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CHAPTER

8

Antioxidant Activity of Anthocyanins
in Common Legume Grains

Winda Christina Harlen, Ignasius Radix A.P. Jati

Widya Mandala Catholic University Surabaya, Surabaya, Indonesia

Acronym and Abbreviation

ABTS 2,2-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)
DNA deoxyribonucleic acid

DPPH 2,2-diphenyl-1-picrylhydrazyl

FAOQ Food and Agriculture Organization

GAE gallic acid equivalent

GPx glutathione peroxidase

MDA malondialdehyde

NADPH nicotinamide adenine dinucleotide phosphate
SOD superoxide dismutase

TBARS  thiobarbituric acid reactive substances
USDA The United States Department of Agriculture

1 INTRODUCTION

Legumes have long been consumed as rich sources of
protein in human diets all over the world. Usually, people
consume legumes in various cooked forms (boiled, fer-
mented, fried} and they are served as either main or side
dishes. In addition, legumes are also popular to be eaten
as a snack (e.g., peanuts, soybeans) in many Asian and
African countries. Legumes are plants belonging to the
family Leguminoceae. Among many, seybean, peanut,
pea, common bean, lentil, lupin, mesquite, carob, alfalfa,
and clover are several examples of the best-known and
most-consumed legumes in the world.

Recently, recommendations to increase the consump-
tion of legumes have been widely promoted based on
many chemical, biochemical, clinical, and epidemiologi-
cal studies which show that there are positive correlations
between consuming legumes and decreasing the inci-
dence of various degenerative diseases, such as cancer,
diabetes, coronary heart disease, and obesity. The ability
of legumes to reduce the incidence of such diseases
is believed to be attributed to biologically active

Polyphenols: Mechanisms of Action in Human Health and Disease
httpssf/doi.org/1 0,1016/B978-0-12-513006-3.00008-8

compounds in legume grains. Among others, phenolic
constituents including anthocyanins have been deeply
explored in relation to their health-promoting properties.
Therefore, in addition to their high nutrient profile,
legumes are also rich sources of bivactive compounds,
especially phenolics; recent research studies are compre-
hensively focusing on the role of phenolic constituents
such as anthocyanin as antioxidants in human diet and
their role in promoting human health, as well as in pre-
venting the incidence of various diseases.

The increased rate of degenerative diseases has been
investigated by numerous researchers who have sug-
gested that factors such as unhealthy lifestyle, unbal-
anced diet patterns, and pollution are responsible as
the trigger for incidence of degenerative diseases. One
of these diseases is coronary heart disease, which is seen
as the number one killer in the werld. Changes indiet pat-
terns, with more vegetables and legumes and less meat,
are believed to have a favorable impact on human health
and could decrease the risk of coronary heart disease, as
well as other diseases.

2 FREE RADICALS AND ANTIOXIDANTS

The ability of legume grains to decrease the rate of dis-
ease or to promote human health is believed to be a result
of a synergical effect between the nutrient content, which
is rich in proteins and low in fat, with the bicactive com-
pounds found in legumes, such as phenolics and antho-
cyanin. Bicactive compeounds in legume grains play an
important role as antioxidants or free radical scavenging
compounds, which could balance the number of free rad-
icals in the human system.

© 2018 Elsevier Inc. All rights reserved,



82 8. ANTIOXIDANT ACTIVITY OF ANTHOCYANINS IN COMMON LEGUME GRAINS

Free radicals are molecules with unpaired electrons and
are very reactive in nature. Therefore, they can damage
surrounding molecules. In the human system, lipid, pro-
tein, DNA, and carbohydrate are molecules susceptible
to attack by free radicals, resulting in diseases such as ath-
erosclerosis, coronary heart disease, and cancer. In the nor-
mal condition, a certain level of free radicals is found
everywhere in the human body, produced as the result
of metabolic processes. Free radicals are also useful
because they play a reole in several biological processes—
for example, the phagocytic work by white blood cells—
and also they are believed to act as a cellular messenger
in a biological process called redox signaling. However,
unhealthy lifestyle and diet are believed to create an exces-
sive number of free radicals. The free radical will initiate a
chain reaction of the oxidation process, which causes dam-
age tomacromolecules. Degenerative diseases are believed
to be a result of such severe oxidative stress.

Antioxidants are therefore needed to balance the num-
ber of free radicals in the human system, thus preventing
damage to macromolecules due to oxidative stress. An
antioxidant is any substance that has the ability to inhibit
the oxidation of other molecules when present in low con-
centrations. The human defense system actually pro-
duces its own antioxidant substances, which are called
endogenous antioxidants, in the form of enzymes (super-
oxide dismutases, catalase, glutathione peroxidase) and
nonenzyme antioxidants (alpha lipoic acid, coenzyme
Q10, metal-binding proteins). However, under abnor-
mal/diseased conditions, the number of free radicals
exceeds the production of antioxidants in the human sys-
tem. Thus the body needs the intake of exogenous antiox-
idants from the diet. Enhancing the antioxidant capacity
of the human system by optimizing the dietary intake of
natural antioxidants is one of the best strategies to bal-
ance between free radical and antioxidant activity in
the human system.

