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Major Classes of Phytonutriceuticals in Vegetables and Health

Benefits: A Review
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Abstract: Vegetables are essential for well-balanced diets since they supply phytonutriceuticals. About 3 billion people
in the world are malnourished due to imbalanced diets. Regular consumption of a vegetable rich diet has undeniable
effects on health since they 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. The mechanism by
which vegetables decrease risk of disease is complex and largely unknown. Some phytochemicals of vegetables are
strong antioxidants 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. The dietary fiber content and type of different vegetables may also contribute to the overall health benefit.
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 phytonutriceuticals and to get all the health benefits.

Keywords: Antioxidants, dietary fiber, disease control, horticulture, minerals, nutrition, phytochemicals, vitamins.

1. INTRODUCTION

Vegetables are essential for well-balanced diets
since they play a significant role in human nutrition,
especially as sources of phytonutriceuticals: vitamins,
minerals, dietary fiber and phytochemicals [1-4]. Some
phytochemicals of vegetables are strong antioxidants
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 influencing processes that alter the course of
tumor cells [2, 3, 5, 6]. Regular consumption of a
vegetable rich diet has undeniable positive effects on
health since they have been strongly associated with
overall good health, improvement of gastrointestinal
health and vision, reduced risk for some forms of
cancer, heart disease, stroke, diabetes, anaemia,
gastric ulcer, rheumatoid arthritis, and other chronic
diseases [7-11]. The exact mechanisms 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.

“Hidden hunger” or micronutrient deficiency is a
pernicious problem around the world that is caused by
a lack of vitamins and minerals such as vitamin A,
iodine and iron in the human diet and affects the health
of about 3 billion people worldwide [12, 13]. Under-
consumption of vegetables and fruits is among the top
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ten risk factors leading to micronutrient malnutrition and
is associated with the prevalence of chronic diseases
[14, 15]. More than 70% of malnourished children live
in Asia. At least half of the preschool children and
pregnant women are affected by micronutrient
deficiencies in Bangladesh, Cambodia, Nepal and the
Philippines [16]. Vegetables contain a range of macro-
and micronutrients, including pro-vitamin A, iron and
zinc, which contribute to the prevention of malnutrition
disorders. 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 solving many of these nutrition problems.

A world vegetable survey showed that 402
vegetable crops are cultivated worldwide, representing
69 families and 230 genera [17, 18]. Leafy vegetables,
of which the leaves or young leafy shoots are
consumed, are the most often utilized (53% of the
total), followed by vegetable fruits (15%), while
vegetables with below ground edible organs comprised
17%. Many vegetable crops have more than one part
used. Most of the vegetables are market fresh with only
a small proportion processed because most vegetables
are perishable. Consumption shortly after harvest
guarantees optimal vegetable quality.

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 vegetable, but rather a balanced diet that
includes more than one type of vegetable is likely to
provide better protection. This article discusses the
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major classes of phytonutriceuticals in vegetables and
their health benefits.

2. HEALTH PROMOTING PHYTONUTRICEUTICALS
IN VEGETABLES

2.1. Introduction

Phytonutriceuticals are all the chemical compounds
derived from plants that have health-promoting
properties. Most of them are found in relatively small
quantities in vegetables. However, when consumed in
sufficient quantities, they contribute significantly toward
protecting living cells against chronic diseases. The
most important phytonutriceuticals in vegetables that
have biological activity against chronic diseases are:

vitamins, minerals, dietary fiber, organosulfur
compounds (glucosinolates and thiosulfides) and
flavonoids.

2.2. Vitamins

The term vitamin is derived from the words vital and
amine, because vitamins are required for life and were
originally thought to be amines. Although not all
vitamins are amines. They are any of various fat-
soluble or water-soluble organic substances essential
in minute amounts for normal growth and activity of the
body and obtained naturally from plant and animal
foods. A healthy body needs vitamins. All vegetables
are sources of vitamins and consequently have health
benefits. In this section we will highlight and discuss
only the vitamins with a high prevalence of inadequated
intake in worldwide diets such as vitamins C, A, and E
and folates.

2.2.1. Vitamin C

Vitamin C is an essential vitamin to humans that
lack the ability to synthesize this vitamin, because they
are deficient in the enzyme L-gulonolactone oxidase,
an enzime involved in the biosynthesis of vitamin C via
the glucuronic acid pathway. The biological function of
vitamin C is based on its ability to donate electrons,
which provide intra- and extracellular reducing power
for a variety of biochemical reactions. The reducing
power of vitamin C is capable of neutralizing most of
the physiologically relevant reactive oxygen and
nitrogen species in the human body [19]. Several
enzymes involved in biosynthesis of collagen, carnitine
and neurotransmiters require vitamin C as a cofactor
[20]. Collagen is the most abundant protein in the body,
and it forms into fibres which provide strength and
stability to all body tissues, including the arteries.

Vitamin C serves also as cofactor for reactions that
require reduced iron and/or copper metalloenzymes
[20, 21]. It was also reported as an electron donor for
eight enzymes involved in amino acid and hormone
synthesis [22]. One of the most important indirect
functions of vitamin C is its ability to regenerate other
biologically important antioxidants, such as glutathione
and vitamin E, into their reduced states [23-27].

Deficiency of vitamin C in humans has been linked
to reduced absorption of amino acids and lower levels
of intestinal brush-border membrane proteins and
phospholipids [28]. Cardiovascular diseases, several
types of cancers, reduced cognitive function and
memory, cataracts, risk of asthma and of the common
cold, are all associated with vitamin C deficiency and
can be partly prevented by optimal intake of vitamin C.
Sing et al. [29] reported a two-fold decrease in
coronary heart disease in patients with higher plasma
vitamin C compared to the lower group. Several other
studies have also confirmed the association between
higher plasma vitamin C concentration and lower risk of
death from cardiovascular disease, ranging in benefit
from 26 to 60% [30-32]. Vitamin C consumption has
also been shown to reduce uterine cervical [33],
colorectal [34, 35], pancreatic [36], lung [37], and
gastric [38] cancers. The substantially high cellular
levels of vitamin C provide antioxidant protection in the
eye against photosynthetically generated free radicals
avoiding cataracts [39] and protects against plasma
and low density lipoprotein oxidation [40, 41]. When
vitamin C levels are low, the body also manufactures
more cholesterol, especially low density lipoprotein.
Because of its ability to neutralize free radicals it has
been menthioned as having a possible therapeutic use
in disorders such as ischemic stroke, Alzheimer’s,
Parkinson’s and Huntington’s diseases [42].

Near 90% of vitamin C in a typical human diet
comes from vegetables and fruits (e.g. papaya,
pineapple, orange, lemon, kiwifruit). Vitamin C is a
water soluble vitamin and is highly sensitive to water,
air, and temperature. About 25% of the vitamin C in
vegetables can be lost simply by blanching (boiling or
steaming the food for a few minutes). This same
degree of loss occurs in the freezing and unthawing of
vegetables. Cooking of vegetables for longer periods of
time (10-20 minutes) can result in a loss of over one-
half the total vitamin C content. When vegetables are
canned and then reheated, only one-third of the original
vitamin C content may be left. For these reasons,
consumption of vitamin C-rich vegetables in their fresh,
raw form is the best way to maximize vitamin C intake.
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Vitamin C has significant interactions with several key
minerals in the body. Supplemental intake of vitamin C
at gram-level doses can interfere with copper
metabolism. Conversely, vitamin C can significantly
enhance iron uptake and metabolism, even at food-
level amounts. Vitamin C also has important
interactions with other vitamins. Excessive intake of
vitamin A, for example, is less toxic to the body when
vitamin C is readily available. Vitamin C is involved in
the regeneration of vitamin E, and these two vitamins
appear to work together in their antioxidant effect.

2.2.2. Vitamin A

Only animal-based foods and fortified foods provide
preformed vitamin A (retinol). Provitamin A carotenoids
are supplied by plant-based foods and bioconverted to
retinol in the body [43]. Vitamin A is a major public
health problem in much of the developing world. It is
estimated that in developed countries, almost 70% of
vitamin A comes from animal sources while 30% is
derived from plant-based foods. In contrast, people in
developing countries derive about 70% to 80% of
vitamin A from plant-based foods. Vegetarians and
populations with limited access to animal products
depend on provitamin A carotenoids. Vitamin A
deficiency affects approximately 25% of the developing
world’s pre-schoolers. It is associated with blindness,
susceptibility to disease and higher mortality rates. It
leads to the death of approximately one to three million
children each year [44, 45].

