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ABSTRACT

Vegetables are considered essential for well-balanced diets since they supply vitamins, minerals, dietary fiber, and phy-
tochemicals. Each vegetable group contains a unique combination and amount of these phytonutriceuticals, which dis-
tinguishes them from other groups and vegetables whithin their own group. In the daily diet vegetables have been
strongly associated with improvement of gastrointestinal health, good vision, and reduced risk of heart disease, stroke,
chronic diseases such as diabetes, and some forms of cancer. Some phytochemicals of vegetables are strong antioxi-
dants and are thought to reduce the risk of chronic disease by protecting against free radical damage, by modifying
metabolic activation and detoxification of carcinogens, or even by influencing processes that alter the course of tumor
cells. All the vegetables may offer protection to humans against chronic diseases. Nutrition is both a quantity and a
quality issue, and vegetables in all their many forms ensure an adequate intake of most vitamins and nutrients, dietary
fibers, and phytochemicals which can bring a much-needed measure of balance back to diets contributing to solve many
of these nutrition problems. The promotion of healthy vegetable products has coincided with a surging consumer inter-
ested in the healthy functionality of food. Because each vegetable contains a unique combination of phytonutriceuticals,
a great diversity of vegetables should be eaten to ensure that individual’s diet includes a combination of phytonutriceu-
ticals and to get all the health benefits. This article makes a review and discusses the nutritional quality and health bene-
fits of the major groups of vegetables. More interdisciplinary work is required that involves nutritional and food scien-
tists as well as others from biomedical fields to ascertain the thrue function of specific phytonutriceuticals.
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1. Introduction and 11% of stroke worldwide. According to the 2007
World Health Report unbalanced diets with low vegeta-
ble intake and low consumption of complex carbohy-
drates and dietary fiber are estimated to cause some 2.7
million deaths each year, and were among the top 10 risk
factors contributing to mortality [13]. The exact mecha-
nisms by which vegetable consumption reduces human
diseases have not yet been fully understood, however the
general consensus among physicians and nutritionists is
that phytonutriceuticals in vegetables are responsible for
mitigating some of these diseases.

A world vegetable survey showed that 402 vegetable
crops are cultivated worldwide, representing 69 families

Vegetables make up a major portion of the diet of hu-
mans in many parts of the world and play a significant
role in human nutrition, especially as sources of phyto-
nutriceuticals: vitamins (C, A, B1, B6, B9, E), minerals,
dietary fiber and phytochemicals [1-4]. Some phyto-
chemicals of vegetables are strong antioxidants and are
thought to reduce the risk of chronic disease by protect-
ing against free-radical damage, by modifying metabolic
activation and detoxification of carcinogens, or even in-
fluencing processes that alter the course of tumor cells
[2,3,5,6]. Vegetables in the daily diet have been strongly
associated with overall good health, improvement of gas-

trointestinal health and vision, reduced risk for some
forms of cancer, heart disease, stroke, diabetes, anaemia,
gastric ulcer, rheumatoid arthritis, and other chronic dis-
eases [7-11]. A high vegetable diet has been associated
with lower risk of cardiovascular disease in humans [12].
Low vegetable intake, in unbalanced diets, has been es-
timated to cause about 31% of ischaemic heart disease
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and 230 genera [14,15]. Leafy vegetables—of which the
leaves or young leafy shoots are consumed—were the
most often utilized (53% of the total), followed by vege-
table fruits (15%), and vegetables with below ground
edible organs comprised 17%. Many vegetable crops
have more than one part used. Most of the vegetables are
marketed fresh with only a small proportion processed
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because most vegetables are perishable. Consumption

shortly after harvest guarantees optimal vegetable quality.

Nutrition is both a quantity and a quality issue, and
vegetables in all their many forms ensure an adequate
intake of most vitamins and nutrients, dietary fibers, and
phytochemicals which can bring a much-needed measure
of balance back to diets contributing to solve many of
these nutrition problems.

Only 67 (17%) of commercial vegetables have at-
tracted investments for crop breeding by multinational
seed corporations, due to their large area of production
and substantial consumption, 52 (13%) vegetables were
considered minor, and other 87 (22%) species were con-
sidered rare [13]. In 2010 the global vegetable seed mar-
ket was estimated at US $4.1 billion, of which 36% were
for solanaceous, 21% for cucurbits, 13% for roots and
bulbs, 12% for large seed, 11% for brassicas, and 7% for
leafy and others vegetables [16]. Global commercial
vegetable seed sales had an annual growth rate of 5.8%
in the last decade [13]. With the increase in world popu-
lation and consumption the global market of vegetable
seeds is expected to expand in future years.

The promotion of healthy vegetable products has coin-
cided with a surging consumer interested in the healthy
functionality of food. There is an increasing awareness
among the general public of the advantages of diets rich
in vegetables to ensure an adequate intake of most vita-
mins and micronutrients, dietary fibers, and phytochemi-
cals that promote health. Consumers interest in whole
foods with enhanced nutitional qualities is at an all-time
high, and more consumers are choosing foods on the
basis of their healthy benefits. This article makes a re-
view and discusses the nutritional quality and health be-
nefits of the major groups of vegetables.

2. Nutritional Quality and Health Benefits of
Vegetables

2.1. Introduction

There are a general belief among nutritionists and health
profissionals that the health benefit of vegetables should
not be linked to only one compound or one type of vege-
table, but rather a balanced diet that includes more than
one type of vegetable is likely to provide better protec-
tion. All the vegetables may offer protection to humans
against chronic diseases. Whith the exception of gluco-
sinolates and thiosulfides, which are unique to the cru-
cifers and alliums, the phytonutriceuticals content of a
number of other vegetales consist primarily of vitamin C,
fiber, selenium, folate and polyphenolics (carotenoids
and flavonoids). The main difference is that each vegeta-
ble group contains a unique combination and amount of
these phytonutriceuticals, which distinguishes them from
other groups and vegetables whithin their own group. For

Copyright © 2012 SciRes.

