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Abstract

Vegetables have remarkable nutritional and health benefits. There are good
reasons to include vegetables in human diet since they are enriched in bioac-
tive compounds and by this reason they may help reduce the risk of some
diseases. In this paper it was analyzed the nutrition quality and effect on dis-
ease prevention of vegetables. Each vegetable family and each vegetable con-
tain a unique combination of bioactive compounds. The health benefit of
vegetables should not be linked to one type of vegetable. It is presented some
experimental research evidences that vegetables exert anti-oxidative, an-
ti-carcinogenic, anti-diabetic and cardiovascular disease lowering effects. The
mechanism by which vegetable bioactive compounds decrease the risk of
some of these diseases is complex and sometimes unknown.
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1. Introduction

Vegetables are important for nutritional balanced diets since they supply bioac-
tive compounds such as dietary fiber, vitamins, minerals, and phytochemicals
[1] [2] [3]. They are also associated with disease prevention by improvement of
gastrointestinal health, good vision, and reduced risk of chronic and degenera-
tive diseases such as cardiovascular diseases, certain cancers, diabetes, rheuma-
toid arthritis and obesity [3]-[8].

In recent years consumers began to be more aware of the relation of eating
patterns with nutrition and human disease prevention and there is a general

agreement among scientists, nutritionists and dieticians that the promotion of a
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greater consumption of vegetables will improve nutrition quality and will bring
health benefits.

The mechanisms by which vegetable consumption prevents diseases have not
yet been fully understood [2] [3]. However, scientists, nutritionists and dieti-
cians believe that the bioactive compounds such as dietary fiber, vitamins, min-
erals, and phytochemicals contents are responsible for mitigating some human
diseases. All these different compounds may contribute to the overall health
benefit. So the health benefit of vegetables should not be linked to only one bio-
active compound or one type of vegetable, but rather with a balanced diet that
includes more than one type of vegetable [1] [2] [3].

Some vegetable phytochemicals (glucosinolates, thiosulfates, polyphenols,
bioactive peptides, etc.) have positive effects on health. They are strong antioxi-
dants and they reduce the risk of chronic diseases by protecting against free rad-
ical damage, by modifying metabolic activation and detoxification of carcino-
gens, or even by influencing mechanisms that alter the course of tumor cells [1]
[2] [3]. Phytochemicals are the key to better health as well as disease prevention.

All vegetables are sources of important vitamins (C, A, B1, B6, B9, E) and
minerals, and consequently have nutritional and health benefits [2] [3].

Dietary fiber is a major constituent of vegetables. Dietary fiber and other bio-
active molecules content have been usually addressed separately in nutritional
studies. However, vegetables dietary fiber transports, through the human gut, a
significant amount of phytochemicals, vitamins, and minerals linked to the fiber
matrix [9] [10]. Therefore, associated phytochemicals, vitamins and minerals of
the whole food may contribute to the overall health benefit usually attributed to
the dietary fiber of vegetables [2] [3].

The objective of this paper is to explore the nutritional quality and effect on

disease prevention of vegetables.

2. Nutritional Quality of Vegetables
2.1. Vegetables

From more than 1000 plants that are used as vegetables, Kays and Dias [11] [12],
based in a world survey, report that at least 402 vegetables are cultivated and
commercialized worldwide. They represent 69 families and 230 genera. From
these great diversity leafy and stalk vegetables group comprised 53% of the total,
followed by fruit and flower vegetables group (15%), and below ground (root,
bulb, and tuber) vegetables group (17%). Many of these vegetable crops have
more than one part used.

Leafy and stalk vegetables group include: lettuce, chicory, coles (head cabbag-
es, kales, tronchudas, collards, Brussels sprouts, etc.), Chinese cabbage, pak-choi,
turnipgreens, mustards, rocket, watercress, Swiss chard, spinach, purslane, New
Zealand spinach, celery, asparagus, rhubarb, fennel, chives, parsley, coriander,
etc.

Fruit and flower vegetables group include: tomato, pepper, eggplant, water-
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melon, melon, cucumber, squash, pumpkin, zucchini, bitter gourd, peas, beans,
lentils, okra, sweet maize, cauliflower, broccoli, kailan, broccoletti, artichoke, etc.

Root, bulb, and tuber vegetables group include: carrot, garden beet, turnip,
radish, rutabaga, parsnip, sweet-potato, cassava, celeriac, onion, garlic, shallot,

leek, Welsh onion, potato, etc.

2.2.Vegetables and Human Nutrition

Until few years ago it was believed, that the key for human nutrition and health,
it was only 14 vitamins and 16 essential minerals. Recently, with the great de-
velopments in chemistry, it was found that, in addition to these vitamins and
minerals, vegetables contain thousands of beneficial phytochemicals. As men-
tioned some vegetable’s phytochemicals are robust antioxidants and are believed
to reduce the risk of some chronic and degenerative diseases [2] [3] [4].

With the exclusion of the organosulfur compounds (OSCs) glucosinolates and
thiosulfates (which are distinct phytochemicals of Brassicaceae and Alliaceae
families, respectively), the phytochemicals, vitamins, and minerals content of
many vegetables lie principally in dietary fiber, polyphenols (carotenoids, flavo-
noids), vitamin C, folate, calcium and selenium [2] [3]. The principal dissimilar-
ity is that each vegetable family incorporates a distinct amalgam and amount of
these bioactive compounds, which differentiate them from other vegetables [2]
[13].

Vegetables of the Apiaceae family (carrot, parsnip, celery, celeriac, fennel,
parsley, coriander, etc.) are rich in flavonoids, carotenoids, vitamin C, and vita-
min E. For example celery and parsley are among the best vegetables sources for
the flavonoid apigenin and vitamin E [2] [14], and carrots have a unique com-
bination of three flavonoids: kaempferol, quercetin, and luteolin [15] [16] [17].

Vegetables of the Asteraceae or Compositae family (lettuce, endive and esca-
role chicories, stem lettuce, globe artichoke, etc.) are rich in flavonoids, toco-
pherols and conjugated quercetin. Crozier ef al. [18] observed sizeable variations
in flavonol content within lettuce cultivars. The outer leaves of “Lollo Rosso”, a
red cultivar, contained 911 pg/g fresh weight of quercetin, in contrast with the
common head lettuce that contained only 11 pg/g. And the levels in iceberg let-
tuce were even lower than in the head lettuce. The red color of “Lollo Rosso”
lettuce is due to high levels of anthocyanins, which like quercetin, are products
of the phenylpropanoid pathway. As one end-product of the pathway has been
elevated, it may well be that other related compounds, including the flavonols,
are also found in higher concentrations. Roman lettuce is richer in lutein than
head lettuces; and leafy and roman lettuces are richer in quercetin [3] [13].