3 ANTHOCYANINS

Among many antioxidantcompounds found inlegume
grains, anthocyanins are a bioactive compound that has
been widely investigated due to its ability to scavenge free
radicals and also to chelate metal due to its chemical struc-
ture. Therefore, anthocyanin also possesses a strong inhib-
itory effect against lipid oxidation [1]. Anthocyanins are
representative of a wide group of flavonoids and are
derivatives of 2-phenylbenzopyrylium, which is responsi-
ble for the attractive colors (blue, violet, purple, and even
black) of the plant parts, including flowers, fruits, vegeta-
bles, and seeds [2]. Various food products of fruit and veg-
etable origin are the major sources of anthocyanin
compounds. Anthocyanins can also be found in legumes
that have black, purple, blue, and red color, for example,

FIG. 8.1 Structure of anthocyanin.

red kidney bean, pea, and black soybean [3-5]. The basic
chemical structure of anthocyanin is shown in Fig. 8.1.

4 LEGUME ANTHOCYANIN AS
ANTIOXIDANT

Legume seeds are included as pulse crops, which
belong to the Leguminoceae family. It has been cultivated
inmany areas and consumed as a staple or complemen-
tary foed in traditional and modern diets. The nutritional
value of legumes has been broadly investigated. Legumes
are rich in proteins, fiber, vitamins, amino acids, polypep-
tides, flavenoids, and phenolic compounds, which are
considered as a good ingredient of a functional foed for-
mulation. A number of researchers have reported the
potentiality of legumes as a goed source of antioxidants
and also their ability to prevent diseases. The major com-
pounds of legumes responsible for their high antioxidant
activity are believed to be the phenolic and flavonoid
compounds.

Anthocyanin, which belongs to the flavonoid group,
are a natural pigment that is broadly dispensed in plants
that are used in the human diet, including fruits, vegeta-
bles, and colored legumes [6]. The anthocyanin occurring
in legumes appears as a darker color, ranging from red,
purple, greenish, blue/gray, to black, in legume seed
coats. Anthocyanins in legumes are correlated with a
broad range of biological activities, such as antioxidant,
anticancer, and antiinflammatory agent. Its mechanism
in preventing some diseases through the role of antioxi-
dant has been investigated. Likewise, the effect of food
processing on the antioxidant activity of anthocyanin
has been examined intensively. Regarding the develop-
ment of legumes as functional food ingredients, legume
anthocyanin’s promising ability as an antioxidant is still
an interesting topic in recent studies.

4.1 Black Soybean

Soybeans (Glycine max L Merril) have been widely
used as a food source around the world due to their

I. OVERVIEW OF POLYPHENOLS AND HEALTH
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TABLE 8.1 Black Soybean-Based Product

Countries
of
Products Description production  References
Natto Fermented soybean paste,  Japan Park et al.
produced through the [11]
fermentation of soy with
Baeillus subtilis
Tofu Soybean curd made by Asian Gartaula
coagulation of heated Countries etal [12]
soya milk with coagulant,
followed by moulding
and pressing the curd to
draw the whey
Chunjang Black soybean paste, Korea and Bai et al.
fermented by Bacillus China [13]
species
Jajang Black soybean sauce, Korea and  Bai et al.
made from fried China [13]
chunjang, fermented by
Bacillus species
Tempeh Fermented soybean with ~ Indonesia Chang
fungus, such as Rhizopus etal [14]
oligosporus and Rhizopus
oryzae
Kinema, Fermented food with India Tamang
peruyyan, sticky texture, gray tan [15]
and color, with slight
hawaijar ammoniacal flavor
produced by natural
fermentation

various nutrient and functional compounds, such as pro-
teins, lipids, vitamins, fiber, and phytochemicals. Soy-
beans are popular in China, Japan, Korea, India, and
Southeast Asia nations [7]. Particularly in Asia, soybeans
are used in the making of soya paste, soya curd, tempeh,
tofu, and oil [8]. Soybean consumption’s beneficial health
effects include prevention of cancer, early aging, diabetes,
and cardiovascular disease [9].

One of the soybean varieties is black soybean. Black
soybean is commonly consumed as a food ingredient,
especially in fermented products. In Korea, black soybean
is utilized to make chujang and jajang. Natto is also pop-
ular as a black soybean-based fermented food in Japan. In
Indonesia, black soybeans are used for the production of
tempeh [10]. The utilization of black soybean for food
production is presented in Table 8.1.

Recent research shows that black soybean has been
found to possess a high amount of anthocyanins along
with strong biological activity [16]. Pigmentation of black
soybean seed coats is contributed by anthocyanin. Antho-
cyanins in the black soybean seed coat are reported to
have antioxidant activities and abilities for a-glucosidase
inhibition, regulation of adhesion melecules, protection

from ischemia, reperfusion of heart injury, stimulation
of wound healing in fibroblasts, and prevention of
inflammation in endothelial cells [17]. Anthocyanin
may be as essential as isoflavone in determining black
soybean characteristics and its functional source. More-
over, the radical scavenging effects of anthocyanin
against DPPH and ABTS radicals were stronger than
other isoflavones [9].

