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ABSTRACT

Legumes are excellent sources of proteins than cereal grains. Legumes supply significant amount of energy, minerals and
vitamins in addition to protein. The species of genus Vigna comes under family Leguminosae.Vigna species are rich and
cheap source of protein and easily grown in extreme environment conditions. Apart from its nutritious value, Vigna
species also contain a number of bioactive substances including enzyme inhibitors, phytic acid, oligosaccharides, fiber,
saponin and phenolic compounds. These bioactive compounds play a significant role as nutraceuticals, pharmaceuticals,
pesticides and industrial products. Phytic acid and phenolic compound exhibit antioxidant activity and protects DNA
damage. Saponins have hypocholesterolaemic effect and anti-cancer activity. Oligosaccharides are used as a prebiotics.
The pharmacological properties of mainly five Vigna species are discussed in this review i.e. cowpea, mungbean, adzuki
bean, blackgram and ricebean.The aim of present review is to explore the phytochemical and pharmacological
properties of Vigna genus.

Keyword: Antioxidant, Health benefits, Legume, Nutraceutical, Phytochemicals.

Received 10.06.2017 Revised 27.06.2017 Accepted 12.07. 2017

INTRODUCTION

Legumes occupy an important place in the world food and nutrition. They are important constituents in
the diets of a large number of people, especially in the developing countries, where animal proteins are
scarce and expensive. Legumes belong to the plant family leguminosae. Legumes are richer source of
protein than cereal grains. Legumes also supply significant amount of carbohydrate, energy, minerals and
vitamins. It also has an ability to fix environment nitrogen by the help of rhizobium bacteria and maintain
the nitrogen level in the soil.

Legumes produce many primary and secondary metabolites, which involve for the treatment of various
diseases, such as on consumption of legumes are significantly associated with 22% and 11% lower risk of
coronary heart disease and cardiovascular disease, respectively [1]. Recently, legumes are gaining
interest because they are excellent sources of bioactive compounds, which play a significant role as a
nutraceuticals, pharmaceuticals, pesticides and industrial products. The aim of present review is to
explore the phytochemical and pharmacological properties of Vigna genus.The genus Vigna belongs to
family Fabaceae and more than 200 species comes under the genus Vigna that are of considerable
economic importance in many developing countries. Annual worldwide production of the
different Vigna species are 20 million hectares and major production is contributed by developing
countries. These species are grown successfully in extreme environment conditions such as high
temperatures, low rain fall and poor soils, with few economic inputs [2]. Vigna species contain a number
of bioactive substances including enzyme inhibitors, lectins, phytates, oligosaccharides and phenolic
compounds that play metabolic roles in human and prevent them from many diseases. Phytic acid
protects DNA damage due to its antioxidant activity [3], phenolic compounds present in legumes include
anthocyanidin pigments such as delphinidin, cyanidin, pelargonidin, malvidin and petunidin also show
antioxidant and other important biological properties [4], saponins exhibit anti-cancer activity and also
reduce the cholesterol level [5, 6]. In this review paper, we discussed the pharmacogenetic properties of
five different Vigna species. So that further research could be carried out on these genus plants.
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Mung beans (Vigna radiata)

Mungbean [Vigna radiata (L.) R. Wilczek] is popular legume in Asian countries. It is short duration and
warm seasonal crop. Its worldwide production is 6 million hectares per annum and 3 million hectare in
India [7]. It has high nutritive value and rich source of protein, amino acids, carbohydrate and vitamins. It
is the grain legume of highest digestibility for direct human consumption. The sprouts of mungbean are
also excellent source of nutrients and bioactive components, which promote the health and lower the risk
of various diseases [8].

Adzuki bean (Vigna angularis)

Adzuki bean or small red beans is traditional pulse crop in East Asia, widely used as a source of protein
for human nutrition, especially in developing countries. Adzuki bean is reportedly the sixth largest crop
grown in Japan [9]. Rubatzky and Yamaguchi [10] estimated annual adzuki bean cultivation in China,
Japan, Korean Peninsula and Taiwan up to 670,000, 120,000, 30,000 and 20,000 ha, respectively. In India,
its cultivation is confined to North-eastern and Northern hill zones. Adzuki bean has economic
importance such as soil improver, animal food, medicines (folklore-herb) and for human food (pulse,
vegetables, beverage base) [11].

Cowpea (Vigna unguiculata)

Cowpea [Vigna unguiculata (L.)Walp.]is one of the important Kharif pulses grown in India. It is one of the
important protein rich leguminous food sources in the tropics and subtropics region. The world wide
productions of cowpea are 3.6 million tons [12]. In India, its production is 0.5 million hectares and
productivity 600-750 kg grain per hectare [13]. The dry mature seeds of the crop are rich source of
protein, carbohydrate and also containing minerals and water soluble vitamins like thiamine, riboflavin
and niacin.