example the Apiaceae family (e.g. celery, parsley, carrot)
is rich in flavonoids, carotenoids, vitamin C, and vitamin
E. Celery and parsley for example are among the best
vegetables sources for the flavonoid apigenin and vita-
min E [17], and carrots have an unique combination of
three flavonoids: kaempferol, quercetin, and luteolin [18-
20]. In carrot, overall carotenoid levels, have increased
dramaticaly in the past four decades through traditional
breeding to reach levels of 1000 ppm carotenoids, on a
fresh weight basis [21]. The Asteraceae or Compositae
family (e.g. lettuce, chicory) is rich in conjugated quer-
cetin, flavonoids, and tocopherols. Crozier ef al. [22] ob-
served sizeable variations in flavonol content were also
observed with lettuce cultivars by these authors [22]. The
commonly consumed small “round” lettuce contained
only 11 pg/g fresh weight of quercetin, and the levels in
“iceberg” lettuce were even lower. In contrast, the outer
leaves of “Lollo Rosso”, a red cultivar of lettuce, con-
tained 911 pg/g. The red color of this lettuce is due to
high levels of anthocyanins, which like quercetin, are
products of the phenylpropanoid pathway. As one end-
product of the pathway has been elevated, it may well be
that other related compounds, including the flavonols, are
also found in higher concentrations. Roman lettuce is
richer in lutein than head lettuces; and leafy and roman
lettuces are richer in quercetin [23]. The Cucurbitaceae
family (e.g. pumpkin, squash, melon, cucumber) is rich
in vitamin C, carotenoids, and tocopherols [24]. Burger
et al. [25] in a survey of 350 melon accessions from dif-
ferent horticultural groups of Cucurbita melo observed a
50-fold variation in ascorbic acid content, ranging from
0.7 mg to 35.3 mg/100g of fresh fruit weight. Ascorbic
acid and pf-carotene content ranged from 7.0 to 32.0
mg/100g and 4.7 to 62.2 pg/100g, respectively in sweet
melons [26]. Bitter gourd (Momordica charantia) has
anti-diabetic properties and can be used to ameliorate the
effects of type-2 diabetes. Diet is the primary therapy for
this type of diabetes and bitter gourd is particularly criti-
cal when pharmaceuticals are not available, as happens in
a great part of the developing world [4]. The Chenopo-
diaceae family (e.g. spinach, Swiss chard, beet greens) is
an excellent source of folate [27] and have been shown to
inhibit DNA synthesis in proliferating human gastric
adenocarcinoma cells [28]. The Chenopodiaceae vegeta-
bles are also among the most oxalate dense vegetables
[29,30]. When oxalates become too concentrated in body
fluids, they can crystallize and cause health problems
such as kidney calcium oxalate stones. All the legumes
(Fabaceae or Leguminosae family; e.g. bean, pea, soy-
bean, chickpea, lentils), mature and imature seeds are
good sources of dietary fiber and isoflavonoids [31].
Mallillin et al. [32] determined the total, soluble and in-
soluble fibre and fermentability characteristics of ten
legumes mature seeds (mungbean, soyabean peanut,
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pole sitao, cowpea, chickpea, green pea, lima bean, kid-
ney bean and pigeon pea) and concluded that the dietary
fibre content ranged from 20.9 to 46.9 g/100g and that
the best sources after in vitro fermentation using human
faecal inoculum stimulating conditions in the human
collon (as mmol/g/fibre isolate of acetate, propinate, bu-
tyrate produced after fibre fermentation measured by
HPLC) were pole sitao and mungbean (acetate), kidney
bean and pigeon pea, (propinate), and peanut and cowpea
(butyrate). High-flavonol legumes include sugar snap peas
and mange-tout, which were found to contain 98 and 145
ng quercetin/g respectively. Some legumes are also rich
in iron. Trinidad et al. [33] determined the mineral avail-
ability in vitro of iron, zinc and calcium in ten local
legumes (cowpeas, mung beans, pole sitao, chickpeas,
green peas, groundnuts, pigeon peas, kidney beans, lima
beans and soyabeans). They found that the highest iron
availability among legumes was for lima beans (9.5 (sem
0.1)) and mung bean while for zinc and calcium, the
highest availability was for kidney beans (49.3 (sem 4.5))
and pigeon peas (75.1 (sem 7.1)), respectively. Ground-
nuts have the lowest Fe (1.3 (sem 1.1)), Zn (7.9 (sem 1.3))
and Ca (14.6 (sem 2.8)) availability. They concluded that
mineral availability of Fe, Zn, and Ca from legumes dif-
fers and may be attributed to their mineral content, min-
eral-mineral interaction and from their phytic and tannic
acid content. For example mungbean (Vigna radiata)
either eaten as whole pod grains or grown to produce
bean sprouts, is an important source of iron for women
and children throughout South Asia [13].

In this section we will highlight the health benefits of
the most studied and consumed vegetables namely cruci-
fer, allium and solanaceous vegetables.

2.2. Crucifers

Cruciferous vegetables (Brassicacea or Cruciferae family)
which include, cabbage, brocolli, cauliflower, Brussels
sprouts, kales, kailan, chinese cabbage, turnip, rutabaga,
radish, horseradish, rocket, watercress, mustards, among
other vegetables, provide the richest sources of glucose-
nolates in the human diet. Most consumers associate cru-
ciferous vegetable consumption with health. They have
reasons for that because based on one of the largest and
most detailed reviews of diet and cancer, the World
Cancer Research Fund in USA [34] concluded that a diet
rich in crucifers is likely to protect humans against colon,
rectum, and thyroid cancers, and when consumed with
vegetables rich in other phytonutriceuticals, can protect
against cancer in other organs. Crucifers rich in glucose-
nolates including broccoli, cabbage, Brussels sprouts,
and kale have been shown to protect against lung, pros-
tate cancer, breast cancer, and chemically induced can-
cers [35-39]. Epidemiological data show that a diet rich
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in crucifers can reduce the risk from several types of
cancers and that the risk can be significantly reduced by
an intake of at least 10 g per day [35,36,38-41]. Epide-
miological studies have suggested that diets rich in bro-
ccoli, may reduce the risk of prostate cancer, and con-
sumption of one or more portions of broccoli per week
can reduce the incidence and the progression from local-
ized to aggressive forms of prostrate cancer [38,39].

