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Abstract

Nutraceuticals have been successfully applied as sustainable alternatives for the control and prevention of
large number of diseases. In day to day life Nutraceuticals have received considerable attention because
they are harmless, efficient and have potential nutritional value as well as therapeutic effects. Among
natural dietary supplements, vegetables being low in calories are packed with vitamins, minerals,
antioxidants and phytochemicals. They play an important role in the human diet and are rich sources of
biologically active compounds which are very essential for human beings. Phyto-nutraceuticals include
lycopene from tomato, curcumin from turmeric, carotenoids from carrot etc are very popular. Number of
studies has proved that vegetables contain more health giving ingredients as sugars, amino acids and
vitamins have long been recognized for their health benefits to humans. As technology and research
techniques are improving, other substances in vegetables that were previously ignored are getting the
spotlight. Another active nutraceutical ingredients in vegetables are flavonoids. They can act as potent
antioxidants and metal chelators. They also have long been recognized to possess anti inflammatory,
antiallergic, hepatoprotective, antithrombotic, antiviral, and anti carcinogenic activities. Antibacterial
activity has been displayed by a number of flavonoids. Flavonoids, especially quercetin, has been
reported to possess antidiabetic activity. The potential great number of phytochemicals including some of
the vitamins, flavonoids, terpenoids, carotenoids, phenolics, phytoestrogens, minerals and antioxidants in
vegetables are used as alternative preservative agents for controlling postharvest physiological disorders
or microbial pathogen injuries of vegetables in the food industry. Moreover, these natural compounds
have become interesting candidates not only for plant protection but also human and animal health
protection from fungal and bacterial diseases because of their lower toxicity or absence of toxicity. The
present review will focus on Nutraceutical value of vegetables.
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Introduction

Nutraceuticals are any substance that is a food or a part of a food and provides medical or
health benefits, including the prevention and treatment of diseases. The term "Nutraceutical"
was coined by combining the terms "Nutrition™ and "Pharmaceutical™ in 1989 by Dr Stephen
De Felice, Chairman of the Foundation for Innovation in Medicine. A product isolated or
purified from foods that is generally sold in medicinal forms not usually associated with food.
A nutraceutical is demonstrated to have a physiological benefit or provide protection against
chronic disease (Gupta et al., 2013; Sarin et al., 2012) 2% 52 \egetables are functional foods
nutraceuticals because they provide minerals and nutrients which are health promoting. They
play an important part in the human diet and are a major source of biologically active
nutraceuticals. It have been explored recently as sustainable alternatives for the control and
prevention of large number of diseases. They have received considerable attention because
they are safe, efficacious and have potential nutritional value as well as therapeutic effects.
Among natural dietary supplements, vegetables being low in calories are packed with
vitamins, minerals, antioxidants and phytochemicals. Some popular phyto-nutraceuticals
include lycopene from tomato, carotenoids from carrot etc. Such compounds play a role in
disease prevention/reduce disease risk factors through antioxidant activity. Functional
attributes of many traditional vegetables are being discovered, while new food products are
being developed with additional nutraceutic components. Therefore the plant substances
important to human nutrition must be clearly identified and should be intend to breed cultivars
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with improved nutritional attributes through conventional and
molecular breeding approaches (Rai et al., 2012) 1581,
Nutraceutical rich vegetables have medical health benefits
including the prevention and treatment of diseases (Ramaa et
al. 2006) 9. Vegetables are rich sources of bioactive
compounds such as flavonoids, carotenoids, anthocyanins,
vitamins and other polyphenolics (Hiroyuki et al., 2003) 2,
Such compounds play a role in disease prevention reduce
disease risk factors through antioxidant activity. Researchers
have identified hundreds of compounds in vegetable crops
with functional qualities and they continue to make new
discoveries  surrounding the complex benefits of
phytochemicals such as lycopene in tomatoes, cucumin in
turmeric, gingerol in ginger, organosulphur compounds in
allium species, omega-3-fatty acids in cucurbitaceous
vegetable seeds and so on (Sirtori et al., 2002; Ram et al.,
2000; Holman et al., 1998) [84 % 221 The vegetable breeders
have been able to boost the nutritional content of certain
vegetable crops like vitamin enhanced broccoli and essential
amino acids enriched potatoes. There has been an explosion
of consumer’s awareness regarding the vegetables with
physiologically-active specific nutraceuticals. Such products
include food supplements, dietary supplements, valueadded
processed vegetables as well as non food supplements such as
tablets, soft gels, capsules etc (Whitman, 2001; Wildman,
2001) (6% 701,
Herbal medicine is the need of the day. With the modernised,
competitive lifestyle and ever increasing stressful conditions,
all types of diseases are having a field day. Allopathic cure is
available for most of the disorders but it comes at a price.
First, the cost of medicine is increasing day by day as for all
other commodities. Second, allopathic medicines are
associated with a variety of side effects. Therefore, more and
more people are inclining towards lifestyle modification and
use of herbal products only. This helps in keeping various
diseases at bay and
boosting the overall health of the person. Herbal or plant
medicine constitutes an effective source of both traditional
and modern medicines. It is more popular in rural population
and around 80% of rural population in India depends on it for
their primary health care. (Israel et al., 2010) 7,
Medicinal plants offer a rich, though inadequately explored,
source of components which provide a variety of health
benefits. These components, known as phytochemicals, can
act as (Dillard et al., 2000) 31,
1. Substrates for various biochemical reactions.
2. Cofactors/ inhibitors of different enzymatic reactions.
3. Absorbents/sequestrants that bind to and eliminate
undesirable constituents in the intestine.
4. Ligands that behave as agonists or antagonists of cell
surface or intracellular receptors.
5. Scavengers of highly reactive or toxic chemicals.
6. Compounds that enhance the absorption and/ or stability
of essential nutrients.
7. Selective growth factors for beneficial gastrointestinal
bacteria.
8. Fermentation substrates for useful oral, gastric or
intestinal bacteria and selective inhibitors of harmful
intestinal bacteria.