The most abundant carotenoids in vegetables are
a-carotene, B-carotene, lycopene, lutein, zeaxanthin,
and B-cryptoxanthin [46]. These carotenoids account
for more than 90% of the carotenoids present in the
human diet. Carotenoids with molecules containing
oxygen, such as lutein, zeaxanthin and 3-cryptoxanthin
are known as xanthophylls. The unoxygenated
carotenoids such as a-carotene, [-carotene, and
lycopene are known as carotenes. The most common
carotenes are B-carotene and lycopene. Lutein is the
most abundant xanthophyll. Only three of the
carotenoids  (a-carotene, f-carotene, and [-
cryptoxanthin) can be converted into the provitamin A
(retinol), while lycopene, lutein, and zeaxanthin have
no vitamin A activity. B-carotene is the carotenoid with
the most provitamin A activity, is the more common
form, and its also one of the most thoroughly studied.
B-carotene can be found in yellow, orange, and green
fruits, roots and leafy vegetables. As a rule of thumb,
the greater the intensity of the orange colour of the
fruit, root or leafy vegetable, the more B-carotene it

contains. B-carotene can in fact be transformed to
retinol, and this can in turn be transformed into retinal
and retionic acid, both of which have different biological
functions on many tissues [43]. B-carotene, as well as
its other metabolites, affects important processes such
as immunity, reproduction, growth, development and,
perhaps its best known function, it holds a vital role in
the visual cycle including possible inhibition of macular
degeneration and cataracts [47, 48]. B-carotene has
been characterized as an antioxidant and, like other
carotenoids, has been shown to have inhibition
mutagenesis activity contributing to decreased risk of
some cancers [47]. As an antioxidant, it has been
positively linked to diverse ailments related to oxidative
stress, such as diabetes [49], obesity [50], low sperm
motility [51], hearing loss [52] and others. All the
carotenoids can act as antioxidants, although the
antioxidant activity of carotenoids differs among the
different compounds. Di Mascio et al. [53] reported that
the singlet oxygen quenching ability of lycopene is
twice that of B-carotene and ten times that of a-
tocopherol. The unique nature of the lycopene
molecule makes it a very potent antioxidant [54, 55].
Carotenoids actions include also decreased risk of
heart diseases. Gaziano et al. [56] in a study in the
USA conducted on 1,273 Massachusetts residents
whose ages were greater than 65 years old, found that
residents in the upper quartile of high-carotene
vegetable intake had 46% lower risk of death from
cardiovascular disease than those in the lowest
quartile. In the eye, certain other carotenoids, as the
xanthophylls lutein and zeaxanthin, apparently act
directly to absorb damaging blue and near-ultraviolet
light, in order to protect the macula lutea [57]. Lutein
and zeaxanthin reduce the risk of cataract and age-
related macular degeneration [58, 59]. Vegetables that
are rich in these xanthophylls can increase macular
pigment density [57, 58]. Like other carotenoids,
xanthophylls are found in highest quantity in the leaves
of most green vegetables.

The bioavailability of 3-carotene from vegetables in
the human diet is limited. Studies have estimated that
B-carotene bioavailability is 22 to 24% from broccoli, 19
to 34% from carrots, and 3 to 6% from leafy vegetables
[60]. Several factors have been shown to influence
carotenoids biovailability in  humans, the most
prominent of which is the food matrix. Studies have
shown that combination of fatty foods with carotenoid-
rich vegetables enhanced carotenoid uptake. Roels et
al. [61] reported a one- to fivefold increase in [-
carotene uptake in boys deficient in vitamin A, when
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their diet was supplemented with olive oil. Lycopene
was found to be more bioavailable from the thermally
processed tomato products like tomato paste than from
fresh tomato due to heat treatment and the presence of
higher oil content in the paste [55, 62]. Lycopene exists
in food primarily in the trans sterisomeric configuration;
however, cooking and processing help convert trans-
lycopene to cis-lycopene, which is more readily
absorbed through the intestinal wall into the plasma
[63]. Carotenoid availability is also influenced by the
nature of the carotenoid. Lutein, which has no vitamin
A activity, is five times more readily available in the
human body than B-carotene [64].

2.2.3. Vitamin E

Vitamin E is a generic term for all tocopherols and
their derivatives having biological activity. In nature it is
present under eight different forms, four tocopherols
(a-, B-, y-, 6) and four tocotrienols (a-,3-,y-,6) [65], of
which a-tocopherol is the most predominant in nature
and most bioactive form [65]. The a, B, y, and &
isoforms of tocopherol have relative potencies of 100%,
50%, 10% and 3%, respectively [13]. Since tocopherols
are of non-polar nature, their main function lies in their
action in the hydrophobic environment of cell and
organelle membranes protecting these structures from
free radicals and also by stabilizing them [66, 67].
Tocopherols induce a protective effect against
oxidative stress linked to metabolic syndrome as well
as other sources [68-71]. They are also essential for
normal neurological function [72]. As an antioxidant,
a-tocopherol is able to prevent free-radical mediated
tissue damage, and thus to prevent or delay the
development of degenerative and inflammatory
diseases [73]; in such a role it has been extensively
investigated in many species, humans included.
Compared with tocopherols, tocotrienols are sparsely
studied [74-76]. Some studies have suggested that
tocotrienols have specialized roles in protecting
neurons from damage [76] and cholesterol reduction
[77]. Tocotrienols are also thought to protect against
stroke-associated brain damage in vivo [78].

Vitamin E deficiency is believed to be associated
with the pathogenesis of cardiovascular disease
including low density lipoprotein oxidation, cytokine
production, production of lipid mediators, platelet
function, and smooth muscle cell proliferation, as well
as interaction of the endothelium with immune and
inflammatory cells [66, 72, 79-82]. Vitamin E is
protective against nearly 80 cellular abnormalities [83],
including cardiovascular disease [41, 66, 82, 84, 85],

cancer [66, 68, 82], sterility [83], muscular dystrophy
[66, 86], changes in the central nervous system [87],
and anemia development [83]. Since the vitamin is a
liposoluble vitamin, it is found primarily in fats. The
most important sources are plant-based: oils and
margarine, oleaginous fruits, germs of cereals. Fruits
and vegetables are the second largest source of
vitamin E. They do not contain high levels of vitamin E
(only between 1 and 1.8 mg per 100 g for the richest
sources), but consuming everyday between 100 to 200
g of vegetables can make them a significant source of
Vitamin E. In a normal diet between 12% and 18% of
our vitamin E intake comes from fruits and vegetables.
The current recommended dietary allowance for
vitamin E intake from natural foods is about 10-15
mg/day [88, 89].

2.2.4. Folates

The terms folates (folic acid and tetrahydrofolate)
are often used interchangeably for the water-soluble B-
complex vitamins. Folates are involved as cofactors in
carbon transfer reactions in DNA byosynthesis and the
methylation cycle [90]. They are an absolute
requirement for methionine, purine, and thymidylate
synthesis. Tetrahydrofolate is also involved in the
synthesis of S-adenosylmethionine, the universal
methyl donor in all living cells, and in the control of
glycine-to serine conversion [90, 91]. Ames [91]
reported that folate deficiency causes chromosome
breakage as a result of extensive incorporation of uracil
into the human DNA. The human body needs folates to
synthesize DNA, repair DNA, and methylate DNA as
well as to act as a cofactor in biological reactions
involving folates [92]. It is especially important in aiding
rapid cell division and growth such as in infancy and
pregnancy. Children and adults require folate to
produce healthy red blood cells and prevent anaemia.
Folate deficiency, which is regarded as a global health
problem mainly in developing countries, can result in
many health problems. The most notable ones are
neural tube defects in developing embryos, and
abnormal fetal growth and risks during pregnancy.
Neural tube defects produce malformations of the
spine, skull, and brain including spina bifida and
anencephaly. Epidemiological studies have shown that
folate deficiency contributes to an accumulation of
homocysteine leading to neural tube defects such as
spina bifida in fetuses [93]. The risk of neural tube
defects is significantly reduced when supplemental folic
acid is consumed in addition to a healthy vegetable diet
prior to and during the first month following conception
[94, 95]. Folate deficiency during pregnancy may also
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increase the risk of preterm delivery, infant low birth
weight and fetal growth retardation, as well as
increasing homocysteine level in the blood, which may
lead to spontaneous abortion and pregnancy
complications, such as placental abruption and pre-
eclampsia [96]. Women who could become pregnant
are advised to eat foods fortified with folic acid or take
supplements in addition to eating folate-rich vegetable
foods to reduce the risk of serious birth defects [97-99].

Folate deficiency is also linked to colon cancer risk
[100, 101], neurotoxicity [102], and heart attacks [103-
106]. Most research studies associate high dietary
folate intake with a reduced risk of prostate cancer
[107, 108]. However folate has shown to play a dual
role in cancer development: low folate intake protects
against early carcinogenesis, and high folate intake
promotes advanced carcinogenesis [109]. Therefore,
public health recommendations should be careful not to
encourage too much folate intake mainly as folic acid
supplements. Vegetables such as broccoli, Brussels
sprouts, and potato were reported to contribute
between 35 to 40% of the total intake of folate in the
human diet [90].

2.3. Minerals

2.3.1. Introduction

Minerals are inorganic substances that are originally
found in rocks and soil. The vegetables we eat
absorbed plenty of minerals as they were growing.
When we eat those vegetables, we absorb the minerals
as we digest food. All vegetables are sources of
minerals and consequently have health benefits. A
healthy body needs plenty of minerals. Minerals can be
divided into two groups. There are some that we need
only in tiny quantities (trace) and others that we need
much more of (major). Major minerals, macronutrients,
with a high prevalence of inadequate intake in
worldwide diets include calcium, magnesium, and
potassium. Trace minerals, micronutrients, identified as
nutrients with great health implications and benefits,
usually with a high prevalence of inadequate intake,
include iron, zinc and selenium.

2.3.2. Calcium

Calcium is an important component of a healthy diet
and a mineral necessary for life. It is essential for
strong bones and teeth. Calcium plays an important
role in building stronger, denser bones early in life and
keeping bones strong and healthy later in life [110].
Approximately 99% of the body's calcium is stored in

the bones and teeth. The rest of the calcium in the
body has other important uses, such as some
exocytosis, especially neurotransmitter release, and
muscle contraction. In the electrical conduction system
of the heart, calcium replaces sodium as the mineral
that depolarizes the cell, proliferating the action
potential. Calcium eases insomnia and helps regulate
the passage of nutrients through cell walls. If we don't
get enough calcium from the food we eat, our bodies
automatically take the calcium needed from our bones.
If our bodies continue to tear down more bone than
they replace over a period of years in order to get
sufficient calcium, our bones will become weak and
break easily. Calcium deficiency may result in muscle
spasms and cramps in the short term, and
osteoporosis. Without calcium, our muscles wouldn’t
contract correctly, our blood wouldn’t clot and our
nerves wouldn’t carry messages. While a lifelong deficit
can affect bone and tooth formation, over-retention can
cause hypercalcemia, impaired kidney function and
decreased absorption of other minerals [111]. High
calcium intakes or high calcium absorption were
previously thought to contribute to the development of
kidney stones. However, a high calcium intake has
been associated with a lower risk for kidney stones in
more recent research [112, 113]. Vitamin D is needed
to absorb calcium. Absorption of calcium may be poor
when consumed with foods rich in phytic acid (e.g.
unleavened bread, raw beans, fibre rich foods, etc.) or
oxalic acid (e.g. New Zealand spinach, spinach, Swiss
chard, beet greens) [114]. Phytic acid (inositol
hexaphosphate, Ins Pg) is the storage form of
phosphorus. It contains six phosphate groups, thereby
it can act as metal chelator of important minerals such
as calcium, magnesium, iron, zinc and can contribute
to mineral deficiencies in people. Salt of phytic acid
with minerals or protein complexes are known as
phytates. Compared to calcium absorption from milk,
calcium from prepared dried beans and spinach is
reduced by about 50% and 90%, respectively [114,
115]. Recent studies demonstrate that this
“antinutrient” effect of phytic acid is only manifested
when large quantities of phytic acid are consumed in
combination with an micronutrient-poor diet [116].