The Chenopodiaceae family vegetables (Swiss chard, spinach, garden beet,
quinoa, etc.) are among those that are rich in oxalates [19] [20], but also excel-
lent sources of dietary fiber, vitamins, calcium, manganese, flavonoids and caro-
tenoids. When oxalates become too concentrated in body fluids, they can crys-

tallize and cause health problems such as kidney calcium oxalate stones.
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The Cucurbitaceae tamily vegetables (e.g. squash, pumpkin, cucumber, melon,
bitter gourd, etc.) are rich in carotenoids, and tocopherols, and vitamin C [21].
Burger et al. [22] in a survey of 350 melon accessions observed a 50-fold varia-
tion in ascorbic acid content, ranging from 0.7 mg to 35.3 mg/100 g fresh weight.
Ascorbic acid and S-carotene content ranged from 7.0 to 32.0 mg/100 g and 4.7
to 62.2 ug/100 g, respectively in sweet melons [23].

The vegetables of the Leguminosae or Fabaceae family (all the legumes, e.g.
pea, bean, soy-bean, lentils, chickpea, etc.), mature and immature seeds, are
great sources of dietary fiber, resistant starch, protein, isoflavonoids [24], cal-
cium and iron. Mallillin et al. [25] studied the total, soluble and insoluble fiber
and fermentability characteristics of ten legumes mature seeds (mungbean,
soyabean, peanut, pole sitao, cowpea, chickpea, green pea, lima bean, kidney
bean and pigeon pea). They concluded that the dietary fiber content in these 10
legumes ranged from 20.9 to 46.9 g/100 g and that the best sources after in vitro
fermentation using human faecal inoculum stimulating conditions in the human
collon (as mmol/g/fibre isolate of acetate, propinate, and butyrate produced after
fibre fermentation), were pole sitao and mungbean (acetate), kidney bean and
pigeon pea (propinate), and peanut and cowpea (butyrate). High-flavonol le-
gumes include sugar snap peas and mange-tout, which were found to contain 98
and 145 pg quercetin/g respectively [2]. As mentioned some legumes are also
rich in iron. Trinidad ef al [26] studied the mineral availability in vitro of iron,
zinc and calcium in ten local legumes (cowpeas, mung beans, pole sitao, chick-
peas, green peas, groundnuts, pigeon peas, kidney beans, lima beans and soya-
beans). They found that the highest iron availability among these legumes was
for lima beans and mung bean; while for zinc and calcium, the highest availabil-
ity was for kidney beans and pigeon peas. Groundnuts have the lowest iron, zinc
and calcium availability. They concluded that mineral availability of iron, zinc,
and calcium from legumes differs and may be attributed to their mineral con-
tent, mineral-mineral interaction and from their phytic and tannic acid content.
Mung bean 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
(1] [27].

Vegetables of the Brassicaceae or Cruciferae family, which include kales, col-
lards, cabbages, Brussels sprouts, cauliflower, broccoli, kailan, pak-choi, Chinese
cabbage, turnip, broccoletti, swede, watercress, radish, horseradish, rocket, mus-
tards, etc. are high sources of glucosinolates, as well as vitamin C, carotenoids,
folates, calcium, and can accumulate selenium. Comparative studies of glucosi-
nolate profiles within each Cruciferae, and among accessions and plant parts,
indicate significant quantitative and qualitative differences [28]-[39]. Kushad et
al. [34] observed in sixty-five brocolli cultivars, that glucoraphanin was the pre-
dominant glucosinolate and that there was more than 27-fold difference between
the highest concentration in “Brigadier” and the lowest in “EV6-1”. Hansen et al.
[40] also observed in twenty-one red cabbage and six white cabbage cultivars, a
considerable variation in the concentration of glucosinolates. Red cabbages were
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found to contain significantly higher concentrations of glucoraphanin compared
to white ones. There were also significant differences within the red cabbages
examined: “Rodima” had the highest level of glucoraphanin (7.4 mg/g) whereas
“Primero” has the lowest (0.6 mg/g). The white cabbages presented significantly
higher levels of glucoiberin compared to red ones: white cabbage “Bartolo” had
the highest concentration of glucoiberin (7.4 mg/g), whereas “Candela” has the
lowest (1.7 mg/g) and red cabbages ranged from 3 to 0.3 mg/g. The red cabbages
were also found to contain significantly higher levels of gluconasturtiin com-
pared to white: “Amager Garo” had the highest level of gluconasturtin (1 mg/g)
whereas “Primero” had the lowest (0.1 mg/g). In turnip and rutabagas were also
observed similar differences between accessions [30]. Fahey et al [41] evaluated
glucosinolate content of broccoli sprouts and found that they contain nearly 20-
to 50-fold higher glucosinolates concentrations than tissue from mature plants.
In broccoli heads, the predominant glucosinolates are glucoraphanin, glucobras-
sicin, progoitrin, and gluconasturtiin [32] [34] [36] [38] [42] [43]. In cabbage,
Brussel sprouts, cauliflower, kale, tronchuda and collard the most significant
glucosinolates are sinigrin, progoitrin, and glucobrassicin [29] [32] [34] [39]
[40] [44]. In turnip and rutabagas, the major glucosinolates are glucoerucin,
glucoraphanin, and glucobrassicin [30] [33]. In radish, the most significant glu-
cosinolates are glucoerucin, glucoraphanin, and glucobrassicin [31] [35]. Each of
these Cruciferaealso contain smaller amounts of other glucosinolates.

Cao e/ al. [45] observed that in Brassicaceae vegetables vitamin C is the most
abundant vitamin in coles (cabbage, broccoli, cauliflower, Brussels sprouts,
tronchuda, and kale), and that kale rated as the second highest vitamins content,
and the second highest among twenty-two vegetables. They are also excellent
sources of folate. Brussels sprouts and broccoli rank among the highest vegetable
sources for folate [46] [47]. Most of the Cruciferae are also good sources of cal-
cium. Kales, tronchudas and collards contain the highest content in fiber and
calcium when compared to other Brassicaceae. Vegetables of the Cruciferae fam-
ily are able of accumulating selenium when grown on selenium enriched soils.
Banuelos and Meek [48] stated that broccoli grown soils with high-selenium le-
vels accumulated 7-fold more selenium than cabbage, collards and Swiss chard.