The anthocyanin compositions are diverse among dif-
ferent black soybean varieties. A study of the correlations
between antioxidation and the contents of total phenolics
and anthocyanin in 127 accessions of black soybean in
China has been reported [18]. Major differences existed
among 127 types of accessions, which came from differ-
ence geographical regions. The average values of total
antioxidant capacity of black soybean were remarkably
higher than for yellow soybean, indicating that active
material contents of black soybean are apparently supe-
rior to yellow soybean, due to its anthecyanin content
[19]. Related to anthocyanin content, the best type of
black soybean was the autumn sowing type, followed
by the summer sowing type and the spring summer type
[18]. The anthocyanin content may either be indicated by
genetic means or planting conditions and ecological
environments.

A recent study showed that nine anthocyanins were
found in soluble phenolics that are isolated and identified
from the extract of black soybean [9]. Three major antho-
cyanins, cyanidin-3-glucoside, delphinidine-3-O-gluco-
side, and  petunidin-3-O-glucoside,  respectively
constitite more than 90% of the total anthocyanin content,
but the predominant anthocyanin in black soybean was
cyanidin-3-ghicoside [20]. Some animal model studies
revealed that cyanidin-3-O-glucoside is the most bioactive
anthocyanin in avoiding diabetes and obesity-related dis-
eases [21]. Cyanidin-3-O-glucoside content in the black
soybean seed coat ranged from 6.275 to 19.808mg/g,
approximately 75% to 96% of total anthocyanin content
[9]. Anthocyanin content and composition may be highly
influenced by the distinct cultivar, genetics, and environ-
mental stresses, as shown in Table 8.2 [20].

Anthocyanin showed obvious antioxidant capacity in
many in vive and in vitro studies, as shown in Table 8.3.
in vitro antioxidant capacity of anthocyanin of black soy-
bean varieties in Indonesia by menitoring TBARS forma-
tion has been reported [10]. All of the anthocyanin
extracted at various levels from black soybean was effec-
tive to inhibit low density lipoprotein (LDL) oxidation.
A greater inhibition of LDL exidation was found through
black soybean consumption than for yellow soybean
[26,27]. The seed coat of black soybean, which contains
anthocyanins, was reported to have higher antioxidant
activity than the yellow soybean coat. The lag time of
LDL oxidation by the black soybean seed coat extract
was almost four times longer than the lag time of LDL
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TABLE 8.2 Total Anthocyanin Contents of Different Black
Soybean Varieties

TABLE 8.3 Health Promoting Properties in Several Black
Soybean Products

Black soybean Country Total anthocyanin
varieties of origin content (mg/g) References
Geomjeongkong 2 Korea Man et al.
Crop year: 2009 20.030 [9]
Crop year: 2010 23.043
Seonheukkong
Crop year: 2009 8.885
Crop year: 2010 12.697
Cheongja 2
Crop year: 2009 10.948
Crop vear: 2010 10.904
Cheongja 3
Crop year: 2009 10.894
Crop year: 2010 14.072
Dongbeichun China 0.98 Xu et al.
[18]
Beifangchun 0.1
Nanfangchun 0.83
Nanfangxia 0.88
Malika Indonesia 13.6 Astadi
et al. [10]
Cikuray 14.5

oxidation by the yellow soybean seed coat [27]. Total
polyphenol content of black soybeans was also higher
than the yellow soybeans. The LDL protection of antho-
cyanin may be due to metal-chelating and radical scav-
enging capacity, but the mechanism by which the
extract inhibits LDL oxidation in vitro remains unclear.
Another research study on in vitro antioxidant capacity
of anthocyanin has revealed that the multiple carbon ring
structure that belongs to anthocyanin, which is similar to
cholesterol, has a greater opportunity to protect choles-
terol from oxidation. It may potentially contribute to pre-
venting the inflammation related to cardiovascular and
other chronic diseases [28].

Fermented black soybean has a higher antioxidant
content compared to nonfermented soybeans [22]. Natto,
as a fermented product of black soybeans, has fibrinolytic
activity due to its nattokinase enzyme. Natto consump-
tion decreased total cholesterol level in hypercholesterol-
emia rat model serum [11,22]. It was also reported to have
antithrombotic effects and inhibit coagulation of plate-
lets, which was generated by the increasing of prothrom-
bin time and the euglobulin clot lysis time in rat models
fed with 750 and 1500mg /head / day natto dried powder.
There were no statistical differences in antithrombotic
effects between those rats fed with natto dried powder
and the control group, which received 100mg/head/

Soybean product Health promoting properties References
Black soybean natto  Hypocholesterolemic therapy Gofur and
for treating the male Lestari [22
reproduction system
Black soybean seed  Anti-inflamatory and antifibrotic ~ Kim et al.
coat extract effects on penile plaque 23]
formation in rat peyronie disease
models
Fermented black Inhibition of Angiotensin Juan et al.
soybean with Converting Enzyme (ACE) [24]
Bacillus spp.
Roasted black Improve cholesterol metabolism,  Jung and
soybean powder insulin resistance, and alleviate Kim [25]
oxidative damage in Non-
Alcoholic Fatty Liver Disease
(NAFLD)
Thai Fermented soy ~ Enhance free radical-scavenging  Dajanta
bean (thua nao) activity and ferric reducing et al. [26]

antioxidant power, inhibit LDL
oxidation

day aspirin. The dried natto powder contains not only
nattokinase but also other biologically active compounds.
This may confirm that normal dietary intake of natto
offers potential health benefits in preventing cardiovas-
cular disease. Moreover, black soybean natto consump-
tion could affect the reproduction system of
hypercholesterolemic male mice by increasing the den-
sity and motility of sperm and the testosterone level, as
compared to a high-fat fed mice group [22].