Foods containing these phytochemicals are known as
‘nutraceuticals’. The term nutraceutical is derived from the
words ‘nutrition’ and ‘pharmaceutical’. Thus, nutraceutical is
a food or a part of the food which exerts a curative or
preventive effect on disease. These include various nutrients,
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dietary supplements, specially designed diets or herbal
products. Nutraceuticals of both plant and animal origin hold
great opportunities for food industries to bring out novel food
catering to future needs (Kalra EK 2003; Pandey et al., 2010)
(28,511 The phytochemicals present in these foods have wide
range of therapeutic effects against a number of diseases like
diabetes, heart disease, common cold, arthritis, cancer,
hypertension, dyslipidemia, inflammatory bowel disease,
depression etc. Compounds like phenylpropanoids,
isoprenoids,  polyphenols,  anthocynidins,  flavonoids,
terpenoids, carotenoids, phytoestrogens and alkaloids etc are
responsible for the beneficial effects of diet rich in fruits and
vegetables. Melatonin  (N-acetyl-5 methoxytryptamine)
is also found in plant diets which produce kynuramine, a biog
enic amine, by oxidative metabolism. Kynuramine improves
mitochondrial metabolism, acts as cyclooxygenase2 inhibitor
and an important antioxidant (lriti et al., 2006) 251,

The interface between the nutritional environment and
cellular/ genetic processes is termed as ‘nutrigenomics’. It
provides a molecular enlightenment of phytochemicals
benefitting human health by altering the expression or
constitution of genes. This leads to alteration in initiation,
development and progression of different diseases. Thus,
nutrigenomics is very important in the role of nutraceuticals
against ageing and different diseases by proving genetic
information Prakash et al., 2012 [591,

Emerging trends in nutraceuticals

Nutraceuticals may be divided into herbal/ natural products,
dietary supplements and functional foods. Out of these, most
rapidly growing segment is herbal/ natural products followed
by dietary supplements. The generation of scientific research
linked foods of plant origin and health has resulted in
understanding that plant bio-active compounds have
antioxidant and other health promoting properties. High
dietary intake of fibres in the form of fruits, vegetables, whole
grains is strongly linked to a reduced risk of chronic diseases
like cancer and cardiovascular diseases. Cancer development
is a chronic, stepwise complex process culminating into
metastsis if not tackled in time. Epidemiological studies now
provide convincing evidence that dietary factors may modify
carcinogenesis. A number of phytochemicals as well as some
plant origin foods with yet unidentified components possess
anti-carcinogenic and anti-mutagenic properties. Thus, use of
these bioactive compounds as chemopreventive substances, in
future can not be overlooked (Cherdshewasart et al., 2009) !,
Similarly, isoflavonoids or soy products and flaxseed have the
abilityto decrease total and low density lipoprotein cholesterol
(LDL-C) and increase high density lipoprotein cholesterol
(HDL-C) resulting in reduced risk of cardiovascular diseases
(CVDs). Phytoestrogens are also reported to be beneficial in
prevention of CVDs. For CVD, importantrisk factors include
obesity, hyperlipidemia, hypertension and diabetes\ which can
be countered by phytochemicals. Phytochemicals help in
reducing oxidative stress also which is implicated in process
of atherosclerosis. Nutraceuticals help in boosting the
antioxidant defense system of the body (Prakash et al., 2011;
Prakash and Gupta 2011) 15 541,

Categories of Nutraceuticals (Craig and Beck 1999) 14,

1. Substances with established nutritional value i.e.
nutrients e.g. vitamins, minerals, amino acids, fatty acids,
polysaccharides etc.
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2. Products of herbs or botanical products in the form of
concentrates or extracts i.e. herbals e.g. aloe vera, wheat
grass, ginger, garllic etc.

3. Compounds derived from other sources serving specific
functions such as sports nutrition, weight-loss
supplements and meal replacements termed as dietary
supplements.

Nutraceuticals have many beneficial effects; hence, they have
been used for treating and prevent many health problems,
such as cancer, inflammation, hypertension, cardiovascular
diseases, atherosclerosis, obesity, diabetes and
others. (Nasri et al., 2014) 8. Some nutraceuticals, such as
silymarin, curcumin, vitamin E, docosahexaenoic acid,
choline and phosphatidylcholine are used in treating and
preventing steatosis (Stellavato et al., 2018) ¢, Additionally,
many nutraceutical products, such as gallic acid, caffeine,
curcumin and others act as anti-aging and antioxidant agents
(Bourbon et al., 2015; Zhang et al., 2019) © 1. PUFA1-rich
fish oils reduce the risk of coronary cardiovascular diseases
and enhance the brain functions (Liu et al., 2016) B,
Nutraceuticals are famous for their anticancer efficacy; hence,
many nutraceutical ingredients, such as
epigallocatechingallate, curcumin, pomegranate and others,
treat different types of cancer, such as breast cancer, prostate
cancer and other types of cancer. (Hu et al., 2012) 4, The
global spread of nutraceutical products has dramatically
increased recently. The main factor that lead to inflating the
market share of these products, is that Nutraceuticals have no
strict regulations to control them (Nounou et al., 2018) °1. On
the other hand, pharmaceutical products are controlled by
strict regulations and are closely monitored. Pharmaceutical
products are also strictly regulated and have a governmental
sanction (Nasri et al., 2014) 8. Moreover, nutraceuticals
have been advertised under the claim of being safe, effective
and being a drug substitute. Additionally, it has been claimed
that these products can beused in preventing and treating
many health problems without any side effects (Ekor, 2014)
(6] The patients also have been concerned about the use of
pharmaceutical products because of their high price and
several side effects (Nounou et al., 2018) . Therefore, the
market share of nutraceuticals has been tremendously
expanded. Approximately 80% of global population preferred
dusing dietary supplements and nutraceuticals (Ekor, 2014)
(161 Nutraceutical products now are the fastest growing
market\ with an estimated worth of USD 117 billion globally
in 2017 (Swaroopa and Srinath 2017) 671,

Classification of Nutraceuticals

Based on food sources, nutraceuticals can be classified as
1. Dietary fibres: These are the plant origin substances
present in food which are not digested in gastointestinal tract
and add bulk to the intestinal contents. Examples include
fruits, barley, oats, lignin, cellulose, pectin etc. Generous
intake of these fibres in diet is associated with low risk of
CVD, hypertension, diabetes, obesity, and colon cancer and
gastrointestinal disorders (Das et al., 2012) 121,

2. Probiotics: These are live microbial feed supplements
which when administered in adequate dose help in improving
the intestinal microbial balance of the host e.g lactobacilli,
bifidobacteria etc. There administration is reported to be
associated with a decreased risk of allergy, asthma, cancer,
infection of ear and urinary tract (Lenoir —~Wijnkoop et al.,
2007) B8,
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3. Prebiotics: These are the dietary ingredients that benefit
the host by selectively altering the composition or metabolism
of gut microbiota. These are, generally, fructose based
oligosaccharides existing naturally or supplemented in the
food and are not digested by human beings. Examples of such
foods are chicory roots, banana, tomato and alliums, beans
etc. These are found to be beneficial in improving lactose
tolerance, detoxification, and dyslipidemia, relief from
constipation and in certain tumours (Hord et al., 2012) 1231,

