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Nutritional and nutraceutical
potential of rice bean (Vigna
umbellata) —a legume with hidden
potential

Rajan Katoch*, Sanjay Kumar Sanadya, Kiran Pathania and
H. K. Chaudhary

Department of Genetics and Plant Breeding, Chaudhary Sarwan Kumar Himachal Pradesh Krishi
Vishvavidyalaya, Palampur, India

In the recent years there has been paradigm shift in global agriculture for the
exploration of different underutilized crops as future potential crops. Rice bean
[Vigna umbellata (Thunb.) Ohwiand Ohashi] one of the lesser known pulses among
Vigna species has gained attention during last decade as food and nutritional
security crop. Rice bean seeds are well-balanced source of beneficial constituents
such as protein, carbohydrates, minerals, vitamins, polyunsaturated fatty acids
(PUFAs) and anti-oxidants for health benefits and combating malnourishment
in human. In the present investigation, seeds of 15 diverse rice bean accessions
from north-western Himalayan region were analyzed for nutrients, anti-nutrients
and nutraceutical traits. Significant differences were observed among genotypes
for different traits. The rice bean genotypes revealed variation for major quality
traits including total carbohydrates (50.56-56.87%), crude protein content
(22.56-25.97%) and lipid content (1.87 to 3.17%) with the higher proportion of
linolenic acid followed by linoleic acid which are nutritionally desirable PUFAs.
The genotype IC-548758 revealed higher proportion of desirable quality traits.
Among protein fractions, globulins and albumins constituted major seed storage
protein fraction in rice bean seeds. The wide range variation was also observed for
anti-nutrients like including raffinose family oligosaccharides (RFOs), phenolics,
tannins, trypsin inhibitor (Tl), phytic acid, lipoxygenase activity and saponin
content among genotypes. Insignificant correlation among iron, zinc, magnesium
and manganese revealed good selection accuracy for genetic biofortification
program in rice bean. In summary, the genotype IC-548757, IC-548760 and IC-
548770 revealed lower proportion of anti-nutrients, whereas, the genotype IC-
548759 and IC-548757 revealed higher level of free radical scavenging activity
indicating nutritional and nutraceutical superiority of these genotypes. Overall,
the study revealed nutritional superiority of genotype 1C-548770, IC-548758 and
|C-548760 with balanced proportions of nutrients and anti-nutrients. Rice bean
legume has the potential to support more sustainable and resilient food and
nutritional security in future. Our study highlights the potential of different rice
bean genotypes as functional ingredients for future food and nutritional security
programmes.
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Introduction

Food and nutrition security programmes are expected to face a
tough challenge in coming future due to population outburst
especially in the developing countries. The present agricultural system,
which focuses on a bunch of primary food crops (such as rice, wheat
and maize), was successful in achieving food security in the past, but
in 21th century it is facing multiple challenges (1). This and several
other issues call for a paradigm shift in agriculture system to explore
non-conventional pathways such as adoption and promotion of
neglected and/or underutilized crops species (NUS). These crops
possesses agronomic, nutritional and climate resilient traits and suite
to wide range of climates (2-6). They have the potential to improve
food availability and generate rural economy through the development
of new value chains (1, 6-8). Therefore, to mitigate the global food and
nutritional insecurity, there is a need to explore these potential food
resources in future. Underutilized legumes are rich in phytochemicals,
antioxidants and phenols and are capable of promoting health status
that could help preventing different ailments in humans (9). Rice bean
is one of such underutilized crop which could be best exploited for
food, nutritional and nutraceutical potential.

Rice bean [Vigna umbellata (Thunb.) Ohwi and Ohashi], a potential
underutilized crop is of current interest in view of its production
potential and nutritive profile with high protein content, amino acid
composition, appreciable level of micronutrients and anti-oxidants (10).
The legume was originally cultivated by farming communities for
sustenance and livelihood, thereby its cultivation was earlier restricted
to specific agro-ecological regions (1, 11). It is a native of South and
South-East Asia and usually grown in remote areas. The crop also has
favorable agronomic attributes, high nodulation efficiency and has
capacity to thrive even in harsh climatic conditions (1, 12). Rice bean
in vegetative stage also provide considerable amount of palatable and
nutritious fodder. The pulse has recently drawn attention as potential
source of quality proteins and other essential nutrients for bridging
“protein gap” (13). In terms of nutritional value, rice bean is comparable
to other low-fat grain pulses. The seeds are well-balanced source of
nutrients such as proteins (methionine and tryptophan), carbohydrates,
lipids, vitamins (niacin, riboflavin, thiamine and ascorbic acid),
minerals and unsaturated fatty acids (linolenic, linoleic and oleic acids)
(14-16). Theseeds have appreciable levels of flavonoids and antioxidant
potential possessing free radical-scavenging activity among common
pulses in Vigna group. Interestingly, rice bean has significant
a-glucosidase inhibition (AGI) activity reflecting its potential to
suppress the blood glucose by inhibiting a-glucosidase in diabetic
persons. Rice bean thereby hold merits in nutritional and nutraceutical
attributes (11). Rice bean has also variable levels of antinutrients that
affect the absorption of nutritionally desirable constituents.

Being underexploited crop, there is still meager information
available on different quality and anti-quality attributes of rice bean.
Our laboratory is pioneer in undertaking research on rice bean

Abbreviations: AOAC, Association of Official Analytical Chemists; DMRT, Duncan’s
multiple range test; DPPH, 2,2-diphenyl-1-picryl-hydrazylhydrate; FAO, Food and
Agriculture Organization; IVPD, In vitro protein digestibility; NBPGR, National
Bureau of Plant Genetic Resources, New Delhi; NUS, neglected and/or underutilized
crops species; PUFAs, Polyunsaturated fatty acids; RFOs, Raffinose family
oligosaccharides; WHO, World Health Organization.
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legume from more than last two decades and has exposed its hidden
attributes globally that now has attracted attention of different research
groups for advance research in rice bean genomics and proteomics
(17-19). The nutritional profile of several rice bean genotypes has
been reviewed based on our observations for addressing the food and
nutritional issues. The current investigation was focused on the
nutritional and nutraceutical attributes of rice bean genotypes
explored from remote locations in north-western Himalayan region.