Another research study on the inhibitory effect of
black soybean supplementation on nonalcoholic fatty
liver disease (NAFLD) found that black soybean had
inhibitory effects on the cholesterol metabolism and
insulin resistance of mice receiving a high cholesterol
diet (HCD) [25]. Mice receiving black soybean supple-
mentation had lower blood fasting glucose and insulin
levels compared to the group of mice that received
HCD. Black soybean supplementation also decreased
liver total cholesterol and triglyceride levels in mice
compared to the HCD group. The alanine aminotrans-
ferase (ALT) and aspartate aminotransferase (AST)
levels, which were analyzed to evaluate liver function,
were significantly increased in the HCD group com-
pared to the normal cholesterol diet (NCD) group, but
there were no statistical differences among all the exper-
imental groups receiving black soybean supplementa-
tion. The antioxidant activities of black soybean were
analyzed using hepatic antioxidative enzyme activities,
including SOD, GPx, and catalase. The results found
that the SOD, GPx, and catalase activities were signifi-
cantly decreased in the HCD group and were
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significantly higher in all the experimental groups sup-
plemented with black soybean than in the HCD group.
The Malondialdehyde (MDA) and nitrate levels of
groups receiving black soybean supplementation was
lower than the HCD group, indicating that black soy-
bean could regulate antioxidative enzyme activities in
the liver of NAFLD mice. The serum adiponectin, which
is involved in insulin resistance in NAFLD, was signifi-
cantly lower in the HCD group than in the NCD group
and largely increased with black soybean supplementa-
tion in a dose-dependent manner. Black soybean influ-
ences insulin sensitivity and regulation of blood
glucose by improving fatty acid oxidation, glucose
intake, and insulin resistance via adiponectin secretion.
Therefore, black soybean supplementation may have
effectively prevented NAFLD, due to its capacity to
inhibit fat digestion, fat adsorption, and insulin
resistance [25].

4.2 Common Bean

Common beans (Phaseolus wulgaris L.), which are
extensively consumed throughout the world, play a
key role in the traditional human diet. They have been
recently developed as a food ingredient in several food
products, mainly because of the high content of protein,
starch, dietary fiber, micronutrients, and bioactive com-
pounds with low levels of fat [29-31]. The greatest varie-
ties of leguminous plant can be found in tropical and
subtropical areas [32]. There are more than 40,000 varie-
ties of common beans in the world. It has one of the high-
est levels of variation in growth habit, seed
characteristics, maturity, and adaptation [33].

Dry beans, the primary product of common beans, are
considered to be exceptional commodities related to their
long storage life, good nutritional properties, and simple
storage for eating. The health benefit of consuming beans
has been established in the later epidemiological studies,
especially related to the antioxidant capacity, which
could be observed by analyzing the amount of anthocy-
anins, isoflavones, and other polyphenol compounds
[34]. Those bioactive components are responsible for
the antioxidant activity of common beans. Similar to
the black soybean, the seed coat is also responsible for
the antioxidant capacity of commen beans, as shown in
Table 8.4. Determination of color could be a good indica-
tor to predict the antioxidant capacity of beans. The color
features of dry kidney bean are related to the anthocyanin
content and antioxidant activities of 26 kidney beans cul-
tivated in China [35]. Some individual anthocyanins
observed were cyanidin, delphinidin, petunidin, peoni-
din, pelargonidin, and malvidin. The coler feature of
bean coat was analyzed using a colorimeter. The results
showed that some of the kidney beans with the lighter
seed coat color contain smaller anthocyanin content if

TABLE 84 Anthocyanin Content From Common Beans Based
on Seed Coat Color

Anthocyanin
Seed coat colorfvarieties  content References
Cream 0.055%" Diaz et al. [34]
Yellow 0.046%"
Brown 0.048%"
Pink 0.062%"°
Red 0.161%"
Purple 0.049%"
Black 0.25-047mg/g Akond etal. [37a]

Cream mottled 0.05-0.16mg/g

White 0.06-015mg/g
Pink with black spot 0.16mg/g
Light cream 0.14mg/g

@ Expressed as delphinidin-3-glucoside equioalents.

compared to the darker seed coat. There was a strong cor-
relation between the delphinidin content and the seed
coat color of kidney bean. The 3-O-glucosides of delphi-
nidin were found to be the major anthocyanin of black
beans [34-36]. The total anthocyanin contents in the seed
coat ranged from 0 to 5.84mg/g and was reported to be
higher than some fruits and vegetables with dark color,
such as blueberries and red cabbage. The highest total
anthocyanin content was found in cultivar Hon-
ghuayuanzhongheizibaijia (5.84mg/g), followed by the
Honghuaheizibaijia (4.76 mg/g) and Jiuliging (4.55mg/ g).
The anthocyanin composition reported in commeon beans
varied compared to cowpea [37].