The overwhelming evidence concerning the anticar-
cinogenic effect of phytonutriceuticals in crucifers were
from in vivo studies, mainly with broccoli, using animal
models and human Volunteers [36,38-45]. In order to
establish the relationship between whole broccoli and
cancer prevention, Farnham et al. [46] examined the di-
versity of induction of the phase II detoxification enzyme
quinone reductase, in murine hepatoma cells, by 71 in-
bred and 5 hybrid lines of broccoli. They found that the
rate of induction of quinone reductase in hepa lclc7 by
the broccoli inbred lines ranged from 0 to 15,000 units
and that the rate of induction was highly correlated (av-
erage r = 0.85, P = 0.0001) to the concentration of glu-
coraphanin in each broccoli inbred. These results suggest
that there are significant differences in the health benefits
among crucifers, which is important not only from a
health point of view, but also as a marketing tool to pro-
mote a certain cultivar. Comparative studies of glucose-
nolate profiles indicate significant quantitative and quail-
tative differences among accessions within each crucifer,
between plant parts, developmental stage, agronomic
management, and climatic conditions [47-59]. Kushad et
al. [53] observed in 65 cultivars of brocolli, that glu-
coraphanin was the major glucosinolate and that there
was more than 27-fold difference between the highest
concentration in cultivar “Brigadier” and the lowest con-
centration in cultivar “EV6-1”. Hansen et al. [60] also
observed in their study with 21 cultivars of red cabbage
and 6 white cabbages, that there was a considerable
variation in the concentration of the individual glucose-
nolates between the cultivars examined. Red cabbage
cultivars were found to contain significantly higher con-
centrations of glucoraphanin compared to white cabbage
cultivars. There were also significant differences within
the red cabbage cultivars. Of the red cultivars examined
“Rodima” had the highest concentration with 7.4 mg/g
DW glucoraphanin whereas “Primero” has the lowest
concentration containing only 0.6 mg/g DW. The white
cabbage cultivars contained significantly higher levels of
glucoiberin compared to red cultivars. The white cabbage
cultivar “Bartolo” contained the highest level of 7.4 mg/g
dry weight, whereas the cultivar “Candela” had the low-
est level of 1.7 mg/g dry weight. The red cultivars ranged
from approximately 3 mg/g dry weight to 0.3 mg/g dry
weight. The red cabbages were also found to contain sig-
nificantly higher concentration of gluconasturtiin com-
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pared to white cabbage cultivars. The cultivar “Amager
Garo” had the highest concentration whereas “Primero”
had the lowest, 1 and 0.1 mg/g dry weight, respectively.
Similar differences were also observed in turnip and ru-
tabagas [49]. Fahey et al. [61] evaluated glucosinolate
content of broccoli sprouts and found that they contain
nearly 20- to 50-fold higher glucosinolates than tissue
from mature plants. In broccoli heads, the most signifi-
cant glucosinolates are glucoraphanin, glucobrassicin, pro-
goitrin, and gluconasturtiin [51,53,55,56,58,62]. In cab-
bage, Brussel sprouts, cauliflower, kale, tronchuda and
collard the predominant glucosinolates are sinigrin, pro-
goitrin, and glucobrassicin [48,51,53,59,60,63]. In turnip
and rutabagas, the predominant glucosenolates are glu-
coerucin, glucoraphanin, and glucobrassicin [49,52]. In
radish, the predominant glucosinolates are glucoerucin,
glucoraphanin, and glucobrassicin [50,54]. Each of these
crucifers also contain smaller amounts of other glucosi-
nolates. The bulk of the differences in the aliphatic glu-
cosinolates is genetically regulated [64-66]. Differences
in the indol glucosinolates, in contrast to aliphatic glu-

cosinolates, have been attributed to environmental factors.

Even though the glucosinolate content is influenced by
environmental conditions the effect of genotype is found
to be greater than that of environ- mental factors [46].

Crucifer vegetables are also rich in vitamins, with kale
rated as the second highest among 22 vegetables tested
[67]. Brussels sprouts and broccoli were also ranked high
in their vitamin content containing significant amounts of
vitamins C and E, and f-carotene [68]. Evaluation of o-
and f-, a-, and y-tocopherols, and vitamin C in broccoli,
Brussels sprouts, cabbage, cauliflower, tronchuda, and
kale, showed significant variations between and within
these crucifers [53,68]. Vitamin C is the most abundant
vitamin in all five crucifers tested [68]. Kale had the
highest amount of these vitamins, followed by broccoli,
Brussels sprouts, cabbage and cauliflower. Analysis in-
dicated that 79% of S-carotene, 82% of a-tocopherol, and
55% of vitamin C variability in broccoli were associated
with genetic factors [68]. Crucifers are also excellent
source of folate. Brussels sprouts and broccoli were
ranked among the highest vegetable sources for folate,
contributing about 110 to 135 and 70 to 90 pg/100 g, re-
spectively [27,69].

Crucifers also contain significant amounts of dietary
fiber. Dietary fiber content of cauliflower was estimated
to be about 5% of the total fresh weight or about 50% of
the total dry weight, consisting of about 40% nonstarch
polysaccharides [70]. Cellulose and lignin concentrations
in Brussels sprouts were estimated to be 36% and 14.5%,
while in cauliflower they were estimated to be about 16%
and 13% of the total dry matter, respectively [71].

There are plenty of crucifers (e.g. kales, tronchuda
cabbages, pack-choy, kailan, rutabaga, turnip, Brussels
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sprouts, etc.) that are good sources of calcium. Galega
kale contains a high content of protein, fiber, calcium,
and sulfur when compared to broccoli, the reference
within Brassica vegetables. Crucifers are capable of ac-
cumulating substantial amounts of selenium when grown
on high-selenium soil. Banuelos and Meek [72] reported
that broccoli grown on selenium enriched soil accumu-
lated sevenfold more selenium than cabbage, collards
and Swiss chard. Broccoli plants grown outdoors on a
sphagnum, peatmoss, and vermiculite medium and fertil-
ized with sodium-selenate and selenite accumulated 278
mg/g dry weight selenium, in the edible florets, com-
pared to the nonfertilized control, which accumulated
only 0.13 mg/g dry weight [73]. In broccoli, selenium is
stored as selenocysteine [74], which is readily absorved
by human tissue. Selenium-enriched broccoli has been
found to reduce colon cancer and mammary tumors in
animal models [73,75]. Cabbage sprouts and fully de-
veloped heads also accumulated selenium and the ac-
cumulation was higher in the sprouts than in the mature
heads [76].

Other antioxidants in crucifers include flavonoids.
Miean and Mohamed [77] examined the flavonoid con-
tent of 62 vegetables and found that broccoli, cauliflower,
cabbage, chinese cabbage, and kailan contained between
148 and 219 mg/kg of flavonoids. Broccoli contained
myricetin, quercetin, and luteolin; cauliflower contained
myricetin and quercetin; kailan contained quercetin and
apigenin; while cabbage contained only myricetin. In a
similar study, Hertog et al. [78] evaluated the methanol-
extracted flavonoids from 28 vegetables and found that
quercetin levels, in the edible part of most vegetables,
were below 10 mg/kg, except in kale (110 mg/kg), broc-
coli (30 mg/kg), and onion (486 mg/kg). Kale, broccoli
and turnip contained 211, 72, and 48 mg/kg of kaemp-
ferol, respectively. Kaempferol had also been detected in
cabbage leaves [79], but Miean and Moamed [77] did not
detect kaempferol in any of the tested crucifer vegeta-
bles.

2.3. Alliums

Alliums vegetables (Alliaceae family) include, garlic,
onion, leek, chive, Welsh onion, among other vegetables.
They are rich in a wide variety of thiosulfides, which
have been linked to reducing various chronic diseases.
Similar to glucosinolates in crucifers, the types and
amounts of thiosulfides in alliums vary significantly.
Typically, they contain 1% to 5% nonprotein sulfur com-
pounds, on a dry weight basis [80]. Kubec et al. [80]
reported significantly variability in the total thiosulfide
(0.02% to 1.3% fresh weight) content and in the relative
proportion of these compounds between and within al-
liums, even when grown under identical conditions. They
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found that the total thiosulfide contents in green onion
leaves, chive, and onion bulb were 0.2, 0.72, and 1.02
g/kg fresh weight, respectively. The type of thiosulphides
in these vegetables were also variable. For example on-
ion bulbs contained 34% methiin, 5% ethiin, 6% propiin,
5% alliin, and 49% isoalliin [80], while garlic cloves
contained about 92% alliin, 8% methiin, and trace
amounts of ethiin, propiin, and isoalliin [81].

