gums, 
muscle cramps, joint pain, and headaches. 

No adverse side effects occurred from intake 
of the micronutrient supplements. 

9.3.3 Western Cape 

The micronutrient supplement evaluated in 
Khayelitsha and KwaZulu-Natal was also rol­
led out in Western Cape by SANCO. Similarly 
to other sites, the health status of participants 
was assessed with the aid of a bilingual ques­
tionnaire that graded AIDS-defining symptoms 
for Africa and other physical symptoms on 
a scale of 0 to 4 (0 = no symptoms, 1 = mild, 
2 = medium, 3 = advanced, 4 = severe). The 
evaluation included the changes in severity of 
symptoms after three visits from the beginning 
of micronutrient supplementation. One hun­
dred and fifty three participants completed all 
three examinations and questionnaires. 
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FIGURE 22.1 Changes in severity of cough, shortness 
of breath (A), diarrhea (B) and fever, chills, and sweating 
(C) in persons with AIDS before (visit 1) and after visits 2 
and 3 of micronutrient supplementation in subjects from 
KwaZulu-Natal (KZN). 
N = number of participants experiencing these symptoms 
before and during the program; P = statistical significance 
of the change between visits 3 and 1. 

Results showed that daily micronutrient sup­
plementation was associated with statistically sig­
nificant reduction in severity of multiple physical 
symptoms (Table 22.2), which included: 

a)	 AIDS-defining symptoms including fever, 
chills and sweats, diarrhea, and cough 
(Figure 22.2). 
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TABLE 22.2 Severity of AIDS-related Symptoms at Baseline (Visit 1) and After Second and Third Visits of 
Taking Nutritional Supplement in Subjects from Western Cape (WC) 

Symptom Number of 
Patients 

Symptom Severity Before Taking 
Nutritional Supplements 

Visit 1 
Score 

% Visit 2* 
Score 

Decrease 
in % 

Symptom Severity After Taking 
Nutritional Supplements 

Visit 3* 
Score 

Decrease 
in % 

P-value 

AIDS-defining symptoms 

Cough, breath 

Diarrhea 

Fevers, chills, sweating 

Other physical symptoms 

147 

70 

153 

1.84 

1.34 

2.01 

100 

100 

100 

1.11 

0.59 

1.21 

39.63 

56.38 

39.74 

0.88 

0.29 

0.97 

52.22 

78.72 

51.79 

<0.0001 

<0.0001 

<0.0001 

Blurred vision 

Colds, flu 

Dizzy, light headed 

Dry, itchy skin 

Eyes sensitivity 

Gum bleeding 

Irregular heartbeat 

Skin bruises 

Sweating without exertion 

Swelling 

Unusual thirst 

Vomiting, nausea 

Pain symptoms 

92 

153 

114 

100 

102 

59 

59 

78 

112 

60 

128 

77 

1.82 

1.94 

1.53 

1.94 

1.91 

1.32 

1.42 

1.14 

1.51 

1.42 

1.72 

1.53 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

0.67 

1.13 

0.70 

0.72 

0.80 

0.71 

0.80 

0.92 

0.83 

0.85 

0.95 

0.65 

62.87 

41.75 

54.02 

62.89 

57.95 

46.15 

44.05 

19.10 

44.97 

40.00 

45.00 

57.63 

0.48 

0.84 

0.32 

0.47 

0.49 

0.49 

0.44 

0.63 

0.69 

0.50 

0.55 

0.25 

73.65 

56.90 

78.74 

75.77 

74.36 

62.82 

69.05 

44.94 

54.44 

64.71 

67.73 

83.90 

<0.0001 

<0.0001 

<0.0001 

<0.0001 

<0.0001 

0.0002 

<0.0001 

0.0037 

<0.0001 

<0.0001 

<0.0001 

<0.0001 

Headache 

Joint pain 

Muscle cramps 

Pain in mouth, lip, gums 

Pains, numbness, tingling 

149 

130 

134 

63 

146 

1.50 

1.79 

1.53 

1.16 

1.71 

100 

100 

100 

100 

100 

0.95 

1.11 

1.02 

0.75 

0.98 

37.05 

38.20 

33.17 

35.62 

42.57 

0.85 

0.69 

0.72 

0.41 

0.82 

43.30 

61.37 

53.17 

64.38 

51.81 

<0.0001 

<0.0001 

<0.0001 

<0.0001 

<0.0001 

Data express severity of AIDS-related symptoms as mean values of symptom scores in indicated number of patients.
 
These scores were determined with the aid of a questionnaire as described in the text.
 
A decrease in severity of symptoms after second and third visit of taking nutritional supplement was calculated and
 
expressed as percent change. Statistical analysis evaluated significance of change in severity of symptoms between visit 1
 
and visit 3 of micronutrient supplementation. Values with P< 0.05 were considered statistically significant.
 
*Based on random means taken for 21 subjects, the average time to visit 2 was 17 weeks and that for visit 3 was 40 weeks.
 
 

b)	 Specific clinical symptoms such as colds 

and flu, blurred vision, dry, itchy skin, and
unusual thirst. 
B. EFFECTS OF INDIVIDUAL
c) Other physical symptoms including 
vomiting and nausea, irregular heartbeat, 
gum bleeding and swelling. 
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FIGURE 22.2 Changes in severity of cough, shortness of breath (A), diarrhea (B) and fever, chills, and sweating (C) in 
persons with AIDS before (visit 1) and after visits 2 and 3 of micronutrient supplementation in subjects from Western Cape 
(WC). 
N = number of participants experiencing these symptoms before and during the program; P = statistical significance of the 
change between visits 3 and 1. 
d)	 Pain symptoms such as numbness of 
extremities, pain in mouth, lip and gums, 
joint pain, muscle cramps, and headaches. 

No adverse side effects occurred from intake 
of the micronutrient supplements. 

9.3.4 Free State 

The micronutrient supplement evaluated in 
Khayelitsha, Western Cape, and KwaZulu-Natal 
B. EFFECTS OF INDIVIDUAL
was also rolled out in Free State by SANCO. 
Similarly to the other sites, health status of parti­
cipants was assessed with the aid of a bilingual 
questionnaire that graded AIDS-defining symp­
toms for Africa and other physical symptoms 
on a scale of 0 to 4 (0 = no symptoms, 1 = mild, 
2 = medium, 3 = advanced, 4 = severe). The eval­
uation included assessing the changes in sever­
ity of symptoms after 3 visits (8–10 weeks) from 
the beginning of micronutrient supplementation. 
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TABLE 22.3 Severity of AIDS-related Symptoms at Baseline (0 weeks) and After Second Visit (4–6 weeks) and 
Third Visit (8–10 weeks) of Taking Nutritional Supplement in Subjects from Free State (FS) 

Symptom Number 
of 
Patients 

Symptom Severity 
Before Taking 
Nutritional 
Supplement 

Visit 1 (0 weeks) 

Score 

Symptom Severity After Taking Nutritional 
Supplement 

Visit 2 (4–6 
weeks) 

Visit 3 (8–10 weeks) 

% Score Decrease 
in % 

Score Decrease 
in % 

P-value 

AIDS-defining symptoms 

Cough, breath 

Fever, chills, sweating 

Other physical symptoms 

73 

82 

1.89 

2.61 

100 

100 

1.68 

2.02 

10.87 

22.43 

1.45 

1.93 

23.19 

26.17 

0.0237 

0.0012 

Blurred vision 

Colds, flu 

Dizzy, light headed 

Dry, itchy skin 

Eyes sensitivity 

Gum bleeding 

Irregular heartbeat 
Skin bruises 

Sweating without exertion 

Unusual thirst 

Vomiting, nausea 

Pain symptoms 

Headache 

Joint pain 

Pains, numbness, tingling 

76 

77 

73 

56 

78 

50 

71 

35 

73 

76 

61 

75 

68 

79 

2.84 

2.40 

2.25 

2.07 

2.40 

1.74 

1.93 

1.66 

2.38 

2.54 

1.77 

2.40 

2.37 

2.49 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

2.05 

1.78 

1.73 

1.54 

2.12 

1.72 

2.00 

1.54 

1.67 

2.03 

1.33 

2.47 

1.99 

1.90 

27.78 

25.95 

23.17 

25.86 

11.76 

1.15 

–3.65 

6.90 

29.89 

20.21 

25.00 

–2.78 

16.15 

23.86 

1.72 

1.65 

1.55 

1.09 

1.97 

1.22 

1.39 

0.86 

1.75 

1.75 

1.03 

1.65 

1.79 

1.61 

39.35 

31.35 

31.10 

47.41 

17.65 

29.89 

27.74 

48.28 

26.44 

31.09 

41.67 

31.11 

24.22 

35.53 

0.0295 

0.0017 

0.0016 

0.0008 

0.0262 

0.0313 

0.0222 

0.0153 

0.0074 

0.0007 

0.0068 

0.0003 

0.0129 

0.0001 

Data express severity of AIDS-related symptoms as mean values of symptom scores in indicated number of patients.
 
These scores were determined with the aid of a questionnaire as described in the text.
 
A decrease in severity of symptoms after visit 2 (4–6 weeks) and visit 3 (8–10 weeks) of taking nutritional supplement
 
was calculated and expressed as percent change. Statistical analysis evaluated significance of change in severity of
 
symptoms between visit 1 and visit 3 of micronutrient supplementation. Values with P<0.05 were considered statistically
 
significant.
 
Eighty-two participants completed all three 
examinations and questionnaires. 

Results showed that daily micronutrient 
supplementation was associated with statisti-
cally significant reduction in severity of 
B. EFFECTS OF INDIVIDUAL
physical symptoms (Table 22.3), which 
included: 

a) AIDS-defining symptoms including cough, 
fever, chills, and sweats (Figure 22.3). 
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b)	 Specific clinical symptoms such as gum 
bleeding, irregular heartbeat, and skin 
bruising. 

c)	 Other physical symptoms including blurred 
vision, colds and flu, vomiting and nausea, 
and unusual thirst. 

d)	 Pain symptoms such as numbness of 
extremities, joint pain, and headaches. 

No adverse side effects occurred from intake 
of the micronutrient supplements. 

10. SUMMARY 

The evaluation of the effects of a micronutri­
ent program on AIDS-defining symptoms and 
other symptoms associated with AIDS in differ­
ent populations of patients living in different 
townships and different regions of South Africa, 
which included Cape Town (Khayelitsha and 
Western Cape), KwaZulu-Natal province 
(including Durban) and Free State, concludes 
that: 

a)	 Daily supplementation with a nutritional 
program containing a defined complex of 
vitamins, minerals, trace elements, selected 
amino acids, polyphenols, and other 
essential nutrients by AIDS patients not 
taking antiretroviral drugs (ARVs) caused 
significant reduction in all AIDS-defining 
and other physical symptoms associated 
with the progression of AIDS. 

b)	 These observed health improvements in 
AIDS patients were consistent independent 
of the township location and region of the 
country. 

This evaluation, along with clinical studies 
reviewed in this report, suggests that science-
based effective, safe and affordable micronutri­
ent supplementation in combination with other 
measures of improving nutritional status and 
living conditions can become a basis of public 
health strategy to fight immune deficiency 
B. EFFECTS OF INDIVIDUA
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FIGURE 22.3 Changes in severity of cough, shortness 
of breath (A) and fever, chills, and sweating (B) in persons 
with AIDS before (visit 1) and after visits 2 and 3 of micro-
nutrient supplementation in subjects from Free State (FS). 
N = number of participants experiencing these symptoms 
before and during the program; P = statistical significance 
of the change between visits 3 and 1. 

diseases including AIDS. Implementation of 
these findings by national governments and 
international organizations would save mil­
lions of lives and represent successful, cost-
effective, and sustainable global public health 
strategies to control AIDS until a cure is found. 
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1. INTRODUCTION
 

Prostate cancer (PCA) is the most common 
cancer in men in Europe [1] and in the USA [2]. 
In the USA, 186,320 new diagnosed cases (25% 
of all cancers) and 28,660 deaths from PCA are 
expected for 2008. Even though mortality from 
PCA has been decreasing [2], it takes second 
place in the USA [2] and third place in Europe 
[1] of all causes of cancer death in men. Benign 
prostate hyperplasia (BPH) is the most common 
benign neoplasm in men [3]. This raises the 
question if there are any dietary measures with 
proven evidence for the prevention and therapy 
of these prostate diseases. 

Based on epidemiological data, regular con­
sumption of tomatoes, tomato products (TTP), 
Bioactive Foods in Promoting Health: Fruits and Vegetables 34
and isolated lycopene (the main carotenoid in 
TTP [4]) is postulated to contribute to the preven­
tion of PCA [5] whereas epidemiological data for 
the prevention of BPH are scarce. Does the scien­
tific literature provide evidence for a therapeutic 
benefit, investigated by intervention studies with 
patients suffering from BPH and PCA? There is a 
body of in vitro evidence that lycopene protects 
from DNA damage by increasing antioxidant 
protection. Moreover, lycopene induces apopto­
sis and phase II enzymes and inhibits the IGF-1 
pathway which might prevent the development 
and progression of PCA [6]. Furthermore, lyco­
pene reduces the synthesis of 5-α-dihydrotestos­
terone stimulating the growth of the prostate 
gland [7]. This would also be desirable for the 
prevention and therapy of BPH [8]. 
3 r 2010 Elsevier Inc. All rights reserved. 
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The protective effect of TTP and/or lycopene 
on the development of PCA can only be verified 
by intervention studies. Since an intervention 
study with the endpoint PCA would last sev­
eral years, the benefit from diet or nutrients can 
only be assessed by suitable surrogate markers 
which are associated with PCA such as DNA 
damage and changes in the insulin-like growth 
factor I (IGF-1) signaling pathway [9]. The thera­
peutic value of TPP and/or lycopene for treat­
ment of PCA was evaluated by consideration of 
intervention studies in which clinically or prog­
nostically relevant parameters [prostate specific 
antigen (PSA), metastasis, symptoms, mortality] 
were measured. The same procedure was 
applied for the therapy of BPH. Since data on 
BPH prevention from intervention studies with 
healthy men on PSA as a surrogate marker for 
BPH are not available so far, epidemiological 
studies were considered instead. 

Thus, the aim of this review was to judge 
the evidence of beneficial effects of TTP and 
lycopene in the prevention and therapy of BPH 
and PCA from human intervention studies con­
sidering the quantity and quality of the studies 
and the consistency of the results. 

2. METHODS 

The scientific literature was searched in 
Medline using the following key words: con­
sumption/ingestion of tomatoes, tomato pro­
ducts, lycopene, prostate cancer, benign prostate 
hyperplasia, DNA damage, DNA strand breaks, 
8-hydroxydesoxyguanosine (8-OHdG), oxidized 
(nucleo)bases, prostate specific antigen (PSA), 
IGF-1, prevention, therapy, intervention study. 

2.1 Benign Prostate Hyperplasia 

2.1.1 Prevention 

The impact of lycopene-rich vegetables 
and lycopene on the prevention of BPH was 
B. EFFECTS OF INDIVIDUAL
investigated in two cohort studies [10,11] and in 
one case-control study [12]. Both cohort studies 
were performed in the USA with 24,829 [10] 
and 4770 [11] men and a follow-up of 9 [11] and 
14 [10] years, respectively. The case-control 
study was done in Italy with 1369 patients and 
1451 age-matched controls [12]. In all studies, 
fruit and vegetable consumption was assessed 
by a validated food frequency questionnaire 
[10–12]. The results of Rohrmann et al. show 
that neither total intake of lycopene-rich vege­
tables (sum of tomatoes, tomato juice, water 
melon, grapefruit, and pizza) nor the intake of 
lycopene affect the risk for BPH [10]. This could 
also be observed in the case-control study of 
Tavani et al. [12] for lycopene. In addition to sur­
gical treatment [12], lower urinary tract symp­
toms and medical treatment served as criteria 
for BPH in these two studies [10]. In the cohort 
study of Kristal et al. [11], a tendency for lower 
risk could be observed if the incidence of BPH 
was defined by treatment with α-blockers, finas­
teride, surgical intervention, or clinical symp­
toms [international prostate symptom score 
(IPSS) Z15]. If physicians’ diagnosis of BPH 
was defined as the endpoint, the association 
became significant [11]. Since the average intake 
of lycopene was comparable in the studies of 
Tavani et al. (7.5 mg/d), Rohrmann et al. 
(8.6 mg/d) and Kristal et al. (6.9 mg/d), the dif­
ferent definitions of the endpoint may explain 
the divergent results. Thus, the question 
whether the ingestion of TTP and/or lycopene 
contributes to prevention of BPH cannot yet be 
evaluated. 

2.1.2 Therapy 

Table 23.1 provides an overview on interven­
tion studies investigating the effect of TTP or 
lycopene intake on prognostically relevant 
parameters in patients with BPH. 

The therapeutic benefit of tomato products 
was investigated only in a single study in 
which PSA level decreased by 11% after daily 
 VEGETABLES ON HEALTH 
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TABLE 23.1 Effect of Tomato Paste or Lycopene Ingestion on Clinically and Prognostically Relevant Parameters 
in BPH Patients 

N Supplementation	 Additional Period of Study Design Parameter Results 
Intake of Intervention 
Lycopene 
Per Day 

Edinger and 43 Tomato paste, 13 mg 10 weeks Not controlled 
Koff, 2006 [13] 50 g/d 

Mohanty et al., 40 Lycopene 8 mg 12 months Randomized 
2005 [14] controlleda 

parallel group 
design 

Schwarz et al., 40 Lycopene 15 mg 6 months Double-blind 
2008 [15] placebo-

controlled 
randomized 
parallel group 
design 

PSA k Tomato 
paste 

PSA k V, m Pb 

PSA k V, + P 
IGF-1 + V, +P 
IGF-BP-3 + V, +P 
Size of prostate k V, m P 
gland 
Symptoms k V, m P 
(IPSS pointsc) 

aPatients in the control group were advised to renounce tomatoes and melons.
 
bWithout statistical evaluation
 
cAmerican Urological Association questionnaire to measure clinical symptoms and quality of life index.
 
IGF-1, insulin-like growth factor-1; IGFBP-3, insulin-like growth factor binding protein-3; IPSS, international prostate
 
symptom score; P, placebo group; PSA, prostate specific antigen; V, treated group; k significant decrease; m significant
 
increase; + no significant changes.
 
ingestion of 50 g tomato paste for 10 weeks 
(equating to ingestion of 13 mg lycopene) [13]. 
However, the lack of a control group impairs 
the significance of this study. Since further 
studies are not available, the therapeutic effect 
of tomato product consumption in patients 
with BPH cannot be judged so far. 

The impact of isolated lycopene was investi­
gated in two intervention trials. In the study of 
Mohanty et al. [14], ingestion of 8 mg/d lyco­
pene for 1 year by patients with manifest BPH 
and high grade prostatic intraepithelial neopla­
sia (HGPIN) decreased PSA by 42% in the trea­
ted group. In control patients, who were 
advised not to eat tomatoes and melons, PSA 
even increased. Even if the significance of 
these results cannot be evaluated objectively as 
statistical analysis is missing, the results of 
Mohanty et al. are confirmed by a random­
ized, double-blind, placebo-controlled study of 
B. EFFECTS OF INDIVIDUA
Schwarz et al. (2008) in which daily ingestion 
of 15 mg lycopene for 6 months lowered PSA 
(mean change 11%) and prevented further 
enlargement of the prostate gland as assessed 
by digital rectal examination and trans-rectal 
ultrasonography [15]. Due to the consistent 
results and the excellent design of this pow­
ered study, suggestive evidence for a therapeu­
tic benefit of lycopene in treatment of BPH 
seems to exist. 

2.2 Prostate Cancer 

2.2.1 Prevention 

Effects on DNA Damage Prevention by 
Tomatoes and Tomato Products As shown 
in Table 23.2, reduced DNA damage in 
untreated leukocytes (DNA strand breaks 
in vivo) could only be observed in an 
L VEGETABLES ON HEALTH 
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N Supplementation Additional daily Period Study Biom
intake of design 

carotinoids/vitamins 

Pool-Zobel et al., 23 TJ 330 ml/d 40.0 mg Lycopene 2 wk Not Ox. bases
1997 [16] controlled (leukocyte

SB in vivo
SB vs. H2O
ex vivo 

Briviba et al., 55 TE 3 capsules/d 4.88 mg Lycopene 2 wk Double-blind SB in vivo
2004 [17] Placebo 0.48 mg Phytoene placebo­

0.44 mg Phytofluene controlled 
1.181 mg α-tocopherol randomized 

Riso et al., 2006 26 Soft drink with 5.7 mg Lycopene 26 d Double-blind SB in vivo
[18] 6% TE 250 mL/d 3.7 mg Phytoene placebo-con­

2.7 mg Phytofluene trolled 
1.0 mg β-carotene crossover 
1.8 mg α-tocopherol 

Riso et al., 1999 10 TP 60 g/d 1.5 mg Lycopene 3 wk Controlled SB in vivo
[19] Tomato free diet 0.6 mg β-carotene randomized 

crossover SB vs. H2O
ex vivo 

Porrini and Riso, 9 TP 25 g/d 7.0 mg Lycopene 2 wk Not SB in vivo
2000 [20] 0.3 mg β-carotene controlled SB vs. H2O

ex vivo 

Porrini et al., 26 Soft drink with 5.7 mg Lycopene 26 d Double-blind SB vs. H2O
2005 [21] 6% TE 250 mL/d 3.7 mg Phytoene placebo­

2.7 mg Phytofluene controlled 
1.0 mg β-carotene crossover 
1.8 mg α-tocopherol 

Rao and 19 TS 126 g/d (a) 20.5 mg Lycopene 1 wk Placebo- Ox. bases
Agarwal, 1998 TS 126 g/d (b) 39.2 mg Lycopene controlled (leukocyte
[22] TJ 540 mg/d 50.4 mg Lycopene randomized 

TE 1 capsule/d (a) 75.0 mg Lycopene crossover 
TE 1 capsule/d (b) 150.0 mg Lycopene 
Placebo 
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ized Ox. bases (fasting + TS (concentrate) 
urine, 8-OHdG) + TS (ready to serve) 

+ vegetable juice 

 as SB vs. H2O2 k TP + spinach 
ex vivo k spinach 

rs was not considered ethical to use in these subjects.
 
uree twice per week.
 

; TE, tomato extract; TJ, tomato juice; TP, tomato puree;
 
 change.
 
Riso et al., 2004 12 Mix of raw tomatoes, 8.0 mg lycopene 3 wk Not 
[24] tomato puree, 0.5 mg β-carotene controll

tomato sauceb 11.0 mg Vitamin C 

Kiokias and 32 TE (24.6 mg) + 7.6 mg Lycopene 3 wk Double-
Gordon, 2003 further carotenoid­ 7.6 mg β-carotene blind 
[25] rich extractsc + fish 7.6 mg Lutein placebo

oil fish oila 7.6 mg α-carotene controll
random
crossove
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Hadley et al., 60 TS (concentrate) 35 mg Lycopene 15 d Random
2003 [26] 300 mL/d 0.7 mg β-carotene 

0.2 mg Lutein 
0.3 mg Zeaxanthine 

TS (ready to serve) 23 mg Lycopene 
320 mL/d 0.5 mg β-carotene 

0.2 mg Lutein 
0.3 mg Zeaxanthine 

Vegetable juice 25 mg Lycopene 
340 mL/d 1.4 mg β-carotene 

0.4 mg Lutein 
0.3 mg Zeaxanthine 

Porrini et al., 9 TP 25 g/d + 7.0 mg Lycopene 3 wk Spinach
2002 [28] spinach 150 g/d 0.3 mg β-carotene control 

spinach 150 g/d 

aFish oil was given to induce oxidative challenge as supplementation with β-carotene in smoke
bSubjects consumed on 3 days per week tomato sauce and tomatoes, respectively, and tomato p
c6.3 mg palm oil carotene extract, 2.0 mg marigold extract, 3.7 mg paprika extract, 3.7 mg bixin.
 
d, days; Ox. bases, oxidized DNA bases; SB, DNA-strand breaks in leukocytes; T, raw tomatoes
TS, tomato sauce; wk, week(s); k significant reduction; m significant increase; + no significant
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uncontrolled study after ingestion of tomato 
juice [16], whereas further studies with a con­
trolled study design [17–19] did not show any 
changes in the extent of DNA damage after con­
sumption of TTP [17–21]. The content of oxi­
dized DNA bases in leukocytes did not change 
after daily consumption of tomato juice [16,22], 
spaghetti sauce, or tomato extract [22]. However, 
since DNA strand breaks in vivo as well as oxi­
dized DNA bases in cells or tissues reflect only 
the steady state determined by the balance 
between damage and repair rates [23], conclu­
sions from such studies on the effect of dietary 
measures on DNA damage cannot be drawn. 

In contrast to these parameters, the resis­
tance of DNA against strand breaks, induced 
by oxidants ex vivo, is a sensitive marker to 
evaluate changes in the antioxidant protection 
of DNA by an intervention [23]. Its resistance 
against strand breaks induced by oxidative 
challenge can be investigated by treatment of 
single cells in suspension (e.g. leukocytes) with 
oxidants ex vivo (e.g. hydrogen peroxide or fer­
rous ions). As shown by the majority of stud­
ies [19–21,24], the ex vivo resistance of 
leukocytes to DNA strand breaks increased 
after daily ingestion of tomatoes or tomato pro­
ducts for 2–4 weeks (Table 23.2). Only one 
study with an uncontrolled design did not 
show any changes [16]. Under conditions of 
oxidative stress induced by ingestion of fish 
oil, the 8-OHdG to creatinine ratio in urine, a 
reliable parameter for the rate of DNA damage 
(in contrast to oxidized bases in cells or tissue) 
[23], did not increase after ingestion of a carot­
enoid extract containing 60% tomato extract as 
observed in the control group [25]. Thus, sup­
plementation seems to increase the resistance 
of cells against oxidative DNA damage in vivo. 
In contrast, Hadley et al. did not find any chan­
ges in urinary excretion of 8-OHdG [26]. 
However, they did not relate 8-OHdG to creati­
nine which has shown to be the main predic­
tor of urinary 8-OHdG [27]. Therefore, the 
B. EFFECTS OF INDIVIDUA
validity of the results on urinary excretion of 
8-OHdG in the study of Hadley et al. remains 
questionable. 

Despite differences in sample size (9–60 par­
ticipants), study design (placebo-/controlled 
[17–19,21,22,25,28] vs. uncontrolled [20, 24]), 
diet (no dietary guidelines [21,25] vs. restric­
tions on carotenoid intake [19,20,24,28]), and 
lycopene intake (1.5–8 mg/d), data are consis­
tent that regular ingestion of tomato products 
increases the resistance of DNA to oxidative 
damage ex vivo [19–22,24] and in vivo [25]. 
Due to the correlation between DNA damage 
in leukocytes and in prostate tissue [29], simi­
lar protection of the DNA in prostate tissue 
can be expected. Since oxidative stress is 
involved in the development of PCA [30,31], 
regular consumption of TTP probably protects 
against development of PCA. 

Effects on DNA Damage by Lycopene In 
all studies, lycopene concentration in plasma 
[17,19–22,24–26] as well as in leukocytes 
[16,20,21,24] increased after ingestion of TTP 
with lycopene doses of 1.5–150 mg/d. Regarding 
non-lycopene carotenoids which were, how­
ever, ingested in comparably lower amounts 
(see Table 23.2), results are divergent [17,20, 
21,24,25] except for phytofluene and phytoene 
which increased in plasma [17,21] and in leuko­
cytes [21] as well as lycopene did. 

To investigate whether lycopene is responsi­
ble for increased resistance of DNA to oxida­
tive-induced damage after ingestion of TTP, 
isolated lycopene was supplemented in five 
studies (6.5–30 mg/d, 1–16 weeks) (Table 23.3). 
However, changes in the resistance of DNA to 
damage ex vivo [32–35] and in the content of oxi­
dized nucleobases in leukocytes [36] and urine 
[32] did not occur if daily doses r15 mg/d 
were ingested. Only higher doses of lycopene 
(30 mg/d, 8 weeks) reduced H2O2-induced 
strand breaks in leukocytes which was accompa­
nied by a decreased 8-OHdG to creatinine ratio 
L VEGETABLES ON HEALTH 
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TABLE 23.3 Effect of Lycopene and Further Carotenoids on DNA Damage in Healthy Volunteers 

N Supplementation	 Additional Period Study Design Biomarker Results 
Daily Intake 
of Carotenoids 

Devaraj 77 Lycopene 6.5 mg 8 wk Double-blind SB vs H2O2 k 30 mg lycopene, 
et al., 2008 Placebo 15 mg placebo- ex vivo + 6.5 and 15 mg 
[32] 30 mg controlled lycopene, 

randomized + placebo 
parallel group Ox. bases k 30 mg lycopene 
comparison (24 h urine, + placebo 

(8-OHdG: 
creatinine 
ratio)a 

Astley et al., 28	 Lycopene 15 mg 4 wk Double-blind SB in vivo + lycopene, lutein, 
2004 [33]	 β-carotene 15 mg placebo- placebo,m β-carotene 

Lutein 15 mg controlled SB vs H2O2 + All interventions 
Placebo randomized ex vivo 

crossover 

Torbergsen 8 Lycopene 15 mg 1 wk Crossover SB in vivo + All interventions 
and Collins,	 β-carotene 15 mg 
2000 [34]	 Lutein 15 mg 

Zhao et al., 37	 Lycopene 12 mg 8 wk Double-blind SB vs H2O2 + lycopene, lutein, 
2006 [35]	 β-carotene 12 mg placebo- ex vivo k β-carotene 

Lutein 12 mg controlled SB in vivo k All interventions 
Combination 3 x 4mg  randomized SB vs H2O2 + All interventions 
Placebo parallel group ex vivo 

comparison 

Collins et al., 40 Lycopene 15 mg 16 wk Placebo- Ox. Bases + All interventions 
1998 [36] α-/β-carotene 15 mg controlled (leukocytes) 

Lutein 15 mg randomized 
Placebo parallel group 

comparison 

aInvestigation of 8-OHdG to creatinine ratio only in the high dose and in the placebo group. 
8-OHdG, 8-hydroxydesoxyguanosine; Ox. bases, oxidized DNA bases; SB, DNA strand breaks in leukocytes; wk, week(s); 
k significant decrease; m significant increase; + no significant changes. 
in 24 h urine [32]. Since  ingestion of tomato pro­
ducts with lycopene doses above 30 mg/d for 
only one [22] or two weeks [16,26] did not 
show similar results, the longer period of sup­
plementation in the study of Devaraj et al. [32] 
(8 weeks) may explain the beneficial effects. 

Since DNA damage was not reduced in all 
these studies with well-controlled design after 
supplementation of isolated lycopene at moder­
ate doses (12–15 mg/d) [32–36] which can be 
easily ingested with a standard serving of TTP 
B. EFFECTS OF INDIVIDUA
(Table 23.3), further ingredients seem to be 
responsible for increased protection of cells 
against DNA damage after consumption of 
TTP. Therefore, similar trials were performed 
with β-carotene and lutein (Table 23.2). Except 
for β-carotene which reduced DNA damage in 
a single study [34], effects did not occur in fur­
ther studies with a placebo-controlled design 
[33,35,36]. Even combined supplementation of 
lycopene, β-carotene, and lutein did not affect 
the resistance of leukocyte DNA to oxidative 
L VEGETABLES ON HEALTH 
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challenge [35]. Thus, in contrast to TTP, the 
ingestion of isolated carotenoids in comparable 
amounts does not protect against DNA dam­
age induced by oxidative challenge ex vivo. 
Moreover, a reduction in DNA strand breaks 
in vivo [33–35] and in oxidized bases in leuko­
cytes did not occur [36]. The weak contribution 
of lycopene, phytoene, and phytofluene concen­
tration in leukocytes on DNA damage ex vivo 
(regression coefficient 0.3–0.34), determined 
after daily ingestion of tomato products [21], 
underlines that protection from DNA damage 
by TTP cannot be attributed to a single caroten­
oid, but rather to a broad spectrum of bioac­
tive compounds (e.g. polyphenols [37,38] as 
well as vitamin C and E [39]) (see also 
Table 23.2) which may exert synergistic effects 
with carotenoids [40]. Thus, there is some evi­
dence from experimental studies that protec­
tion from PCA can only be achieved by 
ingestion of TTP, and not by isolated ingestion 
of either lycopene, β-carotene, or lutein. 

Effects on IGF Pathway by Tomato 
Products Within a double-blind, placebo-con­
trolled trial, the concentration of lycopene and 
further carotenoids increased in plasma after 
ingestion of a tomato drink (250 mL/d, 26 
days). Although the plasma levels of lycopene 
correlated inversely with those of IGF-1 (IGF-1 
is accompanied by an increased risk for PCA 
[41]), IGF-1 concentration did not change after 
regular consumption of the tomato drink 
despite an increase in plasma lycopene. 
However, if only participants with a distinct 
increase in plasma lycopene level (>0.25 μmol/ 
L and >100%, respectively) were considered 
(high responders), a significant reduction of 
IGF-1 in this subgroup could be observed. 
However, the concentration of IGF binding pro­
tein 3 (IGFBP-3), which is known to reduce the 
activity of IGF-1 and the IGF-1 to IGFBP-3 
ratio, did not change in high responders [18]. 
Since further studies are not available, the 
impact of regular consumption of TTP on 
B. EFFECTS OF INDIVIDUAL
protection from PCA by modulation of the IGF 
pathway cannot yet be evaluated. 

2.2.2 Therapy 

Effects Of Tomato Products The effect of 
tomato consumption, including tomato pro­
ducts, on clinically and prognostically relevant 
parameters in patients with PCA has been 
investigated in four different studies so far 
(Table 23.4). 

In the study of Chen et al. (2001) [42] (also 
published by Bowen et al. [29] and Kim et al. 
[43]), 32 patients consumed a pasta meal with 
30 g tomato sauce (corresponding to 30 mg lyco­
pene) daily for 3 weeks. Lycopene concentration 
increased in plasma ( + 97%) and in prostate tis­
sue ( + 192%). PSA in serum as well as the con­
tent of oxidized nucleobases in leukocytes and 
in the prostate tissue decreased. After interven­
tion, the concentration of oxidized nucleobases 
in the prostate tissue was lower compared to 
patients who did not receive any pasta meals. 
Furthermore, apoptotic cells in tumor areas 
increased which may suppress the progression 
of the disease [43]. Since a correlation between 
lycopene concentration and DNA damage in 
prostate tissue did not occur after intervention 
[29], the increased protection from DNA dam­
age cannot be explained only by lycopene. 

In the study of Kucuk et al. [44], 15 patients 
with PCA, also in stage T1/T2 disease, ingested 
tomato extract daily for 3 weeks. The lycopene 
concentration in prostate tissue was higher in 
the treated compared to the control group 
(N = 11) after intervention, but the PSA level as 
well as oxidized nucleobases in leukocytes did 
not change despite the intake of the same dose 
of lycopene (30 mg/d) as in the study of Chen 
et al. [42]. Since lycopene in plasma did not 
increase [44], the bioavailability of carotenoids 
from the tomato extract might have been lower 
than from the tomato sauce ingested with the 
pasta meal in the study of Chen et al. [42]. This 
may be the reason for the lack of changes in 
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TABLE 23.4 Effect of Tomato Products on Clinically and Prognostically Relevant Parameters in PCA Patients 

N Supplementation Additional Period Stage of Study Parameter Results 
Daily Disease Design 
Lycopene 
Intake 

Bowen et al., 32 1 pasta meal/d 30 mg 3 wk T1/T2 Not PSA k V 
2002 [29]; with tomato sauce controlled Ox. bases k V 
Chen et al., 
2001 [42]; 

200 g/d (leukocytes) 
Ox. bases k V, V <Rb 

Kim et al., (prostate 
2003 [43] gland) 

Apoptosis m V 
tumor tissue 

Kucuk et al., 26 Tomato extract 30 mg 3 wk T1/T2 Controlleda PSA + V, + C 
2002 [44] 2 capsules/d parallel Ox. bases + V, + C 

group (leukocytes) 
comparison IGF-1 k V, k C 

IGFBP-3 k V, k C 

Grainger 41 Tomato productsc Z25 mg 8 wk Relapse Not PSA response 25% Tomato 
et al.,2008 or soy for 4 wk; 43715 mg 50% controlled (lower PSA products 
[45] thereafter tomato hormone randomized PSA-dou­ 43% Soy; 

products + soy therapy, two arms bling >9 T = S 30 vs. 
for 4 weeks for 50% parallel months) 48%, T = S 
both groups hormone 

naived 
group design IGF-1 + 

Jatoi et al., 46 Tomato puree or 30 mg 4 mo Androgen- Not PSA response + 
2007 [46] juice independent controlled (k Z50% vs. 

PCA t0 for Z8 
weeks) 
metastases + 

aControls should maintain dietary habits, but consume five portions of fruit and vegetables per day.
 
bReference group: Seven patients who did not receive the pasta meal and who were only investigated once.
 
cE.g. juice, raw, catsup, salsa, pizza, sauce, soup, chilli.
 
dBoth subgroups were evenly distributed between the two groups.
 
C, control group; IGF-1, insulin-like growth factor-1; IGFBP-3, insulin-like growth factor binding protein-3; mo, months;
 
Ox. bases, oxidized DNA bases; PSA, prostate specific antigen; wk, weeks; R, reference group; V, treated group; k
 
significant decrease; m significant increase; + no significant changes.
 
oxidized nucleobases of leukocytes and in PSA 
after supplementation of tomato extract in the 
study of Kucuk et al. [44]. The decrease in IGF-1 
and IGFBP-3 in both treated and control groups 
in the study of Kucuk et al. [44] is not surpris-
ing as patients from the control group were 
advised to consume five servings of fruit and 
vegetable per day which might also increase the 
intake of carotenoids. Thus, the effects achieved 
from tomato extract and high consumption of 
B. EFFECTS OF INDIVIDUAL
fruit and vegetables seems to have comparable 
effects on the IGF pathway. 

In contrast to Kucuk et al., Grainger et al. 
[45] did not observe any changes in IGF-1 after 
regular ingestion of diverse tomato products 
and a comparably higher mean ingestion of 
lycopene (43 mg vs. 30 mg), but a decrease of 
PSA. However, due to the lack of a control 
group, the effect of tomato products on IGF-1 
and PSA remains unclear. 
 VEGETABLES ON HEALTH 
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Clark et al., 
2006 [47] 

36 Lycopene 15 mg 
30 mg 
45 mg 

1 yr Relapsea 

No 
metastases 

Not 
controlled 
six arms 

60 mg 
90 mg 
120 mg 

randomized 
parallel 
group 
comparison 

Ansari & 
Gupta, 2003 
[48] 

54 Orchidectomy + 
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PSA response and metastases did not change 
in the study of Jatoi et al. after daily supple­
mentation of tomato puree or juice for 4 
months, providing 30 mg/d lycopene [46]. As
to Grainger et al., conclusions on the effect of 
tomato products on prognostically relevant 
parameters cannot be drawn due to the uncon­
trolled study design. 

Because of the divergent results on prog­
nostically relevant parameters and method­
ological weakness (lack of adequate control 
group) in all these studies [29,42–46], evi­
dence for a therapeutic benefit of regular 
consumption of TTP in patients with PCA is 
scarce. Intervention studies with a randomized, 
(placebo-) controlled study are urgently neces­
sary to judge the evidence. 

Effects of Lycopene The effect of lycopene 
on prognostically relevant parameters in pa­
tients with PCA was investigated only in three 
intervention trials (Table 23.5). Clark et al. [47] 
measured PSA after ingestion of 15, 30, 45, 60, 
90 or 120 mg/d lycopene for 1 year. However, 
a decline in PSA level of at least 50% versus 
baseline – according to Ansari and Gupta 
(2003) defined as partial PSA response [48] – 
did not occur. In a controlled, randomized trial 
from Ansari and Gupta [48] with orchidecto­
mized patients suffering from bone metastases, 
mean PSA level decreased after regular inges­
tion of 4 mg/d lycopene for 2 years compared 
with controls who did not receive lycopene. 
Even if the percentage of patients with partial 
response on PSA and metastases (at least 50% 
reduction vs. baseline) was not different 
between the groups, a complete response (PSA 
reduction to values <4 ng/mL, no metastases 
detectable) occurred more often in the treated 
group than in the control group (78% vs. 40%), 
whereas progression of disease (PSA increase 
Z25%: 7% vs. 25%; new metastases: 7% vs. 
15%) was less frequent in the treated com­
pared to the control group. This might also 
explain the lower mortality in treated patients 
B. EFFECTS OF INDIVIDUAL
than in controls (13% vs. 22%). The peak flow 
rate as well as further voiding symptoms 
improved in the treated group. The longer 
period of supplementation of lycopene in this 
study (2 years) compared to other studies 
(ingestion of tomato products or lycopene for 
weeks or months) with unclear or only partial 
effects [42,44] may be relevant for the results. 
Perhaps therapeutic effects of tomato products 
or lycopene can only be observed in the long 
term. Thus, daily intake of relatively low doses 
of lycopene (4 mg/d), which can also be easily 
ingested by consumption of TTP (Table 23.6), 
may be an efficient measure within adjuvant 
therapy of PCA. The question if patients with 
androgen-resistant PCA would also profit from 
such measures remains open, as the studies of 
Jatoi et al. [46] and Ansari and Gupta [49] 
were uncontrolled and did not allow final 
conclusions. 

Thus, in contrast to the prevention of PCA, 
there is at least a little evidence that regular 
ingestion of lycopene in doses of 4 mg/d, 
which can easily be achieved by a standard 

TABLE 23.6 Lycopene Intake by Consumption of 
Tomatoes and Tomato Products 

Standard Serving Lycopene 
Intake (mg)a 

Tomatoes 1 piece, medium, 65 g 2.0 

Tomato puree 1 tablespoon, 20 g 3.3 

Tomato catsup 1 tablespoon, 20 g 3.4 

Tomato juice 1 glass, 200 g 18.7 

Tomato soup 1 dish, 200 g 21.8 

Tomato sauce 4 tablespoons, 60 g 1.0 

Pizza 1 piece, medium, 500 g 16.3b 

Pasta with 1 dish, 250 g 7.9 
tomato sauce 

aCalculation based on carotenoid database of US.
 
Department of Agriculture and National Cancer Institute
 
(Holden et al., J. Food Comp. Anal. 1999) by consideration
 
of commonly consumed servings (according to
 
Bundeslebensmittelschluessel II.3.2).
 
bMean value of diverse pizza.
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serving of TTP (Table 23.6), may be useful in 
the therapy of PCA. 

3. SUMMARY 

The role of TTP in the prevention of BPH can­
not yet be evaluated, but there is some evidence 
that regular consumption of TTP may protect 
against the development of PCA. Tomato pro­
ducts are probably useful in the therapy of 
BPH, whereas their benefit in therapy of PCA is 
not clear as well-controlled studies are lacking. 

Supplementation of isolated lycopene does 
not protect against DNA damage and thus 
against development of PCA – in contrast to 
TTP. However, in the therapy of BPH and PCA, 
supplementation of lycopene in relatively low 
doses which are also ingested with common ser­
vings of TTP may be useful in the long term. 
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1. INTRODUCTION
 

Eating patterns in Western industrialized 
countries are characterized by a high energy 
intake and chronic overconsumption of satu­
rated fat, cholesterol, sugar, and salt [1]. Many 
chronic illnesses such as obesity, diabetes, car­
diovascular or neurodegenerative diseases as 
well as cancer have been repeatedly associated 
with dietary unhealthy habits [1]. In contrast, 
low saturated fat intake and high fruit and veg­
etable intake have been found to be relevant in 
the prevention of health problems and in the 
reduction of chronic disease risks [1,2]. 

The prescription of nutritionally balanced 
low-energy diets is a common strategy for 
body weight reduction [3]. These hypocaloric 
diets are designed according to traditional nutri­
ent recommendations to supply a balanced 
Bioactive Foods in Promoting Health: Fruits and Vegetables 3
ratio of protein (10–20% energy), carbohydrate 
(50–65% energy), and fat (25–35% energy) in 
reduced quantities to provide an energy intake 
of 3350–6280 KJ (800–1500 kcal/d). However, 
the traditional nutritionally adequate low-
energy diets frequently failed to promote 
stable weight loss, and the explanations for 
such limited success were mostly attributed to 
the ‘poor adherence’ to specific low-energy 
diets. In this context, dietary approaches based 
upon changes in the macronutrient distribution 
rather than food restriction to treat obesity are 
becoming increasingly popular because they 
might favorably affect weight loss and lipid pro­
file [3]. Consequently, at the present time, clini­
cal trials show that the enrichment of diets in 
foods with high fiber content and antioxidant 
properties such as fruits, vegetables, and 
legumes with the purpose of reducing the risk 
59 r 2010 Elsevier Inc. All rights reserved. 



360 24. PLANT FOOD AND OBESITY MANAGEMENT 
of illnesses associated with obesity could pro­
vide an additional healthy value by improving 
compliance and lowering risk. 

Fruit, vegetables, and legumes are rich sour­
ces of a variety of nutrients, including miner­
als, vitamins, fiber, and some kinds of 
biologically active substance such as poly-
phenols, flavonoids, and carotenoids, among 
many others. These compounds may be impor­
tant in dietary disease prevention, either alone 
or, in some cases, in combination with nuts 
and other plant-foods [4–6]. 

In this context, daily consumption of at least 
three to five servings of fruits and vegetables 
may inhibit or slow down chronic disease pro­
gression, due to their capacity to modulate bio­
logical processes by means of their nutrients 
and phytochemical compounds [7]. However, 
the putative mechanisms that may be responsi­
ble for the favorable effects of consumption of 
these plant derived-foods remain mainly unde­
fined. In this chapter, some mechanisms 
concerning fruit, vegetables, and legumes con­
sumption, currently proposed to prevent 
chronic disease risk, such as obesity and its 
comorbidities, and promote health status, are 
identified and reported. 

2. OBESITY: STATE OF THE ART 

Obesity and associated complications are cre­
ating a serious pandemic in the industrialized 
world and in transition countries. The preva­
lence of obesity has increased dramatically dur­
ing the last decade not only in the USA but also 
in Europe and other regions [8]. The health bur­
den of this metabolic disorder in developed 
countries represents an important economic 
load on the total health cost [9]. This dramatic 
economic outcome is apparently worsened by 
the fact that high body mass index (BMI) or obe­
sity is an important independent risk factor for 
various chronic diseases, including the develop­
ment of type II diabetes, hypertension, coronary 
B. EFFECTS OF INDIVIDUA
heart disease, and an increased incidence of sev­
eral types of cancer [10,11]. 

Obesity in humans is also considered a state 
of chronic inflammation and oxidative stress 
[12,13]. An increasing amount of evidence sug­
gests that oxidative stress is linked to patho­
physiological mechanisms concerning multiple 
acute and chronic human diseases [14]. 
Therefore, oxidative stress has been proposed 
as a possible mechanism underlying the devel­
opment of comorbidities in obesity [12]. 
Indeed, obesity is not a single disorder, but a 
complex multifactorial disease involving the 
interactions between environmental and genetic 
factors [15,16]. Among the environmental fac­
tors, together with a sedentary lifestyle and low 
physical activity patterns, diet appears be an 
important contributor in the development of 
obesity [3,17]. 

In this context, dietary patterns, including 
typical foods of the traditional Mediterranean 
diet such as vegetables, fruits, and legumes, 
may be more useful than nutrient-based meth­
ods for dietary therapy and in public health 
efforts [18]. These foods present special proper­
ties that make them useful to nutritional treat­
ment by enhancing weight loss and decreasing 
the development of obesity comorbidities. 

3. NUTRITIONAL VALUE AND 
PHYTOCHEMICALS CONTENT OF 

FRUITS, VEGETABLES, AND 
LEGUMES 

Distinct types of fruit and vegetables differ 
widely in their nutrient content and, in recogni­
tion of this, national and international agencies 
recommend fruit and vegetable consumption 
from diverse groups, frequently based on nutri­
ent content and form. In addition, preparation 
and storage conditions affect the nutrient con­
tent of fruit and vegetables. In this chapter, the 
nutritional values and phytochemical compo­
nents of fruit, vegetables, and legumes are 
L VEGETABLES ON HEALTH 
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TABLE 24.1 Fruit Content of Macronutrients, Fructose, Fiber, Vitamins, and Total Antioxidant Capacity (TAC) 
in European and American Diets 

Fruit CHOb Proteinb Fatb Fructosea Fiberb Vit Cb Vit Eb Vit Aa (µEq. TACc 

(g/100 g) (g/100 g) (g/100 g) (g/100 g) (g/100 g) (mg/100 g) (mg/100 g) retinol/100 g) (mmol/kg) 

Apple 10.5 0.3 Tr 5.0 2.3 12.4 0.4 4.0 3.23 

Banana 20.8 1.2 0.27 3.8 2.5 11.5 0.23 18 2.28 

Cherry 13.5 0.8 0.5 5.5 1.5 8.0 0.1 3.0 8.10 

Grape (black) 15.5 0.6 0.7 8.0 0.4 4.0 0.7 3.0 11.09 

Grape (white) 16.1 0.6 Tr 8.2 0.9 4.0 0.70 3.0 3.25 

Kiwifruit 12.1 1.0 0.5 4.4 1.5 94 – 3.0 7.41 

Melon 6 0.6 Tr – 0.7 25 0.1 784 5.73 

Orange 8.9 0.8 Tr 2.4 2.3 50.6 0.21 49.0 20.50 

Peach 9.0 0.6 0.1 0.9 1.4 8.0 0.5 17.0 6.57 

Pear 11.7 0.4 0.1 6.0 2.2 5.2 0.9 2.0 5.00 

Pineapple 11.5 0.5 0.1 2.3 1.2 20.0 0.1 3.0 15.73 

Plum 11.0 0.6 0.2 3.5 2.1 3.0 0.7 21.0 12.79 

Strawberry 7.0 0.7 0.6 2.3 2.2 60 0.2 1 22.74 

Watermelon 4.5 0.4 Tr – 0.2 5 0.1 87 1.13 

aSource: Belitz et al., 2004 [22]; Ansorena, 1999 [23].
 
bSource: Mataix, 2003 [24]
 
cSource: ferric reducing-antioxidant power (FRAP; mmol Fe + 3/kg); Pellegrini et al., 2003 [21].
 
Tr, traces. 
summarized (Tables 24.1 and 24.2). However, 
foods are biochemically complex and contain 
compounds which may interact with each 
other. Therefore, the effect of a particular food 
in the human body cannot be completely 
described by the effects of single nutrients [19]. 

3.1 Fruits and Vegetables 

High fruit and vegetable intake is commonly 
recommended because plant-foods contain a 
high proportion of water, are low in fats, pro­
vide a high content of fiber and fructose, and 
are good sources of vitamins and minerals [7]. 
Also, there are many minor components in 
such foods known as phytonutrients, which 
may elicit biological responses in mammalian 
systems that are consistent with reduced risk of 
one or more chronic diseases [20]. 
B. EFFECTS OF INDIVIDUAL
Fruit and vegetables can be consumed fresh, 
canned, or as juice. Both fruits and fruit juices 
are rich in vitamins and minerals like vitamin 
C, potassium, and folate. Total antioxidant 
capacity in fruit juices generally has a similar 
value to the whole fruit [21]. Therefore, 
individuals can consume fruit and vegetable 
juices to achieve the recommended amounts of 
vitamin A, vitamin C, folate, and potassium, 
while whole plant-foods offer some nutritional 
advantages. Fresh, canned, and frozen fruits 
and vegetables are generally a good source of 
fiber, but fruit juices are not often good 
suppliers. 

Fruits and vegetables constitute an indis­
pensable group of foods for balancing the 
human diet, especially by their contribution to 
fiber and vitamin supply (Table 24.1 and 
Table 24.2). Fruits and vegetables tend to be 
juicy because of their high content of water, 
usually ranging from 75 to 90%. Soluble 
 VEGETABLES ON HEALTH 



362 24. PLANT FOOD AND OBESITY MANAGEMENT 
TABLE 24.2 Vegetables Content of Macronutrients, Fiber, Vitamins, and Total Antioxidant Capacity (TAC) in 
European and American Diets 

Vegetables CHOa Proteina Fata Fibera Vit Ca Vit Ea Vit Aa (µEq. TACb 

(g/100 g) (g/100 g) (g/100 g) (g/100 g) (mg/100 g) (mg/100 g) retinol/100 g) (mmol/kg) 

Artichoke 2.9 2.4 0.1 10.8 7.6 0.2 8.0 11.09 

Asparagus 1.7 2.9 Tr 1.5 21.6 2.0 53.0 10.60 

Broccoli 1.8 4.4 0.9 2.6 87.0 1.3 69.0 11.67 

Carrot 7.3 0.9 0.2 2.9 6.0 0.5 1346.0 1.06 

Cauliflower 3.1 2.2 0.2 2.1 67.0 0.2 0.0 4.27 

Cucumber 1.9 0.7 0.2 0.5 6.0 0.1 2.0 0.71 

Eggplant 2.7 1.2 0.2 1.4 5.0 0.1 5.2 3.77 

Endive 3.6 1.5 0.2 1.3 10.0 1.0 25 3.24 

Garlic 24.3 5.3 0.2 1.2 14.0 0.1 Tr 0.62c 

Lettuce 1.4 1.5 0.6 1.5 12.2 0.5 29.0 4.94 

Mushroom 0.5 1.8 Tr 1.9 4.0 0.1 0.0 16.39 

Onion 5.3 1.4 Tr 1.8 6.9 0.4 1.4 5.28 

Pepper (red bell) 3.7 0.9 0.2 1.4 131.0 0.8 67.5 20.98 

Potato 16.1 2.5 0.2 1.8 18.0 0.1 0.0 3.67 

Spinach 2.0 2.5 0.5 1.8 35.0 1.6 542.0 26.94 

Swiss chard 4.5 2.0 0.4 0.8 20.0 0.1 183.0 11.60 

Tomato 3.5 1.0 0.1 1.40 26.6 0.9 94.0 5.12 

Zucchini 6.0 1.3 0.2 1.30 10.0 – 4.0 3.33 

aSource: Mataix, 2003 [24].
 
bSource: ferric reducing-antioxidant power (FRAP; mmol Fe + 3/kg); Pellegrini et al., 2003 [21].
 
cSource: ferric reducing-antioxidant power (FRAP; mmol Fe + 3/kg); Nencini et al., 2007 [32].
 
Tr, traces. 
substances that can be found in the moisture 
are sugars, salts, organic acids, minerals, 
water-soluble pigments, and vitamins [22]. 
Aside from water, carbohydrates are the main 
constituents in fruits, which include sugars, 
starches, and non-digestible carbohydrates 
[22,23]. In addition, fruits and vegetables pro­
vide bulk to the diet through their content of 
fiber, including celluloses, hemicelluloses, and 
pectin substances, which are not extensively 
digested because of the lack of enzymes capa­
ble of hydrolyzing such substances. Moreover, 
one serving of most fruits commonly contains 
1 g or less of protein with a low amount of fat. 
Fruits are poor in calcium and phosphorus 
and, in general, are not particularly good sour­
ces of iron [22,23]. 
B. EFFECTS OF INDIVIDUA
Vegetables contain an average of 1–3% nitro­
gen compounds, of which 35–80% is protein. 
The rest is constituted by amino acids, pep-
tides, and other compounds. The lipid content 
of vegetables is generally low (0.1–0.9%). 
Generally, potassium is by far the most abun­
dant mineral in vegetables, followed by cal­
cium, sodium, and magnesium [22]. 

With regard to vitamins, most fruits are low 
in the B-vitamins, but citrus fruits, including 
oranges, lemons, and grapefruit, are excellent 
sources of ascorbic acid [22,23]. Yellow fruits 
such as peaches are a fairly good source of 
carotenoids, the precursor of vitamin A 
(Table 24.1). The vitamin content of vegetables 
may vary significantly depending on the culti­
var and climate [22]. In spinach, for example, 
L VEGETABLES ON HEALTH 
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the ascorbic acid content varies from 40 to 
155 mg/100 g fresh weight and potatoes con­
tain 15–20 mg/100 g of vitamin C (Table 24.2), 
whereas carotenoids are occasionally found in 
large amounts in vegetables [22]. 

Furthermore, fruits and vegetables are able 
to supply different non-nutritional components 
such as polyphenols or other compounds, 
which may have healthy benefits and positive 
functions [21]. 

In this context, the antioxidant capacity of 
several substances occurring in plants has been 
documented in human intervention studies, 
although most of the work has been directed 
toward the effects of vitamins C and E and β­
carotene [4,25,26]. Also, flavonoids, which are 
more potent antioxidants than vitamins C and 
E, have been receiving increasing attention 
[27]. These constituents operate additive and 
synergistically, contributing to the health bene­
fits attributed to the diet [2,28,29]. 

Because different antioxidant compounds 
may act in vivo through different mechanisms, 
no single method can fully evaluate the total 
antioxidant capacity (TAC) of foods. Based on 
this assumption, several studies evaluated the 
TAC of individual foods by means of three 
assays [21]: Trolox equivalent antioxidant 
capacity (TEAC), total radical-trapping antioxi­
dant parameter (TRAP), and ferric reducing-
antioxidant power (FRAP). The TRAP assays 
evaluate the chain-breaking antioxidant poten­
tial and FRAP methods assess the reducing 
power of the sample [21], while TEAC assay 
measures the ability of antioxidants to quench 
a 2,2u-azinobis(3-ethylbenzothiazoline-6sulfonic 
acid) radical cation (ABTS + ) in both lipophilic 
and hydrophilic environments [23]. Based on 
TEAC data from Pellegrini et al. (2003), the 
TAC value of some commonly consumed fruits 
in the European and American diet [30,31] is 
reported (Table 24.1). 

Analyzed berries, plums, and some varieties 
of apples have a relatively high TAC, which is 
likely to be associated with the high content of 
B. EFFECTS OF INDIVIDUAL
flavonoids such as anthocyanins. Oranges and 
grapes exhibited intermediate antioxidant 
capacity in agreement with the higher con­
centrations of phenolic compounds and vita­
min C, while bananas, melon, and watermelon 
had low TAC values [21,33]. 

Taking into account vegetable TAC values 
(Table 24.2), it has been shown that spinach 
was the food with the greatest antioxidant 
capacity, followed by peppers, whereas cucum­
ber and endive exhibited the lowest TAC 
values [21]. 

3.2 Legumes 

Grain legumes have been eaten by humans 
in every country for thousands of years, but 
only lately have their consumption as a food 
and their effects on wellbeing begun to be inves­
tigated using suitably scientific approaches [6]. 
Thus, studies have now pointed out that 
legumes supply the diet with complex carbohy­
drates, soluble fibers, essential vitamins, and 
metals as well as with polyphenols such as fla­
vonoids, isoflavones, and lignans, which might 
classify this food as a potential functional food 
[34]. However, with the exception of soya-
beans, few nutritional studies have been carried 
out in the area of legumes. 

In terms of economic importance, the 
Leguminosae constitute one of humanity’s most 
important groups of plants. They are the major 
staple foods and the seed of legumes provides 
humankind with a highly nutritious food 
resource [6]. Moreover, they are cheaper than 
animal products. Therefore, they are consumed 
worldwide as major staple sources of protein 
especially in low income countries [34]. Indeed, 
grain legumes apparently provide specific thera­
peutic properties that have been described in 
traditional medicine books for phytotherapeutic 
use, being also an important element of the 
Mediterranean diet pattern [6]. Therefore, grain 
legumes may effectively contribute to a balanced 
 VEGETABLES ON HEALTH 
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diet and can prevent widespread illnesses includ­
ing diabetes mellitus, cardiovascular diseases, 
and cancer [35]. 

Legumes include peas, beans, lentils, chick­
peas, and other plants that are used as food in 
different culinary forms [36]. From the nutri­
tional point of view, legumes are considered as 
a source of cholesterol-free proteins. The pro­
tein content of legumes (Table 24.3) ranges gen­
erally between 20% and 30% of energy, 
although the quality of legumes protein is often 
underestimated because of their relatively low 
content of sulfur amino acids [22]. However, 
this relatively low sulfur amino acids content 
(methionine, cysteine) may provide an advan­
tage in terms of calcium retention [5]. The 
hydrogen ions produced from sulfur amino 
acid metabolism cause demineralization of bone 
and excretion of calcium in the urine, suggest­
ing a legumes beneficial effect on bone health 
[5]. Moreover, the amounts of another essential 
amino acid, lysine, are much greater than in 
cereal grains, legume and cereal proteins being 
nutritionally complementary with respect to 
lysine and sulfur amino acid contents. In addi­
tion, legumes are an excellent source of dietary 
fiber (Table 24.3) which confers low glycemic 
values to these plant-foods. 

Most legumes are very low in fat, generally 
containing about 5% of energy or less as fat 
B. EFFECTS OF INDIVIDUAL
(Table 24.3) with the exception of some chick­
peas and soybeans, which may contain about 
15% and 47% fat, respectively [5,22]. The 
legumes fat contains predominantly linoleic 
acid, n-3 fatty acid, and α-linolenic acid [5,22]. 
However, because of the low fat content of 
legumes, the contribution of this grain to lino­
lenic acid intake is scarce. 

Taking into account micronutrients, legumes 
are a good source of folate, iron, zinc, and cal­
cium, although bioavailability of iron is poor 
[36]. In general, it is recognized that legumes 
are good source of complex B vitamins, such 
as thiamin, niacin, and folic acid, while vita­
mins A and E are found in low amounts [36]. 

Currently, legumes are being extensively 
investigated for their content of several compo­
nents that traditionally have been considered 
to be antinutrients, such as trypsin inhibitors, 
hydrolase inhibitors, phytate, oligosaccharides, 
lectins, tannins, saponins, and isoflavones 
among others [5,6]. However, some of these 
antinutritive components have been related 
to beneficial effects on preventing chronic 
diseases [5]. 

The TAC of legumes has been less investi­
gated than that of cereals, vegetables, and 
fruit. However, it has been demonstrated that 
lentils had the highest TAC (Table 24.3) among 
the legumes analyzed [37–39], while chickpeas 
TABLE 24.3 Legumes Content of Macronutrients, Fiber, Vitamins, and Total Antioxidant Capacity (TAC) in 
European and American Diets 

Legume CHOa Proteina Fata Fibera Vit Ca Vit Ea Vit Aa (µEq. TACb 

(g/100 g) (g/100 g) (g/100 g) (g/100 g) (mg/100 g) (mg/100 g) retinol/100 g) (mmol/kg) 

Lentils 54.8 23.0 1.7 11.2 3.4 1.8 10.0 41.65 

Garden peas 56.0 21.6 2.3 16.7 2.0 1.0 42.0 8.59 

Beans 54.8 21.4 1.5 21.3 3.4 2.0 Tr 9.59 

Chickpeas 55.8 20.5 5.5 13.6 4.1 3.1 33.0 5.50 

Soyabean 15.8 35.0 18.0 15.7 Tr 2.9 2.0 8.20c 

aSource: Mataix, 2003 [24].
 
bSource: ferric reducing-antioxidant power (FRAP; mmol Fe + 3/kg); Pellegrini et al., 2006 [37].
 
cSource: ferric reducing-antioxidant power (FRAP; mmol Fe + 3/kg); Halvorsen et al., 2002 [33].
 
Tr, traces.
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showed the lowest TAC values (Table 24.3) 
[37–39]. 

Therefore, in addition to providing proteins 
and dietary fiber, legumes may serve as an 
excellent dietary source of natural antioxidants 
for disease prevention and health promotion, 
as well as their potential use as functional 
ingredients for processing into nutraceuticals 
and health food in the food industry [38,39]. 

4. BENEFITS OF FRUIT, 
VEGETABLES, AND LEGUMES 

CONSUMPTION: CLINICAL AND 
EPIDEMIOLOGICAL EVIDENCE 

4.1 Promoting Weight Loss 

Weight lowering in obesity conditions is a 
required target to improve health. In this con­
text, an inverse association of fruit/vegetable 
consumption with weight gain has been 
revealed [40] (Table 24.4). Dietary patterns asso­
ciated with a high intake of fruits and vege­
tables may reduce long-term risk of 
subsequent weight gain and obesity [41]. This 
increase in consumption of fruit and vegetables 
together with a reduction of fat intake can con­
tribute to a diet lower in energy density, mod­
erating weight gain and promoting weight 
maintenance [42,43]. Moreover, hypocaloric 
diets enriched with fruit seem to be involved 
in beneficial effects on cardiovascular disease 
associated risk by decreasing cholesterol 
plasma levels in addition to promoting weight 
loss [44,45] (Table 24.4). However, interven­
tions prescribing a plant-based diet without a 
specific energy restriction do not appear to pro­
mote such changes in body weight [46]. Thus, 
several relatively small studies indicate that 
advice to increase fruit and vegetable intake, 
without other specific guidelines in the dietary 
pattern, was associated with no body weight 
change in spite of the spontaneous decrease in 
the proportion of fat in the diet [47]. Therefore, 
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in order to maintain body weight it is impor­
tant to give advice on the form of food, as 
well as on the fruits and vegetables intake. 

Regarding legume eating, epidemiological 
observations indicate that subjects with higher 
soy food consumption have lower body weight 
than those with lower soy intakes [66,67]. In  
fact, intervention studies suggest that obese 
individuals are more prone to lose weight with 
soy protein than with animal proteins as a 
major diet component. This effect is more rele­
vant when a soy-based meal replacement is 
coupled with a high fruit and vegetables con­
sumption [58]. Moreover, it has been demon­
strated that a soy-based low-calorie diet 
decreases the body fat percentage as compared 
with a traditional low-calorie diet, although 
the effectiveness of weight loss was similar 
[65]. In the same way, a non soybean legumes-
based hypocaloric diet was shown to induce 
higher weight loss than a conventional bal­
anced hypocaloric diet in obese subjects [57]. 
Moreover, an energy-restricted diet containing 
high legume proteins improved weight loss by 
decreasing the fat mass content to a greater 
extent in comparison with a fatty fish and a 
control balanced diet without legume and fatty 
fish consumption [64] (Table 24.4). 

4.2 Decreasing the Obesity 
Comorbidities Risk 

Obesity is consistently considered as a risk 
factor associated with the origin or develop­
ment of various chronic diseases, including 
coronary heart disease, hypertension, type II 
diabetes mellitus, and cancer, among other 
complications [10,11]. 

Epidemiological and experimental studies 
have shown a role for plant-food intake in the 
maintenance of health by decreasing the risk of 
chronic diseases [68]. So, current scientific evi­
dence (Table 24.4) suggests that a vegetable-
based and high-fiber diet is associated with 
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TABLE 24.4 Epidemiological and Experimental Evidence Concerning the Role of Plant Foods on Obesity and in 
Associated Complications 

Study Design Population Major Finding Study 
Reference 

Intervention 

Longitudinal 

Case-control 

Cross-sectional 

Longitudinal 

Longitudinal 

Case-control 

Intervention 

Intervention 

Intervention 

Cross-sectional 

Intervention 

Intervention 

Longitudinal 

Longitudinal 
and cross-
sectional 

Intervention 

Longitudinal 

Obese women (N = 15)
 

Diagnosed breast cancer women
 
(N = 285,526)
 

Smoker subjects (N = 20)
 

Postmenopausal women
 
(N = 586)
 

Diagnosed oral premalignant
 
lesions subjects (N = 207)
 
Women in the Nurses' Health
 
Study (NHS) (N = 34,467)
 

Healthy (N = 385) and diag­
nosed bladder cancer subjects
 
(N = 200)
 
Hypertensive patients (N = 20)
 

Hyperlipidemic patients
 
(N = 57)
 

Male Wistar rats (N = 5)
 

Men (N = 5094) and women
 
(N = 6613)
 

Obese women (N = 15)
 

Obese people (N = 30)
 

Healthy participants (N = 2006)
 

Non-Hispanic white women
 
(N = 192)
 

Obese women (N = 43)
 

Type II diabetic patients
 

Fiber content from enriched fruit diets may be involved in [44] 
the favorable effects on cholesterol plasma levels 

Total or specific vegetable and fruit intake is not associated [48] 
with risk for breast cancer 

Regular ingestion of modest amounts of blueberries may [49] 
reduce the risk of CVD by decrease in lipid 
hydroperoxides 

Improvement overall survival after breast cancer diagnosis [50] 
with plant-based and high-fiber diet 

Reduced risk of oral premalignant lesions with higher con- [51] 
sumption of citrus fruits and juices 
Frequent consumption (5 servings/d) of fruit may reduce [52] 
the risk of colorectal adenomas 

The effect of cigarette smoking on bladder cancer risk is [53] 
reduced by fruit consumption 

The consumption of a combination of fruits and vegetables [54] 
may decrease the cardiovascular risk factors 

Fresh red grapefruit to generally accepted diets could be [55] 
beneficial for hyperlipidemic patients suffering from coro­
nary atherosclerosis 

10 weeks' administration of the fruit extract revealed signi- [56] 
ficant decrements of blood glucose levels after glucose 
loading 

Fiber or fruit/vegetable consumption is inversely associated [40] 
with weight gain 

Antioxidant substances of fruit, with the weight reduction, [45] 
could increase the improvement of cardiovascular risk fac­
tors related to obesity 

A hypocaloric diet including 4 d/wk legume servings em- [57] 
powers weight loss and mitigates oxidative stress 

Dietary patterns associated with a high intake of fruits [41] 
and vegetables may reduce long-term risk of subsequent 
weight gain and obesity 

Increasing consumption of fruit and vegetables and reduc- [42] 
ing fat intake moderates weight gain and promotes weight 
maintenance 

A soy-based meal replacement coupled with fruit and [58] 
vegetables consumption is associated with a great weight 
loss and significant reductions in body fat mass and circu­
lating cholesterol 

Soy protein consumption decrease cardiovascular risk [59] 
factors 

(Continued) 
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TABLE 24.4 (Continued) 

Study Design Population Major Finding Study 
Reference 

Intervention Families with obese children	 Fruit and vegetable intake and low-fat dairy products, in [43] 
(N = 41)	 an energy-restricted programme, is associated with a reduc­

tion in BMI, as well as with no relapse in weight regain 

Longitudinal- PREDIMED cohort (N = 372) Mediterranean diet could exert protective effects on CVD [60] 
controlled develop by decreasing the oxidative damage to LDL 

Cross-sectional SUVIMAX cohort (N = 13,017) DASH dietary patterns (rich in fruits and vegetables) lower [61] 
and the blood pressure with aging 
longitudinal 

Intervention Free-living adults (N = 45)	 Chickpeas in the ad libitum diet improve serum lipid pro- [62] 
file and glycemic control 

Longitudinal EPIC cohort (N>500,000)	 Diet high in vegetables, legumes, and fruit was associated [63] 
with a reduced risk of all-cause mortality, especially deaths 
due to CVD 

Intervention Obese men (N = 35)	 High legume-protein hypocaloric diet is more effective [64] 
than a normal hypocaloric diet for reducing body weight 
and improving some CVD risk factors 

Intervention Obese adults (N = 30) Soy-based low-calorie diets decreased blood lipids and [65] 
had a greater effect on reducing body fat percentage 

CVD, cardiovascular disease; DASH, dietary approaches to stop hypertension; LDL, low-density lipoprotein. 
improvements in overall survival after breast 
cancer diagnosis in postmenopausal women 
[50]. The risk of oral premalignant lesions is sig­
nificantly reduced with higher consumption of 
fruits, particularly citrus fruit and juices [51], 
and frequent consumption of fruit may reduce 
the risk of colorectal adenoma [52]. 
Furthermore, the effect of cigarette smoking on 
bladder cancer risk was reduced by fruit con­
sumption [53]. However, some cohort studies 
concluded that fruit and vegetable consump­
tion has no effect in relation to overall cancer 
[48,68]. Actually, there is limited evidence for a 
cancer-preventive effect of the consumption of 
fruits and vegetables; nevertheless it is impor­
tant to recognize that some cancers might be 
preventable by increasing fruit and vegetable 
intake [69]. 

Concerning the metabolic syndrome many 
studies have reported a benefit of fruit and ve­
getables intake on cardiovascular disease and 
diabetes mellitus [19]. In fact, in a case-control 
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study, an inverse association has been found 
between the first acute myocardial infarction 
and the consumption of fruits among the 
Spanish Mediterranean diet [70]. Specific nutri­
tional intervention studies have shown, for 
instance (Table 24.4), that fresh red grapefruit 
inclusion in balanced diets could be beneficial 
for hyperlipidemic patients suffering from coro­
nary atherosclerosis [55]. Likewise, fruit con­
sumption in smoking subjects could contribute 
to the prevention of cardiovascular disease [49] 
and a combination of fruit and vegetables pres­
cribed intake may improve some cardiovascu­
lar risk factors in hypertensive patients [54]. 
Thus, the dietary patterns based on the DASH 
(Dietary Approaches to Stop Hypertension) 
diet pattern which emphasizes the consump­
tion of fruits, vegetables, and low-fat dairy pro­
ducts and is reduced in saturated fat, total fat, 
and cholesterol substantially lowered blood 
pressure and low-density lipoprotein choles­
terol [71]. Participants from the SU.VI.MAX 
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(Supplementation en Vitamines et Mineraux 
Antioxydants) cohort who achieved the current 
daily fruit and vegetable intake recommenda­
tions within the DASH diet guidelines pre­
sented a lower increase in blood pressure with 
aging [61]. Moreover, in subjects following a 
Mediterranean diet, a decrease in the oxidative 
damage to LDL appears to be one of the protec­
tive effects against CVD developing according 
to a PREDIMED (Prevencion Con Dieta 
Mediterranea) cohort trial [60] (Table 24.4). 
However, data from the SUN (Seguimiento 
University of Navarra) cohort evidenced that 
the protection afforded by fruit and vegetables 
against the risk of hypertension may be less 
apparent in relatively young people due to 
their exposure to healthy factors and the lower 
baseline risk [72]. 

High dietary consumption of fruit and vege­
tables also results in apparent lower risks of 
diabetes [19]. Thus, after 10 weeks’ administra­
tion of a fruit extract, glucose tolerance tests 
revealed significant decreases of glycemic 
levels after glucose loading, supporting an 
advantageous association of fruit consumption 
with diabetes [56]. In addition, a prospective 
study in the EPIC (European Prospective 
Investigation into Cancer and Nutrition) cohort 
evidenced that a high vegetables, legumes, and 
fruit diet was associated with a reduced risk of 
all-cause mortality, especially deaths due to car­
diovascular disease, but not for deaths due to 
cancer, underlying the recommendation for the 
diabetic population to eat large amounts of 
vegetables, legumes, and fruit [63]. 

Legumes have also been suggested to con­
tribute in preventing cardiovascular disease 
and diabetes mellitus (Table 24.4). Indeed, epi­
demiological studies have shown that Asian 
people consuming soy in their staple diet pres­
ent much lower mortality and morbidity from 
cardiovascular disease than their counterparts 
in Western countries [73]. For instance, soy pro­
tein consumption has been associated with a 
decrease in cardiovascular risk factors among 
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type II diabetic patients [59]. Moreover, 
soy-based low-calorie diets significantly 
decrease blood lipid concentrations, suggesting 
a beneficial effect on preventing the risk of car­
diovascular disease [59]. However, lentils, 
chickpeas, peas, and beans are the legumes 
more commonly consumed in Western coun­
tries [74]. In this context, the incorporation of 
chickpeas in the ad libitum diet of free-living 
adults for 12 weeks improves serum lipid pro­
file and glycemic control [62]. Moreover, it has 
also been demonstrated that a non-soybean 
legumes-based hypocaloric diet induced a 
higher decrease in blood lipids concentrations 
[57,64] as well as lower lipid peroxidation mar­
kers related to obesity comorbidities [57], as  
compared to a conventional and balanced 
hypocaloric diet. 

5. POTENTIAL MECHANISMS BY 
WHICH FRUIT, VEGETABLES, AND 

LEGUMES MAY PROTECT 
AGAINST OBESITY AND ITS 

COMORBIDITIES 

A number of clinical trials involving plant-
food intake have evidenced a beneficial effect in 
promoting health by decreasing weight gain 
and obesity-related comorbidities risk. The fiber 
content, minerals, and other compounds of 
these foods may be responsible for such a pro­
tective effect (Table 24.5). In addition, part of 
the beneficial effects of fruit, vegetables, and le­
gumes has also been attributed to their high 
level of antioxidant compounds, which contri­
bute by decreasing oxidative stress (Table 24.5). 

5.1 Influence of Fiber Content on 
Glycemic Index 

Fruit, together with vegetables, cereals, and 
legumes, are the major sources of dietary fiber, 
which after 30 years of research, is still a 
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TABLE 24.5 Potential Health Benefits of Selected Functional Nutrients or Ingredients and Their Main Food 
Sources 

Functional Claimed Activities Food Source 
Nutrients 

Fruits Vegetables Legumes 

β-glucan 

Ascorbic 
acid 

Carotenoids 
Carotenes 

Xanthophylls 

Catechins 

Fiber 
Soluble 

Insoluble 

Folic acid 

Fructooligo 
saccharides 

Isoflavones 

Lectins 

Lignans 

Phytic acid 

Inmunomodulation, 
cardioprotective 

Antioxidant, anticancer 

Antioxidant, anticancer 

Antioxidant, anticancer, 
cardioprotective 

Cardioprotective (positive 
influence on blood lipid pro­
file; control of blood 
glucose) 

Cardioprotective (decreasing 
homocystein levels) 

Bone protection, iunmuno­
modulation, anticancer, 
improvement of gastrointes­
tinal conditions 

Prevention of cardiovascular 
disease, antioxidant, anti­
cancer, anti-inflammatory 

Hypocholesterolemic 

Prevention of cardiovascular 
disease, cancer, and 
osteoporosis 

Antioxidant, anticancer 

Citrus fruit, kiwi
 

Tangerine, orange, yellow
 
fruits, grapefruit,
 
watermelon
 

Mango, tangerine, orange,
 
peaches, grapefruit, kiwi,
 
oranges, plum, honeydew
 
melon, pear
 

Fruits in general: berries,
 
grapes
 

Some fruits and fruit juices
 
(particularly prune juice,
 
plums, and berries)
 

Citrus fruit. The skins of
 
some fruits and apples
 

Fruits in general
 

Fruits in general, especially
 
bananas
 

Strawberries, apricots
 

Mushrooms 

Tomatoes, potatoes, broccoli 

Carrot, tomatoes, pumpkin, 
maize, potatoes, spinach, kale, 
chard, turnip, beet, broccoli, 
romaine lettuce 

Avocado, spinach, kale, turnip, 
pumpkin, romaine lettuce, 
squash, potatoes, rhubarb 

Fresh tea leaf and vegetables 
in general 

Broccoli, carrots, and arti­
chokes. Root vegetables such 
as potatoes, sweet potatoes, 
and onions 

Vegetables in general, such as 
green beans, tomatoes, cauli­
flower, zucchini (courgette), 
and celery 

Leafy vegetables such as spin­
ach, turnip greens, lettuces 

Onion, garlic, asparagus, toma­
toes, leeks, artichoke 

Celery 

Cabbage, Brussels sprouts 

Legumes (peas 
and others) 

Peas, soybeans, 
other beans 
and lentils 

Legumes in 
general and 
peas. 

Various 
legumes bean, 
soybeans, and 
chickpea 

Various 
legumes: 
beans, soy­
beans, lentils, 
peas 

Soybean, 
beans 

Fiber of 
legumes, 
soybeans 

(Continued) 
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TABLE 24.5 (Continued) 

Functional Claimed Activities Food Source 
Nutrients 

Fruits	 Vegetables Legumes 

Potassium	 Cardioprotective (decreasing 
hypertension and stroke 
prevention) 

Polyphenols	 Antioxidant, anti-inflamma­
tory, anticancer, 
cardioprotective 

Resveratrol Antioxidant and anticancer 

Saponins Antioxidant, anticancer, 
cardioprotective 

Tannins	 Antioxidant, anticancer, 
anti-inflammatory 

Tocopherol	 Antioxidant, anticancer, 
cardioprotective 

Fruits in general, especially 
banana, plums, orange 

Berries, grapes, pomegra­
nates, and fruit skin 

Grapes 

Pomegranates, berries, 
apple juice, grape juices 

Kiwi 

Vegetables in general, espe- Legumes in 
cially potato, tomato, artichoke, general 
acorn squash, spinach 

Vegetables	 Most legumes 
and soybeans 

Most vegetables	 Legumes in 
general, espe­
cially soybeans 
and peas 

Most legumes, 
red-colored 
beans, 
chickpeas 

Green leafy vegetables, spinach, Soybean 
carrot, avocado 

Source: Wildman, 2006 [78]; Linus Pauling Institute (http://lpi.oregonstate.edu) [79]. 
substantial key to a healthy diet according to 
current recommendation criteria [75]. 

Although there are as yet no conclusive 
data on recommendations of different types of 
fiber, it is still appropriate to prescribe a diet 
providing 20–35 g/d of fiber from different 
sources [75]. Both a high-fiber diet and the pre­
scription of fiber are common in the primary 
and secondary care management of constipa­
tion, since they accelerate gastrointestinal flow 
[76]. Indeed, a reduced transit time has been 
associated with a protective role against colo­
rectal cancer, by decreasing the likelihood of 
colonic carcinogen exposure [77]. 

Dietary fiber reaches the large bowel where it 
is attacked by colonic microflora, yielding short-
chain fatty acids, hydrogen, carbon dioxide, and 
methane as fermentation products. Short-chain 
fatty acids are implicated in some beneficial 
functions for the human organism [80]. 
Insoluble fibers, cellulose and hemicelluloses, are 
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known to slowly and selectively stimulate anaer­
obic bacterial fermentation into more distal 
areas of the colon [75]. The  slow,  sustained  
effect of metabolic activity and production of 
short-chain fatty acids, specifically butyrate, and 
consequent reduction in pH and conversion of 
bile acids into more distal regions, has been 
shown to have a strong physiological impact 
on biomarkers [81]. Mechanisms for beneficial 
effects of fiber might include changing the activ­
ity of exogenous carcinogens through metabolic 
modulation and/or detoxification. Moreover, 
modification of immune responses could be 
important in producing beneficial effects of die­
tary fiber [82]. 

Taking into account the features of meta­
bolic syndrome, pectins have been proposed as 
one way in which plant-food consumption con­
tributes to cardiovascular disease prevention 
[83]. Several mechanisms by which fiber low­
ers blood cholesterol have been reported. Thus, 
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there is evidence to suggest that some soluble 
fibers bind bile acids and cholesterol during 
intraluminal formation of micelles, resulting in 
liver cell cholesterol content reduction [84]. 
Another reported mechanism is the inhibition 
of hepatic fatty acid synthesis mediated by fer­
mentation products such as acetate, butyrate, 
and propionate [85]. 

Body weight loss could be modulated by 
specific nutrients and macronutrient distribu­
tion included in energy-restricted diets [3]. 
Many conventional dietary approaches concern­
ing weight management are based on reduc­
tion of the dietary fat intake in order to induce 
weight loss, which in some cases is achieved 
by increasing fruit and vegetable consumption 
[44]. In addition, the body weight reduction 
induced by a legumes-based hypocaloric diet 
was directly associated with the dietary fiber 
content [57]. In this regard, it has been sug­
gested that fiber acts as a physiological ob­
stacle to energy intake, displacing available 
calories and nutrients from the diet, increasing 
satiety and decreasing the absorption efficiency 
of the small intestine [86]. Indeed, populations 
reporting higher fiber diet intake demonstrate 
lower obesity rates [47,86]. Therefore, fruit, 
vegetables, and legumes can contribute against 
excessive body weight gain by means of their 
high fiber content besides their low fat content. 

Moreover, dietary fiber has been shown to 
delay the absorption of carbohydrates after a 
meal and thereby decrease the insulinemic 
response to dietary carbohydrates [19,87]. In  
this context, fiber-rich foods such as fruits, 
vegetables, and legumes are often character­
ized by low glycemic index and glycemic load 
[88]. Indeed, the low glycemic index and gly­
cemic load are another important functional 
aspect of whole plant-foods. The evidence sug­
gests that the replacement of high glycemic 
index foods in the diet by plant-foods may 
have a wide range of beneficial public health 
consequences, including reduced risks of obe­
sity, coronary heart disease, and development 
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of type II diabetes [19]. In the same manner, a 
nutritional pattern with a low glycemic index 
has been associated with lower risks of type II 
diabetes, and coronary heart disease and obesity 
in prospective studies [89]. Moreover, it has 
been demonstrated that there is increased sati­
ety, delayed return of hunger, or decreased food 
intake after consumption of foods with a low, 
rather than high glycaemic index [90]. Thus,  
lower-GI energy-restricted diets achieved 
through a specific differential food selection can 
improve the homeostatic adaptations during obe­
sity treatment, favoring weight loss and proba­
bly weight maintenance compared to higher-GI 
hypocaloric diets [17]. 

5.2 Influence of Fructose Content 

Fruit provides high amounts of fructose and 
some investigations have shown that the fruc­
tose intake may be associated with the preva­
lence of obesity, type II diabetes mellitus, and 
non-alcoholic fatty liver disease development, 
since high fructose levels can serve as a 
relatively unregulated source of acetyl-CoA [91]. 
Indeed, studies in human subjects have demon­
strated that fructose ingestion results in 
markedly increased rates of de novo lipogenesis 
[92]. However, those trials finding a positive rela­
tionship between fructose intake and non-heal­
thy effects have been carried out by means of 
punctual interventions based upon high-fructose 
corn syrup intake [93] or incorporating high 
quantities of dairy fructose intake [94]. The  oral  
administration of small amounts of fructose in 
animals and in humans, appears to have a spe­
cific action increasing the hepatic glucose absorp­
tion thereby stimulating glycogen synthesis and 
restoring the ability of hyperglycemia to regulate 
hepatic glucose production [95]. 

Some nutritionists and researchers consider 
fructose as a relatively safe form of sugar, 
being often recommended for people with dia­
betes and included in many weight-loss 
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programs. This monosaccharide appears to 
facilitate weight loss by suppressing appetite 
during the postprandial period [96]. Moreover, 
some scientific evidences have found an 
increase in hepatic gluconeogenesis during calo­
ric restriction mediated by fructose intake [97]. 
So, this monosaccharide would not be used for 
de novo lipogenesis when it is included in a hy­
pocaloric diet [97], but this view is not always 
supported by scientific evidence. 

Dietary fruits and vegetables produce benefi­
cial effects as a source of fructose because of 
the relatively small amount of sugar, with the 
conjunction of fiber and antioxidants, with fruc­
tose in fruit and vegetables unlikely to cause 
any of the described disturbances [19]. 
Reinforcing this observation, nutritional studies 
showed that subjects treated with a fruit-rich 
hypocaloric diet reached the estimated weight 
loss and decreased circulating cholesterol levels 
[44,45,98]. 

5.3 Influence of Legumes Protein 
Content 

It has now been recognized that food pro­
teins are not only a source of constructive and 
fuel compounds as the amino acids, but they 
may also play bioactive roles by themselves 
and can be the precursors of biologically active 
peptides with various physiological functions 
[6]. As mentioned above, legume seeds are 
among the richest food sources of plant pro­
teins and amino acids for human nutrition 
[36]. Although other legume components are 
considered the main responsible agents for 
their beneficial properties, some studies have 
attributed hypocholesterolemic effects and lipid 
homeostasis control to legume proteins, partic­
ularly soybean proteins [65] but also other 
legume seeds [62]. Moreover, some of the 
legume proteins can present anticarcinogenic 
[99,100] and antidiabetic properties [101]. In
the same manner, peptides in peas, chickpeas, 
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and mung beans present numerous nutritional 
and bioactive properties to be used potentially 
in the formulation of therapeutic products for 
the treatment and prevention of human dis­
eases [102]. 

In the context of obesity, increasing evi­
dence from nutritional intervention studies 
suggests that protein is more satiating than 
carbohydrate or fat [103]. Thus, dietary soy 
protein and some of its constituents can favor­
ably affect food intake and reduce excess 
body fat in obese animals and humans, and 
also reduce plasma lipids and fat accumula­
tion in liver and adipose tissue, which may 
decrease the risks of atherosclerosis and lipo­
toxicity and possibly other obesity-related com­
plications [104]. These beneficial effects that 
favorably affect energy balance and fat metab­
olism are mediated by regulating a wide spec­
trum of biochemical and molecular activities 
[104]. Thus, soy protein may operate by in­
hibiting hepatic fatty acid synthesis enzymes 
in the liver [105]; activating nuclear transcrip­
tion factors that regulate the expression of 
genes involved in glucose homeostasis, lipid 
metabolism, and fatty acid oxidation [106]; or  
stimulating the production of adiponectin, a 
cytokine produced by fat cells that plays a 
key role in regulating in adipocyte differentia­
tion and secretory function, and in enhancing 
insulin sensitivity [107]. 

Which component in legume protein is res­
ponsible for its hypolipidemic and anti-obesity 
effects is not entirely clear [104]. However, a 
specific direct action of certain polypeptides or 
subunits of legume protein such as grain 
legume α-amylase protein inhibitors, which 
may hinder the digestion of complex carbohy­
drates, thereby promoting or supporting weight 
loss, has been considered for its potential use in 
the prevention and therapy of obesity and dia­
betes [108]. In addition, it has been suggested 
that individual amino acids could have specific 
effects. Thus, dietary proteins with low ratios of 
methionine-glycine and lysine-arginine, such as 
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soya protein without isoflavones, have a choles­
terol-lowering effect by inducing the fecal excre­
tion of bile acids and cholesterol among other 
hypocholesterolemic mechanisms [109]. Dietary 
supplementation with lysine has also been dem­
onstrated to improve immune function and sen­
sitive indicators of nutritional status [110], and 
lysine plus methionine supplements was associ­
ated with a marked inhibition of body weight 
gain in rabbits, in spite of adequate food intake 
[111]. Finally, studies have confirm that dietary 
methionine restriction, such as the consumption 
of legumes or a vegan diet, increases lifespan in 
rats and mice similar to caloric restriction, by 
suppressing mitochondrial superoxide genera­
tion and by decreasing systemic levels of insu­
lin [112]. 

5.4 Influence of Antioxidant Properties 

In aerobic organisms, reactive oxygen species 
(ROS) are generated constantly during mito­
chondrial oxidative metabolism [113]. These 
highly reactive compounds will potentially alter 
the structure and function of several cellular 
components, such as lipids, proteins, and 
nucleic acids [114]. In response to free radical 
overproduction, living organisms have devel­
oped an antioxidant defense network, which 
should prevent the harmful effects, removing 
these reactive species before damage, eliminat­
ing damaged molecules, and preventing muta­
tions [114,115]. An excessive and/or sustained 
increase in free radical production associated 
with diminished efficacy of the cellular defense 
systems results in oxidative stress, which occurs 
in many pathological processes and may signifi­
cantly contribute to disease onset [115]. In this 
context, it has been hypothesized that ROS play 
a key role in cardiovascular disease, cancer initi­
ation, the aging process, inflammatory disease, 
and a variety of neurological disorders [116]. 
Oxidative stress has also been associated with 
diabetes mellitus and obesity [12,117]. 
B. EFFECTS OF INDIVIDUAL
To maintain the oxidative equilibrium, there 
is a requirement for the continuous supply of 
antioxidants, and the first source of antioxidant 
defense is mainly the diet [2,7]. In this context, 
fruits, vegetables, and legumes have been 
regarded as having considerable health bene­
fits, due in particular to their antioxidant con­
tent, which can protect the human body against 
excessive cellular oxidation reactions [21,37]. 

Assuming that the antioxidant components 
of plant-food such as fruit, vegetables, and 
legumes may be responsible for the effects of 
such food, many studies have focused on vita­
min C and carotenoids [118]. However, the 
results of supplementation studies with pure 
vitamins are not conclusive about their contri­
bution to health promotion. Natural phyto­
chemicals may not be effective or safe when 
consumed at high doses, even in a pure dietary 
supplement form [2]. Some findings suggest 
that long-term experimental antioxidant vita­
min supplementation increases oxidative stress, 
which may be partly related to the direct pro-
oxidant effect of vitamin radicals [119,120]. 

On the other hand, the antioxidant effect 
could be produced by the action of lesser 
known compounds or from a combination of 
different compounds occurring in the foods 
with direct or indirect antioxidant effects [118]. 
In this context, fructose has been proposed to 
produce specific effects on oxidative stress. 
Animal models fed with a high content of fruc­
tose have shown a significant increase in anti­
oxidant capacity and prevention of lipid 
peroxidation [121]. This fruit monosaccharide 
induces uric acid synthesis due to its rapid 
metabolism by fructokinase [122]. Uric acid has 
been widely recognized in the scientific litera­
ture as a metabolic compound with high anti­
oxidant power participating as an in vivo 
scavenger [123]. In addition to this, a study 
suggests that urate is responsible for the 
increase in antioxidant capacity after consum­
ing apple as fruit [124]. In agreement with 
these observations, our research group found 
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that the antioxidant capacity of plasma was 
associated with blood urate concentration in 
obese women, while keeping the levels in the 
acceptable metabolic range [45]. 

Furthermore, some studies have attributed 
antioxidative properties to fiber-enriched diets, 
since these compounds enhance the capacity to 
detoxify free radicals [125]. Numerous factors 
may explain the role and effects of dietary 
fiber on antioxidant capacity [125]. Thus, fiber 
alters fat absorption from the diet by impairing 
lipid hydrolysis, resulting in increased fat excre­
tion. Moreover, fiber secondary metabolites 
that arise from bacterial fermentation in the 
colon may have antioxidant properties [125]. 

In 2001, the concept of antioxidant dietary 
fiber (AODF) was introduced, since this natu­
ral product contains significant amounts of nat­
ural antioxidants associated with the fiber 
matrix [126]. In this context, some fruits, such 
as grapes, are a suitable source to provide anti­
oxidant dietary fiber [80]. Reinforcing this idea, 
a significant correlation between antioxidant 
power in plasma and dietary fiber plus fruc­
tose evidenced the beneficial effect of fruit 
intake on antioxidant capacity in obese women 
[45]. Hence, it is conceivable that some re­
ported antioxidant health effects of phytochem­
icals from fruits can be also associated with the 
metabolic effect of fructose and fiber on anti­
oxidant defenses. 

Additionally, it has been described that the 
fruit-induced decrease in cholesterol levels and 
body weight was in parallel with oxidative 
stress improvement when evaluated by means 
of the pro-oxidant and antioxidant ratio in 
plasma, suggesting an indirect antioxidant 
effect of fruit intake mediated by weight loss 
and hypocholesterolemic induction [45]. These 
results are in agreement with those from other 
nutritional trials showing, after dietary restric­
tion and weight loss in obese people, a decrease 
in oxidative damage to lipids and a direct influ­
ence of the hypocholesterolemic legumes diet-
related effect on lipid peroxidation [57]. 
B. EFFECTS OF INDIVIDUA
Legumes supply phytochemical products that 
also provide antioxidant properties (Table 24.5). 
In this context, it has been suggested that soy 
intake aids against oxidative stress by means of 
these bioactive products [127,128]. However,  
other kind of legumes more commonly con­
sumed in European countries [74] can improve 
oxidative stress in obese people [57]. 

The relationship between obesity and its 
comorbidities is likely to be linked to a number 
of metabolic impairments accompanied by 
oxidative stress disturbances. Therefore, antioxi­
dant-enriched diets including fruit, vegetables, 
and legumes could be applied in the nutritional 
therapy of obesity by improving oxidative 
stress damage and increasing the beneficial 
effects associated with weight loss. 

6. SUMMARY 

Obesity represents a metabolic disorder that 
is an important economic burden for the world­
wide health economy due to its relationship 
with chronic diseases. A number of epidemio­
logical and nutritional intervention studies 
have associated plant-food consumption with a 
decreased risk of suffering chronic diseases 
such as obesity and its comorbidities. Diets 
based on fruit, vegetables, and legumes aid 
reduction of body weight and decrease the 
damage associated with oxidative stress. Thus, 
the major beneficial effects on obesity are 
apparently mediated by biologically active sub­
stances found in fruits, vegetables, and 
legumes, besides their low fat and low calorie 
content. Other compounds such as fructose 
and fiber have been proposed to produce spe­
cific effects. Fructose could induce an antioxi­
dant mechanism by means of uric acid 
synthesis, a potent scavenger, and fiber 
decreases lipid plasma levels and induces 
weight loss by inducing satiety and decreasing 
the intestinal fat absorption. Also, the low gly­
cemic index and glycemic load is another 
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important functional aspect of plant-foods, con­
tributing to the regulation of glucose homeosta­
sis and promoting weight maintenance. 
Therefore, the effects of fruit, vegetable, and 
legume consumption on weight loss, lipid pro­
file, and glucose homeostasis could be medi­
ated by the fiber, proteins, and low calorie 
content. Moreover, the antioxidant properties 
of bioactive plant-food compounds could pre­
vent and improve chronic diseases and co­
morbidities of obesity. 
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1. VITAMIN A FROM OUR DIETS
 

Vitami A is an essential nutrient for the pro­
motion of general growth, maintenance of 
visual function, regulation of the differentiation 
of epithelial tissues and immune function, and 
embryonic development [1]. Vitamin A can 
only be supplied naturally from our diets, 
either as preformed vitamin A from foods of 
animal origin (e.g. liver, dairy products, eggs, 
etc.) or as provitamin A carotenoids from 
plants such as carrots, spinach, red yam, pump­
kins, cantaloupe, etc. 

The conversion of provitamin A β-carotene 
to vitamin A in vivo was discovered by Moore 
in 1929 [2]. Specifically, after intake of provita­
min A carotenoids (mainly all-trans β-carotene), 
in addition to the absorption of intact β­
carotene, (see Figure 25.1), retinol can be found 
to be formed from the provitamin A caro­
tenoids in our circulation. In 2005, both central 
(β-carotene 15,15u-oxygenase, BCO1) and 
excentric (β-carotene 9,10-oxygenase, BCO2) 
oactive Foods in Promoting Health: Fruits and Vegetables 38
cleavage enzymes have been reported in the 
small intestine, liver, skin, eye, and other 
tissues [3]. 

2. VITAMIN A EQUIVALENCE 
OF β-CAROTENE 

As defined by the Dietary Reference Intakes, 
2001 [4], the carotene over the retinol equiva­
lency ratio (carotene:retinol, in μg:μg) of a low 
dose (less than 2 mg) of purified β-carotene in 
oil is approximately 2:1 (i.e. 2 μg of  β-carotene 
in oil yields 1 μg of retinol). This ratio was 
derived from the relative amount of β-carotene 
required to correct abnormal dark adaptation 
in vitamin A-deficient individuals [5]. The effi­
ciency of the absorption of β-carotene in food 
is lower than the absorption of β-carotene in 
oil. Previously, due to a relative absorption 
efficiency of about 33% of β-carotene from 
food sources, it was assumed that 3 μg of die­
tary β-carotene is equivalent to 1 μg of purified 
1 r 2010 Elsevier Inc. All rights reserved. 
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FIGURE 25.1 Retinol formation. 

β-carotene in oil [6]. Therefore, the retinol 
equivalence (RE) for β-carotene from foods 
was estimated to be 6:1 (3 x 2:1). However, 
one report showed that 6 μg of  β-carotene from 
a mixed diet is nutritionally equivalent to 1 μg 
of β-carotene in oil [4]. Therefore, the retinol 
activity equivalency (μg RAE) ratio for β-caro­
tene from food is estimated to be 12:1 
(6 x 2:1). Accordingly, based on the observa­
tion that the vitamin A activity of β-cryptox­
anthin and α-carotene is approximately half of 
that for all-trans β-carotene [7,8] an RAE for 
dietary provitamin A carotenoids, other than 
β-carotene, is set at 24:1. Based on these con­
siderations, the amount of vitamin A activity 
of provitamin A carotenoids, RAE yields half 
the amount when using RE. 

3. DIETARY INTAKE OF VITAMIN A 

Data published by CDC [9], from a survey 
conducted in the USA from 1999–2000 on a 
total of 8604 subjects, reported that the average 
dietary intake of preformed vitamin A was 938 
RE, and the dietary intake of provitamin A 
carotenoids was 454 RE (assuming 6 μg of pro-
vitamin A is equivalent to 1 μg of retinol). 
Therefore, provitamin A carotenoids provide 
about 30% of our daily vitamin A intakes. If 
B. EFFECTS OF INDIVIDUAL
using RAE, the provitamin A carotenoids pro­
vide about 20% of our daily vitamin A intakes. 

It has been common practice to assess the 
vitamin A value of a food from the amount of 
preformed vitamin A and provitamin A caro­
tenoids contained in that food. In reality, many 
factors such as food matrices, food preparation, 
and the fat content of a meal affect the bioavail­
ability of food carotenoids and the bioconver­
sion of food carotenoids into vitamin A in 
humans. For example, did spinach β-carotene 
and carrot β-carotene show the same vitamin A 
equivalent when the same amounts of β­
carotene were taken? 

4. VITAMIN A VALUE OF PLANT 
FOODS 

As is well known, due to the inability to dis­
tinguish newly formed retinol from the body re­
serves, conversion of β-carotene to vitamin A 
cannot be investigated in well-nourished hu­
mans by supplementing unlabeled β-carotene 
(synthetic or in food). The problem can only be 
overcome by using an isotope technique which 
traces newly administered labeled nutrients, β­
carotene and/or vitamin A. In order to achieve 
an accurate assessment of carotenoid bio­
absorption, bioconversion, and a subsequent 
vitamin A value from a food source, food in 
which the carotenoids have been endogenously 
or intrinsically labeled with a stable isotope is 
required. This allows presentation of the car­
otenoids in their normal cellular compartments, 
while the isotopic label enables identification of 
those serum carotenoids (or derived retinol) 
which come from the specific food studied. 
Plant carotenoids have been intrinsically 
labeled with 2H (deuterium) from 2H2O (heavy 
water). For 2H2O labeling, plants can easily be 
grown hydroponically [10] on a nutrient solu­
tion with a fixed 2H atom percentage. Water 
with 25% atom excess of 2H generates a range 
of isotopomers of carotenoids, with most 
 VEGETABLES ON HEALTH 
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abundant enrichment in the 2H10 species (with 
10 deuterium in a β-carotene molecule). After 
initiating the hydroponic growth in the 2H2O­
enriched medium, spinach and carrots can be 
harvested in 32 and 60 days, respectively. 

To prepare for an in vivo study on human 
volunteers, the spinach leaves (or sliced carrot 
root) were steamed in thin layers for 10 min­
utes. The cooked spinach leaves (or sliced car­
rot root) were immersed in cold water (1 liter 
water per 200 g vegetable) for 2 minutes, and 
then drained and pureed to be used for human 
(N = 7) consumption experiments, then placed 
in a sealed plastic container. The 300 g labeled 
spinach and 100 g labeled carrots each con­
tained ca.11 mg (all-trans)-β-carotene, and it was 
assumed that α-carotene and (cis)-β-carotene, 
which were also present, have half the activity 
of (all-trans)-β-carotene. 

Our investigation showed that the retinol 
equivalences were determined to be 21 μg spin­
ach β-carotene to 1 μg retinol, and 15 μg carrot 
β-carotene to 1 μg retinol [11]. Therefore, simi­
lar amounts of β-carotene in various plant 
foods with different food matrices showed dif­
ferent levels of efficiency in converting to vita­
min A in vivo. 

Another human study on adults in 
Bangladesh [12] used a paired deuterated reti­
nol dilution (DRD) test technique to measure 
the vitamin A pool size after 60-day supplemen­
tation with 750 RE/day as either retinyl palmi­
tate, β-carotene, sweet potato, or Indian 
spinach, compared with a control containing no 
retinol or β-carotene. Vitamin A equivalency fac­
tors of 6:1 for β-carotene in oil, 10:1 for β-caro­
tene in Indian spinach, and 13:1 for β-carotene 
in sweet potato were determined. It seems that 
the Indian spinach can be absorbed and con­
verted to vitamin A more effectively by the pop­
ulation with relative low vitamin A status than 
the well-nourished USA population. 

In 2007, Ribaya-Mercado et al. reported on a 
study that used mixed-vegetable intervention 
and the paired DRD test to measure the 
B. EFFECTS OF INDIVIDUA
changes in vitamin A pool size of Filipino 
schoolchildren aged 9–12 years [13]. The 
results showed that the conversion factors of 
provitamin A carotenoids in the mixed-vegeta­
ble diets were better than 12:1 for β-carotene 
and 24:1 for other provitamin A carotenoids in 
the population with marginal vitamin A status. 
In addition, it reported that provitamin A carot­
enoid rich yellow and green leafy vegetables 
can be effectively ingested with minimal die­
tary fat (7 g fat per day or 2 g fat per meal). 
This observation provided further consider­
ation on possible effects of vitamin A status 
and/or age on the bioconversion of dietary 
plant β-carotene to vitamin A. 

Vitamin A equivalency of carrot provitamin 
A carotenoids (carrot is rich in both β-carotene 
and α-carotene) was studied in a human volun­
teer using deuterium-labeled vitamin A as an 
extrinsic standard [14]. In this study, a subject 
was given raw carrots containing 9.8 μmol (5 mg) 
β-carotene and 5.2 μmol α-carotene (2.8 mg), 
together with 7 μmol (2 mg) [2H4]-retinyl acetate, 
and the concentrations of β-carotene, α-carotene, 
and labeled and unlabeled retinyl esters in the tri­
glyceride-rich lipoproteins (TRL) were measured 
at various time points for up to 7 hours. With 
the assumption that absorption of labeled retinyl 
acetate was about 80% of the dose, it was calcu­
lated that 0.8 μmol of the carrot β-carotene was 
absorbed intact and that 1.5 μmol of unlabeled 
retinyl esters were formed from the carrot dose. 
The mass equivalency of carrot β-carotene to 
vitamin A was, therefore, 13:1 (without consi­
dering the contribution from the 5.2 μmol of 
α-carotene). If the contribution of α-carotene 
were considered, assuming that α-carotene has 
half the activity of β-carotene, the ratio would be 
higher (B16:1). 