Another legume cultivated in Asia is red adzuki beans
(Vigna angularis). This legume was traditionally used for
making red bean paste [38]. The adzuki bean seed coat
contains a high amount of polyphenols identified as
catechin and epicatechin glycosides, quercetin glycosides,
myricetin, anthocyanin, and procyanidin dimers [39]. The
role of adzuki bean bioactive components in preventing
certain diseases has been recently reported. Adzuki
bean seed coats (ABSC) treatment on hypertensive
rats has attenuated vascular oxidative stress and inflam-
mation in spontaneously hypertensive rats. Polyphenol-
containing adzukibean seed coats restrained the elevation
of rat’s systolic blood pressure throughout the treatment
period. The NADPH™ stimulated O level and the
NADPH oxidase subunits decreased significantly in the
aorta of spontaneously hypertensive rats which were trea-
ted by ABSC, compared to the untreated ones, suggesting
that ABSC suppressed excess O3 production in the aorta
during progression of hypertension. Thus, ABSC treat-
ment could be useful asa preventive strategy for hyperten-
sion and atherosclerosis [40].
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Food processing has effects on the antioxidant capacity
of commen beans. The health benefit of commen bean
consumption depends mainly on their thermal proces-
sing [41]. Anthocyanin-containing beans such as black
beans, kidney beans, and pinto beans are usually cooked
or thermally processed before being consumed. Anthocy-
anins are sensitive to heat but there was no significant
degradation of the total phenolic content of canned and
open-pan-cooked black beans compared to crude black
beans [41]. However, the total phenolic content was not
always related to the antioxidant capacity. Total pheno-
lics and flavonoid content of common beans increased
after toasting, rather than beiling or cooking by autoclav-
ing [42]. Thermal processing may release more bound
phenolic acids from the breakdown of the cellular constit-
uents. The stability of antioxidant products such as phe-
nolics and flavonoids during heating may be due to the
formation of Mailard products, such as hydroxymethyl-
furfuraldehyde, that alse exhibit high antioxidant capac-
ity [42,43]. Soaking dry beans before cooking could leads
to the softening of wall tissues and increase the solubility
of bound polyphenols that may later leach into the soak-
ing water during the process. Nevertheless, the amount
of polyphenol compound leach was not significant.

Another processing method that can be used to
increase the utilization of commeon beans as a good source
of antioxidants in food production is fermentation. Bacil-
lus subtilis and Lactobacillus plantarim strains were used as
microbial agents in solid state and liquid state fermenta-
tion using kidney beans var. Pinto [44]. The results indi-
cate that the solid state extract from the fermentation
using Bacillus subtilis contains high soluble phenolic com-
pound content (31-36mg/g) and antioxidant activity
(508-541 ug trolox equivalent/g), while liquid state fer-
mentation extract using the Lactobacillus plantarum strain
showed potential antihypertensive activity related to
high levels of y-aminobutiric acid (GABA) and angioten-
sin converting enzyme inhibitory (ACEL) activity (90%).
Thus, this revealed that fermented kidney bean var. Pinto
can be a good source of bicactive compounds. The fer-
mentation process yields water-soluble functional extract
that can be used as functional ingredients in novel foods
and neutraceuticals to prevent cardiovascular diseases
[44,45].

Despite the antioxidant activity and other health ben-
efits of common beans, there is still limited information
on the transformation of those biological components
associated with the food matrix during gastrointestinal
digestion, especially in the form of a food product. Later
studies have simulated the whole digestion process, from
mouth to colon, to estimate bioaccessibility and small
intestine permeability of free phenolic compounds in a
corn cooked-common bean flours chips [46]. The DPPH
and ABTS antioxidant capacity of the chips in in vitro gas-
trointestinal digestion was found higher at the mouth

stage in comparison to methanolic extract. As the gastro-
intestinal digestion progresses, the antioxidant activity
increases until reaching the large intestine, where the
value decreases. The lowest antioxidant activity reported
in the large intestine might be due to some phenolic com-
pounds that cannot ¢ross the epithelial intestine barrier
and reach the colon, where colonic microbials ferment
them and modify the antioxidant capacity [46,47]. Appar-
ent permeability (Papp coefficient) was also investigated
to define the rate of accumulation of a compound in a
receptor chamber normalized by superficial tissue area
and it has been used as an ex vivo measurement related
to human absorption coefficient [46,48,4%]. They found
that the Papp coefficient for phenolics compounds were
high, suggesting that the model applied is similar to an
in vivo model [46].

Numerous studies on functional bioactive compounds
in common beans have focused on the amount of the
component, the health benefit in a crude form and in food
mixture or food products, and the effects of processing on
the antioxidant capacity. However, studies of the in vivo
bioavailability and bioaccessibility through gastrointesti-
nal models are still limited. With regard to the importance
of such topics, more research related to the bioavailability
and bioaccessibility of commen bean antioxidant com-
pounds needs to be conducted.

4.3 Cowpea

Cowpea (Vigna unguiculata), also known as black-eyed
peas, southern peas, and crowder peas is a kind of pulse
grain which is the most widely produced pulse grain
behind common dry beans (Phaseolus vulgaris) and chick-
pea (Cicer arietinunt) [50,51]. It can grows well in an area
which usually usuitable for most other legumes because
of its heat and drought tolerance, making cowpea as an
environment and climate-change friendly crop. West
Africa is the world largest cowpea productions, accounts
for more than 87% of the world production and use. Cow-
pea were more popular than common legume grains to be
used in Africa [52].