The second most important group of phytonutriceuti-
cals in alliums are flavonoids. Two types of flavonoids
are found in onion bulbs: anthocyanins in red onions and
flavonols like quercetin and kaempferol in most yellow
fresh cultivars. Miean and Mohamed [77] reported that
onion leaves had the highest total flavonoid content
among 62 different vegetables they tested and that total
flavonoid content of onion leaves and garlic were about
2.7 and 1.0 g/kg dry weight, respectively [77]. In onion
leaves, about 55% of the total flavonoids is quercetin,
31% kaempferol, and 14% luteolin. In onion bulb, more
than 95% of the flavonoids is quercetin and only a trace
amount of kaempferol [78]. White onion cultivars were
reported to have significantly less quercetin than the red
ones and most of the quercetin is present in the outer
scales [82]. Red onions contained approximately 1350
ug/g fresh weight of total flavonols and white onions
contained only 10 pg/g. Quercetin in onion appeared
mainly in the free-form as the aglycone [82]. In garlic
cloves, 72% of the total flavonoids is myricetin, 23%
apigenin, and 5% quercetin [77]. In chive, garlic chive,
and leek the predominant flavonoid is kaempferol [83].

Onion and garlic are an excellent source of calcium,
potassium and manganese providing up to 10% of the
human daily requirements of these elements. Onion and
garlic can also accumulate selenium if grown in sele-
nium-rich soils in the form of selenocystein and seleno-
proteins. Based on this information Ip and Lisk [84]
showed that garlic plants fertilized with high selenium
and low sulfur fertilizer accumulated between 110 and
150 ppm dry weight selenium, while onion plants accu-
mulated up to 28 ppm. Ip and Lisk [84] proposed that the
selenium enriched garlic and onion provide an ideal sys-
tem to deliver selenium efficiently and safely into the
human body for cancer prevention since inhibition of
cancer by selenium in animal models requires between 1
to 3 ppm [85]. Most of the onions and garlics contain
very low concentrations of selenium. Ip and Lisk [84]
reported that “Valencia” topset garlic cloves contained
0.06 ppm selenium, while “Stuttgart” onion bulbs con-
tained 0.02 ppm. Interestingly, onions also contain chro-
mium and are considered a good source of this element.
Chromium has been recently linked to diabetes preven-
tion and appears to act as such by potentiating insulin
receptor kinases [86] and to be a part of the glucose tol-
erance factor, involved in cellular responses to insulin.
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Clinical studies on diabetic patients have shown that
chromium can decrease fasting glucose levels, improve
glucose tolerance, lower insuline levels and decrease
total cholesterol and triglycerid levels. Two hundred
grams of onions contain up to 20% of the daily require-
ments in chromium.

Onions are a rich source of dietary fibers and espe-
cially of inulin, a polyfructosan. The health benefits of
inulin-type fructans to human health have now been
studied for more than one decade [87]. It has prebiotic
properties as it is preferably fermented by beneficial
bowel bacteria like Lactobacilli and Bifidobacteria,
thereby altering the bacterial mycoflora of the intestine in
such a way that pathogenic, or harmful bacteria become
less abundant [88]. Neokestose, another fructan found in
onion, has recently been shown to be an excellent pro-
moter of the growth of beneficial bacteria [89]. Frutans
also promote the absorption of calcium and could thus be
useful in the prevention of osteoporosis [90]. High fruc-
tan diets have also been shown to lower concentration of
colesterol, tryacylglycerol, phospholipids, glucose and
insulin in the blood of middle-aged men and women [91].
Owing to the presence of prebiotic polysaccharides (inu-
lin), which are poorly degraded by the gut enzymes, and
the presence of flavonoids, onions have been shown to
possesss antidiabetic potential [92]. Sharma et al. [93]
showed that onions had antihyperglycemic effects. Such
effects were confirmed by Tjokroprawiro et al. [94] who
conducted a crossover comparative study with twenty
diabetic patients to assess the effect of a diet comprising
onions and green beans on serum glucose levels. They
showed that the consumption of 20 g fresh onion three
times daily significantly reduced blood sugar levels.

The therapeutic value of onions, garlic and other A/
lium vegetables is confirmed by multiple epidemiological
and experimental studies. Consumption of Allium vege-
tables has been found to retard growth of several types of
cancers. For instance, there appears to be a strong link
between the consumption of onions and the reduced in-
cidence of stomach and intestine cancers [95,96]. A
number of epidemiological studies show inverse correla-
tions between the consumption of alliums like onions and
garlics, and the reduced incidence of cancers. A synthesis
of case control studies carried in Italy and Switzerland
reveals that consumption of one to seven portions of on-
ions per week reduces the risks of colon, ovary, larynx,
and mouth cancers [97]. Other epidemiological studies
clearly show the correlation between moderate garlic
intake and a low esophageal and stomach tract cancers
incidence [97-99]. These studies have been performed on
diferent geographical areas/continents and countries:
China [100,101], Japan [102], Netherlands [103], Italy
[104], Hawaii [105], Venezuela [106], Uruguay [107].
Overall, a protective effect was reported, despite the ob-
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vious genetic variance existing among the populations
examined in the different studies. A regular consumption
of garlic has been associated with the reduction in the
incidence of preneoplastic lesions occurring in the gastric
mucosa of individuals infected by Helicobacter pylori
[100]. A reduced cancer risk has been widely docu-
mented also for colorectal and prostate cancers [97,99,
108,109]. Other studies analyzing the preventive effect of
garlic extracts on colorectal cancer have evidenced their
suppressive potential on the development and progress-
sion of colorectal adenomas [110,111]. A population
based study analyzing the impact of a diet rich in Allium
vegetables on the incidence of prostate cancer showed
that the anti-cancer effects were more pronounced in men
presenting localized rather than advanced forms [109].
Mortality due to prostate cancer also appears to be re-
duced by a diet making a large place for onions [112]. A
limited number of studies explored the impact of a regu-
lar intake of Allium vegetables on the incidence of can-
cers affecting breast, endometrium and lungs [113-115].
The risk of breast cancer was shown to decrease as con-
sumption of alliums was increased in a French case-con-
trol study [113]. It was found that garlic and some of its
constituents prevent tumor initiation by inhibiting the
activation of pro-carcinogens and by stimulating their
elimination [116-118]. Some studies say that onion ex-
tracts can inhibit the mutation process [119] and reduce
the proliferation of cancer cells [120]. This effect is be-
ing attributed to quercetin in particular.

Prevention of cardiovascular diseases has been attrib-
uted to regular garlic consumption. Onions also contain a
number of bioactive molecules that can presumably re-
duce the risks for cardiovascular diseases [121]. A pre-
liminary study conducted in humans showed that the
consumption of the equivalent of three onions in a soup
was sufficient to significantly reduce the blood platelet
aggregation [122].