Materials and methods
Experimental materials

Rice bean germplasm was collected from the diverse locations of
north-western Himalayan region and was submitted with National
gene bank (NBPGR, New Delhi, India) for procuring the germplasm
accession number. Total of 15 rice bean genotypes viz., IC-548756,
1C-548757,1C-548758, IC-548759, IC-548760, IC-548761, IC-548762,
1C-548763, 1C-548764, IC-548765, 1C-548766, IC-548767, IC-548768,
IC-548769 and IC-548770 were submitted along with their descriptors.
These are 15 genotypes here were then procured from the gene bank
for analysis of different biochemical attributes.

Biochemical estimations

For biochemical estimations the seeds of different germplasm
were properly cleaned and ground in a Willey mill to pass through a
2mm screen and then kept in airtight bags. The crude protein content
and dietary fiber were estimated by following the standard procedure
given by AOAC (20). The approach described by Clegg (21) was used
to estimate the total carbohydrate content.

Estimation of ascorbic acid and niacin

Ascorbic acid and niacin content were extracted and estimated as
per the method described by Sadasivam and Manickam (22). For the
extraction of ascorbic acid, 3 g air-dried powdered sample was ground
with 25mL of 4% oxalic acid and filtered. Bromine water was added
drop by drop to 10 mL of the filtrate until it turned orange-yellow. The
excess of bromine was expelled by blowing in air. The filtrate was made
up to 25 mL with 4% oxalic acid and used for ascorbic acid estimation.
2mL of the extract was made up to 3 mL with distilled water in a test
tube after that 1 mL of 2% 2, 4-dinitrophenyl hydrazine reagent and a
few drops of thiourea were added with proper mixing. After 3h
incubation at 37°C, 7mL of 80% H,SO, was added to dissolve the
osazone crystals and the absorbance was measured at 540 nm against
areagent blank. From the standard curve ascorbic acid was expressed
as mg/100 g of seed flour.

For estimation of niacin content, 5g air-dried powdered sample
was steamed with 30 mL concentrated H,SO, for 30 min. After cooling,
the suspension was made up to 50 mL with distilled water and filtered.
5mL of 60% basic lead acetate was added to 25mL of the filtrate so
obtained. After pH adjustment to 9.5 followed by centrifugation,
supernatant was collected. 2mL of concentrated H,SO, was added to
the supernatant. The mixture was allowed to stand till 1h and
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centrifuged again. The 5mL of 40% ZnSO, was added to the
supernatant. The pH was adjusted to 8.4 and centrifuged again. The pH
of the collected supernatant was again adjusted to 7 and used as the
niacin extract. For estimation, 1 mL extract was made up to 6 mL with
distilled water in a test tube and 3 mL cyanogen bromide, followed by
ImL of 4% aniline was added with shaking. The yellow colour
developed after 5min measured at 420 nm to a reagent blank. From the
standard curve niacin level was expressed as mg/100g of seed flour.

Minerals analysis

Rice bean seed sample (500 mg) was digested with a mixture of
10 mL concentrated nitric acid, 4 mL of 60% perchloric acid and 1 mL
of concentrated sulfuric acid. The digested material was diluted with
50mL of deionized distilled water and filtered through Whatman No.
42. The volume was made up to 100mL in a glass volumetric flask with
distilled water. The minerals were analyzed by an atomic absorption
spectrophotometer Shimadzu, Japan (23), whereas, the phosphorus
content in the tri-acids digested extract was determined
colorimetrically by method given by Dickman and Bray (24).

Protein fractionation

The total protein (true protein) was first extracted by the method
given by Bashaet al. (25). Ethanol treatment was omitted to save prolamin
fraction. The extracted proteins were purified by precipitation with cold
20% trichloroacetic acid (TCA) and estimated by the method of Lowry
et al. (26). The albumin and globulin fractions of the seed protein were
extracted and separated according to the method of Murray (27). The
prolamin fraction was extracted from the residual pellet by treating the
pellet with 80% ethanol (1:10w/v) overnight. After centrifugation at
20,000 g for 20 min at room temperature, the supernatant with prolamins
was air-dried and dissolved in 0.1 N NaOH. The resulting pellet was
extracted with 0.4N NaOH (1:10w/v) overnight and centrifuged as
explained above. The supernatant was designated as glutelins. All four
fractions so obtained were again precipitated and washed with cold 10%
TCA and were re-dissolved in 0.2M NaOH. The protein content was
further determined by method of Lowry et al. (26).

In vitro protein digestibility (IVPD)

Multi-enzyme assay was used for measuring IVPD by the method
given by Hsu et al. (28). The IVPD was determined by the sequential
digestion of the samples containing protein with a multi-enzyme
mixture (trypsin, a-chymotrypsin and peptidase) at 37°C followed by
protease at 55°C. The pH drop of the samples from pH 8.0 was
recorded after 20min of incubation. The IVPD was calculated
according to the regression equation Y=234.84-22.56 X, where Y is
the % digestibility and X the pH drop.