4. Polyunsaturated fatty acids: These may be omega 3 fatty
acids e.g. a-linolenic acid, eicosapentaenoic acid and
docosahexaenoic acid found in fatty fishes, flaxseed, soybean
etc. or omega 6 fatty acids e.g. a-linoleic acid and arachidonic
acid found in corn, safflower, sunflower and soybean etc(Das
etal., 2012) [*2,

5. Antioxidant vitamins: These include vitamin C, vitamin E
and carotenoids. These vitamins are abundant in many fruits
and vegetables and possess singlet oxygen quenching and
lipid peroxidation preventing properties. Regular intake of
these helps in prevention of a number of diseases (Das et al.,
2012) (121,

6. Polyphenols: These phytochemicals are produced by plant
for protection against photosynthetic stress and reactive
oxygen species e.g flavonoids, anthocyanins and phenolic
acids. These possess anti-inflammatory and antioxidant
properties and are found in foods like legumes, tea and
soybean etc. (Das et al., 2012) 121,

7. Spices: These are esoteric foods adjuncts used to enhance
sensory quality of foods. Most of the components of spices
are terpenes and other constituents of essential oils. Minute
quantities  of  dietary  spices have  antioxidant,
chemopreventive, antimutagenic, anti-inflammatory amd
immune modulatory effects (Kochhar et al., 2008) B9,

Phytochemicals as Neutraceuticals

Phytochemicals are part of a plant’s natural systems of
defense and repair. Our bodies utilize a small fraction of these
components by incorporating them into various cellular and
metabolic  processes that enhance cellular growth,
regeneration and repair. Some phytochemicals act as
antioxidants, some protect and regenerate essential nutrients,
and still others work to deactivate cancer-causing substances.
Phytochemicals impart health benefits to humans in addition
to those provided by vitamins and minerals alone.
Phytochemicals differ from vitamins and minerals in that they
are not considered “essential” nutrients, i.e., those which are
critical for normal metabolism and growth. With the
exception of carotenoids, they are similar to vitamins and
minerals in that they are not stored in the body for later use
and must be consumed consistently over time (Krishnaswamy
and Raghuramulu, 1998) B, Perhaps, the most well-known
phytochemicals are the antioxidant group, which protect cells
from damage caused by the by-products (free radicals) of
metabolism, as well as toxic substances in the environment
and foods. At high levels, reactive species, such as reactive
oxygen and nitrogen species, can be damaging to cells and
may contribute to cellular dysfunction and disease.
Antioxidants significantly decrease the adverse effects of
reactive species by eliminating free radicals as they circulate
throughout the body. Beta-carotene and the other carotenoids
are not antioxidants, but influence the biochemical reactions
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involved in the oxidative process. Other phytochemicals
include: sulfides (allium), indoles, phytosterols, protease
inhibitors, phenols, tannins and terpenes. The phytochemicals
can play chemo preventive roles in regards to human cancer
by modulation of the cancer cellcycle, proliferation inhibition,
and induction of apoptosis (Martin, 2003) [ A
phytochemical is often found in the coloring agent offruits
and vegetables, so eating brighter colored varieties may have
benefits. However, there are also several beneficial
phytochemicals in colorless or less colorful fruits and
vegetables for example, onions and corn are rich in
phytochemicals. Based on their chemical structure
phytochemical are classified into the ten categories; basically
they are subdivided into three main categories i.e. phenolic
acids, flavonoids and stilbenes or ligans; these flavonoids are
further subdivided into anthocyanins, flavones, flavanones,
isoflavones as well as flavonols and flavanols.
Phytochemicals as  natural
antimicrobials

Natural preservatives derived from plant extracts such as
phytochemicals and essential oils are used against fungal
development in many fruits and vegetables after harvest (Kaur
and Kapoor, 2001) . The efficiency of an antimicrobial
treatment depends on many factors, such as type, genus,
species and strain of the main microorganism, in addition to
environmental factors such as pH, water activity, temperature,
atmospheric composition and an initial microbial load of the
food material. Therefore, other important subject to know is
type of the microorganisms owing to usually combinations of
antimicrobials is more effective than adding just one. The
natural antimicrobial preservative activity is not clear since
there are many influencing factors, one of the most important
being the interaction between phytochemicals and growth of
microorganisms.  Processing of  foods  containing
phytochemicals is expected to result in some changes in their
phytochemical content. Phytochemicals present in many food
stuffs are lost by heat processing such as sterilization,
pasteurization and dehydration (Banerjee et al., 2012) B,
Many investigations have evaluated phytochemical effects on
antifungal activity. The potential use of plant extracts as
natural antimicrobial agents in food preservation forms the
basis for many applications such as grape seed or rosemary
extracts that have been used as food preservatives. Flavonoids
usually occur as glycosides and aglycones in plant tissue
which have significant antioxidant properties and
antimicrobial and insect-repellent properties as well.
Flavonoids and their antimicrobial effect are useful as a food
preservative to extend the shelf life and safety of foods.
Flavonoids play important roles in biological activities,
including antiallergenic, antiviral and antifungal effects. It is
also present in various common fruits and vegetables (apples,
grapes, lemons, tomatoes, onions, lettuce and broccoli). The
following flavonoids are antifungal agents in plants:
isoflavonoids, flavans flavanones (Ismail et al., 2004) 21,
However, the antifungal activity of flavonoid compounds
plays an important role between plant-microorganism and
host plant's defensive systems. Saponin and flavonoids are
found in fruits and vegetables and in general they form a
soapy lather after extracted from parts of plants.
Thiosulfinates come from hydrolysis products of garlic and
onion. They have a strong potential of producing
antimicrobial effects against pathogenic microorganisms.
Broccoli, Brussels® sprouts, cabbage mustard and horseradish

preservatives  and
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have glucosinolates that also have a wide range of
antibacterial effects (Ismail et al., 2004) [%°!,

Phytochemical extraction and determination

All the reagents used were with the analytical grade from
Sigma Aldrich, Germany. UV spectrophotometer UV-
1800(Shimadzu Corporation, Japan) was used for the
absorbance measurements. The chlorophylls, carotenoides
and xantophylls were extracted with ethanol according to the
methods described by (Krumbein et al., 2005) B4, with some
modifications. Forextraction a representative portion of
sample (0.1+0.001 g) (mass) was accurately weighted,
grinded and quantitavely transmit in a glass test tube. Then
ethanol was added till 5 mL to it and the test tubes were held
in dark for 15 minwith occasional shaking at room
temperature and finally centrifuged. The chlorophylls,
carotenoids and  xantophyllscontent  were analyzed
spectrophotometrically by absorption measurements (A) at
350 to 700 nm with 1 nm interval and calculated according to
the following equations:

Chlorophyll a (mg g-1) = 13.7 A 665 — 5.76 A 649 / mass.
200

Chlorophyll b (mg g-1) = 25.8 A 649-7.6 A 665/ mass. 200
Carotenoid (mg g-1) = 4.7 A 440- 0.263 Cchla + chlb/ mass.
200

Xanthophyll — Lutein (mg g-1) = 11.51 A 480- 20.61 A 495/
mass. 200

Beneficial properties of plant phytochemicals

In the last decade, the results of many researches have shown
the positive effects of phytochemicals in human health. There
is a strong correlation of antioxidant consumption with lower
risk of many diseases such as cardiovascular cancer, diabetes
and hypertension diseases as well as other medical conditions.
Vegetables have phenolic compounds, pigments and natural
antioxidants; these compounds protect many diseases like
cancer and heart diseases (Kopsell et al., 2005) B4, The
importance of antioxidant effects on cardiovascular diseases
and cancer is especially important and these antioxidants can
be found in various fruits, vegetables and herbs. Phenolics as
flavonoids have important effects such as antimicrobial, anti
inflammatory, antioxidant, antiviral, antiallergic, anticancer, a
ntiulcer, antidiabetic, antiplasmodial, antihypertensive,
anticonvulsant and all reducing risks for severe human
diseases( Zhang and Hamauzu, 2004) 2. Antioxidants in
fruits and\ vegetables have defensive effects and are three
main groups: vitamins, phenolics and carotenoids. Vitamin C
(ascorbic acid, AA) and the oxidized form (dehydroascorbic
acid, DHAA), carotenoids and phenolic compounds prevent
cardiovascular disease, cancer and cataracts which are
associated with the oxidative damage of lipids, DNA and
proteins. Moreover, some carotenoids also have antioxidant
activity (AOA) and shown beneficial effects on thereduction
of cardiovascular diseases. The vegetables that have
phytochemicals are also not only low in fat and saturated fat,
cholesterol and calories but also are rich in potassium and
sodium, fiber, folic acid and AA. One of the most important
flavonols is quercetin, which is higher in onion (red and
yellow), broccoli, kale, French beans, apple, red grapes and
cherries. Quercetin is anticarcinogenic and inhibits low-
density lipoprotein (LDL) oxidation activities (Pellegrini et
al., 2010) &2,
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Nutraceuticals/Phytochemicals/Pigments in Vegetables
Carotenoids for Colon Cancer

Carotenoids are a major class of secondary metabolites with
many biological activities such as free radical scavenging
properties, skin tone improvement and potential for cancer
treatment. Generally carotenoids are classified into two main
subclasses such as hydrocarbon carotenoids including p-
carotene, o-carotene, lycopene and oxycarotenoids which
include lutein and zeaxanthin, as well as other compounds.
Carotenoids have many applications in the clinical and
commercial fields. g-Carotene has been shown to be efficient
in controlling cellular damage from free radicals. Secondary
metabolites can influence and effectively react with free
radicals in the inner part of the cell membrane. The natural
compounds have been more effective in maintaining
membrane integrity and antimutagenic properties (Slattery et
al., 2000) 1 The unsaturated nature of lycopene has
potential efficiency to provide free radical scavenging activity
and inhibit cancer progression.

Lycopene is present in various dietary sources such as
tomatoes, grapes and papaya. Carotenoids are used for
theprevention of colon and gastrointestinal cancer (Miller et
al., 2002) ™. Other phytochemicals such as xanthophyll,
astaxanthin, cryoptoxanthinand zeaxanthin metabolites have
been used for the treatment of colon cancer.

Antioxidant Vitamins

Vitamins like vitamin C, vitamin E and carotenoids are
collectively known as antioxidant vitamins. These vitamins
act both singly as well as synergistically for the prevention of
oxidative reactions leading to several degenerative diseases
including cancer, cardiovascular diseases, cataracts etc (Elliot,
1999) Bl These vitamins are abundant in many fruits and
vegetables and exert their protective action by free-radical
scavenging mechanisms. Vitamin E and selenium has a
synergistic role against lipid peroxidation. Vitamin C, better
known as ascorbic acid donates hydrogen atom to lipid
radicals, quenches singlet oxygen radical and removes
molecular oxygen.

Carotenoids

Carotenoids are lipid-soluble, yellow—orange-red pigments
found in all higher plants and some animals.

Oxy-carotenoids or xanthophylls such as lutein and
zeaxanthin  and non-oxy carotenoids  (hydrocarbon
carotenoids) or carotene such as beta carotene and lycopene
has been identified among more than 600 carotenoids found
in natural sources (Krinsky & Johnson 2005) 2. Carotenoids
can be divided into carotenes containing only carbon and
hydrogen, and xanthophylls made up of carbon, hydrogen,
and oxygen. Carotenoids owe their name to carrots (Daucus
carota), and xanthophyll is derived from the Greekwords for
yellow and leaf (Mortensen 2006). Among vegetables, carrot
is the single major source of B-carotene providing 17% of the
total vitamin A consumption (Arscott & Tanumihardjo, 2010)
[ Apart from P-carotene, root is good sources of various
other lipophilic antioxidants like lycopene and lutein. Red
coloured carrot is typical to India (Leja et al., 2013) B71,

Lycopene

Being a precursor in the biosynthesis of B-carotene, lycopene
can be expected to be found in plants containing p-caroten.
The best-known sources of lycopene are tomatoes,
watermelon, red cabbage, red peppers, carrot, guava, and pink
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grapefruit. This red colored pigment was first discovered in
the tomato by Millardet in 1876.

Lutein

Lutein is also a very common carotenoid. Commercially, the
most interesting source is Aztec marigold (Tagetes erecta) in
which lutein is primarily found esterified with saturated fatty
acids viz., lauric, myristic, palmitic, and stearic acid
(Breithaupt et al., 2002) . Lutein provides nutritional
support to our eyes and skin. Its antioxidant activity
counteracts radical damage. It is found in good amount in
green leafy vegetables like broccoli, spinach, kale and lettuce
etc.

Phenols

Phenols comprise a large group of phytonutrients with
profound importance in preventive medicine. Phenols have
protective action against oxidative damage of tissues and
inflammation. Flavonoids, anthocyanidines and isoflavones
aremajor subclasses under phenolic group. One of the
vegetables with a highest content in phenolics is eggplant
(Solanum melongena L.) (Gajewski et al., 2009) [ Because
of this, eggplant is considered as a model vegetable crop for
the improvement of nutraceutical quality. The main phenolic
compound of eggplant is chlorogenic acid (CGA), which is
anhydroxicinnamic acid with multiple beneficial properties
for human health. (Gajewski et al., 2009) [*¥l. CGA has
displayed anti-oxidant, anti-carcinogenic, anti-inflammatory,
anti-obesity, cardiprotective, neuroprotective, and analgesic
effects (Plazas et al., 2013) %1, The most important of these
phenolic compounds inbeans are flavonols quercetin and
kaempferol, flavon apigenin and some phenolic acids (e.g.p-
coumaric acid or ferulicacid).