2.4. Solanaceous Vegetables

The use of solanaceous vegetables in traditional medicine
is ancient. There are significant differences in the phyto-
nutreucical content between solanaceous vegetables, and
therefore each vegetable will be examined separately.

2.4.1. Tomato

Tomato is the second most consumed and widely grown
vegetable in the world after potato. Tomato is popular
fresh and in many processed forms (e.g. ketchup, canned
whole or in pieces, puree, sauce, soup, juice, or sun-
dried). In addition to their culinary role in the diet, toma-
toes represent a low energy dense food with unique con-
stituents that may positively affect health. Composition-
ally, the tomato has a unique nutritional and phyto-
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chemical profile. The major phytochemicals in tomato
are the carotenoids consisting of 60% to 64% lycopene,
10% to 12% phytoene, 7% to 9% neurosporene, and 10%
to 15% carotenes [123]. Based on a fresh weight basis,
tomato (on average) contains about 35 mg/kg of lyco-
pene, with red cultivars containing in average 90 mg/kg
of lycopene and yellow ones only 5 mg/kg [124]. Proc-
essed tomatoes (sauce, paste, juice, and ketchup) contain
2- to 40-fold higher lycopene than fresh tomatoes [123,
125,126].

Tomatoes and tomato-based foods are the world rich-
est sources of lycopene.The average daily intake of ly-
copene in the human diet is about 25 mg/day; nearly 85
percent is obtained from fresh and processed tomato
products [126,127]. Tomato contains significant amounts
of a-, p-, y-, 0-carotene ranging in concentrations form
0.6 to 2.0 mg/kg [128,129], which ranks tomato as the
fourth leading-contributor of provitamin A and vitamin A
in the American diet [130,131].

In addition to lycopene, tomatoes are one of the top
contributors of potassium in developed countries and in
the American diet [132]. Based on a 1999-2000 USA
National Health and Nutrition Examination Survey food
intake data, tomatoes rank seventh after milk, potatoes,
beef, coffee, poultry, and orange/grapefruit juice as a
potassium source. Besides in USA potassium is a nutrient
of concern, as most Americans consume amounts well
below the Dietary Reference Intake (DRI). In 2004, the
new adult DRI for potassium (4700 mg) was substan-
tially higher than the amount previously reported in the
1989 Recommended Dietary Allowance (3500 mg) [133,
134]. The increased recommendation was based on evi-
dence indicating that 4700 mg potassium should help
lower blood pressure, reduce the adverse effect of excess
sodium intake on blood pressure, reduce the risk of kid-
ney stones, and possibly reduce age-related bone loss.
Tomatoes provide at least twice the potassium per 100
kcal compared with other common sources, except coffee,
a nonsignificant calorie source of potassium. Consuming
potassium from fruits and vegetables is ideal because it
occurs with a biologically advantageous ratio of bicar-
bonate or citrate, important for bone health. Increasing
potassium intake through increased tomato intake is a
healthful, calorically sensible strategy for world devel-
oped countries.

Tomato fruits are also an excellent source of ascorbic
acid, about 200 mg/kg and are the major source of vita-
min C next to citrus [135]. Tomato contains small but
significant amounts (1 - 2 mg/kg) of lutein, a-, -, and y-
tocopherols, and conjugated flavonoids [128,129,136]. In
a study of 20 tomato cultivars, total flavonoids content
ranged from 1.3 to 22.2 mg/kg with about 98% present in
the skin [137]. Flavonoids in fresh tomato are present
only in the conjugated form as quercetin and kaempferol
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[138], but processed tomato products contain significant
amounts of free flavonoids [137]. Flavonoids content is
affected by cultivar and culture. For example, cherry
tomatoes have a markedy d higher flavonoids content
than standard or beef tomato cultivars and field-grown
fruits have higher flavonoids content than greenhouse-
grown [21,137]. Tomato cultivars are available with
double the normal vitamin C (Doublerich), forty times
normal vitamin A (97L97), high levels of anthocyanin
(resulting in purple tomatoes), and two to four times the
normal amount of lycopene (numerous available culti-
vars with the high crimson gene).

Tomato lycopene is found in appreciable levels in hu-
man serum and tissues when tomatoes and tomato prod-
ucts are consumed frequently [139-141]. Several research
investigations have shown an inverse relationship be-
tween plasma/serum lycopene concentrations and risk of
some cancers [142-148]. Similar associations have been
reported for markers of cardiovascular disease, osteopo-
rosis, cognitive function, and body weight [149-156].
Moreover, relationships between dietary intakes of to-
mato products or tomato extract supplements have been
observed in epidemiological studies and clinical trials
examining markers of some cancers, cardiovascular dis-
ease, and ultraviolet light-induced skin erythema [157-
172].

The majority of research conducted in the area of to-
mato and lycopene intake and cancer risk has been ob-
servational. In a recent review of the literature, 178
original research articles were compiled reporting find-
ings in humans on the relationship between lycopene,
tomatoes and tomato-based products, and cancer risk
[173]. Among these publications, nearly 90% were ob-
servational, highlighting the paucity of cause and effect
investigations in this area. Reports on 13 cancer types
were identified, of which breast, colorectal, gastric/upper
gastrointestinal, and prostate cancers have the most
original research published in humans, ranging from 17
to 60 publications. For breast, colorectal, and gastric
cancers, the data support a neutral, although potentially
protective, relationship between tomato/lycopene intake
and cancer risk. Although the data are limited for gastric
and lung cancers; the protective association is strongest
with tomato intake verses dietary lycopene intake.
Among the cancers investigated relative to lycopene and
tomato intake, prostate cancer is the most widely re-
searched. Although randomized controlled trial data are
less available than observation data, a small number of
dietary intervention trials using processed tomato prod-
ucts have been conducted. The results have been rela-
tively successful as measured by improvements in pros-
tate-specific antigen concentrations [161,163,174-176] or
increased apoptotic cell death in carcinomas [165]. A
prostate cancer risk reduction of nearly 35% was ob-

Copyright © 2012 SciRes.