Fatty acid analysis

The lipids were extracted from the seeds using chloroform and
methanol mixture in ratio of 2: 1 (v/v) by the method given by Folch
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et al. (29). Methyl esters were prepared according to the method of
Metcalfe et al. (30). Fatty acid analysis was performed by gas
chromatography (Shimadzu, Japan). The Peaks were identified by
comparison with standards and quantified by peak area integration
and expressed as weight percentage of total methyl esters; the relative
weight percentage of each fatty acid was determined from integrated
peak areas.

Raffinose family oligosaccharides (RFOs)

The oligosaccharides such as raffinose, stachyose and verbascose
were estimated using method given by Somiari and Balogh (31).Thin
layer chromatography was applied for elution of oligosaccharides
further subjected for quantitative estimation by absorbance at 432 nm
in UV spectrophotometer (32).

Estimation of anti-nutritional factors

The phenols were estimated according to the method described
by Julkunen-Tiitto (33). The tannin content was estimated by the
method given by Makkar et al. (34, 35). Tannic acid was used as
the standard for the estimations of phenolics. Saponins and phytic
acid content was determined by method given by Monago and
Akhide (36). The precipitated saponins were filtered on Whatman
filter paper and finally the saponinswas calculated by subtracting
the weight of filter paper from the weight of filter paper along with
the precipitates as:

Weight of dry filter paper
with precipitates — weight of filter paper

Saponin

x100

tent(% ) =
conen ( U) Weight of sample (g)

Phytic acid content was estimated by colorimetric method given
by Wheeler and Ferrel (37) using ferric nitrate solution as standard
and the colour was read at 480 nm. pgiron present in the test was
calculated from the standard curve and phytate P was calculated as per
the equation:

ug Fex15

PhytatePmg / g sample =
t &/ &samp Weight of sample (g)

Antioxidant activities

Radical scavenging activity was determined using the
2,2-diphenyl-1-picryl-hydrazylhydrate (DPPH) according to method
given by Difleiro Garciaet al. (38). 40 pL of either appropriately diluted
extract or methanol in the case of the reagent blank, were added to
1.460 mL of DPPH solution (1 x 10~*M) in methanol. Samples were
diluted with methanol to ensure that the readings were in the linear
range of the standard curve. Absorbance at 515 nm was measured after
2h when the reaction reached its stable state. The inhibition percentage
(IP) was calculated as follows:
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Aplank — Asample <100
Aplank

%IP =

Where A, is the absorbance of the solution in its stable state and
Apjnk is the absorbance of DPPH solution when methanol is added rather
than the sample. Trolox solutions were used to construct a standard
curve and the results were expressed as pmol trolox equivalent (TE)/g.

Flavonoid content

Total flavonoids were determined according to the methods of
Nabaviet al. (39). Sample (1g) was mixed with 10mL 80% methanol
with shaking for 2h. Flavonoids extract (0.4 mL) was added to 4mL
of water followed by addition of 0.3 mL of 5% NaNO,. After 5min,
0.3mL of 10% AlCl;followed by 2mL of 1 M NaOH after 6 min was
added and the total volume was made up to 10 mL with distilled water.
The color was measured at 510 nm against a blank reagent. Catechin
was used as standard compound.

o-Glucosidase inhibition

The AGI activity was determined by method given by Yao et al.
(40) with slight modifications. The AGI was estimated using 50 pL of
extracts with varying concentrations and incubated with 100 pL of
0.1 M phosphate buffer (pH 7.0) in 96-well plates at 37°C for 10 min.
After  pre-incubation,  50pLof 5mM
glucopyranoside solution in 0.1 M phosphate buffer (pH 7.0) was

p-nitrophenyl-a-d

added to each well at varying time intervals. The reaction mixtures
were incubated at 37°C for 5min. The absorbance was recorded at
490 nm on a microplate reader before and after incubation. The IC-50
value was defined as the concentration of bean extracts (acarbose)
required to inhibit 50% of the enzyme activity. The results were
expressed as a percent of AGI and calculated according to the
following equation:

el A —-A
%inhibition = -control — frextract 1)
control

Trypsin inhibitory (TI) activity was estimated by method given by
Chitra and Sadasivam (41). The TT activity is expressed in trypsin
inhibitory units (TTU) per mgprotein using following equation:

TIUmg /g of

Diff ial Al i Dilution f:
defatted samples — ifferential Absorption x Dilution factor

0.019%x1000

Lipoxygenase activity was investigated by the method given by
Axelrod et al. (42). One unit of lipoxygenase activity was defined as
the increase in absorbance of 0.001 at 234nm/min/mg of protein
under assay conditions.

Statistical analysis

In the present study, data were recorded in triplicates and further
analyzed by one factor analysis of variance (ANOVA). When
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significant effects were detected by ANOVA, treatment means were
compared using Duncan’s multiple range test (DMRT) at 5% of level
of significant (p<0.05). All statistical analyses for assessment of
nutritional quality parameters of rice bean genotypes were performed
with OPSTAT software (43). A correlation analysis was performed in
R software at the 5% of level of significance.

Results and discussion

The biochemical composition, protein fractions, in vitro protein
digestibility, minerals, essential fatty acids, anti-nutrients and
antioxidant of 15 diverse rice bean genotypes has been discussed
below. The nutritional attributes revealed a significant difference
among genotypes (Tables 1-5; Figures 1, 2). DMRT analysis was used
to determine multiple comparisons (p <0.05) between genotypes.