Anthocyanins

Anthocyanins give rise to the blue—purple-red—orange color
of flowers and fruits, in particular, of many plants. The name
comes from two Greek words meaning flower and dark blue
(and not the blue—green color we usually associate with cyan).
The most important source of anthocyanins is grape pomace
from wine production. Other important sources are red
cabbage, elderberry, black currant, purple carrot, sweet
potato, and red radish. Anthocyanin rich vegetables such as
purple cauliflower, broccoli and black/purple carrots are
gaining popularity due to their enhanced antioxidant activity.
Radish and potato extracts have color characteristics very
similar to those of Allura red (Shipp & Abdel, 2010) 2],

Flavonoids

The major active nutraceutical ingredients in plants are
flavonoids. As is typical for phenolic compounds, they canact
as potent antioxidants and metal chelators. They also have
long been recognized to possess antiinflammatory,
antiallergic, hepatoprotective, antithrombotic, antiviral, and
anticarcinogenic activities. The best-described property of
almost every group of flavonoids is their capacity to acts as
antioxidants. The flavonoids block the Angiotensin-
converting Enzyme (ACE) that is responsible for raising
blood pressure (Rahal et al., 2014) 1. Flavonoids are also
helpful in protection of the vascular system (Van Dam et al.,
2013) 8 Bioflavonoid, quercetin present in onion and garlic
provides the protection against cancer and heart diseases.

~3082"~


http://www.chemijournal.com/

International Journal of Chemical Studies

Thiosulfonates

Organosulfur phytochemicals in garlic and onions (garlic has
more sulfur than onions), includes mercaptocysteines and
allylic sulfides (an allyl is a hydrocarbon-sulfur bond), allylic
sulfides contribute to the strong odor of garlic. Louis Pasteur
in 1858 first noted antibacterial properties of garlic. Later on,
in 1932 Albert Schweitzer treated amoebic dysentery in
Africa with garlic (Lanzotti, 2006) B¢ Propanethial-S-oxide
released from cut onions converted to sulfuric acid in eyes
causes “burning”, cooking garlic & onions destroys the
enzyme allinase, preventing formation of beneficial sulfur
compounds.

Lipoic Acid

Lipoic acid are antioxidants which can efficiently quench the
hydroxyl radicals. They can protect catalase and glutathione,
thus helpful in liver detoxification activities. Leafy green
vegetables like spinach and broccoli have the highest
concentrations of alpha-lipoic acid. It is found in the
chloroplasts of the spinach cells. The chloroplasts in the cells
produce the energy or glucose in the broccoli. Other green
vegetables also contain alpha-lipoic acid, though not in the
concentrations found in leafy vegetables. The Linus Pauling
Institute at Oregon State University lists peas, broccoli and
Brussels sprouts as other vegetables containing alpha-lipoic
acid (Drake,2012) 131,

Nasunin

The main natural source of nasunin is the skin of eggplants
(Brinjal). It is also found in the purple radish, redturnip, and
red cabbage. It is the substance that provides the dark pigment
in the fruit of the eggplant. Its job is to protect the eggplant
from environmental damage especially from the sun and other
radiant sources of energy. The major type of anthocyanin in
purple brinjal is nasunin and has the high antioxidant activity
(Noda et al., 2000) ©°1,

Improvement of Nutraceutical Value of Vegetables
Biotechnology and Plant Breeding

Biotechnology is a new, and potentially powerful, tool that
has been added by most of the multinational private seed
sector to their vegetable breeding programs. Transgenic crops,
commonly referred to as genetically modified (GM)crops
enable plant breeders to bring favorable genes, often
previously inaccessible, into elite cultivars, improving their
value considerably and offer unique opportuni-ties for
controlling insects, viruses and other pathogens, as well
asnutritional quality and health benefits. Conven-tional plant
breeding that utilizes non-transgenic approaches will remain
the backbone of vegetable genetic improve-ment strategies.
However, transgenic crop cultivars should not be excluded as
products capable of contributing to more nutritious and
healthy food.

Improvement of nutritional quality of horticultural crops
including nutraceutical value of vegetable crops will be a
rewarding activity for plant breeders as we enter the 21st
century. In industrialized countries where sufficient food is
available to most of the population, there is an increasing
realization that nutritious food can play an important role in
assuring a healthful life style and that eating is not solely for
sustenance and body growth. People are beginning to
consume more healthful foods that can alleviate problems
related to “diseases of overabundance” and diet-related
chronic diseases, such as some types of obesity, heart disease,
and certain types of cancer. It is mainly the plant breeders,
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along with other agricultural researchers and extension
services, who have provided the world’s population with
plentiful food, improved health and nutrition and beautiful
landscapes. The strategy of breeding for mineral and vitamin
enhancement of vegetables has several complementary
advantages. Most breeding and genetic effort has been
directed to the crops which already are relatively rich vitamin
sources including carrots, sweet potatoes, peppers, tomatoes,
squash, pumpkins and melons. To develop commercial
varieties of crops with enhanced nutrition, it may be essential
to link nutrition to a commercial driver such as yield.

Anthocyanin in Tomato and Red Cabbage

Transgenic approaches have been taken to increase flavonoid
levels in tomato fruit by overexpressing either the structural
or regulatory genes involved in the biosynthetic pathway.
Interspecific crosses with wild species transferred the ability
to produce small quantities of anthocyanins into the peel of
cultivated tomatoes. For example, the dominant gene
Anthocyanin fruit (Aft), which induces limited pigmentation
upon stimulation by high light intensity, was introgressed into
domesticated tomato plants by an interspecific cross with S.
chilense (Mes et al., 2008) 4. Similarly, the gene Aubergine
(Abg), which was introgressed from Solanum lycopersicoides
Dunal, can induce a strong and variegated pigmentation in the
peel of tomatoes (Mes et al., 2008) U4, Furthermore, the
recessive gene atroviolacea (atv), derived from the
interspecific cross with Solanum cheesmaniae (L. Riley)
Fosberg, has been shown to stimulate strong anthocyanin
pigmentation in the entire plant, particularly in vegetative
tissues. Fruits with either Aft and atv alleles or Abg and atv
alleles have been obtained and have generally shown a higher

production of anthocyanins in the peel (Gonzali et al., 2009)
[19]