served when the test subjects consumed ten or more
servings of tomato products per week and the effect was
much stronger for subjects with more aggressive and
advanced stages of cancer [177]. People consuming diets
rich in tomato and tomato based products, which are rich
in the carotenoid lycopene were found to be less likely to
develop stomach and rectal cancers than those who con-
sume lesser amounts of lycopene rich vegetables [178].
Tomatoes, with their distinctive nutritional attributes
may play also an important role in reducing the risk of
cardiovascular and associated diseases through their bio-
activity in modulating disease process pathways. In 2004,
Sesso et al. [152] reported an inverse association for
women consuming greater intakes (>7 servings per week)
of tomato-based products and cardiovascular disease; an
association not observed with lycopene intake alone.
Several hypotheses are being tested related to the anti-
oxidant properties of lycopene and a combination of ca-
rotenoids with coexisting water-soluble constituents de-
livered by tomatoes, such as vitamin C. The antioxidant
capacity of plasma decreases when tomatoes and tomato
products are removed from the diet and increased when
they are added back [164]. Consuming tomato products
daily for 2 to 4 weeks increases antioxidant enzyme de-
fenses and has been shown to reduce plasma lipid perox-
ides and the susceptibility of low density lipoprotein to
oxidation [159,166,179]. Oxidative modification of low
density lipoprotein is a key step in the development of
atherosclerotic lesions [180]. Consuming diets with ap-
preciable amounts of antioxidants from plant foods, such
as tomatoes, to inhibit the oxidative process of low den-
sity lipoprotein may be one way to reduce the risk of
cardiovascular atherosclerotic disease. One study (n = 60)
in relatively healthy individuals [164] and 2 studies (n =
40 and n = 57) in individuals with type 2 diabetes, who
are in a relatively pro-oxidant state, showed decreased
lipid peroxidation rates [181] and decreased susceptibil-
ity of low-density lipoproteins to oxidation [159] after
daily consumption of tomatoes or tomato juice. Others
have reported less susceptibility to oxidation of DNA
[182,183] and low density lipoprotein [184] after tomato
product consumption delivering approximately half (or
more) of the lycopene dose typically used in lycopene
supplementation studies. These data suggest that the
health benefits of tomato/tomato product consumption
are not solely because of lycopene content, but rather the
result of the combination of nutrients and bioactive con-
stituents delivered when the whole food is consumed.
Tomatoes and tomato products are also being investi-
gated for possible anti-inflammatory, antithrombotic, and
lipid-lowering effects. Supplementation of a low tomato
diet with tomato products produces mixed results as
measured by changes in inflammatory markers such as
C-reactive protein (CRP), interleukin-6, and tumor ne-
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crosis factor-a. Jacob et al. [171] reported decreased CRP
after a 2-week tomato juice supplementation containing
approximately 21 mg lycopene and 2 levels of vitamin C
(45.5 mg and 435 mg, respectively). Both juices reduced
CRP as well as total cholesterol concentration. Natural
antithrombotic agents that influence platelet function or
fibrinolytic activity are of interest as primary and second-
dary cardiopreventive strategies. Aqueous extracts from
tomatoes have been shown to display antiplatelet activity
in vitro [185]. Subsequent research in humans shows
significant reductions in ex vivo platelet aggregation 3
hours after supplementation with tomato extract from the
yellowish membrane surrounding seeds in amounts equi-
valent to 2 or 6 fresh tomatoes [185].

For skin protection, tomato intake (40 g tomato paste
corresponding to a lycopene dose of approximately 16
mg) for more than 8 weeks reduced ultraviolet light-in-
duced erythema [168,169,186]. Epidemiological studies
suggest a beneficial relationship between dietary sources
of lycopene and bone mass [187-189]. Likewise, lower
serum lycopene concentrations have been documented in
osteoporotic women compared with controls [153,156].
Rao et al. [155] have also reported an inverse association
between serum lycopene and markers of oxidative stress
and bone turnover in 33 postmenopausal women aged 50
to 60 years. Research for a possible role of tomatoes in
brain health has largely been limited to case-control
studies investigating the relationship between plasma/
serum lycopene and oxidative stress markers in people
with documented Alzheimer’s disease, Parkinson’s dis-
ease, vascular dementia, and mild cognitive impairment
compared with control/noncognitively impaired indivi-
duals. In general, plasma/serum lycopene concentrations
are lower in cognitively impaired compared with control
individuals [149-151,190], and oxidative stress markers
are elevated and inversely correlated with plasma carote-
noids concentrations [150,151,191].

2.4.2. Potato

Potato ranks as the third most important food crop after
wheat and rice. Potatoes yield on average more food en-
ergy on a per-hectare and a per-day basis than either ce-
reals or cassava. In general, potato is perceived only as a
source of carbohydrates, but is also an excellent source
of essential amino acids. The predominant form of this
carbohydrate is starch. A small but significant portion of
this starch is resistant to digestion by enzymes in the
stomach and small intestine, and so reaches the large
intestine essentially intact. This resistant starch is con-
sidered to have similar physiological effects and health
benefits as dietary fiber: it provides bulk, offers protect-
tion against colon cancer, improves glucose tolerance
and insulin sensitivity, lowers plasma cholesterol and
triglyceride concentrations, increases satiety, and possi-
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bly even reduces fat storage [192-194]. The amount of
resistant starch in potatoes depends much on preparation
methods. Cooking and then cooling potatoes significantly
increases resistant starch. For example, cooked potato
starch contains about 7% resistant starch, which in-
creases to about 13% upon cooling [195]. Due to carbo-
hydrate content, potatoes are considered to make a per-
son obese if used in excess i.e. more than RDA of car-
bohydrates and fats. Recent research by the University of
California, Davis and the National Center for Food
Safety and Technology, Illinois Institute of Technology
demonstrates that people can include potatoes in their
diet and still lose weight [196]. Potatoes are also often
broadly classified as high on the glycemic index (GI) and
so are often excluded from the diets of individuals trying
to follow a low-GI diet. In fact, the GI of potatoes can
vary considerably depending on type (such as red, russet
or white), origin (where it was grown), preparation
methods (i.e., cooking method, whether it is eaten hot or
cold, whether it is mashed or cubed or consumed whole,
etc.), and with what it is consumed (i.e., the addition of
various high-fat or high-protein toppings) [197]. Potato
contains a small amount of protein (less than 6%), but the
biological value of potato protein is the best among
vegetable sources and comparable to cow’s milk. Human
feeding trials suggested that potato proteins are of a very
high quality, possibly because they are rich in essential
amino acids, such as lysine, and other metabolites, which
may enhance protein utilization [198-200]. The lysine
content of potato complements cereal-based diets, which
are deficient in this amino acid.

In addition to high quality proteins, potato tubers ac-
cumulate significant amounts of vitamins and minerals,
as well as an assortment of phytochemicals including
phenolics, phytoalexins, and protease inhibitors. Chloro-
genic acid constitutes up to 90% of the potato tuber
natural phenols. Others found in potatoes are 4-O-caf-
feoylquinic acid (crypto-chlorogenic acid), 5-O-caffe-
oylquinic (neo-chlorogenic acid), 3,4-dicaffeoylquinic
and 3,5-dicaffeoylquinic acids [201]. A medium-size 150
g potato with the skin provides 27 mg of vitamin C (45%
of the daily allowance), 620 mg of potassium (18% of
daily allowance), 0.2 mg vitamin B6 (10% of daily al-
lowance) and trace amounts of thiamin, riboflavin, folate,
niacin, magnesium, phosphorus, iron, and zinc. The fiber
content of a potato with skin (2 g) is equivalent to that of
many whole grain breads, pastas, and cereals.