Vegetables of the Alliaceae family (e.g. onions, garlic, shallots, leek, Welsh
onion, chives, etc.) are rich in thiosulfates, flavonoids, calcium, potassium,
manganese, chromium and can accumulate selenium. The types and composi-
tion of thiosulfates differs from Alliums [49]. Kalra et al. [50] reported that garlic
fresh bulbs contain thirty-three thiosulfates. The major thiosulfates in the cytop-
lasm of Allium species are S-allyl-cysteine sulfoxide (alliin), S-methyl-cystein
sulfoxide (methiin), and p-glutamylcysteine [51]. Other minor thiosulfates in-
clude S-propenyl-cystein sulfoxide (isoalliin) and S-ethyl-cystein (ethiin) [52].
None of the thiosulfates found in Alliums have been detected in other vegeta-
bles, except S-methyl-cystein sulfoxide (methiin) which was detected in some
Cruciferae [53]. The most important thiosulfates detected in onion bulbs are
isoalliin (49%), methiin (34%), propiin (6%), ethiin (5%) and alliin (5%); and in
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garlic alliin (92%), methiin (8%) and trace amounts of ethiin, propiin, and isoal-
liin [51] [53] [54] [55].

The second most important group of bioactive compounds in Alliums are
flavonoids. Miean and Mohamed [56] mentioned that onion leaves had the
highest total flavonoid content among sixty-two different vegetables. About 55%
of this total of flavonoids is quercetin, 31% kaempferol, and 14% luteolin. Two
flavonoids are found in onion bulbs: anthocyanins in red onions, and flavonols
like quercetin (more than 95%) and kaempferol in most yellow onion varieties
[57]. White onion cultivars have significantly less quercetin than the red ones [2]
[3] [58]. In garlic cloves, 72% of the total flavonoids is myricetin, 23% apigenin,
and 5% quercetin [56]. In chive, garlic chive, and leek the predominant flavono-
id is kaempferol [58].

Onion and garlic are excellent sources of calcium, potassium and manganese
providing up to 10% of the human daily requirements. Most of the onions and
garlics contain very low concentrations of selenium but can accumulate sele-
nium when grown on selenium enriched soils. Ip and Lisk [59] reported that
garlic fertilized with a high selenium and low sulfur fertilizer accumulated be-
tween 110 and 150 ppm selenium, while onion accumulated up to 28 ppm.
Onions also contain chromium [2]. 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 that has prebiotic properties [2]
[3].

Vegetables of the Solanaceae family that includes tomato, potato, sweet and
hot peppers, eggplant, etc. are very diverse, in their contribution to bioactive
compounds.

Tomato is the second most produced and consumed vegetable in the world
after potato. Tomato has a unique nutritional and phytochemical profile. Caro-
tenoids are the major bioactive compounds in tomato with 60% to 64% lyco-
pene, 10% to 12% phytoene, 7% to 9% neurosporene, and 10 to 15% carotenes
[60]. Red varieties of tomato contain more lycopene (on average 90 mg/kg) than
yellow ones (5 mg/kg) [61]. The average daily intake of lycopene in human diet
is about 25 mg/day. Processed tomatoes (juice, sauce, paste, and ketchup) con-
tain higher lycopene (2- to 40-fold) than fresh tomatoes [60] [62] [63]. Lycopene
is a very potent antioxidant [64] [65].

Tomato contains also significant amounts of a-, -, y-, d-carotene (0.6 to 2.0
mg/kg) which make it for consumers a top contributor of provitamin A and vi-
tamin A [66] [67]. Tomatoes are also an excellent source of vitamin C [68]. To-
mato contains small amounts of lutein, a-, f-, and y-tocopherols, and conju-
gated flavonoids (quercetin and kaempferol) [66] [69] [70] [71]. About 98% of
these flavonoids are present in the peel [72]. Cherry tomatoes cultivars have
higher flavonoids content than beef ones, and field-grown tomatoes have higher
flavonoids content than greenhouse-grown ones [18] [72]. Tomatoes are also an

excellent source of potassium.
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Potato is usually only associated as a source of carbohydrates. But it is also an
excellent source of essential amino acids (such as lysine) and other bioactive
compounds [2]. In addition to superior quality proteins, potato tubers also have
significant amounts of vitamins and minerals, as well as phytochemicals (phe-
nolics, phytoalexins, etc.), and protease inhibitors [73] [74]. There are yellow,
red, and purple fleshed potato cultivars with high content of phytochemicals,
nevertheless some cultivars are known to have lower [2]. Other bioactive anti-
oxidants presented in potato tubers include a-tocopherol, lutein, S-carotene, fo-
lates and selenium [73] [74].

Peppers are excellent sources of vitamins C, K, carotenoids, and flavonoids
[75]. They provide also a respectable amount of dietary fiber. Peppers contain in
average 1 to 2 g/kg vitamin C, which is equivalent to 200 to 300% of the recom-
mended daily allowance [76]. Their content of provitamin A carotenoids (a- and
pf-carotene) depends in the cultivar. Some cultivars of hot pepper have 12 mg/kg
total carotenoids, while others have trace amounts [76] [77]. In pepper major
conjugated flavonoids are quercetin and luteolin. Their content varies among
cultivars ranging from not detectable to 800 mg/kg [78]. Red bell peppers have
significantly higher levels of bioactive compounds than green ones. Red bell
peppers also contain lycopene [74].

In hot peppers or chilies the major phytochemicals are capsaicinoids [2] [74].
More than 20 capsaicinoids, belonging to capsaicin and dihydrocapsaicin
groups, have been identified. Capsaicin contributes about 70% for the pun-
gent/hot fire flavour in chili peppers, while dihydrocapsaicin represents 30%
[79]. Significant variations in capsaicinoids are found between and within pep-
pers, ranging from about 220 ppm in Capsicum annum (sweet pepper) to 20,000
ppm in Capsicum chinense (hot pepper) [80]. Fresh chili peppers have high le-
vels of vitamins and minerals. Just 100g of hot peppers, red or green, provides
240% of vitamin C, 39% of vitamin B6-complex group, 32% of vitamin A, 13%
of iron, 14% of copper, 7% of potassium, of the recommended daily allowance
[81]. Chilli peppers contain a good amount of manganese and magnesium [2].