Ricebean (Vigna umbellata)

Rice bean (Vigna umbellata L.), known as climbing mountain bean, mambi bean and oriental bean, is
native to Southeast Asia. Rice bean(Vigna umbellata) is grown in the different parts of the world mainly in
the hilly areas. Though little information is available about exact area under this crop in India, but roughly
it is estimated to be grown in around 15000 ha with an average yield of 25.57g/plant [14]. The
nutritional profile of rice bean is very high, which is mainly attributed to the high content of protein and is
essential amino acids such as lysine, tryptophan and methionine as compared to the other traditional
pulses [15]. However, they also contained different bioactive component such as phytate, a-galactosides
and trypsin inhibitors, which significantly act as antioxidant, anticancer and antidiabetic agents.
Blackgram (Vigna mungo)

Black gram (Vigna mungo L.) is an important pulse crop occupying unique position in Indian
agriculture.Among the pulses, it stands fourth in production and acreage [16]. The cultivation of
blackgram in India is 3.25 million hectares and its production is 1.45 million tons [17]. It is very
nutritious and is recommended for diabetics. Vigna mungo are used as cooling astringent, diet during
fever, poultice for abscesses, soap alternative, affections of liver and cough [18].

BIOACTIVE COMPONENTS

Vigna species contain different bioactive components such as protein, minerals and vitamins, fiber,
oligosaccharides, saponin, phytates, phenolic compounds, flavonoids, isoflavones, protease inhibitor and
amylase inhibitor etc. These bioactive components and their beneficial effects are described in Table 1.
Protein

Protein malnutrition is one of the major nutritional problems in the developing world. The specific
maladies like kwashiorkor and marasmus are prevalent in the children due to protein deficiency [19].
Vigna species are rich and cheaper source of protein. Besides providing nutrition, there are some proteins,
present in Vigna species, show antifungal and antiviral activity. Such as Vigna angularis have angularin
protein (8 K Da), Vigna unguiculata have a-antifungal protein (28 K Da), f-antifungal protein (12 K Da)
and unguilin (18 K Da), Vigna umbellata have delandin (28 K Da) and antifungal peptide (5 K Da) and
Vigna sesquipedalis (ground bean) have ground bean lectin (60 K Da), which act on Human Immuno
Deficiency Virus -1 reverse transcriptase. These proteins bind with reverse transcriptase enzyme non-
competitively and causes conformational change in the three dimensional structure of the enzyme, which
affect the catalytic activity of the enzyme and inhibit the transcription of the viral RNA. These proteins
also inhibit translation in RRLS (rabbit reticulocyte lysate system). So these proteins act as an anti-HIV
agent [20- 25].

Out of all these proteins, Vigna unguiculata’s a-antifungal protein, -antifungal protein and unguilin also
act on a and f3 glucosidases enzyme and inhibit the digestion of carbohydrates and act as anti-diabetic
agent. Ground bean lectin inhibits the hemagglutinating activity by polygalacturonic acid but not
galacturonic acid and simple monosaccharides. It decreases the viability of hepatoma (HepG2), leukaeima
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(L1210) and leukaemia (M1) cell and also elected a mitogenic response from mouse splenocytes. These
proteins also contribute some antifungal activity toward Mycosphaerella arachidicola, Botrytis cinerea,
Fusarium oxysporum, Rhizoctonia solani andColletotrichumgossypii [20-25]. Due to presence of all these
properties, these proteins act as an excellent drug for the treatment of AIDS patients with no adverse
effects as compare to synthetic drugs.

Minerals and Vitamins

Vigna species are good reservoir of minerals and vitamins, which play important role in human body.
Some minerals act as a cofactor for many enzymatic reaction e.g. copper, zinc, magnesium and
manganese. Vitamins such as thiamin, riboflavin, pyridoxine and folic acid are also present in legumes in
appreciably quantities, which act as coenzyme. In absence of these mineral and vitamins, some enzymes
become inactive and affect many metabolic reactions of biological process. Some vitamins like vitamin E,
C and K are present in trace amount in legumes. Vitamin E and C are known to play a role as an
antioxidant and inhibiting the oxidation of vitamin A in the gastric intestinal tract. Antioxidant properties
of these vitamins, maintain the stability of cell membranes by protecting its polyunsaturated fatty acid
from oxidative damage [26]. Vitamin E also prevents cancer by inhibiting carcinogens from precursor
substances. Whereas, vitamin K play functional role by act as blood clotting factor in liver. The B vitamin
folic acid significantly also reduces the risk of neural tube defects (NTDs) like spina bifida in newborn
babies. Selenium acts as a cofactor for glutathione peroxidase, which is the key enzyme to protect from
oxidative damage. Due to antioxidant property selenium shows protective effect against colorectal,
prostrate and lung cancers [27].