Nutritional compositions

Carbohydrates, protein and lipid are essential for maintaining
different biological processes. Table 1 shows nutritional composition
(crude protein, total carbohydrates, lipid, dietary fiber, ascorbic acid and
niacin) in 15 rice bean genotypes. The crude protein, total carbohydrates
and lipid content in rice bean genotypes ranged from 22.56% (IC-548760)
t0 25.97% (IC-548766), 50.56% (IC-548759) to 56.87% (IC-548758) and
1.87% (IC-548767) to 3.17% (IC-548764), respectively (Table 1). The
variation in crude protein content from 18.08-25.57% has also been
reported earlier (11, 44). Different group of researchers has reported
variation in crude fiber from 11.20 to 13.0% in different Vigna species
(11, 45-47). The major fraction of nutrition was comparable in different
Vigna species (48). The dietary fibercontent was highest in genotype
IC-548765 (5.88%). Dietary fiber observed 3.5, 1.9, and 4.2% in green
frozen pea, green beans and lima bean, respectively (49). The dietary
fiber content in the different genotypes under study was higher than the
released rice bean varieties RBL1 and RBL6 with 3.0 and 3.5g/100g,
respectively (44). The ascorbic acid and niacin was higher in the
genotypes IC-548757 (23.46mg/100g) and IC-548760 (3.87mg/100g),
respectively. The ascorbic acid content was higher than earlier reports in
chickpea (50), Vigna radiata and Vigna mungo (48, 51). The niacin
content in rice bean genotypes under study was higher as compared to
earlier reports on Vigna radiate (52), pigeon pea, Indian bean, black gram

53); catjang cowpea (54), Vigna mungo (55) and winged bean (56). As
established earlier, the present study also revealed the nutritional
superiority of rice bean over most of other common pulses.

Mineral contents

Minerals are important for different cellular and physiological
functions in the body. Deficiency in minerals such as potassium,
sodium, calcium, iron, and zinc is often associated with different health
issues. Both macro-minerals (calcium, phosphorus, magnesium, sodium
and potassium) and trace-minerals (iron, manganese, copper and zinc;
Table 2) were estimated in 15 rice bean genotypes. The macro- and
trace-minerals are important as cofactors in various metabolic reactions
(11). The macro-minerals including sodium (87to 325.54mg/100g),
potassium (1286.58 to 1463.23mg/100g), phosphorus (352.78to
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TABLE 1 Variation in nutritional constituents in the seeds of different rice bean genotypes.

Ascorbic acid Niacin
(mg/1009) (mg/1009)

Genotypes Crude Protein Total Dietary fiber Lipid (%)

% Carbohydrate (%) (%)

1C-548756 23.87 +0.06 54.47 + 1,92 5.13+0.18% 2.87 +0.04¢ 20.22 +0.28< 3.56 + 0.05"
1C-548757 24,92 + (0ede 52.12 + 0.98% 4,98 +0.12 223 +0.05" 23.46 + 0.44° 2.27 +0.09¢
1C-548758 25.77 +0.51%¢ 56.87 + 0.31° 5.25 +0.03% 3.07 + 0.04% 18.45 + 0.8 3.05 + 0.05°
1C-548759 24.87 + 1.08% 50.56 + 2.24¢ 4.87 +0.04¢ 2.77 +0.07¢ 17.52 +0.24¢ 2.87 +0.05¢
1C-548760 22.56 + 0.63¢ 55.89 +2.22% 5.11+0.23¢ 1.98 £ 0.03! 21.46 +0.47° 3.87 +0.08*
1C-548761 25.44 +0.21% 53.16 + 1.63%% 5.87 +0.17° 1.88 £ 0.0U 16.56 + 0.63¢ 3.45+0.14°
1C-548762 23.11 £ 0.6% 5412 + 2,39 5.46 +0.21° 2.99 + 0.04 20.52 + 0.89¢ 2.87 £0.03¢
1C-548763 24.58 + (.82 56.23 + 137 4,98 +0.16% 2.54 +0.041 19.57 +0.05% 3.54+0.14°
1C-548764 22.67 +0.76¢ 54.58 + 0.5 5.12 +0.03¢ 3.17 £0.11° 18.56 + 0.5° 2.25 +0.02¢
1C-548765 25.87 +0.82% 52.4 + 2,32 5.88 +0.25° 2.42 +0.048 18.97 + 0.46¢ 2.89 +0.03¢
1C-548766 25.97 +0.61° 55.53 + 0.7° 5.47 +0.22° 2.88 +0.06¢ 17.52 £0.19% 2.74 + 0.06¢
1C-548767 23.54 +0.22% 56.87 +2.1° 4,98 + (.22 1.87 £ 0.07 20.78 +0.77% 3.54+0.14°
1C-548768 24.78 + 0.47°% 55.41 + 1.4%¢ 4.11 £ 0.06° 2.68 +0.03¢ 19.54 +0.18% 3.54+0.1°

1C-548769 23.11 +0.3% 54.92 + (.78 4.56 + 0.08° 2.77 £0.11° 20.25 + 0.76 2.87 +0.12¢
1C-548770 22.65 + 0.08¢ 55.47 +2.3%¢ 4,97 +0.07% 3.1+0.04® 18.7 +0.33¢¢ 3.47 +£0.03°

Values are means + standard deviation of triplicates.Values with different letters in the same column are significantly different (p <0.05).

488.78 mg/100g), magnesium (258.42 to 326.87mg/100g) and calcium
(356.89 to 491.58 mg/100g) revealed significant variations among rice
bean genotypes. The trace-minerals also revealed variation in zinc (2.45
to 3.56 mg/100g), copper (3.19mg/100g to 4.56mg/100g), iron (5.98 to
7.88mg/100g) and manganese (4.74 to 5.96mg/100g) in different rice
bean genotypes. The genotype IC-548759 was recorded with
comparatively higher sodium and zinc content; genotype 1C-548758
with higher zinc, copper, potassium, phosphorus, sodium content
whereas genotype IC-548763 with higher magnesium and manganese
content as compared to other genotypes of the group. In totality,
genotype IC-548770 was observed with comparatively higher proportion
of the minerals viz,, sodium, potassium, calcium, magnesium,
phosphorous, copper, iron and manganese and could be considered for
biofortification programmes. The mineral content in rice bean was
comparable or even higher than those reported in other legumes such
as common bean, pea, lentil, cowpea and chickpea (57). Copper,
manganese, iron and zinc levels in the common beans with mean value
of 0.6mg/100g, 2.5mg/100g, 4.6 mg/100g, 2.8g/100g, respectively (58).