Spinach and carrots are the major vegetables 
rich in provitamin A carotenoids and are com­
monly consumed. They represent dark green 
and yellow vegetables. The nutrient contents in 
raw spinach and carrots are presented 
in Table 25.1 and 25.2. The vitamin A content 
L VEGETABLES ON HEALTH 
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TABLE 25.1 Nutrient Contents in Raw Spinach 
NDB No. 11457 
Spinach, raw 
Spinacia oleracea 
Refuse:28% Large stems and roots 

Nutrients and Units Amount in 100 g of Edible Portion Amount in Edible Portion of 
Common Measures of Food 

Mean Std. 
Error 

Number 
of Data 
Points 

Deriv 
Code 

Source 
Code 

Confi­
dence 
Code 

Measure 
1 

Measure 
2 

Measure 
3 

Proximates 

Water 

Energy 

Energy 

Protein (N x 6.25) 

Total lipid (fat) 

Ash 

Carbohydrate, by 
difference 

Fiber, total dietary 

Sugars, total 

Sucrose 

Glucose (dextrose) 

Fructose 

Lactose 

Maltose 

Galactose 

Starch 

Minerals 

Calcium, Ca 

Iron, Fe 

Magnesium, Mg 

Phosphorus, P 

Potassium, K 

Sodium, Na 

Zinc, Zn 

Copper, Cu 

Manganese, Mn 

Selenium, Se 

Vitamins 

Vitamin C, total ascorbic 
acid 

Thiamin 

Riboflavin 

g 

kcal 

kj 

g 

g 

g 

g 

g 

g 

g 

g 

g 

g 

g 

g 

g 

mg 

mg 

mg 

mg 

mg 

mg 

mg 

mg 

mg 

μg 

mg 

mg 

mg 

91.40 

23 

97 

2.86 

0.39 

1.72 

3.63 

2.2 

0.42 

0.07 

0.11 

0.15 

0.00 

0.00 

0.10 

99 

2.71 

79 

49 

558 

79 

0.53 

0.130 

0.897 

1.0 

28.1 

0.078 

0.189 

0.112 

0.032 

0.035 

0.036 

0.032 

0.070 

4.996 

0.522 

4.794 

3.479 

28.703 

10.835 

0.039 

0.007 

0.048 

0.335 

4.129 

0.008 

0.008 

1 

0 

0 

9 

7 

8 

0 

1 

0 

8 

8 

8 

1 

1 

1 

9 

10 

7 

7 

10 

10 

7 

7 

6 

5 

7 

9 

9 

JO 

NC 

NC 

NC 

NC 

A 

11 

4 

4 

1 

1 

1 

4 

1 

4 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

27.42 

7 

29 

0.86 

0.12 

0.52 

1.09 

0.7 

0.13 

0.02 

0.03 

0.04 

0.00 

0.00 

0.03 

30 

0.81 

24 

15 

167 

24 

0.16 

0.039 

0.269 

0.3 

8.4 

0.023 

0.057 

310.76 9.14 

79 2 

330 10 

9.72 0.29 

1.32 0.04 

5.85 0.17 

12.34 0.36 

7.5 0.2 

1.43 0.04 

0.23 0.01 

0.36 0.01 

0.50 0.01 

0.00 0.00 

0.00 0.00 

0.34 0.01 

337 10 

9.21 0.27 

269 8 

167 5 

1897 56 

269 8 

1.80 0.05 

0.442 0.013 

3.050 0.090 

3.4 0.1 

95.5 2.8 

0.265 0.008 

0.643 0.019 
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TABLE 25.1 (Continued) 

Nutrients and Units Amount in 100 g of Edible Portion Amount in Edible Portion of 
Common Measures of Food 

Niacin 

Pantothenic acid 

Vitamin B6 

Folate, total 

Folic acid 

Folate, food 

Folate, DFE 

Choline, total 

Betaine 

Vitamin B12 

Vitamin B12, added 

Vitamin A, RAE 

Retinol 

Carotene, beta 

Carotene, alpha 

Cryptoxanthin, beta 

Vitamin A, IU 

Lycopene 

Lutein – zeaxanthin 

Vitamin E (alpha­
tocopherol) 

Vitamin E, added 

Tocopherol, beta 

Tocopherol, gamma 

Tocopherol, delta 

Vitamin D 

Vitamin K 
(phylloquinone) 

mg 

mg 

mg 

μg 

μg 

μg 

μg_DFE 

mg 

mg 

μg 

μg 

μg_RAE 

μg 

μg 

μg 

μg 

IU 

μg 

μg 

mg 

mg 

mg 

mg 

mg 

IU 

μg 

Mean 

0.724 

0.065 

0.195 

194 

0 

194 

194 

18.0 

550.4 

0.00 

0.00 

469 

0 

5626 

0 

0 

9377 

0 

12198 

2.03 

0.00 

0.00 

0.18 

0.00 

482.9 

Std. 
Error 

0.032 

0.008 

0.008 

35.597 

35.597 

766.716 

0.000 

0.000 

0.000 

1930.873 

0.152 

0.000 

0.036 

0.000 

Number 
of Data 
Points 

9 

6 

6 

6 

0 

6 

0 

0 

0 

0 

0 

0 

0 

5 

4 

4 

0 

7 

7 

7 

0 

7 

7 

7 

1 

Deriv 
Code 

Z 

NC 

BFSN 

BFSN 

Z 

Z 

AS 

Z 

A 

A 

A 

AS 

A 

A 

Z 

Source 
Code 

1 

1 

1 

1 

7 

1 

4 

4 

4 

7 

7 

1 

7 

1 

1 

1 

1 

1 

1 

1 

7 

1 

1 

1 

1 

Confi­
dence 
Code 

Measure 
1 

0.217 

0.020 

0.059 

58 

0 

58 

58 

5.4 

165.1 

0.00 

0.00 

141 

0 

1688 

0 

0 

2813 

0 

3659 

0.61 

0.00 

0.00 

0.05 

0.00 

144.9 

Measure 
2 

Measure 
3 

2.462 0.072 

0.221 0.007 

0.663 0.020 

661 19 

0 0 

661 19 

661 19 

61.2 1.8 

1871.3 55.0 

0.00 0.00 

0.00 0.00 

1594 47 

0 0 

19130 563 

0 0 

0 0 

31883 938 

0 0 

41474 1220 

6.91 0.20 

0.00 0.00 

0.00 0.00 

0.61 0.02 

0.00 0.00 

1641.9 48.3 

Blanks in the Mean column indicate lack of reliable data. The Number of Data Points column is the number of analyses 
upon which the mean is based. Number of Data Points of zero indicates the mean was either calculated (as for Energy) 
or estimated, usually from a recipe, another form of the same food, or similar food. 
Common measures: 
Measure 1 = 30 g: 1 cup 
Measure 2 = 340 g: 1 bunch 
Measure 3 = 10.0 g: 1 leaf 
Calories factors: protein 2.44; fat 8.37; carbohydrate 3.57 
Food group: 11 Vegetables and Vegetable Products USDA National Nutrient Database for Standard Reference, Release 21 
(2008) 
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TABLE 25.2 Nutrient Contents in Raw Spinach and Carrots 
NDB No. 11124 
Carrots, raw 
Daucus carota 
Includes USDA commodity food A099 
Refuse:11% Crown, tops and scrapings 

Nutrients and 
Units 

Amount in 100 g of Edible Portion Amount in Edible Portion of 
Common Measures of Food 

Mean Std. 
Error 

Number 
of Data 
Points 

Deriv 
Code 

Source 
Code 

Confi­
dence 
Code 

Measure 
1 

Measure 
2 

Measure 
3 

Proximates 

Water 

Energy 

Energy 

Protein (N x 
6.25) 

Total lipid (fat) 

Ash 

Carbohydrate, by 
difference 

Fiber, total 
dietary 

Sugars, total 

Sucrose 

Glucose 
(dextrose) 

Fructose 

Lactose 

Maltose 

Galactose 

Starch 

Minerals 

Calcium, Ca 

Iron, Fe 

Magnesium, Mg 

Phosphorus, P 

Potassium, K 

Sodium, Na 

Zinc, Zn 

Copper, Cu 

Manganese, Mn 

Selenium, Se 

Vitamins 

Vitamin C, total 
ascorbic acid 

g 

kcal 

kj 

g 

g 

g 

g 

g 

g 

g 

g 

g 

g 

g 

g 

g 

mg 

mg 

mg 

mg 

mg 

mg 

mg 

mg 

mg 

μg 

mg 

88.29 

41 

173 

0.93 

0.24 

0.97 

9.58 

2.8 

4.74 

3.59 

0.59 

0.55 

0.00 

0.00 

0.00 

1.43 

33 

0.30 

12 

35 

320 

69 

0.24 

0.045 

0.143 

0.1 

5.9 

0.429 

0.008 

0.018 

0.014 

0.280 

0.141 

0.097 

0.000 

0.000 

1.120 

0.014 

0.367 

0.755 

8.418 

3.358 

0.011 

0.007 

0.006 

0.038 

1.130 

33 

0 

0 

19 

26 

19 

0 

4 

0 

11 

11 

11 

5 

5 

0 

2 

75 

75 

75 

75 

76 

81 

76 

70 

66 

39 

21 

JO 

NC 

NC 

JO 

JO 

JA 

NC 

A 

NC 

JA 

JA 

JA 

JA 

JA 

Z 

A 

JA 

JA 

JA 

JA 

JA 

JA 

JA 

JA 

JA 

JA 

11 

4 

4 

11 

11 

6 

4 

1 

4 

6 

6 

6 

6 

6 

7 

1 

6 

6 

6 

6 

6 

6 

6 

6 

6 

1 

6 

113.01 

53 

221 

1.18 

0.30 

1.24 

12.27 

3.6 

6.06 

4.60 

0.76 

0.71 

0.00 

0.00 

0.00 

1.83 

43 

0.38 

16 

45 

409 

88 

0.31 

0.058 

0.183 

0.1 

7.6 

97.12 

45 

190 

1.02 

0.26 

1.06 

10.54 

3.1 

5.21 

3.95 

0.65 

0.61 

0.00 

0.00 

0.00 

1.58 

37 

0.33 

14 

38 

352 

75 

0.27 

0.050 

0.158 

0.1 

6.5 

107.71 

50 

211 

1.13 

0.29 

1.18 

11.69 

3.4 

5.78 

4.38 

0.72 

0.67 

0.00 

0.00 

0.00 

1.75 

41 

0.36 

15 

42 

390 

84 

0.30 

0.055 

0.175 

0.1 

7.2 

(Continued) 
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TABLE 25.2 

Nutrients and 
Units 

(Continued) 

Amount in 100 g of Edible Portion Amount in Edible Portion of 
Common Measures of Food 

Thiamin 

Riboflavin 

Niacin 

Pantothenic acid 

Vitamin B6 

Folate, total 

Folic acid 

Folate, food 

Folate, DFE 

Choline, total 

Betaine 

Vitamin B12 

Vitamin B12, 
added 

Vitamin A, RAE 

Retinol 

Carotene, beta 

Carotene, alpha 

Cryptoxanthin, 
beta 

Vitamin A, IU 

Lycopene 

Lutein – 
zeaxanthin 

Vitamin E 
(alpha­
tocopherol) 

Vitamin E, 
added 

Tocopherol, beta 

Tocopherol, 
gamma 

Tocopherol, delta 

Vitamin D 

Vitamin K 
(phylloquinone) 

Lipids 

Fatty acids, 
total saturated 

4:0 

mg 

mg 

mg 

mg 

mg 

μg 

μg 

μg 

μg_DFE 

mg 

mg 

μg 

μ 

μg_RAE 

μg 

μg 

μg 

μg 

IU 

μg 

μg 

mg 

mg 

mg 

mg 

mg 

IU 

μg 

g 

g 

Mean 

0.066 

0.058 

0.983 

0.273 

0.138 

19 

0 

19 

19 

8.8 

0.4 

0.00 

0.00 

835 

0 

8285 

3477 

0 

16706 

1 

256 

0.66 

0.00 

0.01 

0.00 

0.00 

13.2 

0.037 

0.000 

Std. 
Error 

0.011 

0.013 

0.215 

0.145 

0.030 

5.175 

5.175 

1082.194 

531.987 

0.800 

62.707 

0.269 

0.005 

0.000 

0.000 

Number 
of Data 
Points 

21 

19 

19 

9 

19 

19 

0 

19 

0 

0 

1 

0 

0 

0 

0 

197 

190 

45  

0 

8 

10 

11 

0 

11 

11 

11 

4 

0 

0 

Deriv 
Code 

JA 

JA 

JA 

JA 

JA 

JA 

Z 

JA 

NC 

AS 

A 

Z 

Z 

NC 

Z 

JO 

A 

A 

NC 

A 

JO 

JO 

Z 

JO 

JO 

JO 

A 

NC 

Z 

Source 
Code 

6 

6 

6 

6 

6 

6 

7 

6 

4 

1 

1 

7 

7 

4 

7 

11 

1 

1 

4 

1 

11 

11 

7 

11 

11 

11 

1 

4 

7 

Confi­
dence 
Code 

Measure 
1 

0.085 

0.074 

1.259 

0.350 

0.176 

24 

0 

24 

24 

11.3 

0.5 

0.00 

0.00 

1069 

0 

10605 

4451 

0 

21384 

1 

328 

0.85 

0.00 

0.01 

0.00 

0.00 

16.9 

0.047 

0.000 

Measure 
2 

Measure 
3 

0.073 0.081 

0.064 0.071 

1.082 1.200 

0.300 0.333 

0.151 0.168 

21 23 

0 0 

21 23 

21 23 

9.7 10.7 

0.4 0.5 

0.00 0.00 

0.00 0.00 

919 1019 

0 0 

9114 10108 

3825 4242 

0 0 

18377 20382 

1 1 

282 313 

0.73 0.81 

0.00 0.00 

0.01 0.01 

0.00 0.00 

0.00 0.00 

14.5 16.1 

0.040 0.045 

0.000 0.000 

(Continued) 
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TABLE 25.2 (Continued) 

Nutrients and Amount in 100 g of Edible Portion Amount in Edible Portion of 
Units Common Measures of Food 

Mean Std. Number Deriv Source Confi- Measure Measure Measure 
Error of Data Code Code dence 1 2 3 

Points Code 

6:0 g 0.000 0 Z 7 0.000 0.000 0.000 

8:0 g 0.000 2 A 1 0.000 0.000 0.000 

10:0 g 0.000 2 A 1 0.000 0.000 0.000 

12:0 g 0.000 2 A 1 0.000 0.000 0.000 

13:0 g 

14:0 g 0.000 2 A 1 0.000 0.000 0.000 

15:0 g 0.000 2 A 1 0.000 0.000 0.000 

16:0 g 0.035 2 A 1 0.044 0.038 0.042 

17:0 g 0.000 2 A 1 0.000 0.000 0.000 

18:0 g 0.002 2 A 1 0.002 0.002 0.002 

20:0 g 0.000 2 A 1 0.000 0.000 0.000 

22:0 g 0.000 2 A 1 0.000 0.000 0.000 

24:0 g 0.000 2 A 1 0.000 0.000 0.000 

Fatty acids, total g 0.014 0 NC 4 0.018 0.016 0.018 
monounsaturated 

14:1 g 0.000 2 A 1 0.000 0.000 0.000 

15:1 g 0.000 2 A 1 0.000 0.000 0.000 

16:1 g 0.002 2 A 1 0.002 0.002 0.002 
undifferentiated 

17:1 g 0.000 2 A 1 0.000 0.000 0.000 

18:1 g 0.012 2 A 1 0.016 0.014 0.015 
undifferentiated 

20:1 g 0.000 2 A 1 0.000 0.000 0.000 

22:1 g 0.000 2 A 1 0.000 0.000 0.000 
undifferentiated 

24:1 c g 

Fatty acids, total g 0.117 0 NC 4 0.150 0.129 0.143 
polyunsaturated 

18:2 g 0.115 2 A 1 0.148 0.127 0.141 
undifferentiated 

18:3 g 0.002 2 A 1 0.002 0.002 0.002 
undifferentiated 

18:4 g 0.000 2 A 1 0.000 0.000 0.000 

20:2 n-6 c,c g 0.000 2 A 1 0.000 0.000 0.000 

20:3 g 0.000 2 A 1 0.000 0.000 0.000 
undifferentiated 

20:4 g 0.000 2 A 1 0.000 0.000 0.000 
undifferentiated 

20:5 n-3 g 0.000 2 A 1 0.000 0.000 0.000 

22:5 n-3 g 0.000 2 A 1 0.000 0.000 0.000 

(Continued) 
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TABLE 25.2 

Nutrients and 
Units 

(Continued) 

Amount in 100 g of Edible Portion Amount in Edible Portion of 
Common Measures of Food 

22:6 n-3 

Fatty acids, total 
trans 

Cholesterol 

Phytosterols 

Amino acids 

Tryptophan 

Threonine 

Isoleucine 

Leucine 

Lysine 

Methionine 

Cystine 

Phenylalanine 

Tyrosine 

Valine 

Arginine 

Histidine 

Alanine 

Aspartic acid 

Glutamic acid 

Glycine 

Proline 

Serine 

Hydroxyproline 

Others 

Alcohol, ethyl 

Caffeine 

Theobromine 

g 

g 

mg 

mg 

g 

g 

g 

g 

g 

g 

g 

g 

g 

g 

g 

g 

g 

g 

g 

g 

g 

g 

g 

g 

mg 

mg 

Mean 

0.000 

0.000 

0 

0.012 

0.191 

0.077 

0.102 

0.101 

0.020 

0.083 

0.061 

0.043 

0.069 

0.091 

0.040 

0.113 

0.190 

0.366 

0.047 

0.054 

0.054 

0.0 

0 

0 

Std. 
Error 

Number 
of Data 
Points 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Deriv 
Code 

A 

Z 

Z 

JA 

JA 

JA 

JA 

JA 

JA 

JA 

JA 

JA 

JA 

JA 

JA 

JA 

JA 

JA 

JA 

JA 

JA 

Z 

Z 

Z 

Source 
Code 

1 

7 

7 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

7 

7 

7 

Confi­
dence 
Code 

Measure 
1 

0.000 

0.000 

0 

0.015 

0.245 

0.098 

0.130 

0.129 

0.026 

0.106 

0.078 

0.054 

0.088 

0.117 

0.051 

0.144 

0.243 

0.469 

0.060 

0.069 

0.069 

0.0 

0 

0 

Measure 
2 

0.000 

0.000 

0 

0.013 

0.210 

0.084 

0.112 

0.111 

0.023 

0.091 

0.067 

0.047 

0.076 

0.100 

0.044 

0.124 

0.209 

0.403 

0.051 

0.060 

0.059 

0.0 

0 

0 

Measure 
3 

0.000 

0.000 

0 

0.014 

0.233 

0.093 

0.124 

0.123 

0.025 

0.101 

0.074 

0.052 

0.084 

0.111 

0.048 

0.138 

0.231 

0.447 

0.057 

0.066 

0.066 

0.0 

0 

0 

Blanks in the Mean column indicate lack of reliable data. The Number of Data Points column is the number of analyses 
upon which the mean is based. Number of Data Points of zero indicates the mean was either calculated (as for Energy) 
or estimated, usually from a recipe, another form of the same food, or similar food. 
Common measures: 
Measure 1 = 128 g: 1 cup chopped 
Measure 2 = 110 g: 1 cup grated 
Measure 3 = 122 g: 1 cup strips or slices 
Calories factors: protein 2.78; fat 8.37; carbohydrate 3.84 
Food group: 11 Vegetables and Vegetable Products USDA National Nutrient Database for Standard Reference, Release 21 
(2008) 
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390 25. SPINACH AND CARROTS: VITAMIN A AND HEALTH 
can be expressed as International Units (IU), 
where 1 IU is the biological equivalent of 
0.3 μg retinol, or of 0.6 μg β-carotene. Both spin­
ach and carrots are good sources of vitamin A 
and can supply significant amounts of vitamin 
A for our daily needs even though their vita­
min A equivalencies are not as high as 6 to 1 
(RE) or 12 to 1 (RAE). 

5. VITAMIN A AND HEALTH 

It is well known that vitamin A deficiency 
can result in visual malfunctions such as night 
blindness and xerophthalmia [15], and it can 
reduce immune responsiveness [16], causing an 
increased incidence and/or severity of respira­
tory infections, gastrointestinal infections [17], 
and measles [18]. On the other hand, it is less 
well known that excessive intakes of vitamin 
A can result in bone mineral loss [19,20], terato­
genicity [21], or liver damage [22]. While vita­
min A deficiency is rare in adults in 
industrialized countries, excessive intakes of 
vitamin A are of concern in well-nourished 
populations. Spinach and carrots are safe 
sources of vitamin A because the provitamin A 
carotenoids are not associated with specific 
adverse health effects. Their conversion to vita­
min A decreases when body stores are full. A 
high intake of provitamin A carotenoids 
(which should not be encouraged) can turn the 
skin yellow, but this is not considered danger­
ous to our health. 

6. SPINACH-CARROTS AND 
HEALTH 

In addition to serving as dietary precursors 
to vitamin A, dietary provitamin A carotenoids 
may function as fat-soluble antioxidants. That 
is, increased consumption of foods rich in caro­
tenoids, such as spinach, is associated with 
B. EFFECTS OF INDIVIDUA
decreased risk of some degenerative diseases 
such as age-related macular degeneration [23]. 

From Table 25.1 we can see spinach and car­
rots are rich in other nutrients as well. Spinach 
is an excellent source of vitamin K, manganese, 
folate, magnesium, iron, vitamin C, vitamin 
B2, calcium, potassium, and vitamin B6. It is a 
very good source of dietary fiber, copper, phos­
phorus, and zinc as well. 

Although best known for their high content 
of β-carotene and α-carotene, carrots also con­
tain a phytonutrient called falcarinol that may 
be responsible for the recognized epidemiologi­
cal association between frequently eating car­
rots and a reduced risk of cancers [24]. 

Spinach contains moderately high purine. 
Unless one has a risk for gout or health pro­
blems related to purine-related metabolism, 
there is no reason to avoid it in raw form as 
long as one keeps total portion sizes within 
practitioner’s guidelines. 

Spinach contains oxalate. Individuals who 
have previously formed calcium oxalate stones 
are recommended to limit or reduce oxalate in­
takes to prevent these stones. 

In addition, spinach is among the foods on 
which pesticide residues have been most fre­
quently found. Therefore, individuals wishing 
to avoid pesticide-associated health risks may 
want to avoid consumption of spinach unless 
it is grown organically. Also, spinach is one of 
the foods most commonly associated with aller­
gic reactions. 

In summary: 

•	 Spinach and carrots provide about 20–30% 
of the vitamin A in the US diet. 

•	 Vitamin A is produced in human 
metabolism by the breakdown of provitamin 
A carotenoids – the yellow pigments in 
spinach leaf (dark green leafy vegetables) 
and carrot roots (yellow colored vegetables). 

•	 The conversion efficiency of vegetable 
β-carotene to vitamin A is poorer than 
previously thought. However, with 
L VEGETABLES ON HEALTH 
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condensed contents of provitamin A 
carotenoids, dietary spinach and carrots can 
supply significant amounts of vitamin A for 
our daily needs. 

•	 Over-consumption of vitamin A can be toxic 
to humans but over-consumption of 
provitamin A carotenoids is never toxic 
since carotenoids breakdown to vitamin A 
and is well controlled. Even though over­
consumption of carotenoids rich foods, such 
as carrots, is not harmful, it is not 
encouraged. 
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1. INTRODUCTION
 
 

In spite of the many advances in cancer treat­
ment, chemotherapy for solid tumors is still 
greatly limited by a lack of selective anticancer 
drugs and by the recurrence of drug-resistant 
tumors. Finding a source of novel chemother­
apeutics continues to be a focus of effort. Diets 
rich in vegetables are known to reduce cancer 
risk, suggesting edible plants as potential sour­
ces of anticancer agents. 

Multiple organisms are known to contain at 
least 14 types of DNA polymerase (pol) [1], 
which catalyzes DNA replication, repair, and 
recombination [1,2]. Pol inhibitors could be 
employed as anticancer chemotherapy agents 
because they inhibit cell proliferation. Based on 
this idea, we have found many new pol in­
hibitors over the past 10 years from natural 
compounds, in particular food materials. 

Of these, glycoglycerolipids in the class 
sulfoquinovosyl diacylglycerol (SQDG, 3-O-(6­
deoxy-6-sulfono-α-D-glucopyranosyl)-bis-1,2-O­
diacylglycerol) from a fern [3] and an alga [4,5] 
Bioactive Foods in Promoting Health: Fruits and Vegetables 39
are particularly potent inhibitors of eukaryotic 
pols. SQDG and its related glycoglycerolipids 
were chemically synthesized [6,7] and SQDG 
was the strongest pol inhibitor in the tested 
compounds [8–10]; therefore, SQDG has poten­
tial as an agent for cancer chemotherapy. 
Other glycoglycerolipids, such as mono­
galactosyl diacylglycerol (MGDG) and diga­
lactosyl diacylglycerol (DGDG), are also from 
the chloroplast membrane in plants [11]; there­
fore, plant glycoglycerolipids could all be 
promising agents for cancer chemotherapy. 
2. GLYCOGLYCEROLIPID 
CONTENTS OF VEGETABLES 
The amounts of the major plant glycoglycer­
olipids in common vegetables were widely inves­
tigated, and three major compounds, MGDG 
(Figure 26.1A), DGDG (Figure 26.1B), and 
SQDG (Figure 26.1C), were analyzed by thin 
layer chromatography (TLC) [12]. Each  of  these
compounds was completely purified by silica 
3 r 2010 Elsevier Inc. All rights reserved. 
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gel column chromatography, and their chemical 
structures were determined by 1H-, 13C- and 
DEPT (distortionless enhancement by polariza­
tion transfer) NMR (nuclear magnetic resonance) 
spectroscopic analyses. The glycoglycerolipids 
could theoretically have stereoisomers of two 
configurations, α- or  β-type, between the sugar 
and the glyceride. Natural MGDG and SQDG 
had the β- and  α-type, respectively, and DGDG 
had α- and  β-types (Figure 26.1). 

The amount of each glycoglycerolipid in 11 
vegetables is shown in Table 26.1. Parsley had 
the largest amount of total glycoglycerolipids 
(793.3 mg/100 g of sample), whereas sweet pep­
per had the smallest (61.3 mg/100 g of sample). 
As for DGDG, parsley had the largest amount 
(305.3 mg/100 g of sample), whereas spinach 
had the most MGDG and SQDG (480.6 and 
(A) 

(B) 

(C) 

FIGURE 26.1 Chemical structures of major glycoglycero­
lipids from spinach. 
(A) Monogalactosyl diacylglycerol (MGDG); (B) digalactosyl 
diacylglycerol (DGDG); (C) sulfoquinovosyl diacylglycerol 
(SQDG). R1 to R6 in these structures are fatty acids. 

B. EFFECTS OF INDIVIDUAL 
52.7 mg/100 g of sample, respectively) among 
the vegetables tested. Spinach also contained 
the second largest amount of total glycoglycero­
lipids (642.6 mg/100 g of sample). Spinach gly­
coglycerolipids had the strongest inhibitory 
effect on the activities of mammalian pols and 
human cancer cell proliferation in the tested 
vegetables [13]. These results suggest that spin­
ach (Spinacia oleracea L.) could be a potent func­
tional food for anticancer activity. 
3. EFFECT OF EACH 
GLYCOGLYCEROLIPID FROM 

SPINACH ON THE ACTIVITIES OF 
DNA METABOLIC ENZYMES 
 

The major glycoglycerolipids, MGDG, DGDG, 
and SQDG, were purified from spinach using sil­
ica gel column chromatography [12], and  the
inhibitory activities of pols and other DNA meta­
bolic enzymes were investigated. Pols conduct 
cellular DNA synthesis [1], and eukaryotic cells 
reportedly contain three replicative types, pols α, 
δ, and  e, mitochondrial  pol  γ, and at least twelve 
repair types: pols β, δ, e, z, η, θ, ι, κ, λ, μ, and  σ 
and REV1 [2]. Since pols are essential for DNA 
replication, repair, and recombination and subse­
quently for cell division, inhibition of these en­
zymes will lead to cell death, especially under 
proliferation conditions. Inhibitors of eukaryotic 
pols should be considered potential agents for 
cancer chemotherapy. In the assay of pol activ­
ity, the substrates of pols were poly(dA)/oligo 
(dT)12–18 and 2u-deoxythymidine 5u-triphosphate 
(dTTP) as the DNA template-primer and nucleo­
tide substrate [i.e. 2u-deoxynucleoside 5u-triphos­
phate (dNTP)], respectively [14–16]. 

As shown in Figure 26.2, 100 μg/mL of 
MGDG and SQDG inhibited the activities of 
mammalian pols, including calf terminal deoxy­
nucleotidyl transferase (i.e. DNA-independent 
pol), but DGDG had no such inhibitory effect. 
Interestingly, MGDG has no effect on pols β, λ 
and terminal deoxynucleotidyl transferase, 
VEGETABLES ON HEALTH 
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TABLE 26.1 The Major Glycoglycerolipid Composition of Vegetables (mg/100 g of Dried Vegetable) 

Vegetable MGDG DGDG SQDG Total 

Parsley 449.3 (0.566)a 305.3 (0.385)b 38.7 (0.049)c 793.3 

Spinach 480.6 (0.748) 109.3 (0.170) 52.7 (0.082) 642.6 

Green tea 255.3 (0.558) 176.7 (0.387) 25.0 (0.055) 457.0 

Kale 196.0 (0.498) 157.3 (0.400) 40.0 (0.102) 393.3 

Broccoli 113.3 (0.393) 149.3 (0.517) 26.0 (0.090) 288.6 

Japanese honeywort 133.3 (0.549) 92.7 (0.382) 16.7 (0.069) 242.7 

Chive 104.0 (0.441) 92.0 (0.390) 40.0 (0.169) 236.0 

Cabbage 115.3 (0.581) 66.3 (0.335) 16.7 (0.084) 198.3 

Common bean 117.3 (0.626) 41.3 (0.221) 28.7 (0.153) 187.3 

Cucumber 36.7 (0.519) 34.0 (0.481) ND 70.7 

Sweet pepper 40.0 (0.653) 21.3 (0.347) ND 61.3 

Vegetables: parsley (Petroselinum crispum L.); spinach (Spinacia oleracea L.); green tea (Thea sinensis L.); kale (Brassica 
oleracea var. acephala); broccoli (Brassica oleracea var. italica); Japanese honeywort (Cryptotaenia japonica); chive (Allium 
tuberosum L.); cabbage (Brassica oleracea var. capitata); common bean (Pisum sativum L.); cucumber (Cucumis sativus L.); 
sweet pepper (Capsicum annuum var. angulosum). 
aRatio of MGDG in total glycoglycerolipids. 
bRatio of DGDG in total glycoglycerolipids. 
cRatio of SQDG in total glycoglycerolipids. 
ND, not detected. 

 

which are repair-related and/or recombination 
pols. The inhibitory effect of SQDG was more 
than 4-fold stronger than that of MGDG. These 
three glycoglycerolipids had no inhibitory 
effect on pols α and β from plant (cauliflower), 
prokaryotic pols such as E. coli pol I (Klenow 
fragment), T4 pol and Taq pol, and other 
DNA-metabolic enzymes such as human 
immunodeficiency virus type-1 (HIV-1) reverse 
transcriptase, T7 RNA polymerase, and bovine 
deoxyribonuclease I (DNase I) (Figure 26.2). 
These results suggest that MGDG and SQDG 
are selective mammalian pol inhibitors. 
4. EXTRACTION AND ISOLATION 
OF THE GLYCOGLYCEROLIPID 
FRACTION FROM SPINACH 
From the results of spinach glycoglycero­
lipids, an effective purification method of the 
B. EFFECTS OF INDIVIDUAL 
glycoglycerolipid fraction from spinach was 
established, as shown in Figure 26.3. The
major water-soluble substances were extracted 
from dried spinach (20 g) with 1000 mL of 
warm water (601C). The tissue cake was 
added to 1000 mL of warm ethanol (601C), 
and substances containing glycoglycerolipids 
were extracted (4.1 g) (i.e. ethanol extract). 
The ethanol extract was diluted with 1000 mL 
of 70% ethanol solution. The solution was sub­
jected to Diaion HP-20 column chromatogra­
phy (200 mL), a hydrophobic type of 
chromatography, washed with 1000 mL of 
70% ethanol, eluted using 95% ethanol 
(1000 mL), and further eluted using chloro­
form (1000 mL). The 70% ethanol-washed solu­
tion, 95% ethanol-eluted solution, and 
chloroform-eluted solution were Fraction-I 
‘water-soluble fraction’ (2.6 g), Fraction-II ‘gly­
coglycerolipid fraction’ (1.3 g), and Fraction-III 
‘fat-soluble fraction’ (0.2 g), respectively. 
VEGETABLES ON HEALTH 
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FIGURE 26.2 Effects of the purified glycoglycerolipids from spinach on the activities of various DNA polymerases
 
and other DNA metabolic enzymes.
 
Purified MGDG, DGDG, and SQDG (100 μg/mL each) were incubated with each enzyme [14–16]. Enzyme activity in the
 
absence of the compounds was taken as 100%. Data are shown as the means7SEM of three independent experiments.
 

80 100 
5. EFFECTS OF SPINACH 
FRACTIONS ON THE ACTIVITIES 
OF POL α AND HUMAN CANCER 

CELL GROWTH	 
The spinach ethanol extract and the three 
fractions by hydrophobic column chromatogra­
phy were investigated for their inhibition 
of calf pol α, which is a replicative pol. As 
shown in Figure 26.4, the spinach glycoglycer­
olipid fraction (Fraction-II) dose-dependently 
inhibited the activity of pol α with an IC50 

value of 43.0 μg/ml, and the fat-soluble frac-
tion (Fraction-III) slightly inhibited the activity 
B. EFFECTS OF INDIVIDUAL 
of pol α, although the water-soluble fraction 
(Fraction-I) did not show such an effect. 
Interestingly, the ethanol extract from spinach 
had no effect on pol α, although the extract 
contained pol-inhibitory glycoglycerolipids. 
There may be compounds that prevent pol α
inhibitory activity by glycoglycerolipids in spin-
ach extract. 

To clarify the cytological effects of Fractions-
I, II, and III from spinach, their influence on
human cervix carcinoma (HeLa) survival was
tested by MTT (3-(4,5-dimethylthiazol-2-yl)-2,5­
diphenyl-2H-tetrazolium bromide) assay [17]. 
The cells were incubated with the spinach 
VEGETABLES ON HEALTH 
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Dried spinach 
(20 g) 

Homogenized
 

Extracted with 1000 ml of distilled water (60°C)
 

Extracted with 1000 ml of 100% ethanol (60°C) 

Diaion HP-20 column chromatography (200 ml) 

Concerntrated in vacuo 

Extracted with 1000 ml of 70% ethanol 

Concerntrated 
in vacuo 

Concerntrated 
in vacuo 

Concerntrated 
in vacuo 

Extract 

Tissue cake Ethanol extract 

(4.1 g) 

I. Water-soluble 

fraction 

(2.6 g) 

II. Glycoglycerolipid 

fraction 

(1.3 g) 

95% Ethanol eluted 
(1000 ml) 

Chloroform eluted 
(1000 ml) 

70% Ethanol pass 
(1000 ml) 
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III. Fat-soluble 
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(0.2 g) 

FIGURE 26.3 Purification method of the glycoglycerolipid fraction (Fraction-II) from dried spinach (Spinacia oleracea L.). 
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FIGURE 26.4 Inhibition of the activity of calf DNA 
polymerase α by spinach fractions. 
Pol α activity (0.05 units, 5000 cpm) in the absence of the 
compounds was taken as 100% [15,16]. The spinach com­
pounds tested and symbols used are as follows: ethanol 
extract (open diamond); water-soluble fraction (Fraction-I) 
(open triangle); glycoglycerolipid fraction (Fraction-II) 
(closed circle); fat-soluble fraction (Fraction-III) (open 
square). Data are shown as the means7SEM of three inde­
pendent experiments. 

FIGURE 26.5 Effect of spinach fractions on the growth 
of human cancer cells. 
Dose-responsive curves of growth inhibition of human cer­
vix carcinoma (HeLa) cells incubated with ethanol extract 
(open diamond), water-soluble fraction (Fraction-I) (open 
triangle), glycoglycerolipid fraction (Fraction-II) (closed cir­
cle), and fat-soluble fraction (Fraction-III) (open square) for 
24 h. Cell proliferation was determined by MTT assay [17]. 
Data are shown as the means7SEM of four independent 
experiments. 
fractions for 24 h. As shown in Figure 26.5, 
neither Fractions-I, III or the ethanol extract 
influenced cell growth. On the other hand, the 
spinach glycoglycerolipid fraction (Fraction-II) 
dose-dependently suppressed cell growth, and 
the LD50 value was 57.2 μg/mL. Since the 
value is approximately 1.3-fold the IC50 value 
on pol α activity, this inhibition must be 
mostly led by the function of pol α. A signi­
ficant correlation was found between SQDG 
content and the inhibition of replicative pols 
such as pol α [13]. SQDG may be able to pene­
trate cancer cells and reach the nucleus, inhi­
biting the activities of pol α, and then the 
inhibition of pol α activity by SQDG may lead 
to cell growth suppression. Therefore, we con­
centrate on the properties of the glycoglycer­
olipid fraction from spinach in the latter part 
of this review. 
B. EFFECTS OF INDIVIDUAL 
6. HELA CELL GROWTH 
INHIBITORY PROPERTIES OF THE 
GLYCOGLYCEROLIPID FRACTION 

FROM SPINACH 
Since the spinach glycoglycerolipid fraction 
inhibited the activities of mammalian pols and 
human cancer cell growth, the effect of the frac­
tion on cell cycle regulation was investigated. 
When HeLa cells were treated with 57.2 μg/ 
mL ( = LD50 value) of the glycoglycerolipid 
fraction for 48 h, the percentage of cells in 
the G1-phase increased (30.3 to 50.2%) and the 
percentage of cells in the G2/M-phase 
decreased (30.6 to 18.3%). S-phase cells were 
moderately decreased through incubation (39.1 
to 31.5%). The cell cycle effect of the glycogly­
cerolipid fraction was investigated by the 
VEGETABLES ON HEALTH 
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expression of cyclin proteins using Western 
blotting. Cyclin A and cyclin E proteins, which 
are regulated in the G1/S-phase [18–21], 
increased with glycoglycerolipid fraction treat­
ment, but cyclin B, which is regulated in the 
G2/M-phase [22], decreased significantly. 
These results indicate that the glycoglycero­
lipid fraction induced G1- and S-phases arrest 
in human cancer cells, suggesting that HeLa 
cells treated with the glycoglycerolipid frac­
tion, which inhibited the activity of replicative 
pols, overcome the S-phase block, divide, then 
enter a new G1-phase and stop cycling, being 
unable to replicate DNA and pass the G1/S 
checkpoint, and/or probably the fraction may 
act not so much as a DNA synthesis inhibitor 
(like, e.g., aphidicolin) but as mild anti-
proliferative agents. Furthermore, DNA ladder 
formation was observed in HeLa cells treated 
with the LD50 value (57.2 μg/mL) of the frac­
tion for 24 h. These results suggest that both 
the inhibition of in vivo cell cycle arrest 
and the apoptotic effect occurred in HeLa cells 
by the glycoglycerolipid fraction from spinach, 
and the inhibition of mammalian pol activity 
by the fraction has a strong apoptotic effect on 
human cancer cells. 

The spinach glycoglycerolipid fraction also 
dose-dependently suppressed the growth of 
TABLE 26.2 Inhibitory Effect of the Spinach Glycoglycero
Growth 

Cell Line Type of Cancer 

A549 Human lung cancer 

BALL-1 Human B cell acute lymphoblas

HeLa Human cervix cancer 

Molt-4 Human T cell acute lymphoblas

NUGC-3 Human stomach cancer 

Colon-26 Mouse colon 

S-180 Mouse sarcoma 

Human cancer cells, such as A549, BALL-1, HeLa, Molt-4 and N
S-180, were incubated with the glycoglycerolipid fraction for 24
MTT assay [22]. Data are expressed as the mean7SEM of five i

B. EFFECTS OF INDIVIDUAL 
other human cancer cell lines such as A549 
(human lung cancer), BALL-1 (human leuke­
mia), Molt-4 (human leukemia), and NUGC-3 
(human gastric cancer), and the range of LD50 

values was 58.5–81.7 μg/mL (Table 26.2). This 
fraction also inhibited the cell growth of all 
mice cancer cell lines (i.e. colon-26 and S-180), 
and the cancer cell lines from mice showed 
almost the same cell growth inhibitory results 
as cancer cell lines from humans; therefore, we 
used mouse colon-26 and S-180 cells in the lat­
ter part of this study. 
7. ACUTE ORAL SAFETY TEST OF 
THE SPINACH 

GLYCOGLYCEROLIPID FRACTION 
Analyses of the acute oral safety of the spin­
ach glycoglycerolipid fraction were performed 
in ICR mice according to the standard proto­
cols outlined by OECD 420. A sighting study 
at 300 mg/kg and another at 2000 mg/kg were 
performed. After checking for adverse effects, 
five female mice were used and the acute 
safety of orally administered glycoglycerolipid 
fraction at 2000 mg/kg for 14 days was as­
sessed as the main study. At 2000 mg/kg of 
the spinach glycoglycerolipid fraction, no 
lipid Fraction from Spinach on Cultured Cancer Cell 

LD 50 Values (µg/mL) 

81.779.9 

toid leukemia 59.077.1 

57.276.9 

tic leukemia 58.577.1 

79.879.6 

74.579.0 

51.776.5 

UGC-3, and mouse cancer cells, such as colon-26 and 
 h. The rate of cell growth inhibition was determined by 
ndependent experiments. 
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TABLE 26.3 Acute Oral Safety of the Spinach Glycoglycerolipid Fraction in Mice 

Weight (g) 

Body Brain Heart Lungs Liver Spleen Kidneys 

Control 30.771.6 0.47570.010 0.12870.001 0.19370.006 1.53870.136 0.13270.014 0.43570.025 

Glycoglycerolipid 
fraction 

31.571.1 0.46570.016 0.13970.004 0.19970.006 1.64370.101 0.12870.012 0.46070.028 

ICR mice treated with water or the spinach glycoglycerolipid fraction at 2000 mg/kg by oral administration in accordance 
with OECD 420. Fourteen days after administration, the body and major organ weights of mice were measured as the 
means 7 SEM of five independent animals. 

3000 
toxicity was noted at necropsy, indicated by a 
total lack of gross pathological alterations 
(Table 26.3). 
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FIGURE 26.6 Effect of the spinach glycoglycerolipid 
fraction on the established colon cancer graft model for pre­
liminary medication. 
Vertical arrows show the injection timings of the glycogly­
cerolipid fraction (i.e. for 2 weeks, continuous intake before 
implantation). Control PBS (open circle), and the spinach 
glycoglycerolipid fraction (closed square) (20 mg/kg/day 
for 2 weeks). After the implantation of subcutaneous of 
colon-26 cells (1 x 106 cells), tumor volume was measured in 
all mice (BALB/c) for one month with no drug administra­
tion. All values are shown as the means7SEM of five inde­
pendent experiments. 
The mice were randomized into two groups, 
and oral administration of the glycoglycer­
olipid fraction from spinach or phosphate 
buffer solution (PBS) (i.e. control) was started 
for 2 weeks. Then, 1 x 106 cells of the colon-26 
cell line were implanted and the tumor volume 
of mouse solid tumor for 28 days after the 
implantation of cancer cells was measured 
(N = 9 of the each group). The spinach gly­
coglycerolipid fraction inhibited the tumor 
growth volume to 48.9% of the control tumor 
(Figure 26.6; Table 26.4). None of the mice 
showed any significant loss of body weight 
(control: 24.370.4 g and the glycoglycerolipid 
fraction: 22.870.4 g) and organopathy through­
out the experimental period. Next, all mouse 
tumors were submitted for histopathological 
examination. PCNA (proliferating cell nuclear 
antigen), which is a marker protein for prolifer­
ating cells, is a reported biomarker for cancer 
[23]. The PCNA level expressed in tumor tis­
sue was significantly decreased by orally 
B. EFFECTS OF INDIVIDUAL 
administered spinach glycoglycerolipid fraction 
treatment (Table 26.4). Moreover, the tumor tis­
sue of these mice was stained with hematoxy­
lin and eosin (H&E) and mitoses counted, and 
a significant decrease of the mitotic index in 
the administered glycoglycerolipid fraction 
group compared with the control group was 
found (Table 26.4). 
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TABLE 26.4 Effect of the Spinach Glycoglycerolipid Fraction on Tumor Growth in Mice for Preliminary 
Medication 

Tumor Volume (mm3) PCNA (%) Mitosis (/HPF) 

Control 2356.77550.1 64.071.7 15.371.7 

Glycoglycerolipid 1203.57416.0 55.071.7 11.970.4 
fraction 

The spinach glycoglycerolipid fraction at 20 mg/kg or PBS (i.e. control) was orally administered for 14 days, before colon­
26 cells (1 x 106 cells) were implanted. The tumor volume of BALB/c mice on days 28 after cancer cell implantation was 
measured, and tumor tissue underwent histopathological analysis. Percentage of PCNA-positive cells and mitosis count in 
tumor tissue were used as an index of cell proliferation. Measurements are shown as the means 7 SEM of nine 
independent experiments. 
This animal model indicated not only tumor 
prevention but also some of the steps of meta­
stasis. The major processes involved in meta­
stasis are migration, intravasation, transport, 
extravasation, and metastatic colonization [24]. 
Metastatic colonization (i.e. adherence, growth 
and proliferation process of cancer cells) was 
shown in this study; therefore, the spinach gly­
coglycerolipid fraction must inhibit metastatic 
focus growth in tumor tissue. 
9. ANTITUMOR ACTIVITY OF THE 
SPINACH GLYCOGLYCEROLIPID 
FRACTION IN MOUSE MODEL 
Cells, 1 x 106 S-180, were implanted into the 
subcutaneous tissue of ICR mice. Four days 
after the implantation of sarcoma cells, the first 
group received daily PBS, and the second 
group received daily oral administration of the 
glycoglycerolipid fraction from spinach at 
70 mg/kg. For 27 days after oral administra­
tion, the tumor volume and weight of all mice 
was measured once a day, and then the mice 
were killed humanely. As shown in 
Figure 26.7A, oral administration of the gly­
coglycerolipid fraction showed a superior anti­
tumor effect. Oral administration of the fraction 
significantly decreased sarcoma tumor growth 
compared with the control mouse tumor (90%; 
P<0.05), with tumor tissue almost lacking in 
B. EFFECTS OF INDIVIDUAL 
mice. None of the mice showed any significant 
loss of body weight throughout the experimen­
tal period (Figure 26.7B). The in vivo antitumor 
effect of the glycoglycerolipid fraction induced 
no adverse drug reaction (i.e. no damage to 
major organs or drug-related animal death). 
These results suggest that the in vitro inhibition 
of cancer cell proliferation and in vivo induction 
of antitumor activity by the spinach fraction may 
be caused by the inhibition of replicative pols by 
the glycoglycerolipid. 
10. DISCUSSION 
Spinach plays an important role in nutrient 
supply. Spinach is a superior supplier of vita­
min K, vitamin A, manganese, magnesium, fo­
lic acid, iron, vitamin C, vitamin B2, and 
potassium, and it includes a lot of dietary 
fiber, vitamin B6, vitamin E, and omega-3 fatty 
acids [25–28], which are essential for the main­
tenance, improvement, and regulation of 
human tissues. In addition, spinach includes 
major antioxidants of carotenoids and poly-
phenols (i.e. β-carotene, violaxanthin, neox­
anthin, lutein, and phenolic acid) [29–34]. 
These antioxidant compounds or extracts 
including polyphenols, such as natural anti­
oxidants (NAO) [34,35] of spinach, are related 
to disease prevention, including cancer [31,36]. 
Moreover, an epidemiological study suggested 
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FIGURE 26.7 In vivo antitumor effect of the glycoglycerolipid fraction from spinach.
 
Four days after implantation of S-180 cells (1 x 106 cells) into ICR mice, we started orally administered PBS (control; open
 
circle) and the glycoglycerolipid fraction (closed square) at 70 mg/kg for 27 days. All data are shown as the means 7 SEM
 
of four to five independent animals.
 
that spinach is associated with reduced cancer 
risk [37,38]. On the other hand, spinach in­
cludes oxalic acid and should be avoided by in­
dividuals with urinary calculus [39]. However, 
for many people, oxalic acid is not a problem. 

The lipid composition of thylakoid mem­
branes is highly conserved among higher plants 
such as spinach, algae, and cyanobacteria, com­
prised mainly of the following three glycogly­
cerolipids, MGDG, DGDG, and SQDG [40]. 
MGDG and DGDG are noncharged lipids, 
whereas SQDG possesses a negatively charged 
head group. Thylakoid membranes in plant 
chloroplasts and cyanobacterial cells are unique 
in possessing photosynthetic electron transport 
and photophosphorylation systems for the 
conversion of light to chemical energy. A 
mutant of Chlamydomonas reinhardtii, defective 
B. EFFECTS OF INDIVIDUAL 
in SQDG (hf-2), showed photosystem II (PSII) 
activity 40% lower than that of the wild type, 
an increase in sensitivity of PSII activity to 
3-(3,4-dichlorophenyl)-1,1-dimethylurea (DCMU), 
and a lower growth rate [41–44]. In accordance 
with these observations, the incubation of 
isolated thylakoid membranes of hf-2 with 
SQDG in vitro reversed the lowered PSII 
activity. These results indicated that SQDG has 
the specific function of maintaining PSII 
properties. 

The glycoglycerolipid fraction of spinach 
contains mainly MGDG, DGDG, and SQDG. 
SQDG and MGDG inhibit the activities of all 
mammalian pols and replicative pols, respec­
tively [12], cancer cell proliferation [12,45], and 
angiogenesis [46]. Moreover, MGDG showed 
antipromotion [47,48] and anti-inflammatory 
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[49] actions. Furthermore, this fraction in­
hibited tumor growth in vivo with subcutane­
ous injection [50] or oral administration [51,52]. 

11. CONCLUSION 
Spinach contains the most SQDG and 
MGDG in the glycoglycerolipid fraction of 
green vegetables tested, and a purification 
method of the spinach glycoglycerolipid frac­
tion (Fraction-II) was established. This fraction 
inhibited the activities of mammalian replica­
tive pols and suppressed the growth of human 
cancer cells. The water-soluble fraction 
(Fraction-I), fat-soluble fraction (Fraction-III), 
and ethanol extract from spinach had no influ­
ence, although the ethanol extract contained gly­
coglycerolipids such as SQDG and MGDG. 
Therefore, it is suggested that compounds pre­
venting glycoglycerolipid bio-activity may be 
contained in the spinach ethanol extract. It is 
also important to purify the glycoglycerolipid 
fraction from spinach. In this review, we con­
cluded that the spinach glycoglycerolipid frac­
tion can inhibit mammalian pol activity, human 
cultured cancer cell growth, and in vivo solid 
tumor proliferation with oral administration. 
This fraction could help to prevent cancer, and 
be a functional food with anticancer activity. 

ACKNOWLEDGMENTS 
We are grateful for the donations of calf pol 
α, rat pol β, human pol γ, human pols δ, e, 
and human pol λ by Dr M. Takemura of 
Tokyo University of Science (Tokyo, Japan), Dr 
A. Matsukage of Japan Women’s University 
(Tokyo, Japan), Dr M. Suzuki of Nagoya 
University (Nagoya, Japan), Dr K. Sakaguchi 
of Tokyo University of Science (Chiba, Japan), 
and Dr O. Koiwai of Tokyo University of 
Science (Chiba, Japan), respectively. This work 
was supported in part by a Grant-in-aid for 
Kobe-Gakuin University Joint Research (A), 
B. EFFECTS OF INDIVIDUAL 
and ‘Academic Frontier’ Project for Private 
Universities: matching fund subsidy from 
MEXT (Ministry of Education, Culture, Sports, 
Science and Technology), 2006–2010 (H. Y. and 
Y. M.). Y. M. acknowledges a Grant-in-Aid for 
Young Scientists (A) (No. 19680031) from 
MEXT, Grants-in-Aid from the Nakashima 
Foundation (Japan), Foundation of Oil & Fat 
Industry Kaikan (Japan), The Salt Science 
Research Foundation, No. 09S3 (Japan), and a 
Grant from the Industrial Technology Research 
Program from NEDO (Japan). 

References 
1.	 Hubscher, U., Maga, G., & Spadari, S. (2002). 

Eukaryotic DNA polymerases. Annual Review of 
Biochemistry, 71, 133–163. 

2.	 Kornberg, A., & Baker, T. A. (1992). DNA replication, 
(2nd ed.). New York: W. H. Freeman Chaper 6, pp. 
197–225. 

3.	 Mizushina, Y., Watanabe, I., Ohta, K., Takemura, M., 
Sahara, H., Takahashi, N., Gasa, S., Sugawara, F., 
Matsukage, A., Yoshida, S., & Sakaguchi, K. (1998). 
Studies on inhibitors of mammalian DNA polymerase α 
and β: Sulfolipids from a pteridophyte, Athyrium niponi­
cum. Biochemical Pharmacology, 55, 537–541. 

4.	 Ohta, K., Mizushina, Y., Hirata, N., Takemura, M., 
Sugawara, F., Matsukage, A., Yoshida, S., & Sakaguchi, 
K. (1998). Sulfoquinovosyldiacylglycerol, KM043, a new 
potent inhibitor of eukaryotic DNA polymerases and 
HIV-reverse transcriptase type 1 from a marine red 
alga, Gigartina tenella. Chemical and Pharmaceutical 
Bulletin, 46, 684–686. 

5.	 Ohta, K., Mizushina, Y., Hirata, N., Takemura, M., 
Sugawara, F., Matsukage, A., Yoshida, S., & Sakaguchi, 
K. (1999). Action of a new mammalian DNA polymer­
ase inhibitor, sulfoquinovosyldiacylglycerol. Biological & 
Pharmaceutical Bulletin, 22, 111–116. 

6.	 Hanashima, S., Mizushina, Y., Yamazaki, T., Ohta, K., 
Takahashi, S., Koshino, H., Sahara, H., Sakaguchi, K., & 
Sugawara, F. (2000). Structural determination of 
sulfoquinovosyldiacylglycerol by chiral syntheses. 
Tetrahedron Letters, 41, 4403–4407. 

7.	 Hanashima, S., Mizushina, Y., Yamazaki, T., Ohta, K., 
Takahashi, S., Sahara, H., Sakaguchi, K., & Sugawara, 
F. (2001). Synthesis of sulfoquinovosylacylglycerols, in­
hibitors of eukaryotic DNA polymerase α and β. 
Bioorganic & Medicinal Chemistry, 9, 367–376. 

8.	 Hanashima, S., Mizushina, Y., Ohta, K., Yamazaki, T., 
Sugawara, F., & Sakaguchi, K. (2000). Structure-activity 
VEGETABLES ON HEALTH 



404 26. ANTICANCER EFFECT OF GLYCOGLYCEROLIPIDS FROM SPINACH 
relationship of a novel group of mammalian DNA 
polymerase inhibitors, synthetic sulfoquinovosylacylgly­
cerols. Japanese Journal of Cancer Research: Gann, 91, 1073– 
1083. 

9.	 Murakami, C., Yamazaki, T., Hanashima, S., 
Takahashi, S., Ohta, K., Yoshida, H., Sugawara, F., 
Sakaguchi, K., & Mizushina, Y. (2002). Structure-func­
tion relationship of synthetic sulfoquinovosyl-acylgly­
cerols as mammalian DNA polymerase inhibitors. 
Archives of Biochemistry and Biophysics, 403, 229–236. 

10.	 Mizushina, Y., Xu, X., Asahara, H., Takeuchi, R., 
Oshige, M., Shimazaki, N., Takemura, M., Yamaguchi, 
T., Kuroda, K., Linn, S., Yoshida, H., Koiwai, O., 
Saneyoshi, M., Sugawara, F., & Sakaguchi, K. (2003). 
A sulphoquinovosyl diacylglycerol is a DNA polymer­
ase e inhibitor. Biochemical Journal, 370, 299–305. 

11.	 Ishizuka, I., & Yamakiwa, T. (1985). In H. Wiegandt, 
(Ed.), New comprehensive biochemistry (Vol. 10). 
(p. 101). Amsterdam: Elsevier. 

12.	 Murakami, C., Kumagai, T., Hada, T., Kanekazu, U., 
Nakazawa, S., Kamisuki, S., Maeda, N., Xu, X., 
Yoshida, H., Sugawara, F., Sakaguchi, K., & 
Mizushina, Y. (2003). Effects of glycolipids from spin­
ach on mammalian DNA polymerases. Biochemical 
Pharmacology, 65, 259–267. 

13.	 Kuriyama, I., Musumi, K., Yonezawa, Y., Takemura, 
M., Maeda, N., Iijima, H., Hada, T., Yoshida, H., & 
Mizushina, Y. (2005). Inhibitory effects of glycolipids 
fraction from spinach on mammalian DNA polymer­
ase activity and human cancer cell proliferation. 
Journal of Nutritional Biochemistry, 16, 594–601. 

14.	 Mizushina, Y., Yagi, H., Tanaka, N., Kurosawa, T., 
Seto, H., Katsumi, K., Onoue, M., Ishida, H., Iseki, A., 
Nara, T., Morohashi, K., Horie, T., Onomura, Y., 
Narusawa, M., Aoyagi, N., Takami, K., Yamaoka, M., 
Inoue, Y., Matsukage, A., Yoshida, S., & Sakaguchi, K. 
(1996). Screening of inhibitor of eukaryotic DNA poly­
merases produced by microorganisms. Journal of 
Antibiotics (Tokyo), 49, 491–492. 

15.	 Mizushina, Y., Tanaka, N., Yagi, H., Kurosawa, T., 
Onoue, M., Seto, H., Horie, T., Aoyagi, N., Yamaoka, 
M., Matsukage, A., Yoshida, S., & Sakaguchi, K. 
(1996). Fatty acids selectively inhibit eukaryotic DNA 
polymerase activities in vitro. Biochimica et Biophysica 
Acta, 1308, 256–262. 

16.	 Mizushina, Y., Yoshida, S., Matsukage, A., & 
Sakaguchi, K. (1997). The inhibitory action of fatty 
acids on DNA polymerase β. Biochimica et Biophysica 
Acta, 1336, 509–521. 

17.	 Mosmann, T. (1983). Rapid colorimetric assay for cellu­
lar growth and survival: Application to proliferation 
and cytotoxicity assays. Journal of Immunological 
Methods, 65, 55–63. 
B. EFFECTS OF INDIVIDUAL 
18.	 Ohtsubo, M., Theodoras, A. M., Schumacher, J., 
Roberts, J. M., & Pagano, M. (1995). Human cyclin E, a 
nuclear protein essential for the G1-to-S phase transi­
tion. Molecular and Cell Biology, 15, 2612–2624. 

19.	 Ohtsubo, M., & Roberts, J. M. (1993). Cyclin-depen­
dent regulation of G1 in mammalian fibroblasts. 
Science, 259, 1908–1912. 

20.	 Fang, F., & Newport, J. W. (1991). Evidence that the 
G1-S and G2-M transitions are controlled by different 
cdc2 proteins in higher eukaryotes. Cell, 66, 731–742. 

21.	 Pagano, M., Pepperkok, R., Verde, F., Ansorge, W., & 
Draetta, G. (1992). Cyclin A is required at two points 
in the human cell cycle. EMBO Journal, 11, 961–971. 

22.	 Nurse, P. (1990). Universal control mechanism regulat­
ing onset of M-phase. Nature, 344, 503–508. 

23.	 Kubben, F. J., Peeters-Haesevoets, A., Engels, L. G., 
Baeten, C. G., Schutte, B., Arends, J. W., Stockbrugger, 
R. W., & Blijham, G. H. (1994). Proliferating cell 
nuclear antigen (PCNA): A new marker to study 
human colonic cell proliferation. Gut, 35, 530–535. 

24.	 Fidler, I. J. (1990). Critical factors in the biology of 
human cancer metastasis: Twenty-eighth G.H.A. 
Clowes memorial award lecture. Cancer Research, 50, 
6130–6138. 

25.	 Schurgers, L. J., Shearer, M. J., Hamulyak, K., 
Stocklin, E., & Vermeer, C. (2004). Effect of vitamin K 
intake on the stability of oral anticoagulant treatment: 
Dose-response relationships in healthy subjects. Blood, 
104, 2682–2689. 

26.	 Tang, G., Qin, J., Dolnikowski, G. G., Russell, R. M., 
& Grusak, M. A. (2005). Spinach or carrots can supply 
significant amounts of vitamin A as assessed by feed­
ing with intrinsically deuterated vegetables. American 
Journal of Clinical Nutrition, 82, 821–828. 

27.	 Dainty, J. R., Bullock, N. R., Hart, D. J., Hewson, 
A. T., Turner, R., Finglas, P. M., & Powers, H. J. (2007). 
Quantification of the bioavailability of riboflavin from 
foods by use of stable-isotope labels and kinetic 
modeling. American Journal of Clinical Nutrition, 85, 
1557–1564. 

28.	 U.S. Department of Agriculture, Agricultural Research 
Service. (2005). USDA National Nutrient Database for 
Standard Reference, Release 21. Nutrient Data 
Laboratory Home Page, <http://www.nal.usda.gov/ 
fnic/foodcomp/search/>. 

29.	 Chitchumroonchokchai, C., Schwartz, S. J., & Failla, 
M. L. (2004). Assessment of lutein bioavailability from 
meals and a supplement using simulated digestion and 
caco-2 human intestinal cells. Journal of Nutrition, 134, 
2280–2286. 

30.	 Asai, A., Terasaki, M., & Nagao, A. (2004). An epox­
ide-furanoid rearrangement of spinach neoxanthin oc­
curs in the gastrointestinal tract of mice and in vitro: 
VEGETABLES ON HEALTH 

http:http://www.nal.usda.gov


REFERENCES	 405 
Formation and cytostatic activity of neochrome stereo-
isomers. Journal of Nutrition, 134, 2237–2243. 

31.	 Kotake-Nara, E., Kushiro, M., Zhang, H., Sugawara, 
T., Miyashita, K., & Nagao, A. (2001). Carotenoids 
affect proliferation of human prostate cancer cells. 
Journal of Nutrition, 131, 3303–3306. 

32.	 Pool-Zobel, B. L., Bub, A., Muller, H., Wollowski, I., 
& Rechkemmer, G. (1997). Consumption of vegetables 
reduces genetic damage in humans: First results of a 
human intervention trial with carotenoid-rich foods. 
Carcinogenesis, 18, 1847–1850. 

33.	 Chung, H. Y., Rasmussen, H. M., & Johnson, E. J. 
(2004). Lutein bioavailability is higher from lutein­
enriched eggs than from supplements and spinach in 
men. Journal of Nutrition, 134, 1887–1893. 

34.	 Bakshi, S., Bergman, M., Dovrat, S., & Grossman, S. 
(2004). Unique natural antioxidants (NAOs) and 
derived purified components inhibit cell cycle progres­
sion by downregulation of ppRb and E2F in human 
PC3 prostate cancer cells. FEBS Letters, 573, 31–37. 

35.	 Lomnitski, L., Padilla-Banks, E., Jefferson, W. N., 
Nyska, A., Grossman, S., & Newbold, R. R. (2003). A 
natural antioxidant mixture from spinach does not 
have estrogenic or antiestrogenic activity in immature 
CD-1 mice. Journal of Nutrition, 133, 3584–3587. 

36.	 Moeller, S. M., Jacques, P. F., & Blumberg, J. B. 
(2000). The potential role of dietary xanthophylls in 
cataract and age-related macular degeneration. Journal 
of the American College Nutrition, 19, 522S–527S. 

37.	 Longnecker, M. P., Newcomb, P. A., Mittendorf, R., 
Greenberg, E. R., & Willett, W. C. (1997). Intake of car­
rots, spinach, and supplements containing vitamin A 
in relation to risk of breast cancer. Cancer Epidemiology, 
Biomarkers & Prevention, 6, 887–892. 

38.	 Slattery, M. L., Benson, J., Curtin, K., Ma, K. N., 
Schaeffer, D., & Potter, J. D. (2000). Carotenoids and 
colon cancer. American Journal of Clinical Nutrition, 71, 
575–582. 

39.	 Taylor, E. N., & Curhan, G. C. (2007). Oxalate intake 
and the risk for nephrolithiasis. Journal of the American 
Society of Nephrology, 18, 2198–2204. 

40.	 Benning, C. (1998). Biosynthesis and function of the sul­
folipid sulfoquinovosyl diacylglycerol. Annual Review of 
Plant Physiology and Plant Molecular Biology, 49, 53–75. 

41.	 Minoda, A., Sato, N., Nozaki, H., Okada, K., 
Takahashi, H., Sonoike, K., & Tsuzuki, M. (2002). Role 
of sulfoquinovosyl diacylglycerol for the maintenance 
of photosystem II in Chlamydomonas reinhardtii. 
European Journal of Biochemistry, 269, 2353–2358. 

42.	 Sato, N., Aoki, M., Maru, Y., Sonoike, K., Minoda, A., 
& Tsuzuki, M. (2003). Involvement of sulfoquinovosyl 
diacylglycerol in the structural integrity and heat-toler­
ance of photosystem II. Planta, 217, 245–251. 
B. EFFECTS OF INDIVIDUAL 
43.	 Sato, N., Tsuzuki, M., Matsuda, Y., Ehara, T., 
Osafune, T., & Kawaguchi, A. (1995). Isolation and 
characterization of mutants affected in lipid metabo­
lism of Chlamydomonas reinhardtii. European Journal 
of Biochemistry, 230, 987–993. 

44.	 Dorne, A. J., Joyard, J., Block, M. A., & Douce, R. 
(1985). Localization of phosphatidylcholine in outer 
envelope membrane of spinach chloroplasts. Journal of 
Cell Biology, 100, 1690–1697. 

45.	 Quasney, M. E., Carter, L. C., Oxford, C., Watkins, 
S. M., Gershwin, M. E., & German, J. B. (2001). 
Inhibition of proliferation and induction of apoptosis 
in SNU-1 human gastric cancer cells by the plant sulfo­
lipid, sulfoquinovosyldiacylglycerol. Journal of 
Nutritional Biochemistry, 12, 310–315. 

46.	 Matsubara, K., Matsumoto, H., Mizushina, Y., Mori, 
M., Nakajima, N., Fuchigami, M., Yoshida, H., & 
Hada, T. (2005). Inhibitory effect of glycolipids from 
spinach on in vitro and ex vivo angiogenesis. Oncology 
Reports, 14, 157–160. 

47.	 Morimoto, T., Nagatsu, A., Murakami, N., 
Sakakibara, J., Tokuda, H., Nishino, H., & Iwashima, 
A. (1995). Anti-tumour-promoting glyceroglycolipids 
from the green alga, Chlorella vulgaris. Phytochemistry, 
40, 1433–1437. 

48.	 Wang, R., Furumoto, T., Motoyama, K., Okazaki, K., 
Kondo, A., & Fukui, H. (2002). Possible antitumor pro­
moters in Spinacia oleracea (spinach) and comparison of 
their contents among cultivars. Bioscience, Biotechnology 
and Biochemistry, 66, 248–254. 

49.	 Bruno, A., Rossi, C., Marcolongo, G., Di Lena, A., 
Venzo, A., Berrie, C. P., & Corda, D. (2005). Selective 
in vivo anti-inflammatory action of the galactolipid 
monogalactosyldiacylglycerol. European Journal of 
Pharmacology, 524, 159–168. 

50.	 Maeda, N., Kokai, Y., Ohtani, S., Sahara, H., Hada, 
T., Ishimaru, C., Kuriyama, I., Yonezawa, Y., Iijima, 
H., Yoshida, H., Sato, N., & Mizushina, Y. (2007). 
Anti-tumor effects of the glycolipids fraction from 
spinach which inhibited DNA polymerase activity. 
Nutrition Cancer, 57, 216–223. 

51.	 Maeda, N., Kokai, Y., Ohtani, S., Sahara, H., 
Kumamoto-Yonezawa, Y., Kuriyama, I., Hada, T., 
Sato, N., Yoshida, H., & Mizushina, Y. (2008). Anti­
tumor effect of orally administered spinach glycolipid 
fraction on implanted cancer cells, colon-26, in mice. 
Lipids, 43, 741–748. 

52.	 Maeda, N., Kokai, Y., Ohtani, S., Hada, T., Yoshida, 
H., & Mizushina, Y. (2009). Inhibitory effects of pre­
ventive and curative orally administered spinach gly­
coglycerolipid fraction on the tumor growth of 
sarcoma and colon in mouse graft models. Food and 
Chemical, 112, 205–210. 
VEGETABLES ON HEALTH 



C  H A P T E R  

27
 
Potential Health Benefits of Rhubarb
 

Elisabetta M. Clementi1 and Francesco Misiti2 
1CNR, Istituto di Chimica del Riconoscimento Molecolare (ICRM), Rome, Italy 

2Department of Health and Motor Sciences, University of Cassino, Cassino, (FR), Italy 
1. GENERAL
 

1.1 History 

Da huang, or Chinese rhubarb, is one of the 
most ancient and best known plants used in 
Chinese herbal medicine. Rhubarb and its wide 
range of uses were first documented in the 
Divine Husbandman’s Classic of Materia Medica, 
which was written during the later Han 
Dynasty, around 200 AD. Rhubarb occurs in 
commerce under various names: Russian, 
Turkey, East Indian and Chinese; but the geo­
graphical source of all species is the same, the 
commercial names of the drug indicating only 
the route by which it formerly reached the 
European market. Previous to 1842, Canton 
was the only port of the Chinese Empire hold­
ing direct communication with Europe, so rhu­
barb mostly came by overland routes: the 
Russian rhubarb used to be brought by the 
Chinese to the Russian frontier town of 
Kiachta; the Turkey rhubarb received its name 
because it reached China by way of Asiatic 
Turkey, through the Levant; East Indian came 
by way of Singapore and other East Indian 
Bioactive Foods in Promoting Health: Fruits and Vegetables 40
ports, and Chinese rhubarb was shipped from 
Canton [1]. Rhubarb first arrived in America in 
the 1820s, entering the country via Maine and 
Massachusetts and moving westwards with the 
settlers [2]. European herbalists recommended 
rhubarb as a laxative and diuretic and to treat 
kidney stones, gout, and liver diseases character­
ized by jaundice. Externally it was used to heal 
skin sores and scabs. Paradoxically, although 
larger doses were used as a laxative, small 
doses were used to treat dysenteric diarrhea [2]. 
The Chinese use rhubarb as an ulcer remedy 
and consider it a bitter, cold, dry herb used to 
clear ‘heat’ from the liver, stomach, and blood, 
to expel helminths, and to treat cancer, fever, 
upper intestinal bleeding (ulcers), and headache 
[3,4]. It is also used to treat toothaches [5]. 
1.2 Particular Common Names 

These include: akar kalembak, chu a epong di^
dai hoa ang, daioh, daiou, kot ang, dai hoa nam 
tao, rawind, Rhabarberwurzel, rhabarbarum, 
rhubarb, rhubard de Chine, rhubarb root, 
ta-huan, Canton rhubarb, Chinese rhubarb, 
7 r 2010 Elsevier Inc. All rights reserved. 
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chong-gi huang, da-hunag, daio, Japanese rhu­
barb, medicinal rhubarb, racine de rhubarbee 
(French), rhaberber, rhei radix, rheun, rhizome 
rhei, shenshi rhubarb, tai hunag, Turkish rhu­
barb, turkey rhubarb [6]. 

1.3 Botany 

Rhubarb is a perennial plant that grows from 
thick short rhizomes. The plants have large 
leaves that are somewhat triangular shaped with 
long fleshy petioles (Figure 27.1). The flowers are 
small, greenish-white to rose-red, and grouped 
in large compound leafy inflorescences. Three 
of the species (R. officinale, R. palmatum, and
R. tanguticum) are highly regarded medicinal 
plants in China, and therefore widely cultivated. 
FIGURE 27.1 The rhubarb plant.
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B. EFFECTS OF INDIVIDUAL 
Rheum is the technical name of the genus 
more familiarly known as rhubarb. It is said to 
be derived from Rha, the ancient name of the 
Volga, on whose banks the plants grow: but 
according to others it comes from the Greek 
rheo ‘to flow,’ in allusion to the purgative prop­
erties of the roots. 

The genus is included in the Polygonaceae, a 
highly diversified genus with about 60 species, 
mainly distributed in the mountainous and 
desert regions of the Qinghai-Tibetan Plateau 
area and Asian interior [7]. These two adjacent 
areas are putatively centers of both origin and 
diversification of Rheum, due to its extremely 
diversified morphology and high endemism at 
both species and section level. Nine sections 
were recognized under Rheum by Losina-
Losinskaya [7], who further suggested that Sect. 
Palmata is closely related to Sect. Rheum, and
that both sections are primitive groups of the 
genus. Kao and Cheng [8] acknowledged 
only five of Losina-Losinskaya’s sections and 
proposed two new sections: Sect. Acuminata 
based on the cordiform leaves of several species 
originally placed in Sect. Rheum; and the 
monotypic Sect. Globulosa, which  has spherical
inflorescences, but lacks distinct stems. To date, 
eight sections have been established and 
acknowledged under Rheum, according to Li [9], 
who further accepted Losina-Losinskaya’s phylo­
genetic hypothesis of Rheum [7], although no
new data were provided to support it. However, 
the phylogenetic relationships of some sections, 
e.g. Sect. Nobilia and Sect. Globulosa, are difficult 
to infer if exclusively based on their gross mor­
phology, because they embrace unique morphol­
ogies which show no distinct connections with 
other sections [8,9]. Palynological research in 
2001 has revealed diverse exine ornamentation 
in Rheum [10], but the variations in ornamenta­
tion are not consistent with the morphological 
classification. Some species with distinctly differ­
ent morphology in different sections share simi­
lar types of pollen ornamentation while some 
species with very similar morphology have 
VEGETABLES ON HEALTH 
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contrasting pollen ornamentation. For example, 
microechinate pollen ornamentation has been 
found in species of both Sect. Rheum and Sect. 
Palmata, while two species of Sect. Nobilia have 
very different ornamentation, pollen being 
densely microechinate and sparsely perforate in 
R. globulosum, but rugulate, verrucate, and high-
relief in the other species, R. nobile. In addition,
some papers have evidenced the existence of a 
relationship between chemical components pat­
tern, genetic variations, and production sites 
[11,12]. This finding could represent an impor­
tant factor in defining the appropriate use of rhu­
barb samples according to different therapeutic 
purposes. 

1.4 Rhubarb as a Food Plant 

Rhubarb is now grown in many areas and 
thanks to greenhouse production is available 
throughout much of the year. It is grown pri­
marily for its fleshy petioles, commonly known 
as rhubarb sticks or stalks. In temperate cli­
mates rhubarb is one of the first food plants to 
be ready for harvest, usually in mid to late 
spring, and the season for field-grown plants 
lasts until September. Rhubarb is ready to be 
consumed as soon as it is harvested, and 
freshly cut stalks will be firm and glossy. The 
color of the rhubarb stalks can vary from the 
commonly associated deep red, through speck­
led pink, to simply green. The color results 
from the presence of anthocyanins, and varies 
according to both rhubarb variety and produc­
tion technique. The color is not related to its 
suitability for cooking. The green-stalked rhu­
barb is more robust and has a higher yield, and 
the red-colored stalks are more popular with 
consumers. The stalks can be cooked in a vari­
ety of ways. Stewed, they yield a tart sauce 
that can be eaten with sugar and stewed fruit 
or used as filling for pies, tarts, and crumbles. 
This common use has led to the slang term for 
rhubarb, ‘pie plant.’ Cooked with strawberries 
or apples as a sweetener, or with stem or root 
B. EFFECTS OF INDIVIDUAL 
ginger, rhubarb makes excellent jam. It can also 
be used to make wine and as an ingredient in 
baked goods. Among species found in the wild, 
those most commonly used in cooking are the 
garden rhubarb (R. rhabarbarum) and R. rhaponti­
cum, which, though a true rhubarb, bears the 
common name ‘false rhubarb‘. The many varie­
ties of cultivated rhubarb more usually grown 
for eating are recognized as Rheum x hybridum 
in the Royal Horticultural Society’s list of recog­
nized plant names. 
2. CHEMICAL COMPOSITION 
The rhubarb plant is composed of three edi­
ble main parts: the leaves, the stalks or petioles, 
and rhizome or fleshy roots. The nutritional 
composition of rhubarb stalks for 100 g of edi­
ble portion is summarized in Table 27.1. The 
pleasantly acid taste (pH 3–3.6) is caused by 
the presence of malic, oxalic, and citric acids 
and saturated and unsaturated C6 aldehydes 
and acids. In particular, because oxalic acid 
binds vital nutrients, long-term consumption of 
rhubarb can be problematic in individuals with 
kidney disorders, gout, and rheumatoid arthri­
tis. Oxalic acid in fact combines with metals 
ions such as Ca2 + , Fe2 + , and Mg2 + to deposit 
crystals of the corresponding oxalates, which 
irritate the gut and kidneys. The median lethal 
dose (LD50) for oxalic acid in rats is 375 mg/kg. 
So for a person of about 65 kg, about 25 g of 
pure oxalic acid is required to cause death. 
Rhubarb leaves are probably around 0.5% oxa­
lic acid, so it would be necessary to eat quite a 
large serving of leaves, ca. 5 kg, to get that 24 g 
of oxalic acid. Some authors [13–15] state that 
the oxalic acid content of the petiole is approxi­
mately half that of the leaf blades, and that the 
oxalates of the leaves are predominantly potas­
sium oxalate while calcium oxalate is predomi­
nant in the petiole. 

The chemical composition of the roots is con­
siderably different from that of the other parts 
VEGETABLES ON HEALTH 



410 27. POTENTIAL HEALTH BENEFITS OF RHUBARB 

TABLE 27.1 Nutrition Factors in Rhubarb Stalks 

Nutrient Units	 Value per 
100 g of Edible 
Portion 

pH 3 - 3.6 

Water g 93.61 

Energy kcal 21 

Protein g 0.90 

Total lipid (fat) g 0.20 

Fiber g 1.8 

Sugars, total g 1.10 

Minerals 

Calcium, Ca mg 86 

Iron, Fe mg 0.22 

Magnesium, Mg mg 12 

Phosphorus, P mg 14 

Potassium, K mg 288 

Sodium, Na mg 4 

Zinc, Zn mg 0.10 

Copper, Cu mg 0.021 

Manganese, Mn mg 0.196 

Selenium, Se μg 1.1 

Vitamins 

Vitamin C, total mg 8.0 
ascorbic acid 

Thiamin mg 0.020 

Riboflavin mg 0.030 

Niacin mg 0.300 

Pantothenic acid mg 0.085 

Vitamin B6 mg 0.024 

Folate, total μg 7 

Folate, food μg 7 

Folate, DFE μg 7 

Vitamin A, IU IU 102 

Vitamin A, RAE μg 5 

Vitamin E (α-tocopherol) mg 0.38 

Vitamin K (phylloquinone) μg 41.0 

Lipids 

Fatty acids, total saturated g 0.053 

14:0	 g 0.001 

16:0	 g 0.046 

18:0	 g 0.004 

Fatty acids, total g 0.039 
monounsaturated 

16:1 undifferentiated g 0.001 

18:1 undifferentiated g 0.037 

20:1 g 0.000 

22:1 undifferentiated g 0.000 

Fatty acids, total g 0.099 
polyunsaturated 

18:2 undifferentiated g 0.099 

Other 

Carotene, beta μg  61  

Lutein + zeaxanthin μg 170 

Source: USDA National Nutrient Database for Standard
 
Reference, Release 16 (July 2003).
 
DFE, dietary folate equivalents; IU, international units;
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RAE, retinol activity equivalents.
 

and not yet completely known, thus the rhi­
zomes of this plant contain a series of biologi­
cal active molecules which render the 
lyophilized and the dried rhizome particularly 
interesting for practical applications. 

The most important constituents of rhubarb 
root are (Figure 27.2): i) hydroxyanthracene 
derivatives (anthraquinones) (3–12%), along 
with di-O,C-glycosides of the monomeric 
reduced forms (rheinosides A–D), and dimeric 
reduced forms (sennosides A–F); ii) tannins 
(5–10%); iii) stilbenes (1%); and iv) flavonoids 
(2–3%). In 2006, Komatsu et al. wrote a paper 
that evidenced a considerable variability in the 
chemical components in Rhei Rhizoma samples 
originating from different production areas 
[11]. Anthraquinones (Figure 27.3) are con­
densed aromatic organic compounds derivative of 
anthracene, insoluble in water but readily solu­
ble in most organic solvents (alcohol, nitroben­
zene, and aniline); these molecules are 
chemically fairly stable under normal condi­
tions. The principal anthraquinones found in 
rhubarb include chrysophanol, emodin, aloe­
emodin, rhein, and physcion [16]. In Chinese 
traditional medicine, the anthraquinones have 
been used as a laxative, but pharmacological 
studies have ascribed to anthraquinones a new 
series of therapeutic properties besides confirm­
ing their laxative properties [17]. For example, 
chrysophanol has hemostatic and bactericidal 
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FIGURE 27.2 Structure of the main chemical components purified from rhubarb roots. 
Data from Komatsu et al., 2006 [11]. 
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FIGURE 27.3 Chemical structures of rhaponticin (3,3u,5­
trihydroxy-4u-methoxystilbene 3-O-d-glucoside) (A), and 
rhapontigenin (B), its aglycone metabolite. 
properties, rhein is a potent antiviral, bacteri­
cidal and viricidal molecule, emodin is an 
anti-inflammatory, an antitumor agent, a vasor­
elaxant and viricide, and aloe-emodin has an 
antiherpetic and antileukemic action [18–23]. 
Other studies report that the major active princi­
ples producing the purgative action of rhubarb 
are the dimeric sennosides A–F [24]. The action 
of both the sennosides and rheinosides is lim­
ited to the large intestine, where they directly 
increase motor activity in the intestinal tract 
[24,25]. The tannins are polyphenolic compounds 
(Figure 27.2) containing hydroxyls and other 
suitable groups (such as carboxyls). Tannins 
comprise a large group of natural products 
widely distributed in plants; they have a great 
structural diversity and are usually divided 
into two basic groups: the hydrolyzable type, 
and the condensed type which are included 
in the polyphenolic compounds (see below). If 
ingested in excessive quantities, tannins inhibit 
partially the absorption of minerals such as iron 
and calcium [26] reducing the bioavailability of 
plant sources (i.e. iron non-heme), hence animal 
sources or heme iron absorption will not be 
affected by these molecules [27]. Plants that con­
tain more than 10% tannins have potential 
adverse effects including upset stomach, renal 
damage, hepatic necrosis, and an increased risk 
B. EFFECTS OF INDIVIDUAL 
of esophageal and nasal cancer. Tannins are 
astringent and traditionally used topically for a 
variety of pathological skin conditions. 
Systematically, tannins have been used to treat 
diarrhea and inflamed mucous membranes. The 
principal tannin isolated from rhubarb root is 
gallotannin (Figure 27.2), a hydrolyzable mole­
cule derived from a mixture of polygalloyl 
esthers of glucose, which have been shown to 
exert various biological effects ranging from 
anti-inflammatory to anticancer and antiviral 
implications [28,29]. The mechanisms underly­
ing the anti-inflammatory effect of gallotannin 
include the scavenging of radicals [30] and inhi­
bition of the expression of inflammatory media­
tors, such as some cytokines [29], inducible 
nitric-oxide synthase, and cyclooxygenase-2 
[31]. Important tannin components isolated 
from rhubarb root are lindleyin and iso­
lindleyin, molecules known to have several 
health benefits [32]. Lindleyin has estrogenic 
activity in vitro and in vivo and it is actually con­
sidered a novel phytoestrogen [33]. 

Stilbenes are organic compounds (Figure 27.2) 
that contain 1,2-diphenylethylene as a func­
tional group. These molecules are synthesized 
via the phenylpropanoid pathway and share 
some structural similarities to estrogen. 
Stilbenes act as natural protective agents to 
defend the plant against viral and microbial 
attack, excessive ultraviolet exposure, and 
disease. Stilbenes from root rhubarb include: 
rhaponticin (3.5%), piceatannol-glucopyrano­
side (2.0%), desoxyrhaponticin (0.048%), iso­
rhapontin (0.36%), rhapontigenin (0.58%), 
piceatannol (0.073%), desoxyrhapontigenin 
(0.015%), resveratrol (0.048%), rhaponticin 2-O­
gallate (0.12%), and rhaponticin 6-O-gallate 
(0.087%). Rhaponticin has anti-allergic and 
antithrombotic properties, inhibits copper-
induced lipid peroxidation [34,35], and has a 
neuroprotective effect against beta-amyloid 
induced neurotoxicity [36]. Moreover it has 
long been employed in Korea, Japan, and 
China as an oral hemostatic agent in treating 
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oketsu, a disease characterized by poor circula­
tion, pain, and chronic inflammation [37]. 

Rhaponticin and its aglycone rhapontigenin 
(Figure 27.3) have also been recommended by 
health professionals in Asian countries to treat 
and prevent allergies. Rhapontigenin and pice­
atannol were employed to assess their capacities 
to inhibit nitric oxide production in lipopolysac­
charide-activated macrophages [38]. In mouse 
and rat experiments, anticancer, anti-inflamma­
tory, blood-sugar-lowering and other beneficial 
cardiovascular effects of resveratrol have been 
reported [39–41]. The term flavonoid (or biofla­
vonoid) refers to a class of plant metabolites 
(Figure 27.2) which are derived from 2-(flavo­
noids) or 3-(isoflavonoids) or 4-phenyl-1, 
4-benzopyrone (neoflavonoids). The principal 
flavo-noids purified from root rhubarb are 
catechin and epigallocatechin gallate (EGCg). 
They are reported to have various beneficial 
biological functions including antitumor [42], 
antioxidative, anti-inflammatory [43], and anti­
obesity [44] activities. EGCg was reported to 
inhibit the differentiation of 3T3-L1 pre­
adipocytes into adipocytes by suppressing the 
expression of peroxisome proliferator-activated 
receptor-γ2 and CCAAT/enhancer-binding pro­
tein-α, key transcription factors at an early 
stage of differentiation, and the expression of 
GLUT4 at a later stage [45]. Oral administra­
tion of EGCg to obese Zucker rats, a model of 
type II diabetes, significantly lowered blood 
glucose and insulin levels [46]. 
3. POTENTIAL HEALTH BENEFITS 
OF RHUBARB 

3.1 Rhubarb and Alzheimer’s Disease 

Amyloid beta (1–42) peptide is considered 
responsible for the formation of senile plaques 
that accumulate in the brains of patients with 
Alzheimer’s disease (AD). Researchers from 
Cassino University and CNR-ICRM (Chemistry 
B. EFFECTS OF INDIVIDUAL 
of the Molecular Recognition Institute) in Italy 
studied in vitro the neuroprotective potentials 
of rhaponticin (3,3u,5-trihydroxy-4u-methoxy­
stilbene 3-O-d-glucoside), a stilbene glucoside 
extracted from rhubarb roots (Rhei Rhizoma), 
and rhapontigenin, its aglycone metabolite 
(Figure 27.3A, B), against amyloid beta (1–42)­
dependent toxicity. The obtained results show 
that rhapontigenin maintains significant cell 
viability in a dose-dependent manner and it 
exerts a protective effect on mitochondrial func­
tionality. The protective mechanism mediated 
by the two stilbenes is related to their effect on 
bcl-2 gene family expression. Based on these 
studies, the authors suggest that rhaponticin 
and its main metabolite could be developed as 
agents for the management of AD [36]. 
3.2 Rhubarb and Cancer 

Anthraquinones from rhubarb, Rheum palma­
tum, have been studied as anticancer molecules 
[47]. Emodin (3-methyl-1,6,8-trihydroxyanth­
raquinone) is one of the main active compo­
nents contained in the root and rhizome of 
Rheum palmatum L. Emodin has been reported 
to exert antiproliferative effects in many cancer 
cell lines: HER-2/neu-overexpressing breast 
[47], lung  cancer  [48], leukemic  HL-60  [49], 
human hepatocellular carcinoma [50], human
cervical cancer, and prostate cancer cell lines 
through the activation of caspase-3 and 
up-regulation of TP-53 and p21 [49,50]. 
Moreover, emodin inhibits the kinase activity of 
p56lck, HER2/neu [47], and casein kinase II 
[51]. Therefore emodin significantly induces 
cytotoxicity in human myeloma cells through 
the elimination of myeloid cell leukemia 1 (Mcl­
1) [52]. However, the actual molecular mechan­
isms of emodin-mediated tumor regression have 
not yet been fully defined. Rhein, another rhu­
barb anthraquinone, has the ability to induce 
cell death in tumor cells, inhibiting cell prolifera­
tion [53]. However, some test-tube studies 
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showed that some rhubarb ingredients might 
have mutagenic activities, but the clinical link 
between the use of rhubarb and the develop­
ment of gastric cancer was not clear [54]. A
study by Huang et al. [54] suggests that the 
molecular effects of anthraquinones, though 
with different pathways, potentiate the anti-
proliferative effects of various chemotherapeutic 
agents. The most abundant anthraquinone of 
rhubarb, emodin, is capable of inhibiting cellu­
lar proliferation, inducing apoptosis, and pre­
venting metastasis and these capabilities seem 
to act through tyrosine kinases, phosphoinositol 
3-kinase (PI3K), protein kinase C (PKC), NF-
kappa B (NF-κB), and mitogen-activated pro­
tein kinase (MAPK) signaling cascades [55]. 
Instead, the aloe-emodin antiproliferative prop­
erty is related to p53 and its downstream p21 
pathway. In one paper, a possible mechanistic 
explanation for the growth inhibitory effect of 
aloe-emodin includes cell cycle arrest and induc­
ing differentiation [56]. Rhein, another major 
rhubarb anthraquinone, effectively inhibited the 
uptake of glucose in tumor cells, determining 
changes in membrane-associated functions, and 
led to cell death in the study. 

3.3 Rhubarb and Pregnancy 

Rhubarb showed a protective effect against 
high blood pressure during pregnancy (PIH) 
[57,58]. In a previous study, rhubarb was 
shown to reduce vascular endothelial cell dam­
age significantly and alter the immune balance, 
which is effective in treating PIH. 

3.4 Anti-atherogenic Effects 

In traditional Chinese medicine some herbal 
prescriptions containing rhubarb have been used 
successfully to inhibit the development of athero­
matous plaque formation: the molecular basis of 
this protective effect has been investigated and 
the results showed that the aqueous extract of 
rhubarb (AR) prevents the development of 
B. EFFECTS OF INDIVIDUAL 
atherosclerosis through inhibiting vascular 
expression of pro-inflammatory and adhesion 
molecules via the regulation of the nitric oxide 
and endothelin system [59,60]. In particular,
AR significantly reduces plasma low-density 
lipoprotein-cholesterol, increasing plasma high-
density lipoprotein-cholesterol [61]. During  puri­
fication of different components from rhubarb 
it was observed that piceatannol, a tetra­
hydroxystilbene extracted from Rheum un­
dulatum rizoma, is the major mediator responsible 
for the vasorelaxing properties of rhubarb on 
endothelium-intact aorta and the vasorelaxant 
effects are mediated via the endothelium­
dependent nitric oxide signalling pathway [35]. 

3.5 Rhubarb and Cholesterol 

Several studies have shown that stalk fiber 
produced from rhubarb (Rheum rhaponticum) is
potentially hypolipidemic [62]. In a study 
where diabetic rats were used, the rhubarb-
fiber diet had no effect on the plasma choles­
terol or triacylglycerol concentrations. The 
reported hypolipidemic effect of rhubarb [63] 
stalk fiber is probably due to the bile-acid-bind­
ing capacity of rhubarb fiber, which in turn up-
regulates cholesterol 7α-hydroxylase (cyp7a) 
activity, the first and the rate-limiting enzyme 
in the breakdown of cholesterol to bile acids. 

3.6 Rhubarb and Antioxidant Effects 

Antioxidative activities of components of 
rhubarb are shown in Table 27.2 [59] com­
pared with probucol, a representative antioxi­
dant that has been reported to prevent the 
progression of atherosclerotic lesions [64–66]. 
Among them, ( - )-epicatechin 3-O-gallate 
showed strong antioxidative activity equal to 
that of probucol. The methanolic extracts from 
five kinds of rhubarb were found to show 
scavenging activity for 1,1-diphenyl-2-picryl 
hydrazyl (DPPH) radical and the superoxide 
radical [67]. 
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TABLE 27.2 Antioxidative Activities of Components 
of Rhubarb, Compared With Probucol, a Representative 
Antioxidant 

Components Dose 
(µg/mL) 

Anthraquinones free 

Aloe-emodin ND 

Rhein 3.65 

Emodin 17.37 

Chrysophanol ND 

Physcion ND 

Aloe-emodin 8-O-β-D-glucoside ND 

Rhein 8-O-β-D-glucoside ND 

Emodin 8-O-β-D-glucoside ND 

Chrysophanol 8-O-β-D-glucoside ND 

Glucoside anthrones 
•	 Sennoside A >100 
•	 Sennoside B >100 

Flavan-3-ols 
•	 Catechin ND 
•	 (–)-Epicatechin 3-O-gallate 0.35 

Procyanidin B-2 3,3u -di-O-gallate 8.10 

Naphtalene ND 
•	 6-hydroxymusizin 8-O-β-glucoside 

Phenylbutanones 
•	 Lindleyin 1.25 
•	 Isolindleyin 0.90 

Stilbene 
•	 3,5,4-Trihdroxystilbene 4u(6u-O-galloyl) 0.39 

glucose probucol 

Antioxidative activities were found in seven of 18 rhubarb 
components. Among them, ( - )-epicatechin 3-O-gallate 
showed strong antioxidative activity equal to that of 
probucol [59]. 
ND, not determinable. 

 

3.7 Rhubarb and Renal Failure 

In 1983, Yokozawa began a series of experi­
ments to test the efficacy of rhubarb extract on 
rats with adenine-induced renal failure [68]. 
Through those experiments, the group found 
that an aqueous extract of rhubarb administered 
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orally to rats after the induction of renal failure 
lowered BUN (blood urea nitrogen), SCr 
(plasma creatinine), methylguanidine, and guani­
dinosuccinic acid in a dose-dependent manner 
when compared to the controls. In 1991, the 
same group tested different tannins from rhu­
barb on rats with adenine-induced renal failure 
[69]. A decrease in SCr comparable to that 
observed after the administration of 270 mg rhu­
barb aqueous extract was found in rats given 5 
and 10 mg of the rhubarb tannin ( - )-epica­
techin 3-O-gallate. On the contrary, another rhu­
barb tannin, procyanidin C-13,3u,3u-tri-O-gallate, 
produced significant increases in BUN and SCr 
causing aggravation of renal function [70]. Later,
Zhang and el Nahas tested the efficacy of rhu­
barb in a subtotal nephrectomy model of chronic 
renal failure (CRF) [71]. Those rats consuming 
rhubarb extract in their drinking water (750 mg/ 
kg per day) had significantly less proteinuria 
and less glomerulosclerosis than those rats not 
treated. Few clinical trials have been performed 
to determine the efficacy of rhubarb, and given 
the flaws in these studies, they can only be used 
to support further clinical trials. In a small study 
of patients with moderate to severe CRF 
(N = 30), Zhang et al. found the combination of 
captopril (25 mg, three times daily) and rhubarb 
extract (6–9 g/day) induced a non-significant 
improvement in renal function by normalizing 
BUN and SCr (P>0.05) [72]. Kang et al. per­
formed an uncontrolled observational study of 
50 patients suffering from CRF [73]. While main­
taining ‘small doses of diuretics and hyperten­
sion pills’ for 3 months, the main therapy was a 
decoction of 10 g rhubarb, 20 g dandelion 
(Taraxacum officinale), and 30 g oyster shell, 
administered orally or by retention enema. In 
the 1–3 years of follow-up, the BUN of 37 of the 
patients dropped from an average of 35 to 
17.56 mmol/L, and pruritus and paresthesia 
were significantly decreased. The 13 remaining 
cases needed to be switched to full conventional 
therapy: seven had successful dialysis treatment 
and six died from complications of renal failure. 
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3.8 Rhubarb and Menstrual/Menopausal 
Problems 

Rhubarb root has been used in traditional 
Chinese medicine to relieve menstrual pro­
blems. The herb stimulates the uterus and is 
thought to move stagnated blood, which also 
helps to relieve pains, cramps, and endometri­
osis correlated symptoms. Five known anthra­
quinones, chrysophanol, physcion, emodin, 
aloe-emodin, and rhein, showed estrogenic rela­
tive potency [74]. Moreover, a special extract of 
rhubarb (Rheum rhaponticum) has been [75] 
used to treat menopausal symptoms and the 
results have evidenced that rhubarb root extract 
administration significantly reduced the fre­
quency and severity of hot flashes in perimen­
opausal women. Both these beneficial effects 
could be due to lindleyin [33], a tannin present 
in rhubarb root and to rhapontigenin and deso­
xyrhapontigenin, two stilbenes extracted from 
Rheum rhaponticum [76]. Lindleyin and rhaponti­
genin in fact bind ‘in vitro’ specifically ERα and 
ERβ, the principal estrogen receptors, demon­
strating potential beneficial applications as selec­
tive ER modulators [77]. 

3.9 Antimicrobial Effect 

It has been demonstrated that anthraquinone 
extracts were virucidal against HSV1 (herpes 
simplex virus type 1), measles, polio, and influ­
enza virus in vitro [78–80]. Rhubarb extracts 
prevented cells from becoming infected with 
HSV1 [81]. In other studies, rhubarb was not 
active against HIV, vaccine viruses, polio virus, 
or hepatitis B virus (HBV) [20,82]. Other stud­
ies reported antibacterial activities [83,84]. 

3.10 Rhubarb and the Gastrointestinal 
System 

In vitro data report that anthraquinone glyco­
sides are hydrolyzed in the gut to aglycones 
which are reduced by bacteria to anthranols 
B. EFFECTS OF INDIVIDUAL 
and anthrones. The laxative effect is due to: i) 
stimulation of colonic motility, which augments 
propulsion and accelerates colonic transit (which 
in turn reduces fluid absorption from the fecal 
mass; and ii) an increase in the paracellular per­
meability across the colonic mucosa probably 
owing to an inhibition of Na+ /K + exchanging 
ATPase or to an inhibition of chloride channels 
[85,86] which results in an increase in the water 
content in the large intestine [17,87,88]. Purgation 
is followed by an astringent effect owing to the 
tannins present [89]. 

In some animal studies rhubarb promoted 
electrical excitatory activity in the colon and 
duodenum which could be inhibited by atro­
pine [90,91]. It has also been reported that rhu­
barb has excitatory actions on isolated gastric 
smooth muscle strips of guinea pig. The excit­
ing action of rhubarb is partly mediated via the 
cholinergic M receptor, cholinergic N receptor, 
and L-type calcium channel [92]. Researchers 
also found that rhubarb extracts amplified the 
contraction amplitude of an isolated small intes­
tinal smooth muscle of rabbit. The rate of 
change of contraction amplitude was elevated 
significantly after administration, while the fre­
quency of contraction did not change [88]. 

3.11 Rhubarb and Ulcers 

Rheum emodi extract was found to inhibit 
‘in vivo’ all strains of Helicobacter pylori (both 
sensitive and resistant) at a concentration of 
10 mg/mL [93]. Furthermore, the microorgan­
isms treated with rhubarb did not develop any 
resistance to root extract even after 10 subse­
quent passages, whereas it is well known that 
H. pylori strains usually acquire resistance to 
amoxicillin and clarithromycin after 10 sequen­
tial passages [94]. ‘In vivo’ studies evidenced 
too that the alcoholic extract of R. emodi, con­
taining especially anthraquinones derivatives, 
taken orally, may help prevent stomach ulcers 
in rats [93,95]. However, future studies concern­
ing these properties must be carried out to 
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justify the anti-ulcerogenic properties of rhu­
barb and the potential therapeutic applications. 

3.12 Hepato-protective Effects 

Rheum officinale Baill (Chinese rhubarb) is 
one of the most popular traditional herbal medi­
cines that has pharmacological activities such as 
cathartic, anti-inflammatory, and antioxidative, 
and it is well known to promote excretion and 
decrease reabsorption of bilirubin, so it has 
been widely used alone or in combination with 
other crude drugs for the treatment of chole­
static hepatitis from ancient times in China [96]. 
The major active ingredient of the herb responsi­
ble for its hepato-protective effect is emodin, an 
anthraquinone. Ding et al. [21] reported that 
emodin has a protective effect on hepatocytes 
and a restoring activity on cholestatic hepatitis 
by anti-inflammation. The effects are mainly 
due to antagonizing pro-inflammatory cyto­
kines and mediators, inhibiting oxidative dam­
age, improving hepatic microcirculation, 
reducing impairment signals, and controlling 
neutrophil infiltration. Another important effect 
of rhubarb is to slow the development of liver 
fibrosis that, as the result of chronic liver injury, 
leads to the development of hepatocellular carci­
noma and liver cirrhosis. Rhei rhizome extract 
significantly reduces liver fibrosis by the direct 
inhibition of stellate cells resulting in reduced 
type I procollagen mRNA, α-SMA (α-smooth 
muscle actin) and TIMP-1 and 2 (tissue inhi­
bitors of metalloproteinases) expression [97]. 
4. ANALYTICAL PREPARATION 
Although official and unofficial rhubarbs 
show significant difference in purgative effects, 
they are similar in physical appearance and are 
difficult to distinguish by conventional means. 
Therefore, a simple, rapid, and accurate method 
for the analysis of bioactive compounds in 
rhubarb is necessary for the quality control of 
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crude rhubarb drugs and their pharmaceutical 
preparations. Qualitative and quantitative analy­
ses of rhubarbs have been extensively pursued 
[98–102]. 
5. PRECAUTIONS AND SIDE 
EFFECTS 
Chinese rhubarb should be prescribed only 
by a trained herbalist. It should not be taken 
by children under 12 years of age, or by preg­
nant women. Because it has been reported that 
anthranoid metabolites appear in breast milk, 
Rhizoma Rhei should not be used during lacta­
tion as there are insufficient data available to 
assess the potential for pharmacological effects 
in the breast-fed infant [2,103]. It should also 
not be used by persons with acute and chronic 
inflammatory diseases of the intestine, includ­
ing Crohn’s disease, appendicitis, and intesti­
nal obstruction [104]. When rhubarb is used 
for its laxative-purgative qualities, the patient 
should be reminded that constipation is often 
caused by poor diet and lack of proper exer­
cise. Correcting these patterns can improve 
bowel function without the use of any other 
therapy. People who use rhubarb root long-
term for bowel problems may find that its effec­
tiveness is decreased by extended use, and it 
can also cause electrolyte disturbances (hypoka­
lemia, hypocalcemia), metabolic acidosis, mal­
absorption, weight loss, albuminuria, and 
hematuria [105,106]. Potassium deficiency can 
lead to disorders of heart function and muscu­
lar weakness, especially with concurrent use of 
cardiac glycosides, diuretics, or corticoadrenal 
steroids. Loss of potassium from the system 
can be decreased by combining the rhubarb 
root with licorice root. People with a history of 
renal stones or urinary problems should avoid 
rhubarb root, as should patients having blood 
thinning therapy with, for example, warfarin 
(Coumadin), clopidogrel (Plavix), aspirin, 
enoxaparin (Lovenox), dalteparin (Fragmin), or 
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blood disease medication (sulfinpyrazone) 
[107,108]. It should be noted that rhubarb root 
can color the urine a deep yellow or even red. 
Melanotic pigmentation of the colonic mucosa 
(pseudomelanosis coli) has been observed in 
individuals taking anthraquinone laxatives 
for extended time periods [106,109]. The pig­
mentation is clinically harmless and usually 
reversible within 4–12 months after the drug 
has been discontinued [110]. It is possible to 
become intoxicated from an overdose of rhu­
barb, though the plant is generally safe to take 
in the recommended doses and manner. Signs 
of overdosage include vertigo, nausea, and 
vomiting, and severe abdominal cramps. 
6. PREPARATIONS 

 

Rhubarb root is usually taken from plants 
four or more years of age. It is dug up in the 
autumn, usually October, washed thoroughly, 
external fibers removed, and dried completely. 
The root is then pulverized and stored in a 
tightly closed container. Chinese rhubarb root 
usually comes from either China or Turkey. It 
can be purchased either in a powdered form 
or as a tincture. Medicinal uses supported by 
clinical data are reported for short-term treat­
ment of occasional constipation [24,25,88]. The 
individually correct dosage is the smallest dos­
age necessary to maintain a soft stool. The aver­
age dose is 0.5–1.5 g of dried root. The powder 
is brought to a boil in a tea cup (240 mL) and 
then simmered at reduced heat for 10 minutes. 
It is advised to take 1 tablespoon (15 mL) at a 
time, up to 1 cup daily. [111]. The tincture can 
be taken in a dose of 1–2 mL three times a 
day. Note: 30–100 mg of hydroxyanthracene 
derivatives are equivalent to approximately 
1.2–4.8 g of the dried root [112]. The total 
daily dose is 1–2 g of dried root. Provision 
of dosage information does not constitute a 
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recommendation or endorsement, but rather 
indicates the range of doses commonly used in 
herbal practice. Doses may also vary according 
to the type and severity of the condition trea­
ted and individual patient conditions. 
7. SUMMARY 
Rhubarb root has been used for over two 
thousand years as a mild, yet powerful and 
effective laxative that empties the intestines and 
cleanses the bowels thoroughly. The anthraqui­
none glycosides are natural stimulants and 
produce a purging action, which make it useful 
for treating chronic constipation as reported by 
several clinical studies [87,113,114]. It is  not
recommended to use rhubarb preparations for 
medicinal uses in the presence of intestinal 
obstruction, appendicitis, abdominal pain, coli­
tis, or Crohn’s disease. It should be avoided or 
used with great caution by patients with a his­
tory of renal stones due its oxalate content 
[115]. It is not to be used by children under 12, 
by pregnant women, and nursing mothers. For 
healthy people, it is safe to use rhubarb in the 
recommended doses; however, using rhubarb 
can cause cramping and nausea. When using 
rhubarb, it is best to use it for no more than 
2 weeks at a time. Long-term therapy can alter 
the body’s normal balance of fluids and miner­
als, which can trigger irregular heart rhythms, 
kidney problems, fluid retention, promote 
bone deterioration, and produce a laxative 
dependence. Because of its potential to deplete 
potassium, it should be used cautiously by 
patients taking cardiac glycosides. Rhubarb 
leaves are poisonous because they contain high 
concentrations of oxalates, unlike the roots and 
petioles (stalks). It is recommended to use this 
herb only under the direction of a qualified 
professional. 
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1. INTRODUCTION
 
Fenugreek (Trigonella foenum-graecum 
Leguminosse) is a self-pollinating crop, which 
is a native plant of the Indian subcontinent 
and the Eastern Mediterranean region. The 
crop extends to central Asia and North Africa, 
and more recently it has been successfully 
grown in Central Europe, the UK, and North 
America. It belongs to the Papilionaceae sec­
tion of the family Leguminosae. The species 
name, foenum-graecum, means ‘Greek hay,’ 
while the genus name, Trigonella, means ‘little 
triangle’ referring to the shape of its leaflet 
(Figure 28.1). Fenugreek plants have an erect 
growth habit with a height of 0.5–0.8 meters, 
mainly tap rooted with one main stem. Stems 
have alternating branches up to 0.4 meters 
with alternating compound pinnate trifoliate 
leaves 2–3 cm long. Flowers are axillary 
and cream in colour (1 cm long), developing 
into long slender (15 cm) green then yellow-
brown pods. Each mature brown pod contains 
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approximately 20 small yellow to brownish yel­
low seeds (Figure 28.2). 
2. TRADITIONAL USES 
Fenugreek is used for a variety of pur­
poses. In the USA, fenugreek seed extract is 
the principal flavoring ingredient of simulated 
maple syrup [1]. It is also used as a tobacco 
flavoring ingredient, hydrolyzed vegetable 
protein flavor, perfume base, and a source of 
steroid sapogenin in drug manufacturing 
industries [2,3]. In India, the ground seeds are 
used in spice mixtures and as a condiment, 
and therefore constitute an important ingredi­
ent in chutneys and spice blends. The leaves 
are commonly consumed as a vegetable [4]. 
A poultice of leaves is often used on burns 
and swellings and applied to the scalp to 
treat baldness [5]. Indians also incorporate 
fenugreek into Methipak, a traditional food 
consumed during pregnancy and lactation. 
5 r 2010 Elsevier Inc. All rights reserved. 
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In Egypt, the seeds are either eaten raw after 
sprouting or are used to make a confection fol­
lowing roasting, grinding, and cooking them 
with treacle and sesame seeds. Seeds are also 
sometimes added to maize and corn flour in 
bread making [6]. 
FIGURE 28.1 Fenugreek plant. 

FIGURE 28.2 Seeds from fenugreek plants. 

B. EFFECTS OF INDIVIDUAL 
3. CHEMICAL COMPOSITION
 
Fenugreek leaves have been found to con­
tain 25.0% protein, 25.9% starch, 12.9% neutral 
detergent fiber, 4.3% gum 10.8% ash, and 6.5% 
lipids. They have also been found to be a rich 
source of calcium, iron, β-carotene, and other 
vitamins [7,8]. The seeds contain 6–10% lipids 
(mainly as unsaturated fatty acids), 44–59% car­
bohydrates (mainly as galactomannans) and 
20–30% protein (rich in arginine, alanine and 
glycine, but poor in lysine and methionine) [9]. 
The 4-hydroxy-isoleucine has been found to be 
a major free amino acid in the seeds. In com­
parison to other legumes, the seeds contain 
higher proportions of minerals (Ca, P, Fe, Zn, 
and Mn). Trigonelline is an important alkaloi­
dal component of the seeds [10,11]. The seeds 
also contain some aromatic constituents such 
as n-alkanes, sesquiterpenes, and nonalactone. 
They have been found also to be rich in sapo­
nins. Three steroidal saponins, namely dios­
genin, gitogenin, and tigogenin, have been 
VEGETABLES ON HEALTH 
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reported to be present in fenugreek seeds [12]. 
The seeds are also known to contain flavo­
noids, carotenoids, and coumarins. 
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Major isomer (2S, 3R, 4S) Minor isomer (2R, 3R, 4S) 

FIGURE 28.3 Major and minor isomers of 4-hydroxy­
isoleucine of fenugreek origin. 
Fenugreek seeds have been known for a 
long time for their antidiabetic action. In 1948, 
Fourier [13] was first to observe that the admin­
istration of coarsely ground fenugreek seeds 
improved severe diabetes in human subjects. 
Since then, a number of studies have been con­
ducted and the effects have been well docu­
mented in several investigations involving 
streptozotocin-induced diabetic rats, alloxan­
diabetic dogs and type II diabetic subjects [14– 
17]. Initially, these antidiabetic properties were 
ascribed to the high fiber content of the seeds 
of fenugreek from Indian origin, affecting the 
intestinal absorptions of glucose and lipids 
[18,19]. However, research today has shown 
that not just the fiber, but many components 
of the seeds are involved in this effect. The 
components, such as 4-hydroxy-isoleucine and 
galactomannan, have shown insulinotropic 
properties [20–22] and inhibition of glucose 
absorption [16,18], respectively. Other compo­
nents, such as saponins, were also found to 
increase cholesterol and bile salt excretion, and 
to have beneficial effects on many other health 
complications associated with diabetes such as 
polyuria, polydipsia, weakness, and weight 
loss [23]. The potential health benefits of fenu­
greek are generally thought to be mediated by 
its three active component groups, which 
include 4-hydroxy-isoleucine, galactomanans, 
and steroidal saponins. 
4.1 4-Hydroxy-Isoleucine (4-OH-Ile) 

4-Hydroxy-isoleucine, a polar non-protein 
amino acid structurally related to branched-chain 
B. EFFECTS OF INDIVIDUAL 
amino acids, is not present in mammalian 
tissues. It has been found only in some very 
specific plants, especially Trigonella species [20]. 
In fenugreek seeds it accounts for approximately 
80% of the total content of free amino acids, 
0.5% wt/wt [24]. The amino acid is present in 
the seeds in two diastereoisomers (Figure 28.3). 
The major one has been found to have a 2S, 3R, 
4S configuration and represents up to 90% of 
total 4-OH-Ile content of the seeds. The minor 
possesses a 2R, 3R, 4S configuration. The major 
isomer, isolated and purified from fenugreek 
seeds, has been found to be a strong 
insulinotropic compound in both in vitro 
and in vivo studies [20,21]. Using islets of 
Langerhans from both rats and humans, 4-OH-
Ile has thus been shown to be glucose depen­
dent. In these in vitro studies, the amino acid 
appeared to be ineffective in stimulating insulin 
secretion at low (3 mmol/L) and basal (5 mmol/ 
L) glucose concentrations, however, the insulin 
secretion was markedly induced as the glucose 
concentrations increased (6.6 –16.7 mmol/L). 
Such a response to glucose dependency is not 
shared by sulfonylureas, the widely used in­
sulinotropic drugs to treat type II diabetes. 
Consequently, hypoglycemia remains a common 
untoward side effect of sulfonylurea treatment 
[25]. Thus, the novel insulinotropic property of 
4-OH-Ile makes it worth further investigation to 
ascertain its potential clinical use, both as a puri­
fied insulinotropic compound and as a part of 
fenugreek seeds. 
VEGETABLES ON HEALTH 
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4.2 Galactomannans 

Galactomannans belong to a family of seed 
gums and represent polymers of galactose and 
mannose [26]. Various soluble fibers such as 
guar gum, xanthine gum, gum acacia, locust 
bean gum (LBG), and fenugreek gum belong to 
this family. These galactomannans have differ­
ent galactose:mannose (G:M) ratios and dis­
tributions of galactopyranosyl units along the 
mannan chains (Figure 28.4). The variability in 
galactose composition and distribution along 
the mannan main chain is responsible for varia­
tions in solubility and rheology of different 
sources [27,28]. The solubility and viscosity are 
increased when the G:M ratio increases from 
1:4 in LBG to 1:3 in tara gum or to 1:2 in guar 
gum. In fenugreek galactomannan the G:M 
ratio is 1:1, making it superior in terms of its 
gel-forming characteristic over other galacto­
mannans [23]. It has been found that by increas­
ing the viscosity of digesta in the gut, these 
fibers, especially of fenugreek origin, delay the 
absorption of carbohydrates, thereby affecting 
postprandial plasma glucose response. Further, 
they have also been found to exert a hypoglyce­
mic effect by increasing the short chain fatty 
acids mediated production of GLP-1 in the 
intestine [29]. Antidiabetic effects of GLP-1, 
including the ability to stimulate insulin secre­
tion, inhibit glucagon production, and delay 
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FIGURE 28.4 Galactomannan, consisting of polymers of gal
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4 
gastric emptying, have been documented in a 
number of studies [30]. When taken as supple­
ments, these fibers have also been shown to be 
effective in lowering lipids and systolic blood 
pressure [31]. Fenugreek seeds contain up to 
28% galactomannans. Considering the signifi­
cant amounts of galactomannans in fenugreek 
seeds, it is of utmost importance that the 
effects of these in the control of postprandial 
glycemia and lipidemia in type II diabetic sub­
jects be ascertained to possibly promote the 
clinical use of the seeds. Further, the systemic 
effects of their longitudinal intake on the molec­
ular markers of carbohydrate and lipid metabo­
lism are also of special interest. 

Fenugreek has become a specialty crop in 
the Canadian Western Prairies. It has been 
found to be ideal for short-term crop rotation 
due to its high adaptability to dry climatic con­
ditions, annual nature, and ability to fix atmo­
spheric nitrogen in soil. It also provides 
excellent forage for cattle. The seeds of this 
Canadian-grown fenugreek have been found to 
contain 31.6% crude protein, 7.0% crude lipids, 
and 44.6% dietary fiber (25.8% insoluble and 
18.8% soluble) (Table 28.1). These data were 
comparable to those of an Indian variety, 
except for the crude protein, which is signifi­
cantly higher in the Canadian than in the 
Indian variety [32]. 
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The galactomannan isolated and purified 
(91.4%) from Canadian-grown fenugreek seeds 
consists of a β - (1,4) mannose backbone link­
ing to a single α-(1,6) galactose side chain [32]. 
The high ratio of galactose to mannose (1:1.4) 
in fenugreek galactomannan makes it easy to 
dissolve in water and thus create a highly vis­
cous solution at relatively low concentrations. 
Using this purified galactomannan, an in vitro 
study was carried out to examine its dose-
related effects on the intestinal uptake of glu­
cose in genetically determined lean JCR ( + /?) 
and obese JCR (cp/cp) rats [33]. The JCR 
(cp/cp) rats have been reported to be associ­
ated with the metabolic syndrome involving 
TABLE 28.1 Proximate Composition of Fenugreek 
Seeds (% w/w, dry basis) 

Component Varieties 

Canadian Indian 

Crude lipids 7.0 7 0.3 9.6 7 0.8 

Crude 31.6 7 0.3a 26.0 7 0.3b 

proteins 
Minerals 3.4 7 0.1 3.2 7 0.2 

Soluble fiber 18.8 7 0.2 17.5 7 0.8 

Insoluble fiber 25.8 7 0.3b 28.1 7 0.1a 

Source Srichamroen, 2007 [32].
 
a–bValues in a row not sharing a common superscript
 
differ significantly at P<0.05.
 

TABLE 28.2 Effect of Galactomannan on Food Intake, W

Control 

Food intake (g/d) 26.8 7 0.8a 

Body weight gain (g) 165.8 7 9.7a 

Body weight gain/intake ratio 6.26 7 0.1 

Adipose tissue 

Abdominal adipose tissue (g) 5.90 7 0.3a 

Perirenal adipose tissue (g) 1.38 7 0.1 

Source Srichamroen et al., 2009 [33].
 