Potato contributes a small but significant amount of
phytochemicals. Several yellow, red, and purple fleshed
types with high phytochemical content have recently
been introduced into the market. The purple potato has
purple skin and flesh, which becomes blue once cooked.
A mutation in the varieties’ P locus causes production of
the antioxidant anthocyanin [202]. Total phenolics in
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potato tubers range in concentration from 0.5 to 1.7 g/kg
[203,204]. Al-Saikhan et al. [205] reported significant
differences in total phenolics among cultivars, with flesh
color having no significant effect on total phenolics.
Nearly 50% of the total phenolic compounds in potato
are located in the peel and adjoining tissue, but decrease
toward the center of the tuber [205,206], with chloro-
genic acid representing about 90 percent of the total
polyphenolic content [201].

Potato tubers contain a moderate amount of vitamin C,
in the range of about 10 to 104 mg/kg, depending on the
cultivar and the growing season, but it declined rapidly
(30 to 50 percent) during storage and cooking [199,207,
208]. Other antioxidants found in potato include 0.5 to
2.8 mg/kg a-tocopherol, 0.13 to 0.6 mg/kg lutein, and 1
mg/kg f-carotene [209-211]. Cao et al. [66] estimated
the total antioxidant capacity of potato to be in the me-
dium range among 22 commonly consumed vegetables.
Potato also contributes a small amount of selenium (0.01
mg/kg) and folate (0.35 mg/kg) to the human diet [68,
212].

2.4.3. Sweet and Hot Peppers

Peppers come in a beautiful array of colors and shapes.
They add flavor, color, and crunch to many low-calorie
dishes. All fresh peppers are excellent sources of vita-
mins C, K, carotenoids, and flavonoids [213]. Antioxi-
dant vitamins A and C help to prevent cell damage, can-
cer, and diseases related to aging, and they support im-
mune function. They also reduce inflammation like that
found in arthritis and asthma. Vitamin K promotes proper
blood clotting, strengthens bones, and helps protect cells
from oxidative damage. Red peppers are a good source
of lycopene, which is earning a reputation for helping to
prevent prostate cancer as well as cancer of the bladder,
cervix, and pancreas. Beta-cryptoxanthin, another caro-
tenoid in red peppers, is holding promise for helping to
prevent lung cancer related to smoking and secondhand
smoke. Besides being rich in phytochemicals, peppers
provide a decent amount of fiber. Significant differences
in vitamin C were observed between cultivars, but not
between species. On average, fruits contain between 1 to
2 g/kg vitamin C, which is equivalent to 200% to 300%
of the recommended daily allowance for adult men and
women [214]. The level of provitamin A carotenoids (a-
and f-carotene) is cultivar specific. Some cultivars of hot
pepper have as much as 12 mg/kg total carotenoids,
while others are bellow the detectable level [214,215].
Major flavonoids in the peppers are quercetin and luteo-
lin. They are present in conjugated form and their content
varies among cultivars ranging from not detectable to
800 mg/kg [216]. When comparing the nutrient values of
the different bell peppers, studies have shown that red
bell peppers have significantly higher levels of nutrients
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than green. Red bell peppers also contain lycopene,
which helps to protect against cancer and heart disease.
Possibly due to their vitamin C and beta carotene content,
bell peppers have been shown to be protective against
cataracts. Just like other nutrient-dense vegetables, bell
peppers contain many different powerful phytochemicals.
Bell peppers have also been shown to prevent blood clot
formation and reduce the risk of heart attacks and strokes
probably due to their content of substances such as vita-
min C, capsaicin, and flavonoids. Although chili hot
peppers contain a higher amount of those substances, bell
peppers should still be promoted especially for individu-
als with elevated cholesterol levels.

Hot peppers don’t have that spicy image for nothing.
The major phytochemicals in hot peppers are capsaicin-
noids. More than 20 capsaicinoids, belonging to two
groups, capsaicin and dihydrocapsaicin, have been iden-
tified in pepper. Capsaicin was discovered in 1846 and
its structure, as an acid amide, was elucidated by Nelson
[217]. Capsaicin constitutes about 70% of the pungent
flavour in hot pepper, while its analogue dihydrocapsai-
cin represents 30% [218]. The two groups differ in the
presence or absence of double bonds in the fatty acid
side-chain and within each group they differ in the length
and branching point in the fatty acid side-chain [219].
Significant variations in the profile of capsaicinoids are
found between and within pepper species, ranging from
about 220 ppm (3400 Scoville Heat Units, SHU) in Cap-
sicum annum to 20,000 ppm (320,000 SHU) in Capsicum
chinense [220]. Hot peppers’ fire comes from capsaicin,
which acts on pain receptors, not taste buds, in our
mouths. Capsaicin predominates in the white membranes
of peppers, imparting its “heat” to seeds as well. The
capsaicin in hot peppers has been shown to decrease
blood cholesterol and triglycerides, boost immunity, and
reduce the risk of stomach ulcers. It used to be thought
that hot peppers aggravated ulcers. Instead, they may
help kill bacteria in the stomach that can lead to ulcers.
Capsaicin has also analgesic, anti-bacterial, and anti-
diabetic properties. Capsaicin is an ingredient in several
commercial formulations formulation for the treatment of
muscle pains, toothaches, burning-mouth syndrome, gas-
tric ulceration, painful diabetic neuropathy, postmastec-
tomy pain syndrome, and osteo- and rheumatoid-arthritis.
It is also prescribed for bladder hypersensivity, vasomo-
tor rhinitis, and hyperreflexia of spinal origin [221].

Chilli hot peppers have amazingly high levels of vita-
mins and minerals. Just 100 g provides (in % of recom-
mended daily allowance), 240% of vitamin C (ascorbic
acid), 39% of vitamin B6 (pyridoxine), 32% of vitamin A,
13% of iron, 14% of copper, 7% of potassium [222].
Fresh chili hot peppers, red or green, are rich source of
vitamin-C. 100 g fresh chilies provide about 143.7 ug or
about 240% of recommended daily allowance. Chillies
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are also good in B-complex group of vitamins such as
niacin, pyridoxine (vitamin B6), riboflavin and thiamin
(vitamin B1). These vitamins are essential in the sense
that body requires them from external sources to replen-
ish. Chilli hot peppers contain good amount of minerals
like potassium, manganese, iron, and magnesium. Potas-
sium in an important component of cell and body fluids
that helps controlling heart rate and blood pressure.
Manganese is used by the body as a co-factor for the an-
tioxidant enzyme superoxide dismutase.

Both hot and sweet peppers contain substances that
have been shown to increase the body’s heat production
and oxygen consumption for about 20 minutes after
eating. This is great news; it means our body is burning
extra calories, which helps weight loss.