Cowpea contains bioactive compounds including
polyphenols which are condensed in the seed coat. As
in found on soybean and common beans, the composition
of phenolics in cowpea varieties are also diverse, mainly
be affected by seed coat color. The phenolic compounds
are respensible for most of the coloration observed in
cowpea varieties, ranging from white, read, cream,
bronze, purple, to black [50,53]. The seed color, polyphe-
nol structure and composition are directly affects specific
mechanism for disease prevention and also influence
nutrient bicavailability of cowpea varieties.

The major phenolic compound found in cowpea is the
phenolic acids [53]. Red cowpea phenotypes tend to have
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the highest phenolic acids compared to other cowpea
varieties. The phenolic content of cowpea was ranging
from 19.1 to 48.3mg/100g for a set of 15 commonly con-
sumed cowpea varieties, considerably higher than the
phenolic content of common dry beans (Phaseolus vul-
garis}. The phenolic acids are possibly an impertant con-
tributors to health benefits related to phenols in cowpea
and other pulses [50].

Anthocyanin is a bioactive compound that also found in
cowpea. It found only in a specific phenotypes, usually in
the black pigmented seed (1.7-3.9mg/ g) and concentrated
mostly in the seed coat, showed as more than fivefold rel-
ative to the entire seed [50,54,55]. Seed coat also contained
approximately 10 times more flavonoid compared to
whole seeds [56]. Anthocyanin found in black, grey, navy
blue, green, and black/grey varieties of cowpea, domi-
nated by delphinidin-3-O-glucoside and cyanidin-3-O-
glucoside which account for 68%-74% of all the pigments
[37]. Besides delphinidin and cyanidin, other anthocyanins
presented in cowpea are petunidin, peonidin, and malvi-
din, as shown in Table 8.5. Other pigmented red, maroon,
and brown seed coat varieties contain no measureable
anthocyanins [6,37]. Regarding the fact that anthocyanin
were concentrated in the seed coat, processing technology
that remove the seed coat will unwittingly eliminate the
benefit of anthocyanin, as well as removing valuable other
phenolic compound and fiber. Similar to common beans,
thermal process have limited effect on the profile of pheno-
lic compound. Additional work is needed to uncover the
metabolism of bicactive compound in cowpea and their
specific properties in order to be able to utilize cowpea
in food formulation and products such as snack, cereals,
and baked goods with high bioactive compound content
and antioxidant activities.

TABLE 8.5 Anthocyanin Composition of Cowpea Seed (Awika
and Duodu [50]; Chang and Wong [55]; Ojwang

et al. [54])
Anthocyanin compound Proportion (%)
Delphinidin-3-O-glucoside 26-33
Delphinidin-3-O-galactoside 8-11
Cyanidin-3-O-glucoside 24-27
Cyanidin-3-O-galactoside 1-8
Petunidin-3-O-glucoside 11-14
Petunidin-3-O-galactoside <2
Peonidin-3-O-glucoside 2-35
Peonidin-3-O-malonylglucoside <2
Malvidin-3-O-glucoside 10-13
Malvidin-3-O-acetylglucoside 3

4.4 Peanut

Peanuts (Arachis hypogaea) is one of the Leguminoceae
family which are rich in oils, protein, vitamins, and other
bioactive component such as phenolic compounds [57].
Peanuts was widely consumed across the world due to
its unique flavor and flexibility in processing. Peanut
can be eaten raw, boiled, roasted, and used in recipes
not only in traditional food but also made into modern
food ingredient [58]. Recent research shows that peanut
was rich in antioxidant, phenolics, and other phytochem-
icals such as flavonoids, proanthocyanidins, and antho-
cyanins [58-60]. Those phytochemicals were found
having role in preventing cancer, coronary heart diseases,
degenerative nerve disease, Alzheimer, and viral/fungal
infections [58]. The polyphenols and flavonoid in peanuts
were responsible on its antioxidant capacity, anti-
mutagenic capacity, and anti-proliferative effects [60].

Similar to other legumes, seed coat color in peanuts
varieties were also rich in antioxidant. Peanut seed coat
was varied from colorless/white, red, to deep purple/
black. Seed coats were very light, contributed only 2%-
7% of the total kernel weight. However, the total phenolic
content (TPC) of seed coats (97.3-133.5mg GAE/g) was
significantly ~ higher compared to raw kernel
(3.28-920mg GAE/g) and cotyledon (0.88-1.85mg
GAE/g) for 6 varieties of peanuts found in China [58].
Moreover, seed coats also contributed to the majority of
TPC (67%-87%) presented in raw kernel, while only
12%-18% of TPC is allocated to the cotyledon. The same
trend was also found in the total flavonoids content
(TFC), condensed tannin content (CTC), monomeric
anthocyanin content (MAC), and antioxidant capacity
analyzed with DPPH and FRAP, which indicated that
seed coats were the major source of antioxidant found in
peanuts. Those trends represented in both for the red
and the black seed coat peanuts, but the MAC for black
seed coat peanuts appeared higher than that observed in
red seed coats. The study also revealed that boiling may
leads to significant losses in phytochemical contents and
the antioxidant capacities of colored-seed coat peanuts.