Values represent means 7 SEM of control (N = 9), low GAL (N
a–cValues in a row not sharing a common superscript differ sign

B. EFFECTS OF INDIVIDUAL 
obesity, insulin resistance, hypertriglyceri­
demia, and secondary complications such as 
cardiovascular disease [34], and hence they are 
used as model animals for metabolic syndrome. 
There were significant differences (P<0.001) in 
body weight (g) between lean (326.9 7 14.7) 
and obese (568.5 7 14.7) rats, which were used 
in the in vitro study (Table 28.2). No significant 
difference was observed in the intestinal uptake 
of glucose between the two groups [33]. The 
uptake of glucose by the intestinal tissues, how­
ever, was significantly reduced in the presence 
of galactomannan; the effect was dose-related 
(0.1–0.5%, w/w), and this was true in both lean 
and obese rats. The inhibitory effect of galacto­
mannan on glucose uptake was found to be in 
parallel with the degree of viscosity of the fiber 
solutions. The latter was determined after stir­
ring for 60 min at a temperature-controlled 
(37 1C) fixed shear rate of 1.29 (L/s). In order to 
further examine these results, an in vivo study 
was carried out to examine the modifying effect 
of galactomannan extract from Canadian fenu­
greek source on glucose metabolism in high 
sucrose-fed rats [35]. The rational for feeding a 
high sucrose diet was that it increases triglycer­
ides in both plasma and adipose tissue [36]. 
In rats fed this diet for 4 weeks, galactomannan 
(2.5% or 5.0%) reduced significantly the 
plasma triglycerides and cholesterol as well as 
hepatic cholesterol levels in association with a 
eight Gain, and Adipose Tissue Weight 

Low GAL (2.5%) High GAL (5.0%) 

25.6 7 0.8a 22.6 7 0.8b 

157.4 7 10.3a 124.2 7 10.3b 

6.10 7 0.1 5.48 7 0.1 

4.57 7 0.3b 2.58 7 0.3c 

1.23 7 0.1 0.91 7 0.1 

 = 8), high GAL (N = 8).
 
ificantly at P<0.05.
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Glycoside = Glycyrrhetinic acid COOH 
reduction in plasma insulin concentrations 
(Table 28.3). It was of further interest that 
these animals had markedly lower sizes of 
abdominal adipose tissues compared with the 
control counterpart. These results can be 
explained by a decrease in insulin level leading 
to reduced lipogenesis. Both the in vitro and the 
in vivo results point to the significant potential 
of galactomannan of fenugreek origin in the 
management of metabolic syndrome, which is 
characterized by a cluster of hyperglycemia, 
hyperinsulinemia, hypertriglyceridemia, hyper­
cholesterolemia, and increased abdominal fat. 
O 

CH2OH 

O 

O 

O 

O 

Aglycone 

CH2OH 

2 molecules of glycone 

FIGURE 28.5 Saponin consisting of an aglycone linking 
to glucose molecules. 
4.3 Steroidal Saponins 

Saponins are naturally occurring glycoside 
compounds found in a wide variety of food 
and forage plants and to a lesser extent in 
marine animals. The Asian fenugreek seeds 
have been found to contain steroidal saponins 
mainly in the form of diosgenin, which com­
prises approximately 5–6% of the seed [6]. The 
saponins mainly consist of an aglycone (e.g. 
sapogenin, sapogenol) linked to one or more 
sugars (Figure 28.5). The saponin (a bitter part) 
is hydrophobic, and the sugar part is hydro­
philic. These structures give saponins their 
TABLE 28.3 Plasma Lipids and Insulin Status in Rats Fed
(5.0%) Galactomannan of Fenugreek Origin for 4 weeks 

Control (N = 9) 

Triglyceride (mmol/L) 

Total cholesterol (mmol/L) 

LDL-cholesterol (mmol/L) 
Free fatty acids (mmol/L) 

Insulin (pg/mL) 

1.36 7 0.2a 

97.15 7 0.6a 

1.55 7 0.1a 

16.16 7 0.2a 

75.09 7 0.3a 

Source Srichamroen et al., 2008 [35].
 
Values represent means 7 SEM.
 
a,bValues in a row not sharing a common superscript differ sign

B. EFFECTS OF INDIVIDUAL 
characteristic surface activity to form oil-in­
water emulsions, and act as protective colloids. 
The structure also provides the ability to bind 
strongly to other components of the plant 
matrix. Hypocholesterolemic effects of the etha­
nol extracts of fenugreek seeds and also of puri­
fied saponins derived from these seeds have 
been reported in both in vitro and in vivo stud­
ies [19,37]. Such effects are thought to be 
 a High Sucrose Diet Containing Low (2.5%) and High 

Galactomannan 

Low (N = 8) High (N = 8) 

0.79 7 0.2b 

75.27 7 0.4b 

1.2 7 0.1a,b 

13.80 7 0.2b 

60.12 7 0.3a 

0.71 7 0.2b 

66.17 7 0.5b 

0.75 7 0.1b 

15.95 7 0.2a 

16.23 7 0.3b 

ificantly at P<0.05.
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mediated by the saponins’ ability to bind bile 
acids and thereby limit bile salt reabsorption in 
the gut, consequently accelerating cholesterol 
degradation and decreasing plasma cholesterol 
concentrations [38,39]. In addition to their 
hypocholesterolemic effects, the saponins have 
also been shown to have antioxidant properties. 
Such a response has been well documented for 
the saponins derived from soybeans, and they 
were found to have a protective effect against 
free radical-induced cellular damage [40]. 
However, the antioxidant effects of saponins 
from fenugreek seeds have not been deter­
mined. Therefore, to promote the potential use 
of fenugreek seeds as an antioxidant and hy­
pocholesterolemic food product, it is of para­
mount importance that the effects of its intake 
on the antioxidant status and plasma lipid pro­
files of hypercholesterolemic subjects be further 
examined. 
4.4 Additional Active Compounds in 
Fenugreek Seeds 

Although considered to be the minor con­
stituents, nicotinic acid, coumarin, and trigonel­
line are also believed to be involved in the 
hypoglycemic effects of the seeds [6]. A study 
[41] tested the effects of various pharmacologi­
cal agents found in fenugreek seeds in normal 
and alloxan-diabetic rats. Nicotinic acid admin­
istration induced hypoglycemia lasting more 
than 5 hours after feeding in both normal and 
diabetic rats. The glucose-lowering effects of 
coumarin were also significant, persisting for 
more than 24 hours in both sets of animals. 
Trigonelline, the major alkaloid present in fenu­
greek, was also effective in causing a mild and 
transient hypoglycemia in diabetic rats. A high 
dose of scopoletine also caused a reduction in 
blood glucose in both sets of rats. 

In addition to the above mentioned beneficial 
effects of fenugreek seeds or its isolated active 
compounds in maintenance of hyperglycemia 
B. EFFECTS OF INDIVIDUAL 
and hypercholesterolemia, the effects of 
the seeds on other factors regulating carbohy­
drate metabolism have also been reported. For 
instance, administration of fenugreek seed 
extract to experimental animals reduced the 
plasma concentration of triiodothyronine by in­
hibiting the conversion of thyroxine to triiodothy­
ronine [42]. Reducing this conversion potentially 
prevents hyperthyroid-associated hypoglycemia. 
Further, supplementation of fenugreek seeds in 
the diets of diabetic rats reduced hepatic and 
renal output of glucose by decreasing the levels 
of glucose-6-phosphatase and fructose-1-6 
bisphosphatase in these organs [43]. 
4.5 Prospects of Fenugreek in the 
Management of Diabetes 

The antidiabetic properties of fenugreek 
were initially thought to be the result of the 
high fiber content of the seeds. However, it is 
now increasingly being realized that other seed 
components in addition to the fiber content 
may also account for its antidiabetic action. 
These components are believed to act synergisti­
cally in inhibiting glucose absorption and pro­
moting pancreatic functions. Results of the 
extensive in vitro and in vivo studies have thus 
convincingly pointed to the fact that 4-hydroxy­
isoleucine, galactomannan, and saponin, the 
three potential active components isolated from 
the fenugreek seeds, lower blood glucose, cho­
lesterol (including LDL-cholesterol), triglycer­
ide, free fatty acids, and abdominal fat. Further, 
the galactomannan component of fenugreek 
has been shown to markedly reduce glycemic 
response in parallel with its insulin response 
to a glucose load. It has been known for 
many years that obesity is associated with 
insulin resistance, hyperinsulinemia, non-
insulin-dependent diabetes mellitus (the type of 
diabetes that comprises over 90% of all diabetes), 
hyperlipidemia, and premature atherosclerosis, 
leading to increased morbidity and mortality 
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from coronary arterial disease, stroke, and vas­
cular disease. This cluster of associated diseases 
has been termed the ‘insulin resistance syn­
drome,’ ‘syndrome X,’ or ‘metabolic syndrome.’ 
It is increasingly being realized that the treat­
ment of these multiple abnormalities is a cen­
tral focus of management. Weight reduction 
associated with a decrease in total body and 
intra-abdominal fat results in a marked improve­
ment in insulin resistance and in blood glucose 
and lipid profiles. The studies reported in this 
chapter show that fenugreek has the potential to 
lower blood glucose, lipid profiles, insulin resis­
tance, and body weight (including the loss of 
abdominal fat), and thus fenugreek offers a viable 
choice in the treatment and prevention of diabetes 
and its complications. The conditions in which 
fenugreek with its low glycemic index could be 
potentially beneficial are shown in Figure 28.6. 
Fenugreek 

Syndrome-X 

Perfomance 

Cholesterol 

Glycemia/DM 
BP 

Colonic health 
Body fat
 

Appetite/ 
 Atherosclerosis (?) 

body weight 

FIGURE 28.6 Potential health benefits of fenugreek seeds 

TABLE 28.4 Elemental Similarities between 
Galactomannan in Fenugreek and the Antidiabetic 
Agent, Acarbose 

Galactomannan Acarbose 

Carbon (%) 48.1 46.5 

Hydrogen (%) 6.3 6.7 

Nitrogen (%) 1.7 2.2 

Mol. wt 631 645 

Mol. Formula C24H43O17N2 C25H43O18N 

B. EFFECTS OF INDIVIDUAL 
A synthetic oligosaccharide, acarbose, has 
been introduced for the treatment of diabetes 
[44]. It is an  α-glucosidase inhibitor that im­
proves glycemic control by reducing postpran­
dial blood glucose excursions via competitive 
inhibition of the digestion and absorption of die­
tary carbohydrate. The saccharide has the 
molecular formula as C25H43O18N (mol. wt. 
645). The soluble fiber from fenugreek seeds 
has shown a similar elemental analysis as 
C24H43O17N2 (mol. wt. 631), except that the 
amount of nitrogen appears to be two times 
that in acarbose (Table 28.4). Fenugreek is a 
legume plant, requiring nitrogen-fixing bacteria 
to grow; this may account for the increased 
amount of nitrogen in the seed compared with 
that in acarbose. Naturally occurring oligo­
saccharides containing a nitrogen atom are very 
rare. Hence, it would be an important finding if 
we can prove that the soluble fiber in fenugreek 
seeds is a potential source of oligosaccharide 
with hypoglycemic properties. 
5. SUMMARY 
Diabetes is a growing health concern. In the 
year 2025 the estimated diabetes incidence in 
North America was thought to exceed 24.5 mil­
lion (U.S. Department of Health and Human 
Services, 2005). Generally, people diagnosed 
with diabetes undergo dietary and drug treat­
ment regimens for the management of the dis­
ease. There are, however, borderline cases that 
remain untreated until there is an onset of the 
disease. These cases include gestational and 
non-gestational, associated with impaired blood 
glucose tolerance (e.g. fasting plasma glucose 
>6.2 mmol/L, and postprandial blood glucose 
response >11 mmol/L). 

Central to the treatment of diabetes as well 
as the pre-diabetic state is the control of blood 
glucose levels to prevent or delay the associ­
ated complications of retinopathy, nephro­
pathy, and cardiovascular disease. The results 
VEGETABLES ON HEALTH 



REFERENCES	 433 
from major randomized trials have shown that 
glycemic control toward normal glucose levels 
can delay the onset and progression of these 
complications. To control these levels, a num­
ber of oral antihyperglycemic agents are cur­
rently available, including sulfonylureas, 
meglitinide analogues, biguanides, thiazolidine­
diones and α-glucosidase inhibitors. However, 
the detrimental side effects associated with 
their use such as weight gain, gastrointestinal 
disorders, an increased risk of cardiovascular 
morbidity and mortality, and a risk of hypogly­
cemia confound their use [45]. 

The evidence to date suggests that fenugreek 
could be a potential natural health product for 
the prevention and treatment of type II dia­
betics. This novel legume source provides solu­
ble fiber along with other glucose-, cholesterol-, 
and triglyceride-lowering compounds. It would 
be a significant contribution to the daily man­
agement and stabilization of blood glucose and 
lipid levels for non-insulin-dependent diabetics. 
It is important to increase awareness of the pub­
lic, dieticians, and other health professionals as 
to the unique properties of fenugreek and to 
recommend it for the prevention of hyperglyce­
mia and hyperlipidemia. It is, however, impor­
tant that the biological effects are firmly 
established through well-controlled clinical 
trials. Fenugreek seeds have been found to 
have a bitter taste. Thus, it is important that 
palatable food products in which the bitter fla­
vor is effectively masked be developed in order 
to achieve sound consumer acceptability. 
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1. SUMMARY
 
Many overweight and obese people, and 
even people simply concerned about their 
weight, follow weight loss diets. However, 
there is a general lack of knowledge on the 
part of the public regarding the best steps to 
take in order to lose weight, and it is quite 
common for people to follow practices that, 
apart from not maintaining any weight lost, 
may lead to nutritional and health problems. 
This chapter discusses the most appropriate 
steps for achieving weight loss while maintain­
ing a good nutritional status. 
2. INTRODUCTION 
The control of body weight is receiving 
growing interest for aesthetic and health rea­
sons, but the number of overweight/obese per­
sons continues to increase. Unfortunately, there 
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is a general lack of knowledge on the part of 
the public with respect to the most appropriate 
ways of achieving weight control [1], and peo­
ple often follow inadequate diets that can lead 
to the appearance of mineral and vitamin defi­
ciencies [2,3]. 
3. DEFINITION OF OVERWEIGHT 
AND OBESITY 
A person who is overweight or obese suffers 
an abnormal or excessive accumulation of body 
fat [4]. The traditional method for determining 
whether a person is overweight or obese is to 
determine his/her body mass index (BMI): the 
person’s body weight in kilograms divided by 
the square of his/her height in meters (kg/m2) 
(Table 29.1). This highly reproducible, easy-to­
use index reflects the amount of body fat in 
most people very well, and has been employed 
in a great many epidemiological studies. It is 
7 r 2010 Elsevier Inc. All rights reserved. 
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TABLE 29.1 Body Mass Index (BMI) Intervals for 
Degree of Obesity in Adults [5] 

Category BMI Intervals (kg/m2) 

Underweight <18.5 

Normal weight 18.5–24.9 

Grade I overweight 25–26.9 

Grade II overweight (pre-obesity) 27–29.9 

Type I obesity 30–34.9 

Type II obesity 35–39.9 

Type III obesity (morbid) 40–49.9 

Type IV obesity (extreme) Z50 

 

also recommended for clinical use by different 
medical societies and international health orga­
nizations. However, the BMI is not a good indi­
cation of the amount of body fat carried by 
sportspersons or the elderly [5]. 

Other indicators of overweight/obesity have 
therefore been developed. For many years the 
ratio of the waist and hip circumferences 
(waist/hip ratio or WHR) has been used as an 
indicator of obesity, with central obesity said to 
exist when the WHR is >1 in men and >0.9 in 
women [6]. However, the latest trends recom­
mend the use of the waist circumference alone 
to determine the excess of fat, rather than the 
WHR, given the positive correlation shown by 
the former with the abdominal fat load. A 
waist circumference of >95 cm in men, and 
>82 cm in women is associated with a greater 
risk of developing metabolic problems. When 
these circumferences reach >102 cm and 
>90 cm respectively, the risk of developing 
these problems becomes very high [5,7]. 
4. PREVALENCE OF OVERWEIGHT 
AND OBESITY 
Obesity is one of the major public health 
problems of the twenty-first century. The latest 
WHO calculations [4] show that there has been 
B. EFFECTS OF INDIVIDUAL 
a gradual increase in the incidence of over­
weight and obesity; in 2005 there were 1600 
million overweight persons worldwide, plus 
another 400 million obese persons. 

In Europe, the prevalence of obesity varies 
from one country to another. The highest values 
are seen in Central and Eastern Europe (5–23% 
for men and 7–36% for women). In 2007, obe­
sity accounted for some 2–8% of health expendi­
ture in Europe, and 10–13% of deaths [8,9]. 

Obesity in children is also increasing, as a 
consequence of changes in lifestyle. In Italy, 
Malta, and Greece, about 50% of children 
between 10 and 13 years of age are over­
weight/obese. However, this increase is not 
just seen in developed countries; developing 
countries are also experiencing the same prob­
lem [10]. Obesity during adolescence increases 
the chances of becoming an obese adult; the 
BMI of 14-year-olds is a good indicator of the 
likelihood of being obese in adulthood [11]. If
action is not taken now, 2300 million people 
will be overweight by 2015, and 700 million 
more will be obese [4]. 
5. CAUSES OF THE INCREASE IN 
OBESITY 
The increase in the incidence of obesity may 
have been favored by a growth in sedentary 
ways of life [12,13], but also by changes in food 
habits, especially in developed countries. There 
has been a gradual decline in the consumption 
of foods rich in carbohydrates and fiber, such as 
cereals and vegetables, and an increase in the 
consumption of foods rich in fat, refined sugar, 
and salt, and of those with high energy densities 
such as pastries, sugar-containing fizzy drinks, 
cured meats, and different types of fast food. 
This is especially true among members of the 
infant and juvenile populations [14]. 

Further, there is a trend toward consuming 
easy-to-prepare meals. The number of ready-
made meals consumed has increased, as has the 
VEGETABLES ON HEALTH 
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purchasing of foods from vending machines. 
Although this type of food may be a reasonable 
price it usually contains more fat and calories 
than food prepared at home [15]. The size of por­
tions of this type of food has also been increas­
ing, favoring an increase in the prevalence of 
obesity [16–18]. 

The number of meals taken outside the 
home has also increased [19], and this has only 
encouraged the appearance of obesity. Foods 
consumed outside the home may contain more 
fat (especially saturated fat) and contain less 
fiber and micronutrients than food prepared at 
home [20, 21]. The consumption of food at 
fast-food restaurants, such as hamburgers and 
chips, etc. (foods rich in fat and energy), has 
been associated with obesity [21–23]. Further, 
eating in restaurants can lead to the overcon­
sumption of food, a consequence of the large 
portions served and the variety of appetizing – 
but high energy – foods offered [24,25]. 

Finally, it has been shown that under cer­
tain circumstances, people eat more than neces­
sary, even though they have no appetite to 
satisfy. This may be seen at social events or 
when people are watching TV, etc. If repeated 
often, this can also lead to increases in body 
weight [26,27]. 
6. CONCERN ABOUT BODY 
WEIGHT IN THE POPULATION 
Concern about one’s body weight is not only 
healthy, it can also have an aesthetic impact. 
However, while many people who are not over­
weight want to lose some weight, there are 
many others who are overweight/obese who 
show no concern about their body weight or 
any desire to reduce their excess fat load [28]. 

Women, who constantly receive messages 
regarding patterns of beauty and the impact it 
has on their personal, social, and professional 
lives, are generally more concerned about their 
weight than men, and are more likely to 
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follow diets or other strategies designed to 
help them lose weight [29,30]. This is true not 
only of women who are overweight/obese but 
also of those of normal and even low weight. 
Navia et al. [31] reported that, of 234 students 
aged 20–30, approximately half (total 47.9%; 
men 47.8%, women 47.9%) expressed a desire 
to lose weight. Yet among these, 30.4% of the 
men and 92.1% of the women students had 
BMIs between 18.5 and 25 kg/m2; thus, even 
though they had normal BMIs, they still wan­
ted to lose weight. 

Despite this concern, there is a general lack 
of knowledge regarding the most adequate 
steps to take to achieve weight control, and the 
following of poorly designed, imbalanced diets 
is frequent. It is quite common, especially 
among adolescents, for people to embark on 
fasting, on eating very little food, on the use of 
food substitutes (powders or special drinks), to 
skip meals, and to smoke more cigarettes. 
Some even adopt methods such as self-induced 
vomiting and the taking of diet pills, laxatives, 
and diuretics [32]. This behavior and the fol­
lowing of imbalanced diets can lead to nutri­
tional deficiencies [3], something that should 
be avoided. 
7. INFLUENCE OF THE DIET ON 
WEIGHT CONTROL 
The therapeutic objectives of weight loss in 
adults are the improvement or elimination of 
obesity-associated comorbidity and a reduction 
in the impact of future complications associ­
ated with weight excess. A number of weight 
loss strategies exist, including lifestyle changes 
(diet therapy, undertaking physical exercise, 
behavior modification), pharmacological treat­
ment and bariatric (gastric bypass) surgery 
(which should be reserved for serious cases) 
[5]. This chapter looks at how diet can help 
achieve weight control, especially through the 
consumption of fruits and vegetables. 
VEGETABLES ON HEALTH 
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In order to design an appropriate weight 
loss diet for overweight/obese people it is nec­
essary to bear in mind their gastronomic pre­
ferences, their economic possibilities, timetable, 
the climate, family and professional life, 
whether meals are taken alone or in company 
(watching TV or reading at the same time), the 
degree of physical activity undertaken, the per­
son’s clinical history, and other possible compli­
cations [33]. 

Many weight loss diets are based on the 
restriction of energy intake, yet weight loss ap­
pears to be regulated not just by the quantity 
of energy consumed but also by the composi­
tion of the diet [34]; it is therefore necessary to 
take this into account. 

7.1 Energy Intake 

The diets prescribed for the treatment of obe­
sity in the general population should be 
slightly or moderately hypocaloric and bal­
anced, and should, of course, be personalized. 
First, energy expenditure needs to be calcu­
lated with respect to the person’s sex, age, and 
level of physical activity. This should allow a 
diet to be designed that provides about 
500 kcal less than that required. Such a diet 
would allow a gradual weight loss that can be 
maintained over the long term [35]. 

In the loss and maintenance of weight it is 
also important to consider the distribution of 
energy intake over the day. A number of stud­
ies have shown that the greater the number of 
meals taken daily, the smaller the chance of 
becoming obese [36,37]. Navia and Perea [38] 
recommend that 4–5 meals be taken per day. 

7.2 Diet Composition 

Studies on overweight/obese people have 
found them to have food habits different to those 
of normal-weight people [39], including lower 
intakes of carbohydrates and fiber (mainly a 
lower consumption of fruits and vegetables) and 
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higher intakes of fat. Obesity shows a positive 
correlation with fat intake and a negative correla­
tion with carbohydrate intake [34–41]. This sug­
gests that people who are interested in losing 
weight should, rather than simply reducing their 
energy intake, follow balanced diets with an 
energy profile close to that recommended but 
with 55–60% of all energy coming from carbohy­
drates, 10% from proteins, and <30% from fats 
[42]. It is recommended that the diet contain the 
minimum quantity recommended for each 
group; this will allow the energy profile to 
approach that recommended and improve nutri­
tional status. Table 29.2 shows the number of ser­
vings and their sizes recommended for each food 
group. In order to help control body weight, the 
foods of least energy density within each group 
would be the best choices. 

7.2.1 Milk and Milk Products 

Weight control diets should include a rela­
tive increase in the consumption of skimmed 
milk/milk products since they contain less fat, 
and therefore less energy, than their whole 
milk counterparts [43,44]. Milk, fermented milk, 
and yoghurts would be more advisable than 
cured or semi-cured cheeses or milky desserts 
since the latter contain greater amounts of fat 
and should be taken in moderation [45]. 

7.2.2 Cereals and Pulses 

There is evidence that, given their content in 
complex carbohydrates, fiber, and other minor­
ity components, the consumption of cereals 
[46,47] and pulses [48,49] favors weight loss. 
Cereals can be eaten either white or wholemeal, 
although the latter are recommended since they 
provide more fiber. This provides a sensation 
of being full and avoids constipation [50,51]. 

7.2.3 Fish, Meat, and Eggs 

To favor weight loss, the meat consumed 
should be lean (chicken, turkey, rabbit, beef) 
VEGETABLES ON HEALTH 
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TABLE 29.2 Dietary Guidelines for Weight Control [38] 

Food Groups Servings/Day Foods Included in the Group Serving Size (g) 

Dairy products* 2–3 Milk 200 

Yogurt 125 

Fermented milk 125 

Low-fat cheese 30–40 

High-fat cheese 15–30 

Cereals and pulses 6 Bread 30–40 

Breakfast cereals 30–40 

Rice 100–150c 

Pasta 100–150c 

Pulses 100–150c 
Meat, fish, and eggs 2–3 Meat and meat products 100–125r 

Fish and fish products 100–125r 

Egg 1 piece 

Vegetables 3–4 Vegetables 100–200r 

Fruits 2–3 Juices 150 

Fresh fruit 1 regular piece 

Fats and oils Moderate Vegetable and seed oils, butter, margarine Smallest possible 

Sweet things Moderate Pastries, sugar, sweets Smallest possible 

*Skimmed or semi-skimmed.
 
r, Raw food weight, before the food is cooked.
 
c, Cooked food.
 
The number and weight of the servings indicated are an orientation and they have been established for one easy
 
application to the dietetic daily practice 
and all fat removed before cooking. Given 
their high fat content, meat derivatives should 
be avoided [52]. Some studies have shown that 
substituting meat for fish in hypocaloric diets 
can lead to greater weight losses; adding fish 
to the diet is therefore recommended [53,54]. 
Either blue or white fish can be eaten since, 
although blue fish contain more oil, they also 
have more omega-3 fatty acids. These can help 
protect against cardiovascular disease [55]. Fish 
canned in oil should be avoided, however, 
given its high energy content [56]. 
7.2.4 Fruits and Vegetables 

Fruits and vegetables have different proper­
ties that are advantageous in weight loss diets: 
B. EFFECTS OF INDIVIDUAL 
a)	 Their energy density is low. These foods 
contain large quantities of water; their 
weight and volume is therefore high but 
their energy content low. Thus, more of 
these foods can be eaten for the same 
energy intake, reducing the hunger 
experienced when following diets that 
reduce the number of food servings [57]. 
Ello-Martin et al. [57] studied 97 obese 
women advised to reduce the energy 
density of their diets. These were randomly 
assigned to two groups: group RF, in which 
the fat intake was reduced, or group 
RF + FV in which the fat intake was 
reduced and the intake of water-rich foods, 
particularly fruit and vegetables, increased. 
At 1 year of follow-up the RF + FV group 
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had a lower dietary energy density 
(P = 0.019) and experienced less hunger 
(P = 0.003) than did the RF group. The 
weight loss experienced by the RF + FV 
group was consequently greater than that 
achieved by the RF subjects [7.970.9 kg 
compared to 6.470.9 kg (P = 0.021)]. 

b)	 They have high fiber contents. Many studies 
have shown that increasing fiber 
consumption increases satiety and reduces 
hunger and energy intake [58]. Howarth 
et al. [51] found that consuming an 
additional 14 g/d of fiber for more than 2 
days was associated with a 10% decrease in 
energy intake and a loss of 1.9 kg over 3.8 
months. Thus, the increase in fiber intake 
associated with an increased consumption 
of fruits and vegetables could help to 
reduce energy intake and body weight. 

c)	 They have low glycemic indices (GI) and are 
often associated with low glycemic loads 
(GL) (they cause only a slow increase in 
blood glucose after their consumption); 
several studies suggest that this facilitates 
weight loss [59–61]. This may be due to a 
lowering of postprandial insulin secretion or 
because of their ability to produce a feeling 
of fullness and thus reduce the amounts of 
food eaten [62]. Given their low GI and GL 
indices they are also associated with high 
HDL-cholesterol levels and low triglyceride 
and LDL-cholesterol levels. Their 
consumption therefore reduces the risk of 
cardiovascular disease [63,64]. 

d)	 They are rich in folic acid [56]. This vitamin 
has been negatively associated with 
overweight/obesity; the consumption of 
these foods is therefore advisable in weight 
loss diets [65,66]. In a study of 182 patients 
with morbid obesity following lifestyle 
changes combined with pharmacological 
treatment, Martínez et al. [66] reported 
serum folic acid to be the only independent 
predictor of weight loss. An increase of 
1 ng/mL improved the probability of a 
B. EFFECTS OF INDIVIDUAL 
successful treatment outcome by 28% and 
serum folate was a better predictor of 
success than fruit and vegetable intake. 
However, this last variable was not found 
to be a significant independent predictor 
after its inclusion in a multiple linear 
regression model. 

These properties have inspired numerous 
studies designed to confirm the effects of fruits 
and vegetables on the regulation of food intake 
and weight control. In those in which the only 
step recommended to achieve weight loss was 
to increase the consumption of fruits and vege­
tables, with no other advice at all, most of the 
participants experienced no change in their 
body weight [67–69]. However, when subjects 
were also told to reduce their fat intake, the 
majority lost weight by the end of the interven­
tion [57,70,71]. Ortega et al. [71] studied 57 
Spanish women with a BMI of 24–35 kg/m2, 
randomly assigned to one of two slightly hypo-
caloric diets for a 6-week period: diet V, in 
which the consumption of greens and vege­
tables was increased, or diet C, in which the 
consumption of cereals was increased. Weight 
losses of 1.56 7 0.93 kg and 1.02 7 0.55 kg were 
seen at 2 weeks with the C and V diets respec­
tively, and of 2.8 7 1.4 kg and 2.0 7 1.3 kg at 
6 weeks (P<0.05). This shows that approximat­
ing the diet to the theoretical ideal by increas­
ing the consumption of vegetables or cereals, 
within the context of a hypocaloric diet, may 
be of use in weight control. 

The fact that fruit and vegetable consump­
tion has a greater impact on weight control 
when fat intake is also reduced might lead one 
to think that any weight lost is simply a conse­
quence of the reduction in fat intake. However, 
part of the effect is due to the consumption 
of fruits and vegetables. Singh et al. [72,73] 
showed that adding fruits and vegetables to 
a fat restriction diet resulted in significantly 
more weight being lost than a fat restriction 
diet alone. 
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It is important to bear in mind the form in 
which fruits and vegetables are consumed. Fruit 
juice, dried fruits, and vegetables cooked with 
oil or butter might have less influence on satiety 
than fruits and vegetables with lower energy 
densities, while adding appreciably to daily 
energy intake [74]. Weinrich  et al.  [75], who stud­
ied the relationships between selected dietary 
consumption and BMI in 204 African American 
men from southern states, found that cooking 
vegetables with butter (P = 0.03) was signifi­
cantly associated with an increased BMI. In addi­
tion, Shi et al. [76] observed that a vegetable-rich 
food pattern was associated with a higher risk of 
obesity/central obesity in 2849 Chinese men and 
women aged 20 years; the problem was a high 
intake of energy due to the generous use of oil 
for stir-frying the vegetables. 

Bearing these results in mind, it is essential to 
include quantities of fruits and vegetables in 
hypocaloric diets designed to achieve weight 
loss. In addition, some studies show that eating 
relatively more fruits and vegetables also 
improves dietary quality in addition to achiev­
ing weight loss [71]. The consumption of these 
foods can also help prevent diabetes [77], cancer
[78], and cardiovascular disease [79]. Rodríguez-
Rodríguez et al. [80] found that women who fol­
lowed a diet rich in vegetables had lower 
plasma homocysteine levels, higher serum folate 
levels, and lower levels of LDL-cholesterol and 
non-HDL-cholesterol after 6 weeks. 

Bearing in mind that reduced serum levels of 
antioxidants are present in obese people [81,82], 
the consumption of fruits and vegetables – which 
are rich in them  [56] – may help control oxidative 
stress and consequently the inflammatory 
response associated with obesity [83,84]. This
could help maintain and even improve the health 
of overweight persons. 

7.3 Other Dietary Recommendations 

a)	 The diet should be varied since this is the 
best way to ensure that all necessary 
B. EFFECTS OF INDIVIDUAL 
nutrients are obtained in adequate amounts. 
Many epidemiological studies have shown 
that a varied diet is associated with a better 
nutrient intake profile and a reduction in 
morbidity and mortality [85]. 

b)	 Lipid consumption should be reduced. 
Foods should be cooked on a hotplate or 
steamed. Stews and fried foods, especially 
battered and breaded foods, should be 
avoided [86]. 

c)	 Food should be well chewed and eaten 
slowly to give time for satiety signals to 
develop. This will favor the digestion of 
food and prevent the appearance of 
meteorism [38]. 

d)	 The use of spices and herbs is recommended 
since, apart from making food more 
palatable [87], they may also increase the 
feeling of satiety and promote thermogenesis. 
They could therefore be of great use in the 
treatment of obesity [88]. It  has  been  shown  
that the components of these ingredients 
reduce the inflammatory response of the 
adipose tissue in obese persons, perhaps 
improving the chronic inflammation 
associated with this problem [89]. 

e)	 Although salt has no calories and thus has 
little to do with weight loss, it should be 
used in moderation in order to reduce the 
high blood pressure so often seen in obese 
people [90]. In addition, salt makes food 
more palatable, which could lead to 
increased food consumption; this would 
favor an increase in weight [91]. 
8. PROMOTION OF FRUIT AND 
VEGETABLE CONSUMPTION 
Nutrition education is vital in the preven­
tion of obesity, yet there is a general lack of 
knowledge in nutrition matters among the pop­
ulation. This is particularly true of over­
weight/obese people [92]. This may be partly 
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due to the many incorrect messages regarding 
nutrition transmitted by the media and sent 
out in publicity campaigns [38]. 

This general lack of information, coupled 
with incorrect information, leads to the appear­
ance of inadequate food habits and therefore 
the swelling of the ranks of the overweight 
and obese. In fact, the consumption of fruits 
and vegetables by the population is much 
lower than that recommended, especially 
among adolescents, who also tend to restrict 
the intake of these foods when trying to lose 
weight [3,93]. The general public and over­
weight/obese persons in particular, therefore 
need to be given correct nutritional informa­
tion [38]. Obesity prevention programs should 
encourage the acquisition of healthy food 
habits, including the consumption of fruit and 
vegetables, and promote physical exercise with 
the aim of reducing body weight and adiposity 
to desirable levels [94]. 

The ‘Five a day’ campaign, which began in 
the 1990s, aimed at increasing the consumption 
of fruits and vegetables. The consequence of 
this campaign has been a slight increase in their 
consumption, but a large percentage of the pop­
ulation are still not eating fruits or vegetables 
daily. Greater efforts will be required if people 
are to be convinced they should consume at 
least five portions of these foods daily [95]. 

Although obesity prevention programs 
should be directed toward the entire popula­
tion, it is important to focus efforts on the 
infant population given the recent increase in 
obesity in this subgroup, and because the food 
and physical activity habits of infants can 
still be modified [96]. Different countries 
have tried different strategies for preventing 
infant obesity [96–99]. In Spain, the NAOS 
(Nutrici 6 on de la on, Actividad Física y Prevenci 6
Obesidad) strategy aims to modify the compo­
sition of foods (reducing their sugar, fat, and 
salt contents), publish nutritional guides, pro­
mote physical activity within the educational 
setting, and examine the adequacy of the food 
B. EFFECTS OF INDIVIDUAL 
i

available in school canteens and vending 
machines [96]. 

The main strategies that should be adopted 
to prevent infant obesity are [94]: 

i The promotion of breast feeding; 
i The promotion of a varied, balanced, and 

healthy diet; 
i The promotion of increased fruit, vegetable, 

wholemeal cereal, and pulse consumption; 
i The moderation of total fat intake; 
i The moderation of the intake of prepared 

foods, sweets, and pastries; 
i The promotion of gratifying, harmonious 

and continued physical exercise; 
i The promotion of nutrition education at 

school, in the family, and in the community; 
i The sensitization of social authorities and 

consumer education; 
i The promotion of ethical–scientific coherence 

in TV publicity of foods and drinks. 

By being constructive but not restrictive 
(therefore avoiding hunger and making a diet 
easier to follow), increasing the relative con­
sumption of fruits and vegetables could be a 
good strategy for achieving weight control 
while improving food habits and nutritional 
status. 
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1. INTRODUCTION
 
Legumes (particularly beans) have been 
associated with protection from heart disease 
in the Mediterranean diet for many years, as 
have soybeans in Japan, but it has only been in 
recent years that epidemiology has shown 
more convincing links. Ken Carroll et al. first 
showed in 1978 in a small number of subjects 
that exchanging animal protein with soy pro­
tein lowers serum cholesterol [1]. This area has 
been an active focus of research ever since. 
2. EPIDEMIOLOGY 
The Puerto Rico heart study of 8218 urban 
and rural men showed that legume intake was 
related to a lower incidence of heart disease 
after adjustment for all other risk factors [2]. 
Guo et al. [3] showed that in China legume 
intake was related to both ischemic heart dis­
ease and stroke while cholesterol and smoking 
were not. Trichopoulou et al. [4] and Willett 
and colleagues [5] emphasized the high intake 
of legumes in the Greek and Mediterranean 
Bioactive Foods in Promoting Health: Fruits and Vegetables 44
diets and suggested these were protective. 
In the seven countries studied, legume intake 
on univariate analysis was inversely related 
to coronary heart disease (CHD) mortality 
(r = - 0.822) [6]. In a study of dietary patterns 
in 45,000 US men, a protective pattern consist­
ing of fruit, vegetables, legumes, whole grains, 
fish, and poultry was associated with a 30% 
reduction in CHD [7]. A similar observation 
was made in US women [8] and in young Finns 
[9]. In Japan, there was an inverse correlation 
between soy product intake (as total amount or 
soy protein) and heart disease mortality rate 
was statistically significant in women after con­
trolling for covariates (and r = - 0.31, P = 0.045) 
but not in men [10]. This was confirmed by 
Sasazuki et al. [11] in Fukuoko city. In the USA, 
9632 men and women participated in the First 
National Health and Nutrition Examination 
Survey Epidemiologic Follow-up Study 
(NHEFS). Legume consumption was signifi­
cantly and inversely associated with risk of 
CHD (P = 0.002 for trend) and CVD (P = 0.02 
for trend) after adjustment for established CVD 
risk factors. Legume consumption four times or 
more per week compared with less than once a 
week was associated with a 22% lower risk of 
9 r 2010 Elsevier Inc. All rights reserved. 
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CHD (relative risk, 0.78; 95% confidence inter­
val, 0.68–0.90) and an 11% lower risk of CVD 
(relative risk, 0.89; 95% confidence interval, 
0.80–0.98) [12]. Trichopoulou et al [13] have 
extensively studied the Greek population in 
relation to protective dietary components and 
found using a 10 point Mediterranean score 
that an increase in 2 points in adherence 
resulted in a 25% reduction in total mortality, 
and a 33% reduction in CHD mortality [14]. In
those with prevalent CHD at baseline a similar 
reduction in mortality was found [15]. In the 
whole EPIC elderly cohort (aged>60 years at 
enrolment) those with CHD had an 18% reduc­
tion in mortality associated with a 2 point 
increase in score [16] while those without CHD 
had a decrease of 8% [17] or in another analysis 
a 14% decrease per SD of the diet score [18]. 

In the Japan Public Health Center-based 
(JPHC) study cohort, 40,462 Japanese (40–59 
years old, without cardiovascular disease or 
cancer at baseline) were followed for 12 years. 
For women, the multivariable hazard ratios 
for soy intake Z5 times per week versus 0–2 
times per week were 0.64 for risk of cerebral 
infarction, 0.55 for risk of myocardial infarc­
tion and 0.31 for cardiovascular disease mor­
tality. Similar but weaker inverse associations 
were observed between intake of miso soup 
and beans and risk of cardiovascular disease 
mortality. The multivariable hazard ratios for 
the highest versus the lowest quintiles of iso­
flavones in women were 0.35 for cerebral 
infarction, 0.37 for MI, and 0.87 for cardiovas­
cular disease mortality. No significant associa­
tion of dietary intake of soy, miso soup, and 
beans and isoflavones with cerebral infarction 
or myocardial infarction was present in men 
[19]. In the USA, nurses’ adherence to a 
DASH diet [a score based on eight food and 
nutrient components (fruits, vegetables, whole 
grains, nuts and legumes, low-fat dairy, red 
and processed meats, sweetened beverages, 
and sodium)] was associated with a 24% 
reduction in CHD and an 18% reduction in 
B. EFFECTS OF INDIVIDUAL 
stroke [20]. A Mediterranean diet pattern was 
found to be beneficial in 214,284 men and 
166,012 women in the National Institutes of 
Health (NIH)-AARP (also known as the 
American Association of Retired Persons) Diet 
and Health Study. A 9 point score was calcu­
lated which included vegetables, legumes, 
fruits, nuts, whole grains, fish, monounsatu­
rated fat–saturated fat ratio, alcohol, and 
meat. People with the highest score had a 20– 
22% reduction in CHD and total mortality in 
both men and women [21]. A meta-analysis 
has been performed of eight studies relating 
adherence to a Mediterranean diet to mortal­
ity [22]. A 2 point increase in adherence has 
been associated with a 9% reduction in total 
mortality and 9% reduction in cardiovascular 
mortality. 

In the EPIC study 10,500 people with diabe­
tes at presentation were found to have a signi­
ficant 27% reduction in all cause mortality 
(1346 deaths) in the highest quartile of legume 
consumption (32 g/day). This reduction was 
totally accounted for by a reduction in cardio­
vascular disease death with no effects on 
cancer or non-cancer, non-CVD deaths [23]. 
Twenty grams per day of legumes reduced 
CVD by 18%, which gave a stronger effect 
than 80 g/d of either fruit or vegetables. 
3. INTERVENTIONS WITH 
LEGUMES 
A very large number of studies have been per­
formed, with seven meta-analyses available 
[24–31]. In 2008, Harland and Haffner [31] 
reported on research that had examined 30 stud­
ies containing 42 treatment arms (N = 2913), with 
an average soya protein intake of 26.9 g. LDL 
was significantly lowered by 0.22 mmol/L (about 
6%, P<0.001) with no dose response. Taku and 
colleagues examined 11 studies specifically look­
ing at isoflavones and found this component low­
ered LDL-cholesterol by 0.10 mmol/L while soy 
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protein containing isoflavones lowered LDL-cho­
lesterol by 0.18 mmol/L [29]. Soy isoflavones 
increase sterol regulatory binding protein 2, 
increasing the expression of the LDL receptor 
and enhancing LDL clearance [32]. 

The Portfolio Diet of David Jenkins and 
colleagues which contains 21.4 g/1000 kcal of 
soy protein along with plant sterols (1.0 g/ 
1000 kcal), viscous fibers (9.8 g/1000 kcal), and 
almonds (14 g/1000 kcal) lowers LDL choles­
terol by 28.6% and CRP by 28.2% over a 1 
month period [33]. After 12 months this 
had been reduced to 12.8% with about 30% of 
participants having a reduction >20% [34]. 
Lukaczer et al. [35] found a lesser effect of a 
similar portfolio diet (30 g of soy protein and 
4 g of phytosterols per day) in 59 postmeno­
pausal women with LDL-cholesterol reductions 
of 14.8% at 3 months. 

Chickpeas can lower LDL-cholesterol by 
0.20 mmol/L over 5 weeks [36]. The dietary 
fiber component of chickpeas appeared to have 
the strongest effect [37]. Serra-Majem et al. in 
2006 [38] reviewed 43 publications containing 
35 studies of the Mediterranean diet and 
showed favorable effects in most. Lairon [39] 
has reviewed six published interventions with 
the Mediterranean diet, but it is difficult to be 
certain how much increase in legume intake 
occurred in these interventions as it is gener­
ally not recorded. In the Esposito study [40], 90
volunteers were asked to consume 400 g/d of 
whole grains which included legumes. In the 
nutritional report intervention, volunteers re­
ported eating 274 g/d more of fruit, vegetables, 
nuts, and legumes and 100 g/d more whole 
grains. The number of people with the meta­
bolic syndrome was reduced to 40 while in the 
control group 78 out of 90 still had the syn­
drome. Endothelial function improved in the 
intervention group. In the Medi-Rivage study 
[41], although it was recommended to increase 
legumes, there was only a minor increase in 
fiber and a decrease in carbohydrate and no 
record of any increase in legumes consumed. 
B. EFFECTS OF INDIVIDUAL 
The study itself showed no differences between 
control and Mediterranean diets. The Estruch 
paper [42] made no comment about any 
increase in legumes in the Predimed study, nor 
did the Fuentes Mediterranean intervention 
study [43]. 

Teede et al. [44] showed that soy protein ele­
vated 24-hour ambulatory blood pressure com­
pared with gluten. In a study [45] with 22 men 
in a randomized crossover design a mean 
intake of 91.9 g/d extruded dry beans had no 
significant effects on total serum cholesterol, 
LDL-cholesterol, triglycerides, apolipoprotein A 
or B, plasma fibrinogen, and plasma viscosity 
concentrations. HDL-cholesterol concentrations 
decreased in both the dry bean and control peri­
ods. Lipoprotein (a) concentrations increased 
with intake of extruded dry beans, but this 
increase was probably not due to an indepen­
dent effect of extruded dry beans. Plasminogen 
activator inhibitor 1 levels were significantly 
lower after the intake of extruded dry beans 
compared to the control period. Similar lack of 
effect was found using six 440 g cans of baked 
beans/week in 20 mildly hypercholesterolemic 
men [46], and in 40 hypercholesterolemic sub­
jects on a low fat diet [47], although positive ef­
fects have been found using beans by Shutler 
et al. [48], and Anderson et al. [49,50] in which 
total cholesterol was lowered from 10% to 19% 
and by Fr €uhbeck et al. [51] and Duane [52] (9% 
lowering with 120 g mixed legumes/day). Pinto 
beans (120 g/d of dried beans) lower total cho­
lesterol by 8% [53]. This area was reviewed by 
Geil and Anderson in 1994 [54]. A plant-based 
low fat diet with additional legumes, vege­
tables, and wholegrains lowered LDL-choles­
terol by 0.18 mmol/L compared with the low 
fat diet in 120 healthy subjects [55]. 
4. CONCLUSIONS 
Increasing fruit and vegetables will decrease 
heart disease risk, but a specific increase in 
VEGETABLES ON HEALTH 
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legumes of the order of 120 g/d of dried beans 
will be even more effective and probably acts 
via lowering LDL-cholesterol. 
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 1. INTRODUCTION
 
    
        

       
     

       
       

      
       

       
      

      
        

Dentistry professionals have developed pre­
ventive and therapeutic regimens for two of the 
most common diseases of humans, caries and 
inflammatory periodontal disease, exacerbated by 
the accumulation of bacterial plaques on tooth 
surfaces. Dental plaque formation is a dynamic 
and complex process involving many stages, 
from the adsorption of salivary pellicles to bacte­
rial accumulation and growth. Plaque removal is 
an important issue in health promotion. 

Punica granatum L. (Punicaceae), known as 
pomegranate, is a small tree that is common 
        Bioactive Foods in Promoting Health: Fruits and Vegetables 45
        
      

     
       

      
         
        

     
     

     
       
       

        
       

         

in the Mediterranean region. Its fruit has a 
number of biological activities, such as antitu­
mor, antibacterial, antidiarrheal, antifungal, and 
anti-ulcer, that have been reported with various 
extracts/constituents of different parts of this 
plant. From the fruit seeds, around 7% of a par­
ticular oil was isolated, presenting as its main 
constituents punicinic (33%), palmitic (10%), 
estearic (6%), nonedecanoic (6%), heneicosanoic 
(5%), tricosanoic (5%), 13-methylestearic (1.5%), 
and 4-methyl lauric (0.5%) acids. From the peri­
carp, elagic tannins were isolated, such as grana­
tins A and B, punicalagin and punicalin (these 
two present as major constituents) (Figures 31.1, 
31.2). This is the fruit part responsible for the 
        9 r 2010 Elsevier Inc. All rights reserved. 
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observed antibacterial action of the species, espe-
cially against Staphylococcus aureus, Clostridium 
perfringens, Salmonella sp., and Serratia sp. [1]. 
Another important action of the pericarp con-
stituents is that against herpes simplex 2, respon­
sible for genital herpes manifestations [2]. This
action, added to the pericarp astringent effect as 
well as low toxicity, corroborates its large and 
diffuse use in Brazil, in mouth and throat inflam­
matory processes [3]. The root bark has also 
been used as an antihelminthic, due to the pres­
ence of alkaloids such as pelletierine, also called 
punicin, as well as N-methylpelletierine and 
pseudopelletierine. The plant alkaloids are toxic 
for humans, mainly due to their action on the 
CNS. The root bark also contains around 20% of 
tannins, in part combined with alkaloids [3]. In
the plant leaves, ellagic acid and several other 
related tannins were identified. 

The objective of this work was to review the 
biological effects of pomegranate (Punica grana­
tum), especially those related to the fruit’s 
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antibacterial activity in general, as well as its 
potential against microorganisms present in den­
tal plaque and other infectious and inflammatory 
processes. The popular use of pomegranate in 
Brazil and elsewhere makes this species poten­
tially useful for government health programs, 
due to its adherence by regional communities, 
low toxicity, and already proven efficacy. 
   
    

    
     

2. PERIODONTAL DISEASES, 
DENTAL PLAQUE AND OTHER 

ORAL INFECTIOUS DISEASES, AND 
THE USE OF NATURAL PRODUCTS 
      
      

         
      

      
      

      
      

        
   

        
      

      
        
        
         

       
       

      
       

      
        

      
      

       
       

      
        

         
      

Periodontal diseases and dental caries are 
closely associated with the development of den­
tal plaque, formed as a result of the complex 
interactions between teeth and adsorbed host 
and bacterial molecules, passive transport of 
oral bacteria, co-adhesion of successive bacterial 
strains, and the multiplication of associated 
microorganisms [4]. More than 300 bacterial spe­
cies that inhabit the oral cavity participate in 
this process [5]. 

The pellicle formed as a result of selective 
adsorption of salivary proteins can influence 
early bacterial attachment and affect the acqui­
sition of diseased or healthy microflora on the 
tooth. In order to colonize, bacteria must firstly 
adhere to the tooth surface and then resist the 
cleansing forces of flowing saliva, lips, and 
cheeks [6]. Following the attachment of pioneer 
colonizers, subsequent layers may form by cell­
to-cell adherence and by the proliferation of 
adhering bacteria. Several bacterial and host 
factors are involved in the establishment of a 
balanced or climaxed microbial community [7]. 

Dental caries is a multifactorial pathology 
which involves a susceptible host, a cariogenic 
microbiota, and a cariogenic diet. These factors 
must occur simultaneously, during a certain 
period of time, for the occurrence of dental car­
ies [8]. This disease is initiated by the bacterial 
adhesion and subsequent plaque formation on 
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the tooth surface, followed by bacterial carbo­
hydrate fermentation and organic acid forma­
tion. These acids diffuse into and ultimately 
demineralize the tooth [9]. Streptococcus mutans 
is considered the main etiological agent of car­
ies of smooth surfaces, in human and in ani­
mal models. Previous studies showed that 
mutans streptococci are involved in the initial 
stages of dental demineralization [8,10]. 

Periodontal disease is one of the main cau­
ses of tooth loss. The presence of pathogenic 
plaques, together with host-related factors that 
modify the response to plaque bacteria, is the 
key determinant contributing to development 
of the disease [11]. Periodontitis is a common 
infectious disease, to which Porphyromonas gin­
givalis has been closely linked, in which the 
attachment tissues of the teeth and their alveo­
lar bone housing are destroyed [12]. The role of 
dental plaque as the primary etiological agent 
in gingivitis has been demonstrated in classic 
studies of experimental gingivitis in adults and 
children [13]. The mechanical removal of supra-
gingival plaques is an effective method for con­
trolling plaque and gingival inflammation. 
However, most subjects lack the compliance 
and dexterity required for appropriate tooth­
brushing and flossing, and thus are not able to 
maintain an adequate standard of gingival 
health [14]. Hence, interest in alternative 
mouthrinses and toothpastes based on natural 
products and plant extracts has increased. 

Other species of microorganisms that are 
present in the oral cavity, such as Candida albi­
cans and Staphylococcus aureus, may also cause 
pathologies, particularly under specific condi­
tions. Microorganisms of the Enterobacteriaceae 
family and of the genus Pseudomonas have been 
extensively studied, due to their pathogenic 
potential. Also, these bacteria are correlated to 
severe periodontal diseases [15,16]. 

The establishment and maintenance of oral 
microbiota are related not only to interbacterial 
co-aggregations but also to interactions of these 
bacteria with yeasts, such as Candida albicans [17]. 
     AND CANCER PREVENTION AND TREATMENT 
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Fungi are frequently isolated from several oral 
sites, including the tongue, buccal mucosa, pal­
ate, dental biofilm, subgingival microbiota, cari­
ous lesions, and prosthetic appliances [18]. 
Possible relations between C. albicans and peri­
odontal disease, dentin and/or root caries have 
been suggested [19]. These studies showed that 
C. albicans has a similar capacity for colonizing 
hydroxyapatite as that of S. mutans, although 
using different mechanisms. 

Exponential advancements in the field of cari­
ology have re-emphasized the importance of 
prevention. There has been a change in think­
ing globally, with a growing tendency to go 
natural. The limitations of mechanical control 
of the dental biofilm originated several studies 
on the activity of chemical agents. These pro­
ducts can act by interfering in bacterial adhe­
sion to the dental surface, reducing bacterial 
proliferation, or removing the pre-existing bio­
film [10]. Review of the literature also showed 
that many studies are being conducted to iden­
tify therapeutic agents from natural sources, 
for the management of dental diseases. Most of 
the agents being evaluated are plant extracts, 
aiming at the management of periodontal dis­
eases and dental caries. Terminalia chebula is 
one of the exceptions, in that its extract was 
already being used for prevention of dental car­
ies. The aqueous extract of T. chebula is a poten­
tial anticariogenic mouthwash that increases 
the oral pH and buffering capacity and 
decreases the microbial count. For better effi­
ciency, a suitable vehicle such as gel or varnish 
formulations has to be chosen [20]. 

The surface roughness of the dental enamel, 
caused by toothbrushing with abrasive denti­
frices, is an important factor in oral health. It 
modifies the shape of the dental surface, facili­
tating the retention of bacterial plaque, which 
is a cause of dental caries and periodontal dis­
eases [21]. It is considered that there is an 
increasing need to obtain substances that 
remove bacterial plaque without causing any 
other damage, such as an increase in surface 
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roughness and, consequently, the process of 
dental abrasion [22]. 

The literature regarding the use of oil in den­
tal brushing is not abundant [23]. Therefore, it 
is desirable to offer a clear understanding on 
the subject, which will demonstrate the 
removal of bacterial plaque (preventing caries 
and periodontal disease) without interfering 
with the salivary flow and buffer capacity 
(important in the process of dental deminerali­
zation), unbalancing oral microorganisms 
(enabling prolonged use), or causing abrasion 
of hard tissues of the oral cavity. 

In Brazil, the population generally keeps its 
teeth up to an advanced age, when it is possi­
ble to detect problems of increased sensitivity 
and root caries resulting from the use of abra­
sive dentifrices (cervical abrasion). These lesions 
can be avoided by the replacement of abrasive 
dentifrices by abrasion-free dentifrices contain­
ing, for instance, a vegetable oil [22]. In one 
study, it was proven that, when pure almond 
oil was employed in toothbrushing, there was a 
reduction in dental plaque, as compared to the 
use of regular dentifrices containing abrasives 
and antiplaque agents [24]. 

There is an increasing number of investiga­
tions on new and natural substances, in order 
to evaluate their activity and possible applica­
tion for controlling the dental biofilm. Scientific 
studies on the chemical and pharmacological 
properties of medicinal plants allow scientists 
to indicate their proper use. Low toxicity, 
when correctly employed, is considered one of 
the main advantages of treatment with medici­
nal plants [25]. Natural products have also 
proven to be an alternative to synthetic chemi­
cal substances. Nostro et al. [26] demonstrated 
that Helichrysum italicum extract interfered with 
the cariogenic properties of S. mutans, through 
reductions of superficial hydrophobicity, inhi­
biting adherence of cell growth to glass in 90– 
93%. While assessing the minimum inhibitory 
concentrations of adherence of different vegeta­
ble dyes and propolis, these authors observed 
     AND CANCER PREVENTION AND TREATMENT 
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that the capacity of the H. italicum extract to 
prevent bacterial adherence could be due to 
the effect of its flavonoid components, which 
have an antiglycosyltransferase activity. 

Aqueous and alcoholic extracts from Juglans 
regia (Jangladaceae), used as chewing sticks to 
maintain oral hygiene, were tested for their abil­
ity to inhibit the growth and some physiologi­
cal functions of Streptococcus mutans. Both 
extracts strongly inhibited the growth, in vitro 
adherence, acid production, and glucan­
induced aggregation of S. mutans [27]. The anti­
microbial activity of anacardic acids of the 
cashew nut shell oil from Anacardium occidentale 
L. (Anacardiaceae) was studied on the oral mi­
croorganisms Streptococcus mutans ATCC 25175, 
Staphylococcus aureus ATCC 12598, Candida albi­
cans ATCC 10231, and Candida utilis. The ana­
cardic acids presented antibacterial activity 
against the above microorganisms, but higher 
inhibitory activity occurred with gram-positive 
bacteria, such as Streptococcus mutans, known to 
be one of the main causes of tooth decay [28]. 

Alviano et al. [29] determined the antibacte­
rial activities of crude extracts from Cocos nuci­
fera L. (husk fiber), Ziziphus joazeiro Mart. (inner 
bark), Caesalpinia pyramidalis Tul. (leaves), and 
Aristolochia cymbifera Mart. et Zucc. (rhizomes) 
against Prevotella intermedia, Porphyromonas gingi­
valis, Fusobacterium nucleatum, Streptococcus mu-
tans, and Lactobacillus casei. The antioxidant 
activity and acute toxicity of these extracts were 
also evaluated. All oral bacteria tested (plank­
tonic or in artificial biofilms) were more suscepti­
ble to, and rapidly killed in the presence of A. 
cymbifera, C. pyramidalis, and C. nucifera extracts 
than  in  the presence of the  Z. joazeiro extract. In 
Thailand, the gum of Cratoxylum formosum Dyer, 
commonly known as mempat, is a natural agent 
that has been extensively used for caries preven­
tion. The gum of C. formosum has high antimicro­
bial activity against S. mutans, and may become 
a promising herbal varnish against caries [30]. 

Prabu et al. [31] investigated the anti-
Streptococcus mutans activity and the in vitro 
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effects of sub-minimal inhibitory concentrations 
of guaijaverin, isolated from Psidium guajava L., 
on the cariogenic properties of Streptococcus mu-
tans. This study demonstrated that guaijaverin 
presented a growth-inhibitory action against 
Streptococcus mutans. Other natural products, 
such as those from Arnica and propolis, have 
been used for thousands of years in folk medi­
cine for many purposes. They possess several 
biological activities, such as anti-inflammatory, 
antifungal, antiviral, and tissue regenerative, 
among others. Although the antibacterial activ­
ity of propolis has already been demonstrated, 
very few studies have been done on bacteria of 
clinical relevance in dentistry. Also, the anti­
microbial activity of Arnica montana L. has not 
been extensively investigated. The antimicrobial 
activity, inhibition of adherence of Streptococcus 
mutans, and inhibition of formation of water-
insoluble glucan by A. montana and propolis ex­
tracts were evaluated in vitro. A. montana (10%, 
w/v) and propolis (10%, w/v) extracts from 
the State of Minas Gerais, Brazil, were com­
pared with controls. Twelve microorganisms 
were used as follows: Candida albicans, Staphylo­
coccus aureus, Enterococcus faecalis, Streptococcus 
sobrinus, S. sanguis, S. cricetus, S. mutans, 
Actinomyces naeslundii, A. viscosus, Porphyro­
monas gingivalis, P. endodontalis, and Prevotella 
denticola. The propolis extract significantly in­
hibited all the microorganisms tested (P<0.05), 
showing the largest inhibitory zone for Actino­
myces spp. While the propolis extract showed 
in vitro antibacterial activity, inhibition of cell 
adherence, and inhibition of water-insoluble 
glucan formation, the Arnica extract was only 
slightly active under those three conditions [32]. 

Feres et al. [33] determined, in vitro, the anti­
microbial effect of plant extracts and propolis 
in saliva samples of 25 periodontally healthy 
subjects and 25 subjects with chronic periodon­
titis. Propolis showed significant antimicrobial 
properties in those samples from periodontally 
healthy or diseased subjects, suggesting that 
this substance may be used therapeutically in 
     AND CANCER PREVENTION AND TREATMENT 
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the future for inhibiting oral microbial growth. 
The methanol extracts of Hamamelis virginiana L. 
and Arnica montana L. and, to a lesser extent, 
Althaea officinalis L. were very active against 
anaerobic and facultative aerobic periodontal 
bacteria: Porphyromonas gingivalis, Prevotella spp., 
Fusobacterium nucleatum, Capnocytophaga gin­
givalis, Veilonella parvula, Eikenella corrodens, 
Peptostreptococcus micros, and Actinomyces odonto­
lyticus. This study suggested the use of the 
alcohol extracts of H. virginiana, A. montana, and 
A. officinalis for topical medications in periodon­
tal prophylactics [34]. 

The aqueous extracts of Piper betle L. and 
Psidium guajava L. were prepared and tested for 
their anti-adherence effect on the adhesion of 
early plaque settlers (Streptococcus mitis, S. san­
guinis, and Actinomyces sp.). P. guajava was 
shown to have a slightly greater anti-adherence 
effect on S. sanguinis by 5.5% and Actinomyces 
sp. by 10% and a significantly higher effect on 
S. mitis (70%), as compared to Piper betle L. The 
three bacterial species are known to be highly 
hydrophobic, and that hydrophobic bonding 
seemed to be an important factor in their adher­
ence activities. It is therefore suggested that the 
plant extracts, in expressing their anti-adherence 
activities, could have altered the hydrophobic 
nature of the bonding between the bacteria and 
the saliva-coated glass surfaces [35]. 

Cacao bean husk extract (CBH) has been 
shown to possess antibacterial and anti­
glucosyltransferase activities, through its unsat­
urated fatty acids and epicatechin polymers, 
respectively. In the present study, the anti-
plaque activities of CBH were examined in vitro 
and in vivo. The extract inhibited the adherence 
of Streptococcus mutans MT8148 to saliva-coated 
hydroxyapatite, and reduced the accumulation 
of artificial dental plaque by S. mutans MT8148 
on orthodontic wire. The number of mutans 
streptococci in dental plaques was also signifi­
cantly reduced when human dental plaque 
(from 21 children at 371C for 1 h) was exposed 
to CBH. For the in vivo study, 28 volunteers 
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aged 19–29 years old rinsed their mouths with 
CBH, before and after each intake of food, and 
before sleeping at night, for 4 days, without 
using any other oral hygiene procedures. 
Plaque depositions and the numbers of mutans 
streptococci were reduced in the subjects, as 
compared to rinsing with 1% ethanol alone. 
These results indicated that CBH possesses 
significant antiplaque activity in vitro and 
in vivo [36]. 

Yamaguti-Sasaki et al. [37] showed in vitro 
assessments of the antibacterial potential of 
Paullinia cupana L. var. sorbilis extracts against 
Streptococcus mutans. Another study tested 
in vitro the bacteriostatic and bactericidal activi­
ties of a Mahonia aquifolium (Pursh) Nutt. 
extract and two of its major alkaloids, berber­
ine chloride and oxyacanthine sulfate, against 
nine different oral bacteria. The most suscepti­
ble bacterium against all three test substances 
was Porphyromonas gingivalis [38]. 

Centella asiatica (L.) Urb. and Punica granatum 
L. (pomegranate) are medicinal plants that have 
been reported to promote tissue healing and 
modulate host responses. A preliminary study 
revealed positive clinical effects of an innovative 
preparation from the two herbal extracts, in the 
form of biodegradable chips, as a subgingival 
adjunct to scaling and root planing. The results 
of this research indicate that adjunctive local 
delivery of extracts from C. asiatica, in combina­
tion with P. granatum, significantly improved clin­
ical signs of chronic periodontitis and IL-1β 
levels in maintenance patients [39]. A pomegran­
ate fruit extract has been used worldwide for the 
treatment and prevention of arthritis and other 
inflammatory diseases. Thus, it has been shown 
that standardized extracts of the pomegranate 
fruit possess anti-inflammatory and cartilage-
sparing effects in vitro [40]. Others have  shown
that the extract of pomegranate fruit constituents 
inhibits the proliferation of human cancer cells, 
and also modulates inflammatory subcellular sig­
naling pathways and apoptosis when added 
directly to the culture medium [41,42]. 
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The major class of compounds occurring in 
pomegranate is represented by polyphenols that 
include flavonoids, condensed tannins, and 
hydrolyzable tannins. Additionally, other com­
ponents are alkaloids such as pelletitierine. 
Hydrolyzable tannins are the predominant poly-
phenols found in the pomegranate juice, account­
ing for around 90% of its antioxidant activity 
[43,44]. Evidences have shown that the antioxi­
dant capacity of pomegranate juice is three times 
that of red wine and green tea, presumably due 
to the presence of hydrolyzable tannins in the 
rind, along with anthocyanins and ellagic acid 
derivatives. Flavonoid-rich fractions of pome­
granate fruit extract have also been shown to 
exert an antiperoxidative effect, as its administra­
tion significantly decreased the concentrations of 
malondialdehydes and hydroperoxides, and 
enhanced the activities of catalase, superoxide 
dismutase, glutathione peroxidase, and glutathi­
one reductase in the liver [45,46]. It has also 
been shown that pomegranate extract exerts a 
powerful influence in inhibiting the expression 
of inflammatory cytokines IL-1β and IL-6 in 
adjunctive periodontal therapy [39]. 

Furthermore, several groups reported that 
the consumption of pomegranate may have 
cholesterol-lowering and preventive effects 
against cardiovascular and chronic diseases 
in vivo [47,48]. In these studies, the major effect 
of the pomegranate extract was the reduction 
of oxidative stress, inhibition of the p38-mito­
gen-activated protein kinase (p38-MAPK) path­
way, and inhibition of the activation of the 
transcription factor NF-κB. Activations of p38­
MAPK and NF-κB are intimately associated 
with the increased gene expression of TNF-α, 
IL-1β, MCP1, inducible nitric oxide synthase 
(iNOS), and cyclooxygenase-2 (COX-2), that 
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are critical mediators of inflammation and patho­
genesis of inflammatory and degenerative joint 
diseases [49,50]. Recently, a new piece of evi­
dence also suggested that the extract from pome­
granate may exert an anti-inflammatory effect 
by inhibiting the inflammatory cytokine-induced 
production of prostaglandins E2 (PGE2) and 
NO in vivo [43]. 

The edible part of pomegranate is rich in 
anthocyanins, a group of polyphenolic com­
pounds that possess antioxidant and anti-
inflammatory activities [44,51]. Other studies in 
animal models of cancer suggest that pomegran­
ate extract may be anticarcinogenic [52,53], 
whereas studies in mice and humans indicate 
that it may also have a potential therapeutic 
and chemopreventive adjuvant effect in cardio­
vascular disorders [46]. Anthocyanins were 
shown to be effective inhibitors of lipid peroxi­
dation, production of NO, and iNOS activity, in 
different model systems [46,54]. In a compara­
tive study, anthocyanins from the pomegranate 
fruit were shown to possess higher antioxidant 
activity than vitamin E (α-tocopherol), ascorbic 
acid, and β-carotene [55]. Antioxidant activities 
of the three major anthocyanidins present 
in pomegranate (delphinidin, cyanidin, and 
pelargonidin) were also evaluated and shown 
to be potent antioxidants [56]. In related stud­
ies, prodelphinidins inhibited COX-2 and lipox­
ygenase activity and the production of 
prostaglandins E2. They also activated the syn­
thesis of type II collagen in human chon­
drocytes [57,58]. 

The synergistic action of pomegranate con­
stituents appears to be superior to that of single 
constituents [59]. Numerous studies on the anti­
oxidant, anticarcinogenic, and anti-inflammatory 
properties of pomegranate constituents have 
been published, focusing on the treatment and 
prevention of cancer, cardiovascular disease, dia­
betes, dental conditions, erectile dysfunction, 
bacterial infections, antibiotic resistance, and 
ultraviolet radiation-induced skin damage [60]. 
In addition, the effects of pomegranate extracts 
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and ellagic acid on the proliferation of prostate 
cancer cells were also studied [61]. 

The antiatherogenic activity of the pomegran­
ate seed aril juice has been attributed to its anti­
oxidant polyphenols, such as ellagitannin and 
punicalagin. Cerdaa et al. [61] evaluated, in heal­
thy humans, the bioavailability and metabolism 
of pomegranate juice ellagitannins, to assess 
their effects on several blood parameters and to 
compare the antioxidant activity of punicalagin 
with that of the in vivo generated metabolites, 
Their data showed that the potential systemic 
biological effects of pomegranate juice ingestion 
should be attributed to the colonic microflora 
metabolites rather than to the polyphenols pres­
ent in the juice. 

Punicalagin, ellagic acid, and the total pome­
granate tannin extract were evaluated for anti-
proliferative activity on human oral, colon, and 
prostate tumor cells [41]. These authors showed 
that the pomegranate juice showed the greatest 
antiproliferative activity against all cell lines. 
The superior bioactivity of pomegranate, as 
compared to its purified polyphenols, illus­
trated the multifactorial effects and chemical 
synergy of the action of multiple compounds 
compared to single purified active ingredients. 
Furthermore, in vitro cytotoxic studies against 
three cell lines (a monkey kidney cell, a human 
larynx epithelial cancer cell, and a human lung 
carcinoma small cell line) showed that punicala­
gin is toxic only at higher concentrations [62]. 

Pomegranate may inhibit cell proliferation 
and apoptosis through the modulation of cellu­
lar transcription factors and signaling proteins. 
In previous studies, pomegranate juice and its 
ellagitannins inhibited proliferation and 
induced apoptosis in HT-29 colon cancer cells 
[42]. These authors examined the effects of 
pomegranate juice on inflammatory cell signal­
ing proteins in these same cells, and found 
that not only the pomegranate juice, but also 
pomegranate tannin extract and punicalagin, 
significantly suppressed TNF-α-induced COX-2 
protein expression. Additionally, they reduced 
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phosphorylation of the p65 subunit and bind­
ing of the NF-κB response element. The pome­
granate juice also abolished TNF-α induced 
AKT activation, needed for NF-κB activity. 
These authors concluded that polyphenolic 
compounds present in pomegranate play an 
important role in the modulation of inflamma­
tory cell signaling in colon cancer cells. 

Besides being tested for antioxidant activity, 
several fractions and compounds from Punica 
granatum, such as ellagic acid, gallagic acid, puni­
callins, and punicalagins, were also recently 
evaluated for antiplasmodial and antimicrobial 
activities, in cell-based assays [63]. They showed 
that gallagic acid and punicalagins exhibited 
antiplasmodial activity, and pomegranate frac­
tions presented antimicrobial activity when 
assayed against Escherichia coli, Pseudomonas aerugi­
nosa, Candida albicans, Cryptococcus neoformans, and 
methicillin-resistant Staphylococcus aureus (MRSA). 
These compounds and the mixture of tannins 
presented also a high antioxidant activity. 

Punicalagin isolated from the fruit of Punica 
granatum was identified as a potent immune sup­
pressant, based on its inhibitory action on the 
activation of the nuclear factor of activated 
T cells (NFAT). Punicalagin down-regulated the 
mRNA and soluble protein expression of IL-2 
from anti-CD3/anti-CD28-stimulated murine 
splenic CD4 + T cells, and suppressed a mixed 
leukocyte reaction, without exhibiting cytotoxic­
ity to these cells. In vivo punicalagin treatment 
inhibited phorbol 12-myristate 13-acetate­
induced chronic ear edema in mice, and 
decreased CD3 + T cell infiltration of  the
inflamed tissue [64]. 

Punicic acid [65] from pomegranate seed oil 
(PSO) and polyphenols [66–69] inhibits prosta­
glandin biosynthesis. The ethyl acetate extract 
of pomegranate fermented juice (W) inhibits 
soybean lipoxygenase (LOX) but not sheep 
cyclooxygenase (COX), while a phenolic-rich 
extract of pomegranate seed oil strongly 
inhibits lipoxygenase and cyclooxygenase [70]. 
Applied to mouse skin, whole pomegranate 
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aqueous extract inhibits cyclooxygenase expres­
sion [47], while W, pomegranate peel extract 
(P), and pomegranate seed oil (PSO) each 
inhibit PC-3 human prostate cancer cell phos­
pholipase A2 expression in vitro. These suppres­
sive effects were supra-additively enhanced 
when two of W, P, and PSO, but especially 
all three pomegranate components were com­
bined [71]. 

The acetone extracts of whole pomegranate 
fruits (WPFE) inhibited phosphorylation of sev­
eral cytokines in UVB-irradiated keratinocytes, 
including mitogen activated protein kinases 
(MAPK). The extracts also diminished activa­
tion of NF-κB [52]. Inhibition of NF-κB, MAPK, 
and related cytokines by WPFE occurred 
in vivo, in mouse skin exposed to 12-O-tetra­
decanoylphorbol-13-acetate (TPA) [47], and in 
human chondrocytes induced by cytokine inter­
leukin IL-1 [40] with up-regulation of MAPK­
APK2, in PSO-treated human DU-145 prostate 
cancer cells [72]. The beneficial effect of pome­
granate extract reduction of cytokine activity 
has been shown to occur in patients with peri­
odontitis. Patients experiencing this form of 
oral inflammation received intragingival chips 
impregnated with pomegranate peel extract 
(and extract of Centella asiatica), which resulted 
in reduced inflammatory cytokines (IL-1β and 
IL-6) several months post-treatment [39]. 

Matrix metalloproteinases (MMP) are 
enzymes important in the maintenance of nor­
mal cellular architecture, assisting with the cre­
ation of interstitial spaces by destroying 
structural proteins, thereby facilitating multiple 
inflammatory processes [73–76]. Human chon­
drocyte MMPs were inhibited by WFPE [40], 
while P, and to a lesser extent W and the pome­
granate seed extract (PSE), but not PSO, in­
hibited human dermal fibroblast MMP-1 [77]. 

Pomegranate juice has been demonstrated to 
present a high antioxidant activity, and it is 
effective in the prevention of atherosclerosis 
[44,70]. Pomegranate juice also displays a 
potent antiatherogenic action in atherosclerotic 
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mice and humans [78,79]. All these activities 
may be related to diverse phenolic compounds 
present in pomegranate juice, including punicala­
gin isomers, ellagic acid derivatives, and antho­
cyanins (delphinidin, cyanidin, and pelargonidin 
3-glucosides and 3,5-diglucosides). These com­
pounds are known for their properties in 
scavenging free radicals and inhibiting lipid 
oxidation in vitro [43,56]. 

Li et al. [80] found that pomegranate peel 
had the highest antioxidant activity among the 
peel, pulp, and seed fractions of 28 kinds of 
fruit commonly consumed in China, as deter­
mined by FRAP (ferric reducing antioxidant 
power) assays. In this study, antioxidants from 
pomegranate peel were extracted using a mix­
ture of ethanol, methanol, and acetone, and the 
antioxidant properties of the extract were fur­
ther investigated, as compared to the pulp 
extract. The results showed that the pome­
granate peel extract had markedly higher anti­
oxidant capacity than the pulp extract, in 
scavenging or preventive capacity against super-
oxide anions, hydroxyl and peroxyl radicals, as 
well as inhibiting CuSO4-induced LDL oxida­
tion. These authors concluded that the pome­
granate peel extract appeared to have more 
potential as a health supplement rich in natural 
antioxidants than the pulp extract, and merits 
further intensive study. 

Singh et al. [81] reported that the methanol 
extract of pomegranate peel has much higher 
antioxidant capacity than that of seeds, as dem­
onstrated by using the β-carotene-linoleate and 
diphenylpicrylhydrazyl (DPPH) model sys­
tems. This pomegranate peel extract could 
effectively protect (after oral administration) 
against CCl4 induced hepatotoxicity, in which 
reactive oxygen species (ROS) damage was 
intensively involved. Other examples of in vivo 
studies of beneficial effects of pomegranate 
antioxidant activity include: protection of rat 
gastric mucosa from ethanol or aspirin toxicity 
[82,83], protection of neonatal rat brain from 
hypoxia [84], prevention of male rabbit erectile 
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tissue dysfunction [85], and abrogation of ferric 
nitrilotriacetate (Fe-NTA)-induced hepatotoxic­
ity, evidenced by mitigated hepatic lipid perox­
idation, actions of glutathione (GSH), catalase 
(CAT), glutathione peroxidase (GPX), glutathi­
one reductase (GR), glutathione-S-transferase 
(GST), serum aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), and alkaline 
phosphatase (ALP), bilirubin and albumin 
levels, hepatic ballooning degeneration, fatty 
changes, and necrosis [86]. Other authors 
related that treatment with antioxidant poly-
phenols contained in pomegranate juice may 
promote a sustained correction of the nitric 
oxide synthase NOSIII down-regulation 
induced by oxidized LDL in human coronary 
endothelial cells [87]. 

Ajaikumar et al. [83] evaluated in vivo antiox­
idant and anti-ulcer activity of the 70% metha­
nolic extract of Punica granatum fruit rind. The 
administration of this extract (250 mg/kg and 
500 mg/kg) showed inhibitions of 22 and 74, 
and 22 and 63%, in aspirin- and ethanol-
induced gastric ulceration, respectively. In trea­
ted animal groups, the in vivo antioxidant 
levels, such as superoxide dismutase (SOD), cat­
alase, glutathione (GSH), and glutathione perox­
idase (GPx), were increased or found to be 
more or less equal to the normal values. The tis­
sue lipid peroxidation level decreased in treated 
groups of animals, as compared to the control 
group. Histopathological examination of the 
stomach of ulcerated animals showed severe 
erosion of gastric mucosa, submucosal edema, 
and neutrophil infiltration. In general, the 
results of the present investigation revealed the 
gastroprotective activity of the extract through 
antioxidant mechanisms. 

Pomegranate juice, which is rich in tannins, 
possesses antiatherosclerotic properties which 
could be related to its potent antioxidative 
characteristics. As some antioxidants were 
shown to reduce blood pressure, the effect of 
pomegranate juice consumption (50 mL, 
1.5 mmol of total polyphenols per day, for 
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2 weeks) by hypertensive patients was studied 
on their blood pressure and on serum angioten­
sin converting enzyme (ACE) activity. A 36% 
decrement in serum ACE activity and a 5% 
reduction in systolic blood pressure were noted. 
A similar dose-dependent inhibitory effect (31%) 
of pomegranate juice on serum ACE activity was 
also observed in vitro. As the  reduction in serum
ACE activity, even with no decrement in blood 
pressure, was previously shown to attenuate ath­
erosclerosis, pomegranate juice can offer wide 
protection against cardiovascular diseases that 
could be related to its inhibitory effect on oxida­
tive stress and on serum ACE activity [88]. 

The ability of any chemotherapeutic agent to 
selectively inhibit proliferation of malignant, but 
not normal, cells is the hallmark of a promising 
anticancer therapeutic agent. Pomegranate peel 
extracts have been shown to retard proliferation 
of cells in several different human cancer cell 
lines [53,89,90]. In human breast cancer cells, for 
example, the effects of fermented pomegranate 
juice and pomegranate peel extract were most 
pronounced against estrogen-responsive MCF-7 
cells, less pronounced against estrogen-negative 
MDA-MB-231 cells, and least pronounced 
against immortalized normal breast epithelial 
cells MCF-10A [91,92], strongly suggesting a 
spectrum of anticancer activity and not the pres­
ence of indiscriminate cytotoxic compounds. 
Pomegranate components have previously been 
shown to possess an ability for inhibiting the 
estrogenic action of 17-β-estradiol, an activity 
best explained through competitive binding to 
estrogen receptors by a number of non-steroidal 
estrogenic flavonoids, such as kaempferol, quer­
cetin, naringenin, and luteolin [90]. 

In 2008, it was reported that pomegranate 
standardized extract decreased prostate cancer 
xenograft size, tumor vessel density, vascular 
endothelial growth factor (VEGF) peptide levels, 
and hypoxia-inducible factor 1 alpha (HIF-1α) 
expression, after 4 weeks of treatment in severe 
combined immunodeficient (SCID) mice. These 
results demonstrated that an ellagitannin-rich 
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pomegranate extract can inhibit tumor-associ­
ated angiogenesis, as one of several potential 
mechanisms for slowing the growth of prostate 
cancer in chemopreventive applications [93]. 

Prostate cancer is the most common invasive 
malignancy and the second leading cause of 
cancer-related deaths among US males, with a 
similar trend in many Western countries. One 
approach to control this malignancy is its pre­
vention through the use of agents present in 
the humans’ consumed diet. Malik et al. [94] 
showed that pomegranate fruit extract (PFE) 
possesses remarkable antitumor-promoting 
effects in mouse skin. In this study, emp­
loying human prostate cancer cells, the anti-
proliferative and pro-apoptotic properties of 
PFE were evaluated. PFE treatment of highly 
aggressive human prostate cancer PC3 cells 
resulted in a dose-dependent inhibition of cell 
growth and cell viability and induction of apo­
ptosis. These authors suggest that pomegranate 
juice may have cancer chemopreventive as well 
as cancer chemotherapeutic effects against pros­
tate cancer in humans. 

In clinical studies, pomegranate seed aril 
juice administration led to a decrease in the 
rate of rise of prostate specific antigen (PSA) 
after primary treatment with surgery or radia­
tion [95]. Others reported that the consumption 
of standardized pomegranate extract potently 
delayed the onset and reduced the incidence of 
collagen-induced arthritis in mice [43]. The 
severity of arthritis was also significantly lower 
in the group treated with the standardized 
extract. Histopathological data of this group 
demonstrated reduced joint infiltration by 
inflammatory cells, and the destruction of bone 
and cartilage were alleviated. Levels of IL-6 
were significantly decreased. In mouse macro-
phages, the standardized extract abrogated 
multiple signal transduction pathways and 
downstream mediators implicated in the patho­
genesis of rheumatoid arthritis. 

Postprandial hyperglycemia plays an impor­
tant role in the development of type II diabetes 
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and has been proposed as an independent risk 
factor for cardiovascular diseases. The flower­
ing part of Punica granatum Linn. (Punicaceae) 
tree (PGF) has been recommended in the 
Unani literature as a remedy for diabetes. Li 
et al. [96] investigated the effects and action 
mechanisms of a methanolic extract from PGF 
on hyperglycemia, in vivo and in vitro. Oral 
administration of PGF extract markedly low­
ered plasma glucose levels in non-fasted 
Zucker diabetic fatty rats (a genetic model of 
obesity and type II diabetes), whereas it had lit­
tle effect in the fasted animals, suggesting that 
it affected postprandial hyperglycemia in type 
II diabetes. In support of this conclusion, the 
extract was found to markedly inhibit the 
increase of plasma glucose levels after sucrose 
loading, but not after glucose loading in mice, 
and it had no effect on glucose levels in nor­
mal mice. In vitro, PGF extract demonstrated a 
potent inhibitory effect on α-glucosidase activ­
ity (IC50: 1.8 μg/mL). The inhibition is depen­
dent on the concentration of enzyme and 
substrate, as well as on the length of pretreat­
ment with the enzyme. These findings strongly 
suggest that PGF extract improves postpran­
dial hyperglycemia in type II diabetes and 
obesity, at least in part, by inhibiting intestinal 
α-glucosidase activity. 

Modern uses of pomegranate-derived pro­
ducts now include treatment of acquired 
immune deficiency syndrome (AIDS) [97], in
addition to cosmetic beautification [98,99] and 
enhancement [100], hormone replacement ther­
apy [101], resolution of allergic symptoms 
[102], cardiovascular protection [103,104], oral 
hygiene[105], ophthalmic ointment [106], and 
as an adjunct therapy to increase bioavailabil­
ity of radioactive dyes during diagnostic imag­
ing [107,108]. 

In India, various medicinal species have 
been traditionally used since ancient times for 
the preservation of food products, as they have 
been regarded as having antiseptic and disin­
fectant properties. Of the 35 different Indian 
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species tested, pomegranate seeds had potent 
antimicrobial activities against Bacillus subtilis 
(ATCC 6633), Escherichia coli (ATCC 10536), 
and Saccharomyces cerevisiae (ATCC10536) [109]. 

The interaction between P. granatum metha­
nolic extract and five antibiotics (chlorampheni­
col, gentamicin, ampicillin, tetracycline, and 
oxacillin) against 30 clinical isolates of methicil­
lin-resistant and methicillin-sensitive Staphylococ­
cus aureus demonstrated that the pomegranate 
extract dramatically enhanced the activity of all 
antibiotics tested, with synergistic activity 
detected between the extract and the antibiotics 
tested [110]. 

The effect of the pomegranate extract on 
Staphylococcus aureus growth and subsequent 
enterotoxin production was studied. At a low 
concentration (0.01% v/v), the bacterial growth 
was delayed, and at a higher concentration 
(1%  v/v) it was  eliminated. At a 0.05%  (v/v)
pomegranate extract concentration, staphylococ­
cal enterotoxin production was inhibited [111]. 

Fourteen extracts from Brazilian traditional 
medicinal plants used to treat infectious dis­
eases were utilized to look for potential antimi­
crobial activity against multiresistant bacteria 
of medical importance. Staphylococcus aureus 
strains were susceptible to extracts of P. grana­
tum and Tabebuia avellanedae. A mixture of ella­
gitannins isolated from P. granatum and two 
naphthoquinones isolated from T. avellanedae 
demonstrated antibacterial activities against all 
S. aureus strains tested. Semi-synthetic fur­
anonaphthoquinones (FNQs) showed lower 
minimum inhibitory concentrations than those 
exhibited by naturally occurring naphthoqui­
nones. The results indicate that these natural 
products can be effective potential candidates 
for the development of new strategies to treat 
MRSA infections [112]. Pomegranates also 
have a wide spectrum of antihelminthic and 
antidiarrheal properties. The use of pomegran­
ate rind and root bark as a treatment for tape­
worm infestation (Latas tineas ventris) was 
already recommended [113]. 
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The establishment and maintenance of oral 
microbiota is related not only to interbacterial 
co-aggregations but also to interactions of these 
bacteria with yeasts, such as Candida albicans 
[114]. Vasconcelos et al. [115] investigated the anti­
microbial effects of a pomegranate phytother­
apeutic gel and miconazole (Daktarins oral gel) 
against three standard streptococcal strains 
(S. mutans ATCC 25175, S. sanguis ATCC 10577, 
and S. mitis ATCC 9811), besides S. mutans clini­
cally isolated and Candida albicans, either alone or 
in association. In experiments with three and four 
associated microorganisms, the Punica granatum 
L. gel had greater efficiency in inhibiting micro­
bial adherence than miconazole. The results of 
this study suggested that this phytotherapeutic 
agent might be used in the control of adherence 
of different microorganisms in the oral cavity. 

The antimicrobial activity of P. granatum has 
been widely investigated [116,117]. The find­
ings of several studies, including some relating 
to inhibition of adherence, suggest that the phy­
totherapeutic use of this plant might be a viable 
option in controlling different microbial species. 
The major components of the P. granatum fruit 
extract are tannins and polyphenolics [118]. 
Studies have demonstrated the specific antimi­
crobial action of the plant on dental biofilm bac­
teria, i.e. disturbance of polyglycan synthesis, 
thus acting on the adherence mechanisms of 
these organisms to the dental surface. The 
results indicated that glucan synthesis and its 
antimicrobial action gave the pomegranate gel 
an effective control of the already formed 
biofilm, which is considered the primary etio­
logical agent in caries disease and stomatitis 
[116,119]. 

There is a growing interest in using tannins 
as antimicrobial agents in caries prevention 
[120]. The action of tannins against bacteria and 
yeasts can be established by a relation between 
their molecular structure and their toxicity, 
astringent properties, or other mechanisms. The 
effect of tannins on microbial metabolism can 
be measured by their action on membranes. 
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They can cross the cell wall, composed of 
several polysaccharides and proteins, and bind 
to its surface. This adhesion can also help 
determine minimum inhibitory concentrations 
for yeasts and bacteria. Gebara et al. [121] 
observed that the inhibition of S. mutans and S. 
sobrinus adherence was a result of the inhibition 
of glucan synthesis by these substances. This 
        
     

   

 

   
   

   

   

   

   

  
  

   

   

   
  

   

   

    
 
        

    
 

       
  

 

  

    

    

    

            
        

          

       

TABLE 31.1 Tests of Sensitivity by Spread Plate Performe
and Chlorhexidine on Selected Microorganisms 

Microorganism Control HAE (m

60 

Shigella flexneri 

Salmonella typhimurium 

Staphylococcus aureus 

Staphylococcus epidermidis 

Staphylococcus B-hemolyticus 

Streptococcus B-hemolyticus 

Pseudomonas aeruginosa 

Pseudomonas sp. 

Klebsiella pneumoniae 

Proteus vulgaris 

Providencia alcalifaciens 

Alcaligenes 

Escherichia coli 

Candida albicans 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ , sensitive; , insensitive.
 
The initial concentration of P. granatum hydroalcoholic extract (
0.12%. Control was distilled water.
 

TABLE 31.2 Effects of Punica granatum Hydroalcoholic Ex
Dental Plaques 

Group 

Before Mouth-Rinse 

HAE 154.4 7 41.18 

Chlor. 208.7 7 58.81 

Water 81.1 7 10.12 

Values are means 7 SEM of CFU from 20 patients per group, b
(Chlor.) and distilled water (control). The experiment was perfo
* P< 0.05 as compared to values before the mouth-rinse (Mann
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study found a similar effect on the inhibition 
of adherence to glass of S. mutans, S. sanguis, 
S. mitis, and C. albicans by P. granatum in the 
presence of sucrose. 

The hydroalcoholic extract (HAE) from 
Punica granatum fruits was tested against dental 
plaque microorganisms on 60 healthy patients 
using fixed orthodontic appliances. In this 
       

   

     

     
     

     

    
     

    

    
     

     

     

     
     

     

  

        
 

        

   

    

    

    

    

       
     

   

     

d with Punica granatum Hydroalcoholic Extract (HAE) 

g/mL) Chlorhexidine (%) 

30 15 0.12 0.06 0.03 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

PGHE) was 60 mg/mL and that of chlorhexidine was
 

tract (HAE) on Colony Forming Units (CFU) from 

CFU X 105 

After Mouth-Rinse % Inhibition 

25.4 7 7.76* 83.5 

44.0 7 15.85* 79.0 

71.9 7 8.68 11.3 

efore and after mouth-rinses with HAE, chlorexidine 
rmed as described in methods. 
–Whitney U test). 
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study, HAE showed significant activity against 
microorganisms commonly present in the den­
tal plaque (Table 31.1). The effect was observed 
immediately after the use of the mouthrinse 
        
   

  

      

      
  

     

     

    

   

   

     

     

     

   

      

    

   

      

   

     
 

      
 

   

   

   

        
 

     

     

   

    

      
  

     

     

     

   

       

TABLE 31.3 Studies on Biological Effects of Punica 
granatum L. (Pomegranate) 

Effect Reference 

Activity against genital herpes virus [2] 

Activity against herpes simplex virus [123] 
type 1 

Effect on rheumatoid arthritis [43,124] 
Effect on prostate cancer [94,95,125] 

Effect on candidosis [117] 

Antiplasmodial activity [63] 

Hypoglycemic activity [127] 

Effect on breast cancer [91,92,128] 

Inhibits methicillin-resistant S. aureus [111,112] 

Effect on colon cancer [41,42,62] 

Neuroprotective action [129,130] 
Beneficial effect on dental plaque [122] 

Inhibits microbial adherence [115] 

Antioxidant action [44,70,88,131,134] 

Inhibits lung tumorigenesis in mice [132] 

Antimicrobial activity [63,133] 

Reduces collagen-induced arthritis in [43] 
mice 

UVA and UVB-induced cell damage [135] 
protection 

Antihelminthic activity [113] 

Antidiarrheal activity [113] 

Antiatherogenic effect [78,79] 

Effective on a depressive state and bone [137] 
loss 

Protects against cardiovascular diseases [138,139] 

Prevention of erectile dysfunction [59,85] 

Gastroprotective activity [83] 

Reduces oxidative stress [88] 

Regeneration of epidermis in human [136] 
skin cells 

Prevention of male infertility [59] 

Prevention of Alzheimer's disease [59] 

Effect on periodontal disease [39] 

Molluscicidal activity [126] 
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with HAE, when the number of colony form­
ing units (CFU) was reduced by 84%. These 
results suggested that the mouthrinse aqueous 
extract from P. granatum could be beneficial in 
the prophylactic treatment of dental plaque 
bacteria [122]. Table 31.2 shows the effects of 
P. granatum HAE on the colony units (CFU) 
from dental plaques. 
  4. SUMMARY 
      
       
      

        
      

    
      

    
       

      
     

         
       

         
        

      
    

       
       

       
         

       
       

        
       

     

 
	             

          
   

	            
         

The pharmacological actions of P. granatum 
chemical components suggest a wide range of 
potential clinical applications for the treatment 
of several diseases. It has been reported that 
pomegranate juice inhibited the progression of 
atherosclerotic lesions, improved stress-induced 
ischemia in patients with coronary heart dis­
eases, and improved postprandial hyperglyce­
mia and lipid profile in diabetic patients. 
Pomegranate has a wide spectrum of antibacte­
rial, antiviral, and antihelminthic properties. 
A gel containing an extract of P. granatum was 
reported to be effective in dental diseases. 
Table 31.3 presents a list of recent studies on 
the biological effects of P. granatum. The intake 
of pomegranate has been demonstrated to 
have health-promoting and disease-preventing 
effects, combined with a low toxicity profile. 
These characteristics favor the inclusion of this 
plant in more detailed preclinical and mainly 
in clinical trials. Its potential may be utilized in 
prevention in cancer of prostate, breast, and 
colon, and skin tumors. Pomegranate seems to 
be especially useful in several types of diseases 
such as arthritis, among others, where chronic 
inflammation plays an essential role. 
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Ac-aí (Euterpe oleracea Mart.): A Macro 
and Nutrient Rich Palm Fruit from the 
Amazon Rain Forest with Demonstrated 

Bioactivities In Vitro and In Vivo 
Alexander G. Schauss 

Natural and Medicinal Foods Division, AIBMR Life Sciences, Puyallup, WA, USA 
1. INTRODUCTION
 
Euterpe is a genus of native tropical palm 
trees found in the Amazon and a few 
Caribbean islands. There are three species pro­
ducing edible fruit found widely dispersed 
through the Amazon: Euterpe edulis, Euterpe pre­
catoria, and Euterpe oleracea. 

E. edulis fruit harvest starts in December and 
runs through February in Maranhao state, the 
coastal region of Bahia state, and Espirito 
Santo. E. precatoria fruit is harvested in 
February and continues through June, with 
most of the fruit coming from Rondonia, Acre, 
and Mato Grosso. E. oleracea fruit starts its har­
vest as early as May, but usually in mid-June 
to late July, and continues into December in 
Para and Amapa states. 

The Amazon River  basin covers about
5,000,000 km2, after having collected melting 
Bioactive Foods in Promoting Health: Fruits and Vegetables 47
 

snowfall and rainfall throughout the year from 
the eastern slopes of the Andes mountain range, 
and rainfall from the Brazilian and Guiana 
highlands. 

The Amazon floodplain, locally called the 
varzea, occupies about 150,000 km2 within 
which E. oleracea palm trees are particularly 
abundant. In the varzea, an enormous amount 
of fresh water is pushed back and forth twice 
a day by tidal activity resulting in inundated 
lowlands. Above the varzea some 8 m higher 
in altitude is another type of forest called the 
terra-firme, which also is abundant in E. oler­
acea palm trees [1]. 

A large number of people living in the varzea 
and terra-firme make their living collecting for­
est products. In eastern Para state, Brazil, the 
forest is primarily varzea, consisting of hundreds 
of islands that receive over 2500 mm of rainfall 
each year. The rainy season begins in December 
9 r 2010 Elsevier Inc. All rights reserved. 
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and continues into June, after which evaporative 
transpiration exceeds rainfall. In 2007, the pre­
dominant agricultural product exported out of 
Para state was the fruit of E. oleracea, known
locally as Ac-aiiI. This fruit represents 75% of all 
agricultural food products (including wood) 
harvested in 2007 [2]. In 2002, less than 20% of 
such products included ac-aí fruit. 

From early to late May, depending on when 
the rainy season ends, this fruit provides a sig­
nificant source of nutrition for millions of peo­
ple living in the rain forest. In Belem, the 
largest city in Para state, with a population of 
nearly 1.3 million residents (Figure 32.1), the 
consumption of watered-down and sometimes 
sweetened ac-aí pulp can be as much as two 
liters a day during the months of July through 
December. However, due to numerous food 
processors of ac-aí operating during those dry 
months in and around Belem and neighboring 
states, consumption of ac-aí pulp is virtually 
year round, with hardly a day going by with­
out a meal containing ac-aí. 

Supplementing the diet with ac-aí are seasonal 
vegetables including manioc (Manihot ultissima) 
cultivated in the terra-firme for domestic use, 
which  is as commonly consumed in the  Amazon
rain forest as potatoes, corn, and wheat are con­
sumed in North America. When ac-aí is in sea­
son, many of the meals eaten by natives combine 
manioc with the pulp, particularly in fish dishes. 

For natives that live among the thousands of 
islands found in eastern Amazonas state, Para 
and Amapa states, the ac-aí fruit is a major 
source of nutrition. Yet what makes this fruit 
remarkable is not just its nutritional profile and 
antioxidant properties, but how little pulp is 
found within the fruit due to the size of the 
seed in the fruit relative to the pulp. On aver­
age 87% of the fruit is a single seed. At matu­
rity, the fruit is 1.5–2.0 cm wide. There is little 
variation in the size of the fruit. Hence, it takes 
a lot of fruit to provide enough pulp to feed 
the millions of people who rely on it as a major 
source of nutrition in the Amazon rain forest. 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
In a Brazilian government survey of ac-aí 
palm trees in the varzea, some islands were 
found to have over 7000 ac-aí palm trees per 
hectare (2.47 acres). 

Natives that live on islands in Cameta 
County, Para state, Brazil, not only consume 
the ac-aí fruit daily with almost every meal dur­
ing the dry season when it is readily available 
in almost any backyard, but they also harvest 
it daily to sell in marketplaces along tributaries 
of the Amazon River that wholesale it to pro­
cessors who turn it into frozen pulp. This fro­
zen pulp is then either sold as such or 
preserved in other ways to support the increas­
ing export market for this fruit. 

Those individuals who harvest ac-aí fruit are 
known locally as ribeirinhos, which means peo­
ple who live on the river’s riverines. Many of 
these ribeirinhos form cooperatives to bring 
fruit to market. 

In the 1990s hardly anyone outside of the 
Amazon flood plains had heard of ac-aí fruit. 
What led to its popularity outside of Brazil 
was the discovery that it had the highest anti­
oxidant capacity of any fruit, vegetable, or nut, 
other than a few spices, against the peroxyl 
and superoxide radical in vitro. This discovery 
led to ac-aí being called a ‘superfood’ by the 
media and discussed on television, radio, and 
print media. By 2008, it was the third most 
popular fruit juice product sold in the USA in 
grocery and natural products stores, behind 
orange juice and pomegranate juice. 
2. BOTANY AND HORTICULTURE 
E. oleracea is a perennial and riparian palm 
tree indigenous to the Amazon that primarily 
grows in the rain forests of Brazil and its north­
ern bordering countries, particularly Suriname 
and the Guianas. 

Also known as the cabbage palm or ac-aí 
palm, E. oleracea typically grows to 30–40 m, 
providing the canopy for the rain forest in the 
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FIGURE 32.1 Map of the Amazon River delta. 
Amazonian flood plains. The palm tree grows 
in copses or groves called rebolades. These 
clumps of palm tree thickets average 6–12 or 
10–18 trees in number, depending on their loca­
tion, soil condition, and genetics, do not vary 
much in height or lifespan, but do vary in 
terms of dominance within the multi-stratus 
native forest. In some regions of the Amazon 
further inland and well away from the 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
river’s shorelines or its estuaries and above the 
terra-firme, E. oleracea can grow to a height of 
80–100 m. 

Within three years of emerging from the for­
est floor, E. oleracea begins to produce fruit 
suitable for consumption by humans. The fruit 
grows on inflorescences that hang just under 
the tree’s fronds near its crown. At maturity 
and when ready for harvest, an inflorescence 
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bears several hundred fruit, which depending 
on the weight of the stalk and the number of 
fruit can range from half a kilo to nearly two 
kilos in weight. The fruit weighs on average a 
few grams and is symmetrically round (1.5– 
2.0 cm), consisting of a hard endocarp (single 
seed) that constitutes B87% of the fruit, and 
covered by a thin pulpy mesocarp, extracted to 
produce a juice or other food uses. 

Fruit maturity is dictated by color. When 
fully ripe the skin of the fruit appears black. 
The most desirable fruit believed to produce 
the best pulp for juicing has a slightly pow­
dery white film on its skin. 

During its most productive years, from 3 to 
10 years of age, a single palm tree can yield 
numerous inflorescences that produce B1000 
kilos of fruit. Keep in mind that the primary 
purpose for harvesting the fruit is to obtain its 
pulp for a juice. The seed is disposed of as it 
has limited use for nutritional purposes. Instead 
the seed is commonly utilized to produce a 
range of by-products such as handicrafts, ani­
mal feed, or composted organic fertilizer, as 
well as a fuel source to generate energy. 

However, the seed contains phytochemicals 
that may have potentially useful biological 
activity. In a joint French–Brazilian study, a 
hydro-alcohol extract of the seed of ac-aí was 
produced and shown to have a potential in the 
treatment of cardiovascular diseases in vivo [3]. 
The extract induced a long-lasting endothe­
lium-dependent vasodilation dependent on acti­
vation of the NO-cGMP pathway and possibly 
also involving endothelium-derived hyperpolar­
izing factor (EDHF) release. Further research on 
the seed is warranted, as the pulp has received 
almost all attention by the research community. 

In the varzea, where the highest concentra­
tion of E. oleracea palms is found, fruit produc­
tion declines markedly after 10 years, 
whereafter the palm tree may be cut down to 
obtain the core of the trunk near the crown, 
called the palmito, to sell as palm hearts. 
Each segment of palmito, also known as 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
heart-of-palm, is from 25 to 100 cm in length, 
and can weigh from several kilos up to 25 
kilos, depending on the age of the palm tree. 
These segments are processed by a cannery, 
into sliced segments, and canned. Sliced pal­
mito is a popular vegetable or added as a gar­
nish in salads. 

As fruit mature on an inflorescence and 
begin to fall to the forest floor, fruit growing 
on adjacent inflorescences start changing color: 
the transition of the fruit’s color is from white 
to a muted olive green, finally maturing to a 
shiny black skin. The cycle of maturing fruit 
on each inflorescence continues throughout the 
dry season until each inflorescence has borne 
and released mature fruit, a process that 
begins in May when the rainy season typically 
ends in the lower basin of the Amazon, con­
tinuing well into late November and early 
December just before the rainy season begins. 

Once the rainy season begins, harvesting in 
the varzea shifts from gathering ac-aí to two 
other fruits: cupuacu (Theobroma grandiflorum), 
which grows on a tree and is related to cacao 
(Theobroma cacao), and the miriti palm fruit 
(Mauritia flexuosa), which can grow much taller 
than ac-aí palms in the varzea. Unlike cacao 
that contains xanthines (caffeine, theobromine, 
and theophylline), the fragrant cupuacu fruit 
contains theacrine rather than xanthines. 
Harvesting of both fruits ends about the time 
the rainy season ends and ac-aí harvesting 
starts again. 

Harvesting ac-aí fruit is physically demand­
ing and requires considerable skill, agility, and 
strength, for it grows near the crown of the 
palm tree. For harvesting to be commercially 
viable, cooperatives of sufficiently trained har­
vesters are needed, who have the means to 
move large quantities of fruit to market via 
watercraft. These cooperatives must include 
sufficient numbers of producers able to harvest 
large enough quantities of ac-aí fruit on sched­
uled days, and to do so in a manner that main­
tains quality standards and respect for 
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hygiene. This is not easy to achieve given the 
challenges associated with the terrain and geog­
raphy of the Amazon basin, including the 
twice daily tidal changes, and the need for 
infrastructure to support the movement of fruit 
from producers to consumers. 

For example, in Para state, the leading pro­
ducer of ac-aí fruit in the world, much of the ac-aí 
fruit that reaches markets by boat must consider 
the tides that change twice daily on the Amazon 
River and its tributaries and estuaries. Traveling 
by boat against the tide can add hours to a trip. 
Once fruit reaches the marketplace, governmen­
tal institutions must be in place to monitor sales 
and insure that only legally registered producers 
and their cooperatives are involved in the pro­
cess. This is no small undertaking. 

Research conducted on the fruit has deter­
mined that the ac-aí fruit can lose an appreci­
able amount of its nutritional and antioxidant 
qualities unless processed and refrigerated rap­
idly as it is very perishable after harvesting. 
(‘Rapid’ means reaching the processor within 
less than 24 hours.) 

This explains why ac-aí fruit has not been 
seen in grocery stores or supermarkets outside 
of the Amazon. To move the fruit from harvest­
ers to processors requires a reliable system of 
suppliers and industrial processors, and trans­
portation resources capable of moving hun­
dreds of tons of fruit daily throughout the dry 
season. (Technically there is no ‘dry’ season. 
All months have precipitation of at least 
60 mm, but this is a small amount of rainfall 
compared to the extremes that can be experi­
enced during the wet season.) 

Small monoculture plantations can be found 
in Para state that are close to roads and markets. 
However, most ac-aí fruit still comes from har­
vesters living on islands in the rain forest. 

Let me describe how elaborate and demand­
ing a system is required to move ac-aí fruit to 
processors. During a trip to Brazil in 2008, the 
author traveled to Belem, on the estuary of the 
Tocantins and Para rivers, in Para state. 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
Traveling by car for two hours from the center 
of the city, the author reached one of the 
region’s leading ac-aí fruit processors just as 
the last few tons of fruit were being unloaded 
off flatbed trucks. At 1 pm, we decided to 
trace the origin of the fruit that had just been 
unloaded to its source within a county that con­
tains over 350 islands. These islands have 
numerous ac-aí harvesting cooperatives. 

As we left the processor, to retrace the 
fruit’s origin, we were unprepared for how seri­
ously rough road conditions were. Once we 
left the outskirts of Belem, road conditions rap­
idly deteriorated. Within an hour began a 
never-ending series of speed bumps, often 
without any warning due to lack of signage as 
we passed through one village after another. 
With each mile the number and depth of pot­
holes got worse until one dared not fall asleep 
for fear of hitting one’s head on the ceiling of 
the car or biting one’s tongue. After several 
hours the night set in, reducing visibility and 
making the ride that much more challenging. 

After six hours the road suddenly ended at 
a river crossing requiring a ferry to take the 
car to the other side so as to continue the trip. 
The ferry waited until trucks heading to pick 
up tons of ac-aí fruit arrived. One hour later 
we were back on the road. It was not another 
hour before the road ended again at another 
river crossing, where we again waited for the 
ferry, this time carrying either trucks laden 
with ac-aí fruit, or either empty and heading to 
the same point on one of the estuary’s ports 
that we were heading to. Two hours later, we 
arrived at the end of the road traversable by 
car, for here small boats carrying anywhere 
from 1000 to 2000 baskets, known as hazas, 
weighing 14 kilos each, are unloaded and the 
fruit transferred to the trucks. 

At 11 pm we left this ‘port’ village by the 
river in a speedboat. For the next several hours 
we navigated between countless islands under 
a half moon to reach our destination at 3 am. 
There we met the head of the cooperative on 
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TABLE 32.1 Nutrient Analysis of Freeze-dried Ac-aí 
Pulp and Skin 

Analytes Result Unit per 100 g (DW 1) 

Label analytes 

Calories 533.9 

Calories from fat 292.6 

Total fat 32.5 g 

Saturated fat 8.1 g 

Cholesterol 13.5 mg 

Sodium 30.4 mg 
the island whose ac-aí fruit we had just wat­
ched being processed 14 hours earlier in the 
outskirts of Belem. 

On this particular island lived 112 families 
who earned their living for 8 months of the 
year harvesting the ac-aí fruit. The other four 
months they harvested miriti fruit. 

Now repeat this journey several hundred 
times by numerous suppliers on any day dur­
ing the dry season in this county alone, multi­
ply that by several counties supplying ac-aí 
fruit in Para state, and one gets a sense of how 
expansive and complex this process has become 
as world demand for this fruit increases. 

Demand for ac-aí fruit worldwide has been 
dramatic. More than 45 countries around the 
world offered ac-aí-based fruit juice and ac-aí 
fruit by-products, from cosmetics to shampoos, 
by the end of 2008. 

What accounted for the dramatic increase in 
ac-aí consumption was the discovery of the 
pulp’s remarkably high antioxidant capacity 
in vitro when compared to the antioxidant 
activity of fruits and berries such as cranberry, 
blackcurrant, black raspberry, and blueberries. 
The attention given to ac-aí fruit came at a time 
when the importance of increasing antioxidant-
rich phytochemicals found in fruits, vegetables, 
nuts, and spices, was being promoted by the 
medical community and nutritionists, as the 
search for and popularization of ‘superfoods’ 
as part of the diet came into vogue. 
Total 52.2 g 
carbohydrate 

Dietary fiber 44.2 g 

Sugars 1.3 g 

Protein (F = 6.25) 8.1 g 

3. NUTRITIONAL COMPOSITION 

AND PHYTOCHEMISTRY 

Vitamin A 1002 IU 

Vitamin C <0.1 mg 

Calcium 260.0 mg 

Iron 4.4 mg 

Contributing analytes 

Moisture 3.4 g 

Ash 3.8 g 

DW, dry weight; F, conversion factor. 
A comprehensive report on the phytochemi­
cal, nutrient, and antioxidant capacity of ac-aí 
fruit was published by a consortium of govern­
ment, university, and private industry scien­
tists in two papers published in 2006 [4,5]. 
These findings are also summarized in a book 
dedicated to the ac-aí fruit [6]. 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
The nutrient analysis of freeze-dried ac-aí pulp 
and skin is shown in Table 32.1. Table 32.2 pro­
vides the analysis of amino acids while 
Table 32.3 lists the fatty acids, as reported previ­
ously [4]. 

What challenged food scientists until the 
late 1990s, particularly in Brazil, was the lack 
of processing facilities able to produce commer­
cial quantities of freeze-dried ac-aí, given its per­
ishable nature. 