Eggplant besides vitamins (C, K, B6-complex group, folate, and niacin) and
minerals (magnesium, copper, manganese, molybdenium, potassium) also con-
tains important phytochemicals like flavonoids, such as nasunin, and phenolic
compounds, such caffeic and chlorogenic acid [2] [74]. Nasusin is the major
phytochemical in purple eggplant cultivars. Nasunin is part of the anthocyanin
purple pigment found in the skin of eggplant [82] [83] [84]. Matsuzoe et al. [85]
examined the profile of anthocyanins in several eggplants and found that
nasunin represents between 70% to 90% of the total anthocyanins in the skin.
Nasunin is an antioxidant that effectively scavenges reactive oxygen species, such
as hydrogen peroxide, hydroxyl and superoxide, as well as inhibits the formation
of hydroxyl radicals, probably by chelating ferrous ions in the Fenton reaction
[82] [84]. The predominant phenolic compound found in all cultivars of
eggplant tested by Matsuzoe et al [85] is chlorogenic acid, which is one of the

most potent free radical scavengers found in plant tissues. Benefits attributed to
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chlorogenic acid include anti-mutagenic (anti-cancer), anti-microbial, anti-low
density lipoproteins, and anti-viral activities. In addition to chlorogenic acid,
Whitaker and Stommel [86] found 13 other phenolic acids present in seven
eggplant cultivars. “Black Magic” was found by these authors to have nearly
three times the amount of antioxidant phenolics as the other eggplant cultivars
studied. Eggplant fruits also contain several other antioxidants including flavon-
oids myricetin and kaempferol as well as carotenoids lycopene, lutein, and
a-carotene [56] [87]. Eggplant is richer in nicotine than any other edible vegeta-
ble and contains measurable amounts of oxalates [2] [74]. Due to oxalates indi-
viduals with already existing and untreated kidney or gallbladder problems may
avoid eating eggplant [74] [88].

Looking generally for the nutrition quality of vegetables groups we can say. In
the leafy and stalk vegetables they are fiber sources, rich in important minerals
such as calcium, magnesium and iron, and vitamins C, A and riboflavin. In this
group young fresh leaves contain more vitamin C than mature plants. The thin-
ner and greener leaves are more nutritious respecting vitamins and minerals but
less nutritious respecting dietary fiber. The green outer leaves of head or pseu-
do-head leafy vegetables such as cabbage, lettuce, and endive chicory, are usually
richer in calcium, magnesium, iron, and vitamins than the inner leaves. Stalk
vegetables like tronchuda cabbage, pak-choy, celery and asparagus are rich in di-
etary fiber.

In the fruit and below ground organ vegetables the skin and inside color re-
flect different bioactive compounds/pigment present. Anthocyanins (flavonoid)
give vegetable leaves, below ground organs and fruits their purple and pur-
ple-red colour appearance, such as in red anthocyanin lettuce and endive chi-
cory, red cabbage, Swiss chard, rhubarb, etc. (leafy and stalk vegetables), garden
beet, purple carrot, red onion, purple and purple-red skinned potato, purple
sweet potato, etc. (below ground vegetables) and purple eggplant, purple tomato,
purple pepper, purple and black broccoli, purple corn, etc. (fruit and flowering
vegetables). The most abundant carotenoids in vegetables are a-carotene,
P-carotene and lycopene (carotenes), and lutein, zeaxanthin, and S-cryptoxanthin
(xanthophylls) [2] [74] [89]. The most common carotenes are S-carotene and
lycopene. f-carotene (as well as a-carotene) can be found in orange and yellow
skin fruits, below ground organs and leafy vegetables [2] [74]. As a rule of
thumb, the greater the intensity of the orange colour the more f-carotene the
vegetable contains [2] [74]. Lycopene can be found in red fruits (e.g. tomato),
red below ground organs (e.g. red carrot) and red leafy vegetables. Lutein is the
most abundant xanthophyll [2] [74]. Xanthophylls are responsible for the yellow
colour of vegetables.

2.3. ANDI and Nutritional Quality of Vegetables

ANDI (Aggregate Nutrient Density Index) is a scoring system based on nutrient
content, rated on a 1 - 1000 scale that was established by Dr. Fuhrman [90]. This
index are scores attributed to a variety of vegetables (and other foods) based on
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how many nutrients they deliver to our body in each calorie consumed. It was
calculated by evaluating the content of dietary fiber, vitamins, minerals, phyto-
chemicals, antioxidant capacities, etc. It is an index that estimates the nutritional
quality of vegetables. Table 1 presents the highest ANDI scores in leafy vegeta-
bles.

Three main vegetables families are shown in this table: Brassicaceae (kale, col-
lard greens, mustard greens, turnip greens, watercress, pak-choy, Chinese cab-
bage, Brussels sprouts, rocket, cabbage and broccoletti); Chenopodiaceae, (Swiss
chard and spinach); and Asteraceae (green leaf lettuce, chicory and Romaine
lettuce). The highest ANDI scores of non-leafy vegetables are presented in Table
2.

Table 2 also shows other Brassicaceae like radish, turnip, kohlrabi, cauliflow-
er, and rutabaga. Different vegetables from various families are also shown as
well as differences among the peppers, where orange pepper is better than the
red and red better than the green pepper.

Leafy vegetables thus have the highest ANDI scores compared to other vege-
tables. They are rich in dietary fiber, carotenoids, vitamin C, vitamin E, flavono-
ids, calcium, magnesium, etc. All the leafy vegetables are good sources of mag-
nesium because they have chlorophyll

The leafy vegetables with high ANDI scores are Brassicaceae. They have die-
tary fiber and are a rich source of glucosinolates and other bioactive nutrients,
and have a very high content in calcium and pS-carotene. They are excellent
sources of lutein and can also accumulate selenium.

Another important family is Chenopodiaceae. A recent research has shown
that Swiss chard leaves contain at least thirteen distinct polyphenol antioxidants
[91] comprising the flavonoids kaempferol and syringic acid [91] [92] [93].
Swiss chard and garden beet leaves have are a unique source of the bioactive an-
tioxidants named betalains [2] [74]. Nine betacyanin pigments were identified in
the reddish-purple stems and veins of the leaves of Swiss chard and beet [94]. In
the Swiss chard’s yellowish stems and veins were identified nineteen betaxanthin
pigments, including histamine-betaxanthin, alanine-betaxanthin,
tyramine-betaxanthin, and 3-methoxytyramine-betaxanthin [94].