Though most people think immediately of dairy
products when it comes to calcium, there are plenty of
vegetable good sources too (e.g. kales, tronchuda
cabbages, pak-choy, kailan, rutabaga, turnip, chard,
rhubarb, okra, onions, amaranth, Brussels sprouts,
squash, celery, parsnip, beans, etc.). For example,
Galega kale contains a high content of protein, fiber,
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calcium, and sulfur when compared to broccoli, the
reference within Brassica vegetables. For many years
Galega kale, based on the levels of protein and
calcium, was assumed to be a substitute for milk in the
poorest rural areas of Portugal where the peasants
could not afford to buy milk or even raise cows [117,
118].

2.3.3. Magnesium

Magnesium is the eleventh most abundant element
by mass in the human body. Its ions are essential to all
living cells, where they play a major role in
manipulating important  biological polyphosphate
compounds like ATP, DNA, and RNA [119]. Hundreds
of enzymes thus require magnesium ions to function.
ATP exists in cells normally as a chelate of ATP and a
magnesium ion. Magnesium helps our body to release
energy from food. Magnesium is needed for bone,
protein, making new cells, activating B vitamins,
relaxing nerves and muscles, clotting blood, and in
energy production [120]. Insulin secretion and function
also requires magnesium [121, 122]. Magnesium also
assists in the absorption of calcium, vitamin C and
potassium. Deficiency may result in fatigue,
nervousness, insomnia, heart problems, high blood
pressure, osteoporosis, muscle weakness and cramps
[123-125]. Low levels of magnesium in the body has
been associated with the development of a number of
human illnesses such as asthma, diabetes, and
osteoporosis [126-128]. All the green leafy vegetables
are good sources of magnesium as they contain
chlorophyll.

2.3.4. Potassium

Potassium is the eighth most common element by
mass (0.2%) in the human body, so that a 60 kg adult
contains a total of about 120 grams of potassium [129].
Potassium ions are necessary for the function of all
living cells. It is essential for the body’s growth and
maintenance. Potassium cations are important in
neuron (brain and nerve) function, and in influencing
osmotic balance between cells and the interstitial fluid,
with their distribution mediated in all animals by the so-
called Na+/K+-ATPase pump [119, 130]. Potassium ion
diffusion is a key mechanism in nerve transmission and
is important in preventing muscle contraction. Its
depletion in humans, results in various cardiac
dysfunctions. Potassium plays an essential role in
proper heart function [131]. A shortage of potassium in
body fluids may cause a potentially fatal condition
known as hypokalemia, typically resulting from
vomiting, diarrhea, and/or increased diuresis [132].

Deficiency may cause muscular cramps, twitching and
muscle weakness, cardiac arrhythmia, insomnia,
kidney failure and decreased lung reflex response and
in severe cases respiratory paralysis. Epidemiological
studies and studies in animals subject to hypertension
indicate that diets high in potassium can reduce the risk
of hypertension and possibly stroke by a mechanism
independent of blood pressure [131]. Potassium is
found in especially high concentrations within plant
cells, and in a mixed diet, it is mostly concentrated in
fruits and vegetables [19].

2.3.5. Iron

Iron plays an important role in human health,
forming complexes with molecular oxygen in
hemoglobin and myoglobin [119]. These two
compounds are common oxygen transport proteins in
vertebrates. Iron is also the metal used at the active
site of many important redox enzymes dealing with
cellular respiration and oxidation and reduction in
plants and animals [119]. Too little iron in human diet
can lead to anaemia. Iron is found in food in two forms,
heme and non-heme iron. Heme iron, which makes up
40% of the iron in meat, poultry, and fish, is well
absorbed (has higher bioavailability). Non-heme iron,
60% of the iron in animal tissue and all the iron in
plants (fruits, vegetables, grains, nuts) is less well
absorbed. Vegan diets only contain non-heme iron.
Because of this, iron recommendations are higher for
vegetarians (including vegans who consume only plant
foods) than for non-vegetarians. Red meat is the most
obvious source of iron, but there are also good
vegetable sources. Dried beans, lentils, peas, as well
as all the other legumes, and dark green leafy
vegetables are especially good sources of iron, even
better on a per calorie basis than meat.

Iron deficiency is the most prevalent form of
malnutrition worldwide, affecting an estimated two
billion people. Eradicating iron deficiency can improve
national productivity levels by as much as 20% [44,
133]. Most at risk of iron deficiency are infants,
adolescent girls and pregnant women. Pregnant
women are at special risk of low iron levels and are
often advised to supplement their iron intake [134]. Iron
deficiency in infants can result in impaired learning
ability and behavioral problems [45]. It can also affect
the immune system and cause weakness and fatigue.
Vitamin C promotes the absorption of non-heme iron. It
is necessary to eat foods rich in vitamin C at the same
time we eat the food containing iron. Foods rich in
phytic acid limit the absorption of non-heme iron [114].
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The recommended dietary allowance for iron varies
considerably based on age, gender, and source of
dietary iron [135]. Women and teenage girls need at
least 15 mg a day, whereas men can get by on 10 mg.
It is important that children get about 10 to 12 mg of
iron per day, preferably from their diets [135, 136].
Vegetarians need to get twice as much dietary iron as
meat eaters. Surveys of vegans [137, 138] have found
that iron deficiency anaemia is no more common
among vegetarians than among the general population
although vegans tend to have lower iron stores [138].
The reason for the satisfactory iron status of many
vegans may be that commonly eaten foods are high in
iron, than animal-derived foods. For example, we would
have to eat more than 1,700 calories of sirloin steak to
get the same amount of iron as found in 100 calories of
spinach. Another reason for the satisfactory iron status
of vegans is that vegetarian diets are higher in vitamin
C. Vitamin C acts to markedly increase absorption of
non-heme iron. Adding a vitamin C source to a meal
increases non-heme iron absorption up to six fold,
which makes the absorption of non-heme iron as good
as or better than that of heme iron [139]. Fortunately,
many vegetables, such as broccoli and pak-choy,
which are high in iron, are also high in vitamin C so that
the iron in these foods is very well absorbed.
Commonly vegan eaten combinations, such as beans
or lentils and tomato sauce or stir-fried tofu and
broccoli or pak-choy, also result in generous levels of
iron absorption. Both calcium and tannins reduce iron
absorption [140].

2.3.6. Zinc

Zinc is a mineral of exceptional biologic and public
health importance [141]. Zinc is found in nearly 100
specific enzymes, serves as structural ions in
transcription factors and is stored and transferred in
metallothioneins [119]. It is the second most abundant
transition metal in organisms after iron, and it is the
only metal that appears in all enzyme classes [142]. In
proteins, zinc ions are often coordinated to the amino
acid side chains of aspartic acid, glutamic acid,
cysteine and histidine [119, 143]. Zinc deficiency
affects about 2 billion people in the developing world
and is associated with many diseases [144]. In
children, it causes relax skin, growth retardation,
delayed sexual maturation, infection susceptibility, and
diarrhea, contributing to the death of about 800,000
children worldwide per year [141]. The World Health
Organization advocates zinc supplementation for
severe malnutrition and diarrhea [145]. Zinc
supplements help prevent disease and reduce

mortality, especially among children with low birth
weight or stunted growth [145]. However, zinc
supplements should not be administered alone, since
many in the developing world have several
deficiencies, and zinc interacts with  other
micronutrients [146].

The concentration of zinc in vegetables and plants
varies based on levels of the element in soil. Zinc
deficiency is crop plants' most common micronutrient
deficiency. It is particularly common in high-pH soils.
Plants that grow in soils that are zinc-deficient are more
susceptible to disease. When there is adequate zinc in
the soil, the plant sources that contain the most zinc
are wheat (germ and bran) and various seeds
(sesame, poppy, alfalfa, celery, mustard) [147]. Zinc is
also found in vegetables such as beans, peas, pumpkin
seeds, sea vegetables, and in nuts, almonds, whole
grains, sunflower seeds, soy foods and blackcurrant
[89]. However, phytic acid/phytates in many whole-
grains and dietary fiber in many foods may interfere
with zinc absorption, and marginal zinc intake has
poorly understood effects [114].Vegetarians need
about 50% more zinc in their diets than meat-eaters.
Despite some concerns, Western vegetarians and
vegans have not been found to suffer from overt zinc
deficiencies any more than meat-eaters [148].

2.3.7. Selenium

Selenium is an essential trace mineral in humans.
Its importance is underlined by the fact that it is the
only trace mineral to be specified in the genetic code -
as selenocysteine. Selenium is a key component of
several functional selenoproteins (e.g., glutathione
peroxidases, thioredoxin reductases, iodothyronine
deiodinases and selenoprotein P) that protect tissues
and membranes from oxidative stress and controls the
cell redox status [149]. The antioxidant properties of
selenoproteins help prevent cellular damage from free
radicals. Free radicals are natural by-products of
oxygen metabolism that may contribute to the
development of chronic diseases such as cancer and
heart disease. Other selenoproteins help regulate
thyroid function and play a role in the immune system
[149]. Selenium is found in human hairs and nails, and
in the blood. Most selenium in animal and plant tissue
is present in the unusual amino acids selenocysteine
and selenomethionine. Animal tissues, however, are
not capable of synthesizing selenomethionine, instead
they obtain it from plant tissue. Plant-based
selenomethionine accounts for nearly half of the daily
requirement of selenium in humans, while the balance



38 Journal of Nutritional Therapeutics, 2012 Vol. 1, No. 1

Jodao Silva Dias

is obtained from water (as selenate and selenite), milk,
fish, and animal based products [150]. Selenocysteine
and selenomethionine are readily absorbed by human
tissue [151].