Fiber

Legumes are good source of fiber. Dietary fiber comes from the portion of plants that is not digested by
enzymes in the intestinal tract. Bacteria present in lower gut may metabolize this and produce short chain
fatty acid. The short chain fatty acid includes acetic, proprionic and butyric acids, have many important
physiological functions. Proprionate and acetate are metabolized in liver and provide energy, whereas
proprionate also act as a natural inhibitor of HMG CoA (3-hydroxy-3-methylglutaryl-coenzyme A)
reductase. HMG CoA reductase is the key enzyme for cholesterol synthesis. Fiber also reduce body
cholesterol level by binding with cholesterol in human gut [28]. Butyrate provides an important energy
source for the cells that line the colon. In fact, butyrate is the preferred source for energy metabolism in
the colon. Butyrate has been shown to possess impressive anticancer activity and is being used in
treatment of ulcerative colitis and colon cancer.

According to Anderson et al. [29], high fiber foods can improve serum lipoprotein values, lowers blood
pressure and improves blood glucose level for diabetic individuals. Insoluble fiber increases the rate of
transient time of wastes material from the gastrointestinal tract. Due to this, body may have less exposure
to toxic substances produced during digestion. High fiber diets may be useful for weight loss. Fiber itself
has no calories, yet provides a “full” feeling because of its water-absorbing ability.

Oligosaccharides

Indigestible substances especially flatulence induced oligosaccharides (a- galactosides) e.g. raffinose,
stachyose and verbascose (Fig.1), occur mainly in legume seeds. These galacto-oligosaccharides are low
molecular weight, nonreducing and water soluble sugars or constitute 53% of total soluble sugars. Two
enzymes are required for the digestion of oligosaccharides i.e. sucrase and a-galactosidase. But these
saccharides are not digested in the intestine of monogastric animals due to the absence of endogenous
enzymes (a-galactosidase) in the intestinal mucosa. This enzyme is necessary to break a 1-6 linkages. But
high concentration of a -galactosides in colon of monogastric animals may have a beneficial effect.
Microorganisms lives in large intestine, have enzyme o galactosidase, can digest oligosaccharides [30, 31].
Bacteria favored the intensive anaerobical bacterial fermentation (promote the growth of Bifidobacteria)
and created considerable quantities of the short chain fatty acids, which are the source of energy for cell
of intestinal mucosa, but also producedcarbon dioxide (COz)and methane (CH4), which caused flatulence.
They can also shorten transit time and promote the growth of bifido bacteria in man and used as prebiotic
agent. Oligosaccharides show wide range of physiological properties like anticarcinogenic effect, anti-
diabetic, anti-cardiovascular and higher rate of mineral absorption that are beneficial to human health
[32]. Prebiotic such as Bifidobacteria prevent colon cancer.

Saponins

Saponins are secondary plant metabolites, containing a carbohydrate moiety (mono/oligosaccharide)
linked to a hydrophobic aglycone (sapogenin), which may be steroidal or triterpenoid (Fig. 2) in nature.
In pulses, triterpenoid saponin is common, while steroidal saponin is common in plants, which used as
herbs. Vigna species also contain saponin, which is an antinutritional component. Though saponin acts as
an antinutrient and reduces the nutritive value of pulses, but the saponins appear to be beneficial by
showing different pharmacological properties including expectorant, antiinflammatory, vasoprotective,
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hypocholesterolemic, immunomodulatory, hypoglycaemic, molluscicidal, antifungal, antiparasitic and
many others [33, 34]. Saponin might also exert an anticancer effect at the intestinal level. Intestinal
microorganism metabolized bile acid and to form secondary bile acid, which is also one of the reasons to
cause colon cancer. Saponin can reduce the formation of carcinogenic substances in the colon by binding
with bile acid and reduce its availability to the microbial population. As they may bind with cholesterol or
bile acids, they also increase the faecal cholesterol excretion. So saponin is responsible for lowering the
cholesterol level of body and may be important in human nutrition in reducing the risk of heart diseases.
Saponin exerts immune stimulant effects because it induces the production of cytokines such as
interleukins and interferons [35, 36]. Saponin based adjuvants have the unique ability to stimulate the
cell mediated immune system, as well as to enhance antibody production, and have the advantage that
only a low dose is needed for adjuvant activity [37].