In Asteracea, lettuces and chicories are the main vegetables used in raw salads.
Leaf and Romain lettuces have higher ANDI scores (585 and 510 respectively)
than iceberg lettuce. Besides the nutritive value of leaf and Romaine lettuce are
higher than head lettuces (butter and batavia types). They have more dietary fi-
ber, minerals, vitamins, and phytochemicals. Raw vegetables are the healthiest
food we can eat since some phytochemicals are only available if we eat the vege-
tables raw [95].

In the non-leafy vegetables we have after radish and turnip (both Brassica-
ceae) the carrots. They are high in fiber and nutrient rich. Carrots have different
colors. Orange carrots have a- and f-carotene (vitamin A-rich carotenoids) and
purple carrots are rich in anthocyanins (flavonoids) and low in carotenoids [96]

[97]. Winter squash “Acorn” has a high S-carotene content. Kohlrabi, cauliflower

DOI: 10.4236/fns.2019.104029

377 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2019.104029

J. S. Dias

Table 1. List of identified leafy vegetables with the highest ANDI scores.

Vegetable ANDI Vegetable ANDI
1) Kale 1000 9) Chinese cabbage 714
2) Collard greens 1000 10) Brussels sprouts 672
3) Mustard greens 1000 11) Rocket 604
4) Swiss chard 1000 12) Lettuce, green leaf 585
5) Turnip greens 1000 13) Chicory 516
6) Watercress 1000 14) Romaine lettuce 510
7) Pak-choi 865 15) Cabbage 481
8) Spinach 739 16) Broccoletti 455

Table 2. List of identified non-leafy vegetables with the highest ANDI scores.

Vegetable ANDI Vegetable ANDI
1) Radish 502 7) Cauliflower 315
2) Turnip 473 8) Rutabaga 296
3) Carrots 458 9) Bell pepper, Red 265
4) Winter squash “Acorn” 444 10) Bell pepper, Green 258
5) Bell pepper, Yellow/Orange 371 11) Artichoke 244
6) Kohlrabi 352 12) Asparagus 234

and rutabaga are also Brassicacea and so they are good sources of vitamins,
minerals and healthy glucosinolates. Kohlrabi (stem) and rutabaga (roots) be-
sides having high vitamin C and anti-oxidant content due to glucosinolates, are
good alternative to potatoes since they are not starchy as potato and can be eaten
raw and when sliced they do not produce discoloration. The nutritional value of
the outer leaves of cauliflower is much higher than the flower buds. Artichoke is
rich in fiber and a good source of minerals, namely calcium, potassium and
phosphorus. It contains also many bioactive compounds such as glycosides and
phenolics, mainly caffeicinic acid [98]. Asparagus besides rich in fiber is a very

rich source of folic acid.

3. Effect on Disease Prevention of Vegetables
3.1. Effect on Cancers

The International Agency for Research on Cancer (IARC) estimates that the
percentage of cancers due to unbalanced diets with low vegetable intake and low
consumption of complex carbohydrates and dietary fiber, ranges from 5% to
12% for all cancers, and 20% to 30% for upper gastrointestinal tract cancers [2]
[3]. The World Health Organization (WHO) states that about 14% of worldwide
deaths are attributable to gastrointestinal cancers due to inadequate vegetable
and fruit consumption [99]. The American Cancer Society observed that more

than two-thirds of cancers deaths in the United States are avoidable, and report
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that one-third of cancer deaths can be prevented by a proper diet rich in vegeta-
bles [100] [101].

Numerous epidemiological studies conducted in the United States and in de-
veloped countries, which include results from tests on adenomatous polyps (the
precursors to colorectal cancer) concluded that high vegetable intake decrease
the risk of colorectal cancer [26] [102] [103] [104] [105] [106]. Witte et al [107]
observed significantly lower incidence of colorectal polyps in men and women
ages between 50 and 74 years old who consumed higher rates of vegetables
namely crucifers, garlic and tofu. Interestingly is also that this research con-
cluded that vegetables have more beneficial effects against colorectal polyps than
fruits or fiber from grains. In another research with 41,837 women aged between
55 and 69 years old, Steinmetz et al. [106] found a 20% to 40% reduction in risk
of colon cancer in populations with higher vegetable consumption. Other studies
have also estimated lower risk of colon cancer, ranging from 3 to 8 fold due to
high vegetable and fruit intake [26] [108] [109] [110]. Increasing the consump-
tion of vegetables reduces the risk of cancer since the antioxidants in vegetables
prevent the oxidative damage of the cells in the body [111] [112].

Leafy vegetables have protective effects against cancers, specially gastrointes-
tinal carcinomas, mainly due to dietary fiber, but also to phytochemicals, vita-
mins (G, E, K, and A) and minerals they contain [113]. Tewani e/ al. [114] states
that spinach shows protective effects against gastrointestinal cancer by reducing
oxidative stress thanks to vitamins (C and E), carotenes (mainly S-carotene), lu-
tein, and flavonoids (mainly flavones) it contains.

Cruciferous vegetables rich in glucosinolates have been shown to protect
against lung, prostate cancer, breast cancer, and chemically induced cancers
[115] [116] [117] [118] [119]. The evidence concerning the anti-carcinogenic ef-
fect of glucosinolates of Cruciferous was from 7n vivo studies, mainly with broc-
coli, using animal models and human volunteers [116] [118]-[124].

Intact glucosinolates have no biological activity against cancer. However their
breakdown products have been shown to stimulate mixed-function oxidases
involved in detoxification of carcinogens, reducing the risk of certain cancers
[28] [125] [126]. Not all glucosinolate breakdown products have anticancer ac-
tivity [127]. The glucosinolates glucoraphanin, glucoiberin, glucobrassicin and
gluconasturtiin are involved in the anti-carcinogenic activity, and glucorapha-
nin is known to bolster the defenses of cells against carcinogens through an
up-regulation of enzymes of carcinogen defense.

Epidemiological data show that a diet rich in Cruciferous can reduce the risk
from several cancers by an intake of at least 10 g per day [115] [116] [118]. Epi-
demiological studies have suggested that diets rich in broccoli, may reduce the
risk of prostate cancer, and consumption of one or more portions of broccoli per
week can reduce the incidence and the progression from localized to aggressive
forms of prostate cancer [118] [119]. There is also strong evidence that isothi-
ocyanates (an important group of breakdown products of glucosinolates) from

Cruciferous prevent bladder cancer, namely transitional cell carcinoma of the
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urinary bladder [128].