Protein fractions and in vitro protein
digestibility (IVPD)

Protein fractions (albumins, prolamins, glutelins and globulins) and
in vitro protein digestibility of rice bean genotypes has been presented in
Table 3. The legumes have higher protein than cereals and considered as
affordable source of protein and nutrients for weaker sections of society.
In present study, among genotypes significant difference was observed in
different protein fractions and globulins dominated over the protein
fractions. Globulins had higher proportion among all the protein
fractions (11). Different protein fractions in rice bean revealed globulins
(11.55 to 12.72%) in the highest proportion followed by albumins (5.83
to 7.45%), glutelins (1.77 to 2.54%) and prolamins (1.44 to 1.97%). In
present study, rice bean genotypes had 20.59-24.68% extractable proteins
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from seed flour. In other study, winged beans have been reported with
26.46% albumin, 31.94% globulin, 12.59% glutelin and 4.05% prolamin,
making a total 75.04% extractable proteins from the defatted flour (59,
60). The consumption of enough protein does not give a guarantee of
fulfilling the requirements of the amino acids, but the digestibility of
available proteins is also a crucial factor for determining protein quality
(61). Rice bean has highly digestible proteins with the digestibility range
from 53.42 to 57.12%. The highest IVPD was recorded in the genotype
IC-548762 while the least value was observed in genotype IC-548760.
Jood and others observed significant variations in IVPD of chickpea and
black gram varieties from 48 to 53% and 52 to 58%, respectively (62).

Fatty acid fractions

Table 4 reveals fatty acid profile (palmitic acid, stearic acid, oleic
acid, linoleic acid and linolenic acid) in 15 rice bean genotypes.
Although, lipid content is lesser in rice bean as compared to many
other legumes of Vigna family, but the fatty acids composition is
superior with low levels of saturated fatty acids and higher content of
unsaturated fatty acids. Unsaturated fatty acids are nutritionally
desirable for different metabolic functions of the body (11, 63).
Furthermore, PUFAs were in higher proportion as compared to
monounsaturated fatty acids (MUFAs). The linolenic acid content was
highest (32.56 to 38.54%) followed by linoleic acid (16.55 to 17.88%),
oleic acid (13.96 to 15.85%), palmitic acid (14.45 to 15.56%) and steric
acid (4.25 to 5.97%). The highest level of linolenic acid was observed
in genotype IC-548757 (38.54%) followed by IC-548770. Moth bean
lipid fractions revealed palmitic acid, linolenic acid and linoleic acid
as major fatty acids (64) however, the proportions of linolenic acid
were considerably low in comparison to presently investigated rice
bean genotypes. The fatty acids profile of rice bean, adzuki bean and
closely related Vigna species have also been reported earlier (10, 65).
Furthermore, in the present study, rice bean genotypes revealed higher
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TABLE 2 Variation in mineral composition in the seeds of different rice bean genotypes (mg/100g seed flour).

Genotypes Sodium Potassium Calcium Magnesium Phosphorous Zinc Copper Iron Manganese
1C-548756 254.87 +3.51" 1352.45 + 47.66°* 387.12+ 3.8 258.42 + 1.98¢ 412.62 +£17.33% 2.88 £0.03¢ 3.71 £0.05 6.56 +0.02° 5.85+0.07°
1C-548757 288.22 + 0.26 1286.58 + 15.08° 356.89 + 9.331 312.75 + 5.07 423.44 + (%% 2.63 + 0.06° 4.1340.18" 6.88 + 0.2 4.88 + 0.06%
1C-548758 309.45 + 3.62° 1388.47 + 1.11%¢ 412.85 + 3.35¢ 307.25 + 10.53" 388.78 + 12.62" 3.13 +0.07° 4.56 % 0.14° 5.98 + 0.03 5.23 +0.07°
1C-548759 325.54 + 5.58° 1356.58 + 15,91 456.89 + 10.71° 289.47 +7.57° 390.11 + 11.6" 3.56 +0.12° 3.23 +0.05° 6.74 % 0.18% 5.55 + 0.16"
1C-548760 277.85+ 1027 1369.58 + 17.27>4 451.13 + 17.89¢ 260.11 +9.61¢ 369.57 + 7.33" 2.99 +0.03 3.87 £0.17 5.99 + 0.04" 4.99 +0.22¢
1C-548761 263.58 + 3.8¢" 1410.22 + 38.13%< 414.89 + 14.96¢ 275.65 + 5.71¢ 352.78 + 6.68 2.87 +0.03 4.56 +0.18* 7.11+£0.03° 5.52+0.02°
1C-548762 269.56 + 7.78% 1403.25 + 3,82 457.85 + 5.78° 315.25 + 10.8® 406.62 + 5.5¢ 2.45 +0.07° 3.87 +0.09° 6.65 + 0.28% 4.87 +0.07%
1C-548763 301.12 + 2.44% 1398.88 + 54.22%4 390.22 + 0.4 326.87 + 0.89* 456.78 + 9.88" 3.11+0.1° 3.19 +0.05 6.95 + 0.03" 5.96 + 0.14*
1C-548764 288.47 £ 3.9%% 1425.55 + 26.99% 370.25 + 10.35¢ 314.17 +2.83% 474.52 £2.14® 3.56 +0.07* 3.56 +0.14° 6.74 + 0.14% 4.98 +0.09*
1C-548765 298.74 + 9.96"¢ 1463.23 + 59.35° 388.45 + 3.85 290.75 + 1.84° 460.23 + 18.25" 2.98 + 0.05 3.31+0.07° 7.14 + 0.06" 4.88 + 0.04%
1C-548766 307.45 + 11.92° 1288.45 + 25.55¢ 455.5 + 18.88° 288.92 + 11.46° 434,58 + 17.63% 2.56 + 0.1 3.87 +0.02° 7.88 +0.14* 5.54 +0.14°
1C-548767 286.54 + 4.9% 1348.63 + 59.56% 470.23 + 6.36" 290.17 £ 11.77 434.18 + 8.22%f 2.88 +0.09¢ 3.74 £0.13 6.54 +0.13° 5.56 +0.22°
1C-548768 288.74 + 11.19%% 1391.25 + 57.69"¢ 488.5 + 4.41% 288.75 + 3.12° 444.8 + 12.43% 3.45 +0.03* 3.81 +0.03¢ 6.87 % 0.09% 4.87 +0.17%
1C-548769 296.87 + 11.72°¢ 1345.58 + 2.24% 491.58 + 19.23* 287.42 + 12.83¢ 470.58 + 11.16® 2.47 +0.04° 3.61 +0.02% 7.14 +0.12° 4.74 +0.05¢
1C-548770 310.54 + 5.6 1422.25 + 30.76" 460.58 + 19.52¢ 315.54 + 12.23® 488.78 + 21.15° 2.77 £0.1¢ 3.85+0.16° 7.87 £0.13° 5.36 + 0.03"