Anthocyanin and B- Carotene in Cauliflower

Purple cauliflower (Brassica oleracea var botrytis) is a very
eye-catching vegetable and available commercially. The
purple coloration is due to the accumulation of anthocyanins.
Transcriptional regulation of structural genes appears to be a
major mechanism by which anthocyanin biosynthesis is
regulated in plants. R2R3 MYB and basic helix-loop-helix
(bHLH) transcription factors as well as WD40 proteins
represent the three major families of anthocyanin regulatory
proteins (Ludwig &Wessler 1990).An interesting and unique
Purple (Pr) gene mutation in cauliflower (Brassica oleracea
var botrytis) confers an abnormal pattern of anthocyanin
accumulation, giving the striking mutant phenotype of intense
purple color in curds and a few other tissues (Chiu et al.,
2010) P induces many tissues of the plant, most noticeably
the white edible curd and shoot apical meristem, to
accumulate high levels of b-carotene, turning them orange.
Plants that are heterozygous for Or possess bright orange
coloration in these tissues and exhibit normal growth, while
Or homozygous plants produce smaller curds with stunted
growth, presumably due to unknown pleiotropic effects.(Lu et
al., 2006) (401,

Anthocyanin in Sweet Potato

In sweet potato, no MYB, bHLH, or WD40 protein has been
reported so far; instead, a MADS-box gene,IbMADS10, was
recently isolated and suggested to be involved in anthocyanin
pigmentation (Lalusin et al., 2006) [°.  Although its
involvement in the underground organ is unclear. Mano et al.
reported the isolation of a new R2R3-type MYB gene,
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IbMYB1, from a purple-fleshed sweet potato cDNA library
and its predominant expression in the tuberous roots of
purple-fleshed cultivars (Mano et al., 2007) 2. The IbMYB1
gene is responsible for purple pigmentation in the flesh of
tuberous roots of sweet potato.

Lycopene in Tomato

(Mehta et al., 2002) expressed a yeast S-adenosylmethionine
decarboxylase gene (ySAMdc; Spe2) fused with aripening-
inducible E8 promoter to specifically increase levels of the
polyamines spermidine and spermine in tomato fruitduring
ripening. The enhanced expression of the ySAMdcgene
resulted in increased conversion of putrescine into higher
polyamines and thus to ripening-specific accumulation of
spermidine and spermine. This led to an increase in lycopene,
prolonged vine life, and enhanced fruit juice quality.
Lycopene levels in cultivated tomatoes are generally low, and
increasing them in the fruit enhances its nutrient value.

Carotenoid in Potato, Sweet Potato and Tomato

(Diretto et al., 2006) 141 have silenced the first step in the
beta-epsilon branch of carotenoid biosynthesis, ly-
copeneepsilon cyclase (LCY-e) in potato—a tuber crop that
contains low levels of carotenoids. This antisense tuber-
specific silencing of the gene results in significant increases in
carotenoid levels, with up to 14-fold more fS-carotene.

To enhance the carotenoid content and pro-file of tomato
fruit, (Romer et al., 2000) . produced trans-genic lines
containing a bacterial carotenoid gene (crtl) encoding the
enzyme phytoene desaturase, which converts phytoene into
lycopene. Expression of this gene in trans-genic tomato plants
of the cultivar “Ailsa Cray” did not elevate total carotenoid
levels. However, the p-carotene content increased about
threefold, up to 45% of the total carotenoid content.

It is very imperative that the nutrients found in many foods,
fruits and vegetables are responsible for the well documented
health benefits. For example, lutein and zeaxanthin prevent
cataracts and macular degeneration; beta-caroteneand
lycopene protect the skin from ultraviolet radiation damage;
lutein and lycopene may benefit cardiovascular health, and
lycopene may help prevent prostate cancer. Because of these
and other marked health benefits of these, it must betaken
regularly and to reduce the risk factors like high cholesterol,
high blood pressure and diabetes. A great diversity of
vegetables should be eaten to ensure that individual’s diet
includes a combination of phytonutriceuticals and to get all
thehealth benefits. Regular consumption of a vegetable rich
diet has undeniable positive effects on health
sincephytonutriceuticals of vegetables can protect the human
body from several types of chronic diseases. Cruciferous
vegetables, Allium sp, tomato, cucurbits, soybean, carrot,
okra, underexploited vegetables like lettuce, coleus, sweet
potato, yams, moringa, winged bean, basella, horse purslane,
cluster bean etc are good sources of bioactive compounds.
The molecular genetics and modern biotechnology
approaches in conjunction with deciphering the metabolome
of a cropplant are powerful tools that will help in specific
redesigning of metabolism in food crops to accumulate
desired, or close-to-the-desired, levels of a particular
phytonutrient. Additional research is needed in many areas to
ensure this emerging science continues to be valid and is
translated rapidly into consumer-relevant products.

http://www.chemijournal.com

Reference

1. Arscott SA, Tanumihardjo SA. Carrots of many colors
provide basic nutrition and bioavailable phtyochemicals
acting as a functional food. Comprehensive Review on
Food Science and Food Safety. 2010; 9:223-239.

2. Arya MS, Reshma UR, Syama ST, Anaswara SJ,
Karishma S. Nutraceuticals in vegetables: New breeding
approaches for nutrition, food and health: A review.
Journal of Pharmacognosy and Phytochemistry. 2019;
8(1):677-682.

3. Banerjee Datta, Mondal NK. Biochemical changes in
leaves of mustard under the influence of different
fertilizers and cycocel. Journal of Agricultural
Technology. 2012; 8(4):1397-1411.

4. Bender DA. Nutritional biochemistry of the vitamins..
2nd Edn. Cambridge, U.K. Cambridge Univ. Press. 2003,
512.

5. Bourbon Al, Pinheiro AC, Cerqueira MA, Vicente AA.
In vitro digestion of lactoferrin-glycomacropeptide
nanohydrogels incorporating bioactive compounds:
Effect of a chitosan coating. Food Hydrocolloids. 2018;
84:267-75.

6. Breithaupt DE, Wirt U Bamedi A. Differentiation
between lutein monoester regioisomers and detection of
lutein diesters from marigold flowers (Tagetes erecta L.)
and several fruits by lipid chromatography-mass
spectrometery. J Agric. Food. Chem. 2002; 20:66-70.

7. Carr AC, Frei B. Towards a new recommended dietary
allowance for vitamin C based on antioxidant and health
effects in humans. Am. J Clin. Nutr. 2010; 69:1086 107.

8. Cherdshewasart W, Sutjit W, Pulcharoen K, Chulasiri M.
The mutagenic and anti-mutagenic effects of the
traditional phytoestrogen-rich herbs, Pueraria mirifica
and Pueraria lobata. Braz J Med Biol Res. 2009; 42:816-
823.