The advantage of studying freeze-dried fruits 
and vegetables is well known to food scientists. 
Until the last decade, the means to study the ac-aí 
fruit’s chemistry and antioxidant capacity in the 
Amazon, using sophisticated and validated 
analytical and assay methods with precision, had 
been lacking. Once freeze-dried samples became 
available to study the ac-aí fruit for its chemi­
cal and biological properties, inter-laboratory 
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TABLE 32.2 Analysis of Amino Acids from 
Freeze-dried Ac-aí 

Amino Acids Result 

Aspartic acid 0.83% 

Threonine 0.31% 

Serine 0.32% 

Glutamic acid 0.80% 

Glycine 0.39% 

Alanine 0.46% 

Valine 0.51% 

Methionine 0.12% 

Isoleucine 0.38% 

Leucine 0.65% 

Tyrosine 0.29% 

Phenylalanine 0.43% 

Lysine 0.66% 

Histidine 0.17% 

Arginine 0.42% 

Proline 0.53% 

Hydroxyproline <0.01% 

Cystine 0.18% 

Tryptophan 0.13% 

Total 7.59% 

TABLE 32.3 Fatty Acid Composition of Freeze-dried 
Ac-aí 

Fatty Acids Formula Content 

Saturated fatty acids 

Butynic 4:0 <0.1% 

Caproic 6:0 <0.1% 

Caprylic 8:0 <0.1% 

Capric 10:0 <0.1% 

Undecanoic 11:0 <0.1% 

Lauric 12:0 0.1% 

Tridecanoic 13:0 <0.1% 

Myristic 14:0 0.2% 

Pentadecanoic 15:0 <0.1% 

Palmitic 16:0 24.1% 

Margaric 17:0 0.1% 

Stearic 18:0 1.6% 

Nonadecanoic 19:0 <0.1% 

Eicosanoic 20:0 <0.1% 

Behenic 22:0 <0.1% 

Tricosanoic 23:0 <0.1% 

Lignoceric 24:0 <0.1% 

Total 26.1% 

Monounsaturated fatty acids 

Tridecenoic 13:1 <0.1% 

Myristoleic 14:1 <0.1% 

Pentadecenoic 15:1 <0.1% 

Palmitoleic 16:1 4.3 

Margaroleic 17:1 0.1 

Oleic 18:1C 56.2 

Elaidic 18:1T <0.1% 

Gadoleic 20:1 <0.1% 

Erucic 22:1 <0.1% 

Nervonic 24:1 <0.1% 

Total 60.6% 

Polyunsaturated fatty acids 

Linoleic 18:2 12.5% 

Linolenic 18:3 0.8 

Gamma linolenic 18:3G <0.1% 

Eicosadienoic 20:2 <0.1% 

Eicosatrienoic 20:3 <0.1% 

Homogamma 20:3G <0.1% 
linolenic 

Arachidonic 20:4 <0.1% 

Eicosapentaenoic 20:5 <0.1% 

Docosadienoic 22:2 <0.1% 

Docosahexaenoic 22:6 <0.1% 

Total 13.3% 

C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
reproducibility became possible, which had not 
been possible using sun-dried, spray-dried, or 
frozen samples, particularly given the existence 
of oxidase enzymes found in the fruit that con­
tribute to its rapid degradation. 

Although our research was performed on 
freeze-dried ac-aí, a significant amount of the 
ac-aí used in commercial products is produced 
using either spray-dried powders or frozen 
pulp. The former was found to show dramati­
cally lower oxygen radical antioxidant capacity 
(ORAC) values compared to freeze-dried ac-aí. 
One assay found spray-dried ac-aí’s ORAC 
was in the range of 50–70 Trolox equivalent 
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per gram (µmol TE/g), whereas the freeze-
dried ac-aí was above 1000 µmol TE/g. 

At the time these results were reported by 
the leading ORAC assay laboratory and con­
firmed by the USDA’s nutrient analysis and 
antioxidant laboratory using the same analyti­
cal and assay protocols, the ORAC score was 
reported to be the highest for any fruit 
vegetable or nut, other than for a few spices. 
This was true even when comparing various 
antioxidant-rich fruits based on moisture con­
tent and serving size (Table 32.4). 

The phytochemical antioxidants in ac-aí are an­
thocyanins (ACNs), proanthocyanidins (PACs), 
and other major flavonoids, of which cyanidin 
3-glucoside and cyanidin 3-runtinoside were 
found to be the predominant ACNs, along with 
numerous minor ACNs [4]. The total content of 
ACNs was 3.1919 mg/g dry weight. Polymers 
were found to be the major proanthocyanidins 
(PACs). The concentration of total PACs was 
calculated as 12.89 mg/g dry weight. Other 
flavonoids found in the ac-aí fruit include homo­
orientin, orientin, isovitexin, scoparin, and taxi­
folin deoxyhexose, along with a number of 
unknown flavonoids. The stilbene, resveratrol, 
was found at a very low concentration. 
TABLE 32.4 Comparison of Antioxidant-rich Fruits and B

Food % Moisture 

µmol T

Ac-aí pulp 60.0 410.80 

Apples 85.7 38.99 
(Granny) 

Avocado (Hass) 72.0 19.33 

Blackberry 86.9 53.48 

Blueberry (Cult) 85.0 62.20 

Cranberry 87.1 94.56 

Raspberry 85.8 49.25 

Strawberry 91.1 35.77 

Hydrophilic-ORAC + lipophilic-ORAC = total antioxidant ca
Source: Schauss, 2008, pp. 71–73 [6]. 

C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
Freeze-dried ac-aí feels oily to touch. Analysis 
of the nutritional composition of ac-aí revealed 
that the predominant fatty acid was oleic acid, 
followed by palmitic acid and linoleic acid. 
Total unsaturated fatty acid was 74% of all fatty 
acids, in the range of olive and avocado oils. 

Unfortunately, an examination of many ac-aí­
based juices in the  marketplace in the  USA
revealed that such juices are clarified and filtered, 
resulting in the loss of the mono- and poly­
unsaturated fatty acids found naturally in the 
fruit. Combined with the presence of five sterols 
found in ac-aí fruit, including beta-sitosterol, cam­
pesterol, and signasterol, the loss of these fatty 
acids and sterols in terms of potential health bene­
fits by excessive processing of ac-aí-based juices, 
may mislead consumers into believing that clari­
fied and/or filtered juices contain the nutritional 
components found in unclarified ac-aí juices. 

A pharmacokinetic study of clarified and 
unclarified ac-aí juices found that ac-aí juice had 
approximately 45% more total anthocyanins than 
clarified juice. Ac-aí juice with the pulp resulted 
in higher plasma antioxidant levels. A large por­
tion of the anthocyanins was found bound to the 
water insoluble fraction of the pulp which would 
be digested in the gut and by its flora. Following 
erries by Serving Size, Adjusted for Moisture 

TAC Serving TAC per Serving 

E/g Size (g) 

145 59,566 

138 5381 

173 3344 

145 7701 

145 9019 

95 8983 

123 6058 

166 5938 

pacity (TAC); TE, Trolox Equivalent. 
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ingestion of ac-aí with the pulp, antioxidant com­
pounds in serum were consistently higher dur­
ing 4 hours of observation compared to clarified 
juice (P<0.05). Further, peak antioxidant levels in 
blood dropped sooner if the pulp had been 
removed. The maximum concentration of antho­
cyanins was 105% higher in ac-aí juice with pulp 
compared to clarified ac-aí juice. Finally, the half-
life of ac-aí juice with pulp was 6.56 hours com­
pared to 3.0 hours for clarified juice [7]. 

Using bioactive-guided fractionation of a 
methanol-soluble extract of ac-aí fruit led to the 
isolation of 14 isolates found to be active in a 
hydroxyl radical scavenging assay and seven 
isolates in a DPPH assay [8]. These assays iden­
tified dihydroconiferyl alcohol, ( + )-laricir­
esinol, ( + )-pinoresinol, ( + )-syringaresinol, and 
protocatechuic acid, each of which exhibited 
cytoprotection of MCF-7 cells oxidatively stres­
sed by hydrogen peroxide. A number of lig­
nans were also reported representative of the 
aryltetrahydronaphthalene, dihydrobenzofuran, 
furofan, 8-O-4u-neolignan, and tetrahydrofuran 
structural types. 

Nutritionally, the ac-aí fruit contains 19 amino 
acids, including the essential amino acids, along 
with virtually all vitamins, with the exception of 
phylloquinone and menaquinone, and a wide 
range of all essential minerals and numerous 
trace elements [4]. With regard to heavy metal 
content, many samples of ac-aí fruit tested have 
found extraordinarily low concentrations of cad­
mium, and mercury, in the range of 36 to 1 ppb, 
respectively. 

Total carotenoids in ac-aí pulp have been 
studied and found to contribute to the antioxi­
dant activity of the fruit along with the total an­
thocyanins [9]. 
4. ANTIOXIDANT CAPACITY AND 
ACTIVITY 
The significance of ac-aí fruit’s high antioxi­
dant capacity in vitro in terms of potential 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
health benefits is illustrated by comparing the 
antioxidant capacity of skin-bearing apples 
with ac-aí. 

The antioxidant value of a small apple of 
113 g (a quarter pound) is equivalent to 
1400 mg of vitamin C. However, most of the 
antioxidant capacity of an apple does not come 
from its vitamin C content. Rather it comes 
from its combined phytochemical composition. 
Less than 0.4% of the apple’s total antioxidant 
capacity (TAC) comes from vitamin C alone. 

Apples have been shown to inhibit colon 
cell proliferation by 43% in vitro. Apples also 
have been shown to decrease mammary and 
other tumors in vivo in rats. The percent of inhi­
bition increases the more apples are consumed. 
Just one apple inhibited 17% of tumors, but 
three apples inhibited 39%, while six apples 
inhibited tumor development by 44% [6]. 

An apple’s hydrophilic and lipophilic antioxi­
dant capacity (total ORAC) is between 22 and 
43 µmol TE/g, depending on the color and vari­
ety of apple assayed based on USDA reported 
data. Adjusting for moisture content, the compa­
rable dry weight of ac-aí has a total ORAC of 
630 µmol TE/g, a value that is 45 times the anti­
oxidant capacity of a quarter pound of apples. 

The comparisons between ac-aí and various 
antioxidant rich fruits and vegetables have led 
to considerable speculation as to its potential 
benefits in vivo. 

One study found that a fraction of com­
pounds found in the ac-aí fruit had an anti-
proliferative effect on a line of human leukemia 
cells resulting in a significant increase in apopto­
sis of HL-60 leukemia cells [10]. 

Freeze-dried ac-aí fruit pulp has been reported 
to have exceptional activity against superoxide 
in the superoxide scavenging (SOD) assay, the 
highest of any food, at 1614 units/g [5]. 

An assay measuring the inhibition of reac­
tive oxygen species (ROS) formation in freshly 
purified human neutrophils showed that the 
antioxidants in ac-aí are able to enter human 
cells in a fully functional form and perform 
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their oxygen quenching function at a very low 
dose, in a H2O2-induced formation of ROS 
model, even at 0.1 pg/g [5]. 

The contents of anthocyanins, proanthocyani­
dins, and other polyphenol compounds in 
freeze-dried ac-aí were found to be much lower 
than those found in blueberry or other berries 
with elevated ORAC values [5]. The total phe­
nolics in ac-aí were found to be only 13.9 mg/g 
gallic acid equivalents (GAE). The ratio 
between hydrophilic ORAC and total phenolics 
was reported in a study to vary dramatically 
from less than two to more than 100 for differ­
ent groups of foods [11]. For most fruits and 
vegetables, this ratio is about 10. However, the 
ratio in ac-aí is 50, five times greater than that 
found for any other fruit. This ‘unusual’ ratio 
raises questions whether or not ac-aí contains 
much stronger antioxidants than found in other 
berries on an equal weight basis. Determining 
which antioxidants contributed to this unusual 
ratio warrants further work that is being car­
ried out by the author and colleagues. 

The ability of an orally ingested ac-aí-based 
fruit juice to inhibit ROS formation in humans 
has been investigated experimentally. A pilot 
study of 7 subjects and a randomized, double-
blind, placebo-controlled, crossover trial involv­
ing 12 healthy adults, showed a significant 
increase in serum antioxidants at 1 hour and 
2 hours, a correlating increase in antioxidant 
compounds, as well as a significant inhibition of 
lipid peroxidation (P<0.01) at post-consumption 
[12,13]. 

These results confirmed observed cell-based 
antioxidant protection of erythrocytes from oxi­
dative damage (P<0.001) and reduced forma­
tion of ROS in polymorphonuclear cells 
(P<0.003), and reduced migration toward three 
different pro-inflammatory chemoattractants 
[fmlp (P<0.001), leukotriene B4 (P<0.05), and 
IL-8 (P<0.03)], using the same ac-aí-fruit based 
juice [12]. The reduction in pro-inflammatory 
chemoattractants supports earlier observations 
of ac-aí’s potent inflammatory properties [5]. 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
In a study that evaluated the effects of E. 
oleracea flowers, fruits, and fractions found 
therein on nitric oxide (NO) production and scav­
enging capacity in the expression of the induc­
ible nitric oxide synthase (iNOS) enzyme, it was 
found that the fruit was most potent in inhibit­
ing NO production and iNOS expression [14]. 
Fractionation of polyphenols found that the con­
centration of cyanidin 3-glucoside and cyanidin 
3-rhamnoside contributed to the pronounced 
effect observed. The results suggest that fractions 
found in the fruit inhibit NO production and 
reduce levels of iNOS expression with implica­
tions in the treatment of cardiovascular disease. 

The brain is especially susceptible to oxidative 
stress. It is rich in polyunsaturated fatty acids 
that are subject to lipid peroxidation given the 
disproportionate utilization of oxygen by the 
brain. To protect against oxidative damage 
enzymes are utilized by the brain, such as cata­
lase and superoxide dismutase (SOD). Catalase 
converts hydrogen peroxide to water and molec­
ular oxygen, while SOD converts superoxide to 
molecular oxygen and hydrogen peroxide which 
catalase turns into water and stable oxygen. 

A study from Brazil reported evidence that 
ac-aí pulp might contain compounds that could 
protect the brain from free radical damage. The 
study pre-treated brain tissues taken from 
rodents and exposed the cerebral cortex, hippo-
campus, and cerebellum, to H2O2. Pre-treatment
of these brain tissues with ac-aí decreased H2O2­
induced damage of both proteins and lipids. The 
authors suggested, ‘that ac-aí could prevent the 
development of age-related neurodegenerative 
diseases’ [15]. 

To evaluate the impact of oral consump­
tion of a fruit and berry blend on pain and 
range of motion (ROM), an open-label clini­
cal pilot study was performed on subjects, 
many of which had osteoarthritis, 44–84 
years of age, with limited ROM associated 
with pain that affected daily living. In this 
12-week study, participants consumed a fruit 
juice whose predominant fruit was unclarified 
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ac-aí pulp with other antioxidant fruits. Subjects 
were assessed at baseline and 2, 4, 8, and 12 
weeks by structured nurse interviews, ques­
tionnaires on pain and Activities of Daily 
Living (ADL), blood samples, and ROM assess­
ment. Pain was scored using a visual analogue 
scale (VAS). ROM assessment was performed 
using dual digital inclinometry. Consumption 
of the juice resulted in pain reduction (P<0.01), 
improved ROM (P<0.05), and ADL (P<0.025). 
Serum antioxidant status based on the CAP-e 
cell-based antioxidant protection assay [16] was 
significantly improved already after 2 weeks 
(P<0.05), and kept improving throughout 
the 12 weeks of study participation particularly 
in the lower back and knees of subjects 
(P<0.0001) [17]. A mild decrease in lipid peroxi­
dation was also observed at 12 weeks (P<0.16). 

A pilot and randomized, double-blind, pla­
cebo-controlled, crossover study was performed 
on the same juice used in the ROM study, to 
evaluate in vitro and in vivo antioxidant and 
anti-inflammatory capacity of the ac-aí-rich juice. 

The cell-based antioxidant protection of ery­
throcytes (CAP-e) assay demonstrated that anti­
oxidants in the ac-aí juice blend penetrated and 
protected cells from oxidative damage (P<0.001), 
while polymorphonuclear (PMN) cells showed 
reduced formation of ROS (P<0.003) and 
reduced migration toward three different pro-
inflammatory chemoattractants: fmlp (P<0.001), 
leukotriene B4 (P<0.05), and IL-8 (P<0.03). 
Blood samples at baseline, 1 hour, and 2 hours 
following consumption of the juice or placebo 
were tested for antioxidant capacity using sev­
eral antioxidant assays and the thiobarbituric 
acid reactive substances (TBARS) assay. A 
within-subject comparison post consumption 
showed an increase in serum antioxidants at 1 
hour (P<0.03) and 2 hours (P<0.015), as well as 
inhibition of lipid peroxidation at 2 hours 
(P<0.01) [12]. 

The authors found of interest that the ac-aí-rich 
juice treatment of freshly purified human PMN 
cells in vitro affected random and fmlp-directed 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
i i

migratory behavior differently than PMN migra­
tion toward the inflammatory mediators LTB4 
and IL-8. 

This led to speculation that the anti-inflam­
matory properties of the juice in vivo may allow 
normal immune surveillance, while at the same 
time reducing inflammatory conditions. 

Further, consumption of the juice under con­
ditions of fasting-induced oxidative stress re­
sulted in an increase in serum antioxidant 
compounds that were able to enter living cells 
and protect them from oxidative damage in 
91% of study subjects, as evaluated by apply­
ing the serum samples to the CAP-e assay. 

Based on these pilot and experimental stu­
die, further research is warranted to evaluate 
whether the increased antioxidant protection 
and phytochemicals found in ac-aí pulp, added 
to unfiltered/unclarified ac-aí juice products, 
have a benefit for those afflicted with auto­
immune and chronic inflammatory diseases, 
including diabetes mellitus. 
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1. ARTOCARPUS ALTILIS
 
(BREADFRUIT)
 
The breadfruit is a member of the genus 
Moraceae which contains about 50 species of 
trees [1]. It is grown throughout the tropical 
regions of the world yet only a few cultivars 
are found within most countries. Three 
species, Artocarpus altilis (Parkinson) Fosberg, 
Artocarpus camansi Blanco (breadnut), and 
Artocarpus mariannensis Traecul (dug-dug), plus 
natural hybrids (A. altilis * A. mariannensis) con­
stitute the breadfruit complex [2]. However, 
A. altilis [synonyms A. communis J.R. Forst and 
G. Forst; A. incisus (Thunb.) L.f] is the most 
extensively dispersed species and exhibits great 
variability [3]. For this reason, this chapter will 
address mainly A. altilis, hereafter referred to 
as breadfruit (see Fig. 33.1). There are two dis­
tinct breadfruit varieties: seeded and seedless. 
The seeded breadfruit variety is considered to 
be the wild form [4]. 

The common name breadfruit in English is 
translated into Spanish as ‘fruta de pan’ (fruit), 
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or ‘arbol de pan,’ ‘arbol del pan’ (tree), or ‘pan 
de pobre’; into French as ‘ a pain’fruit i (seedless), 
‘chataignier’ (with seeds), arbre i‘ a pain’ (tree); 
Portuguese, ‘fruta ao,’ or ‘ ao massa’p^ p^ de ; 
Dutch, ‘broodvrucht’ (fruit), ‘broodboom’ (tree). 
In Venezuela, it may be called ‘pan de ano,’ ‘~ pan 
de todo el a ~ pan de palo,’ ‘pan de name,’no,’ ‘
‘topa or ‘t a ; in Guatemala and Honduras, an,’ upan’
‘mazapa ‘ ~an’ (seedless), castana’ (with seeds); in 
Peru, ‘marure’ ~; in Yucatan, ‘castano de Malabar’ 
(with seeds); in Puerto Rico, ‘ en’panapa (seed­
less), ‘panade pepitas’ (with seeds). In Malaya 
and Java, it is ‘suku’ or ‘sukun’ (seedless); 
‘kulur,’ ‘kelur,’ or ‘kulor’ (with seeds); in 
Thailand, ‘sa-ke’; in the Philippines, ‘rimas’ (seed­
less); on Hawaii, ‘ulu’ [5,6]. 
1.1 Geographical Distribution 

Breadfruit originated in the Western Pacific, 
with New Guinea and associated islands 
such as the Bismarck Archipelago being the 
centre of diversity for wild seeded forms of 
Artocarpus altilis (Parkinson) Fosberg. Zerega 
1 r 2010 Elsevier Inc. All rights reserved. 
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FIGURE 33.1 A breadfruit tree located at The
 
University Field Station, Valsayn, Trinidad.
 
Photographer: Jacklyn Broomes.
 
et al. [3] stated that breadfruit was originally 
domesticated in Oceania. At the end of the six­
teenth century, European explorers and nat­
uralists traveling to Oceania quickly 
recognized the potential of breadfruit as a 
highly productive, cheap source of nutrition 
and introduced a limited number of cultivars 
to their tropical colonies [6]. The most famous 
of these attempts was led by William Bligh 
and culminated in the mutiny aboard the 
H.M.S. Bounty [7,8]. Today breadfruit is grown 
throughout the tropics but is especially impor­
tant in Oceania and the Caribbean. In general, 
breadfruit is a crop for the hot, humid tropical 
lowlands and grows best at temperatures of 
21–321C [1]. Breadfruit has an annual rainfall 
requirement of 2000–3000 mm [9]. 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
1.2 Botany 

The breadfruit tree is fast-growing with the 
capability of reaching 26 m in height and often 
buttressed at the base. There are many spread­
ing branches (Fig. 33.1). The leaves, evergreen 
or deciduous depending on climatic conditions, 
are situated on thick, yellow petioles, entire at 
the base, then more or less deeply cut into 
5–11 pointed lobes. They are bright green and 
glossy on the upper surface, with conspicuous 
yellow veins; dull, yellowish, and coated with 
minute, stiff hairs on the underside. The tree 
bears a multitude of tiny flowers with the 
male densely set on a drooping cylindrical or 
club-shaped spike, thick, yellowish at first and 
becoming brown. The female are massed in a 
somewhat rounded or elliptic, green, prickly 
head, which develops into the compound fruit. 
Generally the rind is green at first, turning 
yellowish-green, yellow or yellow-brown when 
ripe. The fruit is borne singly or in clusters of 
two or three at the branch tips. All parts of the 
tree, including the unripe fruit, are rich in 
milky, gummy latex [1,5,10]. 
1.3 Propagation 

In vitro technologies are increasingly impor­
tant for preserving diversity, particularly for 
the vegetatively propagated species such as 
breadfruit and seeded breadfruit that produce 
recalcitrant seeds which do not store well [11]. 
Breadfruit is propagated vegetatively by root 
cuttings and root suckers whereas the seeded 
breadfruit is propagated by seed [12]. The 
roots grow on or slightly below the surface of 
the ground and will often produce a shoot, 
especially if cut or damaged. Air-layering or 
marcottage is another method which has 
shown good results [6]. Propagating by seed is 
not popular as seeds lose viability quickly and 
the germination percentage is low. Plant tissue 
culture techniques have allowed for mass 
AND CANCER PREVENTION AND TREATMENT 
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clonal propagation, germplasm conservation 
and exchange, and improvement of crop spe­
cies [13]. A protocol for the in vitro regenera­
tion of breadfruit and seeded breadfruit has 
been established [12]. The addition of 2 g/L 
polyvinylpyrrolidone significantly reduced 
the oxidative browning of explants of both spe­
cies. Aseptic cultures of mature meristem and 
shoot tip explants, juvenile shoot tip, and 
nodal explants were successfully established 
after exposure to antibiotic and fungicide pre-
treatments and antibiotic medium meristems. 
Approximately 40% of plantlets were success­
fully hardened under greenhouse conditions. 
FIGURE 33.2 The maturing breadfruit. 
Photographer: Jacklyn Broomes. 
1.4 Harvesting 

Breadfruits are picked when maturity is indi­
cated by the appearance of small drops of 
latex on the surface. In Jamaica, two harvest 
maturities, ‘young and fit,’ are recognized [8]. 
This corresponds with ‘immature and mature’ 
as described by Graham and Negron de Bravo 
[14] and Ragone and Wiseman [15]. Immature 
is characterized by light green skin, almost 
complete absence of latex, and closely packed 
fruit segments, indicating that they are not 
fully grown. Mature is characterized by a dar­
ker skin, with some browning and external 
dried latex, and the segments not closely 
packed (Fig. 33.2). Worrell and Carrington [16] 
described ‘boilers’ as breadfruit suitable for 
boiling and slightly immature with greener 
skin, rougher texture, and little or no latex 
flow, and ‘roasters’ as fully mature fruit for 
baking or roasting characterized by surface 
latex, paler skin, and fully flattened segments 
with no ‘rough’ feel. 
1.5 Productivity and Yields 

In the South Pacific, the trees yield 50–150 
fruits per year. In southern India, normal pro­
duction is 150–200 fruits annually [5,6]. 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
Productivity varies between wet and dry areas. 
In the West Indies, a conservative estimate is 
25 fruits per tree. Studies in Barbados indicate 
a reasonable potential of 16–32 tons per hect­
are while Roberts-Nkrumah [17] suggested 50 
tons per hectare for selected varieties. Much 
higher yields have been forecasted but some 
experts view these as unrealistic. 
1.6 Post-harvest Management 

Breadfruit is harvested in the mature stage 
to facilitate preferred methods of preparation. 
A major constraint to breadfruit storage is its 
rapid respiration rate which causes the fruit to 
ripen in 2–3 days [18]. As the fruit ripens, it 
softens and starch is converted to sugar, 
thereby rendering the fruit unacceptable. At 26 
or 281C, breadfruit storage life is only 2 or 3 
days [19,20]. Bernardin et al. [21] claimed that 
browning of the peel was the limiting factor in 
storage. In certain rural areas of Jamaica, it is 
the practice to store breadfruit underwater at 
ambient temperature. It is believed to extend 
their storage life, which was confirmed by 
Thompson et al. [19], who found that they did 
not begin to soften until after 14 days at 281C, 
AND CANCER PREVENTION AND TREATMENT 
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at which time they split, having absorbed too 
much water. Refrigerated storage recommenda­
tions are as follows: 

•	 12.51C and 92–98% relative humidity (r.h). 
for about 5 days [19]; 

•	 13.31C and 85–90% r.h. for 14–40 days [22]; 
•	 131C and 95% r.h. for 1–3 weeks [23]. 

Other methods of prolonging shelf-life under 
investigation are shrink-wrapping, coatings, 
packaging, and controlled atmosphere storage 
[20]. There is also interest in minimal proces­
sing of the fresh fruit to prolong its shelf-life. 
2. USES OF SPECIFIC PARTS OF 
THE BREADFRUIT 
The immature, mature, and ripe breadfruit 
may be incorporated into a variety of food 
uses. All parts (flesh, peel, core, and seeds) of 
edible mature and ripe fruits including the 
TABLE 33.1 Uses of Parts of the Breadfruit Tree for Non-

Part of the Tree Uses 

Tree	 Agro-forestry; canopy; erosion control;
honeybees, birds, flying foxes; firewood

Timber	 Construction materials, buildings, cano
firewood, handicrafts, storage containe

Latex	 Adhesive; caulking for canoes; birdlim
colored earth for use as paints; mosqui
sticks; repair canoes; stick feathers for t

Bark	 Medicine 

Bast (inner bark)	 Cordage; tapa (bark cloth); cordage for

Sap	 Prepare bark for artistic painting; secur

Male inflorescences	 Candied and eaten; dried and used as 
dye, repellent against flying insects 

Fiber	 Clothing; harnesses for buffaloes 

Deeply pinnate lobed-	 Ornamental appeal; wrapping food for
leaves	 stipules used as a sanding cloth; fishing

Fruits and seeds	 Cooked fruits and seeds used for huma

uncooked for livestock feed 

Source: references 6, 7, 24–29. 

C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
leaves of the breadfruit tree are fed to livestock 
[2,24]. The multipurpose breadfruit tree species 
provides medicine, construction materials, 
adhesives, insecticides, and animal feed, and is 
a primary component of traditional agro­
forestry systems in Oceania [6]. All parts of the 
breadfruit trees are used medicinally, espe­
cially the latex, leaf tips, and inner bark. 
Breadfruit has been used as a trellis tree for 
yam (Dioscorea spp.). Honeybees visit male 
inflorescences and collect pollen, especially 
from fertile, seeded varieties. These bees also 
collect latex that oozes from the fruit surface 
[24]. Table 33.1 shows the non-food uses of the 
specific parts of breadfruit tree [6,7,25–28]. 
2.1 Food Uses 

2.1.1 Different Food Preparation 

The breadfruit’s value as a food crop arises 
from its high potential productivity of 50 t/ha/yr 
[17]. Initially cultivated as a bread substitute due 
food Uses 

 shelter for important pollinators or seed dispersers such as 
; utensils 

es, surfboards; drums, furniture and other objects, carvings, 
rs 

e; chewing gum; medicine; sheen on tapa cloth; mixed with 
to repellent; catch fish with an arrow; glue to trap birds on 
raditional dance costumes; latex with oil to trap houseflies 

 fishing; animal harnesses, nets 

e skin on ‘kundu’ drums 

mosquito repellent medicine, pollination, yellow/brown 

 cooking or serving; livestock feed; medicine; dried leaves 
; kites; plates; organic composting; medicine 

n consumption; 
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to similarities in taste and smell, breadfruit is 
now commonly used to replace starchy vege­
tables, pasta, or rice. The fruit is most often 
consumed when it is mature, but still firm. 
Wootton and Tumaalii [30] and Roberts-
Nkrumah and Badrie [31] have noted that con­
sumer preference for breadfruit consumption 
is at the mature but unripe stage. In a con­
sumer study of the most common methods of 
cooking mature breadfruit in Trinidad, West 
Indies [31], given  were  ‘oil-down’ (83.6%), 
‘steaming’ (62.3%), ‘boiling’ (54.1%), ‘frying 
of thick slices’ (53.5%), ‘frying (chips) roast­
ing’ (44.8%), ‘roasting then frying’ (44.3%), 
‘soup-making‘ (23.5%), ‘baking’ (23.5%), ‘pie­
making’ (21.3%), ‘currying’ (7.7%), and 
microwaving (4.4%). In the Caribbean, bread­
fruit ‘oil down’ is a one-pot meal of salted 
cured meat (chicken, beef, pig tail, pig snout), 
chicken, dumpling, breadfruit and callaloo 
(young dasheen leaves – Colocasia esculenta) 
and coconut water [32,33]. A breadfruit  ‘oil 
down’ serving was found to be high in fat, pro­
tein, dietary fiber, phosphorus, sodium, and 
calcium, good in carbohydrates and potas­
sium, but low in zinc, iron, and copper [34]. 
However, immature fruits can also be cooked 
by boiling, pickling, or marinating, imparting 
a flavor that is said to be similar to that of arti­
choke hearts [5]. Sliced fruit is sometimes fried 
to make chips [34] and male fruits can be can­
died [35]. A few cultivated varieties of bread­
fruit can be safely eaten without cooking. 
However, most varieties are purgative if eaten 
raw,  and some are  boiled  twice and  the water
thrown away, to avoid unpleasant effects. The 
ripe fruit is somewhat creamy and sweet and a 
few cultivated varieties can be eaten raw 
or used in dessert recipes. In addition, fruit 
made into cereal, or pureed ripe fruits are 
regarded as good baby foods. Numerous 
processed breadfruit products are also avail­
able including flour, chips, and sliced fruits 
which are available frozen, dehydrated, or 
canned [6,36]. 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
2.1.2 Applications of Modified Starches in 
Foods 

The high carbohydrate content of breadfruit 
makes it a valuable source of starch (Table 33.2). 
Native starches have been used as raw material 
to prepare different products and are good tex­
ture stabilizers in food systems. However, native 
breadfruit starches exhibit limited industrial 
applications. These starches possess low shear 
stress resistance and thermal decomposition, in 
addition to high retrogradation and syneresis. 
Hence, breadfruit was isolated and modified by 
oxidation, acetylation, heat-moisture treatment 
and annealing [40]. All forms of starch modi­
fication reduced pasting temperature, peak vis­
cosity, hot paste viscosity and cold paste 
viscosity of the native starch, except that heat­
moisture-treatment increased the pasting temper­
ature. Setback value reduced after modifications, 
indicating that modifications would minimize 
starch retrogradation [40]. 

2.2 Compositional and Nutritional 
Values 

Nutritionists have promoted the breadfruit 
as one of the top 25 superfoods that are useful 
in the management of prevalent diet-related dis­
eases in the Caribbean, such as diabetes and 
hypertension [41]. Breadfruit is consumed pri­
marily for its nutritional benefits (see 
Table 33.2). The fruits and seeds are good sour­
ces of carbohydrate, protein, potassium, and cal­
cium with fair amounts of ascorbic acid, niacin, 
and iron [6,42]. Compared to other staple starch 
foods, breadfruit is a better source of protein 
than cassava and is comparable to sweet potato 
and banana. In addition, the breadfruit seeds 
(Table 33.1) were found to contain more than 
20% carbohydrates (between 26.6 and 38.2%), 
crude protein (7.9–8.1%) and fat (2.5–4.9%). The 
nutritional composition of breadfruit varies 
among cultivars and should aid in the selection 
of cultivars for different uses for fresh consump­
tion and processed products [6]. 
AND CANCER PREVENTION AND TREATMENT 
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TABLE 33.2 Proximate Composition of Breadfruit in Different Forms 

Nutrient Per 100 g Edible Portion 

Fresh Flour Boiled Roasted/ Baked Fermented Paste Breadfruit Seeds 

Water (%) 63.8–74.3 2.5–19.0 67.5–70.3 59.0–70.3 67.3–71.2 20.8 47.7–61.9 

Protein (g) 0.7–3.8 2.9–5.0 0.95–1.2 0.8–2.2 0.7 6.3 7.9–8.1 

Carbohydrate (g) 22.8–77.3 61.5–84.2 24.5–30.3 28.7–37.6 27.9 67.7 26.6–38.2 

Fat (g) 0.26–2.36 1.93 0.24 0.11–0.39 1.13 2.2 2.5–4.9 

Calcium (mg) 15.2–31.1 50 12.1–21.1 18.0–26.3 42.0 134 – 

Potassium (mg) 352 1630 – – 20–399 – 46.6–48.3 

Phosphorus (mg) 34.4–79.0 90 27.3–37.9 42.7–91.7 – 164 – 

Iron (mg) 0.29–1.4 1.9 0.27–0.49 0.68–1.56 0.73–1.18 0.83 186–189 

Sodium (mg) 7.1 2.8 – 2.4–5.3 – – – 

Magnesium (mg) – – – – – – 2.3 

Thiamine (mg) 0.07–0.12 – 0.08 0.07–0.09 – 0.14 0.13–0.33 

Riboflavin (mg) 0.03–0.1 0.2 0.05–0.07 0.06–0.1 – 0.12 0.08–0.10 

Niacin (mg) 0.81–1.96 2.4 0.62–0.74 1.13–1.54 – 7.42 1.8–2.1 

Ascorbic acid 19.0–34.4 22.7 2.9–3.2 1.0–2.6 4–20 – 1.9–22.6 

β-carotene 0.01 – – – 0.04–0.29 – – 

Source: references 14, 30, 37–39. 
2.2.1 Carbohydrates (Energy) 

Since the eighteenth century, the seedless 
breadfruit has been considered an important 
nonconventional food product on account of 
its high caloric content [43]. It is an important 
energy food because of its starch and sugar 
content: 68% starch, dry-weight basis [14], and 
15.5% starch fresh weight basis [44]. The levels 
of these vary according to the stage of ripeness 
at which the fruit is eaten. The carbohydrate 
content of the West Indian white heart cultivar 
showed the highest concentration to be arabi­
nose (468 mg), sucrose (425 mg), and glucose 
(365 mg) [44]. 
2.2.2 Dietary Fiber 

Breadfruit is rich in dietary fiber. The 
Secretariat of the Pacific Community (SPC) 
[45], stated that the boiled flesh of the 
unseeded mature breadfruit contains 2.5 g 
fiber/100 g (see Table 33.2) while Graham and 
Negron de Bravo [14] stated that 100 g of 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
breadfruit flour contains 3.5 g of fiber. It is cur­
rently recommended that adults consume 
20–35 g of dietary fiber per day. Two cups 
(500 g) of boiled breadfruit at lunch and dinner 
provide around 25 g of fiber, but a similar serv­
ing of white rice provides only 6.8 g (Fig. 33.3). 
Dietary fiber, principally the non-starch poly-
saccharides of the plant cell wall, is an impor­
tant component of our diet. Fiber has uniquely 
significant physical effects in the gut and in 
addition through fermentation is a major deter­
minant of large bowel function and bowel 
habit. A diet rich in fiber can help to control 
blood sugar in diabetics, reduce blood lipids 
(a risk for heart disease), and help to control 
weight. Its physical properties in the small 
bowel effect lipid absorption and the glycemic 
response. Fiber has some modest effects on 
appetite. These benefits feed through into a 
protective role in large bowel cancer, diabetes, 
and coronary heart disease. Table 33.3 illus­
trates some of the physiological and health 
benefits of dietary fiber within the diet [46,47]. 
AND CANCER PREVENTION AND TREATMENT 
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2.2.3 Provitamin A and Carotenoids 

The flesh of ripe, seeded breadfruit is parti­
cularly rich in provitamin A carotenoids. The 
amount of provitamin A carotenoids, the pre­
cursors to vitamin A, varies with ripeness. 
Consuming provitamin A carotenoids may 
help protect against infection, diabetes, heart 
disease, and cancer and help maintain good 
eye health and vision and strong blood. Two 
cups of ripe seeded breadfruit eaten at lunch 
and dinner provides 100% of the estimated 
daily vitamin A requirements for an adult. A 
wide range of provitamin A carotenoid levels 
was found in breadfruit cultivars, some 
FIGURE 33.3 Dietary fiber (g)/100 g in breadfruit and
 
white rice.
 
Source: Reference 45.
 

TABLE 33.3 Established Physiological Properties and Hea

Property Mechanism 

Substrate for fermentation Microbial growth stimulated

Short chain fatty acids 

Changes in nitrogen, bile acid

Physical effects in small bowel Gel properties 

Secondary effects on insulin s

Satiety and gastric emptying Chewing of food 

Delay in gastric emptying 

Source: Reference 47. 

C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
containing very high levels of 295–868 mg/ 
100 g in breadfruit (edible portion). This com­
pares to β-carotene content of 515–6360 mg/ 
100 g in banana (Musa spp.) and 260– 
1651 mg/100 g in taro (Colocasia esculenta) [45]. 
Mature breadfruit has a creamy colored edible 
flesh and has low levels of carotenoid (23– 
40 mg/100 g) [48]. Persons may cook and eat 
breadfruit at the ripe soft sweet stage, which 
has a more yellow-colored flesh and a slightly 
fermented taste desired by many. Despite the 
yellow color of the ripe breadfruit samples, 
most were found to have low levels of provita­
min A carotenoid. On the other hand, seeded 
breadfruit, which is particularly yellow, had a 
high provitamin A carotenoid content. 
2.2.4 Vitamins and Minerals 

Ragone [6] stated that breadfruit is a good 
source of iron, calcium, potassium, and ribofla­
vin. The breadfruit also carries significant 
levels of B vitamins, niacin and thiamine which 
are essential to metabolism [45]. In addition, 
breadfruit is a good source of vitamin C which 
aids in the fighting of infection. In particular, as 
Figure 33.4 shows, a typical serving of one of 
the seeded types of breadfruit can meet daily 
needs for vitamin C. Rice is very low in both 
nutrients [45]. 
lth Benefits of Dietary Fiber 

Related Conditions 

 Bowel habit/constipation 

Diverticular disease 

, and xenobiotic metabolism Colo-rectal cancer 

Glycemic response/diabetes 

ecretion and gut hormones Lipid absorption/coronary 
heart disease 

Short-term appetite reduced 
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FIGURE 33.4 Vitamin C (mg)/100 g in breadfruit and
 
white rice.
 
Source: Reference 45.
 

 

2.2.5 Protein 

Table 33.1 shows that breadfruit supplies a 
limited amount of protein (0.7–3.8 g/100 g) 
while breadfruit seeds are a fair source of pro­
tein (7.9–8.1 g/100 g). All of the essential amino 
acids were detected in the breadfruit sample in 
varying amounts. The essential amino acids 
that were found in the greatest amounts were 
leucine (605 mg) and lysine (799 mg) during the 
ripe developmental stage [44]. These essential 
amino acids accounted for approximately 30% 
of the total amino acid content of the bread­
fruit sample, rendering it a relatively good 
source of essential amino acids in a diet. 
2.2.6 Glycemic Index 

The glycemic index (GI) is a classification of 
the glucose-raising potential of carbohydrate 
foods relative to glucose [49]. It relates to the 
blood glucose level after a meal. In response to 
low GI foods, there are several advantages 
including longer satiety, lower blood pressure, 
and lower plasma low-density lipoproteins 
(LDL)-cholesterol levels related to the less pro­
nounced insulin response to low GI foods. 
Breadfruit has been designated an intermediate 
GI food (60 7 9.0) along with other foods stud­
ied including yam, tannia, eddoes, cooking 
‘green’ banana, and roti [50]. This is particularly 
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important since the regular consumption of diets 
containing high-GI foods is associated with an 
increased risk for type II diabetes mellitus [51] 
and coronary heart disease (CHD) [52,53]. Small
changes in diet GI are associated with a signifi­
cant reduction in CHD risk [54] and diabetes 
risk [51], and improvements in insulin sensitivity 
and glycemic control [55–57]. The GI may there­
fore provide the rationale for choosing carbohy­
drate foods for meal plans created for 
individuals with diabetes [58]. 

2.2.7 Fatty Acids 

Fatty acids are very important compounds 
in biological systems. First, they are important 
components of structural molecules such as 
phospholipids and are an important source of 
energy. In breadfruit, essential fatty acids de­
tected at the highest concentration were lino­
leic acid, an omega-6 fatty acid (0.15 mg), and 
linolenic acid, an omega-3 fatty acid (2.13 mg), 
both at the ripe stage [44]. Higher proportions 
of linoleic and linolenic acids in the diet are 
inversely related to coronary artery disease. 

The essential fatty acids combined here have 
proven to impart a regulatory function on the 
body’s fatty acid metabolism. Fat metabolism 
is as important, if not more important, than 
our body’s metabolism of proteins and carbo­
hydrates, as evidenced by the drastic rise in 
fat-related degenerative diseases, such as vascu­
lar disease and stroke. Fatty acids are impor­
tant structural molecules such as phospholipids 
and an important source of energy [44]. 
2.3 Medicinal Uses 

2.3.1 Phenolic Compounds 

Research on the chemical constituents of 
breadfruit (A. altilis) has isolated several classes 
of compounds such as various triterpenes and 
flavonoids [59–66]. It is documented that the 
genus Artocarpus is a rich source of prenylated 
AND CANCER PREVENTION AND TREATMENT 
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phenolic compounds such as geranylated fla­
vones [67]. A recent study reported the isolation 
of stilbenes (1–3), arylbenzofuran (4), flavanone 
(5), flavones (6–8), triterpenes (9 and 10), and 
sterols (11 and 12) from the fruits of breadfruit. 
Compounds 2, 6, 9, and 12 are reported from 
this plant for the first time [68]. One of the ben­
zene rings in these phenolics often has a unique 
2,4-di- or 2,4,5-trioxygenation pattern as exempli­
fied by 20,40-dihydroxyflavones. Compounds 
1–8 isolated from the fruits of A. altilis in the 
present study all possess the characteristic 
2,4-dioxygenation pattern and can be used as 
taxonomic markers for the family Moraceae, 
especially the genus Artocarpus [68]. Using a 
two-dimensional counter-current chromato­
graphic system, HPLC analysis for preparative 
isolation and purification of three prenyl­
flavonoids from breadfruit (A. altilis) showed 
their purities as: (1) 98.7%, (2) 98.3%, and (3) 
97.2% [69]. The phytochemical studies on the 
leaves [65], heartwood [70], and bud covers 
[71] of breadfruit (A. altilis) have revealed the 
presence of phenolic compounds such as stil­
benes, chalcones, and flavones. It is to be 
noted that the leaves and bud covers mainly 
contain geranyl flavonoids [62,65], while the 
roots and stems provide various types of pre­
nylated flavonoids [60,66]. The ethyl acetate sol­
uble fraction of the methanol extract of the 
breadfruit leaves of A. altilis was subjected to 
repeated silica gel column chromatography 
which resulted in the isolation of nine com­
pounds with the structural elucidation of five 
new geranyl dihydrochalcones (2, 4, 5, 8, 9), 
along with four known geranyl flavonoids 
(1, 3, 6, 7) [65]. 

The pharmacological studies have indicated 
that some flavonoids from breadfruit (A. altilis) 
have anti-inflammatory activities [71] and are 
able to inhibit 5-lipoxygenase of cultured mas­
tocytoma cells [72], cathepsin K [62], and 5α­
reductase [70]. However, characterization of 
the active principles responsible for these bio­
logical effects has not yet been determined. 
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Platelet aggregation is an important patho­
genic factor in the development of atheroscle­
rosis and associated thrombosis in humans 
[73]. Prenylflavonoids isolated from A. altilis 
have revealed significant antiplatelet effects 
[74]. Four flavonoids, dihydroartomunox­
anthone (1), artomunoisoxanthone (2), cyclo­
comunomethonol (3), and artomunoflavanone 
(4) together with three known compounds, 
artochamins B (5), D, and artocommunol CC 
(6) were isolated from the cortex of the roots 
of A. altilis. The structures of 1–4 were deter­
mined by spectroscopic methods. The anti-
platelet effects of the flavonoids, 1–3, 5 and 6 
on human platelet-rich plasma (PRP) were 
evaluated. Of the compounds tested in 
human PRP, compounds 1, 5, and 6 showed 
significant inhibition of secondary aggregation 
induced by adrenaline. It is concluded that 
the antiplatelet effect of 1, 5, and 6 is mainly 
owed to an inhibitory effect on thromboxane 
formation [66]. It indicates that the antiplate­
let effects of 1, 5, and 6 relate to an inhibi­
tory effect on thromboxane formation [75–77]. 
Therefore, compounds 1, 5, and 6 showed 
promise as antithrombotic agents. 
2.3.2 Artocarpin 

Artocarpin (Ar) is an extract of heartwood of 
A. altilis which possesses potent 5α-reductase 
inhibitory effect. A study suggested that 
alginate/chitosan (ACS)–artocarpin (Ar) micro-
particles may be targeted for transfollicular 
delivery and may be a promising delivery 
system for the safe treatment of androgen-
dependent disorders such as acne, seborrhea, 
hirsutism, and androgenic alopecia also in 
humans as the structure of the hair follicles of 
hamster and rat is not different regarding 
the uptake mechanisms, i.e. interruption of 
the stratum corneum around the hair shaft 
which makes a transfollicular particle uptake 
possible [68]. 
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2.3.3 Lectin 

Novel chitin-binding lectins have been 
extracted from the seeds of A. altilis. Most chi­
tin-binding lectins have shown antifungal 
activity against phytopathogenic species, since 
chitin is the key component of the cell wall 
of these microorganisms. They have shown to 
affect fungal growth and development, dis­
turbing the synthesis and/or deposition of 
chitin in the cell wall [78,79]. The isolated 
chitin-binding lectins from the seeds of A. alti­
lis, frutackin, promoted hemagglutination and 
growth inhibition against fungi F. moniliforme 
and S. cerevisiae [80]. 
2.3.4 Breadfruit Starch in Tablets 

Starch constitutes an important class of tab­
let disintegrant and is rated among the top ten 
pharmaceutical ingredients by the International 
Joint Conference on Excipients [81]. The high 
carbohydrate content of breadfruit makes it a 
valuable source of starch (see Table 33.2). 
Despite its presumed safety, acceptance as phar­
maceutical grade starch would require detailed 
investigation and submission of supportive 
data ascertaining the safety, efficacy, 
stability, and compatibility with candidate 
drugs and other formulation additives [82]. 
TABLE 33.4 Effect of Compression Force on Disintegratio
Starch Disintegrant 

Disintegration

No Exo-disintegra
Disintegrant 

Breadfruit 

0.5 50.30711.25 0.8370.22 

1.0 61.86710.18 3.0970.50 

1.5 64.8278.06 16.3573.85 

2.0 68.4172.46 41.7579.07 

Source: reference 84. 
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A comparative evaluation of starch powder 
extracted from breadfruit as a tablet disin­
tegrant was made with corn starch British 
Pharmacopoeia (BP). The tablets were tested 
for disintegration, dissolution, and physical 
qualities following the BP compendial proce­
dures. As endo-disintegrant, however, only 
corn starch at 5% and 10% w/w and breadfruit 
at 10% passed the BP limit test. Generally, the 
rank order of effectiveness of disintegrant 
was corn exo>breadfruit exo>corn endo>bread­
fruit endo. Breadfruit starch powder appears to 
be a suitable substitute for official corn starch 
only as exo-disintegrant in paracetamol tablet 
formulation at 5% w/w concentration. In that 
form, it not only produced rapid tablet break­
up and drug dissolution, it also improved 
tablet crushing strength. Breadfruit starch 
appeared to be suitable as a substitute for offi­
cial corn starch as an exo-disintegrant in para­
cetamol tablet formulation (Table 33.4). 
2.4 Folkloric Medicinal Uses 

Breadfruit is one of the most widely used 
folk medicines. A number of authors 
[5,7,24,83–86] have reported on folkloric medici­
nal uses of the breadfruit (Table 33.5). 
n Times of Paracetamol Tablets Containing 5% w/w of 

 Time (min) 

nt Endo-disintegrant 

Corn Breadfruit Corn 

0.5770.09 15.7571.45 4.4770.09 

1.0170.12 21.3378.16 8.6270.34 

3.1870.61 32.2870.93 13.0970.95 

14.0273.66 36.9972.19 18.2671.36 

AND CANCER PREVENTION AND TREATMENT 

http:18.2671.36
http:36.9972.19
http:14.0273.66
http:41.7579.07
http:68.4172.46
http:13.0970.95
http:32.2870.93
http:3.1870.61
http:16.3573.85
http:64.8278.06
http:8.6270.34
http:21.3378.16
http:1.0170.12
http:3.0970.50
http:61.86710.18
http:4.4770.09
http:15.7571.45
http:0.5770.09
http:0.8370.22
http:50.30711.25


4. SUMMARY	 501 

TABLE 33.5 Uses of Parts of the Breadfruit Tree for 
Folkloric Medicinal Uses 

Part of the Tree Uses 
Used 

Crushed breadfruit	 Poultice on tumors 

Latex with/without	 Antifungal; diluted latex for diar­
mashed leaves	 rhea; massage ointment to treat bro­

ken bones, sprains, and bruises; 
roasted leaves as a remedy for 
enlarged spleen; the latex is ban­
daged onto the spine to relieve sciat­
ica; treatment of sores; relief of 
stomach aches 

Root	 Antimicrobial, antitumor, poultice 
for skin ailment, purgative 

Bark	 Antimicrobial, antitumor, headaches, 
cytotoxic activity in bioassays 
against leukemia 

Sap	 Ear infections 

Male inflorescences	 Toasted inflorescences for relief of 
toothache 

Leaves	 Leaf juice as ear drops, headaches, 
crushed leaves on tongue for treat­
ment of thrush, roasted leaves for 
treatment of enlarged spleen, liver 
cirrhosis, hypertension, and diabetes, 
lower blood pressure, relief of 
asthma 

Source: References 5, 7, 24, 84–86. 
3. RESEARCH NEEDS 
Although breadfruit is grown in around 90 
countries, it has received limited commercial 
and research attention. It is an important crop 
for food, feed, and non-food uses. Despite the 
nutritional and medicinal benefits, the bread­
fruit remains underutilized in most tropical 
areas. This could be due to the lack of charac­
terization, evaluation, and description of bread­
fruit germplasm, difficulty in obtaining 
planting materials, limited information and 
planting material for commercial orchard estab­
lishment and management, lack of a consistent 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
supply of good-quality fruits, determination of 
the right stage of maturity of fruits, inaccessibil­
ity for harvesting due to the tallness of bread­
fruit trees, seasonality of the breadfruit, fruit 
rot, short-shelf life of fruits, lack of identifica­
tion of suitable cultivars for processing, lack of 
appropriate technology for the development of 
new value-added food products, bulky nature 
of fruits making manual peeling difficult, inef­
fective approach for the isolation of bioactive 
constituents, lack of information on the medici­
nal benefits, and negative perception related to 
the colonial history [6,15,18,24]. 
4. SUMMARY 
Creating an awareness of the nutritional and 
medicinal benefits of the breadfruit will help 
improve consumption levels [87]. Removing 
the social stigma and increasing awareness 
about its nutritional qualities are major chal­
lenges in the quest to transform breadfruit 
from its hidden identity into a crop that en­
hances livelihoods [28]. Breadfruit is an impor­
tant source of significant nutrients and 
palatable foods. Breadfruit is consumed primar­
ily for its nutritional benefits and as a major 
source of carbohydrates. The fruits and seeds 
are good sources of carbohydrates, protein, die­
tary fiber, fatty acids, pro-vitamin A, potas­
sium, and calcium with significant amounts of 
ascorbic acid, niacin, and iron [6,42]. 

The FAO/UN expert consultation on carbo­
hydrates in human nutrition recommends the 
consumption of foods that possess low gly­
cemic index or slow digestion, i.e. promote 
slow release of glucose in the body. The GI 
may provide the rationale for choosing carbo­
hydrate foods for meal plans created for 
individuals with diabetes [56,58]. 

Breadfruit is also useful medicinally as it is a 
provider of phenolic compounds, artocarpins, 
and lectins which carry different but important 
applications such as anti-inflammatory activities, 
AND CANCER PREVENTION AND TREATMENT 
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antiplatelet effects, reductase inhibitory effects, 
and antifungal activity. The breadfruit starch 
may also be utilized as a tablet disintegrant 
[62,68,70–72,74,78,79,81]. 
 

4.1 Health and Medical Applications of 
Breadfruit 

In terms of nutrition, breadfruit is an energy 
rich food. It provides up to 2.5 g dietary fiber/ 
100 g, is particularly rich in provitamin A car­
otenoids, is a good source of iron, calcium, 
potassium, and riboflavin, and carries signifi­
cant levels of B vitamins, niacin, and thiamine. 
In addition, breadfruit is a good source of vita­
min C. Breadfruit is limited in protein, has an 
intermediate glycemic index, and carries lino­
leic and linolenic fatty acids. 

Medicinally, breadfruit has phenolic com­
pounds including triterpenes and flavonoids, 
artocarpin which has a reductase inhibitory 
effect, and lectin which has antifungal proper­
ties. Breadfruit starch is utilized as a tablet 
disintegrant. 
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1. INTRODUCTION
 

1.1 Importance of Mango in the Global 
Market 

Mango (Mangifera indica L.) is a member of 
the Anarcadiaceae family which comprises 
more than 70 genera. Historical records suggest 
that its cultivation as a fruit tree originated in 
India around 4000 years ago. In the early period 
of domestication, mango trees probably yielded 
small fruits, but folk selection of superior seed­
lings over many hundreds of years would have 
resulted in the production of larger fruits [1]. 

Before 1970, mangoes were little known to 
consumers outside the tropics and the trade 
involving fresh fruit was non-existent. There 
was, nevertheless, in the subsequent years, a 
rapid expansion of mango production into non­
traditional areas and the mango trade became 
well established as fresh fruit and processed 
products [2]. 

With a growing world production, the 
mango represents one of the most important 
Bioactive Foods in Promoting Health: Fruits and Vegetables 50
tropical fruits and is produced worldwide. 
Mango production is, however, quite concen­
trated, since Asia accounts for approximately 
77% of global mango production, and America 
and Africa account for the remaining 23% [3]. 

The mango is an important fruit for human 
nutrition in several parts of the world. It is a 
tropical fruit widely accepted by consumers 
throughout the world for its succulence, sweet 
taste and exotic flavor, being called the ‘king of 
fruits’ [4]. Mango flesh is consumed in varied 
forms in both ripe and unripe stages. It is 
mostly eaten fresh, but a vast range of processed 
foods and drinks can be prepared, such as pick­
les, beverages, vinegar, chutneys, and desserts, 
as well as dessert flavoring and meat tenderizer. 

Along with the trade expansion of fresh 
mangoes, there has been an increase in world 
demand for processed mango products [5]. 
Fruit processing is one way to reduce losses at 
peak harvest periods and to maximize the 
fruit’s great potential through varied products, 
including juices, nectar, flesh, and others. 
Besides, since the mango is a fruit with high 
7 r 2010 Elsevier Inc. All rights reserved. 
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nutritive value, it is quite advantageous from 
the human health standpoint to enable fruit 
supply throughout the year via processed pro­
ducts. Mango processing also allows the use of 
less appealing varieties which cannot be sold 
on the fresh fruit market. Not only can the 
mango flesh be used for human food, but the 
waste originating from mango processing is a 
source of both macro- and micronutrients. 

This chapter reviews data from studies on 
nutrient and non-nutrient phytochemicals in 
mangoes, focusing on their contents, biological 
action, and antioxidant activity. 

1.2 Mango as a Fruit with High 
Functional Potential 

The concept of a healthy diet has changed 
over the years. It was believed that a healthy 
diet provided all nutrients at adequate levels. 
Currently, besides supplying nutrients at ade­
quate quantities and quality, it is believed that 
a healthy diet should have additional attri­
butes, contributing to protection against dis­
eases. Such protection is achieved by the 
presence of bioactive compounds contained in 
‘functional foods,’ which are defined as ‘a food 
that may provide a health benefit beyond the 
traditional nutrients it contains’ [6]. 

Despite these divergent concepts, there 
are opinions that a functional food can be a nat­
ural food [6]. Within this concept, the mango 
can be included in the category of functional 
foods, since it provides the human diet with 
TABLE 34.1 Chemical Compositiona of Mango Flesh from

Variety Moisture Protein Lipid

Haden 

Tommy Atkins 

Palmer 

Ubaa 

83.61 

84.38 

81.96 

83.17 

0.64 

0.55 

0.59 

0.50 

0.15 

0.07 

0.09 

0.14 

aRibeiro, S. M. R. (2006). Mango (Mangifera indica L.) antioxidan
Science). Department of Molecular Biology and Biochemistry. F
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macro- and micronutrients and contains a large 
pool of bioactive compounds that are relevant 
to improving health and reducing the risk of 
disease. Furthermore, other parts of mango are 
also rich in bioactive compounds and nutrients, 
and could be exploited as nutraceuticals or 
active ingredients in the provision industry. 
1.2.1 Macronutrients 

Macronutrient composition of mango flesh 
seems to differ very little among varieties. A 
study carried out in our laboratory evaluated the 
composition of four mango varieties showing 
that it contains low levels of lipids and proteins 
and approximately 15% of total carbohydrate. 
Like most fruits, mango flesh contributes little to 
the caloric supply of a diet (Table 34.1). 

Agricultural residues of mango are also a 
source of nutrients. The macronutrient content of 
flour obtained from mango kernels (variety 
Ikanekpo, Nigeria) presented the following com­
position per kilogram: protein (66.1 g), fat 
(94.0 g), fiber (28.0 g), and starch (500.0 g) [7]. 
Although mango seed kernels have low protein 
contents, the composition of essential amino 
acids indicates a good quality protein. The pat­
tern in limiting amino acids (methionine, cystine, 
isoleucine, and valine) seems to differ among cul­
tivars [7,8]. Investigations on the compositional 
quality of mango seed kernel of Egyptian varie­
ties (Zebda, Balady, and Succary) revealed all 
essential amino acids to be present at higher 
levels than those of FAO reference protein [9]. 
 Four Varieties (g/100 g Fresh Weight) 

 Total Carbohydrate Ash Kcal(Kjoule) 

15.31 

14.67 

17.02 

15.87 

0.29 

0.29 

0.34 

0.32 

65.15(272.77) 

61.51(257.53) 

71.25(298.31) 

66.74(279.43) 

t potential: characterization and evaluation. Thesis (Doctor 
ederal University of Vic-osa, Brazil. 
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However, it needs to be noted that the presence 
of tannins [10] can reduce the biological value of 
the protein. 

Mango kernel has fat contents ranging from 
6 to 12% on a dry matter basis, and the profile 
of fatty acids shows high levels of stearic and 
oleic acids [9,11] with physical properties ade­
quate for use by the food industry. Mango seed 
fat has been approved by European Union 
authorities as a cocoa butter substitute. 

There are few studies on the content and qual­
ity of dietary fiber in mango flesh. It is likely 
that there are significant differences in the 
amounts and quality of fibers among mango 
varieties, since some varieties contain much 
higher amounts of fiber than others. This is one 
of the main characteristics influencing consumer 
preference for fresh consumption varieties, as 
low-fiber or fiberless flesh is mostly preferred. 
Keitt mango growing in Florida, in unripe and 
ripe states, had total dietary fiber contents of 1.6 
and 1.4 g/100 g fruit, respectively, and a large 
proportion consisted of pectin [12]. Some  studies
have focused on the analysis of mango peel, 
because this can be considered a source of 
dietary fiber of excellent quality. Peels of Haden 
variety contain high amounts of soluble 
(281 g/kg of dry matter) and insoluble fiber 
(434 g/kg) [13], and a large fraction of the solu­
ble fiber is pectin [14,15]. 
1.2.2 Micronutrients 

Various studies have demonstrated that the 
mineral content in mango flesh is not high 
[16,17] and, therefore, mango flesh is not con­
sidered a good dietary source of these nutri­
ents. In contrast, fiber from mango peel 
(variety Haden) had high contents of some 
minerals that are important for human nutri­
tion, including calcium (4445 mg/kg), potas­
sium (2910 mg/kg), magnesium (950 mg/kg), 
iron (175 mg/kg), and zinc (32.5 mg/kg) [13]. 

Mango flesh contains provitamin A caro­
tenoids, with β-carotene being the most 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
abundant carotenoid in many varieties [18,19]. 
This attributes an additional nutritive value to 
the fruit because β-carotene is the carotenoid 
that possesses the highest provitamin A activity. 
Therefore, mango consumption is very impor­
tant for some populations in tropical regions, 
where the deficiency of vitamin A constitutes a 
public health problem [20]. A study using an 
in vitro model indicated that there are varietal 
differences in the content and bioavailability of 
β-carotene from mango, and the ingestion of 
flesh blended with milk is beneficial, increasing 
the bioavailability [21]. However,  in vivo studies 
would be more appropriate to clarify this 
question. 

Mango flesh contains ascorbic and dehydro­
ascorbic acids [22,23], and the fruit can be consid­
ered an excellent source of vitamin C for the 
human diet, for two reasons: first, the flesh, the 
most commonly consumed form, provides favor­
able conditions for preservation of ascorbic acid 
when compared with other fruits that are pre­
dominantly consumed as juices or with cooked 
vegetables; second, organic acids, mainly citric 
and malic acids, can stabilize ascorbic acid 
through metal chelation [24]. In addition, pheno­
lic compounds also present in mango flesh pro­
vide protection against ascorbate oxidation [25]. 

Therefore, the daily consumption of mango 
fruits by population groups of all life stages 
should be increased to meet the recommended 
dietary requirements of vitamins A and C. 
2. BIOACTIVE COMPOUNDS 
IN MANGO 
Apart from being important as a food, 
mango fruits as well as other parts of the plant 
are a source of bioactive compounds with 
potential health-promoting activity (Table 34.2). 

All parts of mango trees have been used in 
traditional South Asian medicine: kernels, flow­
ers, leaves, gum, bark, and peel. Diseases com­
monly treated with herbal remedies obtained 
AND CANCER PREVENTION AND TREATMENT 
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TABLE 34.2 Bioactive Compounds in Mango 

Bioactive Compound Part 

Ascorbic and dehydroascorbic acids Flesh 

β-carotene Flesh 

Other carotenoids: z-carotene, mutato- Flesh 
chrome, α-cryptoxanthin, viola­
xanthin, luteoxanthin, 
mutatoxanthin, auroxanthin 

Polyphenols: mangiferin, isomangi- Flesh, bark, seed, 
ferin, homomangiferin, quercetin, peel, leaves, twigs 
kaempferol, anthocyanins 

Phenolic acids: gallic, protocatechuic, Flesh, peel, seeds, 
ferulic, caffeic, coumaric, ellagic, kernel 
4-caffeoylquinic acids 

Other phenols: Alk(en)ylresorcinols Peel, sap 

Fiber Peel, seed, flesh 

Terpenoids: α-pinene, β-pinene, Flesh, peel, sap 
β-myrcene, limonene, cis-ocimene, 
trans-ocimene, terpinene, α-guaiene, 
camphene, fenchene, α-humulene 
and others (lactones, aldehydes, 
acids, sesquiterpenes, esters and 
aliphatic alcohols) 

Antioxidant minerals: potassium, Flesh, peel, seed, 
copper, zinc, manganese, iron, stem bark 
selenium 
from parts of the mango tree include dysentery, 
diarrhea, urinary tract inflammation, rheuma­
tism, and diphtheria. A number of these uses 
are supported by scientific evidence [26]. 
Vimangs , an extract obtained from the stem 
bark of mango trees, shows in vitro and in vivo 
anti-inflammatory and antioxidant activities and 
is currently produced on an industrial scale 
in Cuba [27]. Aqueous decoctions of mango flow­
ers showed potential gastroprotective and ulcer-
healing properties in the acute and subacute 
models of induced ulcer in mice and rats [28]. 
Extracts of mango leaves showed moderate lar­
vicidal activity in experiments with Culex quin­
quefasciatus Say, the main mosquito vector of 
lymphatic filariasis, which is widely distributed 
in tropical regions [29]. The natural product 
used in Cuban traditional medicine, obtained 
from mango bark (MSBE), modulated the P450 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
enzymes in cultured cells, demonstrating inhibi­
tion of CYP1A2 and 2E1. The authors postulate 
that, by this mechanism, chemopreventive prop­
erties could be attributed to the natural prod­
uct, since both P450 enzymes are involved in 
the bioactivation of mutagens and carcinogens 
[30]. One study has indicated that peel extracts 
from mango had thyroid stimulatory effects on 
animals with induced hypothyroidism, and 
reduced lipid peroxidation in heart, liver, and 
kidney tissues [31]. Extracts from mango kernel 
showed superoxide anion scavenging activity in 
a cell-free system [32], suggesting one possible 
bioactivity by antioxidant mechanism. 
Mangiferin, a xanthone present in mango, 
when administered at a dose of 100 mg/kg/d 
to rats subjected to experimental periodontitis, 
demonstrated an anti-inflammatory property, 
accelerating the processes of repairing and heal­
ing injured tissues [33]. 

Bioactive compounds present in fruits have 
attracted attention from both the consumer 
and the scientific community, considering 
strong epidemiological evidences that show the 
benefits of fruit intake in human disease pre­
vention [34,35]. Mangoes contain several con­
stituents which are included in the category of 
bioactive compounds with a great potential to 
modulate risk factors of diseases. 

2.1 Ascorbic and Dehydroascorbic Acids 

The term ‘vitamin C’ comprises the sum of 
ascorbic acid (AA) and dehydroascorbic acid 
(ADA) because ADA can be converted to AA 
in humans [36]. Similar to other fruits, 
mangoes differ in their ascorbic acid content 
because of genotype variations, climatic factors, 
agricultural practices, and ripening stage [37]. 
Literature reports indicate great variation in 
ascorbic acid contents, ranging from 9.79 to 
186 mg per 100 g of mango flesh [22,23,38–42]. 
Besides other factors, such variation can be par­
tially attributed to ripening stage, since ascorbic 
acid content declines during the maturation 
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process. Therefore, products made from unripe 
or half-ripe mangoes usually have higher ascor­
bic acid content than those produced from ripe 
fruits. Apart from differences in the raw mate­
rial, the large variations observed for vitamin C 
may be attributed also to differences in sample 
preparation and the analytical methods used 
for quantification. Another possible reason for 
the inconsistent reports is the fact that ADA 
contents were not always considered in previ­
ous investigations. 

In addition to its function as scurvy prevent­
ing agent, ascorbic acid is considered a potent 
water-soluble antioxidant because the molecule 
can donate a hydrogen atom and form a rela­
tively stable ascorbyl free radical, with a half-life 
of approximately 10-5 seconds [43]. The  antioxi­
dant effect of ascorbate is related to its capacity 
to remove reactive oxygen species (ROS) by 
reacting with superoxide radicals, hydrogen per­
oxide, hydroxyl radicals, and singlet oxygen 
[44]. It also removes reactive nitrogen species 
(RNS), preventing nitration reactions [45]. It is
believed that ascorbate participates in the regen­
eration of tocopherol, and this explains the anti­
oxidant synergism between the two nutrients. It 
is considered an antioxidant protector of cell sol­
uble compartments, and helps to maintain 
tocopherol in its reduced form, being, therefore, 
considered a vitamin E ‘regenerator.’ By partici­
pating  in  reactions as reducing  agent,  ascorbate
is oxidized, forming dehydroascorbate, which 
can be regenerated by specific reducing systems 
in the organism [46]. 

Intake levels of ascorbic acid can modify 
risk factors of cardiovascular diseases and can­
cer. A study by Block et al. has pointed out 
that the plasma level of vitamin C is inversely 
related to blood pressure in young black and 
white women [47], reinforcing previous evi­
dence that a low vitamin C status may 
increase the risk of mortality from cancer and 
cardiovascular disease [48]. Evidence based on 
the prospective study indicated that higher 
plasma vitamin C levels are inversely 
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associated with gastric cancer [49], and studies 
on the molecular mechanism of biological 
action suggest the role of vitamin C in the pro­
tection of the DNA against mutations [50]. 
2.2 Carotenoids 

Mango flesh contains a wide pattern of car­
otenoids, including β-carotene, violaxanthin, 
cryptoxanthin, neoxanthin, luteoxanthin, and 
zeaxanthin [19,22,23,51–53]. There is also a wide 
variation in β-carotene (550 B3210 μg/100 g) 
and total carotenoid (1159 B3000 mg/100 g) 
contents in flesh of different mango varieties 
[19,21–23,51–57]. However, since many of these 
studies do not characterize the maturity of 
the fruit tested, it cannot be concluded whether 
the differences are attributable to varietal char­
acteristics or related to other factors, including 
ripening stage. Incidence of sunlight may 
induce carotenogenesis as a fruit defense mecha­
nism, protecting it against UV radiation injuries 
[58]. Mango production on a commercial scale 
uses sophisticated management to ensure fruit 
quality characteristics and some of these strate­
gies may influence the content of bioactive com­
pounds. For example, a CaO solution is used 
for fruit protection against injuries from excess 
sunlight. In theory, this practice can influence 
the fruit physiological response, decrease car­
otenogenesis, and thus reduce the carotenoid 
content in the fruit. There are indications of vari­
etal differences in amounts of each minor carot­
enoid pattern [21]. 

Many hundreds of carotenoids are found 
in nature, but the five main ones found in 
human tissues are β-carotene, lutein, lycopene, 
β-cryptoxanthin, and α-carotene [59]. Carotenoids 
are important not only because of their provita­
min A activity but also because of a number of 
other actions in biological systems. In animal tis­
sues, because of their lipophilicity, carotenoids 
are distributed in apolar compartments, inclu­
ding membranes, lipoprotein particles (LDL 
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and HDL), and serum, bound to a transport pro­
tein [60]. 

Carotenoids are efficient as ROS quenchers, 
specifically singlet oxygen and peroxyl radicals. 
The antioxidant properties of carotenoids explain 
their protective effects against diseases related to 
oxidative stress [61]. However, gene modulation 
seems to be the most relevant biological mecha­
nism of carotenoid action in some pathological 
processes. Carotenoids affect gene expression reg­
ulation. Nuclear retinoic acid receptors bind to 
retinoic acid-responsive elements [62], and  this
event results in the expression of specific genes. 
Connexins are gene products that have been 
extensively investigated, since they increase cell­
to-cell communication and thus affect cell prolif­
eration. Cancer cells communicate poorly with 
normal cells and proliferate abnormally [63]. 
These carotenoid–gene interactions seem to 
explain part of the associations between high 
carotenoid intake and lower cancer incidence 
observed in epidemiological studies. These stud­
ies suggest a positive correlation between higher 
intake and tissue concentrations of carotenoids 
and lower risk of certain diseases, such as cardio­
vascular diseases, some types of cancer, osteopo­
rosis, infectious diseases, cataract, and others 
[64]. One study with older adults has demon­
strated that higher total plasma carotenoids were 
associated with a significantly lower risk of devel­
oping severe walking disability [65]. 

2.3 Phenolic Compounds 

The presence of the phenolic compounds glu­
cogallin and gallotanin in mango flesh and 
seeds, and mangiferin, isomangiferin, homo­
mangiferin, fisetin, quercetin, isoquercitrin, astra­
galin, gallic acid, methyl gallate, digallic acid, 
β-glucogallin, and gallotanin in leaves, twigs, 
seeds, and fruits of 20 local varieties was 
described already in 1971 [66]. 

It has been reported that the total content of 
phenolic compounds in mango flesh ranges 
from 9.0 to 208.0 mg/100 g [22,42]. Peels and 
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kernels contain large amounts of extractable phe­
nolics, and there are varietal differences in their 
contents [16]. A wide pattern of phenolic com­
pounds has been described in the flesh, peels, 
and kernels of mangoes (Table 34.2) [67–72]. In
particular, flavonols and xanthones have been 
identified and quantified (Table 34.2) [70–72]. 
The flavonols (quercetin, kaempferol, and rham­
netin) are present mostly as O-glycosides, 
whereas mangiferin is a C-glycoside and occurs 
both in its non-esterified form and conjugated 
with gallic acid. 

There are varietal differences in the profile 
and content of flavonols and xanthones in man­
goes originating from several countries [71], 
whereas the qualitative profile is relatively con­
servative. It seems that phenolic compounds are 
the main antioxidant constituents with greater 
variation in mango, because they are plant sec­
ondary metabolites and their contents differ not 
only by genetic characteristics and maturity 
stage but also agricultural practices. Studies 
with mango varieties demonstrating significant 
differences in the phenolic pattern raised the 
hypothesis that growing mangoes using 
simple management practices and pesticide-free 
technology enables the natural plant and fruit 
defense against environmental adversities. It 
results in the increased synthesis of 
secondary metabolites (phenolic compounds), 
and therefore improves functional properties of 
the fruits [70]. 

Quercetin and kaempferol belong to the fla­
vonoid class and have been receiving great 
attention as bioactive compounds for many 
years. A wide range of biological activities, 
including antibacterial, antithrombotic, vasodi­
latory, anti-inflammatory, and anticarcinogenic 
effects mediated by different mechanisms, are 
associated with flavonoids [73]. Inverse rela­
tions were found between the dietary intake of 
some flavonoids and incidence of several 
chronic diseases [74,75]. 

Quercetin (3,3u,4u,5,7-pentahydroxyflavone) is 
a potent antioxidant [76] because its structure 
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contains a double bond in the C-ring and the 
4-oxo group, which are structural determinants 
that enhance its action as an antioxidant [77]. 
Studies have shown biological effects of querce­
tin on inhibition of protein kinases, DNA topo­
isomerases, and regulation of gene expression 
[78]. There is consistent evidence from these 
studies that quercetin may reduce the risk of 
cancer. Pretreatment of primary hippocampal 
cultures with quercetin attenuated β-amyloid 
induced cytotoxicity, protein oxidation, lipid 
peroxidation, and apoptosis, suggesting that 
quercetin may provide a promising approach 
for treatment of Alzheimer’s disease and other 
oxidative stress-related neurodegenerative dis­
eases [79]. 

Kaempferol (3,5,7,4u-tetrahydroxyflavone) has 
a chemical structure with various hydroxyl 
substitutions, transforming the molecule into a 
potent antioxidant [80]. Associations among 
kaempferol intake and reducing risk factors of 
chronic diseases have already been suggested 
[74]. A population study showed that higher 
intakes of kaempferol tended to lower ischemic 
heart disease mortality, and the incidence of 
brain vascular disease leading to hospitalization 
or death was also diminished [74]. 

Biological actions of mangiferin (1,3,6,7-tetra­
hydroxyxanthone-2-glucopyranoside) have been 
exhaustively studied, and several investigations 
have confirmed the bioactivity of xanthones. 
Studies conducted with VIMANGs, a formula­
tion manufactured in Cuba that contains 
mangiferin as the main active ingredient, dem­
onstrated protective effects on hepatic and 
brain tissues of mice against induced oxidative 
stress [81]. The inhibitory effect of mangiferin 
on carcinogenesis in rats [82], and against 
induced oxidative stress in cardiac and renal 
tissues of rats was also demonstrated [83]. 
Mangiferin showed antioxidant activity by elim­
inating the superoxide radical in in vitro tests, 
in which 100 μM of mangiferin was equivalent 
to the activity of 1 U/mL of superoxide dis­
mutase, besides having other pharmacological 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
effects modulating gene expression related to 
the inflammatory response [84]. 

Studies on the immunomodulatory activity 
of mangiferin showed that xanthone modulates 
the expression of various genes critical for apo­
ptosis regulation, viral replication, tumorigene­
sis, inflammation, and autoimmune diseases. 
These results suggest its possible value in the 
treatment of inflammatory diseases and/or can­
cer [85]. Mangiferin protected human lympho­
cytes from DNA lesions when exposed to 
gamma radiation, raising the possibility of its 
use in patients undergoing radiotherapy or peo­
ple occupationally exposed to radiation [86]. 

Evidence now indicates that mangiferin is a 
promising chemopreventive [87], with bioactiv­
ity involving antioxidant action [88] and modu­
lation of gene expression [89,90]. In another 
study, mangiferin was shown to provide pro­
tection against gastric injury induced by etha­
nol and indomethacin [91]. It must be 
emphasized that mangiferin is present in peels, 
bark, and leaves in higher concentrations than 
in the flesh and that xanthone derivatives have 
not been detected in some varieties [70]. 
Hence, the hypothesis has been raised that 
mangoes growing in more natural conditions 
may contain higher xanthone levels than oth­
ers subjected to treatment against physical and 
microbial injuries. Singh [92] confirmed that 
the mangiferin content was higher in cultivars 
resistant to malformation syndrome associated 
with abnormal inflorescence and suggested 
that xanthone could be a potent inducer of 
plant natural defense. 

Alk(en)ylresorcinols are phenolic lipids that 
are present in mango peels and sap. They have 
been demonstrated to possess antifungal and 
anti-inflammatory activities [93–95]. 
2.4 Terpenoids 

Terpenoids are compounds belonging to the 
prenyl lipids class and represent probably the 
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most widespread group of natural products. 
Monoterpenes and diterpenes, the main compo­
nents of essential oils, can act as allelopathic 
agents, as attractants in plant–plant or plant– 
pathogen/herbivore interactions, or as repel­
lents. In addition to carotenoids, which are 
tetraterpenoids, mangoes contain mono-, di-
and triterpenoids, including ocimene, myrcene 
or limonene, terpinolene, and carene [96–99]. 
Several factors can affect the biosynthesis of 
aroma volatile compounds in mango [100–105]. 

There is currently a good prospect for 
exploiting the biological activity of terpenoids, 
as previous studies indicated that mono­
terpenes inhibited cell growth, cell cycle pro­
gression, and cyclin D1 gene expression in 
human cancer cell lines [106]. Monoterpenes 
would appear to act through multiple mechan­
isms in cancer chemoprevention and chemo­
therapy [107]. Mono- and diterpenes are 
effective antioxidants and studies have demon­
strated their in vitro antioxidant activity 
[108,109]. Another study showed that combina­
tions of rutin with terpinene can have synergis­
tic effects by acting as hydrophilic and 
lipophilic antioxidants [110]. Studies have dem­
onstrated terpenoids to act as chemopreventive 
agents [111]. Lupeol, a triterpene present in 
mango, has shown apoptogenic activity in 
mouse prostate by early increase of reactive 
oxygen species [112,113]. The anti-urolithic 
effect of lupeol and lupeol linoleate has been 
demonstrated in experimental hyperoxaluria 
[114]. These evidences indicated that terpe­
noids in mangoes have biological activity, con­
tributing to raise the functional potential of the 
fruit, and the need for further studies to investi­
gate their nutraceutical effects. 
2.5 Fiber 

Studies on mango flesh showed that a high 
proportion of the fiber fraction consists of pec­
tin and its content in the peel is also quite high 
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([14,15]. Pectin is not hydrolyzed in humans 
by endogenous digestive enzymes but is fer­
mented by the colon microflora [115], thus 
showing a prebiotic effect. Its biological activi­
ties have attracted interest in the last decades, 
because of their postulated positive effects on 
health such as cholesterol-lowering [116], 
cancer-preventing [117], and blood glucose-
regulating properties [118,119]. Studies have 
since demonstrated that soluble fiber can stimu­
late protein turnover in intestines and liver 
[120]. 

The presence of pectin in mango flesh adds 
to it a functional attribute, and this points to 
the need for further investigation of fiber in 
mango flesh from different varieties. Fiber 
extracted from fruit agro-industrial residues 
can be used in the industry as a food ingredi­
ent [14,121,122]. Although the pectin extracted 
from mango peel had net yield similar to apple 
pectin, its low content of anhydro-galacturonic 
acid leads to a low jellifying capacity [15]. 
2.6 Antioxidant Minerals 

In the area of human nutrition, selenium, 
copper, zinc, iron, and manganese are included 
in the group of antioxidant minerals and their 
deficiency in the body affects the activity of 
enzymes involved in protection against oxida­
tive stress. Thus, copper, zinc, manganese, 
iron, and selenium have been considered essen­
tial minerals for the optimization of the antioxi­
dant enzyme response. 

Compared with other foods, mango flesh 
contains lower levels of antioxidant minerals 
such as copper, iron, manganese, and zinc 
[16,17]. Nevertheless, the mineral content 
should not be neglected because mango con­
sumption is associated with the intake of 
numerous antioxidants acting synergistically. 
Stem bark of mango trees grown in Cuba pre­
sented high concentrations of copper, iron, sele­
nium, and zinc. The authors suggested that 
AND CANCER PREVENTION AND TREATMENT 



515 3. TOTAL ANTIOXIDANT CAPACITY OF MANGOES 
these elements contribute to the antioxidant 
activity of this product [123]. 
3. TOTAL ANTIOXIDANT 
CAPACITY OF MANGOES 
Bioactive compounds can protect against dis­
eases via several mechanisms, but it is believed 
that the antioxidant activity is extremely impor­
tant for protection against diseases related to 
oxidative stress [124]. Mango contains at least 
three classes of compounds, i.e. ascorbic acid, 
carotenoids, and phenolic components, that can 
support the antioxidant defense in humans. 
Despite the low content of the minerals copper, 
zinc, manganese, and iron in mango flesh, their 
importance should not be disregarded, as the 
fruit intake provides a set of antioxidants that 
may offer protection to the organism in a syner­
gistic way. 

The in vivo action of antioxidants demon­
strates the synergism phenomenon, which is a 
cooperative action among several substances 
with antioxidant properties to protect oxida­
tion targets [46,125]. Synergism occurs by 
co-antioxidant effect, involves more than one 
antioxidant with different reduction potentials 
and polarities participating in redox reactions 
in a system under pro-oxidant conditions, until 
a nonreactive product is formed, stabilizing the 
medium. Considering that mango contains this 
group of compounds, it can be assumed that 
the mango is a fruit with high antioxidant 
potential. Evidence suggests that a single anti­
oxidant cannot replace a combination of anti­
oxidants. Thus, a powerful antioxidant defense 
can be achieved in the biological media 
through mango consumption. 

Total antioxidant capacity of foods has been 
suggested as a tool for investigating the health 
effects of antioxidants in mixed diets [126], and 
there is evidence that food selection based on 
total antioxidant capacity can modify antioxi­
dant intake, system inflammation, and liver 
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function without altering markers of oxidative 
stress [127]. 

A comparative study carried out in our labo­
ratory to investigate the antioxidant potential 
of four mango varieties indicated that the flesh 
extracts showed capacity to scavenge diphe­
nylpicrylhydrazyl (DPPH) radicals in a dose-
dependent manner with scores similar to or 
above the antioxidant standards gallic acid, 
butylated hydroxyanisole (BHA), and catechin 
at 100 ppm (Figure 34.1 A and B). There were 
significant differences in the antioxidant activ­
ity of the mango flesh extracts among varieties, 
for both reducing power and radical scaveng­
ing activity (RSA) tests (Figure 34.1 A and B). 
In all tested concentrations, the extract of 
mango variety Ubaa showed scavenging activ­
ity significantly higher than the others, because 
the antioxidant contents in fruits of variety 
Ubaa were higher [22], contributing to the posi­
tive effect in both antioxidant tests. 

Other studies have demonstrated the total 
antioxidant capacity of mangoes [12,14,23,128]. 
During mango processing, the peels emerge as 
a byproduct and are usually discarded as 
waste. A number of valuable antioxidant com­
pounds are contained in this residue [129]. For 
this reason, there are studies addressing the 
use of natural antioxidants obtained from 
mango agro-industry residues as food pre­
servers in substitution to artificial antioxidants 
[130,131]. 

Furthering the research carried out in our 
laboratory, an in vivo study was performed to 
measure the antioxidant potential of Ubaa man­
goes because this variety presented high antiox­
idant activity in previous in vitro tests. 
Biological assays were carried out with Wistar 
rats in an induced oxidative stress model. The 
animals received acetaminophen, in a dose suf­
ficiently high to induce oxidative stress in the 
liver as demonstrated in another study [132]. 
We performed an experiment supplementing 
the animals’ diet with lyophilized mango flesh 
at 3%, which is a concentration equivalent to 
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FIGURE 34.1 Antioxidant activity of mango flesh extracts from four varieties and antioxidant standards, measured by 
radical scavenging1 (A) and reducing power2z (B) tests. 

1Determined according to Blois, M. S. (1958). Antioxidant determinations by use of a stable free radical. Nature 
181, 3–14. 
2According to Oyaizu, M. (1986). Studies on products of the browning reaction. Antioxidative activities of browning 
reaction products prepared from glucosamine. Eiyogaku Zasshi 44, 307–315. 
human consumption level. After having 
induced the oxidative stress, the animals were 
fed the diet containing mango at 3% in the 
subsequent 24 hours. The animals were then 
euthanized, and blood and liver were collected 
for analysis. A hepatoprotective effect was 
demonstrated with reduction of serum amino­
transferases, mediated by antioxidant mecha­
nism with decreased lipid peroxidation in liver 
homogenates. This finding confirmed that at 
concentrations similar to usual human con­
sumption, mangoes provided protection to 
hepatic tissues against induced oxidative 
injury. These studies have demonstrated the 
potential bioactivity of compounds in mango 
flesh involving redox mechanisms. 
4. SUMMARY 
Mango is a fruit with high nutritional value, 
supplying the human diet with calories, fiber, 
vitamins, and minerals. Flesh and agro-industrial 
residues (peels and seeds) of mangoes contain sev­
eral bioactive compounds, comprising nutrient 
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and non-nutrient substances with biological 
properties that act mainly via redox mechan­
isms. Compounds contained in mango flesh can 
act as biological antioxidants maximizing the 
human antioxidant defense. Additive and syner­
gistic effects of bioactive compounds from man­
goes suggest that the fruit has great potential to 
improve health and reduce the risk of chronic 
diseases. 

Despite the numerous bioactive compounds 
in mangoes, which may promote benefits to 
human health, the potential for allergenicity of 
the fruit has been shown. Conventional techno­
logical processing of mango into flesh-containing 
products does not allow complete elimination of 
the allergenic potency [133]. 

All mango varieties can supply the diet 
with nutrients, but considering that the con­
tents of bioactive compounds are influenced by 
several factors, it was assumed that population 
groups with the same mango intake may be 
ingesting such compounds at different levels, 
not guaranteeing a comparable modulation 
potential of risk factors of diseases. Figure 34.2 
summarizes some potential mango benefits for 
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MANGO 

Nutritional value Functional value 

Source of nutrients 

Flesh: energy, vitamin C, provitamin A 

carotenoids, minerals, fiber. 

Peels: Fiber, minerals. 

Kernels: starch, fiber, lipids 

Source of bioactive compounds 

Flesh: Polar and non-polar antioxidants 

(ascorbic acid, carotenoids, phenolic 

compounds) 

Peels: Antioxidants (phenolic compounds: 

mangiferin, kaempferol, quercetin, 

anthocyanins), mono- and diterpenes, 

fiber, antioxidant minerals 

Kernel: sterols (campesterol, stigmasterol, 

-sitosterol) and tocopherols 

Need for further studies on: 

Fiber content and carotenoids profile in flesh of different mango varieties 

Quantification of antioxidant compounds in different mango varieties 

Identification of other molecules with biological activity in mango 

Effects of agricultural factors on levels of bioactive compounds in mango 

Effects of ingestion of mango on modulation of disease risk factors 

�

�

�

�

�

β 

FIGURE 34.2 Nutrients and non-nutrient compounds in mangoes with health-promoting activity, and perspectives for 
future studies. 
human health to be exploited, considering cur-
rent knowledge. 
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1. DESCRIPTION AND
 
COMPOSITION
 
Momordica charantia (MC), a member of the 
Cucurbitaceae family, is also known as bitter 
melon, bitter gourd, balsam pear, pare, or kar­
ela. It is a widely grown and consumed 
vegetable in Asia, East Africa, India, and South 
America. Momordica, which means ‘to bite’ 
refers to the jagged edges of the plant leaf that 
appear as if the leaf was bitten [1]. The plant 
grows as a climbing perennial and all parts of 
the plant, including its fruit, are bitter. The fruit 
resembles a warty gourd or cucumber with the 
young fruit being an emerald green color that 
turns orange-yellow when ripe (Fig. 35.1). The 
bitter taste of the fruit becomes more pro­
nounced as the fruit ripens [1]. Cultivars of 
Chinese MC can be divided into three types: a) 
small fruit type, 10–20 cm long, 100–300 g in 
Bioactive Foods in Promoting Health: Fruits and Vegetables 52
weight, usually dark green, and the fruit is 
extremely bitter; b) long fruit type, most com­
monly grown commercially in China, 30–60 cm 
long, 200–600 g in weight, light green in color 
with medium size protuberances, and only 
slightly bitter; and c) triangular fruit type, 
cone-shaped, 9–12 cm long, 300–600 g in 
weight, light to dark green with prominent 
tubercles, moderately to strongly bitter [2]. 

Nutritional analyses of MC indicate that this 
vegetable is rich in fiber, calcium, potassium, 
iron, and vitamins C and A (Table 35.1) [3]. 
Additionally, the pulp around the seeds of the 
mature ripe fruit is a good source of the carot­
enoid lycopene [4]. The bitter component of 
MC has been characterized as having four 
cucurbitane glycosides, momordicosides K and 
L, and momordicines I and II [5,6]. A few phy­
tochemicals, including polypeptide-p (a 166 res­
idue insulin mimetic peptide) [7], a steroid 
glycoside charantin [8], momordin Ic, oleanolic 
5 r 2010 Elsevier Inc. All rights reserved. 
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TABLE 35.1 Nutrient Composition of Raw Momordica 
charantia [3] 

Nutrient Amount 
per 100 g 

Proximates 

Water, g 94.03 

Energy, kcal 17.0 

Protein, g 1.0 

Total lipid (fat), g 0.17 

Ash, g 1.10 

Carbohydrate (by difference), g 3.70 

Total dietary fiber, g 2.80 

Minerals 

Calcium (Ca), mg 19.0 

Iron (Fe) , mg 0.43 

Magnesium (Mg), mg 17.0 

Phosphorus (P), mg 31.0 

Potassium (K), mg 296.0 

Sodium (Na), mg 5.0 

Zinc (Zn), mg 0.80 

Copper (Cu), mg 0.034 

Manganese (Mn), mg 0.089 

Selenium (Se), μg 0.20 

Vitamins 

Vitamin C (total ascorbic acid), mg 84.0 

Thiamin, mg 0.040 

Riboflavin, mg 0.040 

Niacin, mg 0.400 

Pantothenic acid, mg 0.212 

Vitamin B6, mg 0.043 

Folate (total), μg 72.0 

Vitamin A (RAE), μg RAE 24.0 

Carotene (beta), μg 190 

Carotene (alpha), μg 185 

Vitamin A, IU 471 

Lutein + zeaxanthin, μg 170 

RAE, retinol activity equivalent. 

FIGURE 35.1 Fruit of the Momordica charantia (Chinese 
phenotype) [95]. 
acid-3-O-monodesmoside, and oleanolic acid-
3-O-glucuronide have been identified in both 
the fruits and seeds of MC [9]. Many cucurbi­
tane-type triterpenoids have been isolated from 
the fruits [5,10,11], seeds [12,13], stem [14,15], 
roots [16], and leaves and vines [6,14]. The 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
total phenolic content of MC obtained by sub-
critical water extraction is 48.177 mg gallic acid 
equivalents/g dry matter with gallic acid being 
the main phenolic acid in MC (0.6462 mg/g 
dry weight) [17]. 

The bioactive components responsible for 
many of the proposed health benefits of MC 
remain in question. Compounds isolated from 
the fruits and seeds of MC that are thought to 
contribute to the hypoglycemic property of MC 
include charantin and polypeptide p or plant 
insulin [7,8]. Other compounds found in MC 
that may contribute to its health benefits 
include other glycosides such as mormordin, 
and antioxidants such as vitamin C, car­
otenoids, flavanoids, and polyphenols [18,19]. 
Harinantenaina and colleagues [11] have 
demonstrated that cucurbutanoid compounds 
are the bioactive compounds in MC contribut­
ing to its hypoglycemic properties. 
2. POTENTIAL CLINICAL 
APPLICATIONS 

2.1 Diabetes 

The potential for MC to modulate blood 
glucose has received the most attention from 
investigators searching for natural foods or com­
pounds that may be useful in the treatment of 
diabetes. Different parts of the plant have been 
AND CANCER PREVENTION AND TREATMENT 
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shown to possess hypoglycemic properties in 
animal models, cell-based assays, and a limited 
number of clinical trials. 

Most of the studies to date examining the 
hypoglycemic properties of MC have been con­
ducted using animal models. MC can lower 
blood glucose in normal animals, in animals fed 
a high fat diet, and in streptozotocin (STZ)-, 
alloxan- and genetically-induced animal models 
of diabetes. Table 35.2 summarizes the different 
animal studies investigating the hypoglycemic 
properties of MC. The results of the animal 
work to date indicate that MC has profound 
effects in lowering fasting blood glucose [20–22], 
improving oral glucose tolerance test results 
[20–22], and increasing both liver and muscle 
glycogen stores [23,24]. 

Although numerous animal studies have 
been conducted investigating the hypoglycemic 
properties of MC, only limited data from con­
trolled clinical trials are available to determine 
if the findings from the animal studies also 
hold true for humans (Table 35.3). Based on 
our review of the literature, only 11 human 
studies have been conducted assessing the effi­
cacy of MC in lowering blood glucose. The 
results of these clinical trials also showed some 
glucose-lowering effects of MC but were not as 
convincing compared to those of the animal 
studies. Moreover, many of these human stud­
ies were plagued by inadequate sample size, 
poor study design, and differences in the MC 
preparation. As a result, the previously men­
tioned factors may have contributed to the 
inconsistent results obtained from human stud­
ies. Thus, it is imperative that well-designed, 
and adequately powered, placebo-controlled 
randomized clinical trials be conducted to deter­
mine the effective dose, methods of prepara­
tion, and safety of MC prior to making any 
recommendations for human use. 

In addition to the animal and human stud­
ies, in vitro studies have proven quite useful in 
the determination of the components of MC 
responsible for its hypoglycemic effect. Further, 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
these cell-based studies have allowed for the 
elucidation of the mechanisms of action of MC 
on the liver, as well as in peripheral tissues 
(i.e. skeletal muscle, adipose tissues, intestine, 
and pancreas). For example, using an insulin-
resistant liver cell line (FL83B) and myocyte 
(C2C12) cells, Cheng et al. [15] reported that 
extracts from the fruit, seed, or stem of MC all 
contain components contributing to the 
improved glucose uptake of these cells. Upon 
further screening of the components of the 
crude extract of MC stem, they identified that 
triterpenoids (CH10, CH63, and CH93) are 
capable of preventing cellular insulin resistance 
as evidenced by enhanced glucose uptake and 
phosphorylation of insulin resistant substrate-1 
(IRS-1). Similarly, Yibchok-anun and colleagues 
[25] showed that protein extracts from the MC 
fruit pulp significantly enhanced glucose 
uptake in both 3T3-L1adipocytes and C2C12 
myocytes. MC fruit extract has also been 
shown to stimulate both glucose and amino 
acid uptake in L6 myotubes [26] and 3T3-L1 
adipocytes [27]. The increased uptake of glu­
cose in skeletal muscle may be due in part to 
increased GLUT-4 transporter protein [26,28]. 
In addition to increased glucose uptake in the 
skeletal muscle and adipocytes, MC has been 
shown to increase hepatic glucose utilization 
and glycogen synthesis [29–31]. Increased activ­
ity of enzymes involved in glucose metabolism 
such as hepatic glucokinase, hexokinase, glu­
cose-6-phosphatase, and glycogen synthase has 
also been observed in STZ-induced diabetic 
rats supplemented with MC extract [29,32,33]. 
An intriguing hypothesis is that MC contains 
bioactive components that act as ligands for 
peroxisome proliferator activated receptors 
(PPAR), ligand-activated transcription factors 
important in modulating both lipid and glu­
cose metabolism [34,35]. 

Another proposed mechanism of action of 
MC is through its direct effect on the β cells 
of the pancreas and on the intestinal absorp­
tion of dietary glucose and amino acids. 
AND CANCER PREVENTION AND TREATMENT 
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TABLE 35.2 Animal Studies Investigating the Hypoglycemic/Antidiabetic Properties of Momordica charantia (MC)
 

Author(s) Species and Strain Treatment Groups and MC Results 
Preparation and Study Duration 

Akhtar et al. [96]	 Male albino rabbits 
Treatment groups: (N = 6/group) 

1.	 Normal 

a.	 Control (1% carboxymethyl cellulose – CMC) 

b.	 Dried fruit powder suspended in CMC (0.25, 0.5, 
1.0, or 1.5 g/kg bw) 

2.	 Alloxan-induced diabetes – same treatment groups as 
above 

Treatment duration: one time before blood collection 

•	 In normal rabbits, dose starting at 
0.5 g/kg bw reduced blood glucose 

•	 In diabetic rabbits, 1.0 and 1.5 g/kg 
bw reduced blood glucose but not 
at lower doses 

•	 For both normal and diabetic rab­
bits, the maximum effect was 
observed after 10 hours of 
administration 

Karunanayake et al.	 Male Sprague-Dawley rats • MC showed the most profound 
[20]	 Treatment groups: (N = 6/group) effect both on fasting blood glucose 

and the oral glucose tolerance test 
1.	 Control (saline –1 mL/100 g bw) (OGTT) 
2.	 MC fruit juice (1 mL/100 g bw) 

3.	 Salacia reticulata root aqueous extract 

4.	 Aegle marmelos root aqueous extract 

Treatment duration: one time before blood collection 

Welihinda and Male Sprague-Dawley rats • MC increased glycogen content of 
Karunanayake [23] Treatment groups: the liver and muscle but did not 

alter triglyceride content of adipose 
1.	 Control (distilled water - 1 mL/100 g bw) tissue 
2.	 Fruit juice (1 mL/100 g bw) 

Treatment duration: one time 

Srivastava et al.	 Charles Foster rats • MC significantly retarded the onset 
[44]	 Treatment groups: (N = 10/group) of retinopathy 

1.	 Normal 

2.	 Alloxan-diabetes 

3. Alloxan-diabetes + fruit aqueous extract (2 mL)
 

Treatment duration: 2 months
 

Srivastava et al.	 Charles Foster rats (alloxan-induced diabetic) • Cataract formation was delayed in 
[45]	 Treatment groups: (N = 10/group) animals receiving MC extract com­

pared to the control (3 months vs. 5 
1.	 Control (saline) months) 
2.	 Fruit aqueous extract (4 g/d) 

Treatment duration: 2 months 

Day et al. [31] Male Thieller Original mice • In normal mice, extract A lowered 
Treatment groups: the glycemic response to both oral 

1. Normal (N = 5/group) 
and intraperitoneal glucose, without 
altering the insulin response 

a. Control 

(Continued ) 
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TABLE 35.2 

Author(s) 

(Continued) 

Species and Strain Treatment Groups and MC 
Preparation and Study Duration 

Results 

b.	 Fruit aqueous extract (extract A) 
2.	 Streptozotocin (STZ)-induced diabetes (N = 3–5/ 

group) 

a.	 Control 

b.	 Fruit aqueous extract (extract A) 

c.	 Residue after chloroform extraction of extract A 
(extract B) 

d.	 Material after alkaline water wash of chloroform 
extract of A (extract C) 

e.	 Material recovered by acid water wash of 
chloroform extract remaining after removal 
of extract C (extract D) 

Dose: (4 mL/kg bw) 

Treatment duration: one time 

•	 Extract A and B were both hypogly­
cemic, extract C was not, and extract 
D exhibited a slower hypoglycemic 
effect 

•	 Two types of hypoglycemic compo­
nents are present in MC: a more rap­
idly effective water-soluble 
component and a more slowly acting 
component, possibly an alkaloid 

Ali et al. [97]	 Male Long-Evans rats 
Treatment groups: 

1.	 Normal 

a.	 Water (N = 8) 

b.	 Fruit pulp 

• juice (N = 11) 
• juice methanol extract (N = 10) 
• juice saponin-free methanol extract (N = 14) 

c.	 Seed methanol extract (N = 13) 

d.	 Whole plant 

• methanol extract (N = 8) 
• saponin-free MeOH extract (N = 7) 

2.	 Insulin-dependent diabetes mellitus (IDDM)-STZ­
induced diabetes 
a.	 Water (N = 6) 

b.	 Pulp juice (N = 6) 

c.	 Seed MeOH extract (N = 5) 
3.	 Non insulin-dependent diabetes mellitus (NIDDM)­

STZ-induced diabetes 

a. Control (N = 5; H2O) 

b. Pulp saponin-free MeOH extract (N = 5) 
Dose: 250 mg/2 mL; saponin-free extract 150 mg/2 mL 

Treatment duration: one time 

•	 Fasting blood glucose in normal rats 
was significantly lowered by pulp 
juice, however, a more pronounced 
effect was observed with a saponin­
free methanol extract of the pulp 
juice 

•	 In IDDM rats, pulp juice had no sig­
nificant effect on either fasting or 
postprandial blood glucose level 

•	 In NIDDM rats, saponin-free metha­
nol extract of the pulp juice has a 
significant hypoglycemic effect both 
in fasting or postprandial states 

•	 Methanol extract of seed and whole 
plant, saponin-free methanol extract 
of the whole plant has no hypoglyce­
mic effect in normal or IDDM rats 

Shibib et al. [29] Male albino mice 
Treatment groups: (N = 4–5/group) 

1. Normal 

• Hypoglycemic effect of MC and 
Coccinia indica is mediated through 
(a) suppression of the key hepatic 

(Continued ) 
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TABLE 35.2 (Continued) 

Author(s) Species and Strain Treatment Groups and MC Results 
Preparation and Study Duration 

2.	 STZ-induced diabetes gluconeogenic enzymes glucose-6­
phosphatase and fructose-1,6-bispho­a.	 MC fruit alcohol extract 
sphatase, and (b) an accelerated rate 

b.	 Coccinia indica leaves alcohol extract of glucose oxidation through the 
Dose: 200 mg/kg bw 

pentose phosphate pathway 

Treatment duration: one time 

Platel and Wistar rats • MC has no beneficial effect on blood 
Srinivasan [98] Treatment groups: (N = 10/group) glucose levels or diabetes-related 

metabolites 
1.	 Normal 

a.	 Control 

b.	 Diet containing 0.5% freeze-dried fruit powder 
2.	 STZ-induced diabetes – same treatment groups as
 

above
 

Treatment duration: 6 weeks 

Sarkar et al. [30]	 Female Wistar rats 
Treatment groups: 
Experiment I (glucose primed normal rat; N = 6/group) 

1.	 Vehicle 

2.	 Lyophilized alcohol fruit extract (500 mg/kg) 

3.	 Tolbutamide (100 mg/kg) 

Treatment duration: one time
 
Experiment II (normal rats; N = 6–8/group)
 

1.	 Vehicle 

2.	 Lyophilized alcohol fruit extract (500 mg/kg) 

Treatment duration: 7 days
 

Experiment III (STZ-induced diabetes; N = 6/group)
 

1.	 Vehicle 

2.	 Lyophilized alcohol fruit extract (500 mg/kg) 

3.	 Metformin (200 mg/kg) 

Treatment duration: one time 

•	 Efficacy of MC in reducing glucose 
concentration was 25–30% of 
tolbutamide 

•	 In STZ-induced diabetic rats, MC 
improved oral glucose tolerance by 
reducing plasma glucose 26% com­
pared to 40–50% with metformin 

•	 MC caused a 4–5 fold increased in 
the rate of glycogen synthesis in the 
liver of normal fed rats 

Ahmed et al. [36]	 Male Wistar rats 
Treatment groups: (N = 4–5/group) 

1.	 Normal 

2.	 STZ-induced diabetes 
3. STZ-induced diabetes + fruit juice (10 mL/kg bw) 

Treatment duration: 10 weeks 

•	 MC increased the number of insu­
lin-positive cells of the pancreas per­
haps by preventing the death of β 
cells and/or by permitting the recov­
ery of partially destroyed β cells 

(Continued ) 
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TABLE 35.2 

Author(s) 

(Continued) 

Species and Strain Treatment Groups and MC 
Preparation and Study Duration 

Results 

Jayasooriya et al. 
[47] 

Male Sprague-Dawley rats 
Treatment groups: 
Experiment I (N = 5/group) 

1.	 Control 

2.	 Lyophilized fruit powder (0.5, 1 or 3%) 

Experiment II (N = 6/group) 

1.	 Control 

2.	 Lyophilized fruit powder (1%) added to cholesterol-
free or cholesterol-enriched diet 

Treatment duration: 14 days 

•	 MC reduced blood glucose in rats 
fed cholesterol-free diets but not 
in those fed cholesterol-enriched 
diets 

•	 MC only marginally reduced serum 
triglycerides, total cholesterol, and 
phospholipids. However, MC ele­
vated HDL-cholesterol both in the 
presence or absence of dietary 
cholesterol 

Grover et al. [42]	 Albino mice 
Treatment groups: (N = 6/group) 

1.	 Normal 

2.	 STZ-induced diabetes 
a.	 No extract 

b.	 Lyophilized MC fruit extract (200 mg/kg) 

c.	 Lyophilized Eugenia jambolana (EJ) kernel (200 mg/ 
kg) 

d.	 Mucuna pruriens alcohol extract (MP; 200 mg/kg) 

e.	 Tinospora cordifolia aqueous extract (TC; 400 mg/ 
day) 

Treatment duration: 40 days 

•	 Plasma glucose concentrations in 
STZ-diabetic mice were reduced by 
MC, EJ, TC, and MP by 24.4, 20.8, 
7.4, and 9.1%, respectively 

•	 All plants prevented polyuria and 
reduced urinary albumin levels with 
MC having the most significant 
effect 

•	 MC and EJ significantly prevented 
renal hypertrophy 

Miura et al. [28]	 KK-Ay mice 
Treatment groups: (N = 5–6/group) 

1.	 Control 

2.	 Fruit aqueous extract (100 mg/kg bw) 

Treatment duration: one time 

•	 Three weeks after administration, 
MC reduced blood glucose and 
serum insulin 

•	 Protein content of glucose trans­
porter isoform 4 (GLUT4) in the 
muscle plasma membrane was 
significantly higher in the 
MC-treated mice than in control 
animals 

Vikrant et al. [99] Albino rats • Alcoholic extracts of MC and EJ did 
Treatment groups: (N = 8/group) not reduce blood glucose whereas 

the highest dose of aqueous extract 
1.	 Normal chow diet prevented the development of 
2.	 Fructose-rich diet hyperglycemia and 

hyperinsulinemia 

extract (100, 200, or 400 mg/day) 
3.	 Fructose-rich diet + MC fruit aqueous or alcoholic 

(Continued ) 
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TABLE 35.2 (Continued) 

Author(s) Species and Strain Treatment Groups and MC Results 
Preparation and Study Duration 

4.	 Fructose-rich diet + Eugenia jambolana (EJ) 
kernel aqueous or alcoholic extract 
(100, 200, or 400 mg/d) 

Treatment duration: 15 days 

Rathi et al. [33]	 Experiment 1 alloxan-injected (32 mg/kg) albino Wistar 
rats 
Treatment groups: (N = 8/group) 

1.	 Normal 

2.	 Diabetic 

3.	 Diabetic + lyophilized aqueous fruit extract (50, 100, 
or 200 mg/kg/d) 

4.	 Diabetic + alcohol fruit extract (50, 100, or 200 mg/ 
kg/d) 

Treatment duration: 3 weeks 

Experiment 2 alloxan-injected (120 mg/kg) albino Wistar 
rats 

Treatment groups: (N = 8/group) 

1.	 Normal 

2.	 Diabetic 

3.	 Diabetic + lyophilized aqueous fruit extract (200 mg/ 
kg/d) 

Treatment duration: 16 weeks 

Experiment 3 STZ-injected (150 mg/kg) albino mice – 
same treatment group as Experiment 2 

Treatment duration: 60 days 

•	 Aqueous extract of MC was more 
effective than the alcoholic extract in 
reversing alloxan-induced hypergly­
cemia in rats 

•	 The percentage reduction in glucose 
levels in the three models of diabe­
tes: mild (alloxan, 32 mg/kg), mod­
erate (alloxan, 120 mg/kg), and 
severe (STZ, 150 mg/kg) was 69.25, 
64.33, and 11.31%, respectively 

•	 The alterations in hepatic and skele­
tal muscle glycogen content and 
hepatic glucokinase, glucose-6-phos­
phatase, and phosphofructokinase 
levels in diabetic mice were partially 
restored by MC 

Rathi et al. [43]	 Albino rats 
Treatment groups: (N = 8/group) 

1.	 Normal 

2.	 STZ-induced diabetes 

a.	 No extract 

b.	 Lyophilized MC fruit aqueous extract (200 mg/kg) 

c.	 Lyophilized Eugenia jambolana (EJ) kernel aqueous 
extract (200 mg/kg) 

d.	 Mucuna pruriens alcoholic extract (MP; 200 mg/ 
kg) 

e.	 Tinospora cordifolia aqueous extract (TC; 400 mg/d) 

Treatment duration: 40 days 

•	 MC and EJ prevented the develop­
ment of cataracts in addition to sig­
nificantly reducing plasma glucose 
levels 

(Continued ) 
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TABLE 35.2 

Author(s) 

(Continued) 

Species and Strain Treatment Groups and MC 
Preparation and Study Duration 

Results 

Chen et al. [21]	 Experiment 1 Female Sprague-Dawley (SD) rats fed low 
fat (LF) and high fat (HF) diet for 6 weeks 
Treatment groups: 

1.	 LF (N = 5) 

2.	 LF + 1.5% freeze-dried juice (N = 4) 

3.	 HF (N = 8) 
4.	 HF + 0.375, 0.75, or 1.5% freeze-dried juice (N = 8–9) 

Treatment duration: 9 weeks 

Experiment 2 Male SD rats fed LF and HF diet for 4 
weeks 

Treatment groups: 

1.	 LF (N = 7) 

2.	 HF/LF (N = 8) 

3.	 HF/HF (N = 8) 
4.	 HF/LF + MC (N = 8) 

5.	 HF/HF + MC (N = 8) 

Treatment duration: 7 weeks 

•	 OGTT was improved in rats fed HF 
diet supplemented with 0.75% MC 

•	 Highest dose MC had lower energy 
efficiency and animals tended to 
exhibit less visceral mass 

•	 MC supplementation to HF diet 
improved insulin resistance, lowered 
serum insulin, and reduced serum 
leptin levels 

Virdi et al. [50]	 Male Wistar rats 
Treatment groups: 

1.	 Normal 

a.	 Dried whole fruit methanol extract 

b.	 Dried whole fruit chloroform extract 

c. Dried whole fruit aqueous extract 

d.	 Glibenclamide (0.1 mg/kg bw/d) 
2.	 Alloxan-induced diabetes – same treatment as above 

Dose of extract: 20 mg/kg bw/d 

Treatment duration: 4 weeks 

•	 Aqueous extract of MC was more 
effective than either methanol or 
chloroform extracts and was as effec­
tive as glibenclamide in reversing 
alloxan-induced hyperglycemia 

•	 No toxicity to liver and kidney was 
observed with MC treatment 

Chaturvedi et al.	 Male Horts Men albino rats 
[22]	 Treatment groups: (N = 5/group) 

1.	 Normal 

2. Alloxan-induced diabetes 

a.	 Control 
b.	 Fruit methanol extract (140 mg/kg bw/d) 

Treatment duration: 30 days 
Singh et al. [39] Male Wistar rats 

Treatment groups: (N = 10/group) 

•	 MC methanol extract improved 
OGTT 

•	 The effect on OGTT was more pro­
nounced when the test was per­
formed on rats fed the extract on 
the day of the test compared to those 
that were not given MC extract 

•	 MC juice reduced Na + and K + 

-dependent glucose absorption by 

(Continued ) 
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TABLE 35.2 (Continued) 

Author(s) Species and Strain Treatment Groups and MC Results 
Preparation and Study Duration 

the brush border membrane vesicles 
of the jejunum; stimulated glucose 

1.	 Normal 

2.	 STZ-induced diabetes 
uptake in L6 myotubes, and normal-

a.	 Control ized structural abnormalities of 
b.	 Fruit juice (10 mL/kg bw/d) peripheral nerves 

Treatment duration: 10 weeks 

Chaturvedi [100] Male Horts Men albino rats • 100 and 120 mg/kg bw extract nor-
Treatment groups: (N = 5/group) malized blood glucose but not the 

80 mg/kg bw dose 
1.	 Normal 

2.	 Alloxan-induced diabetes 

3.	 Alloxan-induced diabetes + fruit methanol extract (80, 
100, or 120 mg/kg bw/d) 

Treatment duration: 45 days 

Sathishsekar and Male albino Wistar rats 
Subramanian [24] Treatment groups: (N = 6/group) 

1.	 Normal 

2.	 STZ-induced diabetes 

a.	 Control 

b.	 Country variety seed aqueous extract (MCSEt1; 
150 mg/kg bw/d) 

c.	 Hybrid variety seed aqueous extract (MCSEt2; 
150 mg/kg bw/d) 

d.	 Glibenclamide (600 μg/kg bw/d) 

Treatment duration: 30 days 

•	 Both varieties significantly reduced 
blood glucose, HbA1c, lactate dehy­
drogenase, glucose-6-phosphatase, 
fructose-1-6 bisphosphatase, glyco­
gen phosphorylase, and increased 
glycogen and activities of hexokinase 
and glycogen synthase 

•	 The hypoglycemic properties were 
more pronounced in MCSEt1 com­
pared to MCSEt2 and glibenclamide 

Shetty et al. [41] Male Wistar rats 
Treatment groups: 

1.	 Normal (N = 6/group) 

a.	 Starch containing diet 

b.	 MC containing diet (10%) 
2.	 STZ-induced diabetes – same treatment group as 

above (N = 12/group) 

Treatment duration: 5 weeks 

•	 MC reduced fasting blood glucose 
by 30% in diabetic rats 

•	 Water consumption, urine volume, 
and urine glucose were significantly 
higher in diabetic controls compared 
to normal rats; MC feeding allevi­
ated this elevation by about 30% 

•	 MC supplementation reduced renal 
hypertrophy 

Shetty et al. [101] Male Wistar rats • MC prevented progression of diabe-
Treatment groups: tes by modulating the activities of 

intestinal and renal disaccharidases 
1. Normal (N = 6/group) 

a. Starch containing diet 

b. MC containing diet (10%) 

(Continued ) 
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TABLE 35.2 (Continued) 

Author(s) Species and Strain Treatment Groups and MC Results 
Preparation and Study Duration 

2.	 STZ-induced diabetes – same treatment group as 
above (N = 14/group) 

Treatment duration: 5 weeks 

Harinantenaina 
et al. [11] 

Male ddY mice 
Treatment groups: alloxan-induced diabetes 
(N = 3–5/group) 

1.	 Control 

2.	 Glibenclamide (200 or 400 mg/kg) 

3.	 Fruit ether fraction 

4.	 Fruit ethyl acetate fraction 

5.	 Isolated compound from MC extract (400 mg/kg) 

compound 4-5β,19-epoxy-3β,25-dihydroxycucurbita-6,23 
(E)-diene 

compound 5-3β,7β,25-trihydroxycucurbita-5,23(E)-diene­
19-al 

compound 10 and 11- sitosterol and stigmastadienol 
(aglycone of charantin) 

Treatment duration: one time 

•	 Major pure cucurbutanoid constitu­
ent of MC exhibits in vivo hypoglyce­
mic effect while the aglycones of 
charantin did not reveal any marked 
effect on blood glucose 

Ojewole et al. [57] Wistar rats • Acute oral treatment of moderate to 
Treatment groups: normal or STZ-induced diabetic rats high doses of MC extract produced 
(N = 8/group) dose-dependent significant reduc­

tions in plasma glucose concen­
1.	 Water (control) trations in both normal and 
2. Protein extract of MC fruit (1, 5, or 10 mg/kg) diabetic rats 

Treatment duration: one time before blood collection 

Yibchok-anun et al. 
[25] 

Male Wistar rats 
Treatment groups: normal or STZ-induced diabetic rats 
(N = 8/group) 

1.	 Control 

2.	 Fruit acid ethanol extract (1, 5, 10 mg/kg) 

Treatment duration: one time before blood collection 

•	 MC protein extract (5, 10 mg/kg) 
significantly and markedly reduced 
plasma glucose concentrations in 
both normal and diabetic rats 

•	 MC extract also increased plasma 
insulin concentrations by two-fold 4 
hours following subcutaneous 
injection 

Fernandes et al.	 Albino Wistar rats • MC normalized blood glucose, gly­
[49]	 Treatment groups: alloxan-induced diabetic rats (N = 8/ cosylated hemoglobin, lipids, insulin, 

group) total protein, and liver glycogen 

1.	 Normal control 

2.	 Alloxan-induced diabetes 

(Continued ) 
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TABLE 35.2 (Continued) 

Author(s) Species and Strain Treatment Groups and MC Results 
Preparation and Study Duration 

a.	 Control 

b.	 Standardized MC extract (150, 300 mg/kg) 

c. Glibenclamide (4 mg/kg) 

Treatment duration: 30 days 

Oishi et al. [102] Male Wistar rats • The saponin fraction exhibited a 
Treatment groups: (N = 6/group) stronger inhibitory effect on the ele­

vation of the blood glucose level 
1.	 Control than the water-soluble fraction 
2.	 Water-soluble fraction of MC (100 or 1000 mg/kg
 

bw)
 

3.	 Saponin fraction of MC (50 or 100 mg/kg bw) 

Treatment duration: 10 min before sucrose load 

Han et al. [103]	 Female Kunming mice 
Treatment groups: (N = 12/group) 

1.	 Control 
2.	 Alloxan-induced hyperglycemic 

3.	 Alloxan + Xiaoke pill (Chinese antidiabetes medicine; 
200 mg/kg/d) 

4.	 Alloxan + saponin fraction (100, 200, or 500 mg/kg/d) 

Treatment duration: 20 days 

•	 Similar to Xiaoke pill, the highest 
dose of SF decreased blood glucose 
and increased insulin secretion and 
glycogen synthesis in alloxan­
induced hyperglycemic mice 

Nerurkar et al. [54]	 Female C57BL/6 mice 

Treatment groups: (N = 7/group) 

1.	 Control 

2.	 High fat diet (HFD) 

3. HFD + 1.5% freeze-dried MC fruit juice 

Treatment duration: 16 weeks 

•	 MC juice not only improves glucose 
and insulin tolerance but also lowers 
plasma apo-B100 and apoB-48 in 
HFD-fed mice 

•	 Primary mechanism by which MC 
juice restores hepatic glucose and 
lipid metabolism is due to increased 
post-insulin receptor (IR) signal 
transduction linked to tyrosine phos­
phorylation of IRβ and IRS proteins 
leading to P13K activation 

Shih et al. [56]	 Male C57BL/6 mice 
Treatment groups: 

1.	 Low fat diet (N = 7) 

2.	 High fat diet (HFD) for 8 weeks 

a.	 HFD 

b.	 HFD + fruit water extract (0.5 or 1.0 g/kg bw/d) 

•	 MC ameliorated hyperglycemia and 
hyperleptinemia; reduced hemoglo­
bin A1c (HbA1c) and plasma free 
fatty acid; increased adipose peroxi­
some proliferator-activated receptors 
(PPAR)γ and liver PPARα gene 
expression 

(Continued ) 
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TABLE 35.2 

Author(s) 

(Continued) 

Species and Strain Treatment Groups and MC 
Preparation and Study Duration 

Results 

c.	 HFD + fruit methanol extract (0.2 or 1.0 g/kg 
bw/d) 

d. HFD + rosiglitazone (10 mg/kg bw/d) 

Treatment duration: 4 weeks 

Singh et al. [104] Albino Wistar rats (alloxan-induced diabetes) • All doses of extract significantly 
Treatment groups: (N = 18/group) decreased blood glucose level at all 

time points – even after discontinua­
1.	 Control tion of extract for 15 days 
2.	 Whole fruit alcoholic extract (25, 50, or • MC extract improved granulation of 

100 mg/kg bw) pancreatic β cells and the size of the 
islets 

Treatment duration: 15d, 30d, 30d + another 15 d nor­
mal diet (N = 6/time point) 

Sridhar et al. [105]	 Male Wistar rats 
Treatment groups: (N = 8/group) 

1.	 Control diet for 10 weeks 

2.	 High fat diet (HFD) for 10 weeks 

3.	 HFD for 8 weeks and HFD + MC juice 
(10 mL/kg/d) for 2 weeks 

•	 MC extract improved glucose toler­
ance, insulin sensitivity, skeletal 
muscle insulin signaling, plasma 
lipids, and adiposity 

•	 MC improved insulin-stimulated 
insulin receptor substrate-1 (IRS-1) 
tyrosine phosphorylation compared 
to HFD alone 

Tan et al. [106]	 Male C57/BL6 mice fed normal or high fat diet 
for 7 weeks 

Treatment groups: (N = 8/group) 

1.	 Control 

2.	 Momordicoside S (100 mg/kg) 

3.	 Momordicoside T (10 mg/kg) 

4.	 Metformin (200 mg/kg) 

5.	 AICAR (500 mg/kg; AMPK agonist) 

Treatment duration: one time before glucose tolerance test 

•	 Momordicoside S significantly 
enhanced glucose removal from the 
circulation and promoted fatty acid 
oxidation 

•	 Momordicoside S is more potent 
than the AMPK agonist, AICAR, in 
modulating glucose clearance during 
glucose tolerance test 

AICAR, 5-aminoimidazole-4-carboxamide-1-β-4-ribofuranoside; AMPK, AMP-activated protein kinase; bw, body weight; 
CMC, carboxymethyl cellulose; EJ, Eugenia jambolana; HFD, high fat diet; IDDM, insulin-dependent diabetes mellitus; MC, 
Momordica charantia; MP; Mucuna pruriens; NIDDM, non-insulin-dependent diabetes mellitus; OGTT, oral glucose tolerance 
test; STZ, streptozotocin ; TC, Tinospora cordifolia. 
Ahmed and colleagues [36] demonstrated that 
oral feeding of MC juice prevented the death 
of pancreatic β cells and/or facilitated the 
recovery of partially destroyed β cells of STZ-
induced diabetic rats. Using a pancreatic perfu-
sion technique, Yibchok-anun and colleagues 
[25] showed that MC has stimulatory effects 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
on insulin secretion, but not glucagon secre­
tion, through its direct action on β cells of 
the pancreas. An aqueous extract of MC fruit 
was found to be a potent stimulator of insu­
lin release from isolated β-cell-rich pancreatic 
islets obtained from obese hyperglycemic 
mice [37]. 
AND CANCER PREVENTION AND TREATMENT 
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TABLE 35.3 Clinical Studies on Hypoglycemic Properties of Momordica charantia (MC) 

Author(s) Subject Characteristics	 Treatment Groups Study Duration/ Results 
and MC Mode of 
Preparation Administration 

Patel et al. Diabetic patients (N = 10)	 Juice (N = 4) 4 oz 3  x day • No significant effect on glu­
[107]	 Powder (N = 3) 16 g 3 x day cose tolerance test (GTT) by 

Powder in capsule 16 g 3 x day any of these MC 
(N = 2) preparations 
All three forms	 • Only one subject exhibited 
(N = 1) improvement of GTT after 

taking MC powder for 12 
weeks 

Baldwa Experimental group: patients	 Purified protein One time subcutane- • V-insulin has hypoglycemic 
et al. [108]	 diagnosed with diabetes extract from fruit ous injection effect in diabetic patients 

(N = 9) and tissue cultures Dose dependent on • Peak effect was seen after 4– 
Control group: healthy (v-insulin) fasting sugar level 12 hours of injection 
volunteers (N = 5) and with
 
overt diabetes (N = 5)
 

Khanna Experimental group: patients 
et al. [7] with juvenile diabetes 

(N = 5) and maturity onset 
diabetes (N = 6) 
Control group: patients with 
juvenile diabetes (N = 6) 
and maturity onset diabetes 
(N = 2) 

Purified protein One time subcutane­
extract from fruit, ous injection 
seeds, and tissue Dose dependent on 
cultures fasting sugar level 
(polypeptide p) 

•	 Hypoglycemic effect on both 
groups 

•	 Peak effect is 4–8 hours in 
juvenile diabetes 

•	 Peak response in maturity 
onset diabetes not as readily 
determined 

Leatherdale Diabetic patients (N = 9) Fruit juice 50 mL one time • Hypoglycemic effect during 
et al. [109] Fried fruit 0.23 kg for 8–11 wks an oral glucose tolerance test 

daily (OGTT) 
•	 Smaller effect compared to 

juice on OGTT but has lower 
hemoglobin A1c (Hb1Ac). 