Several studies have suggested an increase risk of
cancer with low selenium diet [152-157]. Helzlsouer et
al. [158] indicated that women in the higher group of
serum-selenium levels content were four times likely to
develop ovarian cancer than women in the lower group.
In another study, Yoshizawa et al. [159] reported a
33% reduction in prostate cancer in men receiving a
200 pg selenium per day supplement compared to the
control. Clark et al. [160] conducted a study to test the
effect of selenium supplementation on the recurrence
of skin cancers on selenium-deficient men. They found
that men receiving 200 pg selenium per day were 50%
less likely to develop or die from carcinoma of skin than
those receiving a placebo. This study did not
demonstrate a reduced rate of recurrence of skin
cancers, but did show a reduced occurrence of total
cancers, particularly for lung, colorectal and prostate
cancers. Dietary selenium prevents chemically induced
carcinogenesis in many rodent studies. It has been
proposed that selenium may help prevent cancer by
acting as an antioxidant or by enhancing immune
activity. Generally, selenium functions as an antioxidant
that works in conjunction with vitamin E. Tsavachidou
et al. [161] report that vitamin E (400 1U) and selenium
(200 pg) supplements affect gene expression and can
act as a tumor suppressor in prostate cancer.

Selenium deficiency in human and animal models
has also been linked to cardiovascular diseases [162]
and rheumatic arthritis [163]. Keshan disease, a
disease of the heart, and Kashin-Beck disease, a
disease of the cartilage, have been also linked to
selenium deficiency that occurs almost exclusively in
children and adolescents [164, 165]. These two
diseases occur mostly in Southeast Asia in areas with
severe selenium deficiency. Although Moreno-Reyes et
al. [166] stated that the effect of selenium deficiency on
health remains uncertain, particularly in relation to
Kashin-Beck  disease.  Selenium may inhibit
Hashimotos's disease, in which the body's own thyroid
cells are attacked as alien. A reduction of 21% on
thyroid peroxidase antibodies was reported with the
dietary intake of 0.2 mg of selenium [167]. Evidence
from in vivo and in vitro studies suggests that selenium
could enhance insulin sensitivity by mediating insulin-
like actions [168-170]. Akbaraly et al. [171] in recent
studies indicated that selenium may help inhibit the
development of type 2 diabetes (diabetes at an

advanced age) in men. The mechanism by which
selenium may protect against dysglycemia in this study
is unclear but may involve the selenoenzymes.

2.4. Dietary Fiber

Dietary fiber is a heterogeneous mixture of
polysaccharide carbohydrates, such as cellulose,
hemicellulose, B-glucans, pectins, mucilages and
gums, plus noncarbohydrates, such as lignin, which are
indigestible in the small intestine [172]. Dietary fiber is
classified into water-soluble and water-insoluble fiber.
Water-insoluble fiber is mainly cell wall components,
such as cellulose, lignin, and hemicellulose found in the
vegetables. Health benefits of insoluble fiber include
shortening of the bowel transit time and bulkier and
softer feces. Non-cellulosic polysaccharides, such as
pectin, gums, and mucilages, are components of
soluble fiber. Soluble fiber delays gastric emptying,
slows glucose absorption, and lowers serum
cholesterol levels, and is completely or partially
fermentable in the large intestine [173]. Fermentation
produces short-chain fatty acids that have many health
benefits related to blood glucose levels, cholesterol
synthesis, immune function, and colon health.

Dietary fiber is a major constituent of vegetables.
Anderson and Bridges [174] evaluated the dietary fiber
content of several food groups. They found that
vegetables contain about 32% dietary fiber, based on
dry weight, which they estimated to be equivalent to the
amount found in many cereal products. Although
vegetables possess a higher water-soluble/insoluble
fiber ratio than cereals, which is considered as an
indicator of good nutritional quality [175]. Pectin
constitutes nearly 30% of the dietary content in
vegetables [176]. Physiological and physicochemical
effects of dietary fibers depend on the relative amount
of individual non-digestible components [175].

The importance of dietary fiber in nutrition and its
health benefits are widely recognized. Numerous
clinical and epidemiological studies have addressed
the role of dietary fibre in intestinal health, prevention of
cardiovascular disease, some types of cancer, peptic
ulcer, obesity, and diabetes [175]. Dietary fiber has
many functions in diet, one of which may be to aid in
energy intake control and reduced risk for development
of obesity. The role of dietary fiber in energy intake
regulation and obesity development is related to its
unique physical and chemical properties that aid in
early signals of satiation and enhanced or prolonged
signals of satiety [177]. Early signals of satiation may
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be induced through cephalic- and gastric-phase
responses related to the bulking effects of dietary fiber
on energy density and palatability, whereas the
viscosity-producing effects of certain fibers may
enhance satiety through intestinal-phase events related
to modified gastrointestinal function and subsequent
delay in fat absorption. There is a strong relationship
between dietary fiber intake and lower risk of type 2
diabetes. Several mechanisms have been proposed for
this inhibition, including improved insulin sensitivity
and/or decreased insulin requirement [178]. The
mechanisms involved in cardiovascular disease are:
lower blood pressure [179], and decrease total serum
cholesterol and low-density lipoprotein concentrations
[173]. Other effects of dietary fiber include increased
stool-bulking which dilutes chemical carcinogens, and
increased production of the anticarcinogen butyric acid
through fermentation of dietary fiber by the colon
microflora. Le Marchand et al. [180] conducted a study
among different ethnic groups and genders in Hawaii to
evaluate the role of dietary fiber on the risk of colorectal
cancer. Their results suggested a strong inverse
association between vegetable dietary fiber (soluble
and insoluble) and colorectal cancer. In spite of many
years of research and nutrition education about
potential benefits of dietary fiber to help prevent
diseases such as cancer, heart disease, and diabetes,
the consumption of complex carbohydrates and dietary
fiber worldwide has decreased [181]. The
recommended daily intake of dietary fibre is 25-35
g/person [175].

Dietary fiber and other phytonutriceuticals are
generally addressed separately as groups of food
constituents in nutritional studies. However, dietary
fibre of vegetables transports a significant amount of
polyphenols and carotenoids linked to the fibre matrix
through the human gut [182, 183]. Therefore,
associated phytochemicals can make a significant
contribution to the health benefits attributed to the
dietary fibre of vegetables. Moreover, phytochemicals
may be considered dietary fibre constituents in view of
the similarity of their properties in terms of resistance to
digestive enzymes and colonic fermentability [182,
183]. In the Spanish diet, considered as Mediterranean
pattern diet, fruit and vegetables provide a daily intake
of 700-1,000 mg of polyphenols/person/diet, a major
fraction of this (600 mg/person/day) is associated with
dietary fiber [183]. These issues constitute an important
qualitative difference in relation to other dietary
patterns.

2.5. Organosulfur Compounds

The two major organosulfur compounds in
vegetables that have been found to have biological
activity against important human diseases are
glucosinolates and thiosulfites.

2.5.1. Glucosinolates

Glucosinolates or [-D-thioglucosides, are sulfur
containing secondary metabolites. Briefly, the
glucosinolate molecule comprises a skeletal f-
thioglucose moiety, a sulfonated oxime moiety
(glucone), and an aglucone R-group that defines the
structure of each glucosinolate. More than 100
glucosinolates have been identified from 16 plant
families of dicotyledonous plants [184, 185]. Of the
nearly 120 glucosinolates that have been identified in
plants thus far, about 20 have been detected in
crucifers, and of those, only three or four are present in
significant amounts [185]. Based on their R-group
structure, glucosinolates have been classified into
aliphatic, aromatic, and indolyl. The mostly present
glucosinolates in crucifers are the aliphatic, followed by
the indoles, and then the aromatic. The aliphatic

glucosinolates include glucoraphanin, glucoerucin,
progoitrin, epi-progoitrin,  sinigrin, napoleiferin,
gluconapin, and glucoalysin; the indoles include

glucobrassicin  and  4-hydroxyglucobrassicin,  4-
methoxyglucobrassicin, and glucobrassicin; and the
aromatics include gluconasturtiin and sinalbin.

Many compounds occurring naturally in the human
diet moderate the biotransformation of several
carcinogens, resulting in reduced tumour incidence
[186]. Glucosinolates and their hydrolytic products
modulate the activity of xenobiotic metabolising phase |
and Il enzymes. Phase | enzymes responsible for
bioactivation of carcinogens generally increase the
reactivity of lipophilic compounds. On the other hand,
phase Il detoxification enzymes increase the water
solubility and facilitate removal of these metabolites
from the body. For the protection of cells against DNA
damage by carcinogens and reactive oxygen species,
inhibition of phase | and induction of phase Il enzymes
are required. The genes for the phase Il enzyme
contain a specific sequence of DNA called antioxidant
response element. Activities of phase Il enzyme have
been reported to be enhanced by glucosinolates and
their hydrolytic products [187].