9. Chiu LW, Zhou X, Burke S, Wu, X, Prior RL, Li L. The
Purple Cauliflower Arises from Activation of a MYB
Transcription Factor. Plant Physiology. 2010; 154:1470-
1480.

10. Combs GF Jr. The vitamins: fundamental aspects in
nutrition and health. San Diego, Calif. Academic Press,
1998, 618.

11. Craig W, Beck L. Phytochemicals Health Protective
Effects. Can J Diet Pract Res.1999; 60:78-84.

12. Das L, Bhaumik E, Raychaudhuri U, Chakraborty R.
Role of Nutraceuticals in human health. Journal of Food
Science and Technology. 2012; 49:173-183.

13. Dillard, CJ, German JB. Phytochemicals: nutraceuticals
and human health. J Sci Food Agric. 2000; 80:1744-56.

14. Diretto G, Tavazza R, Welsch R, Pizzichini D, Mourgues
F, Papacchioli M et al. Metabolic Engineering of Potato
Tuber Carotenoids through Tuber-Specific Silencing of
Lycopene Epsilon Cyclase. BMC Plant Biology.
2006; 6:13.

15. Drake VJ. Lipoic acid. http://Ipi.oregonstate.edu/ Edn,
CRC Series in Modern Nutrition, 2012.

16. Ekor M. The growing use of herbal medicines: Issues
relating to adverse reactions and challenges in monitoring
safety. Front Pharmacol. 2014; 4:177.

17. Elliot JG. Application of antioxidant vitamins in foods
and beverages. Food Technol. 1999; 53:46-48.

18. Gajewski M, Katarzyna K, Bajer M. The influence of
postharvest storage on quality characteristics of fruit of
eggplant  cultivars. Not. Bot. Horti  Agrobot.
2009; 37(2):200-205.

~ 3084~


http://www.chemijournal.com/

International Journal of Chemical Studies

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Gonzali S, Mazzucato A, Perata P. Purple as a tomato:
Towards high anthocyanin tomatoes. Trends Plant Sci.
2009; 14(5):237-241.

Gupta SK, Yadav SK, Patil MSM. Nutraceutical-A
Bright Scope and Oppourtunity of Indian Healthcare
Market. International Journal of Research and
Development in  Pharmacy and Life Science.
2013; 2(4):478-481.

Hiroyuki S, Yoshinori H, Satoshi N, Hitoshi A, Kazuki
K. Simultaneous determination of all polyphenols in
vegetables, fruits, and teas. Journal of Agricultural and
Food Chemistry. 2003; 51(3):571-581.

Holman RT. The slow discovery of the importance of
omega 3 essential fatty acids in human health”. J Nutr.
1998; 128(2):427S-433S.

Hord NG. Eukaryotic microbiotic crosstalk: potential
mechanisms for health benefits of prebiotics and
probiotics. Annu Rev Nutr. 2008; 28:215-231.

Hu B, Ting Y, Zeng X, Huang Q. Cellular uptake and
cytotoxicity — of  chitosan  caseinophosphopeptides
nanocomplexes loaded with epigallocatechin gallate.
Carbohydr Polym. 2012; 89(2):362-70.

Iriti M, Faoro F. Grape phytochemicals: A bouquet of old
and new nutraceuticals for human health. Medical
Hypotheses, 2006, 833-838.

Ismail, Marjan, Foong W. Total antioxidant activity and
phenolic content in selected vegetables. Food Chemistry.
2004; 87:581-586.

Israel O, Auguster O, Edith OA. Antioxidant and
antimicrobial  activities of  polyphenols  from
ethnomedicinal plants of Nigeria. Afr J Biotech.

2010; 9:2289-2293.

Kalra EK. Nutraceutical- Definition and Introduction.
AAPS Pharm Sci. 2003; 5:27-28.

Kaur C, Kapoor. Antioxidants in fruits and vegetables-
The millennium’s health. International Journal of Food
Science and Technology. 2001; 36:703-725.

Kochhar KP. Dietary spices in health and diseases. Indian
J Physiol Pharmacol. 2008; 52:106- 22.

Kopsell Kopsell, Curran-Celentano, Carotenoid and
chlorophyll pigments in sweet basil grown in the field
and greenhouse. Hort Science. 2005; 40(5):1230-1233.
Krinsky NI, Johnson EJ. Carotenoid actions and their
relation to health and disease. Mol Aspects Med.
2005; 26:459-516.

Krishnaswamy and Raghuramulu. Bioactive
phytochemicals with emphasis on dietary practices.
Indian Journal of Medical Research. 1998; 108:167-181.
Krumbein, Schonhof and Schreiner Composition and
content of phytochemicals (glucosinolates, carotenoids
and chlorophylls) and ascorbic acid in selected Brassica
species (B. juncea, B. rapasub sp. nipposinica var.
chinoleifera, B. rapa subsp. chinesis and B. rapa subsp.
rapa). Journal of Applied Botany and Food Quality.
2005; 79(3):168-174.

Lalusin AG, Nishita K, Kim SH, Ohta M, Fujimura T. A
new MADS-box gene (IbMADS10) from sweet potato
(Ipomoea batatas (L.) Lam) is involved in the
accumulation of anthocyanin. Mol. Genet. Genomics
2006; 275:44-54.

Lanzotti V. The analysis of onion and garlic. J
Chromatogr. 2006; 1112:3-22.

Leja M, Kaminska |, Kramer M, Maksylewicz Kaul A,
Kammerer D, Carle Ret al. The content of phenolic
compounds and radical scavenging activity varies with

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

~ 3085~

http://www.chemijournal.com

carrot origin and root color. Plant Food Hum Nutr.
2013; 68(2):163-170.

Lenoir-Wijnkoop |, Sanders ME, Cabana MD, Caglar E,
Corthier G. Probiotic and prebiotic influence beyond the
intestinal tract. Nutr Rev. 2007; 65:469-489.

Liu F, Zhu Z, Ma C. Fabrication of concentrated fish oil
emulsions using dual-channel microfluidization: Impact
of droplet concentration on physical properties and lipid
oxidation. J Agric Food Chem. 2016; 64(50):9532-41.

Lu S, Eck Van J, Zhou X, Lopez AB, O’Halloran DM,
Kosman KM et al. The Cauliflower Or Gene Encodes a
DnaJ Cysteine-Rich Domain-Containing Protein That
Mediates High Levels of b-Carotene Accumulation. Plant
Cell. 2006; 18:3594-3605.