Phytic Acid

Large amount of phytic acid is present in Vigna species as antinutriants. Phytic acid binds with charged
proteins, amino acids, starch, enzymes and minerals such as pro-oxidant. The resulting complexes are
insoluble and not metabolized properly in gastro- intestinal tract, so these bio-molecules are nutritionally
less available for absorption. Phytic acid binds with enzymes of digestive tract and reduces the rate of
digestion of starch, and protein. Such undigested starch may reach the colon, where it metabolized into
short chain fatty acid, which is beneficial for the treatment of colon cancer. Phytic acid can also chelate
with polyvalent cation like iron, zinc and calcium, which is essential for DNA synthesis and cell growth. It
also involve in signal transduction, cell signaling cascades and gene expression [38].

Phytic acid (myo-inositol hexaphosphate or InsP6) (Fig. 3) storesin seed in the form of phosphate, which
is important part of ATP (energy source) and its salt phytates regulate various cellular functions such as
DNA repair, chromatin remodeling, endocytosis, nuclear messenger RNA export and potentially hormone
signaling crucial for plant and seed development [39]. Phytate exhibit significant effect in plant
metabolism, stress and also provide pathogen resistance against pest or insects. Phytic acid also has
ability to inhibit the transcription of the viral genome from HIV-1 [40].

Phytic acids form a complex with iron and reduce the peroxidation of membrane by inhibiting the
generation of free radical [41]. The backbone of most inositol phosphates in cells is myo-inositol. Myo-
inositol and InsP6 have synergistic or additive effects in inhibiting the development of cancer [42]. Phytic
acid consumption may also reduce the formation of kidney stone. Renal lithiases, popularly called kidney
stones, are small, hard deposits of mineral and acid salts on the inner surfaces of kidneys. Phytate can
interfere with formation of crystals of calcium oxalate and phosphate by binding with calcium and
phosphate. Phytate may also prevent the formation of cavities, plaque and tartar in the teeth by reducing
the solubilities of calcium, fluoride and phosphate, which are the major components of enamel and also
protect the teeth from demineralization [43, 44]. Phytic acid may play important role via. reducing level
of cholesterol and lipids in serum and thus reduce the risk of heart disease, while both exogenous and
endogenous. Phytic acid may have hypoglycemic effects and thus be of consequence in diabetes [38].
Phytate has great nutritional implication in the prevention and management of diabetes mellitus [45].
Phytate maintain the secretion of insulin via regulating the calcium channel activity because it specifically
inhibits serine threonine protein phosphatase activity. This, in turn, opens intracellular calcium channels,
driving insulin release [46, 47].

Phenolic Compounds

Phenols are secondary metabolite present in plants. In legumes, phenolic compounds are present in the
form of antinutritional factor, but due to its ability to chelate metals, inhibit lipid peroxidation and
scavenge free radicals, phenols act as antioxidant [48]. In legumes major phenolic compounds consist
mainly of tannins, phenolic acids and flavonoids. Polyphenolic compounds e.g. flavonoids such as flavonol
glycosides, anthocyanins and condensed tannins (proanthocyanidins) contribute the seed color of pulses
[49]. The seeds of different varieties, which are dark and highly pigmented, have high content of phenolic
compounds such as red kidney beans (Phaseolus vulgaris) and black gram (Vigna mungo) [50]. Phenolic
compounds have been reported to reduce the risk of cancer, heart disease and diabetes, as well as have
antibacterial, antiviral, anti-inflammatory and anti-allergenic activities [51].

Tannin

Legumes are good source of tannin. Different amount of tannin account in Vigna species such as cowpea
have (175- 590 mg/g) , ricebean have (490-860 mg/100g), mungbean have (437- 799 mg/g), blackgram
have (540-1197 mg/g) [52] and in adzuki bean have (291mg/g) [53]. The structure of tannic acid is given
in Fig. 3. The physiologicalactivity of the tannins also depends on limitingthe permeability of intestine
walls. This phenomenon has unfavorable influence on the degree of feed utilization, but on the other hand
the limitation of permeability ofintestine walls can be successfully used in casesof intake of some toxic
substances by animal. Because of their ability to bind the proteins, tannins can be used as a factor in
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removing some toxins from the intestine. These complexes(tannin-toxin) are unstable, so removed from
the intestine very fast because of the danger of secondary degradation and absorption. Tannin can inhibit
the growth of bacteria that cause tooth decay, so tannins can also be useful in keeping hygiene of the
mouth. The tannin-protein complexes(e.g. tanalbine) are applied in human andanimal medicine as a
prophylactic substance,styptic agent and antidiarrhoeal drug.Tannins were also attributed to have a
slight,positive role in limitation of parasitic invasionsand reduction of the pathogens activity [54].
Flavanoid