Values are means + standard deviation of triplicates. Values with different letters in the same column are significantly different (p <0.05).

‘le 1@ yooyey

Y¥S92TT'£202'INU4/68£2°0T


https://doi.org/10.3389/fnut.2023.1126544
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Katoch et al.

ratio of linolenic acid: linoleic acid (1n-6/n-3 ratio) than previously
reported beans, i.e., navy bean, butter bean, white bean, kidney bean
and black bean (66).

Anti-nutritional factors

The digestibility in legumes is commonly affected by anti-
nutritional factors such as phytate, RFOs, tannins, phenolics, trypsin

10.3389/fnut.2023.1126544

inhibitors and saponins (65). These anti-nutrients in legumes generally
affectthe absorption of available nutrients thereby decrease their
culinary value. The most commonly anti-nutritional factors present
in pulses are phenolics, tannins, saponins, phytic acid and raffinose
family of oligosaccharides (RFOs). RFOs collectively in legumes
include raffinose (trisaccharide), staychose (tetrasaccharide) and
verbascose (pentasaccharide). The levels of oligosaccharides are
comparatively low in rice bean as compared to soybean (67), which is
commonly associated with flatulence after consumption. Thevariation

TABLE 3 Variation in protein fractions and in vitro protein digestibility in seeds of different rice bean genotypes.

Genotypes Albumins (%) Globulins (%) Prolamins (%) Glutelins (%) in vitro protein
digestibility (%)
1C-548756 6.5+ 0.26° 11.88 + 0.23%% 1.81 +0.09% 2.44 + 0.06® 55.52 + (.28
1C-548757 6.44 % 0.07¢ 12.1 + 0.41%% 1.97 + 0.08" 2.54 +0.02° 56.45 + 0.31%
1C-548758 6.54 +0.03% 11.69 + 0.29% 1.54 +0.04" 242 +0.05° 54.22 +0.73¢
1C-548759 7.1 +0.27% 11.55 + 0.45° 1.85 +0.03° 2.36 + 0.03° 56.87 + 0.28"
1C-548760 6.85 + 0.05% 11.87 + 0.3%% 1.74 + 0.06% 2.45 + 0.04 53.42 + 0.36°
1C-548761 6.63 +0.03% 12.23 +0.41% 1.56 + 0.02" 1.99 +0.06¢ 56.88 +0.31°
1C-548762 6.87 + 0.16™¢ 12.45 + 0.28%¢ 1.96 + 0.02% 1.87 +0.05¢ 57.12 +0.3*
1C-548763 7.2 +0.24%® 11.65 + 0.07% 1.58 + 0.05&" 2.44 +0.06™ 56.23 + 0.35%
IC-548764 7.45 +0.04° 11.9 + 0.25% 1.87 +0.05% 2.09 + 0.05¢ 54.44 + 0.29°
1C-548765 6.47 % 0.19° 12.58 +0.22% 1.74 +0.07% 1.87 +0.03¢ 56.98 + 0.43"
1C-548766 5.88 +0.26 11.65 + 0.41% 1.67 + 0.07°% 1.77 £ 0.06" 53.69 + 0.87¢
1C-548767 6.12 % 0.08 11.96 + 0.26% 1.88 + 0.08%* 2.46 + 0.05® 55.45 + 1.3°
1C-548768 5.83 +0.19 12.23 +0.24%4 1.44 +0.04' 2.53+0.11° 55.62 + 0.1°
1C-548769 6.55 + 0.24% 12.55 + 0.06™ 1.7 £ 0.07¢ 1.98 +0.07¢ 53.63 + 0.03°
1C-548770 6.88 + 0.29"¢ 12.72 + 0.46° 1.63 +0.03%" 2.22 +0.02° 56.78 + 1.23*

Values are means + standard deviation of triplicates.Values with different letters in the same column are significantly different (p <0.05).

TABLE 4 Fatty acid profile (%) of seed lipid of different rice bean genotypes.