Ludwig SR, Wessler S, Maize R. gene family: tissue-
specific helixloop- helix proteins. Cell. 1990; 62:849-
851.

Mano H, Ogasawara F, Sato K, Higo H, Minobe Y.
Isolation of a Regulatory Gene of Anthocyanin
Biosynthesis in Tuberous Roots of Purple-Fleshed Sweet
Potato. Plant Physiol. 2007; 143:1252-1268.

Martin. Antioxidant vitamins E and C and risk of
Alzheimer’s disease. Nutrition Reviews. 2003; 61:69-79.
Mes PJ, Boches P, Myers JR. Characterization of
tomatoes expressing anthocyanin in the fruit. J Amer.
Soc. Hort. Sci. 2008; 133(2):262-269.

Miller EC, Hadley CW, Schwartz SJ, Erdman JW,
Boileau TWM, Clinton SK. Lycopene, tomato products,
and prostate cancer prevention. Have we established
causality? Pure Appl Chem. 2002; 74:1435-1441.
Mortensen A. Carotenoids and other pigments as natural
colorants. Pure Appl. Chem. 2006; 78(8):1477-1491.
Muller DP. "Vitamin E and neurological function.
Review".Mol. Nutr. Food Res. 1999; 54(5):710-718.
Nasri H, Baradaran A, Shirzad H, Rafieian-Kopaei M.
New conceptsin Nutraceuticals as alternative for
pharmaceuticals. Int J PrevMed. 2014; 5(12):1487-99.
Noda Y, Kneyuki T, Igarashi K, Mori A, Packer L.
Antioxidant activity of nasunin, an anthocyanin in
eggplant peels. Toxicology. 2000; 148:119-123.

Nounou M1, Ko Y, Helal NA, Boltz JF. Adulteration and
counterfeiting of online Nutraceutical formulations in the
United States: Time for intervention? J Diet Suppl. 2018;
15(5):789-804.

Pandey M, Verma RK, Saraf SA. Nutraceuticals: new era
of medicineand health. Asian J Pharmaceuticals Clin Res.
2010; 3:11-15.

Pellegrini, Chiavaro, Gardana, Mazzeo, Contino, Gallo.
Effect of different cooking methods oncolour,
phytochemical concentration and antioxidant capacity of
raw and frozen brassica vegetables. Journal of
Agricultural and food chemistry. 2010; 58:4310-4321.
Plazas M, Anddjar I, Vilanova S, Hurtado M, Gramazio
P, Herraiz FJ et al. Breeding for chlorogenic acid content
in eggplant: interest and prospects. Not. Bot. Horti
Agrobot. 2013; 41(1):26-35.

Prakash D, Gupta C. Role of phytoestrogens
asnutraceuticals in  human health- A review.
Biotechnology: An Indian2011; J5:1-8.

Prakash D, Upadhyay G, Pushpangadan P, Gupta C.
Antioxidant and free radical scavenging activity activities
of some fruits. J Complement Integr Med. 2011; 8:1-19.
Prakash D, Gupta C, Sharma G. Importance of
phytochemicals innutraceuticals. Journal of Chinese
Medicine Research and Development, 2012, 70-78.


http://www.chemijournal.com/

International Journal of Chemical Studies http://www.chemijournal.com

57. Rahal A, Mahima, Verma AK, Kumar A, Tiwari A,
Kapoor S et al. Phytonutrients and nutraceuticals in
vegetables and their multidimensional medicinal and
health benefits for humans and their companion
animals. A Review. J Biol Sci. 2014; 14(1):1-19.

58. Rai SK, Arora N, Pandey N, Meena RP, Shah K, Rai SP.
Nutraceutical enriched vegetables: molecular approaches
for crop improvement. International Journal of Pharma
and Bio Sciences. 2012; 3(2):0975-6299

59. Ram S, Mohan, Andrew M, Anderson, Matthew S,
Mitchell. Isolation of Curcumin from Turmeric. Journal
of Chemical Education. 2000; 77(3):359-360.

60. Ramaa CS, Shirode AR, Mundada AS, Kadam VJ.
Nutraceuticals an emerging era in the treatment and
prevention of cardiovascular diseases. Curr Pharm
Biotechnol. 2006; 7:15-23.

61. Romer S, Fraser PD, Kiano JW, Shipton CA, Misawa N,
Schuch W et al. Elevation of the Pro vitamin A Content
of Transgenic Tomato Plants. Nature Biotechnol.
2000; 18:666-669.

62. Sarin RSM, Manisha S, Robin S, Sunil K. Nutraceuticals-
A Review. International Research Journal of Pharmacy.
2012; 3(4):95-99.

63. Shipp J, Abdel Aal EI SM. Food applications and
physiological effects of anthocyanins as functional food
ingredients. The Open Food Science Journal. 2010; 4:7-
22

64. Sirtori CR, Galli C. Fatty acids and the Omega 3.
Biomedecine and Pharmacotherapy. 2002; 56:397-406.

65. Slattery ML, Benson J, Curtin K, Ma KN, Schaeffer D,
Potter JD. Carotenoids and colon cancer. AmJ Clin Nutr.
2000; 71:575-582.

66. Stellavato A, Pirozzi AVA, de Novellis FIn
vitroassessment of nutraceutical compounds and novel
nutraceutical formulations in a liver-steatosis-based
model. Lipids Health Dis. 2018; 17:24.

67. Swaroopa G, Srinath D. Nutraceuticals and their health
benefits. Int J Pure App Biosci. 2017; 5(4):1151-5.

68. Van Dam RM, Naidoo N, Landberg R. Dietary
flavonoids and the development of type 2 diabetes and
cardiovascular diseases: Review of recent findings. Curr.
Opin. Lipidol. 2013; 24:25-33.

69. Whitman M. Understanding the perceived need for
complementary and alternative nutraceuticals: lifestyle
issues. Clin. J Oncol. Nurs. 2001; 5:190-94.

70. Wildman, Robert EC, Ed. Handbook of Nutraceuticals
and Functional Foods, 2001, 1st

71. Ye X, Al-Babili S, Kloti A. Engineering the provitamin
A (beta-carotene) biosynthetic pathway into (carotenoid-
free) rice endosperm. Science. 2000; 287:303-5.

72. Zhang, Hamauzu. Phenolics, ascorbic acid, carotenoids
and antioxidant activity of broccoland their changes
during conventional and microwave cooking. Food
Chemistry. 2004; 88:503-5009.

73. Zhang X, Liu J, Qian C, Kan J, Jin CH. Effect of grafting
method on the physical property and antioxidant potential
of chitosan film functionalized with gallic acid. Food
Hydrocolloids. 2019; 89:1-10.

~ 3086~


http://www.chemijournal.com/