Several studies have suggested that intact
glucosinolates have no biological activity against
cancer, however their breakdown products have been
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shown to stimulate mixed-function oxidases involved in
detoxification of carcinogens, reducing the risk of
certain cancers in humans [185, 188, 189]. In crucifers,
when plant tissues are cut, chewed or otherwise
damaged, glucosinolates are hydrolysed by the
enzymatic action of myrosinase [thioglucoside
glucohydrolase, EC 3.2.3.1 [190] releasing biologically
active products including isothiocyanates, thiocyanates,
indoles and nitriles [191]. However, when these tissues
are cooked or longer steamed the enzyme myrosinase
is completely inactivated. It has been suggested that
myrosinase activity produced by the stomach
microflora is capable of breaking down glucosinolates
into active products [192]. While intact glucosinolates
have no biological activity against chronic diseases,
certain myrosinase catalysed-breakdown products of
glucosinolates have been shown to reduce chemically
induced carcinogens. However, not all glucosinolate
breakdown products have anticancer activity [193]. The
glucosinolates glucoraphanin, glucoiberin,
glucobrassicin and gluconasturtiin are involved in the
anticarcinogenic activity and glucoraphanin is known to
bolster the defences of cells against carcinogens
through an up-regulation of enzymes of carcinogen
defence (phase Il enzymes).

Isothiocyanates are an important group of
breakdown products of glucosinolates and appear to
act at a number of points in the tumour development by
blocking the metabolism of carcinogenic compounds
through biotransformation. They generally enhanced
the activity of phase Il enzymes and inhibited phase |
enzymes [194, 195], thus reducing the carcinogenic
activity and enhance the detoxification and clearance of
carcinogens. Further, they serve as suppressors during
the promotion phase of neo-plastic process. Induction
of apoptosis and action of signal transduction pathways
within the cell activities of glucosinolates has also been
reported [196]. Watercress and broccoli are reported to
be rich sources of phenethyl isothiocyanate which may
block the cytochrome P450 mediated metabolic
activation of the common nitrosoamine to its potent
carcinogenic forms [197]. Extracts of watercress and
broccoli suppressed metalloproteinase-9, an enzyme
closely associated with invasive potential of breast
cancer [194]. It also suppressed production of
proinflammatory compounds such as nitric oxide (NO)
and prostaglandins [198]. Phenethyl isothiocyanate
also inhibited induction of lung and oesophagus cancer
in both rat and mouse tumours [199-201].

Sulpharophane (4-methylulfinylbutyl
isothiocyanate), and indole-3-carbinol are the two most

widely studied glucosinolate breakdown products
exhibiting  anticarcinogenic  properties  [202-204].
Sulforaphane, enzymatic hydrolysis degradation
product of glucosinolate glucoraphanin [205], activates
gene expression, thereby, helping to clear carcinogenic
substances from the body. Sulforaphane also
increased levels of mammalian phase Il enzymes
through antioxidant response element mediated
transcriptional  activation [202, 203, 206-208].
Sulforaphane supported a healthy immune system by
significantly enhancing the production of chemicals
involved in immune response [209]. In a study in which
animals were genetically bred to develop intestinal
polyps, a condition that led to tumour formation, the
group of animals that were fed with sulphoraphane had
higher rates of apoptosis (cell suicide) and smaller
tumour growing more slowly than animals not receiving
sulphoraphane [210]. Indole-3-carbinol is produced
from indole-3-glucosinolates like glucobrassicin through
hydrolysis [211]. Under acidic conditions, indole-3-
carbinol and elemental sulphur are formed. Anti
carcinogenic, antioxidant and antiatherogenic activities
of indole-3-carbinol have been reported [211]. Further,
indole-3-carbinol modulates the activities of both phase
| and Il enzymes. It suppressed cancer growth and
induced programmed cell deaths in tumours of breast,
prostate, leukaemia, cervix and colon because of its
ability to favourably influence the human body’s
balance of estrogens [212-215]. Indole-3-carbinol also
inhibited cancer cell growth by interfering the
production of proteins involved in abnormal cellular
reproduction and by promoting the production of
tumour suppressor proteins [215, 216]. Indole-3-
carbinol has also been reported to prevent cancer by
interfering with angiogenesis, process of formation of
new blood vessels that tumour require for their survival
and spread [217].

Glucosinolates levels are affected by methods of
food preparation. Various studies have shown large
effects of cooking Brassica vegetables mostly resulting
in substantial losses by leaching of glucosinolates into
the cooking water since glucosinolates are water-
soluble [191, 218-220]. Goodrich et al. [218] and Rosa
and Heaney [219] reported 40 to 80% leaching of
glucosinolates from cabbage leaves, Brussels sprouts,
and broccoli heads into the cooking water. Leaching of
glucosinolates was significantly lower for Brussels
sprouts than broccoli or cabbage, possibly due to the
compactness of the sprout. Vallejo et al. [220] in
broccoli showed large differences in glucosinolate
levels among four cooking processes. Conventional
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and microwave cooking caused substantial losses of
total glucosinolates while steaming had minimal effects
on glucosinolates [191, 220]. On the other hand
Verkerk and Dekker [221] demonstrated high retention
of glucosinolates after microwave cooking of red
cabbage, even up to levels exceeding the total
glucosinolate content of the untreated vegetables. The
authors ascribed these higher levels to increased
extractability of the glucosinolates [221]. Verkerk et al.
[191] also observed that steaming resulted in high
retention of total aliphatic and indolyl glucosinolates in
cooked broccoli, and that only after extensive steaming
of broccoli (30 min) substantial losses of total indolyl
glucosinolates of 55% and total aliphatic glucosinolates
of 8.5% were observed. These authors also observed
that steaming broccoli for more than six min results in
complete inactivation of the hydrolic enzyme myronase.
However, steaming of broccoli for less than six min
may result in a high intake of glucosinolates, in the
presence of a residual active myronase, allowing the
release of health-protective breakdown products of
glucosinolates after consumption. Therefore, steaming
for less than six min produces broccoli with high levels
of glucosinolates and yet, residual active myronase
enabling a more efficient conversion of glucosinolates
during  mastication into the health-protective
isothiocyanates.

2.5.2. Thiosulfides

Thiosulfides are organosulfur compounds (OSCs)
found in alliums [222]. The composition of OSCs differs
depending on the Allium specie [223], plant cultivation
and processing methods [224]. Some thiosulfides are
absent in the bulbs and require mechanical exposure
like cutting or chewing to be formed. According to
Verma and Verma [224] whole garlic bulbs contain 16
OSCs versus 23 OSCs after crushing. In another study,
Kalra et al. [225] reported 33 OSCs in fresh garlic. S-
allyl-cysteine  sulfoxide (alliin), S-methyl-cystein
sulfoxide (methiin), and y-glutamylcysteine are reported
as the major thiosulfides in the cytoplasm of intact
tissues of alliums [224, 226]. Other minor thiosulfides
include S-propenil-cystein sulfoxide (isoalliin) and S-
ethyl-cystein, commonly known as ethiin [224, 227].
None of the thiosulfides found in alliums have been
detected in other vegetables, except methiin, which
was detected in cabbage leaves and some
Brassicaceae [228]. Several surveys of the thiosulfide
content of alliums have been conducted in the last
years [224, 225, 229-232]. The pathways for
biosynthesis of thiosulfides in alliums have not been
very clearly defined because of their diversity and

instability. For example, alliin, the most abundant
thiosulfide in intact garlic, is highly unstable. When
garlic tissue is cut, chewed, or dehydrated, cytosolic
alliin is rapidly lysed by the vacuolar enzyme alliinase
or alliin lyase (E alliin alkyl-sulphenate-lyase, C 4.4.1.4)
into a highly unstable diallyl thiosulfinate transient
intermediate called allicin [233, 234]. Allicin then
converts into several lipid-soluble alkyl alkane-
thiosulfinates, including allyl sulfide, diallyl disulfide,
diallyl trisulfide, allylmethyl disulfide, 2- and 3-vinyl
dithiins, thioacroleines, and ajoene [235-238]. These
lipid soluble compounds form the odiferous and
aromatic characteristic of garlic. The type and amount
of the thiosulfides in alliums varied considerably,
depending on the level of allinase activity and the
nature of the substrate. The thiosulfides detected in
onions are S-propenyl-cystein sulfoxide, S-methil-
cysteine sulfoxide, and S-propyl-cystein sulfoxide [226,
228, 239]. Variations in the ratios of these volatile sulfur
compounds are responsible for the difference in flavors
and odors between Allium species [233, 240]. More
than 80 volatile compounds of this class have been
identified fresh or cooked vegetable alliums [241]. They
are also major contributors to the bitter taste of some
onions [240].

Consumption of Allium vegetables has been found
to retard growth of several types of cancers. It has
generally been accepted that the in vivo and in vitro
anti-proliferative effect of Allium vegetables results from
the breakdown of alliin into organosulfur compounds
[242-246]. Knowles and Milner [247] listed seven allyl
sulfides (alicin, diallyl sulfide, diallyl disulfide, diallyl
trisulfide, ajoene, S-allyl cysteine, and S-
allylmercaptocysteine) that have been reported to
inhibit human tumor growth including prostate, colon,
skin, breast, lung, lymphoma, erythroleukemia, and
lymphocyte tumors. Examination of the mechanism of
cancer prevention by organosulfur compounds
indicates that they function as blocking agents.
Blocking agents act during the initiation stage of
carcinogenesis by either inhibiting the activation of
procarcinogens, trapping reactive species, or by
enhancing phase Il enzymes. In addition to enhancing
the activity of phase Il detoxification enzymes, allyl
sulfides also inhibit phase | enzymes, such as
cytochrome P450 2E1, which have been shown to
activate chemical carcinogens, and promote apoptosis
[248-250]. However, there are significant differences in
the ability of allyl sulfides to inhibit tumor cell growth.
For example, Knowles and Milner [247] reported that
diallyl disulfides were twice as effective as
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S-allylmercaptocysteine in inhibiting human colon
tumor growth. Diallyl trisulfide was also reported to be
at least 2.5 times more effective in controlling lung
tumor growth than diallyl disulfide [251, 252]. Cancers
of the digestive tract and prostate appear to be the
most sensitive ones to the chemopreventive effects of
Allium vegetables intake which may reflect a problem
of thiosulfides stability. Tissues/organs, which are in
inner connection with the digestive/urinary systems, are
obviously exposed to higher concentrations of
biologically active products deriving from the
degradation/catabolism of any ingested food. This
encourages efforts aimed to increasing the stability of
these compounds (without increasing also their
toxicity). The conjugation of molecules specifically
recognizing and binding to cancer cells together with
the enzyme allinase could generate high
concentrations of alliin right at the tumor site and may
represent an interesting attempt to overcome this
limiting factor [253].