Consumption of Allium vegetables has been also found to retard growth of
several types of cancers. A number of epidemiological studies show inverse cor-
relations between the consumption of Allium vegetables, mainly onions and gar-
lics, and the reduced incidence of cancers.

There is strong link between the consumption of onions and the reduced in-
cidence of stomach and intestine cancers [129] [130]. Control studies reveal that
consumption of 1 to 7 portions of onions per week reduces the risks of colon,
ovary, larynx, and mouth cancers [131]. Mortality due to prostate cancer also
appears to be reduced by a diet making a large consumption of onions [132].
Onion extracts prevent tumors by inhibiting the mutation process [133] and re-
ducing the proliferation of cancer cells [134].

Epidemiological researches show the correlation between moderate garlic in-
take and a low esophageal and stomach tract cancers incidence [131] [135]
[136]. Garlic extracts prevent tumor initiation by inhibiting the activation of
pro-carcinogens and by stimulating their elimination [137] [138]. A regular
consumption of garlic has been associated also with the reduction in the inci-
dence of preneoplastic lesions occurring in the gastric mucosa of individuals in-
fected by Helicobacter pylori [139]. Other studies analyzing the preventive effect
of garlic have evidenced their suppressive potential on the development and
progression of colorectal adenomas [110] [140]. A reduced cancer risk by regular
consumption of garlic has been widely documented also for colorectal and pros-
tate cancers [131] [136] [141] [142]. The impact of a diet rich in Allium vegeta-
bles in anti-prostate cancer is higher in men presenting localized rather than
advanced forms [142].

The impact of a regular intake of Allium vegetables on the incidence of can-
cers affecting breast, endometrium and lungs have been studied in a limited
number of investigations [143] [144] [145]. The risk of breast cancer was shown
to decrease as consumption of Allium increased [143]. Onion extracts has apop-
tosis-inducing effects in epithelial MDA-MB-231 cells that cause breast cancer
[146].

In tomato several investigations have shown an inverse relationship between
plasma/serum lycopene concentrations and the risk of some cancers [147]-[153].
Reports on thirteen cancer types were identified in literature, of which breast,
colorectal, gastric-gastrointestinal, and prostate cancers. For breast, colorectal,
and gastric cancers, the existing data support a potential protective association
between tomato and lycopene intake and cancer risk. People consuming diets
rich in tomato/lycopene and tomato based products were found to be less likely
to develop stomach and rectal cancers than those who consume lesser amounts
[154]. Among the cancers investigated prostate cancer is the most widely re-
searched. Tomato and lycopene intake is preventive against prostate cancer [13]
[155]. Hadley et al [156]. In an epidemiological study found that consuming
tomato and tomato products was associated with a lower incidence of prostate

cancer [156]. A prostate cancer risk reduction of nearly 35% was observed when
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the test subjects consumed ten or more servings of tomato per week [157]; and
the effect was much stronger for patients with more aggressive and advanced
stages of cancer [157].

Other Solanaceae associated with cancer prevention are chili peppers and
eggplant. Chili peppers are tough to prevent cancer cells from growing, devel-
oping and spreading due to it capsaicin content [158]. A study of Nagase ef al
[159] showed that eggplant extract inhibited human fibrosarcoma HT-180 cell
invasiveness.

Consumption of legumes like soybean, chickpea, and lentil rich in isoflavo-
noids daidzen, genistein and gycitein, have been suggested to have multiple
beneficial effects in a number of diseases, including certain types of cancer [160]
[161]. Ziegler et al. [162] observed that Asian-American women who consumed
a diet rich in soy had low risk of breast cancer incidence. Later studies of soy rich
diets confirmed that the main anti-breast cancer ingredient is genistein [163]
[164] [165]. Dong et al [166] in a meta-analysis of prospective studies pointed
out that soybean isoflavonoids intake is associated with a significantly reduced
risk of breast cancer incidence in Asian populations, but not in Western popula-
tions. Epidemiological indications jointly with clinical data from animal and in
vitro studies highly supported a positive correlation between soybean isoflavo-
noids consumption and protection towards prostate cancers [164] [167]. Besides
breast and prostate cancer, soy isoflavonoids also exhibit inhibitory effects on
ovarian cancer, leukemia and lung cancer [168].

Anti-carcinogenic effect of carrot juice extracts on myeloid and lymphoid
leukemia cell lines was investigated by Zaini et al [169]. Carrot juice extracts
owned the ability to “kill” leukemia cells and inhibit their progression. Those
researchers believed that S-carotene and falcarinol present in the carrot juice ex-
tract may have been responsible for this positive effect. As a complement of this
study Larsen et al. [170] examined the impact of carrot and falcarinol feeding
toward the development of azoxymethane-induced colon preneoplastic lesions
in the rat colon. The results of this study demonstrated that diets with carrot and
falcarinol have the potential to delay the development of large aberrant crypt foci
and colon tumors on rats. Purup et al [171] observed also that carrot extracts
which contain falcarinol and related aliphatic C17-polyacetyenes (falcarindiol
and falcarindiol 3-acetate), had significant inhibithory effect on intestinal cancer
cell proliferation. Pisani et al [172] in a case-control study show that smokers

who eat carrots more than once a week have a smaller risk of lung cancer.

3.2. Effect on Cardiovascular Diseases

Vegetables offer protection against cardiovascular diseases since they are free of
saturated fat, trans fat and cholesterol and rich in bioactive compounds such as
dietary fibers, OSCs, flavonoids, carotenoids, phytoestrogens, monoterpenes and
sterols. Unbalanced diets with low vegetable intake, has been estimated to cause
about 31% of ischaemic heart disease and 11% of stroke worldwide [3]. An
healthy diet with high vegetable consumption has been associated with lower
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risk of cardiovascular disease in humans [173] [174]. Liu et al. [175] test the in-
fluence of vegetable intake on the incidence of cardiovascular disease among
15,220 male physicians without a history of heart disease or stroke. The results of
this investigation show that the participators who consumed more than two
servings of vegetables per day had 25% less cardiovascular disease than those
who consumed less than one serving. Based on this and other researches, the
American Heart Association (AHA) has concluded that a diet high in vegetables
and fruits may reduce the risk of cardiovascular disease in humans [176].