Akhtar 
[110] 

Diagnosed maturity onset 
diabetic patients (N = 8) 

Dried and powdered 
whole fruit 

Taken with milk 
2 x per day (50 mg/ 
kg bw) for 7 days 

• Mean blood sugar was sig­
nificantly lower (after 50 g 
glucose load) after treatment 
compared to baseline 

Welihinda, 
et al. [111] 

Newly diagnosed maturity 
onset diabetic patients 
(N = 18) 

Fruit juice 100 mL one time at 
30 min before OGTT 
vs. water 

• 73% of patient had improved 
glucose tolerance while 27% 
failed to respond 

Grover and 
Gupta [112] 

Non-insulin-dependent dia­
betes mellitus (NIDDM) 
subjects (N = 14) 

Seeds No information • Postprandial glucose values: 
350–380 and 150–180 mg/dL 
for with and without MC 
seeds, respectively 
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TABLE 35.3 (Continued) 

Author(s) Subject Characteristics	 Treatment Groups Study Duration/ Results 
and MC Mode of 
Preparation Administration 

Insulin-dependent diabetes 
mellitus (IDDM) subjects 
(N = 6) 

Srivastava Type II diabetics (N = 12)	 Aqueous extract Single morning dose • Significant reductions in 
et al. [113]	 (100 g chopped MC for the extract vs. blood glucose (54%) and 

in 100mL) vs. 15 g 3 x daily for dried HbA1c (17%) with aqueous 
of dried fruit fruit powder for 3 extract 
powder weeks • Non-significant reductions in 

blood glucose (25%) for 
dried fruit powder 

Ahmad Moderate NIDDM patients Aqueous suspension Single dose [body wt • Eighty six percent of the 
et al. [114] (N = 100) of the vegetable (kg) x 2 dissolved in study participants showed a 

pulp 150–200 mL H2O] significant reduction in both 
before OGTT fasting and postprandial 

glucose 

Rosales and Type II diabetics on oral 3 g of dried fruit 1 glass (200 mL) after • Significant reduction (0.63%) 
Fernando hypoglycemic agents and and seeds and each major meals, in HbA1c 
[115] have not achieved adequate	 brewed as tea vs. cross-over (12 weeks • No effect on weight and 

glycemic control (N = 27) Lipton tea on each treatment) blood pressure and minor 
gastrointestinal side effects 

Dans et al. Newly diagnosed or poorly Capsule (extract of Two capsules 3 x a • Slight change in HbA1c 
[90] controlled type II diabetics fruit and seed) vs. day for 3 months (0.22% in favor) and no sig­

(N = 40) placebo nificant effects on fasting 
sugar, total cholesterol, 
weight and other clinical 
parameters 

IDDM, insulin-dependent diabetes mellitus; MC, Momordica charantia; NIDDM, non-insulin-dependent diabetes mellitus; 
OGTT, oral glucose tolerance test. 
Finally, another potential hypoglycemic 
mechanism of action of MC is by decreasing 
Na+ and K + -dependent glucose absorption at 
the brush border membrane [38,39] and inhibit­
ing intestinal monosaccharide and amino acid 
uptake [40]. Moreover, MC has been shown to 
modulate activities of intestinal and renal dis­
accharidases in STZ-induced diabetic rats [41]. 

Complications associated with diabetes such 
as neuropathy and microvascular damage to 
the eyes and kidneys have also been reduced 
by supplementation with MC. For instance, MC 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
supplementation in STZ-induced diabetic rats 
normalized structural abnormalities of periph­
eral nerves [39] and restored kidney function as 
measured by creatinine, albumin, urine volume, 
and gross tissue weight [41,42]. MC treatments 
of diabetic rats also significantly delayed the 
onset of retinopathy [43–45]. Taken together, 
these very promising findings demonstrate that 
MC may provide an alternative treatment for 
lowering blood glucose and reducing some of 
the clinical complications associated with diabe­
tes mellitus; however, well-designed clinical 
AND CANCER PREVENTION AND TREATMENT 
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trials establishing the safety and efficacy of 
MC are needed before recommendations for 
humans should be made. 
 

2.2 Dyslipidemia, Obesity, and 
Hypertension 

Obesity and dyslipidemia are major co-mor­
bid factors contributing to the development of 
diabetes. Accordingly, MC has also been inves­
tigated primarily using animal models, for its 
role in preventing these two co-morbid condi­
tions. In hamsters fed a high-cholesterol diet, 
supplementation with methanol fraction of MC 
was able to significantly reduce hypertriglycer­
idemia and hypercholesterolemia in a dose-
dependent manner [46]. Marginal results, on 
the other hand, were obtained on the effect of 
this methanol fraction on liver triglyceride and 
total cholesterol levels [46]. However, the find­
ings of Jayasooriya and colleagues [47] using 
freeze-dried MC fed to normolipidemic and 
hypercholesterolemic rats differed from those 
observed in hamsters using an MC methanol 
fraction [46]. Freeze-dried MC reduced hepatic 
cholesterol and triglyceride content but had lit­
tle effect on serum lipid parameters, except for 
high density lipoprotein (HDL)-cholesterol, 
which was consistently increased by MC either 
in the presence or absence of dietary choles­
terol [47]. Similarly, mice fed a high fat diet 
supplemented with MC exhibited reductions in 
both hepatic and skeletal muscle triglyceride 
concentrations [48]. MC fruit has also been 
shown to restore lipid profile (lowering of total 
cholesterol and triglycerides while elevating 
HDL-cholesterol levels) to nearly normal levels 
in animal models of diabetes [49]. Aqueous 
extract of both the MC fruit and seeds appears 
to be capable of reducing very low density lipo­
protein (VLDL) in normal and diabetic rats 
[50]. In a study comparing the effects of three 
different varieties of MC (Koimidori, Powerful-
Reishi, and Hyakunari), the Koimidori variety 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
was found to be the most effective in lowering 
hepatic triglycerides in rats as compared to 
the other two varieties, suggesting a variety-
dependent difference in their activity [51]. 

The mechanism(s) responsible for the hypoli­
pidemic effects of MC remains to be deter­
mined. It has been reported that MC contains 
active components such as saponin and plant 
sterols that may possibly influence lipid metab­
olism [52]. Saponins have been shown to 
exhibit hypotriglyceridemic activity through 
the inhibition of triglyceride synthesis in the 
liver [53]. Others have also shown that MC 
juice normalizes apoB-100 and apoB-48 in mice 
fed a high fat diet, possibly through modula­
tion of the insulin signaling pathway [54]. The 
primary mechanism of MC’s action to restore 
hepatic glucose and lipid metabolism is due to 
increased post-insulin receptor (IR) signaling 
linked to phosphorylation of IRβ and IRS pro­
teins ultimately leading to PI3K activation [54]. 

In addition to its hypoglycemic and hypoli­
pidemic effects, long-term supplementation of 
MC has been shown to reduce visceral fat 
mass and energy efficiency in rats [21,48,55]. 
The anti-obesity effects of MC are attributed to 
enhanced sympathetic activity and lipolytic 
processes as suggested by elevated plasma 
catecholamines and free fatty acids [55]. MC
was also shown to enhance mitochondrial 
uncoupling and lipid oxidation due to 
increased mitochondrial transport of long-chain 
fatty acids and activity of acyl-coA dehydroge­
nase, a key enzyme in fatty acid oxidation [48]. 
Similar to the previous reports by Chuang 
et al. [34] and Chao and Huang [35], Shih and 
colleagues [56] speculated that MC contains 
compounds that serve as ligands for PPARs 
and positively regulate hepatic fatty acid 
oxidation, thereby lowering blood lipid. 
Additionally, these compounds may also regu­
late adipocytokine production, resulting in 
improved insulin sensitivity. In fact, the most 
potent compound in MC capable of activating 
PPAR was isolated and identified to be 9cis, 
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541 2. POTENTIAL CLINICAL APPLICATIONS 
11trans, 13trans-conjugated linolenic acid (9c, 
11t, 13t-CLN) [34]. It remains to be determined 
whether this compound can alter visceral fat 
mass in other animal models of obesity and 
even humans, but given the success of other 
PPAR agonists as useful therapeutic agents, fur­
ther investigation of this issue is warranted. 

To our knowledge, only one group has 
reported the effects of MC on blood pressure. 
Ojewole and colleagues [57] found that MC 
extract significantly reduced systemic arterial 
blood pressure and heart rates of both normo­
tensive and hypertensive rats in a dose-depen­
dent manner. It is postulated that the 
hypotensive effect of MC may be due in part 
to altering adrenergic mechanisms by blocking 
peripheral α- and/or β-adrenoreceptor effects 
of endogenous noradrenaline and/or adrena­
line on blood vessels and cardiac muscles. 
While these findings related to antihyperten­
sive actions of MC are very intriguing, consid­
erably more work is needed to corroborate 
these preliminary findings. 
2.3 Cancer 

A few studies have also been conducted to 
investigate the proposed anticancer properties 
of MC. Crude extract of MC reduced the occur­
rence of prostate carcinoma in rats [58] and 
inhibited tumor formation in mice given 
injections of tumor cells to induce lymphoma 
[59]. Development of mammary tumors was 
also significantly inhibited in mice given free 
access to drinking water containing 0.5% MC 
extract [60]. MC fruit extract also significantly 
reduced tumor incidence of benzo(a)pyrene 
induced fore-stomach tumorigenesis in mice 
[61]. A study by Guevara and colleagues [62] 
identified 3-O-[6u-O-palmitoyl-β-D-glucosyl-stig­
masta-5,25(27)-dien as the major component 
and stearyl derivative as the minor component 
of MC extract responsible for the reduction in 
the number of micronucleated polychromatic 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
erythrocytes induced by the mutagen mitomy­
cin C in mice. Extracts of MC peel, pulp, seed, 
and whole fruit were also shown to inhibit 
mouse skin papillomagenesis [63]. Although 
the findings of the animal studies are promis­
ing, to date there are no human studies to dem­
onstrate the inhibitory effect of MC on tumor 
formation. The only cancer-related human 
study with MC explored its role in cervical can­
cer patients undergoing radiotherapy [64]. 
Their findings showed that ingestion of MC is 
not beneficial for cervical cancer patients when 
treated with radiation but reduced the multi­
drug-resistant phenomenon, which may be 
useful for patients being treated with chemo­
therapy [64]. 

In vitro studies have also been utilized to 
investigate the anticancer properties of MC 
and identify the active component(s) and mech­
anism(s) of action. A study comparing extracts 
from MC, soybean, dokudami, and welsh 
onion demonstrated that MC is the most 
potent inhibitor of the P-glycoprotein (P-gp) 
activity in Caco-2 intestinal cells [65]. P-gp is 
expressed at the apical surface of intestinal epi­
thelial cells and involved in the regulation of 
intestinal absorption of pharmacotherapeutics 
and other xenobiotic compounds [66]. A com­
ponent of MC, 1-monopalmitin, is the most 
potent inhibitor of P-gp in MC [65]. P-gp also 
acts as an ATP-driven efflux pump that 
decreases intracellular drug accumulation, 
thereby potentially decreasing the effectiveness 
of chemotherapeutic agents [67,68]. Limtrakul 
and colleagues [69] demonstrated that MC leaf 
extract inhibited P-gdp-mediated drug efflux 
resulting in an increase in the intracellular accu­
mulation and cytotoxicity of chemotherapeutic 
drugs in drug-resistant human cervical 
carcinoma. 

Another anticancer mechanism of the action 
of MC is through inhibition of guanylate 
cyclase activity. The guanylate cyclase–cyclic 
GMP system is intimately involved in cell pro­
liferation, DNA and RNA synthesis, and 
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possibly malignant transformation [70,71]. A
guanylate cyclase inhibitor was isolated from 
the ripe fruits and leaves of MC and shown to 
inhibit the growth of the rat prostatic adenocar­
cinoma in vitro and reduce [3H]thymidine incor­
poration into DNA [72,73]. Two ribosome 
inactivating proteins, momorcharin and 
momordin, were isolated from MC and shown 
to inhibit both RNA and protein synthesis. Ng 
and colleagues [74] showed that one of these 
proteins, momorcharin, suppressed human cho­
riocarcinoma and melanoma. Free fatty acids 
from MC seed oil rich in 9cis,11trans-conjugated 
linoleic acid were shown to induce apoptosis in 
Caco-2 cells through increased expression of 
growth arrest and DNA damage inducible 
gene 45 (GADD45), the tumor suppressor gene 
p53, and the gene encoding the nuclear hor­
mone receptor PPARγ [75]. GADD45 and p53 
are known to play important roles in growth 
inhibition and apoptosis in many types of can­
cer cells [76,77]. PPARγ is being investigated 
as a target molecule for cancer prevention 
[78,79]. Additional components of MC extract, 
α-eleostearic acid and its dihydroxy derivative, 
were shown to strongly inhibit the growth of 
some cancer and fibroblast cell lines such as 
HL60 leukemia and HT 29 colon carcinoma 
[80]. 
2.4 Immune Function and Other Effects 

Inflammation has been implicated in the eti­
ology of many chronic diseases, and MC exhi­
bits anti-inflammatory properties. Extracts of 
MC reduced the expression of tumor necrosis 
factor (TNF)-α and other pro-inflammatory 
genes in RAW 264.7 macrophages [81]. The 
anti-inflammatory effect of MC was thought 
to be due to linoleoyl- and linoleoyl-lysopho­
sphatidyl-choline [81]. MC was also shown 
to induce both intestinal and systematic 
anti-inflammatory responses both in vitro and 
in vivo by decreasing interleukin (IL)-7 
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secretion and the number of lymphocytes. 
Further, MC also increases the secretion of 
both transforming growth factor (TGF)-β and 
IL-10, increases populations of helper T (Th) 
cells and natural killer cells, and stimulates 
immunoglobulin production of lymphocytes 
[82]. Interestingly, at least in mice, MC pulp 
induced interferon-gamma (IFN-γ) production 
and may therefore provide a potential source 
of immunostimulatory therapy specific for Th1 
cells and IFN-γ production [83]. MC protein 
(MRK29) isolated from MC ripe fruit and seed 
was shown to inhibit HIV-1 reverse transcrip­
tase [84]. 

Momorcharin isolated from MC seeds is an 
extremely potent modulator of a variety of 
cell-mediated and humoral immune responses, 
both in vivo and in vitro [85]. The observed 
immunosuppressive effect of momorcharin pro­
teins is not likely to be due to direct lymphocy­
totoxicity or to a shift in the kinetic parameter 
of the immune response, but rather may be 
through its selective cytostatic action on the 
immune cells [85]. Cytostatic activity prevents 
both concanavalin A-stimulated thymidine 
incorporation into human lymphocytic DNA 
and the subsequent induction of a cyclic AMP 
phosphodiesterase [86]. 

The antimicrobial activity of MC seed essen­
tial oil, with trans-nerolidol, apiole, cis-dihy­
drocarveol, and germacrene as its main 
constituents, was found to be more effective 
against S. aureus than against E. coli or C. albi­
cans [87]. Lyophilized MC extracts prepared 
from accessions collected in Togo showed anti­
viral activity against Sindbis and herpes sim­
plex type 1 viruses and anthelmintic activity 
against Caenorhabditis elegans. The triterpene 
glycosides momordicins I and II were found to 
be anthelmintic but not antiviral [88]. 

The mature fruits of MC were also tested 
for anti-ulcerogenic activity on various ulcer 
models in rats [89]. The olive oil extract of MC 
as well as dried powdered fruits in filtered 
honey showed significant and dose-dependent 
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TABLE 35.4 Adverse Effects of Momordica charantia in 
Various Body Systems 

Body System	 Effects 

Endocrine	 Hypoglycemic coma and convulsions in 
children after administration of MC tea 
[52,91,92] 

Gastrointestinal	 Report of bouts of diarrhea after taking 
MC for 2 months [90] 

Inhibition of protein synthesis in the intes­
tinal wall due to the toxic lectin from MC 
anti-ulcerogenic activity against ethanol-
induced ulcerogenesis model in rats. A potent 
and dose-dependent inhibitory activity was 
also observed by the administration of ethanol 
and hexane extracts of the fruit against the 
same ulcer model. Furthermore, ethanol extract 
of the fruit showed significant activity against 
HCl-EtOH induced ulcerogenesis in indometha­
cin-pretreated rats and diethyldithiocarbamate­
induced ulcer models [89]. 
seeds and outer rind. However, no correla­
tion has been done with clinical signs or 
symptoms in humans [116] 
3. SIDE EFFECTS AND TOXICITY 
Genitourinary	 Isolated momorcharins from MC induced 
mid-term abortion and terminated early 
pregnancy in mice [85,117–119] 
Inhibition of spermatogenesis in dogs fed
 
MC fruit extract for 60 days [120]
 

Fertility dropped significantly in mice fed
 
MC daily [121]
 

MC juice caused uterine hemorrhage and
 
death in two pregnant rabbits which was
 
not observed in non-pregnant rabbits
 
[122] 

Hematologic	 Individuals with glucose-6-phosphate 
dehydrogenase deficiency may develop 
favism, characterized by the onset of 
hemolytic anemia, after ingestion of MC 
seeds [52] 
Vicine, a glycosidic compound isolated 
from MC, is known to induce favism [91] 

Hepatic	 Increases in γ-glutamyltransferase and 
alkaline phosphatase levels in animals 
after oral intake of MC fruit juice and 
seed extract [123] 

Neurological	 Headaches after ingestion of MC seeds 
[52] 
Despite several experiments demonstrating 
the potential health benefits of MC, adverse 
effects have also been reported. Table 35.4 
summarizes the endocrine, gastrointestinal, 
genitourinary, hematologic, hepatic, and neuro­
logical adverse effects of MC. Some side effects 
reported in humans include diarrhea [90] and 
headaches [91]. Hypoglycemic coma and con­
vulsions were also reported in children after 
administration of MC tea [52,91,92]. Vicine, a 
glycosidic compound isolated from MC, has 
been shown to induce favism [91]. Because of 
the limited human studies with MC, the sever­
ity of these side effects and the doses that pro­
duce these effects are poorly understood. As 
stated above, if we are to examine the efficacy 
and safety of MC supplementation, we must 
utilize well-designed and properly controlled 
clinical research trials. 

In experimental animals, MC was found to 
be generally safe when ingested in low doses 
for up to a 2-month study period [1,50,93]. 
However, acute toxicity studies of El Batran 
and colleagues [94] reported that toxicity may 
occur at higher doses. MC juice was found to 
be more potent than the alcoholic extract (LD50 

of MC juice and alcoholic extract is 91.9 and 
362.34 mg/100 g body weight, respectively). A 
high dose MC alcoholic extract induced toxic 
symptoms in mice that included increased 
respiratory rate and strong heart beats [94]. 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
Post-mortem examination showed general con­
gestion of internal organs, particularly the lung 
and heart [94]. High doses of MC juice extract 
caused abdominal convulsions, nervous distur­
bance, respiratory problems, and possibly 
death. Post-mortem examination showed con­
gestion of lungs, heart, abdomen, and intestine; 
the heart was engorged with blood, and the 
mucous membrane of the eye was cyanosed 
[94]. These findings highlight the fact that 
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certain extract preparations may not be safe 
and alternative preparations or means of incor­
porating reasonable amounts of MC into the 
diet should be considered. 
4. SUMMARY 
MC contains many diverse compounds that 
may contribute to its proposed health benefits. 
Numerous animal studies have been con­
ducted to investigate its role in diabetes, dysli­
pidemia, adiposity, cancer, and inflammation. 
However, well-designed and controlled human 
studies are lacking to establish its efficacy. 
Moreover, standardization of MC preparation 
and dose needs to be undertaken, and informa­
tion on side effects and toxicity in humans 
obtained. 
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The purpose of this chapter is to provide an 
update of current knowledge on basic princi­
ples and concepts, as well as clinical nutrition 
evidence of pomegranate effects on the preven­
tion and treatment of disease. 

Pomegranate (Punica granatum L.), an ancient 
and mystical fruit, affectionately known as the 
‘jewel of winter,’ is the predominant member of 
two species comprising the Punicaceae family. 
It is native from the Himalayas in northern 
India to Iran but has been cultivated and natu­
ralized, since ancient times, over the entire 
Mediterranean region. Now it is cultivated in 
Afghanistan, India, China, Japan, Russia, and 
the USA, particularly in Arizona and California. 

While the pomegranate plant is considered 
either a small tree or a large shrub, its fruit is 
often deemed to be a large berry. This fruit 
is deep red, with leathery skin, grenade-
shaped and crowned by the pointed calyx. It 
contains numerous arils, each surrounded 
by a translucent juice-containing sac. Thin 
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acrid-tasting membranes extend into the inte­
rior of the fruit from the pericarp, providing a 
latticework for suspending the arils. 

The fruit can be divided into three parts: the 
seeds (about 3% of the fruit weight), juice 
(about 30% of the fruit weight) and the peels, 
that also include the interior network of mem­
branes [1]. 

Pomegranate has accompanied mankind 
over hundreds of years. This fruit has acquired 
symbolisms in Judaism, Christianity, Islam, 
Buddhism, and Zoroastrianism. It is a symbol 
of life, health, longevity, femininity, fecundity, 
knowledge, morality, immortality, and spiritu­
ality [2]. In alternative medicines, pomegranate 
is considered ‘a pharmacy unto itself,’ and is 
used as an antiparasitic agent [3], a  ‘blood 
tonic,’ and to help in aphthae, diarrhea, and 
ulcers [4]. Modern uses of pomegranate 
include treatment of acquired immune defi­
ciency syndrome, hormone replacement ther­
apy, cardiovascular protection, oral hygiene, 
1 r 2010 Elsevier Inc. All rights reserved. 
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adjunct therapy to increase bioavailability of 
radioactive dyes during diagnostic imaging, as 
well as cosmetic beautification and enhance­
ment [5–7]. Over the past few years, scientific 
investigations have given a credible basis for 
some of the traditional uses of pomegranate 
and the number of scientific papers concerning 
pomegranate and its health properties has 
increased greatly. 

The relationship between the chemical con­
stituents of pomegranate and their pharmaco­
logical effects is yet to be fully understood. 
However, significant progress has been made 
in the last few years in the establishment of 
pharmacological mechanisms responsible for 
this relationship and identification of chemicals 
responsible for the effects. Among the great 
variety of chemical components present in the 
pomegranate, ellagic acid, ellagitannins (includ­
ing punicalagins), punic acid, anthocyanins, fla­
vonols, flavan-3-ols, and flavones seem to be 
the ones responsible, at least in part, for most 
of the therapeutic benefits from the consump­
tion of pomegranate [8,9]. 
1. CHEMICAL CONSTITUENTS OF 
POMEGRANATE FRACTIONS 

1.1 Seed 

The seeds comprise about 3% of the pome­
granate weight. The seed polyphenol content is 
quite low and, consequently, the correlation 
between phenolic content and antioxidant activ­
ity is not clear [10,11]. In addition, the pome­
granate seed oil, that comprises 12–20% of 
total seed weight, consists of approximately 
80% conjugated octadecatrienoic fatty acids, 
with high content of 9cis, 11trans, 13cis acid 
(i.e. punicic acid) [12]. There are several studies 
focusing on biological effects of the seed oil. 
Minor components of the oil include sterols, 
steroids, and cerebrosides [13]. 
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1.2 Peel 

Pomegranate peel is characterized by the 
presence of flavonoids and tannins which 
have been associated with many of the biolog­
ical properties demonstrated by the peel. 
Among seed, peel, and juice, the peel is the 
constituent which possesses higher antioxi­
dant activity in vitro, in good  correlation with
the high content of polyphenols [11,14]. This
part of the fruit contains the punicalagins, 
the ellagitannins typical of pomegranate. 
Punicalagin is unique to pomegranate and is 
part of a family of ellagitannins which 
include the minor tannins called punicalin 
and gallagic acid. All these ellagitannins have 
the ability to be hydrolyzed to ellagic acid 
resulting in a prolonged release of this acid 
into the blood. Punicalagin is a large polyphe­
nol, with a molecular weight greater than 
1000. During juice processing, the whole fruit 
is pressed and ellagitannins are extracted into 
pomegranate juice in significant quantities, 
reaching levels of over 2 g/L juice [8]. Among
other fruit peels, such as bananas, mangos, 
and coconuts, pomegranate demonstrates the 
highest antioxidant capacity in vitro [15]. 
1.3 Juice 

Pomegranate juice is the greatest contributor 
for pomegranate ingestion. The main antioxi­
dant compounds in pomegranate juice are 
hydrolyzable tannins, with the contribution of 
anthocyanins (3-glucosides and 3,5-glucosides 
of delphinidin, cyanidin, and pelargonidin) and 
ellagic acid derivatives. There are some differ­
ences in phenolic composition between commer­
cial juices and experimental ones [8]. Also, the 
use of the arils alone or the whole fruit to make 
juice has an enormous impact on polyphenol 
content and consequently on antioxidant capac­
ity of the juice. Pomegranate access, as well as 
geographical region, harvesting, and season can 
AND CANCER PREVENTION AND TREATMENT 
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also alter the fruit composition and conse­
quently the juice composition [16]. 
2. POMEGRANATE IN HEALTH 
AND DISEASE 
Pomegranate has been used for centuries as 
a therapeutic agent for the treatment of inflam­
matory diseases and disorders of the digestive 
tract by practitioners of the Ayurvedic and 
Unani systems of medicine. 

Complementary/alternative medicine has 
become increasingly popular in the Western 
world over the last 10–15 years. The use of 
oral supplements falls within this framework. 
Most oral supplements are based on or include 
several botanical ingredients, many of which 
have long histories of traditional or folk medi­
cine usage. Several of the available products 
derived from botanical sources are touted for 
their health benefits. On the other hand, it is 
true that in this age of targeted therapy, the 
failure of most current drug-discovery efforts 
to yield safe, effective, and inexpensive drugs 
has generated widespread concern. Successful 
drug development has been stymied by a gen­
eral focus on target selection rather than clini­
cal safety and efficacy. Thus, it has become 
necessary to rethink drug development strate­
gies. The focus in this chapter will be on pome­
granate derivates that have been used for 
preventive/therapeutic purposes. 

Health beneficial effects of pomegranate fruit 
and derivatives such as its juice have been stud­
ied. The actual explosion of scientific interest in 
pomegranate as a medicinal and nutritional 
product is evident by a MEDLINE search. 

It is important to understand why this is a 
hot topic. These days, an increasing proportion 
of people around the world are more health 
conscious than ever before. Perhaps this is due 
to an increased awareness of what seem to be 
mostly preventable diseases (i.e. obesity, heart 
disease, cancers, osteoporosis, arthritis, and 
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type II diabetes mellitus) in part related to an 
expansion in educational vehicles. Perhaps 
another reason for a greater collective health 
consciousness is a continuous shift of the popu­
lation toward a more-advanced age. Along 
with age comes an increased incidence of dis­
ease and thus individual focus upon preven­
tion and treatment of such disorders. The 
notion that food may possess the ability to 
prevent disease and/or be used as treatment 
of ailments dates back a couple of millennia. 
Hippocrates proclaimed, some 2500 years ago, 
‘Let food be thy medicine and medicine be thy 
food.’ Early evidence of the medicinal applica­
tion of plants includes the archaeological dis­
covery of a 60,000-year-old Neanderthal burial 
ground in present-day Iraq. 

Many of these medicinal applications of 
plants are still popular in folk medicine today. 
2.1 Biological Properties 

Several studies have reported that diets high 
in fruits and vegetables can be associated a 
with markedly decreased risk of cardiovascular 
disease and cancer. This has been frequently 
related to high levels of antioxidants present in 
these foods. 

In fact, although it may seem strange that 
oxygen can be damaging to living organisms, 
the knowledge that oxygen and oxygen-
derived species can cause damage to cellular 
components is not new [17]. Defense against 
potentially harmful oxidant species, termed 
reactive oxygen species (ROS) and reactive 
nitrogen species (RNS), is needed. If the genera­
tion of reactive species is high and overcomes 
the effectiveness of the antioxidant defense sys­
tem, a condition referred to as oxidative stress 
arises [17]. Damage to cellular components, 
mainly lipids, proteins, and nucleic acids 
occurs, impairing the functions of the mole­
cules involved, which in turn results in meta­
bolic insufficiencies or defects [18,19]. 
AND CANCER PREVENTION AND TREATMENT 
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Oxidative stress is, thus, a serious problem and 
has been given growing attention as it has 
been found to constitute an etiological factor, 
and sometimes also a consequence, of diseases 
with increasing incidence in Western societies. 
Oxidative stress is a critical step in cancer, 
inflammatory, cardiovascular and neurodegen­
erative diseases, and aging [20,21]. Organisms 
have developed strategies to deal with oxida­
tive stress which comprise different approa­
ches. Endogenous protection is achieved by 
enzymes like superoxide dismutase, catalase, 
and glutathione peroxidase that catalytically 
remove free radicals and other reactive species. 
Another mechanism consists in the existence of 
low molecular weight agents like glutathione 
and α-tocopherol that scavenge ROS and RNS. 
There is an intimate relationship between nutri­
tion and the antioxidant defense system, as 
some exogenous low molecular weight anti­
oxidants may be supplied by the diet. These 
two main systems of antioxidant defense act in 
coordination, their levels being regulated by 
each other, protecting against oxidative stress 
events [22]. So, diet is indisputably the best pos­
sible manipulative source of antioxidant mole­
cules that may help prevent oxidative damage 
to cellular components. The recognition of this 
fact has drawn attention to the identification of 
natural antioxidant sources for potential inclu­
sion in human diet [23,24]. The oxidation pro­
tection actions that can be attributed to 
polyphenols are broad, from metal chelation, 
reactive species scavenging, and enzyme modu­
lation to interference with cell signaling and 
molecular transcription [25–28]. On account of 
their antioxidant properties, these are regarded 
as anti-atherosclerotic, antitumoral, anti-inflam­
matory and anti-aging molecules [29–32]. 

Pomegranate has gained scientist attention 
in the past decade, and several reports have 
focused on antioxidant actions in vitro, ex vivo, 
and in vivo of pomegranate juice, seed oil, and 
peel. The antioxidant activity demonstrated by 
pomegranate has always been related to its 
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chemical composition. However, it is true that 
in spite of the vast literature about the anti­
oxidant ‘current’ focus on enhancing ROS elimi­
nation and inhibiting ROS generation, many 
other cellular processes are likely involved. 
Additionally, we have to consider that ROS 
are a potential double-edged sword in disease 
promotion and prevention. 

In addition to its ancient historical uses, 
pomegranate use is justified by its anti-athero­
sclerotic capacity [33,34] as well as other 
benefits such as chemoprevention and chemo­
therapy of prostate cancer [30]. Seeram et al. 
[35] reported antiproliferative, apoptotic, and 
antioxidant activity of pomegranate tannin 
extract in an in vitro study. Other effects of 
pomegranate juice such as anti-inflammatory 
activity, reduction of platelet aggregation, 
reduction of atherogenic modifications of low 
density lipoprotein (LDL), reduction of macro­
phage oxidative state [8,29,36,37], anti-obesity 
effects [38], antidiabetic activity based on 
PPAR-α/-γ activator properties of pomegran­
ate flower [39], and antilipidemic effects based 
on the inhibition of increased cardiac fatty 
acids uptake and oxidation in a diabetic condi­
tion [40] have also been reported. Most of these 
beneficial effects have been attributed to the 
high antioxidant capacity of this fruit juice 
[8,37,41], probably due to the presence of a 
complex mixture of phytochemicals. 

The pomegranate seed presents a moderate 
biological activity. The antioxidant activity of 
the seed is limited in agreement with its poly-
phenol content. Guo et al. demonstrated a 
modest antioxidant activity of seed extracts of 
different varieties of pomegranate [11] using a 
chemiluminescence method. Although the anti­
oxidant activity of pomegranate seed is lim­
ited, pomegranate seed oil has been object of 
many studies due to the presence of the conju­
gated punicic acid. There is a study in which 
the authors demonstrate that seed oil has 
strong antioxidant activity, close to that of 
butylated hydroxyanisole (BHA) and green tea 
AND CANCER PREVENTION AND TREATMENT 
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(Thea sinensis), and significantly greater than 
that of red wine (Vitis vitifera). Despite the 
polyphenol composition of this extract having 
not been clarified, the fatty acid composition 
is known, punicic acid percentage being over 
65% of total oil [42]. In one study, seed oil 
supplementation of obese rats had a signi­
ficant effect on thrombospondin-1 expression 
[43]. It was also found to promote regenera­
tion of epidermis [44]. Kohno et al. suggest 
that this seed oil can suppress azoxymethane­
induced colon carcinogenesis [45]. Yamasaki 
et al. tested the immune function and lipid 
metabolism of C57BL/6 N mice after supple­
mentation with pomegranate seed oil and veri­
fied that B cell function in vivo could be 
enhanced [46]. Contradictory to these studies, 
Aviram et al. verified that pomegranate seed 
did not present any effect as to anti-athero­
genic properties [47]. 

Pomegranate peel, the pomegranate compo­
nent with the highest content in polyphenols, 
namely tannins and ellagitannins, is also the 
one that presents the highest antioxidant activ­
ity [11,48]. A study that compared peel and 
pulp hydro extract of Persian pomegranate cul­
tivars demonstrated that peel has a higher 
capacity to chelate metals than the pulp extract 
[49]. In addition, other authors confirmed the 
stronger antioxidant properties of the peel 
when compared to the pulp extract, including 
scavenging or preventive capability against sev­
eral reactive oxygen species and inhibition of 
LDL oxidation. Again, the authors attributed 
the high antioxidant activity of the peel extract 
to its high phenolic content [14]. In another 
work, a strong antioxidant activity was demon­
strated by peel pomegranate extracts which 
also showed antimutagenic activity. A direct 
correlation between the antimutagenic and anti­
oxidant activity has not been found, but the 
authors hypothesize that the quality and quan­
tity of polyphenols and other bioactive com­
pounds present in the different extracts were 
responsible for this lack of correlation [50]. 
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Singh et al. studied the antioxidant activity 
of the seed and peel of pomegranate using 
in vitro models. The peel extract presented a 
higher phenolic weight percentage than the 
seed and a higher antioxidant activity in the 
models used [10]. The peel extract that pre­
sented higher antioxidant activity was tested 
using in vivo models. Treatment of rats with 
this extract and carbon tetrachloride (CCl4) 
resulted in a decrease of lipid peroxidation and 
a protection of the hepatocyte histology, when 
compared to CCl4 alone. Also, this treatment 
preserves catalase, peroxidase, and superoxide 
dismutase, enzymes involved in the endoge­
nous antioxidant protection system [51]. Other 
authors studied the effect of chronic administra­
tion of pomegranate peel extract on liver fibro­
sis induced by bile duct ligation in rats. 
Plasma antioxidant capacity and hepatic 
reduced glutathione levels were similar to con­
trol levels in the group treated with pomegran­
ate after liver fibrosis induced by bile duct 
ligation. Moreover, malonaldehyde levels and 
myeloperoxidase activity were also similar to 
control levels after pomegranate peel extract 
treatment [52]. 

A study by Seeram et al. in which the antiox­
idant potency of commonly consumed polyphe­
nol-rich beverages in the USA was evaluated 
through several in vitro methodologies, showed 
that pomegranate juice was the tested beverage 
with the highest antioxidant capacity, followed 
by red wine [53]. The juice has been the most 
studied component because major pomegran­
ate consumption is by juice ingestion. Several 
studies have confirmed the antioxidant capac­
ity of the juice in vitro, ex vivo, as well as 
in vivo. As previously mentioned, there are 
in vitro comparative studies showing that the 
juice has less antioxidant capacity than the 
peel but more than the seeds [8,11]. However, 
the juice presents an antioxidant activity three 
times higher than red wine and green tea 
infusion, when tested with the same method­
ology [8]. This author also concluded that 
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pomegranate juice processing influences poly-
phenol content and consequently antioxidant 
activity [54]. Commercial juices show higher 
antioxidant activity than handmade juices, 
probably due to the presence of tannins from 
the peel that are extracted to the juice during 
processing [8]. 

It is worth noting that the methodologies 
used in vitro are multiple and diffuse, and 
most of the time evaluate different capacities 
(radical scavenging, metal chelation, DNA 
damage). Even for the same ability, for exam­
ple radical scavenging, there are different meth­
ods that can be used and that are suitable for 
lipophilic or hydrophilic antioxidants. To make 
this task even harder, some authors study only 
a specific extract of the peel or of the seed, 
which makes the comparison between compo­
nents and between authors extremely difficult. 

Nevertheless, some ex vivo and in vivo stud­
ies have confirmed pomegranate juice anti­
oxidant activities. In an ex vivo study, hepatic 
oxidative stress was evaluated in mice after 
chronic pomegranate juice consumption. The 
authors found an improvement of protein and 
DNA oxidative state [55]. Another ex vivo 
study showed a high plasma antioxidant capac­
ity in human volunteers after pomegranate 
juice consumption [56]. Pomegranate juice con­
sumption by diabetic patients led to a signi­
ficant reduction in serum lipid peroxides and 
thiobarbituric acid reactive substances (TBARS) 
levels, whereas serum sulfhydryl groups and 
serum paraoxonase 1 activity significantly 
increased compared to healthy subjects [57]. In
another study, the effect of pomegranate juice 
consumption by atherosclerotic patients with 
carotid artery stenosis has been evaluated. 
After 12 months of pomegranate juice con­
sumption, the patients’ serum paraoxonase 1 
activity was increased, whereas serum LDL 
basal oxidative state and LDL susceptibility to 
copper ion-induced oxidation were both signifi­
cantly reduced compared to values obtained 
before consumption. Furthermore, serum total 
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antioxidant status was increased by 130% after 
1 year of pomegranate juice consumption [58]. 

Because pomegranate is rich in polyphenols, 
and most of the biological properties of this 
fruit are attributed to polyphenols, several stud­
ies aimed to investigate the properties of these 
compounds in isolation. Punicalagin is unique 
to pomegranate and is part of the family of ella­
gitannins. It has been extensively studied for 
its antioxidant and biological properties, being 
reported as the substance responsible for over 
half of the juice’s potent antioxidant activity 
[8]. Kulkarni et al. showed that the antioxidant 
action of punicalagin is expressed not only 
through its scavenging reactions but also by its 
ability to form metal chelates [9]. Other 
authors have confirmed not only the antioxi­
dant capacity of punicalagins, but also other 
biological properties such as antiproliferative, 
apoptotic, anti-inflammatory, and hepatoprotec­
tive effects [35,59–61]. The metabolism of these 
compounds by gut flora forms urolithins such 
as urolithin A [62]. These metabolites have 
been identified in urine and plasma, in conju­
gated and free forms [63]. Since 2007 there has 
been an effort to clarify the role of these meta­
bolites in prostate cancer [64,65]. 
2.2 Pomegranate on Cancer 
and Inflammation 

A strong link has been shown between can­
cer and inflammation. In fact, it has been dem­
onstrated that inflammation is a hallmark of 
several forms of cancer (prostate, colon, breast, 
etc). Sometimes inflammation precedes, and 
sometimes it is a consequence of tumor cell 
growth. As whole pomegranate, or a specific 
part of this fruit has strong antioxidant activ­
ity, this property may justify, at least in part, 
the benefits of its intake to prevent or treat sev­
eral diseases, in particular cancer and inflam­
mation [1]. As a matter of fact, diet factors 
with an impact on inflammation seem to be 
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candidates for the intervention in cancers since 
chronic inflammation can serve as an impor­
tant etiopathogenic factor for chronic diseases 
including cancer. 

The fact that dietary compounds influence 
the susceptibility of human beings to cancer is 
widely accepted. One of the possible mechan­
isms responsible for these (anti)carcinogenic 
effects is modulation of biotransformation 
enzymes, thereby affecting the (anti)carcino­
genic potential of other compounds. In line 
with this, our group investigated the effects of 
pomegranate consumption on metabolizing 
activity of phase-I enzymes, cytochromes P450 
(CYPs), as a possible mechanism of that antitu­
moral action [66]. CYPs constitute a superfam­
ily of hemethiolate isoenzymes of major 
importance in the oxidation of endogenous 
compounds, drugs, environmental pollutants, 
and dietary chemicals, and in the activation of 
procarcinogens [67]. Our results, obtained in 
mice, showed that pomegranate juice consump­
tion decreased total hepatic CYP content as 
well as the expression of CYP1A2 and CYP3A. 
Thus, prevention of procarcinogen activation 
through CYP450 activity/expression inhibition 
may be involved in pomegranate juice protec­
tion against tumor initiation, promotion, and/ 
or progression. 

Another curious finding was that obtained 
by Mehta and Lansky [68]. These authors trea­
ted mouse mammary organ culture with pome­
granate seed oil and observed a higher 
suppression of tumor occurrence with a lower 
tested concentration. This suggested that an 
optimal biological dose is more important than 
a maximally tolerated one, which is in agree­
ment with a hormetic effect. There are different 
studies verifying an effect of pomegranate frac­
tions (peel, juice, and seed oil) on the modula­
tion of cell signaling molecules in the cell cycle 
machinery [69]. Also, effects on differentiation 
may possibly contribute to observed anticancer 
activity of pomegranate extracts [1]. There are 
in the literature reports on pomegranate effects 
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upon enzymes probably involved in anticancer 
effects. Carbonic anhydrase (CA) is one of 
them, CA inhibition strongly inhibiting cancer 
cell growth in vitro and in vivo [70,71]. Another 
enzyme activity that is inhibited by pomegran­
ate is ornithine decarboxylase [72,73]; consider­
ing that polyamines regulate growth processes 
that may facilitate the growth of cancer, this 
may constitute a relevant anticancer effect of 
pomegranate. Aromatase, the estrogen syn­
thase, and 17-β-hydroxysteroid dehydrogenase 
type 1, responsible for the reduction of estrone 
to the much more potent estrogenic 17-β-estra­
diol, are potently inhibited by fermented pome­
granate juice and by pomegranate peel extract 
[74]. These effects justify other possible chemo­
preventive and adjuvant therapeutic applica­
tions of pomegranate in cancer, especially upon 
estrogen-dependent ones. In addition, some 
pomegranate components have been described 
to possess estrogenic activity, thus inhibiting 
the estrogenic action of 17-β-estradiol by com­
petitive binding to estrogen receptors [74]. 
Estrogenic agonism could be important in inhi­
biting androgenic activity, especially in pros­
tate cancer [75]. 

The capacity of any chemotherapeutic agent 
to selectively inhibit proliferation and/or 
induce apoptosis in malignant cells, preserving 
normal cells, is the hallmark of a successful 
anticancer therapeutic. A note of caution 
should be inserted here to point out that whole 
or complex pomegranate fractions possess anti-
proliferative, pro-apoptotic, and/or anti-angio­
genic effects superior to those observed with 
their isolated key active compounds, suggest­
ing therapeutic strategies that may depart from 
the orthodox preference for pure single agents. 
Dose-dependent antiproliferative and pro­
apoptotic properties of pomegranate fruit 
extract have been demonstrated both in vitro 
and in vivo [30]. This inhibitory effect on cell 
growth and viability was shown to be medi­
ated through the cki–cyclin–cdk network with 
up-regulation of p21 and p27 during G1-phase 
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arrest, independent of p53. These effects were 
accompanied by down-regulation of the cyclins 
D1, D2, and E and cdks-2, -4, and -6, operative 
in the G1 phase of the cell cycle [30]. 

Skin cancer is an important and prevalent 
form of cancer, justifying the considerable 
attention now focused on the photopreventive 
impact of several natural compounds. 
Pomegranate has the potential to inhibit UVB-
induced oxidative stress-mediated activation of 
signaling pathways in human epidermal cells, 
appearing as a promising agent against photo­
carcinogenesis [76]. 

Inhibition of the initiation and development 
of new blood vessels (angiogenesis), essential 
to the supply of oxygen and nutrients to 
tumors, is a promising therapeutic approach 
for treating solid tumors. The anti-angiogenic 
potential of pomegranate fractions observed by 
Toi et al. in different breast cancer cell lines 
deserves further in vivo and clinical investiga­
tions [77]. The same group previously showed 
that pomegranate seed oil and fermented juice 
polyphenols retarded oxidation and prostaglan­
din synthesis, inhibited breast cancer cell prolif­
eration and invasion, and promoted breast 
cancer cell apoptosis. The relevant effects on 
apoptosis seemed to be partially mediated by 
the caspase-3 pathway in the prostate cancer 
cell line [78] or through the mitochondrial path­
way in colon cancer Caco-2 cells [79]. These 
results reinforce the pomegranate’s potential as 
chemotherapeutic ‘agent.’ 

Inflammation can result in persistent oxida­
tive stress in the cancer cell environment, 
which may lend a survival advantage for the 
cancer. Thus, another area of potential thera­
peutic interest of pomegranate derives from its 
anti-inflammatory activity. Pomegranate, con­
sumed as a whole fruit, or juice, or its different 
fractions, presents a large broad of effects: i) it 
inhibits cyclooxygenase (COX)-2 expression 
and consequently eicosanoid biosynthesis 
[37,80]; ii) it synergistically suppresses inflam­
matory cytokine expression [1,37]; iii) it inhibits 
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matrix metalloproteinases [44,81]. In addition, 
NFκB activation leads to inflammation and cell 
proliferation. Constitutive activation of NFκB, 
frequently identified in different cancer cell 
lines [82], up-regulates the transcription of colla­
genase gene, cell adhesion molecules, and cyto­
kines (as TNF-α, IL-1, 2, 6, and 8) genes and 
regulates a number of downstream genes 
including COX-2 [83]. It is also known that 
NFκB regulates genes involved in the immune 
response, as well as cell cycle control and cell 
death in response to pro-inflammatory cyto­
kines. NFκB expression is also associated with 
the transcription of genes involved in cell sur­
vival such as Bclx and inhibitors of apoptosis. 

Any of these effects, and much more so 
their sum, attests to the anti-inflammatory 
activity and therefore the anticancer potential 
of this special fruit. 
3. FOOD–DRUG INTERACTIONS 
AND SAFETY 
The popularity of pomegranate juice has 
increased significantly after research studies 
showing putative beneficial health properties of 
its consumption. It has been of interest to deter­
mine whether pomegranate has any effect on 
cytochrome P450, the hepatic enzyme system 
involved in the metabolism of drugs and other 
xenobiotics, as well as some endogenous sub­
strates. Drug interactions can frequently arise 
when drugs are co-administered and one drug 
inhibits the metabolic clearance of the second 
drug by inhibition of a specific CYP enzyme. 
Likewise, natural products can also affect activ­
ity of CYP enzymes; concomitant drug and 
food intake creates the opportunity for interac­
tions that may change the oral bioavailability 
and resulting effectiveness or toxicity of a drug. 
Grapefruit juice and St John’s Wort are 
notable examples of this type of interaction [84], 
resulting from a strong inhibition of CYP3A 
activity [85–87]. Some approaches using animal 
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models led to the conclusion that pomegranate 
juice consumption inhibited CYP enzymes, thus 
altering drug pharmacokinetics [66,88,89]. Also, 
some authors showed that pomegranate juice 
has a CYP3A inhibitory activity using human 
microsomes [89,90]. In contrast, one human 
study has shown that pomegranate juice does 
not alter clearance of intravenous or oral mid­
azolam, a CYP3A substrate [91]. Whether pome­
granate juice consumption interacts with drugs 
needs further elucidation. 

Some studies have been conducted in order 
to assess pomegranate safety. No toxic effects 
were reported after repeated punicalagin con­
sumption by rats [92]. In agreement, another 
study also confirmed the nonexistence of toxic 
effects in rats consuming pomegranate juice in 
an acute and subchronic approach [93]. In addi­
tion, research with overweight human volun­
teers showed no adverse effects of pomegranate 
supplementation [94]. Nevertheless, although 
pomegranate consumption has not been repor­
ted to possess deleterious health effects, appar­
ent innocuousness cannot be simply extended 
to enriched pomegranate extracts. 

Therefore, an occasional, moderate consump­
tion of pomegranate or pomegranate juice as a 
regular food probably carries no problems and 
is instead beneficial to health, but high dose 
ingestion, with ‘pharmacological’ intention, 
needs much more investigation to avoid plac­
ing people at serious health risk. 
4. SUMMARY 
Scientific evidence that NFκB activation is 
associated with heightened proliferation, 
increased angiogenesis, and resistance to apopto­
sis, suggests that the chemopreventive action of 
pomegranate compounds are significantly medi­
ated through their NFκB inhibitory effects. 

Punicalagin and ellagic acid seem to be two 
important components of pomegranate. Both 
compounds tested in isolation would provide 
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results different from those obtained with the 
whole fruit, considering the interactions with 
all other pomegranate matrix compounds that 
could be strongly important for the final result. 

Present evidence supports the interest of 
clinical trials to further assess chemopreventive 
and adjuvant therapeutic applications of pome­
granate in human cancer. 
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1. INTRODUCTION
 
The word ‘kiwifruit’ is now widely used for 
plants in the genus Actinidia Lindl., and the fruit 
they produce. Actinidia species predominantly 
come from south-western China, but a small 
number are found in countries adjoining China 
[1]. More than 90% of the kiwifruit in interna­
tional trade are of a single cultivar, A. deliciosa 
(A. Chev.) C.F. Liang and A.R. Ferguson 
‘Hayward’ (‘green’ kiwifruit), and the most com­
monly traded yellow-fleshed kiwifruit is A. chi­
nensis Planch. ‘Hort16A’ (sold as ZESPRIs 

GOLD Kiwifruit) and often called ‘gold’ kiwi­
fruit. Very small amounts of a third species, A. 
arguta (Sieb. et Zucc.) Planch. ex Miq. (‘hardy’ 
kiwifruit, or ‘baby kiwi’), are also produced. 

In China, the Actinidia species are generally 
referred to as mihoutao, a name used since the 
beginning of the Tang Dynasty (618–906 AD). 
According to Chinese pharmacopoeia, mihoutao 
were used to aid digestion, reduce irritability, 
relieve rheumatism, prevent kidney or urinary 
tract stones, and cure hemorrhoids, dyspepsia, 
and vomiting [2]. They were also used for the 
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treatment of many types of cancer, especially 
breast cancer and cancers of the digestive sys­
tem [3,4]. The bioactive constituents in kiwi­
fruit that are recognized in traditional Chinese 
medicine include polysaccharides [5,6], alka­
loids [7,8], saponins [9,10], and organic acids 
[11,12]. As populations age, there is increasing 
emphasis on maintenance of health and well­
being, and more interest in developing func­
tional foods based on traditional therapies. 
Kiwifruit have long been used in China for 
medicinal purposes and their potential for use 
in modern therapy deserves detailed study. 

Kiwifruit are often promoted for their high 
vitamin C content, which probably contributes 
to the health benefits observed. A. deliciosa 
‘Hayward’ and A. chinensis ‘Hort16A’ typically 
contain 85 and 100 mg/100 g (fresh weight) 
respectively, and a single fruit can provide 100% 
of the recommended daily intake [13]. Vitamin C 
levels vary among and within Actinidia species 
[14,15]. The health benefits attributed to vitamin 
C include antioxidant, anti-atherogenic, and anti-
carcinogenic activity, as well as immunomodula­
tion [16]. However, kiwifruit also contain other 
vitamins and minerals that may contribute to 
5 r 2010 Elsevier Inc. All rights reserved. 
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possible health benefits, including folate, potas­
sium, and magnesium, as well as dietary fiber 
and phytochemicals [13]. Typically,  green-
fleshed kiwifruit (A. deliciosa) contain chlor­
ophylls a and b, and carotenoids such as 
β-carotene, lutein, violaxanthin, and 9u-cis-neox­
anthin; yellow-fleshed kiwifruit (e.g. A. chinensis 
or A. macrosperma C.F. Liang) also contain 
carotenoids, but little or no chlorophyll [17]; 
and red-fleshed genotypes (e.g. A. chinensis 
‘Hongyang’) contain anthocyanins [18]. In addi­
tion, ‘Hayward’ leaf tissue and juice prepared 
from the fruit have been shown to contain 
polyphenolics, specifically flavonols [19,20]. 
Phytochemicals are well recognized for their anti­
oxidant and cell protection activities, and they are 
becoming increasingly recognized for immuno­
modulatory properties. However, the phytochem­
ical composition of kiwifruit can vary greatly 
according to the particular species or genotype. 
Many experimental studies give inadequate 
details of the species or cultivar of kiwifruit used. 
Most studies, especially those from outside 
China, have probably used fruit of only A. deli­
ciosa ‘Hayward’, but even then the composition 
of ‘Hayward’ fruit could be affected by varying 
growing conditions, the maturity or ripeness of 
the fruit, or different periods in coolstore. Some 
authors do not specify the plant part analyzed. 
2. HEALTH BENEFITS FROM THE 
ACTINIDIA SPECIES 
Consumers are becoming more interested in 
the health benefits of food, particularly fruits 
[21]. Studies using in vitro and animal models, 
and evidence from human epidemiological 
studies provide supporting evidence for health 
claims. However, the most convincing evi­
dence is ultimately that provided by clinical 
intervention trials, the type of evidence 
required to validate any health claims made 
about functional foods. 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
2.1 Cell Protection 

Cells are continuously exposed to reactive 
oxygen species (ROS), produced during normal 
metabolism, and at higher concentrations as a 
result of disease, smoking, alcohol consump­
tion, poor diet, and environmental pollution. 
ROS can potentially cause oxidative damage to 
DNA, proteins, and lipids. Dietary antioxidants 
are important in helping to protect against the 
oxidative damage common in degenerative dis­
eases. Numerous studies have concluded that 
diets rich in fruits and vegetables reduce the 
risk from degenerative diseases [22], including 
cardiovascular disease [23] and cancer [24]. 
Antioxidant capacity of fruits and vegetables 
could come from vitamin C, vitamin E, caro­
tenoids, and phenolic compounds. 

The antioxidant capacity of dietary compo­
nents is usually measured using chemical 
assays, including the Troloxt equivalent antioxi­
dant capacity (TEAC) assay, the ferric reducing 
antioxidant power (FRAP) assay, the DPPH 
(2,2u-diphenyl-1-picrylhydrazyl) free radical scav­
enging potential assay, the oxygen radical 
absorbance capacity (ORAC) assay, and the total 
radical absorption potential (TRAP) assay. Fruits 
and fruit extracts need to be screened using at 
least two of these assays, since various fruit com­
ponents perform differently in individual assays 
[25]. The antioxidant capacity of kiwifruit is only 
average when compared with that of other 
fruits. By the ORAC assay, kiwifruit ranked fifth 
highest out of 13 fruits on a fresh weight basis 
[26]. Similar results were obtained using a modi­
fied TEAC assay [27]. The antioxidant capacity 
of ‘Hayward’ kiwifruit consistently ranges from 
6.0 to 9.2 μmol Troloxt equivalent/g fresh 
weight, when assayed by the ORAC method 
[26,28–30]; the antioxidant activity of ‘Hort16A’ 
kiwifruit, is reportedly 12.1 μmol TE/g fresh 
weight [28]. However, other non-commercial 
genotypes of kiwifruit may have a higher antiox­
idant capacity, with A. eriantha and A. latifolia 
rating highest in a study of eight genotypes, 
AND CANCER PREVENTION AND TREATMENT 
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when analyzed using several assays [31]. The
antioxidant capacity of different kiwifruit culti­
vars correlates well with their total polyphenol 
content [31,32] and vitamin C content [31]. 

The potential antioxidant capacity of fruit of 
Actinidia species may depend on the part of the 
fruit that is analyzed. Guo and colleagues found 
that the skin of a kiwifruit (species and cultivar 
undefined) contained three times more antioxi­
dant activity than the flesh [33]. However, the
skin makes up only a small part of the total 
fresh weight of the fruit and although the flesh 
of ‘Hayward’ kiwifruit is eaten, the coarse and 
fuzzy skin typically is not. The skin of 
‘Hort16A’ is edible, even if not particularly 
palatable, but is not eaten by most consumers. 
Of the different types of kiwifruit available com­
mercially, only the skin of A. arguta is normally 
eaten. Therefore, the antioxidant content of the 
skin is probably of little practical significance, 
unless future consumers are encouraged to con­
sume it because it is ‘healthy.’ 

The relevance of chemical-based antioxidant 
assays in predicting antioxidant activity in a 
biological setting has been questioned. The abil­
ity of fruit antioxidants to protect against oxida­
tive stress needs to be demonstrated in 
cell-based assays or in vivo. This has been done 
for kiwifruit in only a few studies. For exam­
ple, juice concentrate from ‘Hayward’ extracts 
protected Jurkat T cells from cell death 
induced by hydrogen peroxide-mediated oxida­
tive stress [34]. Similarly, chemical-induced oxi­
dative damage was found to be reduced in 
rats fed a diet supplemented with 15 and 30% 
kiwifruit (species and cultivar undefined) [35]. 
In a rat model of chronic liver injury, an etha­
nolic extract from A. rubricaulis roots, stems, 
and leaves fed to rats (0.5 or 1.0 g/kg/d) dur­
ing induction of liver fibrosis significantly 
increased the levels of hepatic glutathione 
reductase, superoxide dismutase, and glutathi­
one peroxidase [36]. Intense physical exercise is 
often associated with increased production of 
free radicals, and these may contribute to 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
muscle damage and fatigue during exercise. 
An extract of ‘Hort16A’ fruit mediated a tempo­
rary reduction in muscle fatigue in isolated 
mouse soleus muscle, and increased perfor­
mance; a comparable effect was observed with 
the addition of superoxide dismutase in the 
short term (15 min), although the effect of 
superoxide dismutase was more prolonged (up 
to 55 min) [37,38]. 

Ingestion of kiwifruit juice improves scaveng­
ing of ROS generated in human plasma [39]. 
Ten trial participants were supplied with 150 mL 
kiwifruit juice (species and cultivar not defined) 
and blood was collected at intervals after inges­
tion. The antioxidant capacity of the plasma was 
evaluated by inhibition against ROS generation, 
as measured by the prevention of oxidation of 
2u,7u-dichlorodihydrofluorescein (DCHF) to its 
fluorescent product, dichlorofluorescein (DCF). 
Ingestion of kiwifruit juice enhanced the antioxi­
dant capacity of the plasma within 30 min, and 
this was sustained for up to 90 min [39]. 
‘Hayward’ kiwifruit (300 g) also significantly 
increased whole plasma antioxidant capacity (as 
measured by ORAC) for 5 h post-ingestion, dur­
ing which time a steady increase in plasma vita­
min C levels was also observed [40]. 

Taken together, these findings indicate that 
regular consumption of fruits and fruit juices, 
including kiwifruit, could be important in pro­
tecting against oxidative stress produced under 
normal and stressful conditions. However, the 
effect of long-term supplementation on plasma 
antioxidant activity and the implications this 
has on specific health targets remain to be 
investigated. 
2.2 Cancer 

Many cancers common in the Western 
world, such as colon, prostate, and breast can­
cers, have been related to dietary mutagens, 
including compounds in cooked meat, 
N-nitroso compounds, and fungal toxins, and 
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to dietary habits, including high meat and 
saturated fat consumption [41]. Alcohol and 
tobacco may also contribute to the risk. 
Dietary antimutagens may slow the progres­
sion toward cancer, and there are numerous 
mechanisms by which they might act. They 
could inhibit mutagen uptake by adsorbing 
mutagens and promoting fecal bulking, 
thereby reducing transit time and contact time 
of the mutagen in the gut [41]. ‘Hayward’ kiwi­
fruit contain relatively high amounts of lignin, 
which contributes to their insoluble dietary 
fiber content [42]. Lignin is hydrophobic and 
higher lignin content increases adsorption of 
heterocyclic aromatic amines, potential muta­
genic compounds, and potential carcinogens fol­
lowing absorption and metabolism in the liver 
[43]. The high lignin content of kiwifruit may 
therefore act as a dietary antimutagen. 

Dietary antimutagens can also inhibit endo­
genous formation of mutagens. Vitamins C 
and E, and plant polyphenols inhibit endoge­
nous production of N-nitroso compounds from 
amino precursors [44]. Ethanolic extracts of 
kiwifruit also prevent mutagenic activity 
in vitro of N-nitrosoamines [45]. The prebiotic 
effect of dietary fiber may modulate colonic 
bacteria populations and this could reduce pro­
duction of mutagens following fermentation of 
dietary chemicals by gut bacteria [41]. Dietary 
antioxidants, including vitamins C and E, and 
polyphenols, might also protect DNA, either 
directly by scavenging radical species, or indi­
rectly through promoting endogenous antioxi­
dant activity [41]. Juice from A. sinensis 
(A. chinensis or A. deliciosa) inhibited nitrosa­
tion reactions by scavenging nitrite, reportedly 
due to the vitamin C content and potential 
breakdown product of vitamin C, 3-hydroxy-3 
pyranone [46]. However, although kiwifruit 
contain fiber, high levels of vitamin C, and phy­
tochemicals, there is little evidence that kiwi­
fruit specifically have antimutagenic activity. 

Increased susceptibility to mutagenicity is 
positively correlated with incidence of cancer. 
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DNA repair has been used as a marker for sus­
ceptibility to mutagenicity [47]. Lymphocyte 
DNA repair was increased in healthy volun­
teers supplemented with β-carotene or lyco­
pene, but this might have been due to a direct 
antioxidant effect, rather than to any anti-
mutagenic effect [48]. Kiwifruit contain β­
carotene, and similar results have been 
achieved by feeding subjects with kiwifruit. In 
a pilot trial two groups of six healthy subjects 
were given dietary and physical activity advice, 
and one group was given daily one kiwifruit 
(‘Hayward’, L.R. Ferguson, pers. comm.) for 
every 30 kg of body weight [49]. Leukocytes 
from subjects eating kiwifruit daily were better 
able to repair DNA after a peroxide challenge 
ex vivo. However, this was not specifically 
shown to be due to carotenoid content, and the 
vitamin C, folate, and fiber content of the fruit 
may also have contributed to the improvement. 
In a randomized crossover trial, Collins and col­
leagues fed 14 subjects one, two, or three kiwi­
fruit (species and cultivar undefined) for three 
weeks [50]. Kiwifruit consumption was associ­
ated with a decrease in endogenous oxidation 
of DNA pyrimidines and purines, suggesting 
that a small intake of kiwifruit, as is manage­
able in a normal diet, may provide protection 
against DNA damage that might otherwise lead 
to mutations and cancer [50]. 

Toxicity to cancer cells provides a further 
mechanism by which kiwifruit might assist pre­
vention or treatment of cancer. Such cytotoxic­
ity is usually determined in vitro. For example, 
selected fractions from the peel of A. deliciosa 
fruit were shown to be cytotoxic to two 
human oral tumor cell lines (HSC-2 and HSG), 
but not to a ‘normal’ oral cell line (human gin­
gival fibroblast) [51]. Roots of Actinidia species 
also contain effective compounds. For example, 
two novel polyoxygenated triterpenoids from 
the roots of A. valvata, a species recognized in 
traditional Chinese medicine as having antitu­
mor activity, were cytotoxic to human hepato­
cellular carcinoma cell lines BEL-7402 and 
AND CANCER PREVENTION AND TREATMENT 



569 2. HEALTH BENEFITS FROM THE ACTINIDIA SPECIES 
SMMC-7721 [52]. Similarly, four novel phenolic 
compounds isolated from the roots of A. chi­
nensis were cytotoxic to the cell lines P-388 
(murine leukemia cell line) and A-549 (human 
lung carcinoma cell line) [53]. A chlorophyll-
like compound isolated from a solvent extract 
from A. arguta, presumably from the vegetative 
parts, was also cytotoxic to a range of tumor 
cells [54]. This chlorophyll derivative was more 
toxic to leukemia cells than to solid tumor or 
‘normal’ fibroblast cells; it rapidly blocked cel­
lular DNA synthesis and induced apoptosis in 
human leukemia Jurkat T cells [54]. These find­
ings indicate that extracts from Actinidia spe­
cies may be toxic to cancer cells, but it should 
be noted that these effects have only been dem­
onstrated in vitro, and not in a clinical setting. 

Many chemotherapeutic agents cause seri­
ous myelotoxic side effects, such as anemia, 
leukopenia, and thrombocytopenia [55]. 
Various growth factors and some traditional 
medicines have been used to stimulate bone 
marrow proliferation in cancer patients [56,57]. 
Methanolic extracts from A. arguta stems stim­
ulated both proliferation and colony formation 
of bone marrow (a measure of the potential of 
progenitor cells to develop into myeloid cells) 
in isolated bone marrow cells from mouse 
femurs [58]. The stimulation was largely due 
to ( + )-catechin and ( - )-epicatechin. These 
findings were confirmed in vivo using a mouse 
model of reduced bone marrow cellularity 
[58]; catechin, found in A. arguta stems [58], 
and also in small quantities in juice of 
‘Hayward’ fruit [19], stimulated bone marrow 
proliferation and could therefore be effective 
in reducing the toxicity of chemotherapeutic 
agents. 
2.3 Gut Health, Digestion, and Immune 
Function 

Traditionally, kiwifruit were used to aid 
digestion; and kiwifruit have now been 
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widely recognized for their strong laxative 
properties, and this has been confirmed by 
clinical studies. Healthy elderly subjects fed 
‘Hayward’ kiwifruit daily for three weeks, one 
fruit per 30 kg of body weight, reported an 
improvement in laxation parameters, such as 
frequency and ease of defecation, stool bulk, 
and stool softness [59]. It was concluded that 
kiwifruit, eaten in these realistic quantities, 
could be useful in maintaining regularity in 
elderly people who otherwise have no major 
bowel problems. A subsequent trial indicated 
that ‘Hayward’ kiwifruit can relieve chronic 
constipation [60]. Importantly, there appeared 
to be no adverse effects, with no participants 
reporting diarrhea. The laxative effects of kiwi­
fruit have been ascribed to their content of die­
tary fiber [59,60], approximately 2–3% fresh 
weight [61,62] and about 10% of recom­
mended daily intake [13]. The cell walls of 
kiwifruit are unusual in that during ripening 
they swell much more than those of other 
fruits [63], and this may reflect an exception­
ally high water-holding capacity, important 
for fecal bulking and enhancement of laxation 
[59]. Other kiwifruit components suggested as 
having laxative properties include the proteo­
lytic enzyme actinidin, and non-digestible oli­
gosaccharides. Further studies are required to 
elucidate their role in the promotion of lax­
ation by kiwifruit [59]. 

Gut health and immune function are 
strongly influenced by microbial colonization 
of the gastrointestinal tract. Gut microflora act 
as an effective barrier against opportunistic 
and pathogenic microorganisms [64], and stim­
ulating proliferation of beneficial bacteria with 
prebiotic components in the diet (dietary fiber) 
could reduce colonization by harmful bacteria. 
Dietary fiber is the ‘non-digestible food ingredi­
ent that beneficially affects the host by selec­
tively stimulating the growth and/or activity 
of one or a limited number of bacteria in the 
colon’ [65]. Kiwifruit are a reasonable source of 
dietary fiber [66], mostly cellulose, pectin 
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polysaccharides, and hemicelluloses such as 
glucuronoxylans and xyloglucans [67]. Kiwi­
fruit polysaccharides have the potential to pre­
vent adhesion of enteropathogens, and enhance 
adhesion of probiotic bacteria to Caco-2 (colon 
epithelial-derived) cells [68]. Aqueous extracts 
and extracts from the edible flesh of ‘Hayward’ 
and ‘Hort16A’ also promoted the growth of lac­
tic acid bacteria and reduced the growth of 
Escherichia coli using a fecal batch fermentation 
model [69]. Changes to gut flora populations 
may also modulate immune function, influenc­
ing immunoglobulin (Ig) levels and cytokine 
production [70]. The contribution of such modu­
lation to clinical and health outcomes remains 
uncertain, but the dietary fiber present in kiwi­
fruit may contribute to the immunomodulatory 
activity demonstrated by various kiwifruit 
cultivars. 

Antimicrobial activity of kiwifruit may pro­
tect the plants against infection. Animals that 
eat the fruit or other parts of kiwifruit plants 
might also be protected. For example, antifun­
gal proteins isolated from green and gold kiwi­
fruit are active against the plant fungal 
pathogens Botrytis cinerea and Fusarium oxy­
sporum, respectively [71,72]. Antimicrobial activ­
ity against animal and human microbial 
pathogens has also been demonstrated. An 
essential oil prepared from fresh leaves of A. 
macrosperma had antibacterial activity in vitro, 
the activity being mild against Staphylococcus 
aureus and Bacillus subtilus, and strong against 
Escherichia coli [73]. Furthermore, the oil had 
higher fungicidal activity against Candida albi­
cans, Aspergillus fumigatus, and Microsporum 
canis than the positive control clotrimazole [73]. 
Similarly, extracts from the skin, pulp, seeds, 
leaves, and stems of A. chinensis were bacterio­
static [74]. These reports suggest that ingestion 
of kiwifruit may provide an additional line of 
defense against infection. Furthermore, the use 
of kiwifruit in the development of antimicrobial 
products may slow the progression of bacterial 
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and fungal resistance to traditional drugs 
across populations. 

Nutrient status is an important contributing 
factor to immune competence, and essential 
nutrients for efficient immune function include 
essential amino acids, linolenic acid, folic acid, 
vitamins A, B6, B12, C, and E, and the miner­
als zinc, copper, iron, and selenium [75]. 
Kiwifruit (A. deliciosa and A. chinensis) provide 
a reasonable source of copper, vitamin E, and 
folate (A. deliciosa ‘Hayward’: 18, 11, and 10% 
US recommended daily intake (RDI) respec­
tively; A. chinensis ‘Hort16A’: 19, 11, and 8% 
US RDI, respectively), and are an excellent 
source of vitamin C [13]. In addition, kiwifruit 
also contain phytochemicals, in particular car­
otenoids, and some evidence suggests that 
higher carotenoid intake is associated with 
reduced incidence of infection [76,77]. 

Immune function can be broadly divided 
into innate immunity, defined as a nonspecific 
first line of defense, and adaptive immunity, a 
specific response that requires an element of 
memory. Markers of innate immunity that can 
be used for determining the effect of nutrition 
and functional foods on immune function 
include phagocytosis, oxidative burst, and natu­
ral killer (NK) cell activity; markers of adaptive 
immunity include lymphocyte proliferation 
and activation, cytokine production, and circu­
lating immunoglobulins (Ig) [78]. 

Most studies examining the influence of 
kiwifruit on immune function have used 
murine models. For example, supplementation 
of the diet with up to 30% kiwifruit extract 
(plant part, cultivar, and species not defined) 
stimulated phagocytosis in Kunming mice, and 
enhanced levels of the serum immunoglobulins 
IgA, IgG, and IgM [79]. A. macrosperma has 
been used in Chinese medicine for treatment of 
cancer and stimulation of the immune system 
[12]. The mode of action was studied in vivo 
by feeding aqueous extracts of A. macrosperma 
(plant part not specified) to mice with the S180 
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ascites tumor. Tumor weight was not affected, 
but lymphocyte proliferation, NK cytotoxic 
activity, and phagocytosis were significantly 
stimulated [12]. Mice (BALB/c) were also used 
in studies which showed that aqueous and 
supercritical fluid extracts of ‘Hort16A’ and 
‘Hayward’ fruit enhanced both innate 
and acquired immunity [80]. The extracts 
enhanced nonspecific NK cell activity and cyto­
kine production (interferon γ; IFN-γ), and 
enhanced antigen-specific antibody production 
following vaccination. The effect of kiwifruit 
on an antigen-specific systemic antibody and 
gut-associated responses in mice has also been 
studied. Feeding ZESPRIs GOLD Kiwifruit 
puree, a processed product prepared from 
‘Hort16A,’ enhanced a gut-associated adaptive 
immune response to a model protein, ovalbu­
min, in C57Bl/6 mice following oral immuniza­
tion with OVA [32]. The puree stimulated 
antigen-specific antibody production (total Ig, 
and IgG) and antigen-specific proliferation of 
mesenteric lymph node (MLN) cells. 
Carotenoids and possibly water-soluble poly-
saccharides were suggested to be implicated in 
modulation of the adaptive immune response. 

Adaptive immune responses can be broadly 
classified as resulting from one of two path­
ways: T helper Th1 and Th2 responses. These 
pathways are characterized by the production 
of specific cytokines and antibodies, with 
IFN-γ, IL-12, and IgG2a associated with a TH1 
response, and IL-4, IL-5, IL-10, IL-13, IgG1, 
and IgE associated with a Th2 response. Both 
pathways were affected by consumption of the 
ZESPRIs GOLD Kiwifruit puree, when investi­
gated using the murine model described 
above. Mice fed the puree produced higher 
levels of IgG1, which is effective at fixing com­
plement and dealing with bacterial and viral 
infections, and interleukin (IL)-5, indicating a 
predominantly Th2-type response [37,38]. 
However, the mice also produced higher levels 
of IgG2c and IgG2b antibodies, typical of a 
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Th1-type response, suggesting a general stimu­
lation of the humoral response. 

Imbalance of these pathways toward a pre­
dominant Th2 type response has been impli­
cated in the onset of some allergic responses 
and hyperresponsiveness. Extracts of dried fruit 
of A. arguta have shown promise as anti-
allergenic agents. In an OVA-sensitized mouse 
model that promotes a Th2 type response, feed­
ing with the extracts was shown to decrease sig­
nificantly the level of Th2 cytokines, and 
increase the level of Th1 cytokines, and this was 
also accompanied by decreased levels of plasma 
IgE and IgG1 and increased IgG2a [81]. 
Consumption of the extracts down-regulated 
the GATA-binding protein 3 (GATA-3) and 
induced T-box transcription factor (T-bet). These 
transcription factors control the differentiation 
of Th1 and Th2 cells [81]. The potential of 
A. arguta fruit extracts as orally active immune 
modulators for the therapy of allergic diseases 
was further tested using a mouse model for 
atopic dermatitis, a chronic inflammatory skin 
disease. The extracts reduced the severity of the 
dermatitis induced in NC/Nga mice. There was 
an associated decrease in plasma IgE, IgG1, and 
IL-4 levels, and an increase in IgG2a and IL-12 
[82]. Splenic levels of IL-4, IL-5, and IL-10 also 
fell, whereas those of IFN-γ and IL-12 increased. 

Bronchial asthma is a chronic inflammatory 
disease in which there is relative overproduc­
tion of Th2 cytokines relative to Th1 cytokines, 
and one of the results is accumulation of eosi­
nophils in airways [83]. Induced bronchial 
inflammation in mice was reduced by feeding 
with extracts of A. polygama fruit, which 
appeared to have both anti-inflammatory and 
anti-asthmatic activity. Accumulation of eosino­
phils into airways and the levels of IL-4, IL-5, 
IL-13, and IgE in bronchoalveolar lavage fluid 
were reduced [83]. Although the active com­
pound in A. polygama was not identified, a 
human study indicates that intake of fruits rich 
in vitamin C (citrus fruit and kiwifruit) 
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reduced wheezing symptoms, and even eating 
the fruits as infrequently as once a week was 
found to alleviate symptoms [84]. 

Traditionally, A. polygama fruit have been 
used to treat rheumatic diseases and inflamma­
tion [85]. Extracts of A. polygama fruit have 
been tested and found to be effective in inhibit­
ing acute inflammation and reducing edema 
formation in the carrageenan-induced hind 
paw edema model in rats [85], a model consid­
ered to predict reliably the anti-inflammatory 
efficacy of orally active anti-inflammatory 
agents. In vitro assays indicated that the anti-
inflammatory activity was due to reduced 
expression of inducible nitric oxide synthase 
(iNOS), and cyclooxygenase 2 (COX-2) [85]. 
The active agent was identified as α-linolenic 
acid [86], which acts by down-regulating 
enzymes such as iNOS and COX-2 and expres­
sion of the inflammatory cytokine tumor necro­
sis factor-α (TNF-α) through blocking of the 
nuclear factor NFκB [87]. NFκB is involved in 
the regulation of transcription of many genes 
involved in inflammation and its inhibition by 
linolenic acid offers promising therapeutic pos­
sibilities for treatment of rheumatoid arthritis 
and inflammatory bowel diseases, including 
Crohn’s disease. Other Actinidia species also 
contain compounds that can inhibit TNF-α pro­
duction. Aqueous and ethyl acetate kiwifruit 
extracts were tested in vitro for their ability to 
inhibit TNF-α production initiated by ligation 
of microbial products to pattern recognition 
receptors (PRR) found on immune cells [88]. 
Inhibition varied according to the type of 
extract, the fruit used (‘Hayward’ or 
‘Hort16A’) and the particular PRR selectively 
stimulated through the use of different ligands 
[88]. Inhibition of TNF-α production has also 
been achieved through the addition of aqueous 
extracts (‘Hayward’ or ‘Hort16A’) to human 
monocyte cultured cells (THP-1 cells) or periph­
eral whole blood cells, stimulated with lipo­
polysaccharide or IL-1β [89]. In vitro, the 
‘Hort16A’ extract inhibited TNF-α production 
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more effectively, but when tested in the ex vivo 
whole blood model, the efficacy of the extracts 
was less clear because variations in the 
response from different blood donors became 
evident. Overall, the varying results between 
studies probably reflect the different phyto­
chemical constituents of the different kiwifruit 
species [88], possibly the varying contents of 
α-linolenic acid [90], but demonstrate the 
potential anti-inflammatory properties of kiwi­
fruit in general. 
2.4 Cardiovascular Disease 

Modification of the diet by increased con­
sumption of fruit and vegetables has been asso­
ciated with reduced risk of cardiovascular 
disease (CVD) [91,92]. The result is decreased 
mortality from cardiovascular disease and also 
reduced risk of ischemic stroke [91]. This has 
been ascribed to phytochemicals in fruit and 
vegetables such as carotenoids, flavonoids, 
polyphenols, and other antioxidants [92,93]. 

Crude ethanolic and aqueous extracts of kiwi­
fruit (probably ‘Hayward’) have been shown to 
have antioxidant, antihypertensive, hypocholes­
terolemic, and fibrinolytic activity using in vitro 
assays [94]. Confirmation of the antioxidant 
activity of kiwifruit suggests that consumption 
of kiwifruit could reduce oxidation of choles­
terol, thereby lowering the formation of athero­
sclerotic lesions. Antihypertensive activity was 
assessed by inhibition of angiotensin I-convert­
ing enzyme (ACE) which is important in the 
regulation of blood pressure [94]. There is 
increasing interest in the possibility of reducing 
hypertension through ACE inhibitors in food. 
Hypocholesterolemic activity was assayed by 
inhibition of 3-hydroxy-3-methyl-glutaryl coen­
zyme A (HMG-CoA), a key enzyme in the 
biosynthesis of cholesterol. Kiwifruit extracts 
were only weak inhibitors [94]. The extracts 
also mildly stimulated fibrinolytic activity. 
Fibrinolysis is the process by which fibrin in 
AND CANCER PREVENTION AND TREATMENT 



573 2. HEALTH BENEFITS FROM THE ACTINIDIA SPECIES 
blood clots is dissolved, and increased fibrino­
lytic activity is associated with a reduced risk of 
thromboembolic and cardiovascular disease. 
These results indicate that kiwifruit have poten­
tial as cardiovascular protectants through vari­
ous mechanisms and although some effects 
observed were relatively minor, cumulatively 
they may represent a significant reduction in 
overall risk. However, it is important to 
acknowledge the limitation of in vitro studies, 
and the in vivo effects of kiwifruit consumption 
depend on the absorption and metabolism of 
bioactives in the fruit. 

Adhesion and aggregation of platelets at the 
site of injury in atherosclerotic vessel walls are 
very important in the pathogenesis of CVD 
[95]. Drugs such as aspirin are commonly used 
to inhibit platelet aggregation, and treatment 
with aspirin reduces myocardial infarction, 
stroke, and death. However, aspirin has only 
relatively weak antiplatelet activity and, more­
over, can cause serious side effects in some 
patients. In vitro data suggest that natural pro­
ducts, including fruits, may also inhibit platelet 
activity by a different mechanism to aspirin, 
with tomatoes and kiwifruit having particu­
larly high inhibitory activity [95]. This has 
been confirmed in vivo and consumption of 
two or three kiwifruit per day by healthy 
volunteers was shown to inhibit platelet aggre­
gation and also to raise plasma antioxidant 
levels and lower triglyceride levels [96]. 
Regular consumption of kiwifruit could there­
fore be of great benefit in preventing and halt­
ing the processes that lead to CVD [96]. 

Obesity is a strong risk factor for diseases 
such as diabetes and CVD. Inhibitors of pan­
creatic lipase, a key enzyme for lipid absorp­
tion, could be useful for treatment of obesity. 
Ursolic acid and a coumaryl triterpene isolated 
from A. arguta roots are useful inhibitors 
of pancreatic lipase activity in vitro [97]. 
Although much less potent than Orlistat, the 
widely used anti-obesity drug, they warrant 
further study. 
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2.5 Other Health Benefits from 
Kiwifruit 

In addition to the ‘mainstream’ health tar­
gets commonly used to define the benefits from 
functional foods and fruits, a small number of 
studies demonstrate more novel bioactive 
effects of kiwifruit. These often arise from use 
of less common Actinidia species or of fractions 
from commercial kiwifruit cultivars. For exam­
ple, polysaccharide extracts from A. chinensis 
stimulated proliferation of keratinocyte and 
fibroblast cells in vitro, as well as stimulating 
collagen production from stable dermal equiva­
lents [98]; this finding led to the conclusion that 
kiwifruit could have potential as pharmacologi­
cally active agents in dermatology. Another 
example is the antihyperglycemic activity of 
leaf extracts from A. deliciosa which inhibited 
the carbohydrate-hydrolyzing enzymes α-amy­
lase and α-glucosidase [99]; kiwifruit might 
have a use in treatment of hyperglycemia or dia­
betes. Less convincing is the suggestion that 
kiwifruit juice (species and cultivar not speci­
fied, but probably ‘Hayward’) might be useful 
in dislodging meat bolus obstructions [100], 
which had previously been suggested to be a 
result of the proteolytic enzyme (actinidin) con­
tent [101]. Whether kiwifruit juice could actu­
ally be used clinically for removal of bolus 
obstructions does not seem to have been tested. 

Some of the proteins and polypeptides in 
kiwifruit may have specific biological effects 
and could have pharmacological benefits. A 
good example is kissper, a small, cysteine-rich 
peptide, present in large amounts in ripe kiwi­
fruit (probably ‘Hayward’) [102]. When inges­
ted, kissper might affect gastrointestinal 
physiology and, it is conjectured, might have 
potential for the treatment of disorders such as 
cystic fibrosis, in which ion transport mechan­
isms are disturbed. Further research and clini­
cal trials are required to determine whether the 
many bioactive compounds in kiwifruit have 
any real effects when the fruit are consumed. 
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3. KIWIFRUIT ALLERGIES, AND 
OTHER DETRIMENTAL HEALTH 

EFFECTS 
As kiwifruit consumption has become more 
common around the world, so too has the inci­
dence of kiwifruit allergy. Allergic responses to 
kiwifruit range from localized oral allergy syn­
drome to life-threatening anaphylaxis [103], 
and several clinical subgroups have been estab­
lished [104]. The allergenicity of kiwifruit is 
not in doubt but is currently ill-defined and 
poorly understood [105,106]. Three of the aller­
gens identified, actinidin, thaumatin, and 
kiwellin, are proteins often present in kiwifruit 
in large amounts and their identification as 
allergens may simply reflect this abundance, 
rather than their allergenicity [105]. Actinidin 
content and protease activity vary in different 
kiwifruit. Fruit of some A. arguta cultivars con­
tain more actinidin than ‘Hayward’, whereas 
actinidin was not detectable or was barely 
detectable in two A. rufa selections [107] and 
some cultivars of A. chinensis, including 
‘Hort16A’ [108]. Further work on kiwifruit 
allergens is required, as future commercial 
kiwifruit cultivars should preferably be less 
allergenic than the cultivars now available. 

Kiwifruit contains small amounts of oxalate, 
and this is commonly associated with the 
‘catch’ in the throat sometimes experienced 
when fresh kiwifruit and especially processed 
kiwifruit products are eaten [109,110]. Oxalate 
is present in cultivars of A. deliciosa (e.g. 
‘Hayward’) as insoluble, fine needle-like, cal­
cium oxalate raphide crystals [109], but in 
other Actinidia species the crystal shape varies 
[111]. Fruit of A. chinensis contain 18–45 mg/ 
100 g fresh weight oxalate [14], similar to levels 
in mature fruit of A. deliciosa and A. eriantha 
[112]. High dietary intake of oxalate may be a 
major risk factor for calcium oxalate kidney 
stone formation [113], and oxalate consump­
tion also has an antinutritional effect, reducing 
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the bioavailability of Ca2 + , Mg2 + , and Fe2 + 

[114]. Normal dietary intake of oxalate is esti­
mated to be 50–200 mg per day [113], and 
other foods, such as spinach, have consider­
ably higher levels of total oxalate (1959 mg/ 
100 g fresh weight) [113] than kiwifruit. 
Although kiwifruit contain oxalate, the amount 
is probably not of concern to healthy indivi­
duals who maintain a well-balanced diet; the 
effect of raphides on kiwifruit palatability is 
more significant. 
4. SUMMARY 
Dieticians along with other health profes­
sionals have the responsibility of providing con­
sumers with scientifically supported knowledge 
to help them make informed dietary decisions. 
The scientific information supporting the 
unique health benefits of kiwifruit is growing 
rapidly. There is evidence from in vitro cell stud­
ies and animal models. Such evidence must be 
validated by human intervention trials. 

Two intervention trials have been described 
that provide evidence for improved oxidation 
status of the blood after consumption of kiwi­
fruit, but it is currently not clear how this influ­
ences the health of the individual. Oxidative 
stress may play a role in the pathogenesis of 
cardiovascular disease, the leading cause of 
death in developed countries. However, there 
is no evidence to support the use of antioxi­
dant supplements to prevent mortality in heal­
thy subjects or patients with various diseases 
[115]. It remains to be proven whether the com­
pounds with antioxidant activity that are pres­
ent in foods such as kiwifruit provide a health 
benefit. 

A pilot intervention trial demonstrated that 
kiwifruit protect DNA from damage [49]. This 
damage may be associated with mutagenesis 
and cancer but further evidence is required 
before the consumption of kiwifruit for any 
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tangible health benefit in this area can be 
recommended to consumers. 

One intervention trial provided evidence for 
decreased platelet aggregation after consump­
tion of kiwifruit [96]. This could result in an 
alteration in the natural course of atherosclero­
sis and reduce the risk of coronary arteriole dis­
ease, myocardial infarction, and stroke. 

The strongest evidence for a health benefit 
of kiwifruit is in the area of intestinal well­
being. Intestinal well-being is an ill-defined 
state often equated with an absence of symp­
toms. Bowel habit is a useful overall biomarker 
of gut function, particularly colonic function. 
Kiwifruit have been shown in two intervention 
trials to contribute to gastrointestinal well­
being by their positive effects on laxation in tar­
geted groups of subjects, the elderly [59] and 
those suffering from constipation [60]. 

A diet rich in fruits and vegetables offers 
health and wellness benefits that go beyond 
basic nutrition [116]. Consumption of green kiwi­
fruit (‘Hayward’) contributes by having positive 
effects on cardiovascular and gut health. As sup­
porting evidence accumulates for other culti­
vars, such as ‘Hort16A,’ it can be used to justify 
progression to human intervention trials. 
Validation of health claims that might be made 
about kiwifruit in the future may be based on 
consumption of the whole fruit, when the fruit 
is palatable (e.g. ‘Hort16A’), or processed func­
tional products, when the fruit is not palatable 
(e.g. A. polygama). With the possibility that these 
cultivars may modulate our immune system in 
a positive way, in the future we can look for­
ward to further ways that kiwifruit will contrib­
ute to our health. 
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We have wine even in this country, for our soil 
grows grapes and the sun ripens them, but this 
drinks like nectar and ambrosia all in one 

The Odyssey, Book IX, Homer 
1. INTRODUCTION 
Fruits and vegetables represent important 
components of the Mediterranean diet, a com­
plex of dietary habit characterized by frequent 
consumption of whole grains, legumes, fish, 
olive oil for seasoning, low intake of red meat, 
yoghurt, and cheese, and associated with regu­
lar, moderate wine drinking (two glasses/day). 
According to the modern guidelines, dietary 
patterns including 400–600 g (up to 8 servings 
of 80 g) of fruits and vegetables per day, with 
a reduced calorie content and an increased 
nutrient density, as well as diets deficient in 
saturated fats and refined carbohydrates and 
abounding in fiber, significantly lower the 
incidence of insulin resistance (metabolic) syn­
drome, type II diabetes, and obesity, risk 
ctive Foods in Promoting Health: Fruits and Vegetables 58
factors for cardiovascular diseases, cerebrovas­
cular accidents, and cancers. Currently, the 
Mediterranean dietary style is certainly the diet 
most similar to the nutritional habits that deter­
mined the evolution of the genus Homo during 
the Palaeolithic era. Nonetheless, some of the 
previously mentioned risk factors, for instance 
excessive red meat consumption (Z7 times per 
week), plays an important role in the nutri­
tional etiology of many malignancies [1]. 

As attested by Theophrastus and Hesiod, 
viticulture and winemaking were widely prac­
ticed in ancient Greece, though it is widely 
believed that winemaking began earlier, in the 
Neolithic Period (8500–4000 BC). Besides reli­
gious, social, and academic (at the symposium) 
contexts wherein wine was introduced, its 
medical uses were studied by Greek physi­
cians, as reported by Hippocrates (460–370 BC). 
He recommended wine to cure fever and as 
analgesic, antiseptic, diuretic, tonic, and diges­
tive [2]. The Romans also attributed therapeu­
tic properties to wine, and Galen (129–200 AD), 
1 r 2010 Elsevier Inc. All rights reserved. 
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in particular, provided a detailed description 
on the medical uses of wine in his practice. In 
the care of gladiators, he used wine as an anti­
septic for wound healing and as an analgesic 
for surgery. Other illnesses that Roman physi­
cians treated by wine included depression, 
memory loss, constipation, diarrhea, gout, hali­
tosis, snakebites, tapeworms, urinary tract ail­
ments, and vertigo [3]. 

In this chapter, we first provide a brief 
description of the complex grape chemistry, i.e. 
the great variety of metabolites synthesized by 
the plant and stored in different berry tissues; 
second, we describe the most relevant biologi­
cal activities of grapevine products and grape 
chemicals, reported in both human and animal 
in vivo/in vitro experimental models. 
2. GRAPE CHEMISTRY 
Secondary metabolites (phytochemicals) in gra­
pevine (Vitis vinifera L.) occur in wood, leaves, 
stems (rachis and pedicels), and berries [4]. 
Although the berries are consumed as fruit 
and, along with stems, for winemaking, the 
leaves are normally not used as an edible 
vegetable by humans, with the exception of 
some typical Greek (dolmadakia) and Middle 
Eastern dishes of stuffed grapevine leaves rol­
led with rice. Therefore, in this section, we will 
emphasize the phytochemicals present in berry 
tissues. 

Grape chemistry is rather complex and 
some thousands of compounds have been iden­
tified in the genus Vitis, included in the three 
main classes of natural products, phenylpropa­
noids, isoprenoids, and alakaloids, widely dis­
tributed both in plant foods and medicinal 
herbs [5,6]. In general, secondary metabolites 
exert a functional role in plant/grapevine 
ecology, mainly as phytoalexins, compounds 
involved in defense against pathogens and 
phytophages, as well as intolerance to detri­
mental abiotic conditions; for instance, adverse 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
climate, high UV irradiance, exposure to excess 
light (photo-oxidation), water deficit, and 
anthropogenic pollutants [7,8]. 
2.1 Phenylpropanoids 

The phenylpropanoid pathway starts from 
the aromatic amino acid phenylalanine (Phe, 
with the phenylpropanoid moiety C6–C3) and 
leads to derivatives with one, two, or more 
aromatic rings (C6), each ring with a character­
istic substitution pattern, and with different 
modifications of the propane residue of Phe 
(C3) (Figure 38.1). Hydroxycinnamic acids 
(C6–C3) include p-coumaric, caffeic, ferulic, and 
sinapic acids, with different degrees of hydrox­
ylation and methylation of C6 (Figure 38.1). 
The cleavage of a C2 fragment from the 
aliphatic side chain of p-coumaric acid leads 
to hydroxybenzoic acids (C6–C1), such as 
salicylic, vanillic, gallic, and syringic acids 
(Figure 38.1) [9]. 

The condensation of three C2 residues with 
an activated hydroxycinnamic acid produces 
two classes of metabolites with a second aro­
matic ring linked to the phenylpropanoid moi­
ety, the flavonoids (C6–C3–C6) (Figure 38.2) 
and the stilbenes (C6–C2–C6) (Figure 38.3) [10]. 
The basic flavonoid chemical structure is the 
flavan nucleus, consisting of 15 carbon atoms 
arranged in three rings: two benzene rings (A 
and B) combined by an oxygen-containing 
pyran ring (C) (Figure 38.2). The main classes 
of flavonoids in grape (flavanones, flavones, fla­
vonols, flavanols, and anthocyanidins) differ in 
the level of oxidation and saturation of the C 
ring, while individual compounds within a 
class vary in the substitution pattern of the A 
and B rings [11]. 

Among flavonoids, anthocyanidins are the 
most abundant pigments in grape berry 
skin. Their conjugated derivatives (glycones), 
anthocyanins, mainly bound to sugars, hydroxy­
cinnamates, or organic acids, are water-soluble 
AND CANCER PREVENTION AND TREATMENT 
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FIGURE 38.1 The simple phenols, hydroxycinnamates and hydroxybenzoates, are originated from the phenylpropanoid 
pathway that starts with deamination of phenylalanine by phenylalanine ammonia-lyase (PAL), leading to trans-cinnamic 
acid, in turn hydroxylated to p-coumaric acid via cinnamic acid 4-hydroxylase (CA4H). 
pigments conferring blue, dark blue, red, and 
purple hues to flowers, fruits, and other plant 
organs. Anthocyanins of Vitis are structurally 
based on five aglycones/anthocyanidins – mal­
vidin, cyanidin, delphinidin, peonidin, and pet­
unidin – which differentiate on the basis of 
number and position of their hydroxyl groups 
and their degree of methylation (Figure 38.2) 
[12,13]. Flavonols include mainly kaempferol, 
quercetin, and myricetin aglycones. Apigenin is 
the main flavone in grape, whereas flavanols 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
provide catechins, the monomeric units for 
proanthocyanidin biosynthesis (Figure 38.2) 
(see later in this section). Molecules belonging 
to the stilbene family are also abundant in 
berry skin cells, and possess the basic chemi­
cal structure based on the trans-resveratrol 
skeleton (Figure 38.3). Stilbenes comprise 
piceids, pterostilbenes, and viniferins that are 
glucosides, dimethylated derivatives, and oligo­
mers of resveratrol, respectively (Figure 38.3) 
[14,15]. 
AND CANCER PREVENTION AND TREATMENT 



584 38. HEALTH BENEFITS OF GRAPEVINE 

O 

C 

O 

FLAVANONES 
(Naringenin) 

O 

C 

OH 

FLAVANOLS 
(Catechins) 

O O O 

C C C 

OH 

O O O 

FLAVONES ISOFLAVONES FLAVONOLS 
(Apigenin) (Genistein) (Quercetin) 

O 

A 

B 

C 

+ 
O 

C 

OH 

ANTHOCYANIDINS 

FLAVAN NUCLEUS 

OH 

OH

OH 

O 
OH 

OH 

OH

OH 

O 

O 

OH 

OH 

OH 

OH

OH 

O 
OH 

OH 

OH 

n 

Proanthocyanidins (condensed tannins) 

no
n-

fla
vo

no
id

 p
ol

yp
he

no
ls

 

R1 

OH 
+ 
OHO R2 

O H 

OH 

Cyanidin, R1 = 
Delphinidin, R1 = 
Malvidin, R1 = 
Peonidin, R1 = 
Petunidin, R1 = 

OH; R2 = H 
R2 = OH 
R2 = OCH-3 
OCH3; R2 = 
OCH3; R2 = 

Anthocyanidins 

H 
OH 

FIGURE 38.2 General flavonoid chemical structure: the different classes of flavonoids vary in the level of oxidation 
and substitution of the C ring, while individual compounds within a class differ in the substitution pattern of A and B rings, 
as in the case of anthocyanidins. Polymerization of flavonoid units, particularly flavanols, leads to proanthocyanidins. 
Proanthocyanidins, also known as con­
densed tannins or simply tannins, are both olig­
omeric and polymeric compounds arising from 
flavanol condensation. In grapes, the most com­
mon monomers include catechin epimers 
[( + )-catechin and ( - )-epicatechin], whose 
polymerization degree ranges mainly between 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
3 and 11 (Figure 38.2) [16]. In  Vitis, proantho­
cyanidins are mainly present in seed, skin, and 
stem tissues of the bunch. In seeds, proantho­
cyanidins represent the major fraction of the 
total polyphenol extract and are characterized 
by a lower degree of polymerization than 
those present in berry skin. However, skin 
AND CANCER PREVENTION AND TREATMENT 
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proanthocyanidins are more easily extracted 
during winemaking, because of their localiza­
tion in the vacuole and cell wall, thus confer­
ring important organoleptic properties to wine, 
such as astringency, bitterness, browning, tur­
bidity, and color stability [17–19]. 

To summarize, flavonoids, stilbenes, and 
proanthocyanidins are collectively grouped in 
polyphenols (Figure 38.4), the name indicating 
both the compounds with a second aromatic 
ring and those arising from the polymerization 
of flavonoidic/catechin units. 
non-flavonoid polyphenols 
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FIGURE 38.3 The stilbene family includes non-flavonoid 
compounds that possess a skeleton based on the trans­
resveratrol structure. 
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FIGURE 38.4 Basic moieties of phenylpropanoids. 
Polyphenols differ from simple phenols because of a second 
aromatic ring, whereas proanthocyanidins are oligomeric or 
polymeric derivatives of flavonoids with polymerization 
degree, ranging from 3 to 11 in grape. 

 

C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
2.2 Isoprenoids 

Isoprenoids, or terpenoids, are a huge and 
diversified group of lipidic compounds, deriving 
from acetyl-coenzyme A (CoA) via the 
intermediate molecule mevalonate and by the 
activity of key enzymes hydroxymethylglutaryl-
CoA (HMG-CoA) synthase and reductase 
(Figure 38.5) [20]. Several hundreds of volatile 
compounds have been identified in grapes, 
whose aroma is largely due to C10 mono­
terpenes, representatives of isoprenoids and 
major components of essential oils. They include 
the acyclic alcohols geraniol, nerol, linalool, citro­
nellol, and homotrienol and the monocyclic 
α-terpineol (Figure 38.5) [21–23]. In  human
breast adenocarcinoma (MCF-7) cells, geraniol 
was shown to inhibit cell cycle progression 
and proliferation, via a mevalonate-independent 
pathway (similarly to statins, some isoprenoids, 
including monoterpenes, can inhibit HMG-CoA 
reductase activity and, consequently, mevalonate 
accumulation, thus inhibiting cell growth) [24]. 