Genotypes Palmitic acid Stearic acid Oleic acid (C18:1) Linoleic acid Linolenic acid
(C16:0) (C18:0) (C18:2) (C18:3)
1C-548756 14.52 + 0.47¢ 4.56 % 0.138 13.96 + 0.13 17.78 + 0.45% 35.58 + (.23"
1C-548757 14.92 + 0.07% 4.25+0.18" 14.42 +0.29¢ 17.12 +0.71%¢ 38.54 + 1.43*
1C-548758 15.23 +0.29% 4.63 +0.16% 14.89 + 0.51° 16.97 + 0.52%¢ 36.55 + 0.92"¢
1C-548759 14.98 + 0.39% 512 +0.12% 15.52 + 0.63%* 17.56 + 0.38% 36.44 + 1.51°¢
1C-548760 15.56 + 0.63* 4.88 +0.14 14.87 £ 0.66" 17.88 +0.02° 34.58 + 0.06*"
1C-548761 15.42 +0.25 517 £0.2¢ 14.78 + 0.62°% 16.55 + 0 34.87 + 0.88°
1C-548762 15.36 + 0.14% 4.98 +0.12% 15.23 +0.19% 16.87 + 0.62" 33.56 + 1.42%
1C-548763 15.23 £ 0.27%¢ 4.56 + 0.058 14.96 + 0.05" 17.45 +0.41% 35.92 & 1.230<de
1C-548764 14.52 +0.32¢ 4.63+0.21% 15.56 + 0.24® 17.56 + 0.67% 34.44 + 0.56%
1C-548765 14.56 + 0.64" 5.87 +0.18" 14.88 + 0.31%¢ 16.58 + 0.68° 32.56 + 1.05¢
1C-548766 14.89 + 0.36"¢ 5.97 £0.14° 15.55 £ 0.03* 16.88 + 0.64" 34.74 + 0.44%
1C-548767 15.03 +0.1% 4.88+0.11¢ 15.85 + 0.23° 17.88 +0.29* 35.71 + 1.23b
1C-548768 15.23 + 0.63** 5.63 +0.15" 13.98 + 0.6 16.55 + 0.58° 35.52 + 1.51
1C-548769 14.87 + 0,62 5.58 +0.18° 14.58 + 0.33% 17.47 + 0.27°% 36.78 + 0.18"
1C-548770 14.45 + 0.29°¢ 5.87 +0.14® 15.58 + 0.14% 17.87 +0.14* 36.87 + 1%

Values are means + standard deviation of triplicates. The absence of common letters in the same column indicates significant difference (p <0.05).
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TABLE 5 Variation in anti-nutritional components in seeds of different rice bean genotypes.

Genotypes Oligosaccharide content (%) Total Simple Total Condensed Hydrolysable Phytic acid Saponins
. phenol (%)  phenols  tannins (%) tannins (%) tannins (%) (mg/100g) (mg/100g)
Raffinose Stachyose Verbascose (%)
1C-548756 1.88 + 0.07¢ 1.12 + 0.03¢ 1.12 +0.03° 1.98 + 0.03* 0.55 % 0.04 1.44 +0.04* 0.74 + 0.03% 0.7 + 0,04 3.67 +0.07° 1.2+0.04°
1C-548757 2.23 +£0.04" 0.94 +0.03" 0.98 +0.03° 1.66 + 0.05° 0.45 + 0.04° 1.21 £0.05° 0.66 + 0.03¢" 0.55 +0.03 3.22+0.05° 1.23 £0.04°
1C-548758 2.14 +0.06° 1.54 + 0.06* 0.87 0.04¢ 1.56 + 0.05" 0.56 + 0.03 1+0.05" 0.67 +0.03¢" 0.33 +0.04" 3.56 +0.04° 1.44 £ 0.04*
1C-548759 1.99  0.05¢ 1.45 + 0.06" 1.23 +0.04* 1.88 + 0.05" 0.44 + 0.03¢ 1.44 £ 0.03* 0.84 +0.04° 0.6 + 0.02% 412 +0.12% 0.96 + 0.03¢
1C-548760 1.85 % 0.04 0.97 +0.04" 0.88 +0.02¢ 1.63 + 0.03¢ 0.58 +0.03 1.05 + 0,048 0.56 + 0.02! 0.49 +0.03¢ 4.11+0.12° 111 £ 0.06°
1C-548761 2.25+0.05° 1.12 +0.02¢ 1.09 +0.02° 1.87 +0.03¢ 0.47 +0.03¢ 1.4 £ 0.05%4 0.69 + 0.06%" 0.71 +0.03 3.87 +0.12¢ 1.23 £0.02°
1C-548762 256 + 005 1.23 +0.04° 0.99 + 0.04° 1.78 + 0.03¢ 0.68 + 0.03° 1.1+ 0.038 0.77 + 0.03>¢ 0.33 +0.04" 3.66 + 0.14° 1.07 £ 0.03¢
1C-548763 1.87 +0.05¢ 1.45 +0.06" 1.1£0.04° 1.96 + 0.05® 0.59 0.02° 1.37 £0.02% 0.8 +0.03% 0.57 +0.05¢ 3.99 £ 0.09% 0.87 +0.05¢
1C-548764 2.24 +0.06" 1.56 + 0.03* 1.23 +0.05* 1.87 +0.07¢ 0.46 + 0.03¢ 141 + 0,04 0.76 + 0.03* 0.65 + 0.02° 416+ 0.1° 1.22 +0.03"
1C-548765 2.55 +0.03* 1.23 +0.05' 0.98 +0.03¢ 2.01 +0.07* 0.65 + 0.05° 1.36 + 0.03 0.7 + 0.03°% 0.66 + 0.04%¢ 4.07 + 0,04 111 +0.02¢
1C-548766 1.98 + 0.07* 1.35 + 0,03 111 £0.04° 1.96 + 0.05® 0.58 +0.03° 1.38 £ 0.03%% 0.75 + 0.02°% 0.63 +0.03% 4.15 +0.08° 1.01 0.04¢
1C-548767 1.96 + 0.06% 1.42 +0.03" 0.87 +0.03¢ 1.88 + 0.05" 0.44 + 0.04¢ 1.24 +0.04° 0.64 % 0.03" 0.6 + 0.02% 3.97 +0.17% 1.07 + 0.03¢
1C-548768 223 +0.08" 1.25 + 0.02¢ 0.88 + 0.03¢ 1.97 +0.05° 0.54 +0.04" 1.43 +0.03" 0.81 +0.04* 0.62 +0.03 4.07 003 0.98 +0.03¢
1C-548769 2.21+0.05% 1.32 +0.04% 1.02 £ 0.03 1.88 +0.07* 0.46 + 0.03¢ 1.42 +0.03%¢ 0.73 £ 0.04% 0.69 +0.04* 3.88 +0.05% 1.12 £0.05
1C-548770 1.98 + 0.05¢ 1.02  0.04" 0.97 +0.05¢ 1.79 + 0.05¢ 0.54 % 0.04° 1.25 +0.03 0.69 + 0.03'" 0.56 +0.02° 3.73 +0.05% 0.99 % 0.03¢