Regarding the function of peanuts varieties as the
source of antioxidant, the seed coat were not the only
important one which define the total antioxidant capacity.
The colorless peanuts varieties also have potential of being
a good source of antioxidant. The antioxidant capacity of
peanuts is not always directly related to the intensity of
their seed color [60]. The results indicated that the Israeli
peanut cultivars thathave pale pink seed coat were discov-
ered to have very high TPC, TFC, and FRAP antioxidant
capacity, although their Total Anthocyanin Content
(TAC) value was not very high. It may cause by the color-
less flavoneids which could be the major source of antiox-
idant activity in colorless-seed coat peanuts and that
colored anthocyanins plays enly a secondary role.
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Peanut skins have been used as fortificants in develop-
ing new food products to improve the content of bicactive
compound. The aim of food fortification is to improve the
health benefit of food. Peanut skins contains high
proanthocyanidin content which have beneficial effect,
however it may cause bitterness and astringent mouthfeel.
Therefore, the formulatien must be taken into account in
order to produce food product with acceptable sensory
characteristic. Peanut skins have been used as an ingredi-
ent for chocolate cookies fortification in order to increase
their polyphenol content [61]. Peanut skins was added at
1.3%, 1.8%, and 2.5% to cookies in order to increase their
polyphenol content. The result showed that the addition
of peanut skins in those three different levels increased
the total phenolic content and DPPH scavenging activity
of the product by 12%-50% and 67%-250%, respectively.
The antioxidant evaluation carried out using ABTS radical
cation scavenging activity, HO, scavenging activity, and
hydroxyl radical scavenging activity indicated similar
trend as the DPPH assay. Moreover, the data showed that
heating process did not have any destructive effect on
either TPC or scavenging activity. However, the heating
process did affect the product sensory characteristic due
to an unexpected food color that has been developed after
heating the polyphenol-rich materials in the cookies. Nev-
ertheless, the color change did not affect the acceptability
of the cockies in sensory evaluation since the color under-
lined the chocolate flavor which added to the cookies in
order to mask the bitterness and astringent mouthfeel of
the peanut skin.

Another food that could be fortified by peanut skins
was peanut butter. The addition of ground peanut skins
into peanut butter in certain levels resulted in a
concentration-dependent increase in the total phenolic
content and antioxidant activity. Adding peanut skins
was effectively increased the total phenolic content, antiox-
idant capacity, and fiber content of the fabricated peanut
butters in a concentration-dependent manner, at the same
time maintaining the USDIA’s standard of identity for pea-
nut butter. The sensory evaluation of the peanut skin-
fortified peanut butters was also greatly acceptable [62].

The positive effects of consuming peanuts and its
product, such as peanut oils, peanut flour, and peanut
seed coats, are well established. Peanuts have healthy
fatty acid profile and being geod sources of components
that are capable of scavenging free radicals [63]. The find-
ing of recent studies has already shown that peanuts and
its by-product can be potentially used as an ingredient in
functional food formulations. Improvement of existing
product may lead into product diversification of estab-
lished brand available in the market.

4.5 Lentils

Lentils (Lens culinaris L.) is one of the oldest crops cul-
tivated by humans and the most consumed leguminous

seeds in the world together with peas (Pisum satioum
L.), chickpeas (Cicer arietinum L.) and common beans
(Phaseolus wvulgaris L.). Lentils are not only contains
high amount of macronutrients, such as protein, fatty
acids, and carbohydrates, but also contain phytochemi-
cals, such as phenolic acids, flavonols, saponin, phytic
acids, and condensed tannin, which can be used as a
source of antioxidant [64]. Some studies about lentils
have shown that the phenolic contents and antioxidant
capacity of lentils was one of the highest among the
other leguminoceae family [32,65-67].

Lentils are generally canned or dry-packaged for retail
sale or processed into flour [67,68]. It used in soups,
stews, salads, snacks, and vegetarian dishes. It may also
be used as a meat substitute or extender due to their high
protein content [68]. Lentils flour can be used as gluten-
free ingredient to be added in bread, cake, and baby food
formulation. The variety of lentils can be represented by
their seed color which ranged from yellow to red-orange,
green, tan, brown, and black, as a solid or speckled in
color, while the cotyledon is red, yellow, or green. The
diversity of lentils phenotype indicated the intricate phy-
tochemical characteristic and bioactivities among lentil
varieties [64,68]. The color differences between lentils
indicated that several pigments such as anthocyanins
may be existed in lentils. A research that investigated
the anthocyanin content of 11 lentils grown in northern
part of USA, showed that the French Green lentil which
have greenish brown/yellow seed coat exhibit much
higher anthocyanin content (665.6 ug/ g) than the Pardina
(157.3pg/g) that have greyish brown/yellow seed coat
[30]. The anthocyanin content of the other lentil varieties
were undetectable by HPLC, but still had the relatively
high content of total flavonoid which reflected in their
antioxidant assay [30].