Carotenoids are isoprenoid tetraterpenes 
(C40) accumulating in ripening grape berries, 
whose oxidation produces volatile fragments, 
the C13-norisoprenoids (Figure 38.5) [23]. These 
are strongly odoriferous compounds, such as 
β-ionone (aroma of viola), β-damascenone 
(aroma of honey and exotic fruits), β­
damascone (aroma of rose and fruits) and β­
ionol (aroma of flowers and fruits) (Figure 38.5) 
[21,25–28]. In particular, β-ionone, a compound 
with an end ring analogue of β-carotene, 
exhibits a potent anticancer activity, as reported 
in both animal models and cell lines. In 2008 a 
dose-dependent inhibition of carcinogenesis by 
dietary β-ionone was observed in a rat mam­
mary gland cancer model induced by 7,12-dime­
thylbenz[a]anthracene (DMBA) [29]. Moreover, 
in previous studies, β-ionone inhibited the 
growth of MCF-7, human gastric adenocarci­
noma (SGC-7901), human colon adenocarci­
noma (Caco-2), and human promyelocytic 
leukemia (HL-60) cell lines through different 
AND CANCER PREVENTION AND TREATMENT 
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FIGURE 38.5 Major classes of grape isoprenoids, mevalonate being the precursor. 
molecular mechanisms: arrest of cell cycle, 
induction of apoptosis, and inhibition of cell 
proliferation, invasiveness, and metastasis 
[24,30–32]. Because of the similarity between 
the chemical structure of β-ionone and retinoids 
(β-carotene, vitamin A, retinoic acids), it was 
suggested that β-ionone can act as a ligand 
agonist of the retinoid receptors, a class of 
nuclear receptors regulating cell growth, differ­
entiation, and apoptosis, as demonstrated by 
the dose-dependent up-regulation of the reti­
noid receptor mRNA in the human colon can­
cer HCT-166 cell line [33]. 

2.3 Alkaloids 

Indole alkaloids, deriving from the aromatic 
amino acid tryptophan (Trp), have been detected 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
both in grape and grape products. Tetrahydro-β­
carbolines are tricyclic indole derivatives occur­
ring in low amounts in grapes, grape juice, and 
wine. In particular, carboxylic acids of tetra-
hydro-β-carbolines, widespread in fruits, arise 
from Trp via a nonenzymatic Pictet–Spengler 
condensation, i.e. the indole nucleus cyclization 
with carbonyl substrates, aldehydes typically 
(Figure 38.6). They occur at the ng/g and μg/L 
levels in grapes and juice/wine, respectively, 
contributing to the antioxidant capacity of these 
products [34–37]. Additionally, tetrahydro-β-car­
bolines are synthesized in mammalian brain 
tissues via the endogenous condensation of 
Trp, or 5-hydroxytryptophan, with formalde­
hyde or acetaldehyde [38]. In the central nervous 
system, they display a wide spectrum of psy­
choactive properties, as neurotransmitters and 
AND CANCER PREVENTION AND TREATMENT 
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Tetrahydro-β-carbolines arise via a non-enzymatic condensation with carbonyl substrates (aldehydes) and indole nucleus
 
cyclization, while melatonin is synthesized through the intermediates 5-hydroxytryptophan and serotonin.
 
neuromodulators: tetrahydro-β-carbolines func­
tion as potent reversible inhibitors of the enzyme 
monoamine oxidase (MAO), besides binding to 
the benzodiazepine, imidazoline, serotonin 
(5-hydroxytryptamine, 5-HT), and dopamine 
receptors and inhibiting 5-HT (re)uptake [39,40]. 
MAO catalyzes the oxidative deamination of 
biogenic amines, including neurotransmitters 
(dopamine, 5-HT, tryptamine, norepinephrine), 
vasoactive dietary (tyramine) and xenobiotic 
amines, thus being implicated in neurological dis­
orders, psychiatric conditions, and depression 
[41,42]. In addition to the reported psychophar­
macological effects, tetrahydro-β-carbolines are 
potent antioxidant and anticancer agents, active 
by different biochemical and molecular mechan­
isms, such as induction of apoptosis, inhibition 
of DNA topoisomerase I and II, and of cyclin­
dependent kinases [35,43,44]. However,  the  pre­
cise effects of these compounds on human health 
are still debated, and the amount of dietary tetra-
hydro-β-carbolines effectively accumulated in 
biological tissues and fluids is still unknown, 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
despite their occurrence in many commercial fer­
mented and smoked foodstuffs, such as vinegar, 
beer, cheese, yogurt, bread, and fish [45,46]. 

Melatonin (N-acetyl-5-methoxytryptamine) 
has been discovered in the  berry skin of gra­
pes [47,48]. The essential amino acid Trp is 
the precursor of all 5-methoxyindoles, or 
indoleamines/tryptamines, including melato­
nin, through the intermediate 5-HT and the 
activity of hydroxyindole-O-methyltransferase 
(Figure 38.6) [49]. Melatonin was long thought 
to be a neurohormone found exclusively in 
vertebrates, until its detection in bacteria, proto­
zoans, algae, plants, fungi, and invertebrates 
[50]. Ever since, melatonin has been found in 
edible plants, medicinal herbs, and seeds, 
though its physiological and pathophysiologi­
cal function in planta is still unclear. 
Nevertheless, a hormone-like role has been 
putatively attributed to melatonin in some 
plant species [51–53]. Among the examined 
grape cultivars, Nebbiolo and Croatina contain 
the highest melatonin levels, 0.9 and 0.8 ng/g, 
AND CANCER PREVENTION AND TREATMENT 
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conditions 
respectively, whereas the lowest concentra­
tion has been detected in Cabernet Franc 
(0.005 ng/g) [47]. As expected, melatonin has 
been found in wine too, with concentrations 
ranging from 0.05 to 0.5 ng/g, and, interest­
ingly, in humans, serum melatonin level increa­
ses significantly after red wine intake (1 h after 
a single 100 mL supplementation) [54,55]. 
Melatonin is also a powerful antioxidant. It 
possesses an electron-rich aromatic indole ring 
and easily acts as an electron donor for mole­
cules lacking it, thereby reducing and repairing 
electrophilic radicals [56]. After oxidation by a 
free radical, for instance hydroxyl anion radical 

-(.OH ), melatonin generates a resonance-stabi­
lized nitrogen-centred radical, the indolyl (or 
melatonyl) cation radical. The latter, after a fur­
ther quenching of superoxide anion radical 

-(.O2 ), forms the stable, nontoxic N1-acetyl-N2­
formyl-5-methoxykynuramine, itself a powerful 
antioxidant and an anti-inflammatory able to 
improve mitochondrial metabolism and to 
inhibit cyclooxygenase (COX) 2 [57,58]. 
Intriguingly, it was postulated that a reaction 
between melatonin and peroxidases is present 
in plant tissues, able to improve the production 
of kynuramines [59]. Finally, melatonin can 
also counteract the cell oxidative burden indi­
rectly, by stimulating the production of ROS 
detoxifying enzymes, specifically glutathione 
peroxidase, glutathione reductase, and superox­
ide dismutase [60]. 
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3. GRAPEVINE CHEMICAL/ 
PRODUCT BIOACTIVITIES: FOCUS 

ON POLYPHENOLS 
Damage to macromolecules

FIGURE 38.7 Homeostasis of the cell oxidation/reduc­
tion state. 
Disturbance in the pro-oxidant–antioxidant balance may
cause an overaccumulation of reactive oxygen species
(ROS), thus leading to an oxidative stress, harmful for 
biomacromolecules. 
Health-promoting effects of grapevine pro­
ducts strictly depend on the potpourri of the	 
chemicals present in grape tissues, phenylpro-
panoids, isoprenoids, and alkaloids, thus sup-
porting the assumption that no particular 
compound is by itself responsible for the 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
health benefits widely attributed to these plant 
foods and beverages. However, in the last dec­
ades, a lot of studies focused mainly on poly-
phenols, considered as the archetypes of 
grapevine product bioactivities. In this section, 
we also emphasize polyphenolic properties, 
treating separately the findings of grape 
research. 
3.1 Oxidative Stress and Structure– 
Radical Scavenging Activity Relationship 
of Polyphenols 

At biochemical level, oxidative stress can be 
defined as a disturbance in the cell oxidation/ 
reduction (redox) status. Metabolism of aerobic 
organisms unavoidably and continuously pro­
duces partially reduced oxygen intermediates, 
more reactive than molecular oxygen in its 
ground state, including both radical and non-
radical forms collectively termed as reactive 
oxygen species (ROS) (Figure 38.7). During 
respiration, leakage of electrons from the mito­
chondrial transport chain leads to the single-
electron reduction of molecular oxygen and to 
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the consequent formation of the superoxide 
anion radical (.O2 

- ) (Figure 38.8). 
In addition to the sources of ROS under 

stable physiological conditions, other sites of 
ROS production exist. During an inflammation 
and immune response, the activated phago­
cytic white cells (neutrophils, macrophages, 
and monocytes) generate .O2 

- from molecular 
oxygen by an NADPH oxidase. This radical is 
then transformed into other ROS, mainly 
hydrogen peroxide (H2O2) and hydroxyl anion 
radicals (.OH - ), involved in direct toxicity 
toward microbes, a process known as the respi­
ratory burst. External factors can also detrimen­
tally affect aerobic organisms, such as diseases, 
cigarette smoking, exposure to radiations, pol­
lutants, and xenobiotic metabolism by the cyto­
chrome P450 oxidase detoxifying system, all 
conditions that contribute to exacerbate the oxi­
dative burden by generating significant 
amounts of ROS (Figure 38.7) [61–64]. 
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FIGURE 38.8 The oxidative burst generates reactive oxygen
quent alterations of the bilayer of the cell membrane (B).
 
Lipid peroxidation is a chain reaction starting by the extract
and forming a fatty acid radical (L.); the latter reacts with O2

hydroperoxide (LOOH).
 

C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
Pathological conditions mechanistically 
linked to oxidative stress include inflamma­
tion, atherogenesis, and carcinogenesis. Thus 
it is not surprising that foods rich in antioxi­
dant compounds play an essential role in 
the prevention of cancer, cardiovascular 
diseases, neurodegenerative disorders such as 
Parkinson’s and Alzheimer’s diseases, and pre­
mature aging (Figure 38.9) [61,62,64]. Due to 
the high reactivity of ROS, their uncontrolled 
production can cause injury to the nearest bio­
macromolecules (lipids, proteins, nucleic acids, 
and carbohydrates), if the pro-oxidant/antioxi­
dant balance is not preserved (Figure 38.7). In 
particular, lipid peroxidation is a free radical-
mediated reaction which damages both poly­
unsaturated fatty acids, in cell membranes, 
and plasma lipoprotein particles, such as low 
density lipoproteins (LDL) (Figure 38.8) 
[65,66]. To overcome these and other side 
effects of aerobic life and to protect vulnerable 
) 

) 

 species (ROS) (A) that cause lipid peroxidation with conse­

ion of an H atom from polyunsatured fatty acids (PUFAs)
 
 to give a lipid peroxyl radical (LOO.) and, finally, a lipid
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targets, organisms evolved sophisticated strate­
gies, collectively termed antioxidant defenses, 
that counteract the imbalance of the cell redox 
homeostasis and keep ROS levels under the 
cytotoxic threshold (Figure 38.7) [67]. 
Antioxidant defenses also comprise vitamins 
and nutraceuticals, i.e. nonenzymatic sca­
vengers abundant in plant foodstuffs and intro­
duced by diets, including polyphenol-rich 
grape products [68–71]. Any compound capa­
ble of quenching ROS, without itself undergo­
ing conversion to a destructive radical species, 
can be considered as an antioxidant, as in the 
case of dietary flavonoids [72,73]. 

As already introduced, the basic flavonoid 
chemical structure is the flavan nucleus, con­
sisting of 15 carbon atoms arranged in three 
rings (C6–C3–C6): two aromatic rings (A and B) 
connected by a three-carbon-atom heterocyclic 
ring, an oxygen-containing pyran ring (C) 
(Figure 38.2) [11]. Flavonoids act as anti­
oxidants by donating electrons and stopping 
radical chains (Figure 38.10). This activity is 
attributed to the phenolic hydroxyls, increasing 
with the number of OH groups in A and B 
rings (Figure 38.10) [74]. The structural require­
ments considered to be essential for effective 
radical scavenging by flavonoids are the pres­
ence of a 3u,4u-dihydroxy group (o-diphenolic 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
group, a catechol structure) on the B ring, and 
a double bond between C2 and C3 (Δ

2,3) conju­
gated with a keto function at C4 of the C ring 
(Figure 38.2–38.10). Hydroxyl groups on the B 
ring donate hydrogen and an electron to radi­
cal species, stabilizing them and giving rise 
to a relatively stable flavonoid radical 
(Figure 38.10). The C2–C3 double bond and the 
4-keto group are responsible for electron delo­
calization from the B ring (Figure 38.10). 
Hydroxyl groups in positions 3 and 5, in com­
bination with 4-oxo function and C2–C3 double 
bond, contribute to further enhance the radical 
scavenging activity (Figure 38.10) [75–78]. 
3.2 Antioxidant and Antimutagenic 
Activity of Polyphenols 

Probably the most investigated biological 
activity of polyphenols is their antioxidant 
power, though they also possess a plethora of 
more or less correlated properties, such as anti-
mutagenic, anti-inflammatory, antitumoral, 
antihypertensive, cardio- and neuroprotective 
activities [6,11]. 

As reported above, polyphenols supplied by 
diet exert health benefits by ROS scavenging, 
and this has also been shown in studies based 
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on the supplementation of grapevine products 
[70,79]. In one study, the antioxidant capacity 
of red grape was evaluated in HepG2 (human 
hepatocellular liver carcinoma) cell line and 
positively correlated to the total phenolic con­
tent and to the oxygen radical absorbance 
capacity (ORAC) values of grape extracts. The 
authors concluded that increasing fruit con­
sumption represents a suitable strategy to coun­
teract oxidative stress and to reduce the risk of 
cancer [80]. Dietary polyphenols also contrib­
ute to elevate the antioxidant capacity of 
human blood. Daily consumption of grape 
juice (10 mL/kg body weight) for 2 weeks 
resulted in an increased resistance of LDL to ex 
vivo oxidation, comparable to the value 
obtained after α-tocopherol (400 IU) supplemen­
tation [81]. These results further confirmed the 
data previously reported by Day and collea­
gues, showing that the daily intake of grape 
juice (125 mL), for 1 week, significantly 
reduced the LDL oxidizability. They also 
showed an 8% increase in plasma antioxidant 
capacity measured 1 h after the grape juice sup­
plementation as ferric-reduced antioxidant 
potential (FRAP) [82]. In a short-term study, 
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the acute intake of a phenolic-rich juice 
(400 mL), with grape as major ingredient, 
improved the antioxidant status in healthy sub­
jects, determined both in serum and urine by 
FRAP. In the same work, the authors showed 
that the phenolic compounds of the juice were 
bioavailable, as revealed by the increase of phe­
nolics that could bind the lipid fraction of 
serum and by their rise in the urinary excre­
tion, with a maximum reached 2 h after con­
sumption [83]. In pre- and postmenopausal 
women, the whole-body oxidative stress was 
significantly reduced after the daily supplemen­
tation of a lyophilized grape powder (36 g) for 
4 weeks, by reducing the levels of urinary F2­
isoprostanes, biomarkers of oxidative stress 
[84]. Consuming black grape (1 g/kg body 
weight) exerted similar effects, compared with 
juice and powder, significantly raising the 
plasma antioxidant potential of healthy volun­
teers 4 h after ingestion [85]. 

Oxidative DNA damage, leading to mod­
ifications of DNA bases, is related to mutagene­
sis, carcinogenesis, and aging (Figure 38.9). 
Daily grape juice supplementation (480 mL), 
for 8 weeks, reduced DNA strand breaks in 
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peripheral lymphocytes, as detected by the sin­
gle cell gel electrophoresis (comet assay, a pow­
erful tool in mutagenesis studies), beside 
decreasing the amount of released ROS [86]. 
Similarly, treatment of human lymphocytes 
with a grape seed extract reduced the fre­
quency of micronuclei (an assay for the detec­
tion of DNA damage) by 40% and the 
production of malonyldialdehyde (a biomarker 
of lipid peroxidation) by 30%, while increasing 
the activities of the antioxidant enzymes cata­
lase and glutathione S-transferase by 10 and 
15%, respectively [87]. In another study, the 
antimutagenic activity of both aqueous and 
methanolic extract from two Greek grape varie­
ties (red and white) was assessed against the 
ROS-induced DNA damage, using the 
Salmonella/reversion assay and the oxidant 
mutagens bleomycin and H2O2. Unexpectedly, 
both polyphenol-rich fractions and single poly-
phenols (resveratrol, catechin, epicatechin, quer­
cetin, gallic and protocatechuic acids) from red 
grape extracts did not affect the bleomycin­
and H2O2-induced mutagenicity, either posi­
tively or negatively, though some slight pro-
oxidant and mutagenic effects were reported 
for resveratrol and quercetin at the assayed 
concentrations [88]. In agreement with these 
results, the reported data on the antimutagenic 
activity of individual grape phytochemicals are 
still elusive. In purified calf thymus DNA trea­
ted with oxidants, resveratrol exhibited a 
bimodal response on the formation of 8­
hydroxy-2-deoxyguanosine (8-OH-dG, a bio­
marker of oxidative DNA damage), with a 
slight pro-oxidant effect, at lower concentra­
tions, and an antioxidant activity at higher 
concentrations, reducing the 8-OH-dG accumula­
tion in a dose-dependent manner. This bio­
marker causes G-T and A-C transversions 
during DNA replication, resulting in carcinogen­
esis [89]. Intriguingly, melatonin, besides being 
more effective than resveratrol, reversed the pro-
oxidant DNA damage induced by low concentra­
tions of resveratrol, when added in combination, 
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showing a synergistic action [90]. Furthermore, 
pretreatment with resveratrol prevented the 
accumulation of DNA strand breaks induced by 
tobacco smoke condensate in cell lines of differ­
ent histogenetic origin, as assessed by the comet 
test [91]. Accordingly, in animal cell cultures, res­
veratrol failed to induce DNA damage, though 
it slightly increased chromosomal aberrations at 
the highest assayed doses [92]. 

In conclusion, it seems that the protective 
effect against ROS-induced oxidative DNA 
damage cannot be attributed to polyphenols 
singly present in grape, but rather to the syner­
gism among polyphenols themselves and/or 
between them and other types of bioactive 
chemicals. 
3.3 Cancer Chemoprevention 

Prevention has become as important as ther­
apy to control cancer, in order to reduce both 
cancer morbidity and mortality. Cancer chemo­
prevention is the strategy of preventing, arrest­
ing, or reversing carcinogenesis by means of 
chemopreventive agents, dietary therapeutics 
effective at each step of neoplastic progression. 
Therefore, chemopreventive agents can be 
divided into blocking agents, that arrest the initi­
ation stage of malignancy, and suppressing 
agents, that act on tumor promotion and 
progression by inhibiting the malignant transfor­
mation of initiated cells. Again, chemopreven­
tive agents can avoid the time-dependent tumor 
resistance (chemoresistance) to chemotherapeu­
tic agents, and their nonspecific toxicity toward 
non-target cells [93–99]. 

Cancer is a multistage and multifactorial dis­
ease, the second leading cause of death world­
wide after heart disease, whose risk and 
incidence augments with age. In addition to 
genetic factors, environmental and nutritional 
factors play a major role in cancer etiology. In 
industrialized developed countries, breast, 
prostate, and colorectal cancers predominate, 
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because of a diet rich in animal foods and 
refined carbohydrates and deficient in plant 
foods. Conversely, in developing countries, 
where diet is largely based on cereal/starchy 
foods, esophageal, stomach, and liver cancers 
have a higher incidence [100]. 

An intricate network of signaling pathways is 
involved in cancer pathogenesis, regulating the 
(im)balance between cell growth-promoting and 
growth-inhibiting mechanisms (Figure 38.11). 
At a molecular level, the interactions with both 
transcription factors and receptors have been 
proposed as putative mechanisms for the 
reported anticarcinogenic activitiy of (grape) 
polyphenols (Figure 38.11). Furthermore, che­
mopreventive dietary agents can promote 
apoptosis in premalignant and malignant cells 
by modifying different stages of the apoptotic 
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process, including the cell redox status 
(Figure 38.11) [101]. 

Chemopreventive properties of grape pro­
ducts are more likely attributable to the com­
bined effect of their bioactive components, 
rather than to one or a few specific molecules, 
although resveratrol represents the most stud­
ied example of grape biologically active com­
pound [5,6]. In his seminal and pioneering 
study, Pezzuto and his group [b] reported for 
the first time the chemopreventive potential of 
resveratrol in different assays representing the 
three carcinogenesis stages. They also showed 
that resveratrol inhibited the development of 
preneoplastic lesions in a mouse mammary 
gland culture treated with the carcinogen 
DMBA, as well as tumorigenesis in a mouse 
skin cancer model [102]. Nevertheless, it must 
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be underlined that, when consuming a food or 
beverage, we ingest its potpourri of chemicals. 

Cancer and chronic inflammation are caus­
ally linked, as demonstrated by the increased 
gene expression and/or activity of enzymes syn­
thesizing arachidonate-derived proinflammatory 
mediators, and by the augmented production of 
these mediators (prostanoids) in various cancers 
[103,104]. Hence, inhibition of cyclooxygenases 
(COXs), particularly of inducible COX-2 iso­
zyme, and blockage of prostaglandin cascade 
are relevant and effective mechanisms to coun­
teract multistage carcinogenesis (Figure 38.11) 
[105]. Among polyphenols, resveratrol’s cap­
ability of blocking various components of 
the proinflammatory cascade has been known 
for a long time, as reported in phorbol ester-
treated human mammary epithelial cells, where 
resveratrol inhibited both COX-2 gene trans­
cription and enzymatic activity [106]. Anti­
inflammatory properties of resveratrol were 
then reported in a variety of models and at dif­
ferent biochemical levels. This compound signifi­
cantly inhibited the expression of COX-2 in: i) 
mouse peritoneal macrophages treated with 
LPS, 12-O-tetradecanoylphorbol-13-acetate (TPA) 
or H2O2 [107]; ii) RAW 264.7 macrophages stimu­
lated with LPS plus interferon γ (INF-γ) [108]; 
and iii) mouse skin treated with TPA [109]. 
In vivo (F344 rat), resveratrol at concentra­
tions between 1 and 2 mg/kg body weight 
suppressed both the number and size of 
N-nitrosomethylbenzylamine (NMBA)-induced 
esophageal tumors per rat, by targeting COXs 
and prostaglandin E2 (PGE2) [110]. Resveratrol 
and other stilbenes also decreased COX-2 activ­
ity and reduced the production of PGE2 in 
peripheral blood leukocytes treated with LPS 
plus INF-γ [111]. 

Resveratrol was shown to inhibit two impor­
tant transcription factors, NFκB, involved in 
signaling pathways mediating inflammation, 
oncogenesis (including angiogenesis and metasta­
sis), apoptosis and (together with anthocyanins) 
the activator protein 1 (AP-1), regulating the 
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expression of genes involved in cell adaptation, 
differentiation, and proliferation (Figure 38.11) 
[112–116]. 

The interaction with both androgen (ARs) 
and estrogen receptors (ERs), belonging to the 
nuclear steroid hormone receptor family, 
represents another molecular mechanism 
involved in resveratrol-mediated chemopreven­
tion (Figure 38.11). A decrease in cell prolifera­
tion was reported in the androgen-responsive 
prostate cancer cell lines LNCaP treated with 
resveratrol and quercetin, due to the inhibition 
of both expression and function of ARs 
[117,118]. ARs represent essential mediators 
of androgen activity, controlling the transcrip­
tion of androgen-inducible genes, such as pros­
tate-specific antigen (PSA). Therefore they are 
implicated in the development of hormone-
responsive prostate cancer. Moreover, the 
growth of androgen-unresponsive prostate can­
cer cells was also inhibited by resveratrol, 
though to a lesser extent than that of the andro­
gen-responsive cell lines [119]. Estrogens regu­
late the transcription of target genes by 
binding to different intracellular estrogen 
receptors (ERα and ERβ) with tissue and 
ligand specificity, influencing the growth, dif­
ferentiation, and function of target tissues and 
playing a pivotal role in breast cancer. As a 
phytoestrogen, resveratrol was shown to pos­
sess either estrogen agonist and antagonist 
activity, thus raising some controversy regard­
ing its therapeutic application against estro­
gen-responsive breast cancers [120–122]. 
Phytoestrogens are diphenolic plant metabo­
lites that exert estrogen agonist/antagonist 
activity because of their structural similarities 
to natural and synthetic estrogen steroids. 
They are either hormone-like compounds, with 
inherent estrogenic activity, or can be converted 
by intestinal flora to weakly estrogenic com­
pounds. Other phytoestrogens include lignans 
and isoflavones, present in whole cereals and 
legumes respectively, and classified as selective 
estrogen receptor modulators (SERMs) [123]. 
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Inhibition of both aromatase (estrogen syn­
thetase) activity and expression by grape seed 
extract represents another mechanism of breast 
cancer suppression (Figure 38.11), as demon­
strated in an aromatase-transfected MCF-7 
breast cancer xenograft model [124]. 
Aromatase is a cytochrome P450 enzyme, 
which converts C19 androgens to aromatic C18 

estrogens, expressed at higher levels in breast 
cancer than in normal tissues. Therefore, its 
overexpression in breast cancerous cells can 
influence the tumoral progression itself, 
because of the major role of estrogens in breast 
cancer development [125]. 

Aryl hydrocarbon receptor (AHR) is a cyto­
solic protein that translocates to the nucleus 
upon ligand binding. Metabolic activation of 
aryl hydrocarbons (AH) results from their bind­
ing to AHR that, after migration, activates the 
transcription of the CYP1A1 gene, encoding for 
the cytochrome P450 (CYP450) isozyme 
CYP1A1. CYP450 enzymes are involved in the 
metabolism of a variety of xenobiotics, includ­
ing carcinogens such as AH, and are over-
expressed in a variety of tumors (Figure 38.11). 
The metabolized active forms of carcinogens 
can subsequently interact with DNA, thus caus­
ing mutations. Resveratrol was shown to exert 
a strong inhibitory effect on AH-induced 
CYP1A1 expression, both at the mRNA and pro­
tein level, as well as on other CYP450 isozymes, 
such as CYP1A2 and CYP3A4 [126–128]. 

Besides the above-mentioned signaling net­
works regulated by polyphenols, the induction 
of apoptosis is another molecular mechanism 
involved in their antiproliferative effects 
(Figure 38.11) [101]. In a variety of tumor cell 
lines, among them leukemia cells, it was 
reported that resveratrol activates the mito­
chondrial-dependent apoptotic pathway by the 
up-regulation of pro-apoptotic p53 and Bax 
proteins and the down-regulation of the death 
inhibitory protein Bcl-2 [129–134]. The gene 
p53 is an important oncosuppressor whose 
mutations, as well as the loss of p53 protein 
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function, are related to more than half of 
human cancers [101]. However, in different cell 
lines, polyphenols induce apoptosis by mechan­
isms other than p53 gene modulation [135,136]. 
Suppression of anti-apoptotic survivin may be 
another pro-apoptotic mechanism promoted by 
grapevine polyphenols, as reported for green tea 
polyphenols, which decreased both mRNA and 
protein expression of survivin (Figure 38.11) 
[137]. Survivin is a member of the inhibitor of 
apoptosis protein (IAP) family, overexpressed in 
several human neoplasms [138]. 

The inhibition of ribonucleotide reductase 
(the enzyme that catalyzes the reduction of ribo­
nucleotides into deoxyribonucleotides), of DNA 
polymerase, of ornithine decarboxylase (ODC, 
a key enzyme of polyamine synthesis greatly 
involved in cancer growth), and the promotion 
of cell cycle arrest are key processes further con­
tributing to the chemopreventive potential of 
polyphenols (Figure 38.11) [139–146]. 

Grape seed extract showed promising effi­
cacy also against two important processes 
involved in cancer progression, angiogenesis 
and metastasis, inhibited in prostate and breast 
carcinoma, respectively [147,148]. Because of 
increased metabolic activity and oxygen con­
sumption of rapidly proliferating cells, solid 
tumors are likely to maintain an intratumoral 
hypoxic environment, which, in turn, induces a 
set of hypoxia-responsive genes in order to 
allow tumor cell adaptation. The expression of 
these genes is regulated by the hypoxia induc­
ible factor (HIF), a major regulator of cellular 
oxygen homeostasis [149]. Resveratrol was 
reported to inhibit the expression of HIF-1α in 
human ovarian cancer cells OVCAR-3, as well 
as of the vascular endothelial growth factor 
(VEGF), an HIF-regulated angiogenic factor 
[150]. Angiogenic factors promote neovascular­
ization of interstitial stroma, the tissue sur­
rounding the primary tumor site, a process 
which supplies nutritional requirements to pro­
liferating neoplastic cells and facilitates their 
access to the vascular system (intravasation). 
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Before penetrating blood vessel endothelium, 
from the primary tumor site, and gaining 
access to the blood stream, cancer cells must 
invade local tissues by degrading extracellular 
matrix (ECM) components and, ultimately, tra­
verse the basement membrane. Once in circula­
tion, these cells can form metastatic colonies at 
secondary locations. Resveratrol was reported 
to inhibit the invasiveness of diverse cancer 
cells by reducing the expression and activity of 
matrix metalloproteinase (MMP)-2 and MMP-9, 
involved in ECM degradation [151–153]. 

Apart from the beneficial effects exerted by 
polyphenols mainly on prostate, breast, and 
blood cancers, as discussed above, other types 
of tumors can benefit from regular, moderate 
consumption of grape products. Carcinomas of 
the digestive tract are common and their risk 
increases with age. In gastric cancer cells, res­
veratrol was shown to inhibit cell proliferation 
and to induce apoptosis [154–156]. Resveratrol 
and red wine extracts also inhibited the 
growth of 15 clinical isolates of Helicobacter 
pylori, the primary etiological determinant of 
gastric cancer [157]. Grape polyphenols, mainly 
quercetin, were shown to suppress the forma­
tion of aberrant crypt foci, in animal models of 
carcinogenesis, by modulating both cell prolif­
eration and apoptosis [158]. The crypt is the 
fundamental unit of epithelial proliferation in 
the colonic mucosa, where genetically dam­
aged stem cells are removed from the epithe­
lium by apoptosis, before they undergo clonal 
expansion. Hence, increased apoptosis in the 
proliferating zone of the colonic crypt provides 
a protective mechanism against crypt cell 
hyperproliferation and neoplasia [158]. In both 
cancerous and noncancerous human colon tis­
sues, black grape extracts modified the activity 
of enzymes involved in DNA turnover, adeno­
sine deaminase, 5u nucleotidase, and xanthine 
oxidase, thus depriving cancer cells of nucleo­
tides for proliferation [159]. Similar results 
were reported on cancerous and noncancerous 
human urinary bladder tissues [160]. 
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Moreover, the growth of human colorectal car­
cinoma cells was inhibited by a grape seed 
extract rich in proanthocyanidins [161], and a 
red grape dietary fiber (obtained from seeds) 
induced epithelial hypoplasia with a decrease 
in the depth of crypts in both rat cecal and dis­
tal colonic mucosa as well as a decrease in 
crypt density and mucosal thickness [162]. 

Photochemoprevention by botanical agents 
may prevent skin cancer at various stages of 
carcinogenesis, as shown in different models. 
Topical application of resveratrol and apigenin 
to SKH-1 hairless mice, prior to UV exposure, 
effectively prevented radiation-induced carcino­
genesis [163]. Mechanisms involved in photo­
chemoprevention by resveratrol include the 
inhibition of NFκB signaling, as demonstrated 
in UV-exposed normal human epidermal kera­
tinocytes [164]. In SKH-1 mice, grape seed 
proanthocyanidins also prevented UV-induced 
oxidative stress, decreased lipid peroxidation, 
and inhibited the activation of NFκB signaling 
and, finally, photocarcinogenesis [165,166]. As
for other cell lines, resveratrol induced apopto­
sis in two human melanoma cell lines by acti­
vating a MAP kinase pathway [167]. 

The paradigm that health benefits arising 
from fruit consumption are due to the efficacy 
of all the biologically active phytocomponents 
has been emphasized on pancreatic cancer 
cells. Pancreatic cancer is a highly aggressive 
malignancy, currently treated with limited suc­
cess by conventional therapeutics and with an 
extremely poor prognosis [168]. A mixture of 
isoflavone 10 nM + cucurmin 500 nM + 
epigallocatechin-3-gallate 125 nM + resveratrol 
125 nM inhibited by 40%, up to 72 h, the cell 
growth of BxPC-3 cells, a human pancreatic 
cancer cell line, via a mechanism partly due to 
the inactivation of NFκB. The authors con­
cluded that a combined treatment with phyto­
chemicals induces a greater inhibition of cell 
growth than that obtained after treatment with 
single compounds [169]. Finally, in human pan­
creatic cancer cell line Panc02 inoculated into 
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C57BL/6 mice, both resveratrol and quercetin 
suppressed pancreatic cancer via different 
mechanisms, namely apoptosis induction (by 
caspase 3 and 8), cell cycle arrest at G1 phase, 
and inhibition of tumor cell migration (inva­
siveness) through the ECM barrier [170]. 
TABLE 38.1 Mechanisms of Grape Polyphenol-
Promoted Cardiovascular Protective Effects 

Mechanisms References 

Inhibition of inflammation and eicosa­ [84,107,174– 
noid synthesis 178,207] 

Improvement of endothelial function [186–190] 

Decrease of LDL [84,196] 
Increase of HDL [84,196] 

Inhibition of LDL oxidation [81,82,187] 

Inhibition of platelet aggregation and [177,179,180,191– 
thrombosis 195] 

Improvement of vasorelaxation [193,199–202] 

Inhibition of ET-1 [204] 

Improvement of fibrinolysis [209] 
Inhibition of VSMC proliferation and [210–212] 
vascular hyperplasia 

LDL, low density lipoproteins; HDL, high density 
lipoproteins; ET-1, endothelin-1; VSCM, vascular smooth 
muscle cells. 
3.4 Atherogenesis, Hypertension, and 
Cardioprotection 

Atherosclerosis is a chronic, inflammatory, 
fibroproliferative process of large and medium-
sized arteries. It results in the progressive for­
mation of fibrous plaques that impair the 
blood flow inside the vessels. In the affected 
artery, atherosclerotic lesions resulting from an 
eccentric thickening of the intima can either 
promote an occlusive thrombosis or produce a 
gradual stenosis of the arterial lumen. In the 
first case, thrombus formation due to the dis­
ruption of the lesion surface can lead to infarc­
tion of the organ supplied by the afflicted 
vessel, such as in a heart attack, when a coro­
nary artery is suddenly blocked, or in a throm­
botic stroke, when a cerebral artery is 
damaged. In the second case, the stenosis of 
the vessel limits the blood supply to local tis­
sues, leading to a progressive and gradual 
injury of the affected organ [171]. 

Endothelial dysfunction, oxidative modifica­
tion of LDL, platelet aggregation, and inflam­
mation are key factors in atherogenesis and 
hypertension. Endothelial cells exert multiple 
physiological functions, maintaining the integ­
rity of the vascular wall and representing a 
permeable barrier through which diffusion 
and active transport of several substances 
occur. Furthermore, endothelial cells consti­
tute a non-thrombotic and non-adherent 
surface for platelets and leukocytes; they regu­
late the vascular tone by producing nitric 
oxide (NO), eicosanoids, endothelins, and 
cytokines [172]. 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
In cardiovascular diseases, an important 
inflammatory process takes place after leuko­
cyte mobilization. Phospholipase A2 leads to 
the hydrolysis of plasma membrane phospholi­
pids, mainly phosphatidylcholine and phospha­
tidylethanolamine, and to the subsequent 
release of arachidonic acid. This acid is the sub­
strate of COX and lipoxygenase (LOX), the 
enzymes involved in the synthesis of prosta­
noids (prostaglandins and thromboxanes) and 
leukotrienes, respectively, the inflammation 
mediators collectively grouped in eicosanoids. 
Among COX-derived platelet modulators, 
thromboxanes, mainly thromboxane A2 
(TXA2), potentiate platelet reactivity, whereas 
prostacyclins help to maintain platelets in a qui­
escent state [173]. Polyphenols, mainly querce­
tin and resveratrol, were shown to inhibit COX 
and LOX activities and eicosanoid synthesis 
(Table 38.1, Figure 38.12) [107,174–178]. 

A great deal of evidence suggests an inverse 
relationship between grape product consump­
tion and cardiovascular disease. Clinical trials 
demonstrated that grape and grape juice 
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FIGURE 38.12 Cardioprotective effects of polyphenols.
 
Molecular mechanisms by which polyphenolic compounds may counteract endothelial dysfunction and atherosclerosis
 
include: prevention of low density lipoprotein (LDL) oxidation and atheromatous plaque deposition; suppression of
 
cyclooxygenases (COX), lipoxygenases (LOX), nuclear factor κB (NFκB) and pro-inflammatory eicosanoids and cytokines;
 
inhibition of platelet aggregation and thrombus formation; enhancement of fibrinolysis; decrease of endothelin-mediated
 
vasoconstriction; release of nitric oxide and vasodilation.
 
consumption improved endothelial function, 
reduced platelet aggregation and platelet–endo-
thelial cell interactions, decreased blood pres-
sure, and positively influenced biomarkers 
such as LDL and HDL (high density lipopro-
teins) (Table 38.1, Figure 38.12). Additionally, 
the prevention of LDL oxidation, as previously 
described, further contributed to the cardiopro-
tective effect of grapevine products (Table 38.1, 
Figure 38.12) [179–186]. 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
In patients with coronary heart disease, 
ingestion of red grape juice (8 mL/kg body 
weight) daily for 2 weeks improved endothe­
lial function, increasing the flow-mediated dila­
tion of the brachial artery to 6.5%, compared 
to baseline values measured by high-resolution 
brachial artery ultrasonography (a measure of 
endothelium-dependent vasodilation). The 
authors also reported a reduction of LDL sus-
ceptibility to oxidation in the same subjects 
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[187,188]. Similar results were subsequently 
reported, in hypercholesterolemic patients sup­
plied with red grape juice (500 mL/d) for 2 
weeks, with a 6.7% increase of the brachial 
artery flow-mediated dilation, related to the 
baseline [189]. The improvement of arterial 
endothelial dilation was also shown in subjects 
with coronary heart disease, peaking 60 min 
after the acute intake of a red grape phenolic 
extract (600 mg in 20 mL of water) [190]. 

Inhibition of platelet activity after grape 
juice supplementation was extensively repor­
ted. Red grape juice reduced platelet-mediated 
thrombus formation in stenosed canine coro­
nary arteries, abolishing the cyclic (thrombo­
genic) flow reduction in coronary blood 
flow [191]. In vitro incubation of platelets 
with diluted red grape juice reduced their 
aggregation, decreased .O2 

- production, 
and enhanced the release of platelet-derived 
nitric oxide (NO). In turn, the release of NO by 
platelets contributes to further inhibit their 
own aggregation and their recruitment to a 
growing thrombus [192]. The same results 
were reported in plasma samples from healthy 
subjects daily supplemented with grape juice 
(7 mL/kg), for 2 weeks [193]. Intriguingly, 
orange and grapefruit juices failed to inhibit 
platelet function in healthy patients, probably 
because of the lower amount of polyphenols 
in these products than in red grape juice, as 
asserted by the authors [194]. In fact, in that 
study only the daily intake of grape juice 
(5–7.5 mL/kg) for 7–10 days reduced by 77% 
the baseline values of the platelet aggrega­
tion response to 1.0 mg/L of collagen [194]. 
Moreover, the collagen-mediated platelet aggre­
gation was greater when grape seed and grape 
skin extracts were supplied individually than 
when used in combination, both in human and 
dog blood samples [195]. 

In hemodialysis patients, daily supplementa­
tion with red grape juice (100 mL) for 2 weeks 
ameliorated the lipoprotein profile by decreas­
ing plasma concentration of LDL and 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
increasing that of HDL, besides reducing the 
plasma level of oxidized LDL and monocyte 
chemoattractant protein 1 (MCP-1), an inflam­
matory biomarker associated with cardiovascu­
lar disease risk. In the same study, a rapid 
absorption of quercetin was reported, with the 
maximum plasma concentration reaching 3 h 
after the grape juice ingestion [196]. Also the 
levels of tumor necrosis factor α (TNF-α), a 
plasma proinflammatory cytokine released by 
both endothelial cells and leukocytes, 
decreased in pre- and postmenopausal women 
after the supplementation of a lyophilized 
grape powder (36 g daily) for 4 weeks. 
Vascular inflammation and endothelial activa­
tion induced by TNF-α play a critical role 
in atherosclerosis. Plasma triglyceride con­
centrations were also reduced in the same 
patients [84]. 

Blood pressure parameters and atherosclero­
sis were also ameliorated by grape juice intake. 
Supplementing hypertensive men with red 
grape juice (5.5 mL/kg body weight), daily for 
8 weeks, reduced on average by 7.2 and 
6.2 mm Hg the systolic and diastolic blood pres­
sure, respectively, compared to the baseline 
values, and by 3.5 and 3.2 mm Hg, respec­
tively, compared to a calorie-matched placebo 
[197]. By using a hamster model of atheroscle­
rosis, it was shown that grape juice intake 
reduced by 10% the aorta area covered by 
foam cells, i.e. macrophages internalizing oxi­
dized LDL, in animals supplied with a choles­
terol/saturated fat diet for 10 weeks [71]. 

Interestingly, another antithrombotic effect 
of red wine polyphenols is their capacity to pre­
vent the rebound phenomenon of platelet 
hyperaggregability observed after acute alcohol 
consumption and responsible for ischemic 
strokes or sudden deaths occurring after epi­
sodes of drunkenness. This rebound effect was 
not observed after acute wine intake, because 
of the bioactive components present in this 
product with respect to other alcoholic bev­
erages [198]. 
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Other molecular mechanisms by which 
polyphenols may counteract endothelial dys­
function, thus playing a role in the etiopatho­
genesis and pathophysiology of atherosclerosis, 
include: i) the release of NO by the endothelial 
nitric oxide synthase (eNOS); ii) the decrease 
of endothelin 1 (ET-1) production; and iii) the 
suppression of NFκB expression (Table 38.1, 
Figure 38.12). 

Polyphenols, mainly anthocyanins, trigger 
an endothelium-dependent, NO-mediated 
vasorelaxation, whereas delphinidin inhibits 
the apoptosis of endothelial cells [199,200]. NO
exerts vasodilating, antithrombotic, and anti-
proliferative effects, besides inhibiting leuko­
cyte adhesion to the vascular wall. Alcohol-free 
red wine polyphenol extract increases eNOS 
expression and subsequent NO release [201]. 
Additionally, incubation of endothelial cells 
with red wines up-regulated eNOS mRNA and 
protein expression with a production of bioac­
tive NO up to three times higher than that 
reported in control cells [202]. Among ROS, 

-.O2 can react rapidly with the endothelium­
derived NO, leading to the strong oxidant per­
oxynitrate (ONOO - ) and reducing the amount 
of bioactive NO available for vasodilation. 
Therefore, antioxidant power represents 
another cardioprotective mechanism of poly-
phenols by scavenging ROS and reducing NO 
breakdown [203]. 

In other works, procyanidins, a class of 
proanthocyanidins, blocked the production of 
ET-1 by suppressing ET-1 gene transcription in 
cultured bovine aortic endothelial cells. ET-1 is 
a highly potent vasoconstrictor, which also pro­
motes leukocyte adhesion, monocyte chemo­
taxis, and smooth muscle cell proliferation, in 
addition to facilitating LDL uptake by the 
endothelial cells [204]. ET-1 acts as the natural 
counterpart to endothelium-derived NO which, 
besides its arterial blood pressure-raising effect, 
induces vascular and myocardial hypertro­
phies, an independent risk factor for cardiovas­
cular morbidity and mortality [205]. 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
As explained in the previous section, NFκB 
is a pleiotropic transcription factor subjected to 
a redox regulation and involved in different 
signaling pathways and processes, including 
vascular inflammation. Therefore, it can be 
evoked by an oxidative stress and inhibited by 
antioxidants [206]. In human coronary endothe­

-lial cells, resveratrol (10 6 mol/L) reduced by 
50% the activation of NFκB mediated by TNF­
α, in addition to attenuating the monocyte 
adhesiveness to endothelium [207]. Disruption 
of the cytokine-activated NFκB signaling path­
way exerts a vasculoprotective action by atten­
uating vascular inflammation and preventing 
atherogenesis. Additionally, a spectrum of dif­
ferent genes expressed in atherosclerosis was 
shown to be up-regulated by NFκB, including 
those encoding for TNF-α, MCP-1, interleukin 
1 (IL-1), vascular cell adhesion molecules 
(VCAM), and intracellular adhesion molecules 
(ICAM) [206]. 

Enhancement of fibrinolysis and inhibition 
of vascular smooth muscle cell (VSMC) prolifer­
ation and migration represent two additional 
processes involved in cardiovascular protective 
effects of polyphenols (Table 38.1, 
Figure 38.12). Clinical and epidemiological 
studies suggest that impairment of the fibrino­
lytic system contributes significantly to athero­
thrombosis development [208]. It has been 
demonstrated that grape polyphenols (catechin, 
epicatechin, quercetin, and resveratrol) increase 
mRNA levels of plasminogen activators (PAs) 
in human umbilical vein endothelial cells, inde­
pendently of ethanol [209]. PAs convert plas­
minogen to plasmin, the latter able to degrade 
fibrin within a thrombus and eventually lead­
ing to clot dissolution. The abnormal prolifera­
tion of VSMC in the arterial intima plays an 
important role in the pathogenesis of athero­
sclerosis. In an endothelial denudation model, 
rabbits fed with a high-dose resveratrol diet 
developed less intimal hyperplasia than control 
rabbits, with a considerably reduced number 
of SMCs in resveratrol-treated animals [210]. In
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agreement with these results, bovine aortic 
SMC proliferation was inhibited after treat­
ment with grape polyphenols (dealcoholized 
red wine, red wine polyphenol extract, or res­
veratrol), according to a dose-response relation 
[211]. In stroke-prone, hypertensive rats, resver­
atrol inhibited proliferation and collagen syn­
thesis in VSMCs at concentration attainable in 
plasma at therapeutic doses (from 0.01 to 
1.0 μM) [212]. 

3.5 Neuroprotection and Aging 

Neurodegeneration is a process involved in 
both neuropathological conditions and brain 
aging. Although the brain accounts for less 
than 2% of the body weight, it consumes about 
20% of the oxygen available through respira­
tion. Therefore, because of its high oxygen 
demand, the brain is the most susceptible 
organ to oxidative damage [213–215]. 
Additionally, the high amount of polyunsatu­
rated fatty acids (PUFAs) present in neuronal 
membranes makes the brain tissues particu­
larly susceptible to lipid peroxidation reactions 
(Figure 38.8), resulting in the formation of cyto­
toxic aldehydes, such as malondialdhyde 
(MDA) and 4-hydroxynonenal (HNE) [216]. 
This oxidative burden can be effectively coun­
teracted by the cell antioxidant defenses (see 
Section 3.1), including ascorbic acid (vitamin 
C), whose concentration in brain is the highest 
among all the body tissues. Flavonoids may 
also play an important role as neuroprotec­
tants, by virtue of their free radical scavenging 
power (Figure 38.10) [217,218]. Another impor­
tant property for a neuroprotective agent 
regards its ability to cross the blood–brain bar­
rier (BBB) in order to reach the target sites of 
the central nervous system. A limited number 
of studies, both in vitro and on animal models 
focused on the ability of flavonoids to cross 
the endothelial cell layer of the BBB depending 
on the compound lipophilicity and on the activ­
ity of specific transporters [219–223]. 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
According to the World Health 
Organization (WHO), neurodegenerative dis­
eases (NDs) in 2020 will represent the eighth 
greatest cause of disease burden for developed 
countries, and, by the middle of the century 
they will become the world’s second leading 
cause of death, overtaking cancer [224]. Many 
important NDs include amyloidogenic dis­
eases, characterized by conformational changes 
(misfolding) and aggregation of proteins and 
peptides inside or outside cells. Major amy­
loid-related diseases include Alzheimer’s dis­
ease (AD), Parkinson’s disease (PD), 
Huntington’s disease, prion disease, and type 
II diabetes [225]. Familial forms of these dis­
eases due to a mutation of the gene coding for 
the abnormally aggregating protein represent a 
minority of cases, most NDs occurring sporadi­
cally and arising through interactions among 
genetic and environmental factors [226]. 

AD is a progressive, degenerative disorder 
which accounts for 65% of all age-related 
dementias, with an estimated prevalence 
between 1 and 5% among people aged 65, dou­
bling every four years to reach about 30% at 
80 years [227]. Histopathology reveals that one 
of the major hallmarks of AD is the abundant 
protein deposits in neurons that trigger neuro­
nal degeneration. These deposits result from 
the extracellular and intracellular accumulation 
of amyloid β (Aβ) peptides and phosphory­
lated tau (Pτ) protein, respectively. Aβ and 
Pτ aggregation leads to the formation and 
deposition of senile plaques and neurofibrillary 
tangles, respectively, which promote inflamma­
tion and neuronal cell death. Among non-
genetic factors influencing AD, studies strongly 
supported the hypothesis that certain dietary 
habits, such as those of Mediterranean diets, 
may play a beneficial role in the relative risk 
for AD clinical dementia [228]. Conversely, 
some other dietary factors such as high caloric 
intake in the form of saturated fat may be 
involved in the nutritional etiology of NDs and 
promote AD neuropathology [229,230]. 
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In the Canadian Study of Health and Aging, 
a prospective analysis of risk factors for AD 
was conducted by a large-scale cohort study on 
a representative sample of the Canadian popula­
tion aged 65 years or older. Regular alcohol con­
sumption (beer, wine, and spirits, at least 
weekly) was associated with a reduced risk of 
AD, with wine intake reducing the risk by 50%. 
Interestingly, the daily coffee consumption was 
observed to be significantly associated with a 
lower risk of AD, differently from tea intake, 
though both beverages are important sources of 
polyphenolic compounds [231]. Similar results 
were reported in the Kame Project, another large 
population-based prospective study based on a 
cohort of Japanese Americans. In this study, a 
significant, inverse relation between fruit/ 
vegetable juices and AD was observed. 
Furthermore, the risk for AD was significantly 
reduced among people who consumed fruit 
and vegetable juices three or more times per 
week, compared with those who drank these 
juices less than once per week. Again, tea was 
not associated with the risk of AD, whereas the 
association between wine (or sake) intake and 
AD was inverse but not statistically significant, 
probably because of the few subjects drinking 
wine included in the Kame Project cohort [232]. 
In another prospective community study, in the 
Bordeaux area, wine consumption (3–4 stan­
dard glasses) was associated with more than an 
80% reduced risk of dementia and a 75% 
reduced risk of AD [233]. 

In different cell lines stably transfected with 
human amyloid-β protein precursor (APP), res­
veratrol was shown to promote the intracellular 
degradation of Aβ peptides via a mechanism 
involving the proteasome, without direct inhi­
bition of the enzymes β- and γ-secretases imp­
licated in Aβ protein synthesis [234]. 
Neuroprotective effects of three major grape 
polyphenolic constituents (resveratrol, querce­
tin, and catechin) were assessed in cultured 
mixed (glial/neuronal) cells of rat hippocam­
pus, a brain area severely affected in both AD 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
and ischemia. Hippocampal cell treatment with 
polyphenols reduced both the cytotoxicity 
induced by the NO free radical donor sodium 
nitroprusside (SNP) and by intracellular 
ROS accumulation [235]. In a mouse model 
of Alzheimer’s disease, the moderate consump­
tion of Cabernet Sauvignon promoted the non­
amyloidogenic processing of APP mediated by 
α-secretase, thereby preventing or delaying the 
generation of Aβ peptides [236]. In 2008, a 
study showed that a grape seed polyphenolic 
extract significantly prevented Aβ protein oligo­
merization, by inhibiting the Aβ protein aggre­
gation into high molecular weight oligomeric 
Aβ species, both in vitro and in Tg2576 mice. 
Besides, when orally administered to these ani­
mals, the extract attenuated the cognitive deteri­
oration typical of Alzheimer’s disease [237]. 

Polyphenols were described to inhibit the for­
mation of amyloid fibril assembly in vitro and 
to reduce its cytotoxicity. The mechanism 
involved in this process is based on structural 
constraints and aromatic interactions which 
direct polyphenols to the amyloidogenic core. 
All the efficient polyphenol inhibitors are com­
posed of at least two phenolic rings with two 
to six atom linkers, and a minimum of three 
OH groups in the aromatic rings. It seems that 
these structural features are essential for the 
non-covalent interaction with β-sheet structures, 
common to all amyloidogenic structures [238]. 
It was also reported that red wine polyphenols 
exert anti-amyloidogenic and fibril-destabilizing 
effects in a dose-dependent manner, besides 
scavenging the free radical species involved in 
β-amyloid neurotoxicity [239–241]. Another 
study attributed the anti-amyloidogenic activity 
of polyphenols to their particular C6–linkers–C6 

structure, able to inhibit Aβ fibril aggrega­
tion. Malvidin, malvidin glucoside, and resvera­
trol were the most efficient fibril inhibitors 
whereas phenolic acids (coumaric, caffeic, 
hydroxybenzoic acids) showed only a weak 
inhibitory activity, probably because of their 
C6–C3 structure, thus pointing out the 
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structure–activity relationship of polyphenols 
against Aβ fibril formation [242]. 

Vascular dementia (VaD) is another neuro­
logical disorder due to brain vascular atrophy, 
characterized by decreased brain perfusion and 
causing a mild cognitive impairment. Foods 
and beverages rich in flavonoids have been 
advocated as preventive agents to counteract 
dementia [217,228]. In particular, flavanols (i.e. 
catechin and epicatechin) were reported to 
increase brain blood flow and perfusion, delay­
ing the onset of brain vascular atrophy and the 
development of mild cognitive impairment 
[243]. In 2008, a systematic review and a meta­
analysis were carried out to evaluate the corre­
lation between the incidence of dementia or 
cognitive decline in the elderly and alcohol con­
sumption. Results suggested that low to moder­
ate amounts of wine consumption are 
associated with a 38 and 32% reduced risk for 
dementia and AD, respectively. Although for 
VaD and cognitive decline the results showed 
a similar trend, they were not statistically sig­
nificant [244]. 

Parkinson’s disease (PD) is a movement dis­
order considered the most frequent neurode­
generative disease after AD, caused by the 
degeneration of dopaminergic neurons in the 
substantia nigra. One of the main pathological 
hallmarks of PD is the aggregation of the intra­
cellular protein α-synuclein to form intra­
cytoplasmic inclusions (Lewy bodies) in these 
neurons [226]. Currently, oxidative and nitrosa­
tive stress is believed to be one of the leading 
causes of neuronal degeneration in PD 
[245,246]. The daily administration of resvera­
trol (50 or 100 mg/kg) for 1 or 2 weeks to 
adult male mice significantly prevented the 
nigrostriatal dopaminergic neuron depletion 
after acute treatment with the neurotoxin 
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine 
(MPTP) injected intraperitoneally [247]. In
general, protective effects of polyphenols 
against PD can be ascribed to their anti-amy­
loidogenic and antioxidant activities [238]. 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
Cerebrovascular accidents include mainly 
ischemic (occlusive) and hemorrhagic strokes. 
Ischemic stroke represents one of the leading 
causes of mortality and permanent disability in 
adults worldwide. It results from occlusion 
of a major cerebral artery by a thrombus or 
embolism, with the subsequent loss of blood 
flow and decrease in the supply of oxygen 
and nutrients to the affected brain region. 
Hypertension is the main cause of hemorrhagic 
stroke, exacerbating the risk of cerebral hemor­
rhage [228,248]. In the Copenhagen City Heart 
Study, wine intake on a monthly, weekly, or 
daily basis was associated with a lower risk of 
stroke, compared with no wine intake. No asso­
ciation between beer or spirit consumption and 
risk of stroke was reported, thus suggesting 
that some wine components, in addition to eth­
anol, may be responsible for the beneficial 
effect of wine intake on the risk of stroke [249]. 
The Framingham Study evaluated the associa­
tion between the type of alcoholic beverages 
and incidences of ischemic stroke, showing a 
protective effect of wine consumption among 
subjects aged 60–69 years [250]. Data from a 
case-control study on young women were con­
sistent with the above reported studies and, in 
general, beer and spirit intake failed to exert 
neuroprotective effects [249–251]. 

Other mechanisms by which polyphenols 
retard the aging process and delay the onset of 
aging-related diseases resemble those induced 
by caloric restriction (CR), suggesting that 
these compounds and CR share quite similar 
molecular pathways (Figure 38.13) [252,253]. A
moderate reduction in calorie intake by 20– 
40% significantly extends the lifespan in a 
wide spectrum of organisms, ranging from bac­
teria to primates, a process mediated by a class 
of silent information regulator (SIR) proteins, 
the sirtuins [254–256]. In mammals, the seven 
members of the sirtuin family (SIRT1–7) repre­
sent novel therapeutic targets to treat age-asso­
ciated and neurodegenerative diseases, being 
implicated in a variety of cellular functions, 
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FIGURE 38.13 Resveratrol, quercetin, and other poly-
phenols are sirtuin activating compounds (STACs), able to 
activate SIRT1, which in turn regulates some physiological 
processes affected during aging. 
Polyphenols also exert a neuroprotective effect by counter­
acting the onset of neurological disorders. 
ranging from gene silencing, over the control 
of cell cycle and apoptosis, to energy metabo­
lism [257]. Two different enzymatic activities 
have been reported for mammalian sirtuins, a 
nicotinamide adenine dinucleotide (NAD + )­
dependent deacetylase activity or an adenosine 
diphosphate (ADP)-ribosyl transferase activity, 
and they have diverse subcellular localizations 
(nucleus, nucleolus, cytosol, and mitochondria) 
[258,259]. Therefore, sirtuin activating com­
pounds (STACs) represent a promising class of 
therapeutics, including resveratrol, quercetin, 
and other polyphenols able to activate SIRT1, 
which in turn regulates some physiological 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
processes affected during aging and modified 
by CR (Figure 38.13) [260–262]. SIRT1 deacety­
lates many substrates, including histones and 
non-histone substrates, such as the tumor sup­
pressor protein p53 and the transcription factor 
NFκB, besides regulating the activity of the 
nuclear receptor PPAR-γ (peroxisome pro-
liferator-activated receptor γ) and PGC-1α 
(PPAR-γ co-activator 1α), master regulators of 
adipogenesis, fat storage in white adipose tis­
sue, liver metabolism, and muscle cell differen­
tiation [254]. 
4. GRAPEVINE PRODUCTS AND 
ORAL HEALTH 
The burden of oral diseases is particularly 
high for the disadvantaged and poor population 
groups in both developing and developed coun­
tries. Oral diseases such as dental caries, peri­
odontal disease, tooth loss, oral mucosa lesions 
and oropharyngeal cancers, human immunodefi­
ciency virus/acquired immunodeficiency syn­
drome (HIV/AIDS)-associated oral disease, and 
orodental trauma represent some of the major 
public health problems worldwide [263]. 

Among the tumors of head and neck, carcino­
mas of the oral cavity, mainly of squamous-cell 
type, comprise an important group of malignan­
cies whose incidence is increasing all over the 
world. Cancer of the upper aerodigestive tract, 
including cancers of lip, tongue, oral cavity, 
and pharynx, ranks as the seventh most com­
mon cause of cancer worldwide and represents 
2–4% of all diagnosed cancers, associated with 
a poor prognosis and survival rate if not 
diagnosed early [264–266]. Administration of 
proanthocyanidins showed suppressed prolifer­
ation of human oral squamous-cell carcinoma 
in a dose-dependent manner [267]. More inter­
estingly, proanthocyanidins inhibited the prolif­
eration of cell carcinoma also after transfection 
with human papillomavirus (HPV), another 
putative risk factor for oral cancer [267]. It has 
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also been reported that, in the two well-charac­
terized oral squamous-cell carcinoma cell lines 
CAL-27 and SCC-25, the antiproliferative effect 
of a grape seed extract was correlated to the 
dramatic up-regulation of mRNA expression of 
caspases 2 and 8, proteases considered the 
executioners of apoptosis [268]. In human 
tongue squamous-cell carcinoma cells SCC-9, 
resveratrol inhibited angiogenesis by reducing 
HIF-1α protein accumulation and VEGF expres­
sion, promoting the proteasomal degradation 
of HIF-1α without affecting HIF-1α mRNA 
expression [269]. 

It is noteworthy that alcohol consumption, 
as well as tobacco smoking, accounts for most 
oral cancers, and thus it would be possible to 
prevent about 75% of such cancer cases by 
avoiding alcohol abuse and smoking. Alcohol 
may act as a solvent for carcinogens and 
enhance the permeability of oral mucosa to car­
cinogens themselves, such as those from 
tobacco. Besides, the ethanol metabolite acetal­
dehyde has been identified as a tumor-causing 
substance [270,271]. However, the carcinogenic 
effect of alcohol may depend on drinking 
habits, though the effect of beverage type on 
the risk of developing oral cancer remains con­
troversial. On the whole, it seems that heavy 
alcohol consumption is associated with a major 
incidence of oral cancer, the latter being higher 
among spirits consumers than wine drinkers 
[272–274]. Therefore, it is possible that red 
wine, by virtue of its polyphenolic content, 
may have a beneficial effect on the risk of can­
cers of the upper aerodigestive tract, especially 
in the context of a Mediterranean diet 
[275,276]. In opposition, Maserejian and collea­
gues observed similar increases in the develop­
ment of oral premalignant lesions after 
consumption of spirits, wine, and beer, 
although the association with wine was not sta­
tistically significant [277]. 

Chronic periodontitis is a local inflammatory 
disease mediating the destruction of periodon­
tal (tooth-supporting) tissues, triggered by 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
bacterial infection and leading to bone resorp­
tion and tooth loss. Gram-negative period­
ontopathogenic bacteria that are diffused in 
subgingival sites, including Porphyromonas gingi­
valis, Tannerella forsythia, Treponema denticola, 
Fusobacterium nucleatum, Actinobacillus actinomy­
cetemcomitans, induce a local immune and 
inflammatory response by releasing bacterial 
products such as lipopolysaccharides (LPS). In 
order to directly poison the pathogens, the acti­
vated immune cells produce a variety of mole­
cules via the respiratory burst, mainly ROS and 
reactive nitrogen species (RNS). However, 
increased tissue levels of these reactive molecu­
lar species create an oxidative stress which, 
finally, results in cell death and tissue destruc­
tion [278]. The antioxidant properties of grape 
seed proanthocyanidins were investigated in an 
in vitro model of murine macrophages (RAW 
264.7) stimulated with LPS isolated from period­
ontopathogens. Treatment of immune cells with 
grape seed proanthocyanidin extract, at non­
cytotoxic concentrations, decreased both ROS 
and NO production as well as iNOS (inducible 
nitric oxide synthase) protein expression [279]. 

In 2008, antimicrobial constituents of raisins 
were assayed against two oral pathogens, 
Streptococcus mutans and Porphyromonas gingiva­
lis, associated with caries and periodontitis, 
respectively. Oleanolic acid and its derivatives, 
oleanolic aldehyde, 5-(hydroxymethyl)-2-furfural, 
and rutin were the most effective compounds, 
inhibiting the bacterial growth at concentrations 
ranging from 4 to 500 μg/mL [280]. 
5. NEW PERSPECTIVES IN GRAPE 
RESEARCH: MELATONIN 
Undoubtedly, polyphenols represent the pro­
totype of the health-promoting effects associ­
ated with grapevine product intake, though a 
discovery of a new bioactive metabolite in 
grape, melatonin, adds a new element to 
further comprehend the pharmaconutritional 
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properties of grape products, besides opening 
new perspectives in the field of grape 
research [48]. 

In mammals, melatonin is synthesized 
mostly in the pineal gland, predominantly dur­
ing the night-time, though it can also be pro­
duced in other organs, such as retina, 
gastrointestinal tract, lymphocytes, and bone 
marrow cells. Conversely, light has an inhibi­
tory effect on melatonin biosynthesis, initiated 
by the uptake of L-tryptophan from the circula­
tion into the pineal gland and occurring within 
the pinealocytes. Once synthesized, melatonin 
is not stored in the pineal cells but is released 
into the bloodstream with a circadian rhythm 
from which it reaches other body fluids, includ­
ing saliva, cerebrospinal fluid, bile, semen, and 
amniotic fluid. The circadian rhythm of melato­
nin secretion is generated by the biological 
clock, situated in the suprachiasmatic nucleus 
(SCN) of the hypothalamus, via a neuronal 
pathway that begins in the retina and involves 
the retinohypothalamic tract [281]. In mam­
mals, melatonin acts principally by activating 
two high-affinity, G-protein-coupled membrane 
receptors designated MT1 and MT2. These 
receptors have the highest density in the 
central nervous system (CNS), particularly in 
adenohypophysis and SCN, and in the cardio­
vascular system, localized mainly on endothe­
lial and vascular smooth muscle cells of heart, 
coronary arteries, and aorta. The third receptor 
type, MT3, with a lower affinity, is not coupled 
with G-protein. Pathophysiological conditions 
regulated by melatonin via a receptor-mediated 
mechanism include the control of the sleep/ 
wake cycle, regulation of reproductive develop­
ment, and bone metabolism [282]. Apart from 
these receptor-mediated processes, melatonin 
exerts a series of receptor-independent func­
tions mainly due to its powerful antioxidant 
activity. Melatonin can directly scavenge free 
radical species, both ROS and RNS, stimulate 
the activity of antioxidant enzymes, and inhibit 
pro-oxidant pathways [283]. 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
Some plants, as well as non-mammalian 
vertebrates and some invertebrates, also syn­
thesize melatonin, and it has been suggested 
that phytomelatonin, i.e. melatonin from edi­
ble plants, can promote health benefits by 
virtue of its antioxidant potential and/or by 
modulating the receptor-dependent pathways 
[284,285]. In this view, phytomelatonin could 
contribute to ameliorate the physiological 
functions regulated in humans by endoge­
nous melatonin, and contribute to counteract 
mutagenesis, carcinogenesis, cardiovascular 
diseases, neurological disorders, and aging 
[286–288]. 

In particular, it was proven that melatonin 
exerts an anti-amyloidogenic activity due to 
its structural interaction with Aβ peptides 
[289–291]. It was also reported that melatonin 
had a protective effect in animal experimental 
models of PD, both in vitro and in vivo, 
because of its strong antioxidant capacity able 
to prevent nigral dopaminergic cell damage 
[292–294]. Melatonin improves cardiovascular 
health: cardioprotective mechanisms include 
vasodilation, central and peripheral anti-adren­
ergic action. In the CNS, melatonin enhances 
GABA-ergic signaling and reduces sympathetic 
output, finally resulting in a blood pressure 
decrease [295]. Leukocytes synthesize melato­
nin and possess both membrane and nuclear 
melatonin receptors, thus indicating a relation 
between melatonin and immune cell produc­
tion and function [296]. The anti-inflammatory 
activity of melatonin is mainly due to its abil­
ity to reduce NFκB binding to DNA, probably 
preventing its translocation to the nucleus 
[297]. Anticancer activity of melatonin involves 
different mechanisms, among which are the 
decrease of uptake and metabolism of fatty 
acids in cancer cells, the reduction of telome­
rase activity and restoration of chromo­
some instability, the anti-estrogenic activity 
relevant in some hormone-responsive tumors, 
and the inhibition of ET-1 and angiogenesis 
[281,282,286]. 
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In a pioneering study, the bioavailability of 
melatonin from edible plants was demon­
strated as well as the competitive binding of 
phytomelatonin to melatonin receptors in mam­
mal brain. In particular, feeding chicks with 
plant products rich in melatonin increased their 
plasma melatonin levels, whereas (phyto)mela­
tonin extracted from plants inhibited the bind­
ing of labeled melatonin to cell membrane 
receptors in rabbit brain [298]. In 2008, it was 
shown that, in humans, serum melatonin con­
centration increased significantly 1 h after a sin­
gle 100 mL red wine administration. In that 
work, the melatonin content in wines ranged 
from 50 to 80 pg/mL, and the serum melatonin 
concentration in volunteers augmented signifi­
cantly from 10 to 12 pg/mL. White wine, in gen­
eral containing lesser amounts of melatonin, 
failed to raise the serum melatonin levels [299]. 
6. SUMMARY 
At the end of this survey, one could suppose 
that grapevine products, particularly red wine, 
represent a sort of panacea against a plethora 
of pathological conditions, including the most 
important causes of morbidity and mortality in 
developed countries. As a matter of fact, the 
health benefits arising from a regular and 
appropriate consumption of these foodstuffs 
can be mostly ascribed to the several hundreds 
of bioactive components present therein, and 
so the attempt of determining which of 
these compounds are specifically responsible 
for the reported beneficial effects represents a 
very hard, and possibly inappropriate task. 
Furthermore, in the last decades research has 
focused mainly on a relatively small number of 
molecules, above all resveratrol. 

It must also be taken into account that each 
fruit or vegetable possesses health-promoting 
properties not only due to its polyphenol content, 
but also in virtue of its components other than 
polyphenols, namely vitamins, mineral salts, 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
dietary fibers, macronutrients (carbohydrates, 
lipids, proteins), and other phytochemicals. Thus, 
a single plant food by itself can questionably 
improve health status even if regularly con­
sumed; and an appropriate dietetic rule is that of 
diversifying as much as possible the foods con­
sumed, as in the context of a Mediterranean diet. 

Finally, a better comprehension of the bioavail­
ability of dietary phytochemicals is critical in 
order to correctly evaluate their bioactivity, to 
interpret the experimental results, and to design 
new approaches. However, biokinetic data sup­
porting their absorption, distribution, metabo­
lism, and excretion in the human body are still 
fragmentary despite the enormous amount of 
indications on their bioactivities. Dietary phyto­
chemicals have to be absorbed to exert  their
health benefits, and several human studies 
indeed reported direct evidence of absorption 
and urinary excretion of these compounds after 
intake. Nevertheless, the high variability of the 
data concerning their bioavailability, at least for 
polyphenols, depends on the complexity of the 
food (fruits and vegetables) matrix and on the 
chemical structure of the specific compounds 
[300–302]. 
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1. INTRODUCTION
 
Annona is a genus of tropical fruit trees 
belonging to the family Annonaceae, of which 
there are approximately 119 species. Seven spe­
cies and one hybrid are grown for domestic/ 
commercial use [1]. Annona muricata L. is 
known as soursop in English-speaking coun­
tries and is referred to by numerous common 
names (Table 39.1) [2–6]. After the arrival of 
the Spanish in the Americas, the Annona spe­
cies were distributed throughout the tropics 
[7]. Soursop trees are widespread in the tropics 
and frost-free subtropics of the world [8,9] and 
are found in the West Indies, North and South 
America, lowlands of Africa, Pacific islands, 
and Southeast Asia. The soursop fruit and 
other parts of the tree are considered to be 
underutilized. Information on the composition, 
nutritional value, medicinal uses, and 
Bioactive Foods in Promoting Health: Fruits and Vegetables 62
toxicology of the soursop fruit and plant is lim­
ited and scattered. 
2. BOTANY AND HORTICULTURE 
The soursop is an upright, low-branching tree 
reaching 8 to 10 meters [7,10]. The tree has 
green, glossy evergreen leaves [4]. The flowers 
appear anywhere on the trunk or any branch 
[11]. It is usually grown from seeds [12] which 
can be stored for several months before plant­
ing. Germination of seeds usually takes 3 weeks, 
but under suboptimal conditions can be delayed 
for up to 2–3 months. Alternatively, propagation 
of the Annona species is achieved by cuttings for 
rapid multiplication of new genotypes and for 
the elimination of viral and disease infection 
[13]. With the exception of a few cultivars, clonal 
propagation of the Annona species by cutting or 
1 r 2010 Elsevier Inc. All rights reserved. 
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TABLE 39.1 Some Common Names for Soursop by 
Country 

Country/Language Common Names 

Argentina Anona de puntitas; anona de broquel 

Bolivia Sinini 

Brazil Araticum, araticum-do-grande; corac­
~ao-da-rainha; condessa; graviola; 
jaca-do-paraa; jaca-de-pobre; fruta-do­
conde 

Cameroon Soursop 

Caribbean graviola; Jamaica soursop, prickly cus­
(English-speaking) tard apple, soursop 

Cambodia Guayabano 

Dominican Guanaabana 
Republic 

El Salvador Guanaba dulce, guanabana azucaron 

French-speaking Corossolier; cacheimantier; aepineux; 
countries corossol; corossol aepineux; cachiman 

aepineux; grand corossol; sapotille 

French Polynesia Tapotapo papaa 

Germany Sauersak 

Guam Laguana; laguanaa; laguanaba; 
labuanaha 

Guatemala Huanaabano; huanabana, huanaba 

Indian Mamphal 

Indonesia Sirsak; nangka belanda; nangka seber­
ang; zuurzak 

Jamaica Jamaica soursop 

Laos Khan thalot 
Malaysia Durian belanda; durian blanda, durian 

benggala, durian maki; durian mak­
kah; seri kaya belanda 

Marshall islands Jojaab 

Mexico Catuche; catucho; cabeza de negro; ca­
tuch; catucho; guana abano;abana; guana
polvox; tak-ob; caduts-at; xunaapill; 
llama de tehuantepec; zopote de viejas 
(Rep. Mexico) 

Netherlands Zunrzak, sorsaka 
Antilles 

North Vietnam Corossol; grand corossol; corossol epi­
neux; cachiman epineux 

Papua New Saua sap 
Guinea 

Peru Guana abanaabano; guana

Philippines Babanaa; guyabano; gwabana 

Portuguese (Brazil) Graviola; araticum do grande; jaca do 
para 

Samoa Sasalapa 

Sierra Leone Soursap; soursapi, soursop 

Surinam Zunrzak 

Thailand Thu-rian-khack, thurian-thet, thurian­
khaek 

Tonga Apele initia 

United States of Soursop (Hawaii and Puerto Rico); 
America languana (Guam) 

Venezuela Catoche; catuche 

Vietnam Mang câ uu-xi ̂um 

Yoruba Ebo 

Source: references 2–6. 

C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
air layering has not been very successful [14]. 
Vegetative propagation of rootstocks or cultivars 
of known agronomic potential could eliminate 
tree to tree variability in growth and productiv­
ity [15]. However, the seedling rootstocks are 
highly variable in vigor and disease resistance 
and consequently scion growth and productivity 
are also variable. They are considered as minor 
tropical fruits due to strict environmental 
requirements for tree planting and the short 
post-harvest life of their fruits [16]. 
2.1 Fruit Description 

The soursop tree (Fig. 39.1, 39.2, 39.3) pro­
duces dark green, spiny aggregate fruits made 
up of berries fused together with associated 
flower parts [5]. The oval or heart-shaped and 
frequently irregular lopsided composite sour-
sop fruit is derived from the fusion of many 
fruitlets and can weigh more than 4 kg 
[3,11,17,18]. The fruit pulp consists of white 
fibrous juicy segments surrounding an elon­
gated receptacle [19]. In each fertile segment 
there is a single oval, smooth hard, black seed 
{1/2}–{3/4} in (1.25–2 cm) long [3]. A fruit may 
contain as few as 5 or up to 200 or more seeds 
AND CANCER PREVENTION AND TREATMENT 
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FIGURE 39.1 Soursop tree. 
Photograph by N. Badrie. 

FIGURE 39.2 Soursop tree with a young soursop fruit. 
Photograph taken by N. Badrie. 

FIGURE 39.3 Soursop tree with maturing fruit. 
Photograph taken by A. Boodoo. 
[3,19]. The reticulated leathery looking skin has 
short spines [19]. Its inner surface is cream-
colored and granular and separates easily from 
the mass of white, fibrous juicy segments 
which surround the central soft pithy core [3]. 
In Puerto Rico, the seedling soursops are 
roughly divided into three general classifica­
tions: sweet, subacid, and acid. These are sub­
divided as round, heart-shaped, oblong, or 
angular and finally classed according to flesh 
consistency which varies from soft and juicy to 
firm and comparatively dry [3]. 
2.2 Physiological Changes 

By measurement of the respiration rate, sour-
sop was classified as climacteric [20]. Climacteric  
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
fruits are often harvested in an immature state 
and ripened post-harvest. It is classified as a mul­
tiple climacteric fruit owing to the berries that 
make up a single fruit being of different matu­
rities and thus ripening at different times [20]. 
Mature fruit produced a biphasic respiratory cli­
macteric, with CO2 production reaching 
100 mL/kg/h and then 350 mL/kg/h at 25– 
301C. Peak ethylene production (250–350 mL/ 
kg/h) occurred between the two respiratory 
maxima. The respiratory climacteric of the 
AND CANCER PREVENTION AND TREATMENT 
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harvested immature fruit tends to be higher and 
later than that of mature fruit [21]. 

As the fruit reaches maturity, there is a slight 
paling as the green chlorophyll peel color chan­
ges to a slight yellowing green [21–24] which 
may reflect a loss of chlorophyll with caro­
tenoids contributing more to overall peel color. 
During the late ripening stage the peel becomes 
dark brown [25], due possibly to chloroplast 
breakdown releasing polyphenol oxidases caus­
ing oxidation and polymerization of phenols. 
Maturity can be detected as the skin becomes 
smooth [17] as the density of the spurs on the 
fruit surface reaches a minimum value (6–7 per 
12 cm2) [21]. Also, the mature fruit is soft to the 
touch [3]. Within 2 days of harvesting of sour-
sop fruit, changes in the molecular weight of 
the starch have been recorded [26] while at 6 
days from harvest only a small fraction of the 
starch remains [4]. Concomitant with the 
decline of ethanol fraction and starch is an 
increase in ascorbic acid, total soluble solids, 
total soluble sugars, and total titratable acidity 
[25]. Total soluble solids increase to about 
161Brix. The total sugars begin increasing 1–2 
days from harvest at the same time as the 
increase in respiration. Ethanol-soluble sugars 
increase rapidly as ripening progresses [25,26]. 
Glucose and fructose reach a maximum concen­
tration 5 days after harvest. 

There is a marked decrease in pH from 5.5 
to 3.7 over the 3 days of ripening [25]. The 
decrease in pH is correlated by an increase in 
titratable acidity [25]. The malic acid content 
begins to increase within 2 days of harvest and 
there is a 3-fold increase during ripening [4]. 
This increase in malic acid contributes to the 
acidic flavor of the fruit and the decrease in 
pulp pH [24]. 

Soursop volatile production varies during 
ripening. Prior to the rise in respiration rate, 
there are few volatiles [25]. Volatile production 
begins to increase drastically with ethylene pro­
duction within 2 days after the increase in the 
rate of respiration [25]. The volatiles and 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
ethylene peak about 4 days after harvest and 
mark the optimum eating stage [25]. Total etha­
nol-soluble phenol first increases (10%), then 
declines to 50% of preclimacteric levels with 
the greatest decline occurring after the climac­
tic peak [24]. The decline in phenols probably 
leads to a loss of astringency during ripening 
[24] and leads to a bland flavor of the slightly 
overripe fruit [4]. Very overripe fruit has an 
off-flavor due to low phenols [24], lower 
organic acids [25], and some fermentation [4]. 

The physical, chemical, and biochemical 
changes related to softening during maturation 
of Crioula soursop fruits (L.) were studied in 
Brazil [27]. The soursop fruits were harvested 
when physiologically mature and were stored 
at 26.370.61C and 88712% relative humidity. 
During days 1, 2, 3, 4, and 5, no significant var­
iation in the soluble pectin content was found. 
Weight loss reached 5% in the fifth day, with­
out causing fruit shriveling. Reductions in 
starch and in total pectin contents occurred 
during the period of greatest enzymatic activ­
ity, respectively, of amylase and of poly­
galacturonase, and cell wall β-galactosidase. 
The most significant changes in the contents of 
starch and total pectin, in pectin solubilization, 
and in the activity of the enzymes amylase, 
pectin methylesterase, polygalacturonase, and 
cell wall β-galactosidase occurred from the sec­
ond to the fourth day after harvest. 
2.3 Post-harvest Issues 

A preliminary evaluation of the post-harvest 
problems associated with tropical fruits in 
Costa Rica indicated that the post-harvest loss 
was 75.8% [28]. The main problems were due 
to deficient field practices and lack of knowl­
edge on the fruit quality parameters by fruit 
growers. Also, inadequate handling during the 
marketing process increases the loss. 

Annona fruits are climacteric with a short 
shelf-life [16]. The soursop fruits are harvested 
AND CANCER PREVENTION AND TREATMENT 
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when full grown and still firm but slightly yel­
low-green. If they are allowed to soften on the 
tree, they will fall and crush. Ripe fruits are 
very soft and easily bruised [2] which shortens 
the post-harvest life. Figure 38.4 shows a ripe 
bruised soursop fruit. The immature fruits 
when ripened off the tree do not develop full 
flavor and aroma, thus ripening at room tem­
perature is recommended [4,29]. Soursop fruits 
are very susceptible to chilling temperatures. 
The symptoms of chilling injury in soursop are 
skin darkening, failure to ripen, pulp discolor­
ation, poor flavor and aroma, and increase in 
rot [4]. Fully ripe soursop fruits can be held 
2–3 days longer by refrigerator [17]. Storage of 
soursop fruits at 101C for 1 day leads to notice­
able loss of flavor and aroma [30]. The trends 
in respiration and ethylene production relate to 
changes in composition during ripening. A low 
level of ethylene production occurs during the 
preclimacteric post-harvest stage [4]. Ethylene 
production increases about the fourth day after 
harvest from 0.2 to 0.9 μL/kg/h, 48 hours after 
respiratory climacteric is initiated [4]. Ethylene 
production peaks (290 μL/kg/h) at about the 
same time as respiration rate reaches a plateau 
of 108 μL/kg/h at day 6 [24]. Studies of the 
FIGURE 39.4 A ripe bruised soursop fruit. 
Photograph taken by N. Badrie. 

C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
ripening process in Hawaii have determined 
that the optimum stage for eating is 5–6 days 
after harvest, at the peak of ethylene produc­
tion. Thereafter, the flavor is less pronounced 
and a faint off-odor develops. All damaged 
soursop fruits must be removed as they might 
become sources of ethylene gas and will 
increase the rate of ripening. Also, all imma­
ture soursop fruits should be removed as their 
high respiration rate will affect the rate of rip­
ening of mature soursop fruits. The short har­
vest period and rapid fruit ripening have 
stimulated the introduction of cultivars having 
different maturity periods in order to even out 
market supply [16]. 
2.4 Pests and Diseases 

Production problems in Brazil have included 
low fruit set due to poor pollination and 
adverse climatic conditions and the attack of 
several devastating pests and diseases [31]. 
Soursop plantations in north east Brazil have 
been attacked by several pests, especially the 
fruit borer, Cerconota anonella Sepp, the seed 
borer, Bephratelloides maculicollis Bondar, the 
stem borer, Cratosomus spp., the leafminer, 
Prinomerus anonicola Bondar, and some species 
of Membracidae, Coccidae, Diaspididae, and 
Aphididae [32–34]. 

The most important pests were the fruit 
borer Cerconota anonella and the ‘irapua’ bee 
Trigona spinips, the maximum fruit damage 
being 62 and 53%, respectively [35]. The seed 
borer Bephratelloides maculicollis caused the least 
fruit damage. The damage from different spe­
cies of Membracidae, Coccidae, Diaspididae 
and Aphididae varied from 16 to 20%. The leaf-
miner Prinomerus anonicola was continuously 
present during the 3-year period with plant 
damage varying from 17 to 22%. Other less 
important pests were stem borer Cratosomus sp., 
ants, stink bugs, and defoliators that together 
caused on average 19–32% plant damage. 
AND CANCER PREVENTION AND TREATMENT 
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The principal pest of the soursop in the 
West Indies is the mealy bug (Maconellicoccus 
hirsutus) which may occur in masses on the 
soursop fruits, where the tree is often infested 
with scale insects. Sometimes it may be in­
fected by a lacewing bug. The soursop fruit is 
subject to attack by soursop fruit flies, and red 
spiders are a problem in dry climates. In 
Trinidad, the damage done to soursop flowers 
by Thecla ortygnus seriously limits the cultiva­
tion of the fruit [3]. Most of the flowers and 
young fruits of the Annona species are suscepti­
ble to anthracnose (Colletotrichum gloeosporioides 
Penz.) and its incidence increases in the warm 
humid environments [3,36–40]. Black canker 
caused by Phomopsis anonacearum occurs in the 
wet season, purple spots occurring at or near 
the distal end [38]. As the lesions enlarge the 
surface becomes hard and cracked. Minute 
spore-containing black bodies (pycnidia) 
develop. Botryodiplodia rot is caused by 
Botryodiplodia theobromae, first purple then later 
pimpled with black pycnidia. The flesh is rap­
idly invaded, becoming brown and corky [41]. 
3. TYPES OF ENZYMES 
The enzymes pectinase, catalase, and peroxi­
dase have been detected in soursop pulp 
[42,43]. Pectinesterase (PE) is one of the most 
heat-resistant enzymes present in soursop fruit 
[44] which could lead to gelation and precipita­
tion of pectin in puree and juice with subse­
quent loss of cloud. Two forms of 
pectinesterase were purified using the techni­
ques of ammonium sulfate fractionation, ion-
exchange chromatography, and gel filtration 
[43]. PE I had a specific activity of approxi­
mately 4 units/mg (43-fold), that of PE II was 
6.4 units/mg (229-fold). These pectinesterases 
(PE I and PE II) had approximate molecular 
weights of 29,100 and 24,100, respectively, as 
estimated by gel filtration, and 31,000 and 
28,000, respectively, as estimated by sodium 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
dodecyl sulfate polyacrylamide electrophoresis. 
The optimum temperature for enzyme activity 
was shown to be 601C for both PE I and PE II. 
The thermostability of the two forms of PE 
showed that PE 1 was more stable than PE11 
at pH 7.5 [45]. The changes in temperature 
required to increase the inactivation rate 10­
fold (Z value) were calculated at 8.5 and 8.6% 
for PE I and PE II, respectively. Both enzymes 
also tested positive for their ability to destabi­
lize soursop juice cloud at 5 and 301C. Cloud 
destabilization by PE I occurred the fastest 
(large decrease in absorbance 660 nm) in the 
natural juice at 301C. 

Optimum pasteurization for inactivation of 
pectinesterase activity and vitamin C retention 
was at 78.81C for 69 s at pH 3.7 [46]. Also, a 
sensory panel found that the taste, smell, and 
overall acceptability of pasteurized soursop 
puree were not significantly different from 
those of the control. However, the color and 
appearance of the pasteurized puree were 
improved. In another study, the minimum tem­
perature for the inactivation of pectinase was 
601C for 1.5 min; inactivation of catalase was 
accomplished at 851C for 2 min or 901C for 1 
min [42]. Sa andanchez-Nieva colleagues [47] 
found that during processing of soursop puree 
the minimum temperature required to inacti­
vate the peroxidase was 65.51C. 

Pectinesterase (pectinase) enzyme was found 
to increase the yield of soursop juice extracted 
by 41% [48]. Optimum yield of the soursop 
juice was with 0.075% (Pectinex Ultra SPK) at 
2 h incubation time. Sensory results indicated 
that the enzyme-extracted juice had better fla­
vor characteristics than a commercial juice. 
Also, a significant increase of acidity and 1Brix 
level resulted with 0.05% pectinase at 1 h incu­
bation time. 

Amylase was detected during ripening and 
its activity increases 18-fold as the fruit ethyl­
ene increases [25]. A similar increase was 
found for two wall-degrading enzymes: poly­
galacturonase (43-fold) and cellulose (7-fold) 
AND CANCER PREVENTION AND TREATMENT 
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TABLE 39.2 Food Value per 100 g of Edible Portion* 
of Soursop 

Calories 53.1–61.3 

Moisture 82.8 g 

Protein 1.00 g 

Fat 0.97 g 

Carbohydrates 14.63 g 

Fiber 0.79 g 

Ash 60 g 

Calcium 10.3 mg 

Phosphorus 27.7 mg 

Iron 0.64 mg 

Vitamin A (β-carotene) 0 

Thiamine 0.11 mg 

Riboflavin 0.05 mg 

Niacin 1.28 mg 

Ascorbic acid 29.6 mg 

Tryptophan 11 mg 

Methionine 7 mg 

Lysine 60 g 

Source: reference 3.
 
*Analyses made at the Laboratorio FIM de Nutricion,
 
Havana, Cuba.
 
[4]. This suggests that degradative events pro­
vide the substrates for the synthesis of ethanol-
soluble sugars, organic acids, and volatiles 
[49,50]. 

Polyphenol oxidase (PPO) is found in fruits 
and is the enzyme responsible for them turn­
ing brown. Soursop constitutes a rich source of 
PPO [51]. This enzyme (PPO) catalyzes the 
ortho-hydroxylation of phenols and the oxida­
tion of catechols to orthoquinone in the pres­
ence of O2 [51]. High correlation was found 
between PPO activity and phenolic com­
pounds. It is the rapid polymerization of O-qui­
nones that is the cause of enzymic browning of 
soursop during maturation. The values for 
polyphenol oxidase (PPO), total phenols and 
ascorbic acid, browning intensity, and pH in 
soursop pulp decreased during maturation. 
The least browning intensity has been found in 
fully ripe Crioula soursop fruits [52]. Optimum 
pH was 7.5 (fully developed immature, mature 
unripe, and ripe fruits) or 7.0 (fully ripe fruits). 

The optimum pH and temperature for PPO 
activity from ripe soursop were 7.5 and 321C, 
respectively [53]. Among the chemical inhi­
bitors, ascorbic acid and SO2 were almost 
equally effective but ascorbic acid EDTA 
showed a very small inhibitory effect. PPO inhi­
bition of 61.9–71.5% was achieved using 
0.28 mM and 0.84 mM concentrations of ascor­
bic acid, while for 55.4–70.2% inhibition 
0.78 mM and 2.34 mM concentrations of SO2 

were needed. Heating the enzyme extract at 
70C, 80C, 90C, and 951C for 6 s reduced 15.2, 
49.5, 84.8 and 95.1% PPO activity, respectively. 
At the natural pH of pulp (4.3), SO2 at concen­
tration of 3.9 mM reduced specific activity of 
PPO from about 60 to about 8.4 U/mg protein 
in partially purified enzyme extract (PPEE), 
while the specific activity of 22.5 U/mg protein 
was retained in the pulp. Heating PPEE at 
801C at pH 4.3 (natural pH of pulp) for about 
14 s decreased specific enzyme activity from 
60.0 to about 11.0 U/mg and heating during 8 
min decreased to 9.0 U/mg protein. 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
4. COMPOSITIONAL 
CHARACTERISTICS OF SOURSOP 

FRUIT 
The soursop fruit consists of 67.5% edible 
pulp, 20% peel, 8.5% seeds, and 4% core by 
weight [29]. The white edible pulp contains 
80–81% water, 1% protein, 18% carbohydrate, 
3.43% titratable acidity, 24.5% non-reducing 
sugar, and vitamins B1, B2, and C [54,55]. 
Table 39.2 shows the high percentage of mois­
ture, low fat, and low protein per 100 g edible 
value [3]. Some physicochemical characteristics 
were refractive indices of 1.335 for the seeds 
and 1.356 for the pulp, pH values of 8.34 for 
the soursop seed and 4.56 for the pulp, and sol­
uble solids contents of 1.51Brix for the soursop 
seed and 151Brix for the pulp [55]. Table 39.3 
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TABLE 39.3 Physical and Chemical Characteristics of Soursop Pulp and Puree 

Physicochemical Analyses Pulp Puree 

Titratable acidity (g/100 g) as citric acid 1.0270.43 0.6170.02 

Ascorbic acid (mg/100 g) 20.971.84 9.8370.26 

Pectinesterase (PE) activity (units/g) 32.172.40 15.270.15 

Cloud stability (at 660 nm) 0.9470.06 0.6570.00 

Total soluble solids (1Brix) 11.0070.4 8.0070.00 

pH 3.7070.06 3.7070.04 

Viscosity (cp) 25.6070.14 19.2070.16 

Color ‘L’ 65.8971.01 61.0170.35 

Color ‘a’ - 2.2470.10 - 3.1670.00 

Color ‘b’ 6.0470.55 3.8370.10 

Fructose, g/100 g 3.6070.27 3.0970.22 

Glucose, g/100 g 2.9770.24 2.9070.29 

Sucrose, g/100 g 1.0270.28 0.9970.05 

Source: reference 46. 

TABLE 39.4 Nutrient Composition (%) and Citrate (g/L) of Soursop Fruit 

Type of Analysis Unripe Soursop Unripe Soursop Ripe 
Mesocarp Powder Epicarp Powder Soursop Juice 

Bound moisture 2.14 4.72 75.0 

Total carbohydrate 84.82 84.94 12.52 

Glucose NT NT 6.14 

Protein 7.34 6.26 2.91 

Lipid 1.68 0.62 3.25 

Ash 4.02 3.43 NT 

Fiber 4.33 41.15 0 

Citrate NT NT 8.82 

Source: reference 59. 
NT, not tested. 
shows some physicochemical properties of 
soursop pulp and soursop puree [46]. 

The second most abundant component of 
soursop pulp next to water is the sugars, 
which constitute about 67.2–69.9% of the total 
solids [56]. The reducing sugars, glucose and 
fructose, were 81.9–93.6% of the total sugar 
content. Using gas–liquid chromatography 
(GLC), fructose, D-glucose, and sucrose con­
tents of soursop pulp were 1.80, 2.27, and 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
6.57%, respectively, to make a total sugar con­
tent of 10.48% [57].The soursop fruit contains 
12% sugar (mostly glucose and some fructose), 
pectin, potassium, sodium, calcium chloride, 
and citrate [58]. Table 39.4 shows that the cit­
rate concentration in soursop juice was higher 
(8.82 g/L) than in WHO/UNICEF Oral 
Rehydration Salt (ORS) preparation standard 
(2.9 g/L) in the form of trisodium citrate dehy­
drate [59]. 
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TABLE 39.5 Some Toxicants in the Seed and Seed 
Coat of Soursop 

Parameter Seed Seed Coat 

Tannin (mg/100 g) 2.6 4.9 

Phytate (mg/100 g) 620.5 188.0 

Cyanide (mg/kg) 3.7 10.8 

Source: reference 65. 
The fiber content of soursop pulp was 
reported as 0.78 [60] and 0.95% [61]. The alco­
hol-insoluble solids were mainly pectin, which 
in ripe fruit is 0.91% on a fresh weight basis 
[62]. The fraction declines from 12.0 to 4.0% on 
a dry weight basis from preclimacteric to cli­
macteric stages [24]. 

The wet weight of soursop pulp has been re­
ported to be 0.055 gN/100 g [63]. Ninety-one 
percent of this amount was contributed by the 
acid and neutral free amino acids [2]. Eleven 
free amino acids were identified by paper 
chromatography and four other unidentified 
ninhydrin-positive components were detected. 
Proline and γ-aminobutyric acid were the most 
abundant free amino acids [63]. Other amino 
acids detected, in order of relative amount, 
were glutamic acid, aspartic acid, serine gly­
cine, alanine, citrulline, cysteine (or cystine), 
arginine, and lysine [4]. 

A study of the pre-harvest deterioration of 
soursop and its effect on nutrient composition 
was conducted in Ibadan, southwestern 
Nigeria [64]. Four fungal pathogens including 
Botryodiplodia theobromae, Fusarium sp., Rhizopus 
stolonifer, and Aspergillus niger were found to 
be associated with the pre-harvest deteriorat­
ing soursop. Nutrient analysis revealed that 
the freshly harvested non-infected soursop 
fruits had 78.49–78.68% moisture content, 
14.88–14.91% carbohydrates, 1.20–1.24% crude 
protein, 0.89–0.90% ash, 19.15–19.35% dry mat­
ter, 1.39–1.41% potassium, and 0.63–0.65% 
sodium at five tested locations. Comparable va­
lues have also been documented by Rice and 
colleagues [54]. An approximate 39% reduction 
in the carbohydrate contents was observed in 
the infected freshly harvested fruits [64]. This 
was probably due to the degradative activities 
of the pathogens leading to reduction of the 
quality of the fruit. The infected fruits had 
about 20 and 11% loss in crude protein and 
dry matter, respectively. However, the ash and 
moisture contents of the infected fruits were 
higher than those of the non-infected ones. 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
5. COMPOSITIONAL 
CHARACTERISTICS OF SOURSOP 

SEEDS 
The seeds of soursop fruit are rich in oil and 
protein and low in toxicants (tannins, phytate, 
and cyanide) and therefore could be harnessed 
in human and animal nutrition [65]. Soursop 
seeds contained 22.10% pale-yellow oil and 
21.43% protein [66]. The oil was bland in taste 
and possessed an acid value of 0.93, a saponifi­
cation value of 227.48, an iodine value of 
111.07, and an acetyl value of 66.77. The oil 
consisted of 28.07% saturated and 71.93% 
unsaturated fatty acids [66]. The seeds yield a 
yellowish-brown 70% unsaturated oil which 
consisted of 12–33% linoleic, 41–58% oleic, 16% 
palmitic, and 5% stearic with a trace of myr­
istic [67,68]. This oil may have economic value 
[69] as an edible oil, if some possibly toxic com­
ponents can be removed [4]. Table 39.5 shows 
some toxicants in the seed and seed coat of 
soursop [65]. The seed has a higher content of 
magnesium and zinc than the pulp, and the 
pulp has a higher content of potassium and 
calcium than the peel or seeds [4]. The seeds 
also contained 0.2% water-soluble ash, 0.79% 
titratable acidity, and 17.0 mg calcium/100 g. 
6. PROCESSING OPTIONS AND 
FOOD USES 
The soursop fruit’s major use is in the juice 
industry in the tropics, and the seeds are an 
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abundant by-product of this industry [66,70]. In
El Salvador, two types of soursops were distin­
guished: guanaba azucar a (sweet) eaten on raw 
and used for drinks, and guanaba acida (very 
sour) used only for drinks [3]. In the Dominican 
Republic, the guanabana dulce (sweet soursop) 
is popular due to its low acidity. 

Soursop is suitable for processing because of 
its high sugar content and delicate flavor 
[56,71,72]. However, the industrial processing 
of soursop is limited. The soursop is sold as 
fresh or frozen pulp, strained soursop juice, 
and frozen concentrates, which have been pre­
served as various juice blends, ice creams, sher­
berts, nectars, syrups, shakes, jams, jellies, 
preserves, yoghurts, and ice creams [2,3,73–76]. 
It is also a raw material for powders, fruits, 
bars, and flakes [77]. It can be made into a 
fruit jelly with the addition of some gelatin or 
used in the preparation of beverages, sherberts, 
ice creams, and syrups [2].In Cuba and Brazil, 
a refreshing drink is prepared by mixing the 
fruit with milk and sugar (champola), while in 
Puerto Rico it is generally mixed with water 
(carato) [2,3]. Morton [3] reported that a can­
ned soursop soft drink which contained 12– 
15% pulp stored well for a year or more. 
Miller and colleagues [78] provided several re­
cipes for soursop sherbert and mousse. 
Soursop and blended soursop-tamarind drinks 
were prepared by varying soursop pulp addi­
tion (10–15%) to give 151Brix and by increasing 
the amount of tamarind pulp in the ratios of 
soursop:tamarind pulp of 6:4 to 6:8 [79]. 

Franco-Betancourt and Alvarez Reguera [42] 
developed a method for canning soursop 
drinks by blending with sugar cane juice (guar­
apo) or papaya juice. These drinks were pre­
pared by mixing 20% soursop juice and 80% 
sugarcane juice, heating to 1001C, canning, and 
heat processing at 1001C for 15 min. The formu­
lation for a soursop–papaya drink was 20% 
soursop pulp, 30% papaya pulp, 50% sugar 
syrup of 251Brix. The pH of the papaya pulp 
was adjusted to below 4.5 before preparing the 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
drinks. In the subtropics, the soursop fruit has 
been pulverized and strained, then mixed with 
rum, brandy, or milk to make a beverage. 

The immature fruits with soft seeds have 
been cooked as vegetables [80–82], cooked in 
coconut milk [80], or used in soups [83]. Seeds 
are roasted or fried in Brazil [82]. 
6.1 Extraction of Soursop Pulp 

The percentage of soursop pulp recovery has 
varied from 62 to 82.5% which could be due to 
the type of equipment, extraction method, culti­
var, cultural practices, and number of seeds per 
fruit [84]. Prior to peeling, the soursop fruit is 
washed with chlorinated water to assist in the 
removal of dirt and debris [4].The removal of 
the outer skin is difficult since the peel is frag­
ile, breaking into small pieces. Lye peeling cau­
ses the pulp to develop a reddish-brown 
discoloration [85] as well as lye contamination 
of the pulp [29]. The viscosity of the pulp varies 
with the stage of fruit, ripening season, and 
growing area [29]. The amount of water to add 
is determined by the final pulp viscosity 
desired, with sugar normally added to bring 
the total soluble solids to 11 to 151Brix and 
citric acid to restore the pH to about 3.7 [29,86]. 

The extraction of soursop pulp is achieved 
by sieving to separate the pulp from the seeds 
[84] or by a processor [72]. The seeded soursop 
may be pressed in a colander or sieve or 
squeezed in cheesecloth to extract the rich, 
creamy juice. If an electric blender is used, the 
soursop seeds must first be removed since they 
are somewhat toxic and none should be acciden­
tally ground up in the juice. In Puerto Rican pro­
cessing factories, the hand-peeled and cored 
fruits are passed through a mechanical pulper 
having nylon brushes that press the pulp 
through a screen, separating it from the seeds 
and fiber [87]. 

Enzyme liquefaction of the soursop pulp 
could possibly facilitate its mechanical 
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extraction and the subsequent stabilization pro­
cess by tangential microfiltration. Among the 
common preparations tested, Rapidase 
Pomaliq gave a liquefaction rate of the insolu­
ble purified cell walls of 30% after 2 h of incu­
bation for 500 ppm of fresh soursop pulp [88]. 
The soluble pectin of the soursop is character­
ized by a very low galacturonic acid content 
(24%) and a high degree of esterification (70%). 
6.2 Drying 

Pressure drop and minimum fluidization 
velocity were experimentally studied in a vibro­
fluidized bed of inert particles subjected to dif­
ferent vibration intensities during drying of 
soursop pulp [89]. Pulps were initially concen­
trated, resulting in pastes with different soluble 
solids content, and a constant fraction of malto­
dextrin was fixed in the final pulp samples. 
Maltodextrin was added to the pulp in order to 
prevent stickiness between particles and the 
consequent bed collapse. Increasing pulp appar­
ent viscosity caused a considerable increase in 
the vibro-fluidized bed pressure drop during 
pulp drying and, as a consequence, resulted in 
a larger value of minimum vibro-fluidization 
velocity. On the other hand, the negative effect 
of increasing apparent viscosity could be attenu­
ated by increasing the fluidized bed vibration 
intensity, which could prevent stickiness 
between particles. 
6.3 Pasteurization and Nectar Processing 

In the preparation of soursop nectar, the pro­
cess involved dispersing the soursop fruit pulp 
in water, removing the seeds by screening, 
treating the pulp in a screw press or paddle fin­
isher with 0.02 inch perforated screens to 
remove fiber, the addition of water to lower vis­
cosity, the addition of citric acid to pH 3.7 and 
sugar to 151Brix, and flash-pasteurizing. Cans 
of the juice kept well at room temperature for 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
at least a year. The ascorbic acid content of the 
pulp is approximately 9.0 mg/100 g [29]. 

Sanchez-Nievaa and colleagues [29] deter­
mined the effect of dilution of the extracted 
soursop pulp on the viscosity and soluble 
solids (1Brix) content of the pulp dispersion. 
The total soluble solids should be between 6 
and 81Brix. To obtain the correct acid–sugar, 
the pH of the nectar should be 3.7, correspond­
ing to a total acidity of 0.4%; the total soluble 
solids should be between 11-151Brix. The nec­
tars were pasteurized at 90.61C and canned in 
plain tin cans. 

Ascorbic acid is to be added to the pasteur­
ized puree at a rate of 0.5–1.5 g/0.45 kg as this 
improves the retention of the nectar’s flavor 
and serves as an antioxidant to control poly-
phenol oxidase-mediated pulp darkening of 
the fruit [90]. 

Pasteurization at 791C for 69 s improved the 
sensory color, flavor, appearance, and overall 
acceptability of soursop puree [77]. Also the 
pasteurized puree packed in laminated alumi­
num foil at 41C had the highest score for all 
sensory attributes evaluated over the lacquered 
can and high-polyethylene plastic bottle. Flash-
pasteurized and canned nectar can be kept for 
up to a year at 301C without noticeable loss in 
quality [29,79,91]. 

Soursop nectar was processed from pasteur­
ized unstored or pasteurized frozen pulp. 
Nectars of pH 3.6–3.7 with 0.1% xanthan gum 
were produced from either 61 or 81Brix pulp 
and increased to 131 or 151Brix by addition of 
sucrose [92]. 

6.4 Concentration 

In the production of soursop concentrate, 
Torres and Saanchez [93] indicated the follow­
ing steps: 1) fruit selection; 2) fresh water 
rinse; 3) hand peeling; 4) seed removal; 5) pulp 
scalding (1 min); 6) cooling; 7) soluble solids 
determination: 8) addition of 0.1% sodium ben­
zoate; 9) blending (10 min); 10) sieving; 11) 
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sugar addition; 12) air elimination and pulp 
concentration; 13) packing of pulp in container; 
14) covering; 15) cooling; 16) labeling; and 17) 
storage. 

The pH of marmalade ranged from 3.1 to 3.3 
and contained 60% concentrated soursop pulp 
and 31% added sugar [90]. The following steps 
have been suggested to prepare marmalade: 1) 
scalding or boiling of the pulp; 2) homogeniza­
tion; 3) water addition; 4) sugar addition; 5) 
cooking for 30 minutes: 6) sugar addition; 7) 
cooking for 45 minutes; 8) addition of fruit pie­
ces; 9) final cooking for 10 minutes; 10) pouring 
into container while warm and label [93]. 
 

6.5 Fermentation – Soursop Nectar 
Yogurt 

Soursop nectar was added at 0, 5, 10 and 
15% v/v in stirred yogurts [94]. Yogurts with 
10 and 15% soursop nectar had the highest 
(P<0.05) overall quality scores (12.60/20 and 
12.75/20, respectively) but differed (P<0.05) in 
flavor and aroma from plain yogurt and 5% 
soursop yogurt. Most panelists would consider 
purchase of 10 and 15% soursop yogurts over 0 
and 5% soursop yogurts. These yogurts pro­
vided high percentage daily values of zinc, 
phosphorus, and calcium and a good level of 
protein. 
 

6.6 Canning 

The seeded soursop has been canned [3]. A
study of the thermal diffusivity (α) of soursop 
pulp by the use of heat penetration curves in 
eight Z short cans indicated no difference in 
the α values for the pulps from ripe and 
unripe soursop pulps at the 5% level of signifi­
cance [95]. The values for α for the unfrozen 
soursop pulp are 16 times those of frozen 
pulp, so this is important when designing 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
processes for freezing, thawing, or pasteuriza­
tion of soursop pulp. 
6.7 Oil Extraction 

The soursop seed is about 4% of the whole 
Fruit [94].  The fat  content (ether extract) of
the soursop seeds was 22.57% which could 
supplement animal feed concentrate. The seed 
coat had negligible fat content. Essential oils 
extracted from soursop (pulp) have industrial 
applications and the oils are also thought to 
improve the flavor of processed fruit pro­
ducts [1]. 
7. FLAVOR COMPONENTS AND 
QUALITY CHANGES 
The ripe fruit has a very pleasant, distinc­
tive, sub-acid, aromatic, juicy flesh [17]. In  an
early study, some volatiles reported were 
methyl alcohol and ethyl alcohol, acetaldehyde, 
amyl caproate, geranyl caproate, and citral in 
ripe fruit [62]. The principal aroma compo­
nents were esters with approximately 80% of 
compounds found in the 2-methylbutane sol­
vent extract by low-temperature–high-vacuum 
distillation [96]. Using solid-phase microextrac­
tion (SPME), 21 compounds were identified of 
which 12 were esters [97]. Table 39.6 shows 
the prevailing compounds which were identi­
fied in soursop aroma after SPME [97]. They 
were α-unsaturated methyl esters of the type 
R-CH5CH-COOCH3 (Rethyl, butyl, hexyl) as 
methyl crotonate (Rethyl), methyl 2-hexenoate 
(Rbutyl), and methyl 2-octenoate (Rhexyl) as 
well as aliphatic esters of butyric and caproic 
acids. 

Methyl hexanoate (~31%) and methyl hex-2­
enoate (~27%) were the two most abundant 
components and amounted to ~0.7 mg/kg of 
fruit [96]. Trans-β-farnesene (6.5%) and some 
other terpenes were present at less than 1%. 
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TABLE 39.6 Some Compounds Identified in Soursop 
Aroma after Solid Phase Microextraction 

Group Compounds 

Alcohols 1-Butanol 

3-Hexen-1-ol 

Aldehydes Nonyl aldehyde 

Decyl aldehyde 

Esters Ethyl acetate 

Methyl butyrate 

Methyl crotonate 

Ethyl butyrate 

Butyl acetate 

Ethyl crotonate 

Methyl caproate 

Methyl 2-hexenoate 

Ethyl caproate 

Ethyl 2-hexenoate 

Methyl caprylate 

Methyl 2-octenoate 

Ketones 1-Phenyl-2-pentanone 

Terpenic Camphene 

compounds β-Mircene 

Limonene 

Ocimene 

β-Linalool 

α-Terpineol 

Geraniol 

Other Diacetyl 

Acetic acid 

2,5-Dihydro-2,5-dimethoxyfuran 

2,4,5-Trimethyl-1,3-dioxolane 

γ-Octalactone 

Palmitic acid 

Source: reference 97. 
The β-farnesene imparts a floral odor [4]. 
Forty-four main components were separated of 
which 24, comprising nearly 96% of the sam­
ple, are positively identified [96]. No peak 
seemed to represent any specific element char­
acteristic of ripe soursop flavor [4]. Using gas 
chromatographic/spectroscopic (GC/FID and 
GC/MS), esters of aliphatic acids were 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
dominant odor compounds (~51%), with 2-hex­
enoic acid ethyl ester (8.6%), 2-octenoic acid 
methyl ester (5.4%) and 2-butenoic acid methyl 
ester (2.4%) in essential oil extracted from 
Cameroon soursop pulp [98]. In addition, 
mono- and sesquiterpenes such as β-car­
yophyllene (12.7%), 1, 8-cineole (9.9%), linalool 
(7.8%), α-terpineol (2.8%), linalyl propionate 
(2.8%), linalyl propionate (2.2%) and calarene 
(2.2) are highly concentrated in the essential 
oil. The volatile components of soursop which 
were isolated by simultaneous steam distilla­
tion/solvent extraction and GC/MS analysis 
identified 41 compounds [99]. The major vola­
tiles were methyl 3-phenyl-2-propenoate, hex­
adecanoic acid, methyl (E)-2-hexenoate, and 
methyl 2-hydroxy-4-methyl valerate. 

The principal component present in unripe 
soursop fruit is hexen-1-ol [100]. The volatile 
compounds in soursop pulp were obtained by 
a liquid–liquid continuous extraction procedure 
from the aqueous solution of blended soursop 
pulp and analyzed by gas chromatography 
(GC) and GC-mass spectrometry [101]. Twelve 
volatiles were identified by comparing their 
mass spectra and Kovats retention indexes 
with those of standard compounds; five were 
identified tentatively from MS data only. Eight 
are being reported for the first time. (Z)-3­
Hexen-1-ol was the main volatile present in 
mature-green fruit, while Me (E)-2-hexenoate, 
Me (E)-2-butenoate, Me butanoate, and Me hex­
anoate were the four main volatiles present in 
ripe fruit. Concentrates of these five volatiles 
decreased and several other unidentified vola­
tiles appeared when the fruit became overripe. 

The components which were responsible for 
the intense odor of fresh soursop pulp from 
the Cameroon were investigated [102]. Esters 
of aliphatic acids dominated (~51%) with 2-hex­
enoic acid methyl ester (23.9%), 2-hexenoic 
acid ethyl ester (8.6%), 2-octenoic acid methyl 
ester (5.4%), and 2-butenoic acid methyl ester 
(2.4%) as main compounds in the essential 
oil of the fresh soursop pulp. Additional 
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mono- and sesquiterpenes such as β-car­
yophyllene (12.7%), 1, 8-cineole (9.9%), linalool 
(7.8%), α-terpineol (2.8%), linalyl propionate 
(2.2%), and calarene (2.2%) were highly concen­
trated in the essential oil of the fresh fruit. 
Another study by Pelissier and colleagues [103] 
also showed that the essential oils which were 
extracted from the peel and pulp of soursop 
were rich in aliphatic esters (69%), with the 
most abundant being methyl 2-hexenoate (41%) 
as determined by hydrodistillation and GC-MS. 
The peel oil contained fewer aliphatic esters 
(21%) than pulp oil. Peel oil was rich in mono­
terpenes (16%), such as α-phellandrene (8.5%), 
sesquiterpenes (6.5%), and alkanes (13%). 