In Vigna species, ricebean and mungbean have flavanoid content 3.38 RE mg/g and 0.95 RE mg/g,
respectively [55]. Flavonoids are also secondary metabolites of plants with polyphenolic structure.
Common flavonoid groups include aurones, xanthones, and condensed tannins. Flavonoids give the plant
a rich taste. It acts as an antioxidant and prevents many diseases such as cancer, inflammation,
autoimmune diseases, cataract, arteriosclerosis and aging [56].

Isoflavones

Isoflavones are largely reported from the Fabaceae/Leguminosae family (Rochfort S). Isoflavones consist
of daidzin, daidzein, genistin and genistein (Fig. 3). In gastrointestinal tract, daidzin and genistin are
metabolized into daidzein and genistein by the help of enzyme - glucosidase [57]. Isoflavones act as an
antioxidant in plants and act as agonist of estrogen in mammals. Isoflavones attributed its bioactivity by
reducing osteoporosis, cardiovascular disease and prevention of cancer and also used for the treatment of
menopause symptoms [58]. Genistein is potent inhibitor of protein tyrosine kinase enzyme, which can
arrest the cell cycle and cause apoptosis of leukemic cells to prevent cancer [57].

Antioxidant Activity

Free radicals are produced by the process of oxidation. These free radicals are very unstable molecules
due to unpaired electron and cause oxidation of protein, nucleic acid, lipids and initiate many
degenerative diseases. Antioxidant prevent or remove the damaging oxygen molecules from interacting
with cellular molecules before they damage and lead to disease.

Vigna species contains different anti-nutrients such as phenols, phytic acid, tannin etc. and some vitamins
like vitamin B and ascorbic acid, which act as antioxidant. These antioxidants play important role for the
treatment of chronic diseases such as cancer, heart disease, stroke, rheumatoid arthritis and cataracts
[59, 60]. Antioxidant activity (DPPH method) shown by ricebean (39.87- 46.40 uM TE/ g), cowpea (37.27
uM TE/ g), mungbean (45.36 uM TE/ g) and adzuki bean (18.08 uM TE/ g) [61, 62]. Whereas, cowpea
contain 0.38 mg/g and 1.88 mg/g, alpha and delta tocopherol, respectively [63], which also act as an
antioxidant. Lin [64] studied different varaity of soyabean, adzuki bean and mungbean and found that out
of all these varities, the dark-coat seeds, such as azuki beans and black soybeans, contained high amounts
of phenolic compounds, flavanoid component and contributed to high antioxidative ability. Whereas, Wu
et al. [65] have recently shown that a water soluble extract of the adzuki beans could inhibit
acetaminophen induced liver damage. Han et al.[66] have reported the protective action of an adzuki
extract against acetaminophen induced hepatotoxicity via a hepatic y-glutamylcysteinylglycine (GSH)
mediated antioxidation /detoxification system in rat liver after four weeks of feeding.

Enzyme Inhibitors

Enzyme inhibitors present in legumes are involved in the regulation of endogennous proteases, amylases,
lipases, glycosidases and phosphatases enzyme but also used as a defense related strategies against seed
eating insects and microorganisms. Legumes have inhibitors belong to family, Kunitz (20-24 KDa) and
Bowman-Birk (8 KDa) family. In common beans, lima bean, cowpea and lentil, protease inhibitors have
been characterized as members of the Bowman-Birk family (BBI) [67, 68]. These inhibitors have double
headed configuration, so they can interact with two enzymes simultaneously. These inhibitors show
highly stability at wide range of temperature and pH, due to presence of disulfide bond. From the
nutritional aspect, the inhibitors of the serine proteases trypsin and chymotrypsin are the most important
[67].