Another important health benefit of allyl sulfides is
their ability to protect humans against cardiovascular
diseases. Cardiovascular diseases are controlled by a
multitude of factors including high serum cholesterol,
high levels of low-density lipoproteins, high blood
pressure, and platelet aggregation. Aggregation of
platelets in the blood increases the risk of thrombosis
and, as a consequence the risk of cardiac attack. Liu
and Yeh [254] examined the effect of eleven water and
lipide soluble organosulfur compounds from garlic on
the incorporation of [2-14C]-acetate into cholesterol in
rat hepatocyte cells. They found that seven of the allyl
sulfides tested inhibited cholesterol syntesis by as
much as 55% and that higher concentrations of diallyl
disulfide, dially! trisulfide, and dipropyl disulfide resulted
in complete inhibition of cholesterol syntesis. Ide and
Lau [255] reported that S-allylcyteine and other
thiosulfides prevent low-density lipoprotein oxidation in
vascular endothelial cells. Organosulfur compounds
from garlic and onion, have been suggested to reduce
platelet aggregation, thereby lowering the risk of heart
attack and/or stroke [256, 257]. Lawson et al. [258]
demonstrated that diallyl disulfide, diallyl trisulfide, and
ajoene, from garlic, have in vitro antiplatelet activity.
Similarly, Morimitsu et al. [259] and Ali et al. [260]
reported that organosulfur compounds found in onions,
mostly cepaenes, also have antiplatelet activity. A
preliminary study conducted this time on humans
showed that the consumption of the equivalent of three
onions in a soup was sufficient to significantly reduce
the blood platelet aggregation [261]. This activity

appears to be less important after cooking [262] and
more important in pungent onions [263]. It is attributed
to quercetin and alkyl-propenyl cysteine sulphoxide
molecules, but the exact mode of action remains
elusive. It is suggested that these compounds stimulate
the release of arachidonic acid from membrane
phospholipids, which initiates eicosanoid metabolism in
mammals leading to the inhibition of thromboxane A
synthesis and a significant reduction in platelet
aggregation and vasoconstriction [261].

In addition to inhibiting the two leading causes of
death in humans, cancer and cardiovascular diseases,
thiosulfides have also been shown to stimulate the
immune system, by activating T cell proliferation [264-
266], to have anti-microbial effect [267], and to reduce
blood glucose level in diabetics by stimulating insulin
secretion by the pancreas [268-270]. Thiosulfides
appear to have also anti-asthmatic properties. This
anti-infammation activity is mediated through a
suppression of cyclooxygenase reaction cascades,
initiating once again the eicosanoid metabolism,
leading to bronchial restriction [271].

2.6. Flavonoids

Flavonoids are the largest group of phenolics
present in vegetables. There are more than 4000
secondary plant metabolites in the flavonoid family.
Flavonoids are further classified into anthocyanins,
flavonols, flavones, and isoflavonoides.

2.6.1. Anthocianins

Anthocyanins are one of the largest and most
important groups of water-soluble pigments in most
species in the plant kingdom. They are accumulated in
cell vacuoles and are largely responsible for diverse
pigmentation on vegetables. Anthocyanins give
vegetable leaves and fruits their purple and/or red
colour appearance, such as in eggplant, red cabbage,
purple and black broccoli, red onion, beet, rhubarb,
purple and red-skinned potato, purple sweet potato,
purple corn, red lettuce, red endive, red radish,
strawberry, etc. [272-274]. Anthocyanines exist mainly
as glycosides and acylglycosides of anthocyanidins,
usually as C3 mono-, di-, and/or trisides. Anthocyanins
are implicated in many biological activities that may
impact positively on human health [275]. Their use for
therapeutic purposes has long been supported by
epidemiological evidence, but only in recent years
some of the specific, measurable pharmacological
properties of isolated anthocyanin pigments have been
verified by controlled in vitro, in vivo, or clinical
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research studies [275]. These pigments may reduce
the risk of coronary heart disease through inhibition of
platelet aggregation [276]. Anthocyanins protect in
several ways. First, they neutralize enzymes that
destroy connective tissue. Second, their antioxidant
capacity prevents oxidants from damaging connective
tissue. Finally, they repair damaged proteins in the
blood-vessel walls. Anthocyanins have also been
shown to protect mammalian cell lipoproteins from
damage from free radicals. For example, nasunin, an
anthocyanin from eggplant, has been shown to inhibit
brain cell lipid peroxidation caused by oxygen and
hydroxyl free radicals [277] and to reduce intestinal
absorption of cholesterol [278]. In addition,
anthocyanins could exert anticarcinogenic activities,
reduce inflammatory insult and also modulate immune
response. All these effects might be mediated by their
antioxidant activity [279]. In many other cases, the
exact roles of the anthocyanins in human health versus
other phytochemicals have not been completely sorted
out. Some reports suggest that anthocyanin activity
potentates when it is delivered in mixtures [280].

2.6.2. Flavonols

Flavonols are polyphenolic secondary plant
metabolites and exist primarily in the glycosylated form
with a hydroxil group at C; position. Flavonols include
quercetin, kaempferol, fisetin, myricetin, and rutin.
Quercetin is the most important flavonoid in
vegetables. It has been detected in onions and to
lesser extent in tomato, snap and mange-tout peas,
and beans [281, 282]. Kaempferol, myricetin, and
fisetin have been detected in onion, lettuce, endive,
and horseradish [282-285]. The effect of flavonols on
cardiovascular diseases and carginogens in human
and laboratory animals has been studied by several
investigators, although the health benefits of flavonols
have yet to be fully established. However, they have
been shown to function in a way similar to antioxidant
vitamins, to protect against lipoprotein oxidation in vitro
[286-288], to have anti-platelet and anti-thrombotic
actions [289, 290], and to produce inhibition of
estrogen binding in mammalian cells [291], and
induction of the phase Il enzyme quinone reductase in
murine hepathoma cells [292]. Evidence obtained with
an in vitro oxidation model for heart disease has
demonstrated that several plant flavonols, such as
quercetin, myricetin and rutin, are more powerful
antioxidants than the traditional vitamins [293]. So
there are grounds for encouraging the consumption of
vegetables and other foods rich in flavonols.

2.6.3. Flavones

Similar to flavonols, flavones including apigenin and
luteolin, also exist as O-glycosides with a hydrogen
atom in the C; position. Flavones have been detected
in conjugated form in celery [281, 282], tomato,
eggplant, garlic and onion [285, 294]. Celery contains
flavones rather than flavonols, and widely varying
levels of both luteolin and apigenin in different cultivars
[281, 282, 285]. In recent years, scientific and public
interest in flavones has grown enormously due to their
putative beneficial effects against atherosclerosis,
osteoporosis, diabetes mellitus and certain cancers
[295]. The mechanism of action of flavones on chronic
diseases is similar to that of other flavonoids. They
were proposed to function primarily as antioxidants by
conserving a-tocopherol content of low density
lipoproteins and membrane lipids in the reduced state
[295, 296], and may potentially be used as an anti-
cancer agent for prevention and therapy of breast and
other DLC1 (Deleted in Liver Cancer 1) downregulated
cancers [297].

2.6.4. Isoflavonoids

In contrast to other flavonoids, isoflavonoids
including daidzen, genistein, and glycitein have limited
distribution in vegetables [298, 299]. They exist mainly
in legumes such as soybean, chickpea, lentil, and
alfalfa sprouts [300-303]. Smaller quantities have also
been detected in other vegetables, such as broccoli,
asparagus, and okra [301, 304]. Genistein and daidzein
have been found in relatively high concentrations in
soybean and most soy-based foods. Much of the
research on the health benefits of isoflavonoids has
been done on soybean isoflavonoids daidzein and
genistein [305-308]. Goldwyn et al. [305] made a
review of the health benefits of isoflavonoids. In this
review genistein was reported to have an estrogenic
like activity at low concentration and anti-estrogenic
activity at high concentration, as well as the highest
affinity for binding to the estrogen receptors and/or by
blocking estrogen synthesis. In contrast, daidzein has
very low estrogen activity. However it is further
metabolized in the large intestine into equol. Equol is a
potent phytoestrogen and an antioxidant, but the rate of
conversion varies among individuals, which could affect
the health benefits of this compound [309].

Consumption of soy isoflavonoids has been
suggested to have multiple beneficial effects in a
number of chronic diseases and medical conditions,
including certain types of cancer [310], heart disease
[311], bone functions [312, 313] and most recently,
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prevention of obesity [314]. Estrogen-like effects have
been proposed as one of the major mechanisms of
action of isoflavonoids related to their health effects
[315]. A second mechanism of action of isoflavonoids,
particularly of genistein, was discovered that genistein
is a protein tyrosine kinase inhibitor [315]. Since then,
isoflavonoidses have been shown to affect a diverse
array of intracellular signaling pathways [316]. As
polyphenols, isoflavonoids also have antioxidant
activities which were proposed as another important
mechanism of action of isoflavones. However,
isoflavones are not strong antioxidants since they may
not be able to scavenge oxidants directly. Therefore
they are considered as antioxidants because of their
effects on gene expression of enzymes that enhance
antioxidant defenses [317]. In addition, several other
mechanisms have been proposed for the activities of
isoflavonoids, including stimulation/inhibition of enzyme
activities involved in steroid synthesis and metabolism,
targeting thyroid peroxidase, and inhibiting cancer
metastasis [317]. Lee et al. [318] and Ziegler et al.
[319] found that Asian women who consumed a diet
rich in soy products had relatively low risk of breast
cancer. Further evaluation of soy-based diets and
foods has confirmed that the main antibreast cancer
ingredient is genistein [320-322]. In a most recent
meta-analysis of prospective studies, it was suggested
that soybean isoflavonoids intake is associated with a
significantly reduced risk of breast cancer incidence in
Asian populations, but not in Western populations.
Further studies are warranted to confirm the finding of
an inverse association of soy consumption with risk of
breast cancer recurrence [323]. Epidemiological
evidence together with preclinical data from animal and
in vitro studies strongly supported a correlation
between soybean isoflavonoids consumption and
protection towards prostate cancers [321, 324].
Besides breast and prostate cancer, isoflavonoids also
showed inhibitory effects on other hormone-related
(e.g., endometrial, ovarian cancer) or hormone-
independent cancers (e.g., leukemia and lung cancer)
[325].