The non-volatile organic acid fraction of 
soursop consists of a mixture of about 2 parts 
malic acid, 1 part citric acid, and traces of iso­
citric acid [62]. The ratio between total malic 
and citric acids changes during ripening, with 
oxalic acid also being present [25]. 
Hydrocyanic acid is found within the bark of 
soursop trees; smaller amounts are present in 
the roots and leaves and a trace found in the 
fruit [104]. 
8. QUALITY CHANGES IN 
PROCESSED PRODUCTS 
 

The pure white color of soursop pulp is very 
stable [2]. A reddish-brown discoloration in 
soursop during lye peeling was noted [29] and 
rapid browning in an overripe soursop [42]. 
The flavor is somewhat volatile so pasteurized 
products are less attractive than fresh ones, and 
the off-white color can become an unpleasant 
gray unless oxidation is prevented [105]. 

The soluble solids of a pasteurized soursop 
juice were more stable at refrigeration (41C) 
than at ambient temperature (281C) [106]. In
another storage study, soursop nectar was 
stored at 41C for 12 weeks and remained 
unchanged in browning, unlike the soursop nec­
tar which was stored at 301C [92]. Also, nectars 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
processed from stored pulp became browner in 
appearance than those from unstored pulp. 

The effects of processing temperature, the 
addition of sugar to 451 to 591Brix, and the 
addition of four levels of ascorbic acid ranging 
from 0.5 to 1.5 g/0.45 kg on the quality, shelf-
life, and ascorbic acid retention of frozen 
soursop was studied by Saanchez-Nieva and col­
leagues [47]. Pulps enriched by the addition of 
0.5 to 1.5 g ascorbic acid/0.45 kg retained their 
flavor better than the unenriched sweetened 
and unsweetened pulps. 
9. FOLKLORIC USES 
The traditional use of A. muricata is recorded 
worldwide in folk medicine systems, including 
Barbados [107], Borneo (Kalimantan, Indonesia) 
[108], Brazil [109–111], Cook Islands [112], 
Curacao [113], Dominica [114], Guatemala 
[115], Guam [116], Guyana [117], Haiti [118], 
Jamaica [119], Madagascar [120], Malaysia 
[121,122], Peru [123], Suriname [124], Togo 
[125], the West Indies [126], and the Amazon 
[127]. 

The genus Annonaceae comprises about 70 
species, of which nine are indigenous to India. 
A. muricata is widely used in traditional Indian 
medicine for the ‘treatment of kidney troubles, 
fever, nervousness, ulcers and wounds’ and 
possesses antispasmodic, antidysenteric, and 
parasiticidal activity [128,129]. In terms of 
the plants parts, the ‘leaves are used as 
suppurative, febrifuge; its bark as tonic; roots 
as antispasmodic, parasiticidal; flowers as 
bechic; unripe fruit as antiscrobutic; and seeds 
as insecticidal, astringent, fish-poison.’ Within 
Ayurvedic medicine in India, the plant is used 
as a bitter, tonic, abortifacient, febrifuge, for 
scorpion stings, high blood pressure, and as a 
respiratory stimulant. 

In Trinidad and Tobago, the leaves of A. 
muricata are used to treat hypertension [130]. 
AND CANCER PREVENTION AND TREATMENT 
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Taylor [131] reports that in ‘Jamaica, Haiti, 
and the West Indies, the fruit and/or fruit 
juice is used for fevers, parasites and diarrhea, 
and as a lactagogue; the bark or leaf is used as 
an antispasmodic, sedative, and nervine for 
heart conditions, coughs, gripe, difficult child­
birth, asthma, asthenia, hypertension, and 
parasites.’ 

In Brazil, the fruit, its juice, and crushed seeds 
are used as a vermifuge and anthelmintic, while 
the fruit and its juice alone are used to increase 
mother’s milk (lactagogue) and as an astringent 
for diarrhea and dysentery. A tea from the leaf 
is used to treat arthritis pain, rheumatism, and 
neuralgia. In the Peruvian Amazon the leaves 
and root bark are used as an antispasmodic, a 
sedative, and for diabetes. In the Guianas, a tea 
is prepared from either the leaf or bark as a car­
diotonic or sedative [131]. 

Many of these folkloric uses have been scien­
tifically validated since the 1940s. The bark 
and extracts of A. muricata have been shown 
by scientists to be hypotensive, antispasmodic, 
anticonvulsant, vasodilatory, a smooth muscle 
relaxant, and to possess cardiodepressant activ­
ity in animals [132,133]. 
10. MEDICINAL USES 
Soursop is used as an antispasmodic, 
emetic, and sudorific in herbal medicine. A 
decoction of the leaves is used to kill head lice 
and bed bugs while a tea from the leaves is 
well known in the West Indies to have seda­
tive properties. The juice of the fruit is taken 
orally for hematuria, liver complaints, and 
urethritis. 

An extract of the stem bark of A. muricata 
has been shown to exhibit antistress activity. 
Studies have found that an ethanol extract of 
the stem bark of soursop induces a significant 
reduction in stress levels in stress-induced rats, 
suggesting a role for the extract as an adapto­
genic agent. The plant extract was found to 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
reduce the stress-induced rise in brain 
5-hydroxytryptamine (5-HT) and 5-hydroxy­
indole acetic acid (5-HIAA) levels, by increas­
ing the levels of the MAO enzyme, which was 
observed to have lowered 5-HT and 5-HIAA 
[134]. Administration of the ethanol extract has 
also been demonstrated to significantly inhibit 
the cold immobilization stress-induced increase 
in lipid peroxidation in the liver and brain of 
rats [129]. 
11. BIOACTIVITY AND 
TOXICOLOGY 
Analysis of defatted seeds from ripe soursop 
led to the isolation of annonaceous acetogenins 
including annonacin, isoannonacin, isoanno­
nain-10-one, goniothalamicin, and gigantetrocin 
[135–137] which showed cytotoxicities for the 
A-549 lung carcinoma, MCF-7 breast carcinoma, 
and HT-29 colon adenocarcinoma human tumor 
cell lines [138–140]. These single ring ace­
togenins are not considered as biologically 
potent as nonadjacent bistetrahydrofuran ring 
compounds [141]. Bioactivity-directed fraction­
ation of the leaves of soursop led to the isola­
tion of two additional acetogenins, muricoreacin 
and murihexocin, that also showed significant 
cytotoxicities in six human tumor cells, includ­
ing PACA-2 pancreatic carcinoma and PC-3 
prostate adenocarcinoma cell lines [142]. 

Unlike animals or aquatic species, when 
plants are threatened the only defense they 
have is chemistry (although thorns and other 
defensive strategies can be effective against 
some predators) against microbes, insects, and 
herbivores. Two annonaceous species, A. mur­
icata and Asimina triloba Dunal (‘paw paw’), 
are abundant fruit trees that both yield acet­
ogenins. When discovered, these bioactive com­
pounds were found to be a new class of 
natural pesticides, explaining why these plants 
put energy into their creation. One of these an­
nonaceous acetogenins, bullatacin, showed 300 
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times the potency of taxol against L1210 
murine leukemia [143,144]. Bullatacin and sev­
eral other acetogenins, a number of which are 
only found in soursop, do so by inhibiting 
adenosine triphosphate (ATP) production. This 
has profound implications for the development 
of complex acetogenin drugs that could 
be very effective against multidrug-resistant 
tumors [145]. 

Certain isoquinoline derivatives are known 
to be toxic to dopaminergic neurons and inhi­
bitors of the mitochondrial respiratory chain. 
The aqueous extract of leaves and the extract 
of the root bark of A. muricata and infusions 
and decoctions of the fruit have been shown in 
both in vitro and in vivo experiments to be a 
potentially toxic inhibitor of the mitochondrial 
respiratory chain [146,147]. Experimental stud­
ies have confirmed annonacin, an isoquinoline 
derivative, the major acetogenin found in sour-
sop, as the toxic agent responsible for this 
effect [148–150]. A. muricata and other plants of 
Annonaceae contain potential neurotoxins, par­
ticularly the isoquinolinic alkaloids and acet­
ogenins, structurally homogenous fatty acid 
derivatives known as polyketides specific to 
Annonaceae. This class of polyketides are 
among the most potent inhibitors of complex I 
of the mitochondrial respiratory chain known 
in nature, some 50-fold more potent than the 
class complex I inhibitor MPP + and two 
times more potent than rotenone in inducing 
neuronal death. Inhibition of the mitochondrial 
respiratory chain impairs energy production, 
as demonstrated by using purified annonacin 
extracted from soursop [analyzed by matrix 
associated laser desorption ionization-time of 
flight (MALDITOF) mass spectrometry] and 
then given to animals [150]. 

The significance of these findings relates to 
the abnormally high rate of atypical parkinson­
ism found on islands such as Guam in the 
Northern Mariana islands, New Caledonia, 
western New Guinea, the Kii peninsula of 
Japan, and the French West Indian island of 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
Guadeloupe in the Caribbean, where epidemio­
logical evidence suggests a close association of 
the disease with regular consumption of sour-
sop fruit, infusions, and decoctions [151–155]. 

In Guadeloupe atypical parkinsonian 
patients represent two-thirds of all cases of par­
kinsonism. In European countries and the 
USA, atypical parkinsonism accounts for 
around 5% of such cases. The atypical form’s 
clinical entity is described as ‘a unique combi­
nation of levodopa-resistant parkinsonism, 
tremor, myoclonus, hallucinations, REM sleep 
behavior disorder and fronto-subcortical 
dementia’ [156]. Chronic administration of 
annonacin to rats via Alzet osmotic minipumps 
has shown that annonacin is able to reproduce 
the characteristic lesions found in the brains of 
humans with atypical parkinsonism [156]. 

In a revealing report published in 2004, re­
searchers studying the atypical parkinsonism in 
Guadeloupe quantified the amount of annona­
cin in the fruit and in commercial products. The 
average fruit contained 15 mg of annonacin, a 
can of commercial nectar had 36 mg, and a cup 
of infusion or decoction 14 μg [157]. It was esti­
mated that an adult who consumed one fruit or 
can of nectar a day would ingest in 1 year the 
amount of annonacin found to induce brain le­
sions in rats that received purified annonacin 
via intravenous infusion. While soursop fruit 
also contains alkaloids that are toxic in vitro to 
dopaminergic and other neurons, annonacin 
was found to be toxic in nanomolar concentra­
tions, whereas micromolar concentrations of the 
alkaloids were needed [150]. 

What is interesting is the virtual disappear­
ance over the years of the disproportionate inci­
dence of atypical parkinsonism previously 
reported in Guam and New Guinea. It has 
been suggested that the significant reduction in 
incidences may be due to changes in diet in 
New Guinea and in Guam, in particular owing 
to the adoption of Western diets and the aban­
donment of native foods, such as soursop, 
despite their continued availability. 
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Studies in animals have shown that rote­
none neurotoxicity is similar in toxicity to that 
demonstrated for annonacea acetogenins. 
Caparros-Lefebvre and colleagues have sug­
gested that simultaneous exposure to acet­
ogenins and rotenone can produce a 
synergistic toxicity on neurons that may 
explain its persistence in some islands and vir­
tual disappearance in others [158]. Rotenone is 
used in solution as a pesticide and insecticide 
and works by interfering with the electron 
transport chain in mitochondria. The com­
pound is found in a number of plants growing 
in the tropics and subtropics, including the 
seed of the Jicama plant (Tephrosia virginana), 
the Tuba plant (Derris elliptica) and several 
Derris species (Derris involuta, Derris thyrsiflora, 
and Derris walchiil), which are favored by 
natives as a tender root vegetable. 

Given the amount of evidence showing a 
relationship between the acetogenins and atypi­
cal parkinsonism, chronic oral intake of the 
fruit, and the derivatives ingested that are pro­
duced from the plant, caution is warranted 
and further research encouraged. Should there 
be an increased risk of neurotoxicity associated 
with acetogenins with other plant toxins, it is 
important to determine what it is so that die­
tary advice can be given to minimize risk of 
neurodegenerative outcomes. 
12. SUMMARY 
Soursop fruit is useful as a processed prod­
uct due to its high pulp recovery and many fla­
vor compounds, particularly rich volatiles. 
Some constraints to processing are: 1) short 
storage life of the soursop fruit; 2) fragile peel; 
3) uneven ripening of soursop fruit which 
makes the selection for processing tedious; 4) 
loss of flavor by thermosensitive processing 
methods; and 5) the need to inactivate the en­
zymes in soursop pulp. One hundred grams of 
raw soursop fruit yields 66 calories, 3.3 g 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
dietary fiber, 14 mg calcium, 278 mg potassium, 
20.6 mg vitamin C, 27 mg phosphorus, and 
16.8 g carbohydrate [82]. A serving size (225 g) 
or 1 cup soursop is very low in saturated fat 
(0.1 g; 1% DV), low in sodium (32 mg; 1%DV), 
has no cholesterol (0 mg; 0% DV), high dietary 
fiber (7.4 g : 30% DV), and very high vitamin 
C (77% DV), but is very high in sugars (30.5 g) 
based on a 2000 calorie diet (Calorie Count, 
2009 [159]). It is a good source of vitamin B 
(0.07 mg/100 g pulp) and vitamin C (20 mg/ 
100 g pulp) and a poor to fair source of cal­
cium and phosphorus [81].The citrate concen­
tration in soursop juice is higher (8.82 g/L) 
than in WHO/UNICEF Oral Rehydration Salt 
(ORS) preparation standard (2.9 g/L) in the 
form of presidium citrate dehydrate. 

Soursop is a good source of nutrition, yet A. 
muricata, including its fruit, contains annona­
cin, the most abundant acetogenin, which has 
been experimentally demonstrated to be toxic 
in vitro and in vivo to dopaminergic and other 
neurons. Epidemiological evidence in several 
regions of the world has linked consumption 
of the fruit to an increased risk of developing 
atypical parkinsonism. The absence of family 
histories of parkinsonism and the cross-ethnic 
origins found among islands around the world 
led to the suggestion that consumption of sour-
sop fruit and other consumables derived from 
this plant places those who consume the fruit 
at possible risk. That risk is associated with 
cross-interactions with compounds found in 
other foods is suggested by the continued con­
sumption of soursop in places like the North 
Marianna Islands (e.g. Guam) and the virtual 
disappearance of atypical parkinsonism in 
recent decades. Could it be that dietary chan­
ges among such islanders have made accounts 
for the disappearance of this neurodegenera­
tive disease? And if so, which food combina­
tions, if any, with soursop, should be avoided? 
A clearer understanding of the risks associated 
with chronic intake of soursop is warranted 
given the presence of acetogenins and other 
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alkaloids in the fruit so that competent and reli­
able dietary advice can be given. 
Pharmacokinetic and metabonomic studies in 
animals and humans would be helpful, particu­
larly the latter, to determine which enzymes 
are affected that may play a part in the height­
ened risk of atypical parkinsonism. Animal 
studies do not, however, suggest that occa­
sional consumption of the fruit places con­
sumers at risk. How often one can safely eat 
the fruit or commercial products derived 
thereof over a given period remains 
debatable until more answers come from ongo­
ing research on this tropical fruit. 
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1. INTRODUCTION
 
Mounting scientific evidence provides the 
association between dietary choices and chronic 
disease expression. Dietary guidelines, now in 
place, are designed to prevent the onset of 
such chronic diseases as tissue-specific cancers, 
cardiovascular diseases, and osteoporosis. The 
cornerstone of recommended dietary guidelines 
is increased consumption of fruits and vege­
tables. Current United States Department of 
Agriculture (USDA) dietary guidelines recom­
mend eating 7–9 servings of fruits and vege­
tables per day. However, average adult 
consumption in the USA is only 4.4 servings per 
day, with an estimated 42% of Americans eating 
<2 daily servings for fruits and vegetables (see: 
http://www.healthierus.gov/dietaryguidelines). 
Consumption of vegetables provides the human 
Bioactive Foods in Promoting Health: Fruits and Vegetables 64
diet with many essential vitamins and minerals 
important for health maintenance. Vegetables 
also contain secondary metabolite phytochem­
icals, which provide benefits beyond normal 
health maintenance and nutrition and play 
active roles in chronic disease reductions. One 
important class of phytochemicals is the car­
otenoids. Carotenoids are lipid-soluble pigments 
found in all photosynthetic organisms. Among 
the naturally occurring plant pigments, car­
otenoids are widely distributed, demonstrate a 
high degree of structural diversity, and possess 
large variations in biological functions [1,2]. 
There are over 600 carotenoids found in nature, 
with 40 dietary carotenoids regularly consumed 
as part of a typical human diet [3]. The many 
health benefits attributed to carotenoid intake 
include prevention of certain cancers [4–6], car­
diovascular diseases [7], and aging eye diseases 
5 r 2010 Elsevier Inc. All rights reserved. 
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[8,9],  as well as enhanced  immune system func­
tions [10,11]. Pro-vitamin A activity is the classi­
cal biological function of carotenoids in 
mammalian systems. 

Research into carotenoid enhancement of 
vegetable crops to benefit human health has par­
alleled efforts to increase consumption of fruits 
and vegetables in the diet. Release of carotenoid 
compounds from the membranes of plant tissues 
facilitates intestinal absorption; however, chan­
ges in carotenoid chemistry by biotic and abiotic 
factors can influence bioavailability. Current 
methods to assess bioavailability include serum 
measurements and in vitro digestion models. 
Programs designed to improve carotenoid levels 
in vegetable crop tissues must successfully link 
plant physiology with accurate bioavailability 
assessments in human subjects. The focus of this 
chapter will be discussions of the current knowl­
edge of carotenoid chemistry, bioavailability as­
sessments, the impacts of certain carotenoids on 
human health and disease suppression, how 
pre- and post-harvest cultural practices can alter 
carotenoid levels and influence potential bio­
availability, and current vegetable carotenoid 
enhancement efforts. 
2. STRUCTURAL CHEMISTRY AND 
THE PLANT CAROTENOID 
BIOSYNTHETIC PATHWAY 
 

Carotenoids are C40 isoprenoid polyene com­
pounds that form lipid-soluble yellow, orange, 
and red pigments [12,13]. They are considered sec­
ondary plant metabolites and are divided into 
two main structural groups: the oxygenated xan­
thophylls such as lutein (3R,3uR,6uR β,e-carotene-3, 
3udiol), zeaxanthin (3,3uR-β,β-carotene-3,3udiol), 
and violaxanthin (3S,5R,6S,3uS,5uR,6uS-5,5,5u, 
6u-depoxy-5,6,5u,6u-tetrahydro-β, β-carotene-3,3u 
diol), and the hydrocarbon carotenes such as β­
carotene (β,β-carotene), α-carotene (6uR, β,e­
carotene), and lycopene (c,c-carotene) [12]. In
higher plants, carotenoid compounds are 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
synthesized and localized in cellular plastids 
and are associated with light-harvesting com­
plexes in the thylakoid membranes, or present 
as semicrystalline structures derived from the 
plastids [14,15]. 

The carotenoid biosynthetic pathway in 
plants was elucidated in the mid-1960s [15]. 
Carotenoids are produced in the plastids and 
are derived via the isopentenyl diphosphate bio­
chemical pathway. In the first step in biosynthe­
sis, isopentenyl diphosphate is isomerized to 
dimethylallyl diphosphate, which becomes the 
substrate for the C20 geranylgeranyl diphos­
phate. The enzyme geranylgeranyl diphosphate 
synthase catalyzes the formation of geranylger­
anyl diphosphate from isopentenyl diphosphate 
and dimethylallyl diphosphate [16,17]. The first 
step unique to carotenoid biosynthesis is the con­
densation of two molecules of geranylgeranyl 
diphosphate to form the first C40 carotenoid, the 
colorless phytoene pigment, via phytoene syn­
thase [1]. Two structurally similar enzymes, phy­
toene desaturase and x-carotene desaturase, 
make the conversions of phytoene to lycopene 
via several important intermediates [2,16,17]. 
These desaturase enzymes create the chromo­
phore present in the carotenoid pigments, and 
change the colorless phytoene into the pink-col­
ored lycopene. The carotenoid pathway then 
branches at the cyclization reactions of lycopene 
to produce carotenoids with either two β-rings 
(e.g. β-carotene, zeaxanthin, anteraxanthin, vio­
laxanthin, and neoxanthin) or carotenoids with 
one β-ring and one e-ring (e.g. α-carotene and 
lutein) [16,18]. The pathway advances with the 
additions of oxygen moieties, which convert the 
hydrocarbons, α-carotene and β-carotene, into 
the oxygenated subgroup referred to as the xan­
thophylls. Further steps in xanthophyll synthe­
sis include epoxidation reactions. The reversible 
epoxidation/de-epoxidation reaction converting 
violaxanthin back to zeaxanthin via the interme­
diate antherxanthin is collectively referred to as 
the violaxanthin cycle and is vital for energy dis­
sipation from incoming solar radiation [15,17] 
AND CANCER PREVENTION AND TREATMENT 
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(Fig. 40.1). Currently, genes and cDNAs for the 
major enzymes functioning in carotenoid biosyn­
thesis have been cloned from plant, algal, and 
microbial sources [16]. 

Within the plant thylakoid membranes of 
chlorophyll organelles, carotenoids are found in 
close association with the specific protein com­
plexes of photosystem I and photosystem II. 
Carotenoids function to help harvest light 
energy, mostly in the blue-green wavelength 
range, which is transferred to the photosyn­
thetic reaction centers. In the photosystem II 
complex, β-carotene is highly concentrated close 
to the reaction center, while lutein is present in 
several light-harvesting antennae components 
[19,20]. When the absorption of light radiation 
exceeds the capacity of photosynthesis, excess 
excitation energy can result in the formation of 
triplet excited chlorophyll (3Chl) and reactive 
singlet oxygen (1O2). Carotenoid pigments pro­
tect photosynthetic structures by quenching 
excited 3Chl to dissipate excess energy, and by 
binding 1O2 to inhibit oxidative damage [20– 
23]. The antioxidant capacity attributed to the 
carotenoid chemical structure conveys the abil­
ity of these compounds to protect plant photo­
synthetic machinery in time of excess excitation, 
and is also responsible for the antioxidant abil­
ity of carotenoids in the prevention of chronic 
diseases in humans. Xanthophylls may also be 
involved in structural stabilization of light-
harvesting complexes and reduction of lipid per-
oxidation [21]. 

The conjugated double-bond systems of 
the carotenoids create the light-absorbing chro­
mophores which result in the distinctive colors 
associated with carotenoid plant pigments [16]. 
In the pigment–protein complexes of photosyn­
thetic organisms, the all-trans configurations 
of carotenoids are the major component of 
the light-harvesting complexes, while the pho­
tosynthetic reaction centers contain 15-cis carot­
enoid configurations [24–26]. The all-trans 
carotenoids in the light-harvesting complexes 
provide efficient singlet-energy transfer to 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
chlorophyll molecules, and thus participate 
mainly in light-harvesting. The 15-cis car­
otenoids show a preference for isomerization 
toward the all-trans configurations upon excita­
tion, and thus are better suited for photo-
protective functions in the reaction centers [24]. 
Therefore, there is a physiological basis for 
carotenoid isomerization in plant tissues. 
3. EPOXIDATION AND 
ISOMERIZATION OF CAROTENOID 

STRUCTURES 
In the human body, oxidants produced dur­
ing normal metabolism and immune defense 
against infectious and/or chemical agents are 
responsible for damage to cellular tissues, DNA 
structures, and proteins [27,28]. This harmful 
oxidative damage is considered the major cause 
of aging and degenerative diseases such as can­
cer, cardiovascular disease, immune-system 
decline, and cataract. Compounds such as 
ascorbate, α-tocopherol, and carotenoids are 
examples of antioxidants possessing the ability 
to quench reactive oxygen species [28]. The 
physical properties of carotenoid molecules, 
especially the conjugated carbon–carbon dou­
ble-bond system, permit the quenching of 1O2. 
The localization of carotenoid molecules in bio­
logical tissues will also influence their ability to 
encounter and scavenge free radicals. In vivo 
antioxidant activity is determined by carotenoid 
structure and concentration, as well as the 
nature and concentration of the reactive oxygen 
species present. In fact, carotenoids are one of 
the most potent biological quenchers of reactive 
oxygen species [29]. 

The antioxidant activity of carotenoids comes 
from the susceptibility of 5,6 and 5u,6u double 
bonds in their cyclic end groups to undergo 
epoxidation with 1O2 [30,31]. Based on their 
chemistry, epoxide isomers would lack antioxi­
dant activity because they are unable to bind 
more 1O2, and some may even have pro-oxidant 
AND CANCER PREVENTION AND TREATMENT 



648 40. CAROTENOIDS IN VEGETABLES 

Isopentenyl Dimethylayl Gernaylgeranyl 
pyrophosphate pyrophosphate pyrophosphate 

Gernaylgeranyl pyrophosphate Gernaylgeranyl pyrophosphate 

Phytoene 

Phytotluene 

Zeta-carotene 

Iycopene 

Gamma-carotene Delta-carotene 

Alpha-carotene 

Lutein 

Zeinoxanthin 

Beta-carotene 

Beta-cryptoxanthin 

Zeaxanthin 

Antheraxnthin 

Violaxanthin 

Neoxanthin 

FIGURE 40.1 A simplified version of the carotenoid biosynthetic pathway in plants. 
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TABLE 40.1 Carotenoid Pigments Identified and Quantified in the Edible Tissues of Major Vegetable Crops 

Commodity Carotenoid Pigments Identified in Edible Tissues	 Reference 

Beans, green	 all-trans β-carotene, all-trans lutein, 9-cis lutein, 9u-cis lutein, 13-cis lutein, all-trans 
lutein epoxide, 9u-cis neoxanthin, neolutein, all-trans violaxanthin, all-trans zeaxan­
thin, 9-cis zeaxanthin, 13-cis zeaxanthin 

Broccoli	 all-trans β-carotene, all-trans lutein, 9-cis lutein, 9u-cis lutein, 13-cis lutein, all-trans 
and cis lutein epoxide, neolutein, all-trans neoxanthin, 9u-cis neoxanthin, violaxanthin, 
all-trans zeaxanthin, 9-cis zeaxanthin, 13-cis zeaxanthin 

Cabbage	 β-carotene, lutein, lutein epoxide, neoxanthin, violaxanthin, zeaxanthin 

Carrot	 all-trans α-carotene, all-trans β-carotene, lutein, lycopene 

(Sweet) Corn	 α-carotene, β-carotene, β-cryptoxanthin, all-trans lutein, 9-cis lutein, 9u-cis lutein, 
13-cis lutein, all-trans zeaxanthin, 9-cis zeaxanthin 

Kale/collards	 all-trans β-carotene, all-trans lutein, 9-cis lutein, 9u-cis lutein, 13-cis lutein, all-trans 
and cis lutein epoxide, neolutein, all-trans neoxanthin, 9u-cis neoxanthin, violaxanthin, 
all-trans zeaxanthin, 9-cis zeaxanthin, 13-cis zeaxanthin 

Lettuce	 all-trans β-carotene, all-trans lutein, 9-cis lutein, 9u-cis lutein, 13-cis lutein, all-trans 
and cis lutein epoxide, neolutein, all-trans neoxanthin, 9u-cis neoxanthin, violaxanthin, 
all-trans zeaxanthin, 9-cis zeaxanthin, 13-cis zeaxanthin 

Pepper	 α-carotene, β-carotene, β-cryptoxanthin, capsanthin, lutein, zeaxanthin 

Spinach	 all-trans β-carotene, all-trans lutein, 9-cis lutein, 9u-cis lutein, 13-cis lutein, all-trans 
and cis lutein epoxide, neolutein, all-trans neoxanthin, 9u-cis neoxanthin, violaxanthin, 
all-trans zeaxanthin, 9-cis zeaxanthin, 13-cis zeaxanthin 

Squash	 α-carotene, β-carotene, β-cryptoxanthin, lutein, neurosporene, neoxanthin, phyto­
fluene, violaxanthin 

Tomato	 all-trans β-carotene, all-trans γ-carotene, all-trans δ-carotene, x-carotene, all-trans 
(raw)	 lutein, all-trans lycopene, neurosporene, phytoene, phytofluene, lycopene-5,6 diol 

Watermelon	 β-carotene, phytofluene, all-trans-lycopene, cis-lycopene 

[36,109] 

[36,109] 

[36,48,80] 

[47,93,96] 

[36,56] 

[36,48,49,109] 

[36,55,109] 

[86] 

[36,96,109] 

[108] 

[37,67,110] 

[68] 

Source: Table reprinted in part from Trends in Plant Science, Vol. 11/No. 10, D.A. Kopsell and D.E. Kopsell, Assessing 
bioavailability of carotenoids in vegetable crops, pp. 499–507, Copyright 2006, with permission from Elsevier. 
activity. Epoxide forms of carotenoids, with a 
bound oxygen to the 5,6 or 5u,6u position are 
present in the edible tissues of many different 
vegetable crops (Table 40.1). The ratio of lutein 
epoxide:all-trans-lutein was 1:1.5 in cabbage 
(Brassica oleracea L. var. capitata), 1:2 in broccoli 
(B. oleracea L. var. botrytis), 1:6 in spinach 
(Spinacia oleracea L.), and 1:23 in kale (B. oleracea 
L. var. Acephala) [32]. Low doses of lycopene 
from tomato (Lycopersicon esculentum Mill.) pro­
ducts significantly increased serum lycopene 
levels and reduced lipid peroxidation in vivo [33]. 
However, the complexity of measuring in vivo 
antioxidant behavior, the variability associated 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
with carotenoid content of vegetables, and the 
nutritional status of subjects used in human 
dietary intervention studies will affect interpreta­
tion of results [14,31]. 

All carotenoids exhibit cis-trans isomeriza­
tion, and both isomeric groups can be found in 
vegetable crops (Table 40.1) [32,34–36]. It is the 
presence of the conjugated double-bonds in 
the carotenoid structure that causes consider­
able isomerization to occur. The trans isomers 
are more stable and most commonly found in 
intact foods. Phytoene exists predominately as 
the 15-cis isomer; however, the predominate iso­
mer of lycopene is the all-trans geometric form, 
AND CANCER PREVENTION AND TREATMENT 
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All-trans lutein All-trans beta-caotene 

13-cis lutein 

9-cis lutein 

15-cis beta-carotene 

13-cis beta-carotene 

All-trans lycopene 

5-cis lycopene 

FIGURE 40.2 Structures of some common all-trans and cis carotenoid isomers found in vegetable crops.
 
The occurrence and properties of carotenoid isomers in food crops can influence intestinal absorption. Source: reprinted
 
from Trends in Plant Science, Vol. 11/No. 10, D.A. Kopsell and D.E. Kopsell, Assessing bioavailability of carotenoids in
 
vegetable crops, pp. 499–507, Copyright 2006, with permission from Elsevier.
 

 

 

indicating isomerase activity is present in 
higher plants to mediate cis to trans conversions 
[15]. All-trans carotenoids in plants are suscepti­
ble to photo, thermal, and chemical isomeriza­
tion [24]. This can result in post-harvest cultural 
activities such as harvest, transport, and envi­
ronmental storage conditions having a tremen­
dous effect on the stability and preservation of 
carotenoid compounds in edible vegetable crop 
tissues. 

Carotenoid cis-trans isomers differ in 
their intestinal absorption in humans (Fig. 40.2). 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
Human blood plasma contains mostly all-trans 
carotenoids, but some plasma carotenoids can 
be found as high as 50% in the cis form [37]. As
mentioned previously, the majority of lycopene 
found in fresh and processed tomatoes exists in 
the all-trans form [38,39]. However, lycopene in 
human and animal tissues exits predominantly 
as cis-isomers, indicating possible preference for 
cis-lycopene in intestinal absorption [40,41]. In
contrast, greater excretions of cis-β-carotene and 
lower excretions of trans-β-carotene were 
measured in human subjects after ingestion of 
AND CANCER PREVENTION AND TREATMENT 
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both raw and processed carrots (Daucus carota 
L. var. sativa). Such data may indicate an 
absorption preference for all-trans β-carotene 
[42]. Differences in intestinal absorption among 
the carotenoid isomers have been established; 
however, very little is currently known about 
the biological significance of these different iso­
mers in human health [43]. 
4. VEGETABLE CAROTENOIDS 
AND THEIR IMPACT ON HUMAN 

HEALTH 
 

Epidemiological data clearly support the posi­
tive association between higher dietary intake of 
foods high in carotenoids and greater carotenoid 
tissue concentrations with lower risks of certain 
chronic diseases. Many of these disease suppres­
sing abilities can be attributed to the antioxidant 
properties of carotenoids. One of the most 
important physiological functions of carotenoids 
in human nutrition is to act as vitamin A pre­
cursors. Pro-vitamin A carotenoid compounds 
support the maintenance of healthy epithelial 
cell differentiation, normal reproductive per­
formance, and visual functions [44]. Both  pro-
vitamin A carotenoids (β-carotene, α-carotene, 
and cryptoxanthins) and non-provitamin A car­
otenoids (lutein, zeaxanthin, lycopene) function 
as free radical scavengers, enhance the immune 
response, suppress cancer development, and pro­
tect eye tissues [45]. Humans cannot synthesize 
carotenoids, and therefore must rely on dietary 
sources to provide sufficient levels. Fruits and 
vegetables are primary sources of carotenoids in 
the human diet and their consumption has been 
associated with numerous health benefits 
[27,30]. Studies indicate that a high intake of a 
variety of vegetables, providing a mixture of car­
otenoids, was more strongly associated with 
reduced cancer and eye disease risk than intake 
of individual carotenoid supplements [9]. 

The colors visible in vegetable crop tissues 
come from the presence of anthocyanin, 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
betalain, chlorophyll, and carotenoid pigments. 
Vegetable crop species differ in the composition 
and concentrations of these pigments present. 
Carotenoid pigments are responsible for the bril­
liant reds, yellows, and oranges that become vis­
ible as fruit tissues of vegetable crops ripen and 
mature. Carotenoids are still present in leafy tis­
sues, although they are masked by the high con­
centrations of the green chlorophyll pigments. 
There is a wealth of scientific information 
which demonstrates that vegetable carotenoid 
concentrations are influenced by both genetic 
and environmental factors, both pre- and post­
harvest. In this respect, it would be misleading 
to list the reported carotenoid concentrations 
identified thus far in vegetable crops. For exam­
ple, simply selecting one spinach cultivar vs. 
another may result in greater than a 2-fold dif­
ference in leaf tissue lutein concentrations, 
based solely on genetic propensity [46]. It  is
therefore advisable to consult current web data 
published by the USDA-Agricultural Research 
Service Nutrient Database Laboratory located 
in Beltsville, MD. The database is routinely up­
dated and maintains a searchable menu of the 
nutritional content, including the major car­
otenoids, of the top foods and food products 
sold in the USA (see: http://www.nal.usda. 
gov/fnic/foodcomp/search/). 
4.1 Vegetable Sources of β-carotene and 
Its Impact on Human Health 

β-carotene participates as an accessory pig­
ment in light absorption and energy dissipa­
tion in photosynthesis, as well as general 
antioxidant functions. Therefore, β-carotene can 
be found in leaf, fruit, and even root tissues of 
many vegetable crops (Table 40.1). The root 
crop carrot (Daucus carrota L.) has some of the 
highest concentrations of β-carotene. β-carotene 
levels in carrot can range from 3.2 to 6.1 mg/ 
100 g fresh weight [47]. However, cruciferous 
leafy vegetable crops can have concentrations 
AND CANCER PREVENTION AND TREATMENT 
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equal to, or higher than carrot. Values in kale 
and collards are reported to range from 3.8 to 
10.0 mg β-carotene/100 g fresh weight [48,49]. 

Vitamin A deficiency is the single most 
important cause of childhood blindness in 
developing countries around the world, and 
subclinical levels can contribute significantly to 
increased child mortality [44]. Vitamin A can 
be consumed in the diet as both preformed 
retinoids from animal tissues and as pro-vitamin 
A carotenoids found in plant tissues. The major 
sources for vitamin A for most populations 
worldwide are the plant-based pro-vitamin A 
carotenoids. The same factors that may limit 
carotenoid bioavailability (see Section 5) also 
affect vitamin A status. The bioconversion of 
pro-vitamin A carotenoids is mediated by a pre­
dominantly cytosolic enzyme, β-carotene 15,15u­
deoxygenase, present in the intestinal mucosa, 
the liver, and the corpus luteum [44]. The activ­
ity of this enzyme is most efficient for β-caro­
tene; however, other carotenoids can be 
metabolized to yield retinal (α-carotene and 
cryptoxanthins). After conversion of the pro-
vitamin A carotenoids, vitamin A is transported 
and stored in the liver mainly as retinyl esters. 
Metabolism of vitamin A occurs following esteri­
fication, conjugation, oxidation, and/or isomeri­
zation reactions, after which retinal forms 
participate in maintenance of epithelial cell dif­
ferentiation, reproductive performance, and 
visual functions [44]. 

The chemical structure of β-carotene makes it 
an efficient in vitro neutralizer of singlet oxygen 
(1O2), and to a lesser extent, an effective agent 
at reducing lipid peroxidation. Early research 
that demonstrated both its antioxidant and anti­
genotoxic properties resulted in β-carotene 
being one of the most extensively studied can­
cer chemopreventative agents in research sup­
ported by the National Cancer Institute [50]. 
Unexpectedly, results from three separate clini­
cal trials revealed that β-carotene supplements, 
either alone or in combination with vitamin E, 
administered for cancer prevention actually 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
increased incidences of lung cancers in heavy 
smokers and asbestos workers [51,52]. Based 
on the results showing pro-oxidant behavior 
in the presence of tobacco smoke, it appears 
plausible that β-carotene could be causing 
stimulation of pre-existing latent tumors under 
these conditions, rather than initiating tum­
origenesis [50]. However, research showed 
β-carotene supplementation in animal models 
significantly increased phase I carcinogen 
enzymes in the lung, including the cytochrome 
P450s of CYP1A1, CYP1A2, CYP3A, CYP2B1, 
and CYP2A [53]. It is hypothesized that high 
β-carotene supplementation may increase tissue 
oxidative stress, or could act synergistically 
with known carcinogenic chemicals (present in 
tobacco smoke) in CYP induction. In a current 
review on the subject, Paolini et al. [50] clearly 
demonstrate that detrimental effects of individ­
ual β-carotene supplements are possible when 
subject individuals are exposed to environmen­
tal mutagens and carcinogens. The authors still 
encourage a diet high in fruit and vegetables, 
but warn of the possible dangers in consuming 
high concentrations of one or more isolated 
supplements. 
4.2 Vegetable Sources of Lutein and 
Zeaxanthin and Their Impacts on Human 
Health 

The roles that lutein and zeaxanthin car­
otenoids play in photosynthesis, excess light 
energy dissipation, and general antioxidant 
functions cause them to be ubiquitous in leaf 
and fruit tissues of vegetable crops (Table 40.1). 
The highest concentrations of lutein can be 
found in dark green leafy vegetables such as 
kale, collards, and spinach. Values in kale and 
spinach can range from 5.8 to 12.9 mg lutein/ 
100 g fresh weight [46,48]. Significant positive 
correlations exist between chlorophyll and car­
otenoids pigments in leafy vegetable crops 
[48,54,55]. Thus, the darker green the leafy 
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tissues, the greater the concentrations of lutein 
that will be expected to be present. Zeaxanthin 
accompanies lutein in both leaf and fruit tis­
sues; however, it is usually only found in 
minor concentrations in most vegetables. The 
exceptions are sweet corn kernel (Zea mays var. 
rugosa L.) and tabasco pepper (Capsicum fru­
tescens), where zeaxanthin can accumulate to 
levels of 0.5 and 2.0 mg/100 g fresh weight, 
respectively [56,57]. 

Lutein and zeaxanthin are two of seven 
major carotenoids found in human blood 
serum; however, they are the only carotenoids 
present in the retina and lens of the eye [58]. In
the retina, lutein and zeaxanthin are selectively 
deposited and are chiefly responsible for the yel­
low pigmentation collectively referred to as 
macular pigment [59]. Lutein and zeaxanthin 
have been found in human retinal and lens tis­
sues, and in other areas of the eye where con­
centrations of long-chain polyunsaturated fatty 
acids and the potential for tissue oxidation are 
the highest. The yellow pigments are postu­
lated to participate in photoprotection, and 
diminished macular pigment may be related to 
retinal damage [60,61]. Possible modes of action 
for photoprotection of the retinal carotenoids 
include their ability to filter harmful short-wave 
UV (blue) light and their function as anti­
oxidants. Factors that increase macular pigment 
include increased antioxidant ingestion, high 
fruit and vegetable consumption, high dietary 
carotenoid intake and the resultant elevated 
serum carotenoid concentration, normal body 
mass index, and history of no tobacco use. 
Many of these same factors are also associated 
with a decreased risk of developing age-related 
macular degeneration and suggest there may 
be a causal relationship [62,63]. However, a 
direct correlation between macular pigment 
levels and development of macular eye diseases 
has not been established [60,64], although 
strong associative relationships are reported. 
Strong epidemiological associations also demon­
strate that increased intakes of lutein and 
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zeaxanthin, but not β-carotene, α-carotene, lyco­
pene, or β-crytoxanthin, are associated with 
decreased risks of developing cataracts [65]. 

Research by our group revealed differences 
in serum carotenoids and responses to macular 
pigment optical density evaluations in human 
subjects administered different doses of lutein 
from mono-molecular supplements and whole 
food sources (spinach). Serum carotenoid levels 
increased from baseline after ingestion of 10 mg 
or 30 mg lutein supplements, or spinach forti­
fied with 8 or 12 mg lutein per 100 g fresh 
weight. Significant increases in macular pig­
ment optical density (indicative of photoprotec­
tion) from baseline to the end of a 12-week 
intervention occurred in subjects administered 
30 mg lutein supplements and spinach with 
12 mg lutein per 100 g fresh weight [46]. 
Conclusions from this study support earlier 
research showing the ability to modify both 
serum carotenoid concentrations and macular 
pigment through increased consumption of 
carotenoid-rich plant foods. Unique to the 
study is the demonstration that serum caroten­
oid concentrations and macular pigment optical 
density were affected by the concentrations of 
spinach tissue lutein. Results may imply a dose-
dependent nutritional impact of carotenoid 
enhancement in plant tissues, and emphasize 
the importance of phytochemical enhancement 
efforts in fruit and vegetable crops. 

Xanthophyll carotenoids can also possess an­
timutagenic and anticarcinogenic properties. 
Mechanisms may include selective modulation 
of cellular apoptosis, inhibition of angiogenesis, 
increased gap junction intercellular communica­
tions, induction of cellular differentiation, and 
the prevention of oxidative damage [65]. 
Lutein serum status is inversely associated 
with cytochrome CYP1A2 activity, a hepatic 
enzyme responsible for activation of several 
human carcinogens [66]. Although human stud­
ies regarding the impacts of dietary lutein and 
zeaxanthin on the risk of breast, lung, colorec­
tal, prostate, and other cancers have been 
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mostly inconclusive, there have been positive 
results from cell bioassays and animal models 
that may support a protective role of the xan­
thophylls [65]. In many of the studies reported 
in the review by Ribaya-Mercado and 
Blumberg [65], it is clear that greater cancer 
protection may be afforded by consuming a 
variety of vegetables (supplying both carotenes 
and xanthophylls) as compared to only con­
suming foods rich in one particular carotenoid. 
4.3 Vegetable Sources of Lycopene and 
Its Impact on Human Health 

Tomatoes and tomato-based products such 
as juices, pastes, and sauces are frequently con­
sumed in the diets of populations around the 
world. The red color of the tomato is due to the 
concentration of its major carotene, lycopene, 
which accumulates as the fruit ripens. Minor 
concentrations of β-carotene, and the colorless 
precursors phytoene and phytofluene can be 
found in ripe tomato fruits; however, lycopene 
accounts for >90% of the total carotenoids [1]. 
Lycopene concentrations for whole tomatoes 
can reach levels of 5.0 mg/100 g fresh weight; 
however, fruit lycopene concentrations are 
highly dependent on ripeness stages [67]. 
Processed tomato products can range from 2.2 
to 10.7 mg lycopene/100 g fresh weight [67]. 
Another major dietary contributor of lycopene 
is watermelon. An evaluation of lycopene con­
centrations among commercial seeded and seed­
less watermelons reported average values to be 
6.1 mg lycopene/100 g fresh weight [68]. The 
predominate pigment among the watermelon 
cultivars was all-trans-lycopene, with minor 
amounts of cis-lycopene, β-carotene, and phyto­
fluene present in the fruit. 

The activity of carotenoids in health mainte­
nance and disease suppression comes from 
their unique chemical structures. Lycopene is a 
highly unsaturated straight-chain hydrocarbon 
which lacks any terminal β- or  e-ionic ring 
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structures, and thus lycopene lacks pro-vitamin 
A activity. Similar to the other carotenoids, 
lycopene is subject to oxidative, thermal, and 
photo-degradation, causing structural iso­
merizations. These structural changes have sig­
nificant impact on the degree of intestinal 
absorption, described in further detail later in 
this chapter. In general, the absorption of die­
tary lycopene in humans is between 10 and 
30% [39]. It has been demonstrated that lyco­
pene absorption from tomato-based products is 
greater than from fresh tomatoes, which may 
be attributed to the greater release of plant 
membrane-bound lycopene and/or higher 
incidences of cis-lycopene isomers during food 
processing activities. There are many different 
forms of lycopene present in vegetable crop tis­
sues (Table 40.1). The presence of cis- and 
trans-isomers, different oxidized forms, and 
polar metabolites of lycopene have been iso­
lated and identified from blood serum and tis­
sues in animal models [69]. To date, there is 
very little information as to the metabolism 
and biological functions of lycopene in vivo in 
human systems [43]. Lycopene is believed to 
convey in vivo antioxidant properties, function 
in gene regulation, modulate hormonal and 
immune metabolism, participate in gap junc­
tion communication, and influence carcinogen 
metabolism, as well as affecting enzymes in 
the pathways associated with phase II drug 
metabolism [43]. 

The impact of lycopene on cancer prevention 
has clearly been established. The main body of 
research has focused on the influence 
of increased lycopene intake on the suppression 
of prostate cancer in adult men. Giovannucci 
et al. [70] first established the link between con­
sumption of tomatoes and tomato-based pro­
ducts and reduced prostate cancer risks. The 
authors followed up that work with a compara­
tive study of data gathered from more than 70 
different epidemiological studies which estab­
lished the role of dietary lycopene in the reduc­
tion of not only prostate cancer, but mammary, 
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cervical, ovarian, and liver cancer as well [71]. 
Antioxidants, such as β-carotene and lycopene, 
can reduce oxidative stress associated with the 
onset of osteoporosis. It has been demon­
strated that dietary lycopene intake and serum 
lycopene levels may be associated with a 
reduced incidence of osteoporosis in postmeno­
pausal women [72]. The study showed that 
lycopene intake reduced protein oxidation and 
specific bone resorption markers in subject par­
ticipants. The antioxidant functions of lycopene 
can also reduce incidences of cardiovascular 
disease. Epidemiological studies have demon­
strated that serum lycopene can reduce the oxi­
dation of low-density lipoproteins (LDL) in 
subjects who consume tomato-based products 
or lycopene supplements [73]. The largest case 
study to date, conducted in Europe, showed 
increased adipose tissue lycopene status to 
decrease the risk of cardiovascular disease in a 
dose-dependent relationship [74]. More infor­
mation on the association between dietary lyco­
pene and other carotenoids in the reduction of 
cardiovascular disease prevalence can be found 
in a review of the subject [75]/ce:cross-ref>. 
5. FACTORS THAT IMPACT 
CAROTENOID BIOAVAILABILITY 
The bioavailability of carotenoids from plant 
foods is highly variable and is influenced by 
the crop species, the composition of carotenoid 
structures present in the food matrix, release of 
carotenoids from the food matrix, amount con­
sumed and absorption in the intestinal tract, 
transportation within the lipoprotein serum 
fractions, the potential for in vivo biochemical 
conversions, tissue-specific depositions, as well 
as nutritional status of the ingesting host 
[12,14,76]. Carotenes are entirely lipophilic mo­
lecules located in the hydrophobic cores of 
plant membranes. Similarly, xanthophylls are 
largely hydrophobic molecules with their polar 
groups at opposite ends of a non-polar carbon 
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skeleton [77]. Because of their lipophilic nature, 
biotic or abiotic activities that expose caroten­
oid molecules to potential oxidation, degrada­
tion, or isomerization will ultimately have an 
influence on carotenoid biochemistry and 
bioavailability. 

Carotenoid localization in plant membranes 
may also influence their release from the food 
matrix. Results from a 12-week dietary interven­
tion of two different spinach types, differing 
only in measured carotenoid concentrations, 
showed that lutein was more bioavailable from 
the spinach matrix than β-carotene, based on 
serum profiles in the subject participants [46]. 
One possible explanation for differences in 
bioavailability between lutein and β-carotene 
from the spinach matrix may come from differ­
ences in molecular orientation in plant mem­
branes between carotenes and xanthophylls. 
Hydrophobic interactions and lack of polar end 
groups localize carotenes, such as β-carotene, 
within the hydrophobic core of biomembranes 
at several different orientations. The positions 
of xanthophyll carotenoids (lutein and zeaxan­
thin) are oriented to span the entire membrane, 
allowing for the positioning of polar groups 
outside of the hydrophobic core, or in the 
polar head-group region of the membrane. 
Differences in molecule positioning may be ex­
pected to affect release of carotene and xantho­
phyll carotenoids from the matrix of plant 
tissues, and thus affect bioavailability. 

Carotenoid accumulation in vegetable crops 
appears to be shaped by a plant species’ physi­
ological, genetic, and biochemical attributes, as 
well as environmental growth factors such as 
light, temperature, and fertility [48,78–81]. 
Significant differences among vegetable crop 
species for carotenoid accumulations have been 
reported [8,82,83]. Significant genetic variation 
within species has been found for carrot [47], 
corn (Zea mays L.) [56], kale [48,54,78], lettuce 
(Lactuca species) [55], potato (Solanum tuber­
osum subsp. tuberosum L.) [84], pepper 
(Capsicum species) [85,86], and edible green 
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soybean (Glycine max L.) [87]. Genetic variation 
both within and among vegetable crop species 
is of importance since concentrations of carot­
enoid present in the food matrix can influence 
serum carotenoids levels following intestinal 
absorption [46]. 

The increased coloration in vegetable 
and fruit tissues associated with maturity is 
often indicative of increases in carotenoid con­
centrations [57,85,86]. Carotenoid concentra­
tions increase in leaf tissues with maturity 
[49,88] and decrease during senescence [1,89]. 
Manipulation of cultural growing conditions 
and time of harvest would therefore be influen­
tial on carotenoid concentrations of fruit and 
vegetable crops. Environmental growing condi­
tions will also have a large influence on the 
accumulation of carotenoid in plant foods. 
Carotenoid accumulations have been shown to 
increase and decrease in response to environ­
mental manipulations, with results differing 
among plant species. Changes in the growing 
air temperature [90], irradiance level [91], 
irradiance photoperiod [92], and nutritional fer­
tility [93–95] all affect plant carotenoid 
accumulations. 

The first step in carotenoid bioavailability is 
release from the food matrix. Absorption of car­
otenoids from raw, uncooked vegetables can be 
extremely low, in some cases less than 1–2%. 
Food processing activities, such as heating or 
pureeing, will act to increase intestinal absorp­
tion. Thermal processing, mincing, or lique­
fying results in changes to carotenoid 
chemistry, most likely through isomerization or 
oxidation reactions [35,42,76,96,97]. However, 
frozen or low-temperature storage generally 
preserves carotenoid concentrations by reduc­
ing potential enzymatic oxidation [96,97]. 
Processing activities usually increase bioavail­
ability through increased release of bound car­
otenoids from the food matrix; however, 
thermal breakdowns of the exposed carotenoid 
compounds may adversely affect bioavailabil­
ity in some food crops. 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
Absorption of carotenoids in humans is pas­
sive and follows digestive pathways similar to 
lipids. Once released from plant tissues, 
protein- or membrane-bound carotenoids must 
be dissolved in a hydrophobic domain (oils, 
fats, or bulk lipid emulsions). Carotenoid 
absorption requires the presence of dietary fat 
in the small intestine, which stimulates the 
release of emulsifying bile acids by the gallblad­
der [12]. Further studies provide evidence of 
increased absorption when carotenoids are in­
gested with dietary lipids [98,99]. Due to their 
hydrophobic nature, carotenoids in the mostly 
aqueous environment in plant foods must be 
transferred to bulk lipids or intestinal micelles 
in the digesta [14]. After release from the food 
matrix, carotenoids are assimilated and 
oriented into lipid micelles before uptake by 
intestinal mucosal cells. Once in the enterocyte, 
carotenoids are incorporated into chylomicrons, 
which are eventually delivered to the 
bloodstream, and ultimately to the liver. The 
distribution of carotenoids among the various 
transporting lipoprotein classes is influenced 
by their physical structures. The hydrocarbon 
carotenes are transported mainly in low-
density lipoproteins, while the more polar 
xanthophylls are evenly distributed between 
the low-density and high-density lipoprotein 
serum factions [44]. Carotenoid compounds can 
remain in the liver, or get transferred to low-
density or high-density lipoproteins before 
eventual tissue-specific deposition [12]. 

Carotenoid bioavailability is most often 
assessed in blood serum after ingestion in die­
tary trials or cohort studies. The relatively sim­
ple analysis quantifies carotenoid changes in 
serum at various time intervals following inges­
tion of whole foods or supplements. Some 
caveats to interpreting serum carotenoid bio­
availability include: 1) serum responses to 
single oral doses of carotenoids are highly 
variable; 2) carotenoids measured in serum sig­
nify an equilibrium between intestinal absorp­
tion, breakdowns, tissue uptake, and tissue 
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release; and 3) there are high concentrations of 
endogenous carotenoids (α-carotene, β-caro­
tene, lycopene, lutein) already present in 
serum [45]. Other studies have also utilized 
in vitro Caco-2 human intestinal cell lines to 
assess carotenoid bioavailability [100–102]. In
these studies, pure carotenoid compounds and 
whole food samples are brought through an 
in vitro digestion model and reacted with 
Caco-2 human intestinal cells. Absorption 
potential is measured using standard high per­
formance liquid chromatography (HPLC) carot­
enoid analysis. Current results demonstrate 
that in vitro Caco-2 cells can accurately predict 
carotenoid bioavailability from supplements 
and whole foods [100–102]. Increases in serum 
carotenoid concentrations typically result after 
ingestion of carotenoids from whole food or 
mono-molecular supplements [33,42,45,76,98, 
99,102]. In vitro and in vivo studies show that 
carotenoid bioavailability is influenced by 
source (whole food vs. supplement), degree of 
processing, interactions with other carotenoid 
compounds, the degree of isomerization 
before, during and after absorption, transit 
time in the intestine, and the nutritional status 
of the human subjects [14]. 
6. ENHANCEMENT EFFORTS TO 
INCREASE VEGETABLE CROP 

CAROTENOIDS 
Carotenoid enhancement efforts in plant 
foods have advanced through both traditional 
breeding and molecular approaches. Some 
reviews have chronicled molecular advances 
in carotenoid pathway manipulation to im­
prove biosynthesis and partitioning [13,15,103]. 
Successful approaches have centered on modifi­
cation of the biosynthetic pathway to change 
the flux and end products, increasing pre­
existing carotenoids, and engineering caroteno­
genic behavior in tissues completely devoid 
of carotenoid activity [13]. Identification and 
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cloning of genes and cDNAs in the carotenoid 
pathway have facilitated genetic manipula­
tions. Most studies have demonstrated that 
phytoene synthase holds greatest control over 
fluxes in the carotenoid pathway; however, suc­
cess has also been achieved overexpressing 
phytoene desaturase enzymes [15]. A 2–3-fold 
increase in tomato fruit-specific carotenoid 
accumulation was achieved by utilizing a bacte­
rial phytoene synthase (crtB) and a tissue-spe­
cific promoter [104]. Genetic strategies have 
also increased β-carotene production in canola 
(B. napus L.) using seed-specific promotion 
[105], xanthophyll carotenoids in potato using 
tuber-specific promotion and suppression of 
epoxidation reactions [106], and most notably, 
xanthophyll and carotene production in rice 
(Oryza sativa L.) endosperm (‘Golden Rice’) 
using exogenous cyclase and desaturase 
enzymes [107]. There are obvious advantages to 
genetic engineering techniques, but they must 
be accompanied by a clear understanding of 
how these manipulations will ultimately affect 
plant physiology. Advances in carotenoid bio­
synthesis have clearly been facilitated through 
molecular approaches, but the question still re­
mains if the general public will accept genetic 
modification of whole, unprocessed foods. 

Programs designed to increase carotenoid bio­
availability in food crops must begin with a firm 
understanding of carotenoid chemistry and bio­
synthesis. Before selecting candidate crops for 
enhancement efforts, care must be taken to out­
line specific research impacts, whether combat­
ing widespread vitamin A deficiency or fighting 
aging eye diseases. Understanding how car­
otenoids in the food matrix respond to food pro­
cessing activities and any subsequent changes to 
carotenoid chemistry will be of primary impor­
tance. Lastly, there is a necessity for collabora­
tive activities to assess bioavailability in model 
systems or human subjects to gauge progress in 
enhancement efforts. Epidemiological data 
firmly establish the link between increased carot­
enoid intakes and chronic disease suppression; 
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however, properly designed dietary intervention 
studies with varying levels of vegetable caroten­
oid treatments are needed to clearly demon­
strate the in vivo health attributes of higher 
consumption of vegetable crops high in 
carotenoids. 
7. SUMMARY 
Dietary guidelines recommend consuming 
7–9 servings of fruits and vegetables daily, 
which has been positively associated with 
reduced chronic disease risk. Specifically, carot­
enoid compounds in fruits and vegetables pro­
vide improved health maintenance. Research 
demonstrates the antioxidant activity of β-caro­
tene, lutein, zeaxanthin, and lycopene in promot­
ing disease suppression, and their activity is 
affected by the amount consumed, conditions of 
the food matrix, intestinal absorption, and biome­
tabolism. Genetic and environmental effects 
strongly influence carotenoid content in fruits 
and vegetables. Therefore, current carotenoid 
enhancement efforts and assessment of caroten­
oid consumption on human health need to con­
sider many complicated and interrelated factors. 
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1. INTRODUCTION
 
Epidemiological studies have demonstrated 
an association between higher fruit and 
vegetable intake and lower risk of human dis­
eases, but it is unclear which bioactive agents 
are responsible, or if the associations are a func­
tion of synergistic effects of the whole food. 
Fruits and vegetables are a rich source of flavo­
noids. In general, flavonoids are part of a large 
group of polyphenolic compounds found in 
foods of plant origin including vegetables, 
fruits, legumes, and beverages like tea and 
wine. There are approximately 5000 flavonoids 
which are generally categorized into the follow­
ing subclasses: flavonols, flavanones, flavones, 
flavan-3-ols, isoflavones, and anthocyanidins 
(Figure 41.1). The various mechanisms of bio­
logical effects of flavonoids have been demon­
strated by laboratory experiments, including 
antioxidation, induction of detoxification 
enzymes and inhibition of bioactivation en­
zymes, estrogenic and anti-estrogenic activity, 
antiproliferation, cell cycle arrest and apoptosis, 
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promotion of differentiation, regulation of host 
immune function, and inhibition of angiogene­
sis and metastasis. Data from in vitro studies 
and animal models suggest that flavonoids 
have the ability to influence important cellular 
and molecular mechanisms related to carcino­
genesis. Based on cumulative reports the associ­
ation between flavonoid intake and lower risk 
of several cancers has been documented. 

The Zutphen study was conducted in the 
Netherlands where a cohort of 878 men were 
followed beginning in 1960 for 25 years. In this 
study the incidence and mortality from all cau­
ses of cancer and the mortality from alimen­
tary or respiratory tract cancers were 
considered – associated with the intake of five 
flavonoids: myricetin, quercetin, kaempferol, 
luteolin, and apigenin. The results supported 
the findings that high intake of flavonoids 
from vegetables and fruits was inversely associ­
ated with risk of cancer [1]. In a large cohort 
study the association between flavonoid intake 
and human cancers was investigated, follow­
ing 9959 Finnish men from 1967 to 1991 [2]. 
This study provides stronger evidence for a 
3 r 2010 Elsevier Inc. All rights reserved. 
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Structure Flavonoids Source 

Flavones 

HO 

OH 

R1 

R2 

R3 

O 

O 
R1=H, R2=OH: Apigenin 
R1=R2=OH: Luteolin 

Celery, parsley, thyme, onions etc. 
Red pepper, onions, lettuce, 
berries etc. 

Flavonols R1 

R2 

R2=OH, R1=R3=H: Kaempferol Black tea etc. 
HO 

R3 

O R1=R2=OH, R3=H: Quercetin Olive oil, apple peels, kale etc. 

OH 

OH 

O 

R1=R2=R3=OH: Myricetin 

Isoflavones 
HO O 

R1=H: Daidzein Soybeans, legumes etc. 

R1 OHO 

R1=OH: Genistein Soybeans, legumes etc. 

Flavanols R1 

R2 

HO 

OH 

OH 

R3 

O R1=R2=OH, R3=H:Catechins 
R1=R2=R3=OH: Gallocatechin 

Green tea etc. 
Green tea etc. 

Flavanones R1 

R2 

R1=H, R2=OH: Naringenin Citrus fruits, grape fruits etc. 
HO 

R3 

O R1=R2=OH: Eriodictyol Tomatoes, mint, citrus fruits etc. 

OH O 

R1=OH, R2=OCH3: Hesperetin Citrus fruits, grape fruits etc. 

Anthocyanins R1 

R2 
R1=H, R2=H: Pelargonidin Aubergines, radishes etc. 
R1=OH, R2=H: Cyanidin Red wine, beans, berries etc. 

HO 
R3 

O R1=R2=OH: Delphinidin Pomegranate, cherries, berries etc. 
R1=OCH3, R2=OH: Petunidin Cherries, strawberries etc. 

OH 

R1=R2=OCH3: Malvidin Cherries, berries, blackcurrants etc. 

FIGURE 41.1 Chemical structure and source of some commonly occurring plant flavonoids. 
protective role of flavonoids against lung cancer 
and other malignant neoplasms. In a study by 
Gates et al., associations between dietary flavo-
noid intakes of five common dietary flavonoids 
C: ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
of the Zutphen study were investigated [3]. The 
results confirmed that dietary intake of these fla-
vonoids reduced the risk of ovarian cancer. 
Similar findings were observed in a case-control 
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FIGURE 41.2 Chemical structure of apigenin and biapigenin. 
study in Italy. The study investigated the rela­
tion of six classes of flavonoids with ovarian 
cancer risk, using the data from a multicentric 
case-control study between 1992 and 1999 that 
included 1031 cases with histologically con­
firmed epithelial ovarian cancer and 2411 hos­
pital controls, essentially confirming the 
previous findings. Interestingly, another case-
control study on intake of flavonoids and 
breast cancer risk investigating six principal 
classes of flavonoids was conducted in Italy 
between 1991 and 1994 on 2569 women with 
incident histologically confirmed breast cancer, 
and 2588 hospital controls [4]. This study docu­
mented an inverse association between fla­
vones and breast cancer risk. 

One study investigated the relation of flavo­
noids with the recurrence risk of neoplasia with 
resected colorectal cancer patients. Eighty seven 
patients, 36 with resected colon cancer and 51 
after polypectomy, were divided into two 
groups: 31 patients received a flavonoid mix­
ture (daily standard dose 20 mg apigenin and 
20 mg epigallocathechin-gallate) and were com­
pared with a 56 matched control group. 
Fourteen patients receiving flavonoid had no 
cancer recurrence in this group, and only one 
adenoma developed. Conversely, the cancer 
recurrence rate of the 15 matched untreated con­
trols was 20% (3 of 15) and adenomas evolved 
in 4 of those patients (27%). The combined 
recurrence rate for neoplasia was 7% (1 of 14) 
in the treated patients and 47% (7 of 15) in the 
controls [5]. This study demonstrated that flavo­
noid intervention can reduce the recurrence 
C: ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
rate of neoplasia in patients with sporadic colo­
rectal neoplasia. These observational and case-
control reports of the beneficial effects of plant 
flavone intake are encouraging and demon­
strate flavones as a class of beneficial com­
pounds which possess health-promoting and 
disease-preventing dietary effects including effi­
cacy in cancer prevention. An added benefit is 
that these compounds are associated with mini­
mal toxicity and could be developed for chemo­
prevention protocols. Furthermore, most of the 
chemopreventive effects have been attributed to 
apigenin, a naturally occurring plant flavone 
that has demonstrated promising cancer chemo­
preventive/therapeutic properties. 
2. APIGENIN – STRUCTURE, 
PROPERTIES AND SOURCES 
Apigenin is a flavonoid belonging to the fla­
vone structural class and chemically known as 
4u,5,7,-trihydroxyflavone, with molecular for­
mula C15H10O5. Apigenin has a low molecular 
weight (MW 270.24), structurally forming yel­
low needles in pure form. The melting point of 
apigenin is 347.5; it is practically insoluble in 
water, moderately soluble in hot alcohol, and 
is soluble in dilute potassium hydroxide and 
dimethyl sulfoxide [6]. It is incompatible with 
strong oxidizing agents. Apigenin also exists as 
a dimer, biapigenin, mainly isolated from the 
buds and flowers of Hypericum perforatum 
(Figure 41.2). 
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Apigenin is abundantly present in common 
fruits, plant-derived beverages, and vegetables 
such as parsley, onions, oranges, tea, chamo­
mile, wheat sprouts, and some seasonings. One 
of the most common sources of apigenin con­
sumed as single ingredient herbal tea is chamo­
mile, prepared from the dried flowers from 
Matricaria chamomilla [7]. This is an annual her­
baceous plant indigenous to Europe and west­
ern Asia that has been naturalized in Australia, 
Britain, and the USA. Also known as German 
chamomile, Hungarian chamomile, mayweed, 
sweet false chamomile, or wild chamomile, the 
plant is cultivated in Germany, Hungary, 
Russia, and other southern and eastern 
European countries for the flower heads. 
Infusions of chamomile contain maximum con­
centrations of apigenin ranging from 0.8 to 
1.2% and essential oils which have aromatic, 
flavoring, and coloring properties. Chamomile 
is consumed in the form of tea at the rate of 
over 1 million cups per day. Other sources for 
apigenin include beverages such as wine and 
beer brewed from natural ingredients. 
Apigenin is commonly present as a constituent 
in red wine [8]. Like red wine, beer also pro­
vides a good source of apigenin [9]. In natural 
sources, apigenin is present as apigenin-7-O­
glucoside and various acylated derivatives [10]. 
3. APIGENIN – INTAKE THROUGH 
DIET 
There are no reports in the literature that 
have estimated the intake of apigenin alone in 
healthy adult individuals. According to an esti­
mate, average intakes of flavonoids as flavonols 
and flavones have ranged from 6 mg per day in 
Finland to 64 mg/d in Japan, with intermediate 
intakes in the USA (13 mg/d), Italy (27 mg/d), 
and the Netherlands (33 mg/d). These estimates 
were based on analysis of five plant flavonoids: 
quercetin, kaempferol, myricetin, luteolin, and 
apigenin in composite food samples for the 
C: ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
population analyzed in the Seven Countries 
Study [11]. In another study on the Hungarian 
population the intake of flavonoid was lower 
than in Dutch (23 mg/d), Danish (28 mg/d), 
and Finnish citizens (55 mg/d). The intake 
of five flavonoids in 17 different diets was 
estimated [12]. Lowest intake (1–9 mg/d) was 
estimated in South African diets, whereas the 
highest flavonoid intake (75–81 mg/d) was 
from a Scandinavian diet. In addition to flavo­
noid intake, dietary sources of the flavonols 
and flavones varied between different coun­
tries, with major contributions from tea in 
Japan (95%) and the Netherlands (64%), red 
wine and beer in Italy (46%), and vegetables 
and fruits in Finland (100%) and the USA 
(80%). For those regularly consuming wine and 
beer, apigenin will likely be the most important 
source of flavonoids. In Australia, tea remains 
the major dietary flavonoid with apparent die­
tary consumption up to 351 mg/person/d, of 
which 75% were flavan-3-ols [13]. 
4. APIGENIN – ABSORPTION AND 
METABOLISM 
Although flavonoids have poor bioavail­
ability, there are reports that fully methyl­
ated flavones have high metabolic stability 
as well as good intestinal absorption [14,15]. 
Studies with methylated apigenin (5,7,4u-tri­
methoxyflavone) in rats exhibited elevated 
intestinal absorption and high oral bioavail­
ability and tissue accumulation greater than 
natural apigenin [16]. 

Apigenin in its natural form is present in 
foods mostly as glucoside conjugates and vari­
ous acylated derivatives, which are more water 
soluble than the parent compound and remain 
mostly unmodified by various cooking meth­
ods. The moiety with which apigenin is conju­
gated is an important determinant of its 
absorption and bioavailability, since these attri­
butes may require enzymatic cleavage by 
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mammalian or microbial glucosidases [17]. 
Studies have shown that human absorption of 
quercetin glycoside from onions is far better 
than that of pure quercetin [18,19]. 
Consequently it seems likely that apigenin in 
its natural form bound to β-glucosides may be 
in its optimal bioavailable form. 

Upon reaching the gut, apigenin is exten­
sively metabolized via the dual recycling 
scheme involving both enteric and entero­
hepatic recycling [20,21]. Apigenin has been 
shown to be rapidly metabolized via UDP glu­
curonosyltransferase UGT1A1 into glucuroside 
and sulfate conjugates which are more readily 
transported in the blood and excreted in 
bile or urine [22]. In a study, absorption 
and excretion of apigenin were determined in 
11 healthy subjects after ingestion of a single 
oral bolus of 2 g parsley. The maximum api­
genin plasma concentration of 127781 nmol/L 
was observed after 7.271.3 h; levels became 
undetectable after 28 h. The average apigenin 
content measured in 24-hour urine collections 
was 1447110 nmol/24 h, corresponding to 
0.2270.16% of the ingested dose [23]. These 
results suggest that only a small portion of die­
tary apigenin reaches the human circulation. A 
single oral dose ingestion of radiolabeled api­
genin by rats demonstrated that 51% of the 
radioactivity appeared in urine, 12% in feces, 
1.2% in blood, 0.4% in the kidneys, 9.4% in the 
intestine, 1.2% in liver, and 24.8% in the rest of 
the body within 10 days. The radioactivity 
appeared in blood 24 hours after oral apigenin 
intake. The kinetics of apigenin in blood was 
characterized by a prolonged elimination half-
life of 91.8 h, which is relatively high compared 
to other dietary flavonoids [24]. In another 
study, a single oral dose of 200 mg/kg 
Chrysanthemum morifolium extract to rats 
showed that apigenin absorbed more effi­
ciently than luteolin and both had a slow elimi­
nation phase [25]. These results suggest that 
although the bioavailability of apigenin is lim­
ited, the slow pharmacokinetics may allow this 
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flavonoid to accumulate in various tissues and 
exert its salutary effects. 
5. APIGENIN – MODE OF ACTION 
Apigenin has gained particular interest over 
the years as a beneficial and health-promoting 
agent because of its low intrinsic toxicity and 
because of its striking effects on normal versus 
cancer cells, compared with other structurally 
related flavonoids [26]. There is very little 
evidence to date to suggest that apigenin 
promotes adverse metabolic reactions in vivo 
when consumed as part of a normal diet. Other 
studies have also confirmed that apigenin pos­
sesses 1) antioxidant, 2) antimutagenic, 3) anticar­
cinogenic, 4) anti-inflammatory, 5) antineoplastic 
proliferation and 6) antineoplasic progression 
properties [27]. 

Apigenin has been shown to possess anti-
mutagenic properties in a setting of nitropyr­
ene-induced genotoxicity in Chinese hamster 
ovary cells [28]. Apigenin has also been 
shown to inhibit benzo[a]pyrene and 2­
aminoanthracene-induced bacterial mutagene­
sis [28]. Laboratory studies have demon­
strated that apigenin promotes metal 
chelation, scavenges free radicals, and stimu­
lates phase II detoxification enzymes in cell 
culture and in in vivo tumor models [29]. 
Exposure to apigenin prior to a carcinogenic 
insult has been shown to afford a protective 
effect in murine skin and colon cancer mod­
els [30,31]. Apigenin is a strong inhibitor of 
ornithine decarboxylase, an enzyme that 
plays a major role in tumor promotion [32]. 
In addition, apigenin has been shown to 
increase the intracellular concentration of glu­
tathione, enhancing the endogenous defense 
against oxidative stress [33]. 

The anticarcinogenic effects of apigenin have 
been demonstrated in a skin carcinogenesis 
model. Topical application of apigenin inhi­
bited dimethyl benzanthracene-induced skin 
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tumors [32]. In addition, apigenin administra­
tion diminished the incidence of UV light-
induced cancers and increased tumor-free 
survival in similar experiments [30]. 

The anti-inflammatory properties of apigenin 
are evident in studies that have shown suppres­
sion of lipopolysaccharide (LPS)-induced cyclo­
oxygenase-2 and nitric oxide synthase-2 activity 
and expression in mouse macrophages [34]. 
Analyses of structure–activity relationships of 
45 flavones, flavonols, and their related com­
pounds showed that luteolin, ayanin, apigenin, 
and fisetin are the strongest inhibitors of IL-4 
production [35]. This work was further con­
firmed in ovalbumin immunized BALB/C mice 
where production of IL-4 was down-regulated 
by apigenin [36]. In another study, apigenin 
treatment resulted in suppression of tumor 
necrosis factor (TNF) α-induced nuclear factor 
(NF)-κB activation in human umbilical vein 
endothelial cells [37]. 

Several studies have demonstrated that api­
genin exerts a broad range of molecular signal­
ing effects [38]. Apigenin has been reported to 
inhibit protein kinase C activity, mitogen acti­
vated protein kinase (MAPK), transformation of 
C3HI mouse embryonic fibroblasts, and the 
downstream oncogenes in v-Ha-ras-transformed 
NIH3T3 cells [39,40]. Apigenin is a well-known 
inhibitor of protein tyrosine kinases and has 
been shown to block peroxisome proliferation 
regulated kinase (ERK), a MAPK in isolated 
hepatocytes [41]. In 2007, we reported that api­
genin-mediated inhibition of cell proliferation is 
due to modulations in MAPK, PI3K-Akt in 
human prostate cancer cells [42]. Apigenin has 
further been shown to down-regulate the expres­
sion of the Na +/Ca2 + exchanger, a protein 
important for calcium extrusion in neonatal rat 
cardiac myocytes [43]. Apigenin treatment has 
been shown to decrease the levels of phosphory­
lated EGFR tyrosine kinase and of other MAPK 
and their nuclear substrate c-myc, which causes 
apoptosis in anaplastic thyroid cancer cells [44]. 
Furthermore, apigenin has been shown to 
C: ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
inhibit the expression of casein kinase (CK)-2 in 
both human prostate and breast cancer cells 
[45,46]. 

It has been demonstrated that apigenin 
exerts its effects on the cell cycle. Exposure of 
a wide array of malignant cells, including epi­
dermal cells and fibroblasts, to apigenin in­
duces a reversible G2/M and G0/G1 arrest by 
inhibiting p34 (cdc2) kinase activity, accompa­
nied by increased p53 protein stability [47,48]. 
Apigenin has also been shown to induce 
WAF1/p21 levels resulting in cell cycle arrest 
and apoptosis in androgen-responsive human 
prostate cancer, LNCaP cells and androgen-
refractory DU145 cells, regardless of the Rb sta­
tus and p53 dependence or p53 independence 
[49,50]. In addition, apigenin has been shown 
to induce apoptosis in a wide range of malig­
nant cells [51–53]. Apigenin treatment has been 
shown to alter the Bax/Bcl-2 ratio in favor of 
apoptosis, associated with release of cyto­
chrome c and induction of apoptotic protease 
activating factor (Apaf)-1, which leads to cas­
pase activation and poly (ADP-ribose) polymer­
ase (PARP) cleavage [50]. 

Apigenin has shown promise in inhibiting 
tumor cell invasion and metastases by regu­
lating protease production [54]. Apigenin
under in vivo conditions is also effective in in­
hibiting TNF-α induced intracellular adhe­
sion molecule-1 up-regulation in cultured 
human endothelial cells [55]. In vivo studies 
have also shown that apigenin inhibits mela­
noma lung metastases by impairing interac­
tion of tumor cells with endothelium [56]. 
Furthermore, exposure of endothelial cells to 
apigenin results in suppression of the expres­
sion of vascular endothelial growth factor 
(VEGF), an important factor in angiogenesis 
via degradation of hypoxia-inducible factor 
(HIF)-1α protein [57]. Apigenin has also been 
shown to inhibit the expression of HIF-1α 
and VEGF via the PI3K/Akt/p70S6K1 and 
HDM2/p53 pathways in human ovarian can­
cer cells [58]. 
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Studies demonstrated that apigenin is an 
effective inhibitor of aromatase and 17β­
hydroxysteroid dehydrogenase activities in 
human placental microsomes, with resulting 
effects on steroid metabolism [59]. Oral
administration of apigenin was shown to 
cause a significant increase in uterine weight 
and overall uterine concentration of estrogen 
receptor (ER)-α in female mice [60], and  also
suppresses prostate and breast cancer cell 
growth through estrogen receptor β1 [61]. 
Apigenin has been shown to decrease intracellu­
lar and secreted levels of prostate-specific antigen 
(PSA) in androgen-responsive human prostate 
cancer LNCaP cells [49]. It has also been shown 
that oral administration of apigenin suppresses 
the levels of insulin-like growth factor (IGF)-1 in 
prostate tumor xenografts and increases levels of 
insulin-like growth factor binding protein 
(IGFBP)-3, a binding protein that sequesters IGF­
1 in vascular circulation [62]. Further studies 
have demonstrated that apigenin exposure to 
human prostate carcinoma DU145 cells caused 
increase in protein levels of E-cadherin and 
inhibited nuclear translocation of β-catenin and 
its retention to the cytoplasm [63]. These studies 
imply that apigenin may have the potential to 
inhibit hormone-related cancers as well. 

A 2007 study demonstrated effects of api­
genin on the immune system in C57BL/6 mice. 
Apigenin feeding for 2 weeks resulted in signifi­
cant suppression of total immunoglobulin (Ig) E 
levels whereas levels of IgG, IgM, and IgA 
were not affected [36]. Apigenin feeding further 
resulted in decreased production of regulated-
on-activation normal T cell expressed and 
secreted (RANTES) and soluble tumor necrosis 
factor receptor I in mouse serum. 

Other important targets of apigenin include 
heat shock proteins [57], telomerase [64], fatty 
acid synthase [65], matrix metalloproteinases 
[66], aryl hydrocarbon receptor activity [67], 
HER2/neu [68], and casein kinase 2 alpha [69], 
all of which have relevance to the develop­
ment of various human diseases. 
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6. APIGENIN – ROLE IN HUMAN
 
DISEASES
 
 
For centuries, apigenin has been utilized as 

a traditional or alternative medicine against 
various human diseases. For example, passion 
flower, which contains high levels of apigenin, 
has been used effectively to treat asthma, 
intransigent insomnia, Parkinson’s disease, neu­
ralgia, and shingles [70]. Apigenin is a major 
constituent of chamomile, which is recognized 
for its antiphlogistic, antispasmodic, and anti­
bacterial effects. Chamomile tea, 3–4 cups a 
day, has been used for centuries as a folk medi­
cine remedy for relieving indigestion or calm­
ing gastritis [70]. In addition, chamomile 
preparations are widely used in skin care pro­
ducts to reduce cutaneous inflammation and 
other dermatological diseases [71]. Alcoholic 
tincture of the whole flowering plant of chamo­
mile has been used topically as a rinse, gargle, 
cream, ointment, or bath additive. It has also 
been used as a vapor inhalant [70]. Studies pro­
viding objective evidence of the beneficial 
effects of apigenin on human health are quite 
limited, although a few epidemiological and 
clinical studies support the concept that api­
genin is beneficial in counteracting coronary 
artery disease, gastrointestinal irritation, and 
dermatological disorders, in alleviating labor 
pain, and in providing antidepressant, calming, 
and relaxing effects. The putative effects of api­
genin on various human diseases/disorders 
are shown in Table 41.1. 
7. APIGENIN – ROLE IN CANCER 
PREVENTION 
Over the years, apigenin has been increas­
ingly recognized as a cancer chemopreventive 
agent. Interest in the possible cancer pre­
ventive activity of apigenin has increased 
owing to reports of potent antioxidant and 
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TABLE 41.1 Human Studies Examining the Effects of Apigenin in Various Disorders/Diseases 

Number of Individuals Source of Doses Period Outcome References 
Delivery 

87 patients; 36 with resected 
colon cancer and 51 after 
polypectomy 

Incidence of epithelial ovar­
ian cancer among 66,940 
women in the Nurses’ 
Health Study. Analysis 
included 347 cases diag­
nosed between 1984 and 
2002 

255 patients presenting 
with acute diarrhea, ages 6 
months to 6 years 

88 healthy breast-feeding 
colicky infants, ages 21–60 
weeks 

55 postmenopausal women 
complaining of hot flushes 
and refusing hormonal 
therapy 

Japanese young males 

161 patients administered 
before intubation on postop­
erative sore throat and 
hoarseness 

8058 mothers in childbirth 

79 children aged 6–66 
months with acute, non-
complicated diarrhea 

Orally 

Dietary 
intake includ­
ing fruits, 
vegetables 
and tea 

Orally 

Beverage 

Orally 

Beverage 

Spray 

Skin/inhala­
tion 
aromatherapy 

Liquid 

20 mg apigenin and 
20 mg epigallocate­
chin-gallat in 31 
patients 

Five common die­
tary flavonoids: api­
genin myricetin, 
kaempferol, querce­
tin, and luteolin 

Apple pectin cham­
omile extract 

Herbal mixture 
(71.1 mg/kg/d 
chamomile) or 
placebo 

Chewable tablets of 
Chamomilla 
(Climax) 

One serving chamo­
mile tea or placebo 
(hot water) 

111 mg chamomile 
extract/normal 
saline in placebo 

Chamomile and 
clary sage essential 
oils 

Chamomile/ apple 
pectin preparation 
or placebo 

Daily dose 
3–4 years 
surveillance 
and 
colonoscopy 

Daily 

One week 

5 tablets 
daily 

Single dose 

Single dose 

Single dose 

Three day 

Flavonoid-treated patients 
with resected colon cancer 
(N = 14), there was no can­
cer recurrence and one ade­
noma developed 

Dietary intake of certain fla­
vonoids may reduce ovarian 
cancer risk 

Shortening the course of the 
disease and relieving associ­
ated symptoms 

Significantly reduced crying 
time compared with pla­
cebo. 85% reduction in treat­
ment group vs. 49% in 
placebo group 

Decrease in number and 
intensity of hot flushes from 
baseline to completion of 
treatment 

Decreased heart rate and 
ratings of sadness and 
depression after drinking 
tea 

No significant difference 
was observed. 42 out of 80 
patients in chamomile 
scored no postoperative 
sore throat in post-anesthe­
sia care. There was signifi­
cant correlation between 
use of oral airway and sore 
throat in the post-anesthesia 
care unit after 24 h of 
operation 

Effective in alleviating pain 

Diarrhea ended sooner in 
treatment group (85%) than 

[5] 

[3] 

[146] 

[147] 

[148] 

[149] 

[150] 

[151] 

[152] 

(Continued ) 
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TABLE 41.1 (Continued) 

Number of Individuals Source of Doses Period Outcome References 
Delivery 

(58%). Duration was also 
attenuated 

164 double-blind placebo Orally Chamomile or pla- Thrice daily No stomatitis difference [153] 
control clinical trial 5FU­ cebo mouth wash for 14 days between patients random-
induced oral mucositis ized to either protocol arm 

24 healthy subjects; ery- Topically Chamomile cream Single Erythema was suppressed [154] 
thema induced by the radia­ applied application in 24 h 
tion and cell phone tape 
stripping 

68 healthy infants (2–8 Beverage 150 mL herbal mix- One week Significantly higher colic [155] 
weeks) ture including improvement score com­

chamomile or pared with placebo. 
placebo Eliminated colic in 57% of 

treatment group vs. 26% in 
placebo group 

22 eye patients Oil inhalation Chamomile/ Two doses Significantly increased the [156] 
crushed green pep- latency for all images and 
per or placebo shifted mood rating and fre­

quency judgment in positive 
direction 

14 patients wound healing Topically Chamomile extract Single Significantly decreased the [157] 
after dermabrasion of applied wound area and increased 
tattoos chamomile drying of the wound 

12 patients heart disease Beverage 2 cups chamomile Single dose Significant decrease in mean [158] 
hospitalized for cardiac tea brachial artery pressure 
catheterization from baseline 
anti-inflammatory activities. Support for this 
notion comes from a study where consumption 
of flavonoid-free diets by healthy human volun­
teers led to a decrease in markers of oxidative 
stress in blood, viz. plasma antioxidant vitamins, 
erythrocyte superoxide dismutase (SOD) activ­
ity, and lymphocyte DNA damage commonly 
associated with enhanced disease risk [72]. 

Many of the biological effects of apigenin in 
numerous mammalian systems in vitro as well 
as in vivo are related to its antioxidant effects 
and its role in scavenging free radicals. 
Furthermore, it exhibits antimutagenic, anti-
inflammatory, antiviral, and purgative effects 
[73]. The actions of apigenin in inhibiting the 
cell cycle, diminishing oxidative stress, improv­
ing the efficacy of detoxification enzymes, 
C: ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
inducing apoptosis, and stimulating the 
immune system are quite limited [73–75]. One 
human study demonstrated that apigenin was 
absorbed systemically by a subject fed a diet 
high in parsley; this subject was found to have 
elevated levels of the antioxidant enzymes 
erythrocyte glutathione reductase and superox­
ide dismutase [76]. Activities of erythrocyte cat­
alase and glutathione peroxidase, however, 
were found to be unchanged. Other biological 
effects induced by flavonoids include reduction 
of plasma levels of low density lipoproteins, 
inhibition of platelet aggregation, and reduc­
tion of cell proliferation [73–75,77]. This is 
apparent from another cross-sectional study 
conducted in Japan in which total intake of fla­
vonoids among women was found to be 
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inversely correlated with plasma total choles­
terol and low density lipoprotein concentra­
tion, after adjustment for age, body mass 
index, and total energy intake [78]. The effects 
of flavonoids on the hematological system 
were assessed in a 7-day study of 18 healthy 
men and women, examining the effects of a 
daily dietary supplement providing quercetin 
(377710 mmol from onions) and apigenin 
(8476 mg from parsley) on platelet aggrega­
tion and other hemostatic variables. The 
authors observed no significant changes in col-
lagen- or ADP-induced platelet number, factor 
VII, plasminogen, PAI-1 activity or fibrinogen 
concentrations [79]. These inherent properties 
of flavonoids categorize them as a class of ben­
eficial compounds which possess health-pro­
moting and disease-preventing dietary effects. 
8. APIGENIN – ROLE IN HUMAN 
CANCERS 

8.1 Breast Cancer 

Studies have demonstrated anti-
proliferative effects of apigenin on human 
breast cancer cell lines with different levels 
of HER2/neu expression. Apigenin exhibited 
potent growth inhibitory activity in HER2/ 
neu over-expressing breast cancer cells but 
was much less effective in inhibiting growth 
of cells expressing basal levels of HER2/neu 
[68]. Induction of apoptosis was also 
observed in HER2/neu over-expressing 
breast cancer cells in a dose- and time-depen­
dent manner after apigenin treatment [80]. 
The cell survival pathway involving phospha­
tidylinositol 3-kinase (PI3K) and Akt/PKB is 
known to play an important role in inhibit­
ing apoptosis in HER2/neu expressing breast 
cancer cells. Apigenin has been shown to 
inhibit Akt function in tumor cells by 
directly inhibiting PI3K activity and conse­
quently inhibiting Akt kinase activity [81]. 
C: ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
Additionally, inhibition of HER2/neu auto­
phosphorylation and trans-phosphorylation 
resulting from depleting HER/neu protein 
in vivo was observed after apigenin treatment. 
Further studies from the same group showed 
that exposure of HER2/neu expressing breast 
cancer cells to apigenin resulted in induction of 
apoptosis by depleting HER2/neu protein and, 
in turn, suppressing the signaling of the HER2/ 
HER3-PI3K/Akt pathway. Apoptosis in breast 
cancer cells exposed to apigenin was induced 
through cytochrome c release and rapid induc­
tion of DNA fragmentation factor 45. Apigenin 
has also been shown to down-regulate the 
levels of cyclin D1, D3, and cdk4 and increase 
p27 protein levels in breast cancer cells [80]. 

It has been reported that peptide hormones 
and protein kinase C (PKC)-activating phorbol 
ester (PMA) protect cells from apoptosis 
through activation of cellular signaling path­
ways such as the MAPK and PI3K pathways 
[81]. Additional studies have demonstrated sup­
pression of TNF-α-induced apoptosis by treat­
ment with PMA in MCF-7 breast carcinoma 
cells [81]. The ability of apigenin to block PMA-
mediated cell survival was correlated with sup­
pression of PMA-stimulated AP-1 activity, pro­
viding evidence of the ability of apigenin to 
affect cell survival pathways and offering an 
explanation for its antitumor activity. 

The effect of apigenin on protease-mediated 
invasiveness was evaluated in estrogen-
insensitive breast tumor cell line MDA-MB231, 
showing that apigenin strongly inhibited tumor 
cell invasion in a dose-dependent manner [54]. 
Apigenin inhibits growth and induces G2/M 
arrest by modulating cyclin-cdk regulators and 
ERK MAP kinase activation in breast carcinoma 
cells [82]. The growth inhibitory effects of api­
genin were observed on MCF-7 cells that 
express two key cell cycle regulators, wild-type 
p53 and the retinoblastoma tumor suppressor 
protein (Rb), and in MDA-MB-468 cells which 
are mutant for p53 and Rb negative. Apigenin­
mediated cell growth inhibition along with 
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G2/M arrest was accompanied by significant 
decrease in cyclin B1 and cdk1 protein levels, 
resulting in a marked inhibition of cdk1 kinase 
activity. Furthermore, apigenin treatment 
reduced the protein levels of cdk4, cyclin D1, 
and A, and inhibited Rb phosphorylation, but 
did not affect the protein levels of cyclin E, 
cdk2, or cdk6. Studies have shown that api­
genin induces G(2)/M phase cell cycle arrest in 
SK-BR-3 cells which is via regulation of cdk1 
and p21 (Cip1) pathway. In addition, apigenin 
treatment resulted in ERK MAP kinase phos­
phorylation and activation in MDA-MB-468 
cells [83]. 

Further effects of apigenin and other phy­
toestrogens on DNA synthesis (estimated by 
thymidine incorporation analysis) were evalu­
ated in estrogen-dependent MCF-7 cells in the 
presence of estradiol (E2), tamoxifen, insulin, 
or epidermal growth factor [84,85]. The results 
show that apigenin was capable of inhibiting 
E2-induced DNA synthesis in these cells. 
Overall, the effects of apigenin and other phy­
toestrogens in the presence of E2 or growth fac­
tors were variable and concentration 
dependent. 

A study to characterize the estrogenic and 
anti-estrogenic activities of flavonoids was per­
formed in the ER-positive MCF-7 human 
breast cancer cell line using an ER-dependent 
reporter gene assay and an ER competition 
binding assay [86]. In these studies apigenin 
was shown to possess anti-estrogenic activities 
which may be mediated through ER binding-
dependent and independent mechanisms. 
A later study suggested that apigenin targets 
both ERalpha-dependent and ERalpha-indepen­
dent pathways on estrogen-responsive, anti­
estrogen-sensitive MCF7 breast cancer cells and 
has a growth inhibitory effect on two MCF7 
sublines with acquired resistance to either 
tamoxifen or fulvestrant [87]. These anti-estro­
genic activities were deemed to be biologically 
significant in the regulation of breast cancer 
cell proliferation. 
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The combined effects of multiple flavonoids 
on breast cancer resistance protein (BCRP) were 
demonstrated: several plant flavonoids including 
apigenin were used alone or in combinations to 
evaluate the potential interactions for BCRP inhi­
bition [88]. Apigenin and other flavonoids were 
shown to inhibit the BCRP protein, which was 
highly efficacious in combination at equimolar 
concentrations. Another study compared the 
endocrine disruption activities of compounds in 
materials used to package foods including 
bisphenol derivatives and plant flavonoids, 
including apigenin, on human breast cancer cell 
lines MCF-7 which is ER(+) and MDA-MB453 
which is AR(+) and GR(+). These studies sug­
gested that natural compounds had a biphasic 
effect: at high concentrations they act as GR ago­
nists and in low concentrations they may act as 
partial androgen receptor (AR) agonists [89]. In
another study apigenin and genistein have been 
shown to stimulate the proliferation of MCF-7 
and T47D cells [estrogen receptor alpha 
(ERalpha-positive)], but do not stimulate the pro­
liferation of an ERalpha-negative cell line (MDA­
MB-435 cells) [90]. These studies indicate that es­
trogenicity of the phytochemicals is quantita­
tively important in inducing cell proliferation or 
inhibiting aromatase, suggesting that perhaps a 
more cautionary approach should be taken 
before they are taken as food supplements [91]. 

Another study has shown that plant flavo­
noids can induce apoptosis in human breast 
and prostate cancer cells, an effect that is associ­
ated with their ability to inhibit the activity of 
fatty acid synthase, a key metabolic enzyme 
that catalyzes the synthesis of long-chain fatty 
acids over-expressed in neoplastic and malig­
nant cells [65]. In this study at least six plant-
derived flavonoids, including apigenin, had 
marked inhibitory effects on cancer cell growth 
and survival which appear to be related to their 
ability to inhibit fatty acid synthesis. A later 
observation confirmed that extra virgin olive oil 
derived apigenin content was able to suppress 
the expression of lipogenic enzyme fatty acid 
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synthase in SKBR and MCF-7/HER2 cells [92]. 
The proteasomal chymotrypsin-like activity was 
inhibited by the apigenin and induces apoptosis 
by the activation of caspase 3, 7 and poly 
(ADP-ribose) polymerase cleavage, in cultured 
MDA-MB-231 cells and also in MDA-MB-231 
xenografts [25]. Further studies have shown 
that apigenin inhibits hepatocyte growth factor-
induced MDA-MB-231 cell invasiveness and 
metastasis by blocking Akt, ERK, and JNK 
phosphorylation and also inhibits clustering of 
β-4-integrin function at the actin-rich adhesive 
site [93]. 
8.2 Cervical Cancer 

The first report about apigenin in human cer­
vical carcinoma HeLa cells demonstrated that 
apigenin inhibited growth through an apopto­
tic pathway. Apigenin inhibited cell growth, 
caused G1 phase growth arrest, and induced 
apoptosis which was p53 dependent and asso­
ciated with a marked increase in the expres­
sion of p21/WAF1 protein and with the 
induction of Fas/APO-1 and caspase-3 expres­
sion. Apigenin also decreased the expression of 
Bcl-2 protein, an anti-apoptotic factor [94]. 

Further studies demonstrated that apigenin 
can interfere with cell proliferation, cell sur­
vival, and gap junctional coupling. Exposure of 
noninvasive wild-type HeLa cells and their con­
nexin43 (Cx43)-transfected counterparts to api­
genin resulted in a significant and reversible 
inhibition of translocation of both cell types. 
The effect of apigenin on cell proliferation was 
less pronounced especially at low apigenin con­
centration, whereas its influence on cell motil­
ity correlated with the reduction of the 
invasive potential of HeLa Cx43 cells [95]. 
Another study with medicinal herb feverfew 
(Tanacetum parthenium) extract containing par­
thenolide, camphor, luteolin, and apigenin 
showed antiproliferative activity against SiHa 
human cervical cancer cells [96]. 
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8.3 Colon Cancer 

In various human colon carcinoma cell lines 
apigenin treatment resulted in cell growth inhi­
bition and G2/M cell cycle arrest, which was 
associated with inhibition of p34 (cdc2) kinase, 
and with reduced accumulation of p34 (cdc2) 
and cyclin B1 proteins [97]. Additional studies 
were performed in individual and interactive 
influences of seven apigenin analogues on cell 
cycle, cell number, and cell viability in human 
colonic carcinoma cell lines [98]. These findings 
indicate that the induction of cell cycle arrest 
by five of seven tested apigenin analogues and 
the additive induction by the combination of 
flavonoids at low doses cooperatively protect 
against colorectal cancer through conjoint 
blocking of cell cycle progression. 

An important effect of apigenin is to 
increase the stability of the tumor suppressor 
p53 gene in normal cells [47]. It is speculated 
that apigenin may play a significant role in can­
cer prevention by modifying the effects of p53 
protein. Exposure of p53-mutant cancer cells to 
apigenin results in inhibition of cell growth 
and alteration of the cell cycle as demonstrated 
in a study in which apigenin treatment 
resulted in growth inhibition and G2/M phase 
arrest in two p53-mutant cancer cell lines, HT­
29 and MG63 [99]. These effects were associ­
ated with a marked increase in the protein 
expression of p21/WAF1 in a dose- and time-
dependent manner. These results suggest that 
there is a p53-independent pathway for api­
genin in p53-mutant cell lines, which induces 
p21/WAF1 expression and growth inhibition. 
Further assessment was that adenomatous 
polyposis coli (APC) dysfunction may be criti­
cal for apigenin to induce cell cycle arrest 
in human colon cancer HT29-APC cells 
(mutated APC), but apigenin enhances APC 
expression and apoptosis in cells [100]. Studies 
with 5,6-dichloro-ribifuranosylbenzimidazole 
(DRB) and apigenin represented induced sensiti­
zation of colon cancer cells to TNF-α-mediated 
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apoptosis [101]. Inhibition of CK2 in HCT-116 
and HT-29 cells with the use of two specific 
CK2 inhibitors, DRB and apigenin, resulted 
in a synergistic reduction in cell survival 
when used in conjunction with TNF-α [101]. 
Chemopreventive activity of apigenin may be 
mediated by its ability to modulate the MAPK 
cascade. Apigenin induced a dose-dependent 
phosphorylation of both ERK and p38 kinase 
but had little effect on the phosphorylation of c­
jun amino terminal kinase (JNK) [31]. Further 
studies on apigenin suggest that it inhibits orni­
thine decarboxylase (ODC) activity and the for­
mation of aberrant crypt foci in two different 
mouse models systems; azoxymethane (AOM)­
induced CF-1 mice and Min mice with mutant 
adenomatous polyposis coli (APC) gene [102]. 

The interactions between sulforaphane and 
apigenin resulted in the induction of UGT1A1 
and GSTA1, the phase II detoxifying enzymes, 
in CaCo-2 cells [103]. Apigenin was shown to 
induce UGT1A1 transcription but not GSTA1; 
sulforaphane induced both UGT1A1 and 
GSTA1 transcription in both dose- and time-
dependent manner. The combination of sulfo­
raphane and apigenin resulted in a synergistic 
induction of UGT1A1 mRNA expression, 
although this interaction was not seen for 
GSTA1, suggesting that different signal trans­
duction pathways regulate the expression of 
detoxification enzymes. Additional studies sug­
gest that apigenin is more potent than tricin or 
quercetin in down-regulating inducible COX-2 
expression in HCEC cells [104]. 
8.4 Hematological Cancer 

Apigenin was also tested to ascertain its 
effects on human leukemia cells. Apigenin was 
shown to be markedly more effective than other 
tested flavonoids in inducing apoptosis in these 
cells [51]. Further studies have shown that api­
genin and quercetin both inhibit topoisomerase­
catalyzed DNA irregularities that are involved 
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in many aspects of leukemia cell DNA metabo­
lism including replication and transcription reac­
tions. Another study suggests that treatment 
with apigenin in different leukemia cell lines 
resulted in selective antiproliferative and apopto­
tic effects in monocytic and lymphocytic leuke­
mias; this selective apoptosis is mediated by 
induction of protein kinase C delta [105]. 
Apigenin inhibits platelet function through sev­
eral mechanisms including blockade of TxA2 

receptors (TPs). The inhibitory effect of apigenin 
in the presence of plasma might in part rely on 
TxA2 receptor antagonism. This was demon­
strated through a clear increase in the ex vivo 
antiplatelet effect of aspirin in the presence of 
apigenin, which encourages the idea of the com­
bined use of aspirin and apigenin in patients in 
whom aspirin fails to properly suppress the 
TxA2 pathway [106]. 

A flavonoids-based study was carried out 
mainly on apigenin, quercetin, kaempferol, and 
myricetin for their proteasome-inhibitory and 
apoptosis-inducing abilities in human leukemia 
cells. The authors reported that apigenin and 
quercetin were much more potent than kaemp­
ferol and myricetin in: 1) inhibiting chymotryp­
sin-like activity of purified 20S proteasome and 
of 26S proteosome; 2) accumulating putative 
ubiquitinated forms of two proteasome target 
proteins, Bax and IκBα; and 3) inducing activa­
tion of caspase-3 and cleavage of poly (ADP­
ribose) polymerase in Jurkat T cells [107]. 
Furthermore, the proteasome-inhibitory abili­
ties of these compounds correlated with their 
apoptosis-inducing potencies. 

Further structurally related flavonoids, such 
as apigenin, quercetin, myricetin, and kaemp­
ferol, were able to induce apoptosis in human 
promyelocytic leukemia HL-60 cells [51]. 
Treatment of cells with flavonoids caused 
rapid induction of caspase-3 activity and stimu­
lated proteolytic cleavage of poly (ADP-ribose) 
polymerase. These flavonoids induced loss of 
mitochondrial transmembrane potential, eleva­
tion of reactive oxygen species production, 
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release of mitochondrial cytochrome c into the 
cytosol, and subsequent induction of procas­
pase-9, with apigenin having the highest 
potency in inducing apoptotic effects. Olive 
leaf (Olea europaea L.) extract from seven princi­
pal Tunisian olive varieties, Chemchali, 
Chemlali, Che Gerboui, Sayali, Zalmati,etoui, 
and Zarrazi, having one common compound 
apigenin-7-O-glucoside in all the extracts, has 
been shown to reduce nitroblue tetrazolium (a 
differentiation marker) in HL-60 cells [108]. 
Another study evaluated the potential of 22 fla­
vonoids and related compounds by testing 
their apoptotic activity in leukemic U937 cells 
[109]. In these studies, apigenin and several 
other flavones but not the isoflavones or flava­
nones tested were shown to induce apoptosis 
in U937 cells. 

The protective effects of four flavonoids, 
quercetin, rutin, luteolin, and apigenin, were 
evaluated by measuring the extent of H2O2­
induced DNA damage in murine leukemia 
L1210 cells [110]. The results show that api­
genin, at low concentrations, was marginally 
effective in reducing the extent of DNA dam­
age. However, at high concentrations apigenin 
induced DNA single strand breaks, indicating 
its ability to serve as a pro-oxidant. Another 
study evaluated the role of dietary bio­
flavonoids in inducing cleavage in the MLL 
gene, which may contribute to infant leukemia 
[111]. Apigenin was shown to induce DNA 
cleavage in primary progenitor hematopoietic 
cells from healthy newborns and adults and in 
cell lines by targeting topoisomerase II, an 
enzyme that alters the DNA topology. It is not 
known whether this in vitro study can be 
extrapolated to human situations, because of 
the dose and bioavailability issue. 
8.5 Lung Cancer 

The effects of apigenin on lung cancer cells 
were evaluated. Apigenin inhibited A549 lung 
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cancer cell proliferation and VEGF transcrip­
tional activation in a dose-dependent manner 
[112]. Apigenin inhibited VEGF transcriptional 
activation through the HIF-1 binding site, and 
specifically decreased HIF-1α, but not HIF-1β 
subunit expression in these cells. In a signaling 
pathway that mediates VEGF transcriptional 
activation, apigenin inhibited AKT and 
p70S6K1 activation. Lung cancer cells SQ-5 
incubated with apigenin exhibited significantly 
greater radiosensitivity and apoptosis than 
cells without apigenin [113]. Another report 
demonstrates that apigenin exhibited an inhibi­
tory effect on hepatocyte growth factor-induced 
Akt phosphorylation in lung carcinoma 
A549 cells [114]. In addition, the exposure of 
nude mice with lung cancer to apigenin inhi­
bited HIF-1α and VEGF expression in the 
tumor tissues, suggesting an inhibitory effect 
of apigenin on angiogenesis. Another study 
demonstrated the efficacy of apigenin adminis­
tration against experimental Lewis lung carcino­
mas (LLC), C-6 gliomas and DHDK 12 colonic 
cancers in vivo [115]. Tumor-bearing mice 
received 50 mg/kg/d of apigenin in three differ­
ent galenical formulations during 12 days in 
8-hourly intervals. No in vivo response was 
observed, in contrast to the high in vitro sensitiv­
ity of LLC, C-6, DHDK 12, and endothelial 
cells to apigenin; complete growth suppression 
occurs in vitro at concentrations beyond 30 µg/ 
mL. Studies in B57BL/6N mice injected with 
B16-BL6 tumor cells demonstrated that the 
number of tumor cells adhering to lung 
vessels was significantly diminished in animals 
treated with a single dose of apigenin and 
quercetin [56]. 
8.6 Ovarian Cancer 

In human ovarian cancer cells, apigenin­
inhibited VEGF expression was observed at the 
transcriptional level through expression of HIF­
1α via the PI3K/AKT/p70S6K1 and HDM2/p53 
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pathways. Apigenin has also been shown to 
inhibit tube formation by endothelial cells 
in vitro [58,116]. Additionally, apigenin inhi­
bited the activity of MAPK and PI3K in 
human ovarian carcinoma HO-8910PM cells 
[117]. Apigenin inhibits expression of focal 
adhesion kinase (FAK), migration, and inva­
sion of human ovarian cancer A2780 cells. 
Further in vivo experiments also showed that 
apigenin inhibited spontaneous metastasis of 
A2780 cells implanted onto the ovary of nude 
mice [118]. A prospective study investigated 
the association between intake of five common 
dietary flavonoids, viz. myricetin, kaempferol, 
quercetin, luteolin, and apigenin, and incidence 
of epithelial ovarian cancer among 66,940 
women in the Nurses’ Health Study. The 
researchers calculated each participant’s intake 
of these flavonoids from dietary data collected 
at multiple time points, and used Cox propor­
tional hazards regression to model the inci­
dence rate ratio (RR) of ovarian cancer for each 
quintile of intake. There was significant reduc­
tion in ovarian cancer risk after dietary intake 
of certain flavonoids [3]. Furthermore, study of 
the potency and safety of selectively oncolytic 
adenoviruses for treatment of advanced ovar­
ian cancers is necessary. Apigenin has been 
shown to reduce the replication of adenovirus, 
which could provide a safety switch in case of 
replication-associated side effects encountered 
in these patients. Apigenin was also found 
to be useful for the treatment of systemic 
adenoviral infections in immunosuppressed 
patients [119]. 
8.7 Prostate Cancer 

The effects of selected bioflavonoids includ­
ing apigenin were compared on the prolifera­
tion of androgen-independent human prostate 
cancer PC-3 cells, which show complete growth 
retardation after apigenin exposure [120]. The 
effects of bioflavonoids on the activity and 
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phosphotyrosine content of oncogenic proline-
directed protein kinase FA (PDPK FA) in 
human prostate carcinoma cells have also been 
studied. Long-term treatment of human pros­
tate carcinoma cells with low concentrations of 
quercetin, apigenin, and kaempferol potently 
induced tyrosine dephosphorylation and con­
currently inactivated oncogenic PDPK FA in a 
concentration-dependent manner [121]. 

Apigenin has the capability to significantly 
reduce cell number and induce apoptosis in 
PWR-1E, LNCaP, PC-3, and DU145 cells [122]. 
The PC-3 and DU145 cells were less suscepti­
ble to apigenin-induced apoptosis than LNCaP 
and PWR-1E cells. The induction of apoptosis 
by apigenin is caspase-dependent. Apigenin 
generates reactive oxygen species, causes loss 
of mitochondrial Bcl-2 expression, increases 
mitochondrial permeability, causes cytochrome 
c release, and induces cleavage of caspase 3, 7, 
8, and 9 and the concomitant cleavage of the 
inhibitor of apoptosis protein, cIAP-2. The 
over-expression of Bcl-2 in LNCaP B10 cells 
reduces the apoptotic effects of apigenin. A 
study demonstrated correlation between the 
activity of casein kinase (CK) 2 and certain 
growth properties of prostate cancer cells [45]. 
Apigenin exposure led to inhibition of CK2 
activity in both hormone-sensitive LNCaP cells 
and hormone-refractory PC-3 cells but only the 
hormone-sensitive LNCaP cells responded with 
apoptosis. These studies suggest that a high 
CK2 activity is not essential for growth or pro­
tection against apoptosis in hormone-refractory 
prostate cancer cells. 