Prevention of cardiovascular diseases has been attributed to regular garlic
consumption. Epidemiological studies demonstrate that there is an inverse cor-
relation between garlic consumption and incidence of cardiovascular diseases [3]
[74]. Yeh and Liu [177] show that garlic extracts and their OSCs have cholesterol
and lipid lowering effects by inhibiting monooxygenase and HMG-CoA reduc-
tase two key enzymes involved in cholesterol and fatty acid syntesis. Moriguchi
et al. [178] reported that garlic extracts have fibrinolytic effect by inhibiting lipid
peroxidation and hemolysis of erythrocytes. Chang et al [179] in their studies
reported also the anti-platelet effect of sodium 2-propenyl thiosulfate from gar-
lic, by inhibiting cyclooxygenase enzyme activity.

Similar to garlic, onions also contain a number of OSCs and flavonoids, such
as quercetin, that can reduce the risks for cardiovascular diseases by increasing
antioxidant capacity [3] [74] [180]. Hubbard et al [181] in a pilot study in
humans showed that the consumption of the equivalent of 3 onions in a soup
was sufficient to significantly reduce the blood platelet aggregation. Platelet
aggregation is an important risk for the development of coronary thrombosis
and atherosclerosis. Briggs et al. [182] observed that by cutting raw onions
S-alkenyl-L-cysteine sulfoxides are converted by enzyme alliinase into thiosulfi-
nates and copaenes and these compounds inhibit platelet aggregation. Ried et al.
[183] report also that onion and garlic had a blood pressure lowering effect by
inhibiting angiotensin-converting enzyme activity and inducing intracellular ni-
tric oxide and hydrogen sulfide production.

The consumption of leafy vegetables, due to bioactive compounds, increase
antioxidant capacity and protect against oxidative stress which play an impor-
tant role in the pathogenesis of cardiovascular diseases. Another reason is their
low sodium, and high calcium and magnesium content [3] [74]. Furthermore
that consumption also reduces blood pressure, inhibit platelet aggregation and
improve endothelial dysfunction due to their rich inorganic nitrate content
[184]. In diets where the consumption of leafy vegetables is high the rate of car-
diovascular diseases is lower comparing with diets with less consumption [3]
[74] [185]. Rastogi et al [186] observed that individuals with consumption of
more than three portions of leafy vegetables a day have an incidence of about
60% less of ischemic heart disease than those consuming less than one portion.
Saluk et al. [187] report that anthocyanin extracted from red cabbage have pro-

tective effect on blood platelets.
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In broccoli, indole-3-carbinol and sulforaphane, which are hydrolysis break-
down products of glucosinolate glucoraphanin, are thought to be the major bio-
active compounds protective against cardiovascular diseases [188] [189]. Jeffery
and Araya [189] report that indole-3-carbinol and sulforaphane besides protect-
ing against ischemic damage of the heart also protect against inflammation by
inhibiting cytokine production [189]. Murashima et al [190] reported in a study,
with multiple biomarkers for metabolism and oxidative stress, that broccoli
sprouts decrease levels of total cholesterol and low-density lipoprotein choles-
terol and increase levels of high-density lipoprotein cholesterol.

Jorge et al [191] show in their studies that eggplant is effective in the treat-
ment of high blood cholesterol. Guimaraes et al. [192] showed a significant de-
crease in blood levels of total cholesterol and low-density lipoprotein cholesterol
in human volunteers who were fed with eggplant powder. Kwon et al. [193] pre-
sented eggplant phenolics as inhibitors of key enzymes relevant for type 2 di-
abetes and hypertension.

Legumes are also protective against cardiovascular diseases due to their high
saponin and soluble fiber content [2] [3] [74]. Soluble fiber delays gastric emp-
tying, slows glucose absorption and lowers serum cholesterol levels [194]. In
several epidemiologic studies it was observed a positive correlation between in-
creased legume consumption and reduced mortality due to cardiovascular dis-
ease [195] [196]. Consumption of legumes reduce the levels of total cholesterol
and low-density lipoprotein cholesterol by inhibiting the absorption of bile acid
from intestines and by promoting the formation of propionic acid and other
short chain fatty acids that inhibit the synthesis of cholesterol [197].

Nicolle et al [198] suggest that carrot intake may exert a protective effect
against cardiovascular disease and that this protective effect may be due to the
synergistic action of dietary fiber and antioxidant polyphenols in carrot. Gra-
menzi et al [199] states that the consumption of carrots is associated with
smaller risk of acute myocardial infarction in women. Gilani et al [200] ex-
amined in rats the anti-hypertensive effect of DC-2 and DC-3, two cumarin gly-
cosides from carrot. Their results showed that these glycoside compounds
caused a decrease in arterial blood pressure in the rats. Further in vitro studies
by the same researchers, demonstrate that the decreased blood pressure observed
may be due to the calcium channel blocking action of cumarin glycosides DC-2

and DC-3 from carrots.

3.3. Effect on Diabetes

Dias and Imai [95] highlight the nutritional and health benefits of different veg-
etables and their dietary fiber, vitamin C, vitamin E, carotenoids, flavonoids,
thiosulfates, magnesium, selenium, zinc, and chromium contents, to prevent and
reverse diabetes. Besides they also analyzed when we should eat the vegetables,
and mainly the effect of eating vegetables before carbohydrates on postprandial
blood glucose levels, and glycemic control. Data of these authors shows that eat-
ing vegetables before carbohydrates is effective to reduce postprandial hypergly-
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cemia in type 2 diabetes patients, as well as in healthy people. So vegetables
should be eaten before carbohydrates at every meal [95].

Carter et al. [201] in a systematic review and meta-analysis found that greater
leafy vegetables consumption was colligated with 14% decrease in risk of type 2
diabetes. Another previous research reported that each daily serving of lea-
fy-green vegetables generates a 9% decrease in risk of type 2 diabetes [202]. Khan
et al. [203] saw that oral feeding of regular rats for 60 days with a mustard (Bras-
sica juncea) diet (10% w/w) led to significant hypoglycemic effect. This result
was associated to the positive stimulation of glycogen synthetase and to the sup-
pression of glycogen phosphorylase and some other gluconeogenic enzymes. As
menthioned Swiss chard leaves contain syringic acid that have blood sugar regu-
lating properties [91] [92] [93]. Syringic acid was demonstrated to inhibit the ac-
tivity of a-glucosidase enzyme. When a-glucosidase gets inhibited, fewer carbo-
hydrates are converted to sugars and blood sugar is able to remain more steady
[204]. Garden beet leaves have the same properties, since beet and Swiss chard
are both from the Chenopodiaceae family [3] [74]. Yoshikawa ef al [205], in a
oral glucose tolerance test (OGTT) conducted in rats, that measures the body’s
ability to metabolize glucose [206], observed that several glycosides isolated from
the root extract of beet increase glucose tolerance. Gu et al [207] report that
purslane had hypoglycemic effects in a study comparing the hypoglycemic and
antioxidant activities of the fresh and dried purslane in insulin-resistant HepG2
cells and streptozotocin-induced diabetic mice. In another study in adult pa-
tients with type 2 diabetes it was found that consumption of purslane extract
significantly reduced HbAlc levels and post-prandial blood glucose [208].