2.4.4. Eggplant

The eggplant, known as aubergine in Europe and brinjal
in south Asia, is a popular vegetable cop grown in many
countries throughout the subtropics, tropics and Mediter-
ranean area, since it requires a relatively long season of
warm weather to give good yields. In addition to featur-
ing a host of vitamins and minerals, eggplant also con-
tains important phytochemicals which have antioxidant
activity. Phytochemicals contained in eggplant include
phenolic compounds, such caffeic and chlorogenic acid,
and flavonoids, such as nasunin. Nasusin or delphinidin-
3-(coumaroylrutinoside)-5-glucoside is the major phyto-
chemical in eggplant. Nasunin is part of the anthocyanin
purple pigment found in the peel of eggplant, purple rad-
ish, red turnip, and red cabbage [223-225]. Matsuzoe et
al. [226] examined the profile of anthocyanins in several
eggplant cultivars and found that nasunin represents be-
tween 70% to 90% of the total anthocyanins in the peel,
however the actual concentration of nasunin has not been
reported. Nasunin is an antioxidant that effectively scav-
enges reactive oxygen species, such as hydrogen perox-
ide, hydroxyl and superoxide, as well as inhibits the for-
mation of hydroxyl radicals, probably by chelating fer-
rous ions in the Fenton reaction [223,225].

By chelating iron, nasunin lessens free radical forma-
tion with numerous beneficial results, including protect-
ing blood cholesterol from peroxidation; preventing cel-
lular damage that can promote cancer; and lessening free
radical damage in joints, which is a primary factor in
rheumatoid arthritis. The predominant phenolic com-
pound found in all culticars tested is chlorogenic acid,
which is one of the most potent free radical scavengers
found in plant tissues [226]. Benefits attributed to
chlorogenic acid include antimutagenic (anti-cancer), an-
timicrobial, anti-low density lipoproteins (bad choles-
terol) and antiviral activities. Whitaker and Stommel
[226] studied seven eggplant cultivars grown comer-
cially in the United States and a diverse collection of
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exotic and wild eggplants from other counties. In addi-
tion to chlorogenic acid, they found 13 other phenolic
acids present at significantly varying levels in the com-
mercial cultivars, although chlorogenic acid was the pre-
dominant phenolic compound in all of them. “Black Ma-
gic” a commercial eggplant cultivar representative of US
market types was found to have nearly three times the
amount of antioxidant phenolics as the other eggplant
cultivars that were studied. In addition to their nutritive
potential, the phenolic acids in eggplant are responsible
for some eggplants’ bitter taste and the browing that re-
sults when their flesh is cut. The enzyme polyphenol
oxidase triggers a phenolic reaction that produces the
brown pigments. Breeders have begun work on develop-
ing eggplant cultivars with an optimal balance of pheno-
lics to ensure both optimal nutritional value and pleasing
taste.

Eggplant fruits also contain several other antioxidants
including the carotenoids lycopene, lutein, and a-caro-
tene, as well as the flavonoids myricetin and kaempferol
[77,227]. Total antioxidant activity of eggplant was esti-
mated to be about 190 umol Trolox equivalent per 40 g
serving size, which ranks it in the middle among 22
commonly consumed vegetables [66]. Eggplant is an
excellent source of digestion-supportive dietary fiber and
bone-building manganese. It is very good source of en-
zyme-catalyzing molybdenum and heart-healthy potas-
sium. Eggplant is also a good source of bone-building
vitamin K and magnesium as well as heart-healthy cop-
per, vitamin C, vitamin B6, folate, and niacin [228,229].

Studies have shown that eggplant is effective in the
treatment of high blood cholesterol [230]. Guimardes et
al. [231] showed a significant decrease in blood levels of
low-density lipoproteins and total cholesterol in human
Vol.unteers who were fed with eggplant powder. A study
from Heart Institute of the University of Sdo Paulo (Bra-
zil) found no effects at all and does not recommend egg-
plant as a replacement to statins [232]. Another study
showed that eggplant extract inhibited human fibrosar-
coma HT-180 cell invasiveness [233]. Kwon et al. [234]
presented eggplant phenolics as inhibitors of key en-
zymes relevant fot type 2 diabetes and hypertension.

Eggplant is richer in nicotine than any other edible
vegetable, with a concentration of 100 ng/g (or 0.01
mg/100g). However, the amount of nicotine from egg-
plant or any other food is negligible compared to passive
smoking [235]. On average, 9 kg of eggplant contains
about the same amount of nicotine as a cigarette. Egg-
plant is also among a small number of vegetables that
contain measurable amounts of oxalates. When oxalates
become too concentrated in body fluids, they can crysta-
lize and cause health problems such as kidney calcium
oxalate stones. For this reason, individuals with already
existing and untreated kidney or gallbladder problems
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may want to avoid eating eggplant [236,237]. Laboratory
studies have shown that oxalates may also interfere with
absorption of calcium from the body [238].

3. Conclusions

Regular consumption of a vegetable rich diet has unde-
niable positive effects on health since phytonutriceuticals
of vegetables can protect the human body from several
types of chronic diseases. The mechanism by which
vegetables decrease risk of disease is complex and lar-
gely unknown. Various components of the whole food
are likely to contribute to the overall health benefit.
Various phytonutriceuticals with antioxidant properties
may work directly by quenching free radicals or indi-
rectly by participating in cell signaling pathways sensi-
tive to redox balance. Nutrients such as potassium con-
tribute to blood pressure regulation. The dietary fiber
content and type of different vegetables may also con-
tribute to the overall health benefit, such as improving
bowel transit, lowering cholesterol, helping manage
blood glucose concentrations, and by transporting a sig-
nificant amount of minerals and phytochemicals linked to
the fibre matrix through the human gut. Finaly, increas-
ing vegetables in the diet may reduce the intake of satu-
rated fats, trans fats, and foods with higher caloric den-
sity, all of which may be related to a healthier overall
diet. Because each vegetable contains a unique combina-
tion of phytonutriceuticals (vitamins, minerals, dietary
fiber and phytochemicals), a great diversity of vegetables
should be eaten to ensure that individual’s diet includes a
combination of phytonutriceuticals and to get all the
health benefits. The availability of a large diversity of
vegetables year-round, allied to increase in mean per
capita incomes in recent years and knowledge of vegeta-
ble health benefits, have enable consumers to include a
variety of health promoting phytonutriceuticals in their
diet.

Nutritional quality as understood by the consumers
and available at a moderate price may encourage en-
hanced consumption, thereby conferring an important
marketing incentive to plant breeding. Research on the
health benefits of vegetables, from a horticultural and
breeding perspective, needs to focus on key areas in the
near future such as: 1) to continue the evaluation of phy-
tonutriceuticals content among older versus newer major
cultivars; 2) to identify the genetic mecanisms that regu-
late the syntesis of their key phytochemicals, such as the
glucosinolates, thiosulfides and flavonoids, in order to
develop cultivars rich in a variety of phytochemicals and
in order to ensure that a mixture of phytochemicals enters
into the human diet; 3) to study the potencial change in
the balance of these compounds (and their eventual syn-
ergisms or interactions); and 4) to identify the optimum
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conditions for mantaining these phytochemicals after
harvest and processing since studies have shown that the
biovailability of some of the phytochemicals increase
dramatically after storage and processing and others de-
grade rapidly.
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