i Protease inhibitors

The protease inhibitors can also be used for the prevention of cancer. Content of protease inhibitor in
kidney bean and cowpea ranged from 8 - 10.6 g of trypsin and 9.2 g of chymotrypsin inhibited kg1,
respectively [69]. BBI is a double headed inhibitor usually capable of inhibiting both trypsin and
chymotrypsin enzyme. According to Clemente et al. [70] the anti-chymotryptic activity is more effective
that the antitryptic activity in inhibition of carcinogen induced transformation. BBIs also attribute anti-
inflammatory activity, by inhibiting the inflammation mediating protease [71]. Pea, chickpea and
mungbean protein hyrolysates have been shown to have angiotensin converting enzyme (ACE) inhibitory
activity. Since ACE plays a key role in modulating blood pressure, ACE inhibitors, including those derived
from pulses, may improve cardiovascular health [72]. Inverse correlations between pulse consumption
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and colon cancer mortality and risks of prostrate cancer, gastric cancer and pancreatic cancer have been
reported in several epidemiological studies [73].
iic-amylase inhibitor
Obesity is a complex disease with serious medical consequences. Legumes are rich in protein as compare
to carbohydrates and fats. So protein rich food is beneficial for weight lose [74]. However, raw legume
seeds contain good amount of a-amylase protein inhibitors, which is used for the prevention and therapy
of obesity and diabetes. a-amylase inhibitor binds with porcine pancreas a-amylase enzyme (which act
on starch and hydrolyzed into mixture of small oligosaccharides like maltose, maltotriose and
oligoglucans) and delay carbohydrate absorption, due to this there is reduction of peak postprandial
plasma glucose concentrations in blood. So, a-amylase inhibitor can be used as a nutraceutical molecule
[75, 76]. According to Suzuki et al. and Muri et al. 2004] [77, 78], some patents concerning the use of food
preparations containing suitable amounts a-amylase inhibitors from various sources for the obesity
control and the prevention or treatment of diabetes have recently appeared.
iilia-glucosidase inhibitor
a-glucosidase enzyme present at the epithelium of the small intestine and required for the digestion of
mixture of small oligosaccharides, which is hydrolysed from starch by a-amylase . a -Glucosidase has
been recognized as a therapeutic target for modulation of postprandial hyperglycaemia, which is the
earliest metabolic abnormality to occur in type 2 diabetes mellitus [79]. Vigna species contain -
glucosidase inhibitor, which have great potential for the treatment of diabetic patients.Inhibition of
intestinal o -glucosidases delays the digestion and absorption of carbohydrates, thereby suppressing
postprandial hyperglycaemia [80]. Ricebean, cowpea, mungbean and adzuki bean show a - glucosidase
inhibition, 57.98 %, 51.54 %, 18.62% and 64.33 %, respectively[61].
dTyrosinase inhibitor
Tyrosinase act as a key enzyme for synthesis of melanin pigments. Tyrosinase catalyzes two distinct
reactions in melanin synthesis: the hydroxylation of L-tyrosine to L-dopa and the oxidation of L-dopa to
dopaquinone, after further series of conversions to the melanin produced [81]. Ricebean, cowpea,
mungbean and adzuki bean show Tyrosinase inhibiton, 60.97%, 47.49%,81.24% and 38.92%,
respectively [61]. The inhibitors of tyrosinase have been used to treat some dermatological
hyperpigmentation illness connected with overproduction of melanin, which also play a significant role in
the cosmetic business as a skin whitening agent [82].
Y-Aminobutyric acid (GABA)
y-Aminobutyric acid (GABA) (Fig. 3) is a non-protein amino acid and act as a depressive neurotransmitter
in the sympathetic nervous system. GABA is used as effective medicine for people who are suffering from
hypertension by lowering their blood pressure. It can also be effective for the treatment of sleeplessness,
depression, autonomic disorders, chronic alcohol related symptoms and to stimulate immune cells [83].
Seed of adzuki bean had 21.31 mg/100 g of GABA content and its level increases after seedling [84]. Due
to presence of GABA, mung bean acts as a hepatoprotective agent. On germination and fermentation of
mungbean seed, there areincreases in 7.3 times of GABA content and 8.7 and 13.2 times of amino acid
improvement, respectively. Besides this, there are also increase in antioxidant levels, serum markers and
NO level, which can promote mungbean extract to reduce the hepatocyte damage [85].

Table I : Different bioactive components present in Vigna species and their effect

Bioactive components

Beneficial effects

Protein (angularin, delandin and
unguilin)