Alliaceae vegetables are necessary ingredients of a diabetes prevention diet.
Garlic lowers blood sugar levels in diabetic patients [209] and administration of
S-methyl cysteine sulfoxide isolated from onion restrained blood glucose and
showed significant hypoglycemic effect in rats [2] [74]. El-Demerdash et al
[210] in a biochemical study on the hypoglycemic effects of onion and garlic in
alloxan-induced diabetic rats report that these vegetables had a hypoglycemic
effect. Other investigations evaluating the hypoglycemic, antioxidant and hepa-
toprotective potentials of onion show that onion consumption increased the le-
vels of enzymes superoxide dismutase, catalase and glutathione peroxidase [211]
and reduce insuline resistance [212]. Onions and other Alliaceae also contain
chromium that is linked to diabetes prevention by enhancing insulin receptor
kinases [213]. Clinical surveys on diabetic patients showed that chromium can
decrease fasting glucose, ameliorate glucose tolerance and bring down insulin
levels. Swamy et al. [209] observed that 200 g of some cultivars of onions contain
chromium up to 20% of the daily requirements.

Nutritionists and dieticians commonly recommend diabetic eating carrots in
moderation because they say that carrots contain more sugar than other vegeta-
bles. Although carrots are not a negative vegetable for the diabetic since they
have fiber-rich fractions that transports a significant amount of polyphenols and
carotenoids linked to the fiber matrix; they are relatively low in calories and the
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glycemic load is only 3 [97]. Carrots when are eaten raw their glycemic effect is
lessened further as the body does not absorb all of the calories in raw aliments
[3] [74]. Chau ef al. [214] comparing the characteristics, functional properties,
and 7n vitro hypoglycemic effects of various carrot insoluble fiber-rich fractions
confirmed the great relationship between dietary fiber intake and lower risk of
type 2 diabetes since those authors concluded, from their study, that the en-
hanced glucose absorbance capacity and reduction of amylase activity of dietary
fiber of carrot help control pos-prandial serum glucose level. Recent research
advocates that orange carrot with a- and f-carotene might help diabetics to suc-
ceed in their illness [97] [215]. Purple carrots, rich in anthocyanins and low in
carotenoids, were also recently associated with reduction in impaired glucose
tolerance [96].

Curcubitaceae is a very important family for diabetics since includes several
vegetables with anti-diabetic properties. Bitter gourd (Momordica charantia)
have been intensively studied for its anti-diabetic attributes. Different studies
reported hypoglycemic and anti-hyperglycemic properties of bitter gourd [209]
[216] [217] [218]. Clinical surveys on diabetic patients using pulp and juice ex-
tracts of bitter gourd were reported to bring down serum insulin levels, to lower
fasting blood glucose levels, and to ameliorate glucose tolerance [219]. Vicine,
charantin and polypeptide-p are the principal hypoglycemic bioactive com-
pounds from bitter gourd [220]. But there are also carotenoids (f-carotene,
lutein, and zeaxanthin), triterpenoids (momordicin), alkaloids and saponins,
responsible for their side effect on glycemic control [221]. Momordicin possess
insulin-like activity [222].

Besides bitter gourd other non-sweet Curcubitaceae that have anti-diabetic
properties are ivy gourd (Coccinia grandis), snake gourd ( Trichosantes cucume-
rina), and ridge gourd (Luffa acutangula). In ivy gourd immature fruits have an-
ti-hyperglycemic properties since they help regulate blood sugar levels [223]. In
India they are used to prevent or treat diabetes [223]. Bioactive compounds in
the ivy gourd inhibit glucose-6-phosphatase [211], a liver enzyme involved in the
regulation of sugar metabolism. Snake gourd is also considered to be useful in
treating type 2 diabetes [209]. Ridge gourd contains insulin like peptides, and
alkaloids that help to lower fasting blood glucose levels [209] [217].

Legumes consumption is also colligated with reduced risk of type 2 diabetes
since they are the ideal carbohydrate source [3] [90] [224]. They are low in gly-
cemic load due to their moderate protein and abundant dietary fiber and resis-
tant starch (that is fermented by bacteria in the colon). This chemical composi-
tion of legumes decreases the number of calories that can be absorbed which
contribute to the control of blood sugar levels.

Kwon et al. [193] presented eggplant phenolics as inhibitors of key enzymes

relevant for type 2 diabetes and hypertension.

4. Conclusions

Consumption of a vegetable rich diet has unquestionable positive effects on nu-
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trition and health since vegetables are rich in bioactive compounds such as die-
tary fiber, vitamins, minerals, and phytochemicals that can protect the human
body from several types of chronic and degenerative diseases.

Leafy vegetables have the highest ANDI scores compared to other vegetables.
The three leafy vegetables families with high ANDI scores are Brassicaceae Che-
nopodiaceae, and Asteraceae. Leafy and stalk vegetables are fiber sources, rich in
important minerals such as calcium, magnesium and iron, and vitamins C, A
and riboflavin. Fruit and below ground organ vegetables, the skin and inside
color reflect different bioactive compounds/pigment present.

In this article it was presented some experimental research evidences that the
bioactive compounds are responsible for mitigating some human diseases. An-
ti-oxidative, anti-carcinogenic, anti-diabetic and cardiovascular disease lowering
effects of bioactive compounds of vegetables have been reported. The mechan-
ism by which vegetable bioactive compounds decrease the risk of some of these
diseases is complex and sometimes unknown. All the different bioactive com-
pounds may contribute to the overall health benefit since each vegetable family
and each vegetable contain a unique combination of bioactive compounds. So
the health benefit of vegetables should not be linked to only one bioactive com-
pound or one type of vegetable, but rather with a balanced diet that includes

more than one type of vegetable.
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