The antioxidant activity were significantly differed
amongst the various legume extract [32]. The result proved
that lentils had the highest total phenolic content, total anti-
oxidant capacity, DPPH scavenging activity, and total
reducing power compared to other legumes (Table 8.6).
The total antioxidant capacity, DPPH scavenging activity
and total reducing power were positively correlated with
total phenolic content. The scavenging effects of the
leguime extract on the 1,1-diphenyl-2-picryl-hydrazyl radi-
cal (DPPH) were shown in Fig. 8.2. Bioactive compounds in
lentils that responsible for the high ability to act as antioxi-
dant are the phenolic compounds, including procyanidins
(69%), flavenoels (17%), flavanones (5%), hydroxybenzoic
(5%) and hydroxycinnamics acids (4%) [67].

Three different parts were recognized in the legume
seeds: seed coats or testa, cotyledon, and embryonic
axe which represent 10%, 8%%, and 1%, respectively of
the seed content [71]. The cotyledon consists the major
supply substances and nen-flavonoid compounds, which
is primarily proteins and carbohydrates, while in the seed
coat or testa are located the majority of flavonoid
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TABLE 8.6 Total Antioxidant Activity of Different compounds in lentils. Although the seed coat exhibit only

Legume Grain small portion of the total weight of lentils, the seed coat

Total flavonoid, such as cathechins, procyanidin, flavonols,

Legume Total phenolic ~ antioxidant and flavones, are the main source of total phenoclic con-
grain content {mgfg)  capacity References tent in the lentil seeds. The cotyledon, which represent
Pinto beant  33.4.£3.0 567493U/g Zhao et al, [32] a big portion of the total weight of lentils, provide low

concentration of phenolic compound, that mainly

Cowpen 10207 22426078 detected as cinnamic and benzoic compounds.
Babylima  9.5+1.0 116+£3U/g Antioxidant activity of lentils was positively corre-
beans lated with their phenolic content [64]. That might be
Lentils 47.645.3 721451U/g developed as an ingredient of functional foods. Lentils
ded to f icronized flak an be a promis-
Chickpea 219428 648+18U/g Proa?ee 5 . 0 101, IICLO e4 £5 € cap 0, s
ing ingredient to replace oats in snack bar formulations
Small red 45.7+1.8 622432U/g due to its nutritional benefit [72]. Recent research
ER showed that extrusion processing on lentil flour fiber-
Red kidney ~ 27.14+3.0 516+61U/¢g enriched formulation could increase polyphenol frac-
beans tion [73]. Extrusion process may hydrolyze polyphenol
Black 32.940.1 601+12U/g bounds to fiber and protein which may lead to the
kidney increase of antioxidant capacity and bicaccessibility.
beans The antioxidant activities of functional components in
Navybeans  11.640.01 215+28U/g food product were depended not enly on the level of
Wiy Nl 30442305 the blloact%ve compound, but alsolthg composlltllon of
o the bicactive compound. The antioxidant activity of
: . extruded flour samples which determined using DPPH
Eigeon.Feai 073 ol ILIE‘EngG;Ir‘d assay exhibited higher values than the non-extruded
shiwu . N "
flour samples. Extrusion promoted an increase in solu-
Yellow Pea 345 10.36umol TE/  Oomahetal [70]  ble fiber, total phenolic, hydroxycinnamic, and hydro-
& xybenzoic acids in the lentil-based, fiber-enriched
Green Pea 0.65-0.99 1.73-9.95umol ~ Xu et al. [18] analyzed flours. The flour can be a good alternative
TE/g to create a functional food with a balance nutritional
Adzuki 90 1.76 jmol Amarowicz et al. and phytochemical composition. Those results con-
beans Trolox/mg [39] firmed the potential of lentils to be used as functional
Taba beans  16.98-67.47 0.88 gmol I fooq ingredients: quever, research on the effect of
(14 Trolox/mg [39]; Chaieb etal.  lentils consumption in beth raw and processed form
varieties) [70a] in preventing degenerative diseases should be intensi-
ws o e
 Expressed 72 g GAE (Galic A Equioalent /1005 dried bearo. fied in orQer to evaluate the beneficial effects of lentil’s
consumption.
FIG. 8.2 Scavenging activity of the legume extract s —&— Pinto bean
on the 1,1-diphenyl-2-picryl-hydrazyl radical (DPPH)
as measured by Zhao et al. [32]. 40 Cowpea
9 Baby lima bean
S 35+ .
= Lentil
g 0r —»— Chickpea
[=)]
% 25 r —a— Small red bean
=
% 20 b —+— Red kidney bean
O
i"’ 15 F —— Black bean
o e
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5 CONCLUSION

Anthocyanin are predominantly found in the seed coat
of dark colored legumes such as black soybean, common
bean, cowpea, peanut, and lentils. Among other anthocya-
nin, cyanidin 3 glucoside is the major anthocyanin found in
legumes. Beside the high antioxidant activity, anthocyanin
from legumes have been reported exhibit anti-
hypertension, anti-inflammatory, anticarcinogenic, antitu-
mor, and antimutagenic activities. It also enhances spatial
memory, enhances cognition, and inhibits LDL oxidation.
Increase the consumption of legumes for human daily diet
should be recommended due to their beneficial properties
for health. Moreover, further research on the application or
incorporation of legumes in snacks or other food products
in industrial scale should be intensified in order to opti-
mized the intake of anthocyanin and other bioactive com-
pound in leguumes.
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