Anti -HIV activity

Minerals and Vitamins

Act as antioxidant

Fiber Lower cholesterol level and reduce colon cancer
Oligosaccharides Reduce colon cancer and act as prebiotics
Saponins Hypocholesterolaemic effect and anticarcinogenic
Lectins May help in obesity treatment and tumor growth
Phytates Hypocholesterolaemic effect, anticarcinogenic and also protect
DNA damage
Phenolic compounds Risk factors for menopause, coronary heart disease and
anticarcinogenic
Flavonoids, isoflavones (phytoestrogens) Act as antioxidant and anticarcinogenic
Protease inhibitors Anticarcinogenic
Amylase inhibitors Antidiabetic
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Table II: Vigna species and their main potential positive and beneficial effects
Azuki bean juice Hypertriglyceridemia Decreased triglyceride concentrations | [88]
by inhibited pancreatic lipase activity
Boiled Azuki bean Aging To prevent damage [89,
juice associated with the stress of aging, 90]
inhibitory effect on malonaldehyde
formation, and thereby exert
antioxidant activity
Mung bean Glucose and lipid Modify glucose and lipid metabolism [91]
Metabolism favorably in rats
Liver By increasing the level of GABA and [85]
antioxidants, act as hepatoprotective
agent
Butanol and Gastric carcinoma cell line Inhibit cancer cell line [8]
Hexane extracts
of mungbean
Aqueous extract Hepatoprotective and Maintain the level of glutathione [92]
of seed of Vigna nephroprotective pyruvate tranaminase, oxaloacetate
mungo transaminase, alkaline phosphatase and
(Blackgram) total bilirubin, also maintain the level of
urea nitrogen, creatinine and uric acid
in serum
Cowpea Cancer Trypsin inhibitor cause death of MCF-7 | [93]
cell and inhibit the growth of tumor
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Figure 1: Structure of Oligosaccharides
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Figure 2: Structure of saponin: (a) triterpenoid (b) steroid.
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Figure 3: Stucture of Phytic Acid, Tannic Acid, Isoflavones and GABA

IMPACT OF VIGNA SPECIES ON HUMAN HEALTH

Vigna species are cheaper source of protein. By taking legume diet the problem of protein malnutrition
could be solved. Vigna species are low glycemic index (GI) foods with GI values ranging from 28 - 52 [86].
The low GI in Vigna species is due to abundance of non-starch polysaccharides, resistant starch and
oligosaccharides, which reduce the glucose, level [87] and reduce the risk of diabetes. The beneficial role
of bioactive components of Vigna species are given in Table 2.

Cancer

Various legumes are involved for the treatment of different types of cancer like breast, stomach and
prostate cancer. Vigna species contain many nutrients and bioactive components, which show anti-
carcinogenic activity. Fiber, oligosaccharides, phenolic compounds and antioxidants act as an anticancer
agent. Mung bean shows preventions to lung cancer and liver cancer induced by morphine and sodium
nitrite. Lectins exist in legumes are capable of inhibiting the proliferation of Escherichia coli in the rat’s
intestine [94, 95, 96].

Itoh et al. [97] reported that the 40% (w/v) ethanol fraction of the hot water extract from adzuki beans
suppresses not only proliferation of human stomach cancer cells in culture but also benzo(a) pyrene-
induced tumorigenesis in the mouse fore stomach. Anti cancer agent stimulate the immune responses,
which may prevent cancer.Kazuyasu et al. [98] revealed that some edible beans containe components
with biological activity similar to that ofpolyphenyl propanoid polysaccharide complex. They found that
adzuki bean (Vigna angularis) has differentiation/maturation inducing activity for dendritic cells (DCs)
and apoptosis inducing activity for human leukemia U937 cells. Extracts of adzuki bean contains two
components; one which was elutes in 100% methanol, induce differentiation from bone marrow cell to
immature DCs, while the apoptosis-inducing activity for leukemia U937 cells was eluted with 50%
methanol. On engulfment of apoptosis cancer cells can stimulate DCs. So adzuki beans and adzuki extract
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may be promising immunopotentiating foods, dietary supplements and adjuvant for cancer prevention
and immunotherapy.

Cardiovascular disease

Cardiovascular disease is major cause of death in many countries. The main risk factor of this disease is
increased level of cholesterol. Legumes act as cholesterol lowering agent.Legumes consumption is
significantly associated with 22% and 11% lower risk of coronary heart disease and cardiovascular
disease, respectively [1]. So legumes could be considered as heart healthy food. Different bioactive
components present in Vigna species such as fiber, oligosaccharides, angiotensin converting enzyme,
resistant starch, vitamins and minerals, protects from cardiovascular disease. Black gram have high
amount of fiber. Indira and Kurup [99] examined that on administration of 30% neutral detergent fiber of
blackgram as a diet, reduce cholesterol level as compared to cellulose by binding with bile acids. It can
also reduce the hyperlipidemia induced by ethanol. Neutral Detergent Fiber of blackgram have different
binding affinities for different bile acids such as maximum for chenodeoxy cholic acid and minimum in
case of deoxycholic acid. Nishimura et al. [100] examined that dietary fiber of sprouted mungbean reduce
the cholesterol level in rats. A significant reduction in total plasma cholesterol levels was observed by
giving fiber enriched diet for 21 days, accompanied by an increase in total caecal short chain fatty acids.
This is beneficial for both, cardiovascular disease and cancer. Salunkhe and Kadam [101] examined the
potential effect of saturated fatty acids (FA) on atherosclerosis, coronary heart disease, and myocardial
infarction. Legume lipids and dietary fibers are being suggested for dietary reduction of blood cholesterol
because legumes contain substantial amounts of desirable polyunsaturated fatty acids (PUFA) and fiber.
In case of adzuki bean, fatty acids (FA) of triacylglycerols (TAG) and phospholipids (PL) were present in
range of 20.6-21.9 wt % and 72.2-73.4 wt %, respectively. These components also reduce the risk of
cardiovascular diseases.