3. PHYTONUTRICEUTICALS CONTENT AND
HEALTH BENEFITS OF VEGETABLES

3.1. Introduction

There is an increasing awareness among the
general public of the advantages of diets rich in
vegetables to ensure an adequate intake of most
vitamins and micronutrients, dietary fibers, and
phytochemicals that promote health. All the vegetables

may offer protection to humans against chronic
diseases. With the exception of glucosinolates and
thiosulfides, which are unique to the crucifers 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 vegetable
group contains a unique combination and amount of
these phytonutriceuticals, which distinguishes them
from other groups and vegetables whithin their own
group. In this section we will highlight the health
benefits of the most studied and consumed vegetables
namely crucifers, alliums, solanaceous vegetables,
cucurbits, legumes, and other minor vegetable families
(Asteraceae, Apiaceae, Chenopodiaceae).

3.2. Crucifers

Cruciferous vegetables (Brassicacea or Cruciferae
family) which include, cabbage, broccoli, cauliflower,
Brussels sprouts, kales, kailan, Chinese cabbage,
turnip, rutabaga, radish, horseradish, rocket,
watercress, mustards, among other vegetables,
provide the richest sources of glucosinolates in the
human diet. Crucifers rich in glucosinolates including
broccoli, cabbage, Brussels sprouts, and kale have
been shown to protect against lung, prostate cancer,
breast cancer, and chemically induced cancers [326-
330]. Epidemiological data show that a diet rich 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 [326, 327, 329-
332].

Comparative studies of glucosinolate profiles
indicate  significant quantitative and qualitative
differences among accessions within each crucifer,
between plant parts, developmental stage, agronomic
management, and climatic conditions [185, 333-344].
Kushad et al. [338] observed in 65 cultivars of broccoli,
that glucoraphanin was the major glucosinolate and
that there was more than 27-fold difference between
the highest concentration in cultivar “Brigadier” and the
lowest concentration in cultivar “EV6-1". Hansen et al.
[204] 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  glucosinolates between the cultivars
examined. Red cabbage cultivars were found to
contain  significantly  higher  concentrations  of
glucoraphanin compared to white cabbage -cultivars.
There were also significant differences within the red
cabbage cultivars. Of the red cultivars examined



Major Classes of Phytonutriceuticals in Vegetables and Health Benefits

Journal of Nutritional Therapeutics, 2012 Vol. 1, No. 1 45

“‘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 lowest 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 significantly higher concentration of
gluconasturtiin compared 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 rutabagas [334].
Fahey et al. [195] 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 significant
glucosinolates are glucoraphanin, glucobrassicin,
progoitrin, and gluconasturtiin [218, 336, 338, 340-343].
In cabbage, Brussels sprouts, cauliflower, kale,
tronchuda and collard the predominant glucosinolates
are sinigrin, progoitrin, and glucobrassicin [204, 333,
336, 338, 344, 345]. In turnip and rutabagas, the
predominant glucosinolates are glucoerucin,
glucoraphanin, and glucobrassicin [334, 337]. In radish,
the predominant glucosinolates are glucoerucin,
glucoraphanin, and glucobrassicin [335, 339]. Each of
these crucifers also contain smaller amounts of other
glucosinolates.

Crucifer vegetables are also rich in vitamins, with
kale rated as the second highest among 22 vegetables
tested [346]. Brussels sprouts and broccoli were also
ranked high in their vitamin content, containing
significant amounts of vitamins C and E, and B-
carotene [346]. Evaluation of a- and (-,0-, and y-
tocopherols, and vitamin C in broccoli, Brussels
sprouts, cabbage, cauliflower, tronchuda, and kale,
showed significant variations between and within these
crucifers [338, 347].Vitamin C is the most abundant
vitamin in all five crucifers tested [347]. Kale had the
highest amount of these vitamins, followed by broccoli,
Brussels sprouts, cabbage and cauliflower. 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 pug/100g, respectively [90, 348].

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 [347]. Cellulose and lignin
concentrations in Brussels sprouts were estimated to
be 36% and 14.5%, while in caulifiower they were
estimated to be about 16% and 13% of the total dry
matter, respectively [350].

There are plenty of crucifers (e.g. kales, tronchuda
cabbages, pak-choy, kailan, rutabaga, turnip, Brussels
sprouts, etc.). that are good sources of calcium. As
mentioned Galega kale contains a high content of
protein, fiber, calcium, and sulfur when compared to
broccoli, the reference within Brassica vegetables.
Crucifers contain very low concentrations of selenium
but they are capable of accumulating substantial
amounts of selenium when grown on high-selenium
soil. Banuelos and Meek [48] reported that broccoli
grown on selenium-enriched soil accumulated
sevenfold more selenium than cabbage, collards and
Swiss chard. Broccoli plants grown outdoors on a
sphagnum, peat moss, and vermiculite medium and
fertiized with  sodium-selenate and  selenite
accumulated 278 mg/g dry weight selenium, in the
edible florets, compared to the nonfertilized control,
which accumulated only 0.13 mg/g dry weight [50]. In
broccoli, selenium is stored as selenocysteine [51].
Selenium-enriched broccoli has been found to reduce
colon cancer and mammary tumors in animal models
[49, 52].

Other antioxidants in crucifers include flavonoids.
Miean and Mohamed [285] examined the flavonoid
content of 62 vegetables and found that broccoli,
caulifliower, cabbage, Chinese cabbage, and kailan
contained between 148 and 219 mg/kg of flavonoids.
Broccoli contained myricetin, quercetin, and luteolin;
caulifiower contained myricetin and quercetin; kailan
contained quercetin and apigenin; while cabbage
contained only myricetin.

3.3. 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. Kubec et al. [235] reported
significant variability in the total thiosulfide (0.02 to
1.3% fresh weight) content and in the relative
proportion of these compounds between and within
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alliums, even when grown under identical conditions.
They 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, onion bulbs contained 34% methiin,
5%ethiin, 6% propiin, 5% alliin, and 49% isoalliin [244],
while garlic cloves contained about 92% alliin, 8%
methiin, and trace amounts of ethiin, propiin, and
isoalliin [351].

The second most important group  of
phytonutriceuticals 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
[275] 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 [285]. 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
[352]. 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 [353].
Red onions contained approximately 1,350 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 [353]. In garlic cloves, 72%
of the total flavonoids are myricetin, 23% apigenin, and
5% quercetin [285]. In chive, garlic chive, and leek the
predominant flavonoid is kaempferol [354].

Onion and garlic are excellent sources of calcium,
potassium and manganese, providing up to 10% of the
human daily requirements of these elements. Onions
and garlics contain very low concentrations of selenium
but they can accumulate selenium if grown in selenium-
rich soils in the form of selenocystein and seleno-
proteins. Ip and Lisk [355] reported that ‘Valencia’
topset garlic cloves contained 0.06 ppm selenium,
while ‘Stuttgart’ onion bulbs contained 0.02 ppm.
Onions also contain chromium and are considered a
good source of this element. Chromium has been
recently linked to diabetes prevention and appears to
act as such by potentiating insulin receptor kinases
[356] and to be a part of the glucose tolerance factor,
involved in cellular responses to insulin. Clinical studies
on diabetic patients have shown that chromium can
decrease fasting glucose levels, improve glucose
tolerance, lower insulin levels and decrease total

cholesterol and triglycerid levels. Two hundred grams
of onions contain up to 20% of the daily requirements
in chromium.

Onions are a rich source of dietary fibers and
especially of inulin, a polyfructosan. The health benefits
of inulin-type fructans to human health have now been
studied for more than one decade [357]. 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 [358]. Neokestose, another
fructan found in onion, has recently been shown to be
an excellent promoter of the growth of beneficial
bacteria [359]. Frutans also promote the absorption of
calcium and could thus be useful in the prevention of
osteoporosis [360]. High-fructan diets have also been
shown to lower concentration of cholesterol,
tryacylglycerol, phospholipids, glucose and insulin in
the blood of middle-aged men and women [361]. Owing
to the presence of prebiotic polysaccharides (inulin),
which are poorly degraded by the gut enzymes, and
the presence of flavonoids, onions have been shown to
possess anti-diabetic potential [362].

3.4. Solanaceous Vegetables

Solanaceous vegetables (Solanaceae family)
include very important vegetables such as tomato,
potato, peppers and eggplant There are significant
differences in the phytonutreucical content between
these solanaceous vegetables, and therefore each
vegetable will be examined separately.

3.4.1. Tomato

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 [363]. Tomatoes and tomato-based foods
are the world richest sources of lycopene. Based on a
fresh weight basis, tomato (on average) contains about
35 mg/kg of lycopene, with red cultivars containing in
average 90 mg/kg of lycopene and yellow ones only 5
mg/kg [364]. Processed tomatoes (sauce, paste, juice,
and ketchup) contain 2- to 40-fold higher lycopene than
fresh tomatoes [363-366]. Tomato contains significant
amounts of a-, B-, y-, O&-carotene ranging in
concentrations form 0.6 to 2.0 mg/kg [367, 368], which
ranks tomato as the fourth leading contributor of
provitamin A and vitamin A in the American diet [89,
369]. People consuming diets rich in tomato and
tomato based products, which are rich in the carotenoid
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lycopene were found to be less likely to develop
stomach and rectal cancers than those who consume
lesser amounts of lycopene rich vegetables [370].