We evaluated the growth-inhibitory effects 
of apigenin on normal human prostate epithe­
lial cells (NHPE), virally transformed normal 
human prostate epithelial PZ-HPV-7 cells, and 
human prostate adenocarcinoma CA-HPV-10 
cells [26]. Apigenin treatment to NHPE and PZ­
HPV-7 resulted in almost identical growth-
inhibitory responses of low magnitude whereas 
significant decrease in cell viability was 
observed in CA-HPV-10 cells. Further we 
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reported that apigenin inhibits the growth of 
androgen-responsive human prostate carci­
noma LNCaP cells and described the molecular 
basis for this observation. The cell growth inhi­
bition achieved by apigenin treatment resulted 
in a significant decrease in AR protein expres­
sion along with a decrease in intracellular and 
secreted forms of PSA [49]. Apigenin treatment 
of LNCaP cells resulted in G1 arrest in cell 
cycle progression which was associated with a 
marked decrease in the protein expression of 
cyclin D1, D2, and E and their activating part­
ner cdk2, 4 and 6 with concomitant induction 
of WAF1/p21 and KIP1/p27. The induction of 
WAF1/p21 appears to be transcriptionally up-
regulated and is p53 dependent. In addition, 
apigenin inhibited hyperphosphorylation of the 
pRb protein in these cells. Next we studied api­
genin-mediated inhibitory effects in androgen-
refractory human prostate carcinoma DU145 
cells which have mutations in the tumor sup­
pressor gene p53 and pRb. Exposure of DU145 
cells to apigenin resulted in a dose- and time-
dependent inhibition of growth, colony forma­
tion, and G1 phase arrest of the cell cycle [50]. 
Apigenin exposure also resulted in alteration in 
Bax/Bcl2 ratio in favor of apoptosis, which was 
associated with the release of cytochrome c 
and induction of apoptotic protease activating 
factor-1 (Apaf-1). This effect was found to 
result in a significant increase in cleaved frag­
ments of caspase-9, -3, and poly (ADP-ribose) 
polymerase (PARP). Apigenin exposure also re­
sulted in down-modulation of the constitutive 
expression of NFκB/p65 and NFκB/p50 in the 
nuclear fraction which correlated with an 
increase in the expression of IκBα in the cyto­
sol. In another study we examined whether api­
genin was effective in inhibiting the expression 
of NFκB, a gene that regulates several cell sur­
vival and anti-apoptotic genes. Exposure of PC­
3 cells to apigenin inhibited DNA binding and 
reduced nuclear levels of the p65 and p50 sub­
units of NFκB with concomitant decrease in 
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IκBα degradation, IκBα phosphorylation, and 
IκKα kinase activity [123]. In addition, apigenin 
exposure inhibited TNF-α-induced activation of 
NFκB via the IκBα pathway, thereby sensitiz­
ing the cells to TNF-α-induced apoptosis. The 
inhibition of NFκB activation correlated with a 
decreased expression of NFκB-dependent 
reporter gene and suppressed expression of 
NFκB-regulated genes, specifically, Bcl2, cyclin 
D1, cyclooxygenase-2, matrix metalloproteinase 
9, nitric oxide synthase-2, and VEGF. 
Furthermore, we investigated the in vivo 
growth-inhibitory effects of apigenin on andro­
gen-sensitive human prostate carcinoma 22Rv1 
tumor xenografts subcutaneously implanted in 
athymic male nude mice [62]. Apigenin feeding 
resulted in dose-dependent inhibition of tumor 
growth which was associated with increased 
accumulation of human IGFBP-3 in mouse 
serum. Apigenin consumption by these mice 
also resulted in simultaneous decrease in serum 
IGF-1 levels and induction of apoptosis in 
tumor xenografts, evidence favoring the con­
cept that the growth-inhibitory effects of api­
genin involve modulation of IGF-axis signaling 
in prostate cancer. Further studies with pharma­
cological intervention of apigenin showed a 
direct growth-inhibitory effect on human pros­
tate tumors implanted in athymic nude mice. 
Oral feeding of apigenin resulted in dose-depen­
dent: 1) increase in the protein expression of 
WAF1/p21, KIP1/p27, INK4a/p16, and 
INK4c/p18; 2) down-modulation of the protein 
expression of cyclins D1, D2, and E, and cyclin­
dependent kinases (cdk), cdk2, cdk4, and cdk6; 
3) decrease in retinoblastoma phosphorylation 
at serine 780; 4) increase in the binding of 
cyclin D1 toward WAF1/p21 and KIP1/p27; 
and 5) decrease in the binding of cyclin E 
toward cdk2 in both types of tumors [124]. 
Studies with apigenin in LNCaP and PC-3 cells 
demonstrated G0–G1 phase arrest, decrease 
in total retinoblastoma (Rb) protein, and its 
phosphorylation at Ser780 and Ser807/811 in 
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dose- and time-dependent fashion. Apigenin 
treatment caused increased phosphorylation 
of ERK1/2 and JNK1/2 and this sustained 
activation resulted in decreased ELK-1 phos­
phorylation and c-FOS expression thereby inhi­
biting cell survival. Interestingly, apigenin 
caused a marked reduction in cyclin D1, D2, 
and E and their regulatory partners cdk 2, 4, 
and 6, operative in the G0–G1 phase of the cell 
cycle. This was accompanied by a loss of RNA 
polymerase II phosphorylation, suggesting the 
effectiveness of apigenin in inhibiting transcrip­
tion of these proteins [42]. In another study 
using TRansgenic Adenocarcinoma of Mouse 
Prostate (TRAMP) model, we demonstrated 
that oral administration of apigenin at doses 
of 20 and 50 µg/mouse/d, 6 days per week 
for 20 weeks, significantly decreased tumor vo­
lumes of the prostate as well as completely abol­
ishing distant-site metastases to lymph nodes, 
lungs, and liver [63]. Administration of api­
genin resulted in increased levels of E-cadherin 
and decreased levels of nuclear β-catenin, 
c-Myc, and cyclin D1 in the dorso-lateral pros­
tates of TRAMP mice. These studies indicate 
that apigenin is effective in suppressing pros­
tate carcinogenesis in an in vivo model, at least 
in part, by blocking β-catenin signaling. 
Furthermore, we demonstrated that apigenin at 
different doses resulted in ROS generation, 
which was accompanied by rapid glutathione 
depletion, disruption of mitochondrial mem­
brane potential, cytosolic release of cytochrome 
c, and apoptosis in human prostate cancer 
22Rv1 cells [125]. There was accumulation of a 
p53 fraction to the mitochondria, which was 
rapid and occurred between 1 and 3 h after api­
genin treatment. In vivo, 22Rv1 xenograft stud­
ies confirmed that apigenin administration 
resulted in p53-mediated induction of apoptosis 
in 22Rv1 tumors. These results indicated that 
apigenin-induced apoptosis in 22Rv1 cells is ini­
tiated by a ROS-dependent disruption of the 
mitochondrial membrane potential through 
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transcriptional-dependent and -independent 
p53 pathways. 

The mechanism(s) of apigenin action on the 
IGF/IGF-IR (insulin-like growth factor receptor 
1 protein) signaling pathway in human pros­
tate cancer DU145 cells markedly reduced IGF-
I-stimulated cell proliferation and induced apo­
ptosis [126]. This effect of apigenin might be 
partially due to reduced autophosphorylation 
of IGF-IR. Inhibition of p-Akt by apigenin 
resulted in decreased phosphorylation of GSK­
3β. In another study using human prostate can­
cer PC-3 cells we further demonstrated that 
apigenin-mediated dephosphorylation of Akt 
resulted in inhibition of its kinase activity, 
which was confirmed by reduced phosphoryla­
tion of pro-apoptotic proteins BAD and glyco­
gen synthase kinase-3, essential downstream 
targets of Akt [127]. These results suggest that 
Akt inactivation and dephosphorylation of 
BAD is a critical event, at least in part, in 
apigenin-induced decreased cell survival and 
apoptosis. One report in 2008 suggested that 
hypoxia induced a time-dependent increase in 
the level of HIF-1α subunit protein in PC3-M 
cells, which were markedly decreasing HIF-1α 
expression after apigenin treatment under both 
normoxic and hypoxic conditions [128]. 
Apigenin prevented the activation of the HIF-1 
and its downstream target gene VEGF. 

8.8 Skin Cancer 

Studies have shown that apigenin is effective 
in the prevention of UVA/B-induced skin carci­
nogenesis in SKH-1 mice [30]. Topical applica­
tion of apigenin has been shown to inhibit UV-
mediated induction of ornithine decarboxylase 
activity, reduce tumor incidence, and increase 
tumor-free survival in mice. Several other stud­
ies have provided evidence that apigenin pre­
vents UV-induced skin tumorigenesis by 
inhibiting the cell cycle and cyclin-dependent 
kinases [48]. Exposure of mouse keratinocytes 
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to apigenin induced G2/M cell cycle arrest and 
accumulation of the p53 tumor suppressor pro­
tein with increased expression of p21/WAF1. 
This arrest was accompanied by inhibition of 
p34 (cdk2) kinase protein level and activity, 
which was found to be independent of p21/ 
WAF1 [129]. In human diploid fibroblasts, api­
genin produced G1 cell cycle arrest by inhibit­
ing cdk2 kinase activity and inducing p21/ 
WAF1. A short-term in vivo system was estab­
lished to evaluate topical formulations of api­
genin and to determine whether apigenin is 
effective when delivered as a topical prepara­
tion to the local skin lesions. It was observed 
that topical application of apigenin was capable 
of targeting local tissue [130]. Further study 
demonstrated the in vivo and in vitro percutane­
ous absorption of apigenin using different 
vehicles [131]. Some observations suggest that 
apigenin suppresses the UVB-induced increase 
in COX-2 expression (a key enzyme which con­
verts the arachidonic acid to prostaglandins, 
and its over-expression results in carcinogene­
sis) and mRNA in mouse and even in human 
keratinocyte cell lines [132,133]. Through these 
studies it was apparent that delivery of api­
genin into viable epidermis appears to be a nec­
essary property for an apigenin formulation to 
be effective in skin cancer prevention. 

The combined effects of quercetin and api­
genin were evaluated on inhibition of mela­
noma growth, invasiveness, and metastatic 
potential, and demonstrated that in vivo admin­
istration of apigenin and quercetin was effec­
tive in inhibiting melanoma lung tumor 
metastasis in a B16-BL6 murine melanoma 
metastasis model, an effect that was postulated 
to be due to the impairment of endothelial 
interactions in malignant cells [134]. 
8.9 Thyroid Cancer 

The effects of some selected flavonoids 
including apigenin were investigated on 
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human thyroid carcinoma cell lines, UCLA 
NPA-87-1 (NPA) (papillary carcinoma), UCLA 
RO-82W-1 (WRO) (follicular carcinoma), and 
UCLA RO-81A-1 (ARO) (anaplastic carcinoma) 
[44]. Among the flavonoids tested, apigenin 
was the most potent inhibitor of the prolifera­
tion of these cell lines. Further study demon­
strated that the inhibitory effect of apigenin on 
ARO cell proliferation was associated with inhi­
bition of both EGFR tyrosine autophos­
phorylation and phosphorylation of its 
downstream effector MAPK [44]. Subsequent 
evaluation was done on the effects of flavo­
noids on iodide transport and growth of the 
human follicular thyroid cancer cell line 
(FTC133) which was stably transfected with 
the human Na (+)/I (-) symporter (hNIS) 
[135]. It was observed that apigenin inhibited 
NIS mRNA expression, a finding that may 
have therapeutic implications in the radio-
iodide treatment of thyroid carcinoma. 
8.10 Endometrial cancer 

The genomic aberrations in endometrial 
cancer cells were identified after treatment 
with phytoestrogenic compounds, including 
apigenin, using array-based comparative geno­
mic hybridization [136]. Over 20% of the 
array genes involving insulin metabolism 
were modulated in the cancer cells treated 
with β-estradiol, compared to those treated 
with the same concentration of apigenin, sug­
gesting that it may play a role in the treat­
ment of endometrial cancer and in the 
treatment of postmenopausal women. 
8.11 Gastric Cancer 

Growth-inhibitory potential and apoptosis 
were evaluated after apigenin treatment on 
human gastric carcinoma SGC-7901 cells. 
Exposure of these cells to apigenin resulted in 
dose-dependent inhibition of the growth and 
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clone formation of SGC-7901 cells by inducing 
apoptosis [137]. 
8.12 Liver Cancer 

Initial studies on plant flavonoids have 
shown that structural analogues designated the 
flavonoid 7-hydroxyl group are potent inhi­
bitors of the human P-form phenolsulfotransfer­
ase, which is of major importance in the 
metabolism of many drugs, resulting in either 
inactivation and rapid renal elimination of the 
highly ionized sulfuric acid ester conjugates 
formed or, in some instances, formation of con­
jugates with increased pharmacological activity 
[138]. Introduction of a prenyl group into the 
molecule increases the hydrophobicity which 
would be expected to improve their biochemi­
cal and pharmacological properties through 
enhanced affinity for the lipophilic membrane. 
C8-prenylation of apigenin enhances the cyto­
toxicity and induces apoptotic cell death in 
H4IIE hepatoma cells without affecting anti-
oxidative properties [139]. Further inhibitory 
effects of luteolin and apigenin were investi­
gated on human hepatocellular carcinoma 
HepG2 cells. The results indicate that both fla­
vonoids exhibited cell growth-inhibitory effects 
which were due to cell cycle arrest and down-
regulation of the expression of cdk4 with induc­
tion of p53 and p21, respectively [140]. 
Apigenin reduced cell viability, and induced 
apoptotic cell death in HepG2 cells. 
Additionally, it evoked a dose-related elevation 
of intracellular ROS level. Treatment with vari­
ous inhibitors of NADPH oxidase significantly 
blunted both the generation of ROS and ind­
uction of apoptosis by apigenin. These results 
suggest that ROS generated through the 
activation of NADPH oxidase may play an 
essential role in the apoptosis induced by 
apigenin in HepG2 cells [83]. In  in vivo studies 
protective effects of apigenin were observed 
against N-nitroso-diethylamine-induced and 
C: ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
phenobarbitol promoted hepatocarcinogenesis 
in Wistar albino rats [141]. Apigenin treatment 
of these rats at 25 mg/kg body weight for 
2 weeks provided protection against the oxida­
tive stress and DNA damage caused by the 
carcinogen. Combination therapy of gemcita­
bine and apigenin enhanced antitumor efficacy 
in pancreatic cancer cells (MiaPaca-2, AsPC-1). 
In vitro, the combination treatment resulted in 
growth inhibition and apoptosis through the 
down-regulation of NFκB activity with sup­
pression of Akt activation [141]. Further, 
in vivo, combination therapy augmented tumor 
growth inhibition through the down-regulation 
of NFκB activity with the suppression of Akt 
in tumor tissue. The combination of gemcita­
bine and apigenin enhanced antitumor efficacy 
and apoptosis induction [114]. 
8.13 Adrenal Cortical Cancer 

Laboratory studies of adrenocortical cancers 
have revealed aberrations in a wide variety of 
signaling pathways and enzymes including aro­
matase, a key enzyme in the synthesis of estro­
gen from androgens. The effects of various 
flavonoids on the catalytic and promoter spe­
cific expression of aromatase were investigated 
in H295R human adenocortical cancer cells. 
Plant flavonoids were shown to be potent aro­
matase inhibitors, a finding associated with 
increased intracellular cAMP concentrations 
[142]. The effects of plant flavonoids were 
assessed on cortisol production in H295R cells. 
Their results indicate that cells exposed to api­
genin demonstrate decreased cortisol produc­
tion and 3β-HSD II and P450c21 activity [143]. 
8.14 Neuroblastoma 

Effects of apigenin were investigated on vari­
ous human neuroblastoma cell lines [144]. 
Apigenin treatment has been shown to result 
in inhibition of colony-forming ability and 
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survival, and induction of apoptosis in human 
neuroblastoma cells. The mechanism of action 
of apigenin seems to involve p53, as it 
increased the levels of p53 and the p53­
induced gene products p21WAF1/CIP1 and 
Bax. Furthermore, apigenin induced cell death 
and apoptosis of neuroblastoma cells expres­
sing wild-type but not mutant p53. Apigenin 
was shown to increase caspase-3 activity and 
PARP cleavage in these cells. Further studies 
with apigenin in neuroblastoma SH-SY5Y cells 
resulted in increased apoptosis, which was 
associated with increases in intracellular free 
(Ca2 + ) and Bax/Bcl2 ratio, mitochondrial 
release of cytochrome c, and activation of cas­
pase-9, calpain, caspase-3, and caspase-12 as 
well [145]. 
9. SUMMARY 
Epidemiological studies considerably sup­
port the notion that diets rich in plant flavones 
are associated with a number of health bene­
fits, including a reduction of the risk of devel­
oping certain cancers. Apigenin is one of the 
most bioactive plant flavones and is widely dis­
tributed in common fruits, beverages, and vege­
tables. Its intake in the most popular form is 
as herbal tea. Laboratory studies have demon­
strated that apigenin possesses anti-inflamma­
tory, antioxidant, and anticancer properties. 
Apigenin affects several critical pathways and/ 
or targets which are associated with several 
health disorders, including cancer. Apigenin 
can also help in improving cardiovascular con­
ditions, stimulate the immune system, and pro­
vide some protection against cancer. 
Establishing whether or not therapeutic effects 
of apigenin are beneficial to patients will 
require research and generation of scientific evi­
dence. However, based on the above 
highlighted findings, apigenin has potential for 
further investigation and development as a can­
cer chemopreventive and/or therapeutic agent. 
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1. INTRODUCTION
 
Goitrogens are naturally occurring sub­
stances that can interfere with the function of 
the thyroid gland. Goitrogens get their name 
from the term ‘goiter’ which means the enlarge­
ment of the thyroid gland. If the thyroid gland 
has difficulty synthesizing thyroid hormone, it 
may enlarge to compensate for this inadequate 
hormone production. Goitrogens cause diffi­
culty for the thyroid in making its hormone. 

Goiter is usually the most obvious sign of 
iodine deficiency; however, brain damage, men­
tal retardation, reproductive failure, and child­
hood mortality are more serious consequences. 
Iodine deficiency also affects the socioeconomic 
development of a community. The role of 
iodine deficiency as an environmental factor 
in the development of goiter is established. 
However, there are observations that indicate 
the existence of factors other than iodine defi­
ciency. Iodine deficiency does not always cause 
Bioactive Foods in Promoting Health: Fruits and Vegetables 69
endemic goiter. Iodine supplementation does 
not always result in complete eradication of 
goiter. Moreover, there are epidemiological and 
experimental evidences that concomitant expo­
sure to other naturally occurring antithyroid 
agents magnifies the severity of endemic goiter. 
The foods that contain goitrogens/antithyroid 
substances and are responsible for the exaggera­
tion, persistence, and development of goiter and 
associated disorders are reviewed in this 
chapter. 
2. HISTORICAL REVIEW 
Large goiters developed in rabbits being used 
to study experimental syphilis as reported by 
Chesney and co-workers [1,2]. These experi­
ments and subsequent tests by others proved 
that the cabbage, which was the main item in 
the diets in these experiments, was goiter-produc­
ing. Some later experiments confirmed this, 
1 r 2010 Elsevier Inc. All rights reserved. 
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while others did not; it also became clear that 
cabbage grown in different parts of the world 
and during different seasons varied widely in 
goitrogenic properties. By the early 1930s it had 
been established that some foods were goitro­
genic. After failing to produce goiter in experi­
mental animals with a diet of cabbage, Hercus 
and Purves [3] in New Zealand demonstrated 
that the seeds of cabbage, rape, and mustard 
contained a goitrogenic principle. It was noted 
further that additional iodine prevented ‘cab­
bage goitre’ because it only partly inhibited the 
effects of active substance in the seeds. 

A series of investigations in New Zealand con­
firmed the goitrogenic properties of the seeds of 
a number of  Brassica that paved the way for the 
isolation of an active goitrogenic compound, 
L-5-vinyl-2-thio-oxazolidone, from the seeds of a 
number of Brassica and from the roots of swedes 
and turnips [4]. This was slightly more goitro­
genic for humans than propylthiouracil and had 
about one-fifth the potency of the same drug for 
the rat. Tests with 131I indicated that its action 
on the thyroid gland was similar to that of anti-
thyroid drugs of the aminobenzine and thio­
amide series that blocked the organic binding of 
iodine. 

Greer [5] proved that vinyl-oxazolidone (goi­
trin) was present in the seeds and roots as an 
inactive precursor which requires enzyme 
action for conversion to the active form. 
Cooking destroyed the enzyme and so the goi­
trogenic properties. Further, Greer [6] found 
that the progoitrin content of the seeds of 
Brassica varied from batch to batch and from 
season to season even for the same variety. 
However, progoitrin had not been demon­
strated in cabbage or other species of Brassica 
used in the early experiments to produce cab­
bage goiter. Therefore some other substances 
must have been responsible for the results ob­
tained by Chesney and co-workers. 

Goiter occurs in many types of livestock and 
in some instances this has been shown to be 
associated with a particular diet. Linseed meal 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
when fed to pregnant ewes produced large goi­
ters in newborn lambs in New Zealand, which 
was proved to be due to thiocyanate derived 
from the detoxification of a cyanide-producing 
glycoside, linamarin, present in the seeds [7]. 
These effects could be eliminated by adding 
iodine in the diet. A severe outbreak of goiter, 
with heavy neonatal mortality in lambs, was 
reported from New Zealand in kale-fed ewes. 
The effects could be controlled with additional 
iodine. That the goitrogenic action of kale may 
be due to a thyroid-blocking agent, like thioura­
cil, has been suggested by the New Zealand 
Department of Agriculture [8]. Whittem, while 
investigating an outbreak of goiter in newborn 
lambs in Tasmania in 1956, concluded that this 
was due to the consumption by the pregnant 
ewes in the last month of pregnancy of particu­
larly lush growths of the common crow’s foot 
(Erodium cicutarium) and the long stork’s bill 
(Erodium botrys). The overgrowth of these 
plants was associated with a warm humid 
autumn and winter; however, the causal agent 
was not isolated [9]. 

Based on the results of a number of studies 
on glycosides obtained from the red outer skin-
covering of some edible nuts including peanuts, 
Moudgal and co-workers [10,11] in the 
University of Madras, concluded that the goitro­
genic action of these nuts is probably due to a 
double action: the interference with the uptake 
of inorganic iodine, and the blockage of the 
organic binding of iodine by tyrosine. These 
actions were only partially inhibited by supple­
mentation of iodine. 

The results of these studies showed that 
there are certain plants and their seeds that are 
actually or potentially goitrogenic for humans 
and domestic animals and some experimental 
animals. It appears that there are at least two 
different kinds of compounds. One produces 
goiter by preventing the uptake of iodine by 
the thyroid gland, e.g. thiocyanate, the other 
group produces goiter by blocking the organic 
binding of iodine, e.g. goitrin and flavonoids. 
AND CANCER PREVENTION AND TREATMENT 
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3. GOITROGENS IN FOOD
 
The foods that have been associated with dis­
rupted thyroid hormone production in humans 
are broadly classified into two categories: cyano­
genic plant foods, and flavonoids containing 
plant foods. To gain insight into the antithyroid 
agents present in those plants, information con­
cerning their chemical origin and biological 
effect when eaten is given as follows. 
4. CYANOGENIC PLANT FOODS 
 

Cyanide in trace amounts is almost ubiqui­
tous in the plant kingdom and occurs mainly in 
the form of cyanogenic glycosides and thiogly­
cosides or glucosinolates. Both are nitrogen-
containing secondary metabolites sharing a 
number of common features. They derive bioge­
netically from amino acids and occur as glyco­
sides which are stored in the vacuole. They 
function as prefabricated defense compounds 
that are activated by the action of a β-glucosi­
dase in case of emergency, releasing the deter­
rent: toxic cyanide from cyanogens or 
isothiocyanates from glucosinolates. The goitro­
genic substances produced from cyanogenic 
plants are thiocyanate, isothiocyanates, and 
thiooxazolidone. 
4.1 Cyanogenic Glycosides 

4.1.1 Structure and Occurrence of 
Cyanogenic Glycosides 

Cyanogens are derivatives of 2-hydroxynitriles 
which form glycosides with β-D-glucose. More 
than 60 cyanogenic glycosides are known and 
are widely distributed among plants. More 
than 2600 cyanogenic taxa have been reported, 
especially among members of Rosaceae, 
Leguminosae, Gramineae, and Araceae [12,13]. 
A few insects, such as the zygaenidae (Lepi­
doptera), feed on plants with cyanogens and 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
sequester these compounds but are also capable 
of synthesizing the same cyanogens indepen­
dently themselves [14]. Cyanogenic glycosides 
are easily hydrolyzed by dilute acid to nitriles 
which are further decomposed to aldehydes or 
ketones and hydrogen cyanide (HCN). 
4.1.2 Metabolism of Inorganic Cyanide 

Ingested cyanide is rapidly absorbed from the 
upper gastrointestinal tract. It also passes readily 
through skin, and HCN gas is rapidly absorbed 
from the lungs. In the body the principal meta­
bolic pathway is by reaction with thiosulfate to 
form thiocyanate and sulfite, the reaction being 
catalyzed by rhodonase, an enzyme which may 
be described as a sulfur transferase [15]. The
enzyme is widespread in living tissues, having 
its highest concentrations in the liver, kidney, 
thyroid, adrenal, and pancreas [16]. The  thiocya­
nate thus produced is excreted in the urine. 
Thiocyanate is slowly oxidized to sulfate, but 
this does not appear to be an important factor in 
body tissues [17]. In another pathway cyanogen 
reacts with 3-mercaptopyruvate in the presence 
of another sulfur transferase to produce thiocya­
nate [18]. However, these reactions require the 
presence of adequate amounts of cystine as a sul­
fur donor. The metabolic disposal of inorganic 
cyanide is summarized in Figure 42.1. 

Finally, the part played by hydroxocobalamin 
(vitamin B12) remains to be clearly defined. It is 
well known that hydroxocobalamin takes up cya­
nide as cyanocobalamin and readily liberates it 
on exposure to light [19]. This could merely be a 
secondary effect of the presence of cyanide in 
the body, but there is some evidence that hyd­
roxocobalamin may play a more active role in 
cyanide detoxification. The administration of 
hydroxocobalamin has been shown to protect 
mice against cyanide poisoning to a remarkable 
extent [20]. Urinary thiocyanate excretion was 
found to be increased not only by the ingestion 
of cyanide [21] but also by vitamin B12 
deficiency [22]. The latter finding could be 
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FIGURE 42.1 Metabolic disposal of inorganic cyanide. 
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interpreted as evidence of interference with cya­
nide detoxification. 

In addition to diet, people are continually 
exposed to small doses of cyanide due to a pol­
luted atmosphere and particularly in cigarette 
smoke [23,24]. The presence of trace amounts in 
the body may perhaps be regarded as physio­
logical and may act as a brake in cellular oxida­
tive processes. 

4.1.3 Dietary Sources of Cyanogenic 
Glycosides 

Relatively higher concentrations of cyano­
genic glycosides are found in certain grasses, 
pulses, root crops, and fruit kernels. Most of 
these are consumed by animals while a few 
have a practical importance in human nutri­
tion. The important glycosides that have been 
identified in edible species of plants are amyg­
dalin, dhurrin, and linamarin. 

Amygdalin was identified first in bitter 
almonds and in the kernel of other fruits. 
Dhurrin occurs in sorghum and other grasses. 
Linamarin is the glycoside of pulses, linseed, 
and cassava. The other dietary sources of glyco­
sides that are often consumed by people are 
sweet potato and yam; maize and millets (espe­
cially Sorghum vulgare); bamboo and sugar cane; 
peas and beans; kernel of almond, lemon, lime, 
apple, pear, cherry, apricot, prune, and plum. 

In addition to these plants, various leaves, 
particularly of the Sorbus and Prunus species, 
may cause animal poisoning because these are 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
important cattle food. Linseed may yield up to 
53 mg of HCN per 100 g and arrow grass up to 
77 mg/100 g. A significant yield of cyanogen 
may also be obtained from certain varieties of 
Vicia sativa (common vetch) [25]. 

In grasses and cane, the highest yield is 
obtained from the tip of the immature plant, 
particularly if growing in rich soil [26,27]. In
P. lunatus and in linseed the cyanide occurs in all 
parts of the  plant throughout life,  as  well  as  in
the seed. Systematic cultivation greatly reduces 
the cyanide content, but probably no variety can 
be produced that is entirely free of cyanogens. 

Cyanogen may be found in the range of 
2 mg/100 g in P. vulgaris (haricot or navy bean, 
red pea), Vigna sinensis (black-eye pea), and 
Pisum sativum (garden pea). 

In cassava, significant amounts of cyanogens 
occur in the black variety, but there is no clear 
differentiation between bitter and sweet 
strains. The cyanogens occur in all parts of the 
plant; however, its importance lies in its con­
centration in the cortex of the root, where it is 
more plentiful than in the pulp. 

4.1.4 Mechanism of Action of Thiocyanate 
on Goiter Formation 

The thiocyanate may not be present in the 
plant as the free ion, but as a glycoside which is 
converted in the animal body to a thiocyanate. 
Thiocyanate and thiocyanate-like compounds 
arising from cyanogenic glycosides, glucosino­
lates, or thiocyanate interfere with iodine 
AND CANCER PREVENTION AND TREATMENT 
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metabolism in the thyroid gland by reducing 
iodide uptake, stimulating iodide efflux, or repla­
cing iodide by thiocyanate [28,29]. Moreover, 
thiocyanate and thiocyanate-like compounds 
mainly inhibit the iodide-concentrating mecha­
nism of the thyroid gland by inhibiting the unidi­
rectional clearance of iodide from the gland [30]. 

Thyroid peroxidase (TPO), the key enzyme 
in thyroid hormone biosynthesis, regulates or­
ganification, iodination, and coupling reactions 
to form thyroid hormones (T3 and T4) in the 
thyroid gland [31]. Thiocyanate, a monovalent 
anion having a molecular size corresponding 
to that of iodide, inhibits the incorporation of 
iodide into thyroglobulin by competing with 
iodide at the thyroid peroxidase level [29]. It
inhibits iodide oxidation, i.e. conversion of 
I - leads to I2 by inhibiting TPO activity [32]. 
Moreover, thiocyanate also increases the for­
mation of an essentially insoluble iodinated 
thyroglobulin within the thyroid in an iodine-
depleted condition [33]. At low doses, thio­
cyanate has been shown to inhibit the uptake 
of iodide [34]; however, at higher doses thio­
cyanate in addition inhibits the incorporation 
of iodine into thyroglobulin [29]. 

A diet rich in thiocyanate (or glucosinolates) 
but deprived of iodide causes decreased levels 
of T3 and T4 [35,36]. Inhibited TPO activity 
associated with decreased concentration of 
iodide in the thyroid gland may be the proba­
ble reason for the reduced synthesis of thyroid 
hormones as reflected by thyroid hormone 
levels in thiocyanate (or glucosinolate) fed rats. 
Low circulating level of T4 and T3 stimulate 
the secretion of TSH from the pituitary by feed­
back mechanism and if this condition is contin­
ued for a longer duration, enlargement of the 
thyroid gland occurs or goiter develops [37,38]. 

4.2 Glucosinolates (Thioglucosides) 

Glucosinolates resemble cyanogens in many 
respects, but contain sulfur as an additional 
atom. When hydrolyzed, glucosinolates liberate 
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D-glucose, sulfate, and an unstable aglycone, 
which may form an isothiocyanate (common 
name ‘mustard oil’) as the main product under 
certain conditions, or a thiocyanate, a nitrile, 
or cyano-epithioalkane. Isothiocyanates are res­
ponsible for the distinctive, pungent flavour 
and odor. 

4.2.1 Structure and Occurrence of 
Glucosinolates 

More than 80 different glucosinolates have 
been found in higher dicotyledonous plants in 
the order Capparales, that includes the families 
Capparidaceae, Cruciferae (syn. Brassicaceae), 
Resedaceae, Moringaceae, Tropacolaceae, and 
others [39]. 

4.2.2 Dietary Sources of Glucosinolate/ 
Thioglucosides 

Most of the thioglucosides have been charac­
terized in part through the isothiocyanate 
formed from hydrolysis because its formation 
appears favored over the nitrile and the thiocy­
anate. The isothiocyanate lends itself to identifi­
cation by formation of crystalline thiourea 
derivatives by reaction with ammonia. Also, 
isothiocyanates from many thioglucosides are 
easily recognized because of their pungency. 

Sinigrin, sinalbin, progoitrin, and epi-progoitrin 
are trivial names for specific thioglucosides 
found in common plants. The first two were so 
named before much was known about their 
chemistry. Progoitrin was so named because it 
is the precursor of goitrin. The thioglucosides 
present in common plants used as food condi­
ments and feed are summarized in Table 42.1. 

4.2.3 Chemically Identified Goitrogens in 
Thioglucoside-Containing Plants 

Goitrin and Related Oxazolidinethiones 
Goitrin is a potent antithyroidal agent. 
Progoitrin occurs in many crucifers in small 
amounts in their leaves and roots. The 
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TABLE 42.1 Domesticated Cruciferous Plants Containing Thioglucoside 

Namea Part of Plantb Common Name of Thioglucoside Amountc 

Used as food 

Brassica oleraceae L Sinigrin L 

Cabbage, kale, brussels sprouts, Glucobrassicin L 
cauliflower, kohlrabi Progoitrin S 

Gluconapin S 

Neoglucobrassicin S 

Brassica campestris R 

Turnips Progoitrin S 

Gluconasturtiin S 

L,R,S (R)–2–hydroxy–4–pentenyl-glucosinolate S 

Brassica napus R,L Progoitrin L 

Rutabaga Glycobrassicin S 

Neoglucobrassicin S 

Lepidium sativum L Glucotropaeolin L 

Garden cress 

Raphanus sativus R 4-Methylthio-3-butenyl glucosinolate L 

Radish Glucobrassicin S 

Used as condiments 

Armoracia lapathifolia R Sinigrin L 

A. rusticana 

Horseradish Gluconasturiin S 

Brassica cartinata S Sinigrin L 

Ethiopian rapeseed 

B. juncea S Sinigrin L 

Indian or brown mustard 

B. nigra S Sinigrin L 

Black mustard 

Sinapis alba S Sinalbin L 

White mustard 

S. arvensis S Sinigrin L 

Charlock 

Used as feed 

B. campestris S Gluconapin S 

Rape, turnip rape, Progoitrin S 

Polish rape, rubsen, Glucobrassicanapin S 

naverte Glucoalyssin S 

Glucoraphanin S 

B. napus S Progoitrin L 

Rape, Argentine rape, winter rape Gluconapin L 

Glucobrassicanapin S 

(Continued ) 
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TABLE 42.1 (Continued) 

Namea Part of Plantb Common Name of Thioglucoside Amountc 

Gluconasturtiin S 

Glucoiberin S 

Sinalbin S 

Crambe abyssinica S epi-Progoitrin L 

Crambe, Abyssinian Sinigrin S 

kale Gluconapin S 

Gluconasturtiin S 

aTaxonomy of the Brassica and related genera.
 
bL, leaves or stalk; R, roots; S, seed.
 
cAmounts of each thioglucosides in relation to total thioglucoside content: L, large; S, small. [Ref: Van Etten C.H. (1969)
 
Goitrogens. In Toxic Constituents of Plant Food Stuffs (I. E. Lienear, Ed.) Academic Press, New York.]
 
inhibitory effect of goitrin was first detected 
by measuring the reduced uptake by the thy­
roid of radioactive iodine (I131) when the ani­
mals were fed the compound [40]. Hyperplasia 
and hypertrophy of the thyroid gland was 
noticed in goitrin-fed rats and this action is 
slightly less than that of thiourea, an antithy­
roid drug [41]. Ettlinger [42] synthesized the 
optically active (R) and (S) forms and the race-
mate of goitrin. Greer [43] showed that both 
the forms are equally potent as an antithyroid 
agent. The compound possessed 2 and 133% of 
the activity of the antithyroid drug pro­
pylthiouracil when tested with rats and with 
man respectively. 

There are oxazolidinethiones in plants other 
than those formed from progoitrin and epi­
progoitrin. The 5,5-dimethyloxazolidine-2-thione 
isolated from hare’s ear  mustard  (Conringia 
cochlearia) by  Hopkins  [44] has about the same 
antithyroid activity as goitrin as tested by 
Astwood et al. [45]. Kjaer and Gmelin [46] iso­
lated barbarin [( - )-5-phenyloxazolidine-2-thione] 
from various species of Barbarea and Reseda 
luteola. These species contain the precursor thio­
glucoside, glucobarbarin, in edible green parts 
of the plants. Barbarin has about half the anti-
thyroid activity of goitrin. Kjaer and Thomsen 
[47] have isolated and identified other oxazo­
lidinethiones from the Cleame genus in the 
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family of Capparidaceae and two from 
Sisymbrium austriacum [48,49]. 

Thiocyanate Ions and Organic Isothio­
cyanates Langer and his co-workers exten­
sively studied the relationship between goiter 
caused by ingestion of the foliage of Brassica, 
viz., cabbage, and the inorganic thiocyanate 
found in these vegetables. It was found that 
the edible part of cabbage and related plants 
contained thiocyanate ion ranging from 0.7 to 
10.2 mg/100 g fresh material. It was demon­
strated that ingestion of these Brassica vege­
tables by animals and humans causes a rise of 
thiocyanate ion in the blood followed by its 
appearance in the urine. The thiocyanate 
level was found to drop as soon as the 
eating of Brassica plants was discontinued [50]. 
Michajlovskij and Langer [51] found that the thio­
cyanate content of the Brassica plants was highest 
in spring and varied little in relation to the re­
gions where grown, but did show a variation 
from plant to plant within a single field. 
Quantitative estimation of the thiocyanate con­
tent of the plant in relation to the extent of thy­
roid inhibition indicated other goitrogens might 
be present in Brassica [52]. 

Langer [53] fed allyl isothiocyanate through a 
stomach tube to rats, on a low iodine containing 
ration, at levels approximately those found in an 
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amount of cabbage that the animals might con­
sume at one feeding. The thiocyanate level in 
the blood serum increased following this experi­
ment. Further studies demonstrated that single 
doses of 2–4 mg of allyl isothiocyanate given to 
rats on a low iodine diet depressed the uptake 
of radioiodine by the thyroid significantly [54]. 
In regions where iodine content of the diet is 
low, benign goiter may be accentuated by eating 
excessive amounts of Brassica vegetables. 

Conversion of mustard oil to thiocyanate ion 
under the action of myrosinase present in 
plants is a known mechanism of detoxification 
of isothiocyanate [55]. Their goitrogenic effect 
may be due to this conversion of thiocyanate 
ion, a known goitrogen. Bachelard and Trikojus 
[56] reported that cheiroline (an isothiocyanate) 
inhibits radioactive iodine uptake by the thy­
roid when injected subcutaneously into rats. 

Other Possible Thioglucoside Products 
Nitriles formed from thioglucosides may 
act as goitrogens. Nitriles cause thyroid 
enlargement in rabbits given daily doses of 
the compound. Detoxification of nitriles to 
form thiocyanate ions is the probable rea­
son [55]. However, the latter workers were 
not always able to confirm the reported 
goitrogenic properties of organic nitriles. 

An organic polysulfide fraction from cabbage 
and other Brassicas when fed to rats caused his­
tological changes in the thyroid like those 
caused by feeding cabbage [57]. Jirousek and
Starka [58] were able to isolate a ‘trithionen’ 
(1,2-dithiocyclopent-4-en-3-thione) from this frac­
tion. It was further noted that the sulfhydryl 
content of the polysulfides in the fraction was 
higher in Brassica plant juices from endemic 
goiter areas with no iodine deficiency [59]. 

4.2.4 Mechanism of Action of 
Isothiocyanates, Goitrin, and Related 
Compounds 

Thiocyanates or thiocyanate-like compounds 
inhibit the iodine-concentrating mechanism of 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
the thyroid and their goitrogenic activity can 
be overcome by iodine administration. 

Isothiocyanates act on the thyroid mainly 
by their rapid conversion to thiocyanate. How­
ever, isothiocyanates not only use the thio­
cyanate metabolic pathway but also react 
spontaneously with amino groups forming thio­
urea derivatives, which produce a thiourea-like 
antithyroid effect. The thionamide or thiourea-
like goitrogens interfere in the thyroid gland 
with the organification of iodine and formation 
of active thyroid hormones and their action can­
not usually be antagonized by iodine. The natu­
rally occurring goitrin is a representative of this 
category, besides, goitrin is not degraded like 
other thioglucosides. 

The actual concentration of thiocyanate or 
isothiocyanates in a given foodstuff may not 
represent its true goitrogenic potential, nor 
does the absence of these compounds negate a 
possible antithyroid effect, because inactive pre­
cursors can be converted into goitrogenic 
agents both in the plant itself and in the ani­
mal body after its ingestion [60]. 

Mustard oil glycoside yields thiocyanate 
under the action of myrosinase, an enzyme pres­
ent in plants. But ingestion of pure progoitrin, a 
naturally occurring thioglucoside, elicits antithy­
roid activity in rats and humans in the absence 
of this enzyme because it is partially converted 
in the animal body into the more potent goitrin 
by microflora of the intestine [61]. 

Small aliphatic disulfides, the major com­
ponents of onion and garlic, have been shown 
to exert a marked thiourea-like antithyroid 
activity [62]. 
5. FLAVONOIDS CONTAINING 
FOODS 
Flavonoids are important stable organic con­
stituents of a wide variety of plants. They are 
universally present in vascular plants and in 
a large number of food plants. Because of 
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TABLE 42.2 Flavonoid Source and Level in 
Commonly Consumed Foods 

Flavonoid Common Sources Levels (mg/kg 
wet weight) 

Quercetin	 Onion 284–486 

Apple 21–72 

Kale 110 
their widespread occurrence in edible plants 
such as fruits, vegetables, and grains, flavo­
noids are an integral part of the human diet 
[63]. They are present in high concentrations in 
polymeric (tannins) and oligomeric (pigments) 
forms in various staple foods of developing 
countries, such as millet, sorghum, beans, and 
ground nuts. 
 

Red wine 4–16 mg/L 

Green/black teas 10–25 mg/L 

Genistein/diadzein	 Tofu 159–306 
(genistein) 

57–117 
(diadzein) 

21 (genistein) 

6.8–7.2 
(diadzein) 

Soy milk formula 19–23 (genistein) 

15–19 (diadzein) 

Coumestrol Alfalfa sprouts 47 

Clover sprouts 281 

Apigenin/luteolin Millet (fonio) 150 (apigenin) 

350 (lutcolin) 

Maringin Grapefruit and juice 100–800 mg/L 

Source: reference 66. 
5.1 Structure and Occurrence of 
Flavonoids 

Flavonoids occur as aglycones, glycosides, 
and methylated derivatives. The flavonoid agly­
cone consists of a benzene ring (A) condensed 
with a six-membered ring (C), which in the 
2-position carries a phenyl ring (B) as a substitu­
ent. The six-membered ring condensed with the 
benzene ring is either a α-pyrone (flavonols and 
flavonanes) or its dihydroderivatives (flavanols 
and flavanones). The position of the benzenoid 
substitute divides the flavonoid class into flavo­
noids (2-position) and isoflavonoids (3-position). 
Flavonols differ from flavonones by a hydroxy 
group in 3-position and C2–C3 double bonds 
[64]. Flavonoids are often hydroxylated in posi­
tions with an S (3,5,7,2u,3u,4u,5u). Methylethers and 
acetylesters of the alcohol group are known 
to occur in nature. When glycosides are formed, 
a glycosidic linkage is normally located in 
positions 3 or 7 and the carbohydroxy can be 
L-rhamnose, D-glucose, glucorhamnose, glactose,
and arabinose [65]. 
5.2 Dietary Sources of Flavonoids 

Flavonoids occur in nature in almost all 
plant families, and are found in considerable 
quantities in fruits, vegetables, grains, cola, tea, 
coffee, cocoa, beer, and red wine (Table 42.2) 
[67–69]. The daily dietary intake of mixed fla­
vonoids is estimated to be in the range of 500– 
100 mg [70], but can be as high as several 
grams in those supplementing their diets with 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
flavonoids or flavonoid-containing herbal pre­
parations in the USA. 

Major groups of flavonoids in the human 
diet are the flavonoids, proanthocyanidins (that 
include catechins), isoflavonoids, flavones, and 
flavanones (Figure 42.2) [71,72] (Figure 42.1). 
Lignans, the closely related compounds 
(resorcyclic acid lactones), have similar proper­
ties to those of flavonoids. Quercetin, a flavo­
nol, is the most predominant flavonoid in 
the human diet and human consumption is in 
the range of 4–68 mg per day based on epidemi­
ological studies in the USA, Europe, and Asia 
[69,73,74]; the Japanese population had the high­
est levels of flavonol intake, mainly due to their 
green tea consumption. 

Quercetin is found in high concentrations 
in commonly consumed foods such as onions, 
apples, kale [67], red wine, and green and 
AND CANCER PREVENTION AND TREATMENT 
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FLAVONOIDS 

FLAVONOLS PROANTHOCYANIDINS ISOFLAVONOIDS FLAVONES FLAVONONES 

quercetin flavan-3-ols 
isoflavones

kaempferol i.e. catechins 
quercetagetin 

epicatechin genistein 
epicatechin gallate diadzein 
epigallocatechin gallate 
epigallocatechin 

FIGURE 42.2 Family of major flavonoid groups. 

apigenin myricetin
coumestans 

luteolin naringin 
quercetagetin naringenin 

coumestrol 
black teas [69]. The bioavailability of quercetin 
varies greatly in foods due to absorption differ­
ences in conjugated forms. The absorption of 
quercetin is much higher than the absorption 
of quercetin without its sugar moiety [75]. 
Besides, the quercetin glucosides in onions are 
more readily absorbed than those found in tea 
[76] and the rutinosides in apples [77]. 

Tea and red wine have high levels of ca­
techins, which are condensed tannins that con­
tribute to the astringency of these beverages. 
Catechins comprise approximately 30% of 
unprocessed tea leaves, most of which is epi­
gallocatechin-3-gallate (EGCG). 

Isoflavones, coumestans, and lignans, gener­
ally known as ‘phytoestrogens’ are non-steroi­
dal compounds with weak estrogenic activity. 
These compounds may compete with endoge­
nous hormones, as well as inhibit a number of 
enzymes involved in estrogen metabolism. 

Genistein and diadzein are the primary iso­
flavones with estrogenic properties. They are 
found in legumes such as lentils, chickpeas, 
soybeans, and other soy-based products such 
as tofu, miso, soy milk, and temph [68,78,79]. 
Daily dietary intake of soy protein in heavy 
soy consumers such as in Asian populations is 
estimated to be 20–80 g, whereas the average 
Western dietary intake is approximately 1–3 g  
[80]. Assuming a total isoflavone concentration 
of soy-based products to be in the range of 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
1–3 mg/g, thus expected daily isoflavone 
intake is in the ranges of 20–210 mg for Asians 
and 1–9 mg in other populations. 

Coumestans, such as coumestrol, are found 
in high concentrations in alfalfa and clovers 
[79] and have been recognized, along with for­
mononetin, as the cause of infertility in grazing 
herbivores. 

Lignans are found in many fruits, vegetables, 
tea beverages, and cereal grains [81]. They 
contain very high concentrations of the lignan 
2,3-bis (3-methoxy-4-hydroxybenzyl) butane-
1,4-diol) (secoisolar iciresinol) [82], which is a 
precursor of the primary mammalian lignans, 
enterolactone and enterodiol [83]. Lignans are 
known for their antioxidant activity. 

Flavones do not possess estrogenic activity; 
however, the flavones, apigenin and luteolin, 
act as potent inhibitors of aromatase and 17β-hy­
droxysteroid oxidoreductase enzymes involved 
in estrogen metabolism [84,85]. Studies have 
also demonstrated that the flavones and several 
glycocylflavones are potent goitrogens [86,87]. 

5.3 Mechanism of Action 

Flavonoids, which exert a thiourea-like anti-
thyroid effect, are polyhydroxyphenols with a 
C6–C3–C6 structure. Following ingestion by 
mammals, flavonoids glycosides are hydrolyzed 
by intestinal microbial glycosidases to flavonoid 
AND CANCER PREVENTION AND TREATMENT 
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aglycans which may be absorbed and metabo­
lized by mammalian tissues or may be further 
processed in the intestinal microorganisms by B 
ring hydroxylation and middle ring fusion to 
produce various compounds such as phenolic 
acids, phloroglucinol, and gallic acid. All these 
have marked antithyroidal effects. For instance, 
flavonoids glycosides can inhibit the activity of 
the enzyme thyroid peroxidase (TPO) from 0.2 
to 2.0 times more effectively than the thiourea-
like antithyroid drug, propylthiouracil. Their cor­
responding aglycones are 0.5–14 times more 
potent and the middle ring fission metabolite, 
phloroglucinol, 38 times more potent. 

Flavonoids not only inhibit the activity of 
TPO but also inhibit the activity of deiodinase 
enzymes resulting in the inhibition of periph­
eral metabolism of thyroid hormones. In addi­
tion, polymers of the flavonoid phloretin 
interact with thyroid stimulating hormone 
(TSH), preventing its action at the thyroid cell. 
Therefore, this class of compounds alters thy­
roid hormone economy in a complex way [60]. 
6. CYANOGENIC PLANT FOOD IN 
THE DEVELOPMENT OF GOITER 

6.1 Cassava 

The goitrogenic role of cassava has been evi­
denced through studies carried out in severe 
goiter endemic areas of Zaire, Idjwi Island, 
Kivu, and Ubangi. These studies were initially 
devoted to the adaptation mechanisms of the 
thyroid function to iodine deficiency. The exis­
tence in these areas of marked iodine deficiency 
has been extensively documented and most of 
the observed abnormalities of thyroid function 
have been satisfactorily explained on this basis. 
However, some findings have not been consis­
tent with generally accepted views concerning 
the pathophysiology and management of 
endemic goiter and associated disorders. For 
instance, in Idjwi Island, very high (60–70%) or 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
very low (<5%) prevalences of goiter were 
observed in communities with similar low 
iodine intake levels. In both goitrous and non-
goitrous regions of Idjwi Island, urinary iodine 
level was extremely low and nearly identical 

131Ihigh values were observed for thyroid 
uptake. The discrepancy between goiter preva­
lence and iodine deficiency was first reported 
by Delange et al. [88] and subsequently con­
firmed by Thilly et al. [89]. 

At this stage of studies, despite the lack of 
definite evidence supporting the causative role 
of cassava in endemic goiter, based on experi­
mental findings in the animal model, clinical 
studies were initiated in Ubangi in northeastern 
Zaire. Endemic goiter in this population of 
more than two million people is even more 
widespread than on Idjwi Island. Cassava 
intake is very high. In this goitrous population 
mean serum thiocyanate concentration of 
1.0 mg/dL was observed, and some subjects 
had a serum thiocyanate level of 2–3 mg/dL, 
i.e. 10 times normal value. Plasma and urinary 
thiocyanate concentrations were compared in a 
large number of people. The concentrations 
increased in parallel up to a serum level of 
1.0–1.2 mg/dL, then a renal adaptive mecha­
nism prevented further increase in serum thio­
cyanate concentration. 

Various cassava preparations were listed, 
calculating their cyanide content and their 
effect on thiocyanate load. Ingestion of large 
amounts of cassava for 3 days produced a sig­
nificant increase in serum and urinary thiocya­
nate concentrations. Complete cessation of 
cassava intake induced a marked decrease in 
these values. These observations confirmed 
that cassava is responsible for abnormal thiocy­
anate loads in the population. 

The goitrogenic action of cassava has been 
demonstrated in a comparative study of cassava 
intake and preparation method in different eth­
nic populations of Ubangi. In one population 
(Group I), cassava is consumed principally as 
cassava flour mixed with corn and ground, 
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boiled cassava leaves. These preparations con­
tain an average of 13.5 mg and 8.5 mg HCN/kg 
respectively. The other populations (Group II 
and Group III) consume cassava that is soaked 
and then mashed into a puree. This preparation 
contains about 3.5 mg HCN/kg. Group III popu­
lations eat large quantities of fish and thus 
have a higher iodine intake than the rest of the 
population and they are not affected by severe 
endemic goiter. 

Serum and urinary thiocyanate levels in the 
Group I population are 1.5–2 times higher 
than in Group II and Group III populations 
(Table 42.3) [90]. In Groups I and II iodine 
intake is identical, but the prevalence of goiter 
is 60% in Group I and only 34% in Group II. 
This difference is associated with thiocyanate 
excretions of 2.57 mg/dL in Group I and 
1.32 mg/dL in Group II. Urinary thiocyanate con­
centrations are similar in Group II and Group 
III, although Group III has a lower prevalence of 
goiter (17%) due to the higher iodine intake. 

The overall results clearly indicate that the 
prevalence of goiter is linked to the balance 
between thiocyanate and iodine intake. In each 
community, prevalence is directly proportional 
to thiocyanate load and inversely proportional 
to iodine supply. On the basis of this rela­
tionship, an index corresponding to the ratio 
between urinary thiocyanate and iodine 
TABLE 42.3 Epidemiological and Metabolic Indicators for

Group Prevalence Prevalence 6 hour131 

of Goiter of Cretinism Thyroid 

(%) (%) Uptake (%) (Mean 7 SE) (µU
(Mean 7 SE) (Mean 7 SE) (Mean 7 SE) (M

Ser

T4 (µg/dL) TS

I  60  7 4 6.1 7 1.0 55 7 2 4.4 7 0.1 27.

(8) (8) (142) (408) (40

II 34 1.1 42 7 3 6.4 7 0.4 3.8

(2) (2) (46) (43) (44

III 17 7 5  0  23  7 1 6.8 7 0.2 3.3

(3) (3) (75) (77) (76

aFigures in parentheses are the number of villages or subjects. 
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concentration has been calculated. The indices 
are 2.1 (Group I), 0.75 (Group II), and 0.39 
(Group III) corresponding to 60, 34, and 17% 
goiter prevalence, respectively. 

6.2 Cyanogenic Plants of India 

Consumption of cyanogenic foods has been 
considered as one of the etiological factors in 
certain instances for the persistence of endemic 
goiter in India. Thus cyanogenic plants were 
collected from the different states of the coun­
try where endemic goiter was prevalent during 
the post salt iodization period. Their cyano­
genic glucosides, glucosinolates and thiocya­
nate, were estimated (Table 42.4). 

Thyroid peroxidase activity (TPO) of human 
thyroid was assayed from the microsomal frac­
tion following I3 

- from iodide. The anti-TPO 
activities of the plants were assayed after add­
ing raw, boiled, and cooked extracts in the 
assay medium with and without iodide 
(Table 42.5). 

Relative antithyroidal potency of the plant 
extracts was also evaluated in terms of the con­
centration (IC50) necessary to produce 50% inhi­
bition of TPO activity. PTU equivalence of the 
plant foods was also determined (Table 42.6). 

The results showed that Indian cyanogenic 
plants had in vitro antithyroidal activity. Boiled 
 Three Groups Investigated 

(mg/µg)/mL) (mg/dL) (mg/dL) (Mean 7 SE) 
(Mean 7 SE)ean 7 SE) (Mean 7 SE) (Mean 7 SE) 

um levels Urinary levels Urinary 

SCN/l Ratio H SCN SCN 127(µg/dL) 

0 7 4.0 1.24 7 0.03 2.57 7 0.10 1.9 7 0.1 2.10 7 0.21 

9) (406) (379) (254) (250) 

 7 0.6 0.42 7 0.04 1.32 7 0.11 2.5 7 0.3 0.75 7 0.08 

) (44) (49) (49) (49) 

 7 0.5 0.78 7 0.04 1.60 7 0.07 4.9 7 0.3 0.39 7 0.02 

) (76) (77) (77) (77) 
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TABLE 42.4 Distributions of Cyanogenic Glucosides, Glucosinolates and Thiocyanate Content in Selected Fresh 
Plant Foods 

Plant foods Cyanogenic Glucosides Glucosinolates Thiocyanate 

Brassica family 

Cauliflower (Brassica oleracea var. botrytis) 1.82 7 0.4 17.28 7 1.6 5.04 7 0.5 

Cabbage (Brassica oleracea var. capitara) 1.6 7 0.3 15.7 7 1.3 11.6 7 1.7 

Mustard (Brassica juncea) 0.24 7 0.01 4.0 7 0.3 50.5 7 2.9 

Turnip (Brassica rapa) 1.3 7 0.5 4.6 7 0.8 20.1 7 0.9 

Radish (Raphanus sativus) 1.28 7 0.4 2.64 7 0.2 13.28 7 0.9 

Non-Brassica family 

Bamboo shoot (Bambusa arundinacea) 551.05 7 72 9.57 7 0.5 24.31 7 5.2 

Cassava (Manihot) 304.31 7 41 4.32 7 0.8 12.95 7 2 

Values are mean 7 SD of six observations, expressed in terms of mg/kg wet weight. 

TABLE 42.5 In vitro TPO Activity (ΔOd/Min/Mg Protein) of Raw, Boiled and Cooked Plant Extracts Without and 
With Extra Iodide 

Plants Raw Extract Boiled Extract Cooked Extract 

Without With Without With Without With 
Extra KI Extra KI Extra KI Extra KI Extra KI Extra KI 

Control 1.62 7 0.054 – – – – – 

Cauliflower 0.409 7 0.014 1.295 7 0.024 0.160 7 0.007 0.569 7 0.02 0.405 7 0.001 0.405 7 0.006 

(74.75) (20.04) (90.12) (64.88) (75) (75) 

Cabbage 0.562 7 0.016 1.368 7 0.012 0.333 7 0.024 0.655 7 0.011 0.550 7 0.018 0.545 7 0.017 

(65) (15) (79.44) (59.57) (66.05) (66.36) 

Bamboo shoot 0.248 7 0.02 0.562 7 0.164 0.243 7 0.024 0.655 7 0.013 0.253 7 0.018 0.896 7 0.037 

(84.69) (65.31) (85) (59.17) (84.38) (44.69) 

Cassava 0.488 7 0.009 1.063 7 0.01 0.472 7 0.04 0.792 7 0.023 0.482 7 0.024 0.884 7 0.017 

(69.88) (34.38) (70.86) (51.11) (70.25) (45.43) 

Mustard 0.329 7 0.019 1.062 7 0.005 0.281 7 0.015 0.483 7 0.037 0.295 7 0.013 0.881 7 0.017 

(79.69) (34.44) (88.65) (70.19) (81.79) (45.62) 

Turnip 0.470 7 0.033 1.362 7 0.005 0.294 7 0.014 0.487 7 0.008 0.412 7 0.018 0.479 7 0.019 

(70.99) (15.93) (81.85) (69.94) (74.57) (70.43) 

Radish 0.655 7 0.02 1.458 7 0.008 0.328 7 0.018 0.473 7 0.02 0.401 7 0.042 0.407 7 0.04 

(59.57) (10) (79.75) (70.80) (75.25) (74.88) 
extracts showed highest anti-TPO potency fol-
lowed by cooked and raw extracts. Excess 
iodide reversed the anti-TPO activity of the 
plant foods to a certain extent but could not 
neutralize it [91]. 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
6.2.1 Bamboo Shoot 

The young shoots or sprouts of common 
bamboo Bambusa arundinacea (Retz.) Willd., 
family Graminaceae are used as a staple food 
as well as pickle and chutney in developing 
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countries including India. Bamboo shoot has 
been considered as one of the etiological fac­
tors for the persistence of endemic goiter in 
Manipur, a northeastern state of India [92]. 
The influence of bamboo shoot feeding with 
and without iodine supplementation in rat 
food for different durations on thyroid status 
have been evaluated determining urinary 
iodine and thiocyanate concentrations, thyroid 
TABLE 42.6 Concentration of fresh Cyanogenic Plant 
Foods Producing 50% Inhibition (IC50) of Thyroid 
Peroxidase Activity 

Plant foods IC50(µg) PTU equivalence 

PTU 0.9 7 0.2 100 

Cauliflower 51.25 7 0.52 1.76 

Cabbage 66.25 7 1.42 1.36 

Bamboo shoot 27.5 7 0.77 3.27 

Cassava 42.5 7 1.35 2.12 

Mustard 45.00 7 0.67 2 

Turnip 60.00 7 1.10 1.5 

Radish 51.88 7 1.2 1.73 

IC50, inhibition constant50.
 
Values are mean 7 SD of six observations.
 
PTU-6-n-propyl-2-thiouracil.
 

TABLE 42.7 Bamboo Shoot Induced Alteration on Urina
Varying Iodide Intake in Albino Rats for (a) 45 days and (b)

Groups Urinary Urinary Thyro
thiocyanate iodine mg/10
m moles/l µ moles/l weigh

Control A 0.16 7 0.01 24.94 7 1.06 7.23 7

B 0.19 7 0.05 32.06 7 0.73 8.94 7

Bamboo shoot fed A* 1.24 7 0.12 35.4 7 2.18 10.83 7

B** 2.02 7 0.13 41.12 7 1.11 13.07 7

KI supplemented A* 0.17 7 0.01 178.48 7 1.7 5.85 7

B** 0.21 7 0.09 187.66 7 1.37 7.69 7

Bamboo shoot fed A* 1.58 7 0.17 190.61 7 0.38 9.5 7

KI supplemented B** 2.65 7 0.16 197.03 7 0.93 11.56 7

Values bearing superscripts are significantly different by ANOV
*When compared with (A) 45 days control.
 
**When compared with (B) 90 days control.
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weight, in vivo TPO activity, and thyroid hor­
mone profiles [93]. 

Thyroid weight, TPO activity, and total 
serum thyroid hormone levels of bamboo 
shoot fed animals for 45 and 90 days, respec­
tively, were determined and compared with 
control. Significant increase in thyroid weight 
as well as higher excretion of thiocyanate and 
iodine along with marked decrease in thyroid 
peroxidase activity, T4 and T3 levels were 
observed in the bamboo shoot fed group 
(Table 42.7). 

Chronic bamboo shoot consumption gradu­
ally developed a state of hypothyroidism. 
Extra iodide reduced the antithyroidal effect 
of bamboo shoot to an extent but could not 
cancel it because of excessive cyanogenic 
glucoside, glucosinolate and thiocyanate pres­
ent in it. 

6.2.2 Radish 

The effect of chronic or prolonged consump­
tion of radish (Raphanus sativus Linn.) under 
varying state of iodine intake on morpho­
logical and functional status of thyroid in 
albino rats was evaluated by thyroid gland 
ry Thiocyanate and Iodine and Thyroid Status Under
 
 90 days. Values are mean 7 SD of ten observations
 

id weight TPO activity Serum T4 Serum T3 
0g body ΔOD/min/mg µg/dl ng/dl 
t protein 

 0.15 3.45 7 0.38 3.90 7 0.06 123.63 7 3.94 

 0.94 5.34 7 0.27 4.21 7 0.28 143.12 7 1.49 

 0.2 2.62 7 0.21 3.5 7 0.11 107.59 7 1.50 

 0.96 0.39 7 0.08 3.39 7 0.09 94.42 7 0.84 

 0.21 7.51 7 0.31 4.14 7 0.09 134.52 7 3.04 

 0.32 9.96 7 1.74 4.75 7 0.29 152.19 7 1.84 

 0.41 3.1 7 0.18 3.73 7 0.08 123.53 7 1.39 

 0.93 2.04 7 0.29 3.69 7 0.11 126.67 7 1.09 

A at P < 0.05.
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morphology and histology, thyroid peroxidase 
activity, serum triiodothyronine, thyroxine, 
and thyrotropin levels. The consumption pat­
tern of iodine and goitrogens of cyanogenic 
origin was evaluated by measuring urinary 
iodine and thiocyanate levels respectively. 
After chronic feeding, increased thyroid 
weight, decreased thyroid peroxidase activity, 
reduced thyroid hormone profiles, and ele­
vated level of thyrotropin were observed 
resembling a relative state of hypoactive thy­
roid gland in comparison to control even 
after supplementation of adequate iodine 
(Table 42.8) [94,95]. 

Similar studies conducted with cabbage 
(Brassica oleracea var. capitata Linn.), cauli­
flower (Brassica oleracea var. botrytis Linn.), 
mustard (Brassica juncea), maize (Zea mays), 
and cassava (Manihot esculenta Linn.) found 
that all of these plant foods have potent anti-
thyroidal activity even in the presence of 
iodine (Figure 42.3). 
TABLE 42.8 Uncooked/ fresh and Cooked Radish Induce
Thyroid Weight and Functional Status Under Varying Iodine
7 SD of ten observations; figures in parenthesis are % chang

Groups Thyroid Urinary Iodine Urinary 
weight (mg/ (µg/dL) Thiocyan
100g Body (mg/dL) 
weight) 

Control 8.89 7 0.34 416.29 7 4.74 1.2 7 0.13

Fresh radish 11.17 7 0.51* 442.75 7 4.08* 6.25 7 0.1

(25.6%) (6.25%) (420.8%) 

Cooked radish 10.29 7 0.52* 423.22 7 5.45 5.67 7 0.1

(15.7%) (1.68%) (372.5%) 

KI supplemented 7.84 7 0.24 2396.24 7 3.89 1.46 7 0.1

Fresh radish fed KI 10.08 7 0.36** 2539.02 7 5.38** 8.82 7 0.1
supplemented (28.6%) (5.96%) (504.1%) 

Cooked radish fed 9.69 7 0.62** 2441.68 7 6.03** 7.48 7 0.2
KI supplemented (23.6%) (1.87%) (412.3%) 

P values:
 
Values bearing superscripts are significantly different by ANOV
*When compared to control group.
 
**When compared to KI supplemented group.
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7. FLAVONOIDS CONTAINING
 
FOOD IN GOITER DEVELOPMENT
 

7.1 Soyabean 

Numerous surveys have shown that iodine 
intake is low in goiter areas. There are two types 
of endemic goiter. In mountainous areas it oc­
curs as a diffuse parenchymatous goiter in 
adults with degenerative forms. The characteris­
tic type in plain areas is a diffuse colloid goiter. 
The complete explanation of these differences 
probably depends on more than a simple iodine 
deficiency. 

Soyabeans have a high nutritive value and 
probably provide as complete a diet as can be 
obtained from any single vegetable source. In 
spite of this McCarrison [96] had reported that 
soyabean would produce a goiter in rats that 
was not prevented by iodine. Subsequent ani­
mal studies reported similar findings [97,98]. 
Shepard et al. [99] reported the development 
d Alterations on Urinary Thiocyanate and Iodine 
 Intake in Albino Rats for 90 days. Values are mean 
e as compared to control group. 

TPO Activity Serum T4 Serum T3 Scrum TSH 
ate (ΔOD/min/ (µg/dL) (ng/dL) (ng/dL) 

mg Protein) 

 5.45 7 0.28 4.32 7 0.16 141.5 7 1.2 0.59 7 0.13 

9* 2.25 7 0.19* 3.61 7 0.11* 117.05 7 2.27* 2.28 7 0.14* 

(58.7%) (16.4%) (17.3%) (286.4%) 

8* 3.82 7 0.14* 3.67 7 0.18* 123.67 7 2.06* 1.83 7 0.1* 

(29.9%) (15.0%) (12.6%) (210.2%) 

9 6.24 7 0.52 4.82 7 0.13 152.04 7 3.02 0.31 7 0.11 

4** 2.82 7 0.14** 3.72 7 0.22** 120.55 7 2.31** 1.26 7 0.16** 

(54.8%) (22.8%) (20.7%) (306.5%) 

7** 4.48 7 0.27** 3.9 7 0.11** 129.48 7 1.58** 0.92 7 0.12** 

(28.2%) (19.1%) (14.8%) (196.8%) 

A at <0.05.
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FIGURE 42.3 Photomicrographs of thyroid gland in (A) control, (B) KI supplemented, (C) fresh radish, (D) fresh radish 
fed KI supplemented, (E) cooked radish, and (F) cooked radish fed KI supplemented after 90 days treatment (H&E, x 20) 
Source: Chandra et al., 2004 [93]. 
of goiter in infants after feeding soya milk 
since birth, while Bruce et al. [100] found no 
difference in thyroid function when soyabeans 
were supplemented in women. Klein et al. 
[101] demonstrated that the energy metabolism 
status and thyroid hormone levels of growing 
rats are augmented in response to different pro­
teins including soya proteins. The goitrogenic/ 
antithyroidal potential of soyabean is still con­
flicting. The observations based on feeding of 
soyabeans of Indian origin in adult female 
albino rats by replacing one-third portion of 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
the normal diet for a period of 60 days are 
summarized [102]. 

A marked increase in thyroid weight was 
observed in the soyabean fed group of rats as 
compared to the control group. Further, there 
was a significant increase in serum protein con­
tent in the experimental group. However, there 
was no significant difference in urinary iodine 
concentration (Table 42.9). 

The histological changes that occurred in the 
soya fed and control group of rats are shown 
in Figure 42.4. In the soyabean fed group the 
AND CANCER PREVENTION AND TREATMENT 
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follicles are lined with high cuboidal/columnar 
cells showing hypertrophy and hyperplasia. 
Some follicles are invaded by epithelial cells. 
TABLE 42.9 Changes in Thyroid Weight, Serum 
Protein Content and Urinary Iodine after Soyabean Feeding 

Group	 Thyroid Serum Protein Urinary 
Weight (mg/ Content Iodine 
100 g Body (g/dL) Level 
Weight) (µmol/L) 

Control 8.970.5 3.770.4 32.170.9
 

Soyabean fed 11.471.3 4.670.5 30.771.1
 

Values are mean 7 SD of eight observations. 

FIGURE 42.4 Photomicrographs of thyroid gland of 
control and soyabean fed rats showing follicles lined with 
cuboidal/columnar cells showing hypertrophy and hyper­
plasia, while in control groups the follicles are lined with 
low cuboidal cells and filled with colloid (H&E, x 400) 
Source: Mukhopadhyay et al., 2004 [102]. 
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FIGURE 42.5 Inhibition of TPO activity by aqueous extract 
Source: Mukhopadhyay et al., 2004 [102]. 
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There was a great increase in the number of 
small follicles but no such changes were found 
in the control group. 

In in vitro studies, inhibition of thyroid perox­
idase activity (TPO) was found after addition of 
graded doses of soyabean extract. In an in vivo 
study, a marked inhibition of TPO activity was 
observed in a soyabean fed group of rats as 
compared to control group (Figures 42.5, 42.6). 

Serum T3 and T4 values were also compared 
between the experimental and control group 
(Table 42.10). There was a significant increase 
(P < 0.001) in T4 level but the increase in T3 

level was not significant in the soyabean fed 
group as compared to the control group of rats. 

The conflicting results of morphological and 
functional aspects of thyroid under the influ­
ence of dietary soyabean are available from ear­
lier studies for the lack of a logistic approach 
on the problem. In those studies iodine nutri­
tion status and protein nutrition were not evalu­
ated concomitantly with soyabean feeding 
because the antithyroidal potency of dietary goi­
trogens of soyabean is dependent on those 
body’s nutritional indices. The results of this 
investigation show that soyabeans caused an 
enlargement of thyroid glands resembling a goi­
trous state, and inhibited TPO activity both 
in vivo and in vitro, but most strikingly elevated 
eroxidase activity by aqueous 

 at different concentrations 

0.05 

0.1 

ginal plant extract 

of soyabean. 
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Comparison of in vivo thyroid peroxidasew activity 
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FIGURE 42.6 Comparison of in vivo thyroid peroxidase activity in control and soyabean fed rats. 
Source: Mukhopadhyay et al., 2004 [102]. 

TABLE 42.10 Changes in Serum Total T3 and T4 

Following Soyabean Feeding 

Group Serum total 
T3 ng/dL 

Serum total 
T4 mg/dL 

Control 
Soyabean fed 

153.471.9 

155.771.2 

4.870.5 

5.870.8 

Values are mean 7 SD of eight observations. 
serum T4 levels and T3 levels to an extent. 
Genistein, the primary flavonoid present in 
soyabeans, is responsible for this inhibition 
[103] and the possible mechanism of inhibition 
is due to direct contact of thyroid peroxidase 
with isoflavone and H2O2 but not with iodine 
[104]. This study suggests that a goitrogenic/ 
antithyroid effect of soyabean is expressed in a 
protein deficient state or in a state of iodine defi­
ciency. Adequate supplies of dietary protein 
and iodine may prevent goitrogenic/antithyr­
oidal potency of soyabeans [102]. 

7.2 Green Tea 

Green tea leaves contain catechin (flavon-3-ol 
derivatives), including ( - )-epicatechin (EC), 
( - )-epigallocatechin (EGC), ( - )-epigalloca­
techin gallate ( EGCg), ( - )-epicatechin gallate 
(ECg), ( - )-gallocatechin gallate (GCg), ( - )-cat­
echin gallate (Cg), and ( + )-catechins (CT) 
[105]. Among others, Divi and Doerge [106] 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
reported that catechins inhibit thyroid peroxi­
dase activity (TPO) (IC50 = 36.473.86 μM), 
though in vivo long-term effects on thyroid func­
tions by oral administration have not been re­
ported. However, polyphenone-60 (P-60), water 
extracts of green tea leaves, when orally admin­
istered for 2, 4, and 8 weeks in male rats, 
caused changes in the thyroid, testis and pros­
tate gland, and related hormone concentrations 
– TSH, LH, FSH, testosterone, T3, and T4 [107]. 

It is evident from those observations that a 5% 
oral dose of polyphenone-60 (P-60), green tea 
extract catechins in the diet to male rats for 2–8 
weeks induced goiters and decreased weights of 
the body, testis, and prostate gland. Endocrino­
logically, elevating plasma thyroid stimulating 
hormone (TSH), LH, and testosterone levels and 
decreasing T3 and T4 levels were induced by this 
treatment. The changes observed in vivo were in 
conformity with antithyroid effects and aroma­
tase inhibition effects of P-60 and its constituents 
(Figure 42.7; Tables 42.11, 42.12). 
7.3 Millets 

Pearl millet [Pennisetum millet (L.) Leeke] is 
one of the most important food crops for the 
rural poor of the semiarid tropics, an ecologi­
cal zone that includes the portion of Africa 
and Asia and almost encircles the earth. 
AND CANCER PREVENTION AND TREATMENT 
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FIGURE 42.7 Thyroid gland of a male rat of the control group (A, B) and of the group administered a 5% polyphe­
none-60 (P-60) containing diet (C, D), for 8 weeks 
Epidemiological evidence suggests that millet 
may play a role in the genesis of endemic 
goiter in these areas. In vivo and in vitro stud­
ies revealed that a millet diet rich in C-glycosyl­
flavones produces goitrogenic and 
antithyroidal effects similar to those of certain 
other antithyroid agents and small doses of 
methyl mercapto imidazole (MMI). 

In areas of iodine deficiency where millet is a 
major component of the diet, its ingestion may 
contribute to the genesis of endemic goiter 
[108]. Of importance in this regard is the 
increase in antithyroid activity of extracts of mil­
let that occurs when they are boiled or stored, 
since boiling, and perhaps storage, of millet pre­
cedes its ingestion in the natural setting. 

Chemical changes analogous to those that 
occur with the glycosylflavonoids after their 
ingestion in mammals, such as hydrolysis of 
glycosides to aglycones, B-ring methylation 
and C-ring fission, which result in a marked 
increase in antithyroid activity, as well as 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
additive antithyroid effects, may also occur 
under the above circumstances [109]. 
7.4 Babussu and Mandioca 

Among the southern edges of the Amazon 
Basin, particularly in the state of Maranhao in 
northern Brazil, abandoned fields and crop­
lands have been taken over by palm trees. The 
palm tree, known as babassu (Orbignya phaler­
ata), is a stubborn competitor that keeps other 
species from gaining a foothold. Thus, the 
immense forests of babassu in Maranhao are a 
basic source of food, fuel, shelter, and income 
[110]. In Maranhao, goiter prevalence among 
school children was still 38% in 1986 despite 
an adequate iodine intake in most of the popu­
lation. Therefore, the question arose as to 
whether or not the ingestion of babassu alone 
or mixed with mandioca contributed to the per­
sistence of goiter in this area of Brazil. The 
potential antithyroid effect of babassu and 
AND CANCER PREVENTION AND TREATMENT 
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TABLE 42.11 Effects of Polyphenone-60b Treatment in Male Rats for 2, 4 or 8 Weeksa,b 

Feeding Period 
(Weeks) 

Dose (%) Body 
Weightc (g) 

Thyroid 
Weightc (g) 

Testis 
Weightc (g) 

Prostate Gland 
Weight (mg) 

2 0 13975 9.272.6 1.7270.1.21 48.176.0 

1.25 14475 (6.671.9) (1.2370.08) (34.675.6) 

5.0 12475** 9.971.3 1.8270.11 57.8710.7 

(6.971.1) (1.2670.05) (40.076.7) 

14.874.1* 1.4870.01* 38.474.3 

(11.873.0) ** (1.4370.26) (30.972.7) 

4 0 19579 10.872.1 2.3870.33 101.4729.4 

1.25 203711 (5.571.1) (1.2170.13) (51.6173.1) 
5.0 16678** 11.971.7 2.6170.10 125.4721.3 

(5.971.1) (1.2970.08) (61.578.7) 

28.6712.2** 2.1570.26 71.1731.0 

(17.076.7)** (1.2970.12) (42.3717.4) 

8 0 247735 12.471.5 2.8970.08 206.5747.7 

1.25 249714 (5.171.0) (1.1970.13) (83.2712.2) 

5.0 209714* 12.972.0 2.8570.05 194.0741.6 

(5.270.5) (1.1770.07) (77.6715.4) 
44.3711.7** 2.5270.17* 125.4734.3* 

(21.476.5)** (1.2170.05) (59.3712.74)* 

aRats were fed polyphenone-60 (P-60) in the diet at 0, 1.25, or 5%. Five animals/group. The values in the parentheses 
show the relative weight per 100 g body weight. The statistical significance of data was calculated using Dennett's test. 
Values represent mean 7 SD.
 
b% of P-60 concentration in diet.
 
cSignificantly different (P < 0.05) from control (0%).
 
*Significantly different (P < 0.05) from control (0%).
 
**Significantly different (P < 0.01) from control (0%).
 

 

mandioca has been assessed by means of 
in vitro and in vivo studies [111]. The edible 
parts of babassu produced significant in vivo 
antithyroid effects in rats on a high iodine 
intake as well as distinct and reproducible anti-
thyroid and anti-TPO activities in an in vitro 
system, their action being similar to that of the 
thionamide-like antithyroid drugs propylthiour­
acil and methimazole. The antithyroid action 
of aqueous extract of mandioca flour in vivo 
and in vitro was also evident by significant 
and pronounced inhibition of the iodide organi­
fication process; however, in contrast to 
babassu, methanol and aqueous extracts of 
mandioca flour caused little inhibition in vitro 
in the TPO system. Little or no effect was 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
produced by babassu or mandioca on thyroid 
iodide transport by thyroid slices or in vivo in 
the rat, indicating that neither thiocyanate nor 
perchlorate-like compounds are responsible for 
their antithyroid effects. 

Results of this study provide direct experi­
mental evidence, both in vivo and in vitro, of
antithyroid effects of babassu and mandioca, 
supporting the hypothesis that the staple food 
is responsible, at least in part, for the persis­
tence of goiter in the iodine-supplemented 
endemic regions of Maranhao in Brazil. 
Finally, research is needed to isolate and iden­
tify those compounds or agents responsible for 
the antithyroid effects of babassu and mandi­
oca (Figure 42.8). 
AND CANCER PREVENTION AND TREATMENT 
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TABLE 42.12 Effects of Polyphenone-60 (P-60)a Treatment in Male Rats on Plasma TSH, T4, T3, Testosterone 
(TTN), LH, and FSH Level for 2, 4 or 8 Weeksb,c 

Feeding period Dose TSHf T4
f T3

f Ttnf LHf FSH 
(weeks) (%) (ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/ml) 

2 0 16.272.1 3.370.2 1.370.1 –* – – 

(N = 5) 1.25 15.371.3 3.470.2 1.670.1 – – – 

5.0 14.872.4 2.570.3** 1.470.2 – – – 

4 0 16.771.1 2.970.3 1.570.1 4.371.7 – – 

(N = 5) 1.25 16.670.9 2.970.4 1.370.1 4.972.3 – – 

5.0 17.970.6 2.170.5 1.670.2 7.572.2* – – 

8 0 18.270.7 2.970.2 1.470.1 1.770.6 9.372.3* 84.8727.5* 

(N = 7) 1.25 18.870.4 2.870.3 1.470.1 3.671.6 11.772.3* 88.8712.5* 

5.0 19.270.7* 2.070.4* 1.170.2* 7.272.5** 13.672.9* 101.7717.3* 

aPercent of P-60 concentration in diet.
 
bRats were fed P-60 in diet at 0, 1.25, or 5%.
 
cThe statistical significance of data was calculated using Student's t-test.
 
All measurements were performed in triplicate, and values represent mean 7 SD.
 
*Significantly different (P<0.05) from control (0%).
 
**Significantly different (P<0.01) from control (0%).
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FIGURE 42.8 In vitro antithyroid peroxidase (TPO) of methanol extracts of edible parts of babassu and mandioca flour 
in the purified porcine TPO system. 
Source: Gaitan et al., 1994 [111]. 
8. SUMMARY 
All of these observations reveal that a num­
ber of plant foods usually consumed by the 
people of several regions contain goitrogenic/ 
antithyroidal substances that interfere with 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
thyroid hormone synthesis, acting at different 
levels in the thyroid gland and causing goiter 
and associated iodine deficiency disorders. 
Even supplementation of iodine fails to coun­
teract the adverse effects of those dietary goi­
trogens on thyroid hormone synthesis, as has 
AND CANCER PREVENTION AND TREATMENT 
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been observed in several epidemiological and 
experimental studies. Therefore, goitrogens 
that are present in food have an important role 
in the regulation of thyroid gland morphology 
and functions; their action is not only medi­
ated through interference of iodine nutrition 
but also by other indirect mechanisms. 

In spite of adequate iodine intake, endemic 
goiter, the most common manifestation of iodine 
deficiency disorders, is prevalent in many re­
gions because of the consumption of goitrogenic 
foods. Therefore, to identify the region-specific 
environmental goitrogens and to find out mea­
sures to counteract their action is important, to 
prevent and control this public health problem. 

Cyanogenic glycosides, glucosinolates, and 
flavonoids found in plants are the precursor mo­
lecules of goitrogenic substances. Cassava, cab­
bage, cauliflowers, radish, mustard, turnip, 
sweet potato, are bamboo shoots are the com­
mon dietary sources of cyanogenic glucosides 
and glucosinolates while soyabeans, millet, tea, 
onion, apple, kale, red wine, tofu, and grape­
fruit juice are the sources of flavonoids-contain­
ing plant foods. 
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1. INTRODUCTION
 
The Philippines is one of the major produ­
cers of root crops in Asia along with Thailand, 
Indonesia, India, China, and Vietnam. Root 
crops such as sweet potato (kamote) and cas­
sava are used as staples by many people in the 
Philippines, e.g. Batanes, Cebu, Lanao, 
Zamboanga, and Sulu. Root crops are rich in 
carbohydrates specifically dietary fiber, protein, 
and fats as well as vitamins and minerals. 

Dietary fiber comes from the family of carbo­
hydrates, a non-starch polysaccharide that is 
not digested in the small intestine but may be 
fermented in the colon into short chain fatty 
acids (SCFA) such as acetate, propionate, and 
butyrate. SCFA contributes 1.5–2.0 kcal/g die­
tary fiber [1]. It enhances water absorption in 
the colon, thus preventing constipation. 

Dietary fiber at levels of 10–20% in food/ 
meal may interfere with the absorptive 
Bioactive Foods in Promoting Health: Fruits and Vegetables 71
processes in the small intestine and colon. Some 
fibers (e.g. cellulose) inhibit the absorption of mi­
nerals (e.g. iron, zinc, calcium) by forming insol­
uble complexes or by entrapping the minerals 
due to their viscosity and fibrous structure in 
the small intestine [2–4]. However, studies have 
shown that some fibers that reach the colon 
may be fermented and release the minerals for 
potential absorption [2–4]. Also, the product of 
fiber fermentation, the short chain fatty acids, 
e.g. acetate, propionate, and butyrate, can in 
turn enhance the absorption of minerals in the 
colon [5–7]. Thus, dietary fiber may not reduce 
the availability of minerals but may shift their 
absorption from the small intestine to the colon. 
Root crops and legumes are good sources of die­
tary fiber (5–30%). The dietary fiber present in 
root crops is mostly galactomannans and a 
fermentable fiber [8–10]. On the other hand, 
root crops also contain phytic and tannic acid 
which can inhibit mineral absorption through 
formation of insoluble iron complexes [11,12]. 
7 r 2010 Elsevier Inc. All rights reserved. 
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Dietary fiber has been shown to have impor­
tant health implications in the prevention 
of risks of chronic diseases such as cancer, 
cardiovascular diseases, and diabetes mellitus. 
Propionate has been shown to inhibit the activ­
ity of the enzyme HMG CoA reductase, the 
limiting enzyme for cholesterol synthesis [13]. 
Dietary fiber has the ability to bind with bile 
acids and prevents their reabsorption in the 
liver, thus inhibiting cholesterol synthesis [13]. 
Butyrate enhances cell differentiation, thus pre­
venting tumor formation in the colon [14]. 

Over time, the dietary fiber’s viscous and 
fibrous structure can control the release of glu­
cose in the blood, thus helping with the proper 
control and management of diabetes mellitus 
and obesity [15,16]. The glycemic index (GI), a 
classification of foods based on their blood glu­
cose response relative to a starchy food, e.g. 
white bread, or standard glucose solution, has 
been proposed as a therapeutic principle for 
diabetes mellitus by slowing carbohydrate 
absorption [17,18]. Low GI foods, e.g. high die­
tary fiber food, has been shown to reduce post­
prandial blood glucose and insulin responses 
and improve the overall blood glucose and 
lipid concentrations in normal individuals [19], 
and patients with diabetes mellitus [20–22]. 
The utilization of root crops as a functional 
food will not only solve the problem of chronic 
diseases now prevailing in almost all countries 
but also encourage the industry and farmers to 
produce value-added or healthy products from 
root crops. This will increase the production 
and promotion of root crops. 

The general objective of this study is to 
determine the nutritional and health benefits of 
the dietary fiber component of root crops, and 
the specific objectives are as follows: a) to deter­
mine the dietary fiber composition and fer­
mentability characteristics of root crops; b) to 
determine the mineral availability from root 
crops; c) to determine glycemic index (GI) of 
root crops from non-diabetic and diabetic sub­
jects; and d) to determine the cholesterol-
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
lowering effect of root crops in moderately 
raised serum cholesterol levels of humans. 

2. DIETARY FIBER AND 
FERMENTABILITY 

CHARACTERISTICS OF ROOT 
CROPS 
Six root crops were studied as follows: ube 
(Dioscorea alata), gabi (Colocasia esculenta), tugi 
(Dioscorea esculenta), potato (Solanum tuber­
osum), camote (Ipomoea batatas), and cassava 
(Manihot esculenta). Root crops were cooked 
and freeze dried before analysis. The proxi­
mate analysis of root crops was determined 
using AOAC methods, and analyzed for total, 
soluble, and insoluble fiber using AOAC 
Methods against a standard wheat flour (NBS 
Standard Reference Material 1567 A, 
Gaithersburg, MD, USA) [23–26]. 
2.1 In Vitro Fermentation 

Dietary fiber isolate from each root crop was 
fermented in vitro using human fecal inoculum 
[27], and 0.5 g of the fiber isolate was weighed 
in a serum bottle. Forty (40) mL of fermentation 
media (mix 2 L deionized water, 1 L 0.5 M 
sodium bicarbonate buffer solution, 1 L macro-
mineral solution, 5 mL of 0.1% resazurin), and 
2 mL reducing solution (a mixture of 1.25 g 
cysteine-HCl + 50 pellets of potassium hydrox­
ide in 100 mL deionized water and 1.25 g 
sodium sulfide in 100 mL deionized water) were 
added to the serum bottle and flushed with car­
bon dioxide until colorless. The bottles were 
sealed with rubber stoppers and an aluminum 
seal and stored at 41C. The next day the bottles 
were placed in a water bath for 1–2 hours  at
371C. A 10 mL fecal inoculum (1:15 dilution of 
fresh feces from a human volunteer) was added 
into each bottle and the mixture was incubated 
for 24 hours at 371C. The fermented digest was 
filtered and read using high pressure liquid 
AND CANCER PREVENTION AND TREATMENT 
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TABLE 43.1 Proximate Analysis of Root Crops and Legumes, g/100 g; Sample (Mean7SEM) 

Test Food Moisture Ash Fat Protein Carbohydrates* 

Kamote 3.370.c 3.070.0e 0.670.2b 3.470.0d 89.670.3c 

Gabi 2.370.d 5.670.1a 0.470.0b 1.170.0f 90.770.2b 

Potato 7.170.1b 4.770.1b 1.070.1a 10.070.1a 77.170.4e 

Tugi 15.970.a 3.470.1d 0.270.1c 4.870.1c 75.670.8f 

Ube 3.470.1c 4.070.1c 0.470.0b 5.270.1b 87.070.3d 

Cassava 3.370. c 2.970.0f 0.370.0c 2.470.0e 91.170.1a 

a–fDenotes significant differences between test foods at P<0.05. 
*Calculated by difference. 

TABLE 43.2 Total, Soluble and Insoluble Fiber 
Content of Root Crops, g/100 g; Sample (Mean7SEM) 

Test 
Food 

Total Dietary 
Fiber 

Soluble 
Fiber 

Insoluble 
Fiber 

Kamote 

Gabi 

Potato 

Tugi 

Ube 

Cassava 

8.170.1d 

13.570.1a 

7.670.2e 

10.370.1c 

11.870.2b 

4.670.2f 

4.870.4a 

3.670.1b 

3.670.1b 

3.670.1b 

4.470.1a 

1.470.4c 

3.270.2d 

9.570.2a 

4.070.2c 

7.070.2b 

7.470.2b 

3.270.1d 

a–fDenotes significant differences between test foods at 
P<0.05. 
chromatography (HPLC) to measure short chain 
fatty acids against a volatile acid standard mix 
(SUPELCO, Philadelphia, USA). 

Table 43.1 shows the proximate analysis of 
root crop. Tugi has significantly greater mois­
ture (15.970.5) content among the root crops 
(P<0.05). Gabi (5.670.1) has significantly 
greater ash content among the root crops 
(P<0.05). Ube has the highest protein content, 
kamote the highest fat content, and gabi and 
cassava the highest carbohydrates content 
among the root crops. The dietary fiber content 
of root crops ranged from 4.6 to 13.5 g/100 g 
while legumes ranged from 20.9 to 46.9 g/ 
100 g, suggesting that both root crops and le­
gumes are good sources of dietary fiber 
(Table 43.2). The ratio of insoluble to soluble 
fiber in root crops ranged from 1:1 to 2:1. 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
Significant amounts of short chain fatty 
acids were produced after fermentation of the 
fiber isolate of root crops with tugi and cas­
sava having the greatest production of SCFA 
(Table 43.3). The best sources of acetate among 
the root crops were tugi (2.570.4) and cassava 
(2.470.1), for propionate, tugi (1.870.2), and 
for butyrate, tugi and cassava (0.870.0; 
Table 43.4). 
3. MINERAL AVAILABILITY,
 
IN VITRO, FROM
 
ROOT CROPS
 

3.1 Test Foods 

The following root crops were used in the 
study: ube (Dioscorea alata), gabi (Colocasia escu­
lenta), tugi (Dioscorea esculenta), potato (Solanum 
tuberosum), kamote (Ipomoea batatas), and cas­
sava (Manihot esculanta). Root crops were 
bought in local markets in Metro Manila. The 
root crops were boiled in water to cook, and 
freeze dried. 
3.2 Analytical Methods 

Total iron, zinc, and calcium were analyzed 
by wet digestion method. A 0.1 g sample of 
freeze-dried test food was weighed and dis­
solved in 1 mL 36N sulfuric acid (Analytical 
AND CANCER PREVENTION AND TREATMENT 
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TABLE 43.3 Short Chain Fatty Acids from Fiber Isolates of Root Crops, mmole/g (Mean7SEM) 

Test Food Acetate Propionate Butyrate Total 

Kamote 1.170.2bx 0.470.0cz 0.570.0by 1.970.2c 

Gabi 1.170.1bx 0.270.0dy 0.270.0cy 1.570.1d 

Potato 0.270.0cy 0.170.1dey 0.670.1bx 1.070.2e 

Tugi 2.570.4ax 1.870.2ay 0.870.0az 5.170.6a 

Ube 0.270.0cx 0.170.0ey 0.170.1cx 0.470.1f 

Cassava 2.470.1ax 0.770.1by 0.870.0ay 3.970.2b 

a–fDenotes significant differences between test foods at P<0.05.
 
x–z Denotes significant differences between short chain fatty acids at P<0.05.
 

TABLE 43.4 Mineral Content Of Root Crops, mg/ 
100 g Sample 

Root crop Total Iron Total Zinc Total Calcium 

Ube 0.9470.06ey* 2.2770.24cx 0.8470.05ey 

Gabi 6.9570.96ax 6.0370.81ax 4.1070.25by 

Tugi 5.8970.19ax 1.3070.08ez 2.8470.17cy 

Potato 1.2670.20cx 1.3270.06ex 1.2470.04dx 

Kamote 1.0870.07dz 3.5070.64by 9.8671.28ax 

Cassava 5.0570.14by 1.9270.03dz 8.2170.48ax 

a–eDenotes significant differences between test foods at
 
P<0.05.
 
x–zDenotes significant differences between minerals for
 
each test food at P<0.05.
 
*Mean7SEM.
 
Reagent, Ajax Chemical, Auburn, NSW, 
Australia), and 3 mL 30% hydrogen peroxide 
(Analytical Reagent, Ajax Chemical, Auburn, 
NSW, Australia), and made to 50 mL volume 
with double deionized (DDI) water. For cal­
cium, the digested sample was volumed to 
50 mL with 10 mM lanthanum chloride 
(Analytical Reagent, Asia Pacific Specialty 
Chemical Limited, NSW, Australia). The result­
ing solution was read in the atomic absorption 
spectrophotometer (Buck Scientific, East 
Norwalk, Connecticut, USA). Total dietary 
fiber, phytic acid, and tannic acid were also 
analyzed from the test foods using AOAC 
methods [28–30]. 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
3.3 In Vitro Determination of Mineral 
Availability [2–4] 

A 20 g freeze-dried sample of the test food 
was weighed. Eighty grams of DDI water was 
added, and the mixture was homogenized. The 
pH of the solution was adjusted to pH 2.0 and 
incubated with pepsin–HCL [8 g pepsin (Sigma 
Chemical Company, St. Louis, MO, USA), 
600 units/mg solid hog stomach in 50 mL of 
0.1 M HCl] for 3 hours. A 20 g aliquot of the 
pepsin digest was weighed in a dialysis tubing 
(Spectrapor 1, width 23 mm, 6000–8000 MW 
cut off) containing 5 mL of pancreatin–bile mix­
ture [1 g pancreatin (porcine pancreas Grade 
VI, Sigma Chemical Company, St. Louis, MO, 
USA) plus 6.25 g bile extract (porcine, Sigma 
Chemical Company) in 250 mL of 0.1 M 
sodium bicarbonate (Analytical Reagent, 
Mallinckrodt, NY, USA)], and dialyzed against 
sodium bicarbonate (pH 7.5) for 12 hours. The 
dialysate was collected every 3 hours and re­
placed with 100 mL DDI water. The dialysate 
was read in the atomic absorption spectropho­
tometer for mineral content. This simulated the 
amount of mineral released that can be poten­
tially absorbed in the small intestine. The re­
tentate was freeze dried. A 0.5 g of the 
retentate was weighed and fermented using 
human fecal inoculum. The fermented digest 
was placed in a dialysis bag and dialyzed 
against DDI water for 6 hours. Similarly, the 
AND CANCER PREVENTION AND TREATMENT 
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TABLE 43.5 Dietary Fiber, Phytic Acid, and Tannic 
Acid Content of Root Crops 

Root Crop Dietary Fiber 
g/100 g S 

Phytic Acid 
mg/100 g S 

Tannic Acid 
mg/100 g S 

Ube 11.870.2b* 265.076.2d 932.671.8a 

Gabi 13.570.1a 657.2714.8a 355.370.4d 

Tugi 
Potato 

10.370.1c 

7.670.2e 

334.175.5c 

459.670.7b 

505.270.6b 

397.473.5c 

Kamote 8.170.1d 264.5710.2d 200.475.8e 

Cassava 4.670.2f 197.871.0e 124.571.0f 

a–fDenotes significant differences between test foods at
 
P<0.05.
 
*Mean7SEM.
 

TABLE 43.6 Mineral Availability from Test Foods (% 
of Total Mineral Content) 

Root Crop Iron Zinc Calcium 

Ube 

Gabi 

Tugi 

Potato 

Kamote 

Cassava 

3.170.1dz* 

24.472.7ax 

16.772.0cy 

11.674.1cy 

3.070.3dz 

20.770.1by 

45.574.6cx 

10.770.5fz 

32.275.8dx 

54.671.7bx 

71.3713.6ax 

13.6170.02ez 

20.275.9by 

15.471.9by 

15.473.2by 

7.771.7cz 

30.872.4ay 

30.171.0ax 

a–eDenotes significant differences between test foods at
 
P<0.05.
 
x–zdenote significant differences between minerals at
 
dialysates were collected every 3 hours and re­
placed with 100 mL DDI water. The dialysates 
were read in an atomic absorption spectropho­
tometer for mineral content. This simulated the 
amount of mineral released that can be poten­
tially absorbed in the colon. 

Table 43.4 shows the total mineral content 
of the test foods. Among the root crops, gabi, 
tugi, and cassava were the best sources of iron 
while gabi was the best source of zinc. Kamote 
and cassava were the best sources of calcium. 

Table 43.5 shows the dietary fiber, phytic 
acid, and tannic acid content of the test foods. 
The best source of dietary fiber among root 
crops was gabi but it has the highest phytic 
acid content. Ube has the highest tannic acid 
content followed by tugi. 

Dialyzable mineral as percent of total min­
eral content of root crops and legumes is used 
as a measure of mineral availability. Table 43.6 
shows the mineral availability from the test 
foods. Iron availability from root crops showed 
that gabi>cassava>tugi and potato>ube and 
kamote (P<0.05); while zinc availability from 
root crops showed that kamote>potato> 
ube>tugi>cassava> gabi (P<0.05). Calcium 
availability from root crops showed that 
kamote and cassava>ube>gabi and tugi> 
potato (P<0.05). 
P<0.05.
 
*Mean7SEM.
 
4. GLYCEMIC INDEX (GI) OF ROOT 
CROPS AND LEGUMES IN 

NON-DIABETIC AND DIABETIC 
PARTICIPANTS 

4.1 Food Samples 

Five root crops – kamote [Ipomoea batatas 
(L.) Lam], gabi [Colacasia esculenta (L.) Scholl], 
tugi (Diocorea esculenta), cassava (Manihot escu­
lenta Crantz), and ube (Dioscorea spp.) – were 
used as test foods in the study. The test foods 
were prepared at the Nutrient Availability 
Section, Food and Nutrition Research Institute, 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
Department of Science and Technology. Root 
crops were boiled in water, cooled, and fed to 
subjects. The control/standard food was white 
bread prepared in a bread maker (Regal 
Kitchen Pro Collection, KCTNO4584, made in 
China, serviced in USA) following the formula­
tion of Wolever et al. [22] as follows: 334 g 
flour (Wooden Spoon All Purpose Flour, 
Pillmico Mauri Food Corporation, Kwalan 
Cove, Iligan City, Philippines), 4 g salt, 5 g 
yeast, 7 g sucrose, and 330 mL water per 250 g 
carbohydrate loaf. Crust ends were not used 
for the test meals. 
AND CANCER PREVENTION AND TREATMENT 
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4.2 Study Participants 

Eleven non-diabetic and nine diabetic sub­
jects (type II) were physically examined by a 
medical doctor and evaluated by an endocrinol­
ogist on the basis of the following criteria: 

•	 non-diabetic subjects: body mass index 
(BMI) 20–25 kg/m2 (WHO criteria for 
normal to overweight), fasting blood sugar 
(FBS) 4–7 mol/L, age 35–60 years, no 
physical defect, and non-smokers; 

•	 diabetic subjects: BMI 20–25 kg/m2 (WHO 
criteria for normal to overweight), FBS 7.5– 
11.0 mol/L, age 35–60, no intake of drugs, 
no complications, and non-smokers. 

Each subject was interviewed for physical 
activity and was asked to fill up a 3-day food 
intake recall form. Participants with common 
food intake (pattern) and physical activity 
were included in the study. The diabetic 
subjects were managed through dietary con­
sultations and advice. The subjects signed vol­
untary consent forms approved by the 
National Human Ethics Committee, Philippine 
Council for Health Research and Development, 
Department of Science and Technology, Metro 
Manila, Philippines. 
*Incremental area under the glucose response 
curve. 
4.3 Protocol of the Study 

Using the randomized cross-over design, the 
control and test foods were fed in random 
order on separate occasions after an overnight 
fast. The control and test foods contained 50 g 
available carbohydrates. The participants were 
told to fast overnight (10–12 hours) prior to the 
start of the study. Feedings of white bread and 
test foods were repeated twice. A standard glu­
cose (Medic Orange 50 Glucose Tolerance Test 
Beverage Product No. 089, 50 g glucose/ 
240 mL; Medic Diagnostic Laboratory, Pasig 
City, Philippines) was given once to non-
diabetic participants only (for safety purposes) 
to determine the glycemic index of white bread. 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
Blood samples, approximately 0.3–0.4 mL, 
were collected through finger prick before and 
after feeding in a 4 mm diameter and 10 cm 
long capillary tubing (PYREX, Corning, New 
York, USA) and sealed (Jockel Seal Sticks 
Cement, AH Thomas Catalogue No. 2454 W15, 
USA). For non-diabetic participants, samples 
were collected at 0 hour and every 15 minutes 
after feeding for 1 hour and every 30 minutes 
for the next hour, while for diabetic partici­
pants, samples were collected at 0 hour and at 
30 minute intervals after feeding for a period 
of 3 hours. The serum was separated from the 
blood using a refrigerated centrifuge after 
all the blood was collected (Eppendorf 
Centrifuge, Eppendorf, Germany), and ana­
lyzed for glucose levels on the same day using 
a clinical chemistry analyzer (ARTAX Menarini 
Diagnostics, Firenze, Italy) after calibration 
with the glucose standard (Glucofix Reagent 1­
Menarini Diagnostics, Firenze, Italy). The area 
under the glucose response curve for each 
food, ignoring areas below the fasting level, 
was calculated geometrically [21,22]. The gly­
cemic index of each food was expressed as the 
percent of the mean glucose response of the 
test food divided by the standard food taken 
by the same subject and was determined by 
the following formula: 

Glycemic index ¼ IAUC*of the test food x 100 

IAUC of the standard food 

Table 43.7 shows the characteristics of 
the subjects. The BMI of the non-diabetic parti­
cipants was found to be 25.070.6 kg/m2 and 
the diabetics, 26.971.2 kg/m2. There were no 
significant differences between the non-diabetic 
and diabetic subjects for age and BMI. There 
were significant differences observed 
between study participants for the fasting 
blood sugar: as expected, those of diabetics 
AND CANCER PREVENTION AND TREATMENT 
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TABLE 43.7 Characteristics of the Subjects, 
Mean7SEM 

Subjects No. of Age BMI FBS 
Subjects (Years) (kg/m2) (mmol/L) 

Non-diabetic 11 46.571.5a 25.070.6a 5.270.1b
 

Diabetic 9 48.371.8a 26.971.2a 9.170.7a
 

BMI, body mass index = weight/height2; FBS, fasting blood
 
sugar.
 
a,bDenotes significant differences between subjects at
 
P<0.05.
 

TABLE 43.8 Glycemic Index* of Local Root Crops in 
Non-Diabetic and Diabetic Subjects, Mean7SEM 

Test Food Serving Size (g) Non-Diabetic Diabetic 

Kamote 

Gabi 

62 

65 

3471bx 

3271bx 

3471bx 

3271bx 

Tugi 

Cassava 

Ube 

76 

58 

66 

3771ax 

3071cx 

2771dx 

3671ax 

3071cx 

2371dy 

a–dDenotes significant differences between test foods at
 
P<0.05.
 
xyDenotes significant differences between normal and
 
diabetic subjects at P<0.05.
 
*50 g available carbohydrate.
 
were significantly greater than the non-
diabetics (Table 43.7; P<0.05). Normal readings 
of the standard glucose used in the clinical 
chemistry analyzer ranged from 4.0 to 
6.4 mmol/L glucose. The initial blood glucose 
obtained from the non-diabetics for all test 
foods did not exceed 6.0 mmol/L. All of the par­
ticipants were able to consume all test foods 
(white bread 2 x , test foods 2 x , and standard 
glucose 1 x in non-diabetics) on 27 occasions. 

Table 43.8 shows the glycemic index (GI) of 
the test foods. The GI of the standard white 
bread determined from the incremental area 
under the glucose response curve (IAUC) from 
white bread divided by the IAUC from the 
standard glucose, was found to be 9379 for 
non-diabetic participants. Local root crops are 
considered to be low GI foods (GI <55; 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
Table 43.8; P<0.05). Ube has the lowest GI in 
non-diabetic (GI = 27) and diabetic participants 
(GI = 23) and was found to be significantly dif­
ferent (Table 43.8; P<0.05). Tugi has the high­
est GI in both non-diabetic (GI = 37) and 
diabetic participants (GI = 36) and was not 
found to be significantly different (Table 43.8). 
5. CHOLESTEROL-LOWERING 
EFFECT IN HUMANS WITH 

MODERATELY RAISED SERUM 
CHOLESTEROL LEVELS 

5.1 Study Participants 

The participants were selected based on the 
following criteria: moderately raised cholesterol 
level (250–300 mg cholesterol/100 g serum), 
30–60 years old, no drug intake for cholesterol-
lowering, and no complications. They were 
interviewed to obtain data on their usual 3-day 
food intake, physical activity, and smoking 
habits. The total number of subjects in the 
study was 20, 18 females and 2 males. 
5.2 Protocol of the Study 

The study was conducted in a double-blind 
randomized cross-over design in a 14-week 
period (3.5 months), consisting of four 2-week 
experimental periods, each experimental period 
separated by a 2-week washout period for a 
total of three washout periods. The subjects 
were made to fast overnight (10–12 hours of 
fasting) prior to the study. They were weighed, 
their blood pressure was measured, and a sam­
ple of blood from their forearm vein was 
taken. The subjects were given the test foods 
to consume every day to ensure compliance of 
the subjects, except on Fridays when three test 
foods were given to include Saturday and 
Sunday intakes. The subjects recorded their 
respective food intakes for the duration of the 
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experimental study. On the 15th day, blood 
was drawn from the subjects after an over­
night fast. Blood samples were taken into plain 
glass tubes from the forearm vein, left to clot 
at room temperature, centrifuged, and the 
serum separated. Total cholesterol, HDL choles­
terol, and triglycerides were measured in a clin­
ical chemistry analyzer (ARTAX, Menarini 
Diagnostic, Florence, Italy) against standards 
(Cholesterol, Cholesterol Standard, 200 mg/dL, 
Sentinel CH, Milan, Italy; HDL Cholesterol, 
Cholesterol Standard, 50 mg/dL, Sentinel 
CH, Milan, Italy; Triglycerides, Glycerol Stand­
ard, 200 mg/dL, Sentinel CH, Milan, Italy). The 
amount of LDL was estimated from the formula 
used by Wolever et al. [31] as follows: 

LDL ¼ ðtotal cholestrol-HDL-triglyceride/2.2) 

Subjects served as their own control. The sub­
jects signed voluntary consent forms approved 
by the National Human Ethics Committee, 
Philippine Council for Health Research and 
Development, Department of Science and 
Technology, Metro Manila, Philippines. 

Non-significant results in total, LDL, and 
HDL cholesterol as well as triglycerides in all 
root crops studied were observed after 14 days 
except for tugi and cassava. Tugi had signifi­
cantly increased HDL cholesterol by 16% while 
cassava significantly decreased LDL cholesterol 
levels by 7% (P<0.05; Table 43.9). 
TABLE 43.9 Serum Total, HDL, and LDL Cholesterol, an

Root crop Total Cholesterol HDL 

Before After Before Afte

Kamote 28377 27177  4172  3772

Cassava 25576 24775  3172  2972

Tugi 25676 26177  2772  3272

Ube 27076 27076  ND  ND

Gabi 22275 25177  ND  ND

ND, no data.
 
*Denotes significant differences between before and after feedin

C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
6. DISCUSSION
 
The study showed that root crops are good 
sources of dietary fiber and fermentable in the 
colon. The soluble fiber in root crops may have 
a physiological effect related to glucose and 
cholesterol metabolism [21,22]. Generally, solu­
ble fibers have a tendency to have long-term 
effects associated with better glycemic control 
and lower insulin requirements due to 
increased insulin sensitivity or changes in insu­
lin receptors as well as cholesterol-lowering 
effects. In terms of short chain fatty acid pro­
duction, a good source of butyrate may have 
some important role in the prevention of risk 
of colon cancer, e.g. tugi and cassava. 

Mineral availability from root crops differed 
and may be attributed to the mineral content, 
mineral–mineral interaction, and the presence 
of phytic and tannic acid in the test foods [32– 
40]. Among root crops, iron availability 
increased with increasing amount of iron 
(Tables 43.4 and 43.6; r = 0.92, N = 12; P<0.01). 
Similar results were also observed with cal­
cium (Tables 43.4 and 6; r = 0.85, N = 12; 
P<0.05) but not for zinc. Zinc availability 
decreased with increasing iron content of root 
crops (Tables 43.4 and 43.6; r = - 0.87, N = 12; 
P<0.01). An increase in zinc availability 
affected iron and calcium availability, e.g. ube, 
tugi, potato, and kamote (Table 43.6, P<0.05); 
d Triglycerides Levels of Humans Fed With Root Crops 

LDL Triglycerides 

r Before After Before After 

 20578 20278 177712 163714 

 19976* 18576 153713 168716 

* 20076 20277 141713 132713 

 ND  ND  136711 142713 

 ND  ND  137711 158713 

g of root crops at P<0.05.
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7. SUMMARY 725 
an increase in iron availability affected zinc 
and calcium availability, e.g. gabi (Table 43.6, 
P<0.05). An increase in calcium availability 
affected iron availability, e.g. ube, kamote, cas­
sava. The phytic acid present in gabi 
(Table 43.5) may have affected zinc and cal­
cium availability but not iron. The phytic acid 
content of potato (Table 43.5) decreased cal­
cium availability but not zinc and iron availabil­
ity (Table 43.6). The iron, zinc, and calcium 
content of potato did not differ significantly. 
The study showed that phytic acid did not 
affect iron availability from root crops. Ube has 
the highest tannic acid content (Table 43.5) and 
resulted in low iron availability but did not 
affect zinc and calcium availability. However, 
we do not believe that the high tannic acid con­
tent of ube has decreased iron availability 
(3.1%; Table 43.6) because kamote with similar 
iron availability (3.0%; Table 43.6) has a tannic 
acid content of 200.4 mg/100 g (Table 43.5). 

Equal carbohydrates portions (50 g available 
carbohydrates) of the different test foods do not 
have the same glycemic effect in non-diabetic 
and diabetic subjects (Table 43.8). The amount of 
dietary fiber present in the test foods may have 
caused significant differences in the GI of root 
crops (Table 43.8). The increasing levels of die­
tary fiber, viscosity, cooking, particle size, form 
of food, and starch structure may all be attrib­
uted to slower nutrient absorption and delayed 
transit time [41–43]. Considering the dietary 
fiber present in whole foods, insoluble fiber was 
related more strongly to the GI than soluble 
fiber content [44]. The insoluble fiber content of 
root crops were significantly greater than that of 
soluble fiber except for kamote (Table 43.2; 
P<0.05). The fat content of root crops ranged 
from 0.2 to 1.0 g/100 g and may not affect the 
glycemic responses of the study participants 
from the foods ingested. A sufficient amount of 
fat in food (23 g fat/kg) can cause an early 
(0–90 min) decrease in glucose response but does 
not affect the overall glucose response to food 
[45]. The differences in glucose responses 
C. ACTIONS OF INDIVIDUAL FRUITS IN DISEASE 
between the two groups (non-diabetics and dia­
betics) may be due to rates of digestion and 
absorption in relation to the food ingested [44]. 

Root crops have been shown to be poten­
tially hypocholesterolemic foods, e.g. tugi, cas­
sava. The hypocholesterolemic property of 
dietary fiber is associated with the water-
soluble fractions of fiber fermentable in the 
colon, e.g. galactomannans, uronic acid, gluco­
mannans, galacturonic acids. However, various 
water-soluble fibers may differ in their ability 
to reduce serum cholesterol [46–48]. Taro or 
gabi has been shown to contain 85% ga­
lacturonic acid dry weight [49]. Sweet potato 
(kamote) is a significant source of dietary fiber 
as its pectin content can be as high as 5% of 
the fresh weight or 20% of the dry matter at 
harvest [50]. The Lipid Research Clinics 
Coronary Primary Prevention Trial predicted 
that for every 1% decrease in serum cholesterol 
concentration, there is a decreased risk of coro­
nary heart disease (CHD) of 2% [51]. There 
was no significant increase or decrease in HDL 
cholesterol levels of all subjects except for tugi. 
The concentration of serum HDL cholesterol is 
affected by alcohol intake and body mass 
index (BMI) [52]. However, not all subjects 
drink alcohol and the BMIs were not signifi­
cantly different between subjects in the dura­
tion of the experimental period. The study on 
cholesterol-lowering effect was a short-term 
(acute) study. A longer-term nutrition interven­
tion study may give a more conclusive result. 
7. SUMMARY 
In conclusion: a) root crops are rich sources 
of dietary fiber that is fermentable and pro­
duces short chain fatty acids such as acetate, 
propionate, and butyrate; b) mineral availabil­
ity from the root crops studied differed and 
may be attributed to the mineral content, 
mineral–mineral interaction, and the presence of 
phytic and tannic acid in the test foods; c) root 
AND CANCER PREVENTION AND TREATMENT 
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crops are considered to be low GI foods (GI 
<55); and d) root crops have shown a potential 
hypocholesterolemic effect. The study may have 
a significant role in the proper control and man­
agement of chronic diseases, e.g. obesity, diabe­
tes mellitus, cancer, and cardiovascular diseases 
and can be a scientific basis for considering root 
crops as functional foods. The utilization of root 
crops as a functional food will not only solve 
the problem of chronic diseases now prevailing 
in almost all countries but also encourage the 
industry and farmers to produce value-added 
or healthy products from root crops. This will 
increase production and promotion of root 
crops. 
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