Diabetes

Diabetes occurs due to high glucose level in blood, this disease also associates with other diseases like
heart disease, blindness, kidney disease and nerve damage [102]. Vigna species play an important role for
the treatment of diabetes because it have high amount of fiber and oligosaccharides, which can maintain
the glycemic level in blood. Mung bean have low glycemic index, so it can reduce the lipid level, insulin
and epidilymal adipocyte volume from plasma. So mung bean can be used as an anti-diabetic agent. Yeap
et al. [103] compared fermented and nonfermented mung bean extracts to reduce the glucose level on
rats. Fermented mung bean extracts did not induce hypoglycemic effect on normal mice but reduced
glucose level and cholesterol triglyceride in blood.

Inflammation

There are many bacteria and fungi, which are the causative agent of inflammation. Many drugs are
available in market for their prevention and treatment. But these drugs have many side effects and many
microorganism developed resistance against them. So, now researcher giving more attention to utilize
those drugs, which are cheap, effective and obtain from natural sources. Vigna radiata and sprouts of
mungbean have antimicrobial and antifungal activity. Sprouts have more bioactive components as
compared to seed. Flavonoid is the substance, which is produced by the plants against bacteria.
Mungbean sprout (MBS) crude extract yielded a very promising antimicrobial activity against 11 bacteria.
T. harzianum is a rare opportunistic pathogen and recently isolated from blood serum, skin lesions,
sputum and throat of a pediatric patient with neutropenia. T. rubrum is the most common dermatophyte
species and the most frequent cause of fungal skin infections in humans worldwide. They are resistant to
commonly available drugs. MBS show remarkable antifungal activity against T. harzianum and T. rubrum
[104].Vigna vexillata also have anti-inflammatory bioactivity. In chloroform fraction of Vigna vexillata
having three compounds such asdaidzein, abscisic acid and quercetin, which show anti-inflammatory
potentials compared with the Phosphatidylinositol-3-kinase (PI3K) inhibitor and a NADPH oxidase
inhibitor. Phosphatidylinositol-3-kinase (PI3K)/protein kinase B pathway plays an important role in
neutrophil activation, whereas NADPH oxidase is also important in the inflammatory mechanism. So
Vigna vexillata can use as an anti inflammatory drug via. inhibitingPI3K or NADPH oxidase [105]. Lee et
al. [106] found that methanolic extract and solvent fraction of Vigna sinensis (cowpea) seeds have anti-
inflammatory activity.

Heat Stress

Many Asian countries use mungbean soup for the treatment of heat stress.Twocomponents, Vitexin and
isovitexin , which are the major antioxidant components in mungbean and reduce the risk of many
diseases. Cao et al. [107] found that when rats fed on mungbean coat extracts then the levels of
malonaldehyde, activities of lactate dehydrogenase and nitric oxide synthase are remarkably reduced and
the levels of total antioxidant capacity or glutathione are significantly enhanced in the plasma of rats
before or after exposure to heat stress.
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Hepatotoxicity

Vigna species are healthy food for liver. Vigna mungo show hepatoprotective effect against
Acetaminophen and carbon tetrachloride induced hepatotoxicity in rats and also inhibit the microsomal
enzymes [108]. GABA presents in mungbean and adzuki bean also effective hepatoprotective agent.

CONCLUSION

Vigna species are valuable source of protein, carbohydrate, mineral and vitamins, besides these important
nutrients, Vigna species also contain biologically active components including phenols, phytic acid,
saponin, oligosaccharides, fiber etc. Due to presence of these components, Vigna species show
antioxidant, anticarcinogenic, anti mutagenic and anti hyperglycemic effect. Though Vigna species has
various medicinal applications and it can be used as a nutraceuticals.Further studies should be conducted
to develop genetically engineered plants to control the amounts of specific bioactive compounds.
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