In addition to lycopene, tomatoes are one of the top
contributors of potassium in developed countries and in
the American diet [371].

Tomato fruits are also an excellent source of
ascorbic acid, about 200 mg/kg, and are the major
source of vitamin C next to citrus [372]. Tomato
contains small but significant amounts (1-2 mg/kg) of
lutein, a-, B-, and y-tocopherols, and conjugated
flavonoids [367, 368, 373]. 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 [374].
Flavonoids in fresh tomato are present only in the
conjugated form as quercetin and kaempferol [281], but
processed tomato products contain significant amounts
of free flavonoids [374]. Flavonoid content is affected
by cultivar and culture. For example, cherry tomatoes
have a markedly higher flavonoid content than
standard or beef tomato cultivars, and field-grown fruits
have higher flavonoid content than greenhouse-grown
tomatoes [282, 374]. Tomato cultivars are available
containing twice 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 cultivars with the high crimson gene).

3.4.2. Potato

In general, potato is perceived only as a source of
carbohydrates, but is also an excellent source of
essential amino acids. 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 [375-377]. The
lysine content of potato complements cereal-based
diets, which are deficient in this amino acid.

In addition to high quality proteins, potato tubers
accumulate significant amounts of vitamins and
minerals, as well as an assortment of phytochemicals
including phenolics, phytoalexins, and protease
inhibitors. Chlorogenic acid constitutes up to 90% of
the potato tuber natural phenols. Others found in
potatoes are 4-O-caffeoylquinic acid (crypto-
chlorogenic acid), 5-O-caffeoylquinic (neo-chlorogenic
acid), 3,4-dicaffeoylquinic and 3,5-dicaffeoylquinic
acids [378]. 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 allowance)
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 vyellow, 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 [370].
Total phenolics in potato tubers range in concentration
from 0.5 to 1.7 g/kg [380, 381]. Al-Saikhan et al. [382]
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 [382, 383], with chlorogenic acid representing
about 90 percent of the total polyphenolic content
[378].

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
[376, 384, 385]. 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 B-carotene [386, 387, 388].
Potato also contributes a small amount of selenium
(0.01 mg/kg) and folate (0.35 mg/kg) to the human diet
[348, 389].

3.4.3. Peppers

There are sweet and chili hot peppers. All fresh
sweet peppers are excellent sources of vitamins C, K,
carotenoids, and flavonoids [390]. Red bell peppers
also contain lycopene, which helps to protect against
cancer and heart disease [54, 55]. Possibly due to their
vitamin C and beta carotene content, bell peppers have
been shown to be protective against cataracts [39].
Beta-cryptoxanthin, another carotenoid in red peppers,
is holding promise for helping to prevent lung cancer
related to smoking and secondhand smoke. Besides
being rich in many different powerfull 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
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allowance for adult men and women [391]. The level of
provitamin A carotenoids (a- and 3-carotene) is cultivar
specific. Some cultivars of chili hot pepper have as
much as 12 mg/kg total carotenoids, while others are
bellow the detectable level [391, 392]. Major flavonoids
in the peppers are quercetin and luteolin. They are
present in conjugated form and their content varies
among cultivars ranging from not detectable to 800
mg/kg [393]. When comparing the nutrient values of the
different bell peppers, studies have shown that red bell
peppers have significantly higher levels of nutrients
than green.

Chili hot peppers have amazingly high levels of
vitamins and minerals. Just 100 g provides (in % of
recommended 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 [19]. Fresh chili hot peppers, red or green,
are rich source of vitamin-C. One hundred grams fresh
chilies provide about 143.7 ug or about 240% of
recommended daily allowance. Chilies 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 replenish. Chili hot
peppers contain a good amount of minerals like
potassium, manganese, iron, and magnesium. The
major phytochemicals in chili hot peppers are
capsaicinoids. More than 20 capsaicinoids, belonging
to two groups, capsaicin and dihydrocapsaicin, have
been identified in chili hot pepper. The capsaicin in hot
peppers has been shown to decrease blood cholesterol
and triglycerides, boost immunity, and reduce the risk
of stomach ulcers. Capsaicin has also analgesic , anti-
bacterial, and anti-diabetic properties. It is also
prescribed for bladder hypersensivity, vasomotor
rhinitis, and hyperreflexia of spinal origin [394].

3.4.4. Eggplant

The eggplant, in addition to featuring a host of
vitamins and minerals, also contains 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
phytochemical in eggplant. Nasunin is part of the
anthocyanin purple pigment found in the peel of
eggplant, purple radish, red turnip, and red cabbage
[277, 278, 395]. Matsuzoe et al. [396] examined the
profile of anthocyanins in several eggplant cultivars and

found that nasunin represents between 70 to 90% of
the total anthocyanins in the peel. Nasunin is an
antioxidant that effectively scavenges reactive oxygen
species, such as hydrogen peroxide, hydroxyl and
superoxide, as well as inhibits the formation of hydroxy!
radicals, probably by chelating ferrous ions in the
Fenton reaction [277, 395].

In eggplant the predominant phenolic compound
found in all cultivars tested is chlorogenic acid, which is
one of the most potent free radical scavengers found in
plant tissues [396]. Benefits attributed to chlorogenic
acid include antimutagenic (anti-cancer), antimicrobial,
anti-low density lipoproteins (bad cholesterol) and
antiviral activities. Whitaker and Stommel [396] studied
seven eggplant cultivars grown commercially in the
United States and a diverse collection of exotic and
wild eggplants from other counties. In addition to
chlorogenic acid, they found 13 other phenolic acids
present at significantly varying levels in the commercial
cultivars, although chlorogenic acid was the
predominant phenolic compound in all of them. ‘Black
Magic’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.

Eggplant fruits also contain several other
antioxidants including the carotenoids lycopene, lutein,
and a-carotene, as well as the flavonoids myricetin and
kaempferol [285, 397]. Total antioxidant activity of
eggplant was estimated to be about 190 umol Trolox
equivalent per 40g serving size, which ranks it in the
middle among 22 commonly consumed vegetables
[375]. Eggplant is an excellent source of digestion-
supportive dietary fiber and bone-building manganese.
It is very good source of enzyme-catalyzing
molybdenum and heart-healthy potassium. Eggplant is
also a good source of bone-building vitamin K and
magnesium as well as heart-healthy copper, vitamin C,
vitamin B6, folate, and niacin [398, 399].

3.5. Other Vegetables

The Cucurbitaceae family (e.g., pumpkin, squash,
melon, cucumber) is rich in vitamin C, carotenoids, and
tocopherols [400]. Burger et al. [401] in a survey of 350
melon accessions from different 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 -carotene content
ranged from 7.0 to 32.0 mg/100g and 4.7 to 62.2
pg/100g, respectively in sweet melons [402]. Bitter
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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 critical when
pharmaceuticals are not available, as happens in a
great part of the developing world [4].

The Fabaceae or Leguminosae family, which
includes all the legumes (e.g., bean, pea, soybean,
chickpea, lentils), as mature and immature seeds, are
good sources of dietary fiber and isoflavonoids. Mallillin
et al. [403] determined the total, soluble and insoluble
fibre and fermentability characteristics of ten legumes
mature seeds (mung bean, soybean, peanut, pole
sitao, cowpea, chickpea, green pea, lima bean, kidney
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 colon (as mmol/g/fibre isolate of acetate,
propinate, butyrate produced after fibre fermentation
measured by HPLC) were pole sitao and mung bean
(acetate), kidney bean and pigeon pea, (propinate),
and peanut and cowpea (butyrate). High-flavonol
legumes include sugar shap peas and mange-tout,
which were found to contain 98 and 145 ug quercetin/g
respectively. As mentioned some legumes are also rich
in iron. Trinidad et al. [404] determined the mineral
availability 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 soybeans). 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.
Groundnuts 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 differs and may be attributed to their
mineral content, mineral-mineral interaction and from
their phytic and tannic acid content. For example mung
bean (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 [405].

The Asteraceae or Compositae family (eg., lettuce,
chicory) is rich in conjugated quercetin, flavonoids, and
tocopherols. Crozier et al. [282] observed sizeable
variations in flavonol content with lettuce cultivars. The
commonly consumed small "round" lettuce contained
only 11 ug/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,
contained 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.
Romaine lettuce is richer in lutein than head lettuces;
and leafy and romaine lettuces are richer in quercetin
[406].

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
vegetable sources for the flavonoid apigenin and
vitamin E [407], and carrots have an unique
combination of three flavonoids: kaempferol, quercetin,
and luteolin [274, 275, 408]. In carrot, overallcarotenoid
levels, have increased dramatically in the past four
decades through traditional breeding to reach levels of
1,000 ppm carotenoids, on a fresh weight basis [409].

The Chenopodiaceae family (e.g., spinach, Swiss
chard, beet greens) is an excellent source of folate [90]
and has been shown to inhibit DNA synthesis in
proliferating human gastric adenocarcinoma cells [410].
The Chenopodiaceae vegetables are also among the
most oxalate dense vegetables [411, 412]. When
oxalates become too concentrated in body fluids, they
can crystallize and cause health problems such as
kidney calcium oxalate stones.

6. CONCLUSIONS

Regular consumption of a vegetable rich diet has
undeniable 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 largely 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
guenching free radicals or indirectly by participating in
cell signaling pathways sensitive to redox balance.
Nutrients such as potassium contribute to blood
pressure regulation. The dietary fiber content and type
of different vegetables may also contribute to the
overall health benefit, such as improving bowel transit,
lowering cholesterol, helping manage blood glucose
concentrations, and by transporting a significant
amount of minerals and phytochemicals linked to the
fibre matrix through the human gut.
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The health promoting phytonutriceuticals in the
most studied and consumed vegetables, and their
biological activity against chronic diseases, have been
discussed in this article. 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
phytonutriceuticals and to get all the health benefits.
The availability of a large diversity of vegetables year
round, and the knowledge of vegetable health benefits,
enable consumers to include a variety of health-
promoting phytonutriceuticals in their diets.
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