Values are means + standard deviation of triplicates. Values with different letters in the same column are significantly different (p <0.05).
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in the level of anti-nutritional factors in rice bean genotypes is
presented in Table 5. The levels of RFOs viz., raffinose, styachose and
verbascose in rice bean genotypes ranged from 1.85 to 2.56%, 0.94 to
1.56% and 0.87 to 1.23%, respectively (Table 5).Verbascose (3.32%) in
raw faba beans and stachyose in the remaining legumes (2.21-3.23%)
has been reported as main oligosaccharide associated with flatulence
(68).The total oligosaccharide content in raw legumes was reported
70.7 mg/g in yellow peas and 144.9 mg/mg/g in chickpeas (69).

The phytic acid in legumes affects absorption of minerals
including iron, zinc, magnesium,calciumetc. Phytic acid and
saponinsrevealed a significant variation among rice beangenotypes.
The values for phytic acid varied from 3.22mg/100g (IC-548757) to
4.16mg/100 g (IC-548764) with a mean value 3.88mg/100g. It is also
known to form complexes with protein and carbohydrates and affect
their digestion and absorption (70). The presently investigated
genotypes revealed lesserphytic acid content as compared to
commonly consumed legumes including black gram (71); lablab bean
(72); tribal pulses velvet-bean (73), purple mucuna (74) Andvigna
mungo (75).

Phenolic compounds are known to inhibit the activity of digestive
protein and enzymes like a-amylase, trypsin, chymotrypsin and lipase
besides decreasing the digestibility of proteins, carbohydrates and
availability of vitamins and minerals (76).Total phenol and simple
phenolics in rice bean genotypes ranged from 1.56 to 2.01% and 0.44
to 0.68%, respectively. Minimum values for total and simple phenolics
were reported in genotype IC-548758 and 1C-548767, respectively.
Katoch and other workers have earlier reported nearly similar range
of phenolics content in rice bean genotypes (11, 77-79).

Saponin interferes with absorption of normal nutrients and
minerals. These are not readily hydrolyzed by the human digestive
enzymes, thereby impairing gastrointestinal digestion (80). Tannins
are often considered as anti-nutrient as they bind and precipitate
proteins and form complex bonds with starch, cellulose and iron and
other minerals which affect their digestibility. In current study,
saponins content in rice bean genotypes ranged from 0.87 (IC-548763)
to 1.44mg/100g (IC-548758). The total tannins, condensed tannins
and hydrolysable tannins in rice bean genotypes ranged from 1.00 to
1.44%, 0.56 to 0.84% and 0.33 to 0.71%, respectively (Table 5). The
genotypes IC-548758 and IC-548760 exhibited comparatively lower
value for total tannins. Overall, in the study revealed that the
superiority of rice bean genotypes viz., IC-548760, IC-548757 and
IC-548770 with comparatively lower levels of antinutrients.
Conversely, the higher proportion of antinutrients was recorded in
genotype 1C-548764.In another study, saponin content 1.2mg/100g
and 2.5mg/100g has been reported in rice bean genotypes
IC-137194and JCR-163, respectively (11).The phytate and saponin
contents in raw Vigna racemosa were reported to the extent of 0.31,
0.87%, respectively (81). Saponins content ranging from 4.73 to
17.98 mg/g have been reported in pigeonpea genotypes (82). In one of
the study the tannins content in rice bean genotypes has been reported
in the range of 1.2 to1.5% while in other legumes from 1.15 to 1.96%
(11,47).

Antioxidants activities

The human body requires different antioxidants to prevent and
overcome the effect of free radicals generated in different metabolic
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processes. Free radicals could adversely alter cellular molecules
(nucleic acid, lipids and proteins) and mediate many diseases (cardiac
disease, diabetes and cancer) in human body. Antioxidants quench
free radicals or reactive oxygen species (ROS) by retarding the
oxidation of cellular molecules (83). Rice bean is a good source of
antioxidants such as flavonoids and DPPH. The antioxidant content
in 15 rice bean genotypes are presented in Figures 1, 2. DPPH based
free radical scavenging activity in rice bean genotypes ranged from
43.26 (IC-548764) to 51.52pMTE/g(IC-548756) with mean value of
47.48uMTE/g (Figure 1). The free radical scavenging activity was the
highest in genotype IC-548756 among other rice bean genotypes.Rice
beans revealed a significant difference in their DPPH based free
radical scavenging activity ranging from 39.87-46.40uMTE/g (79).

Flavonoids act as an antioxidant and prevent diseases such as
cancer, inflammation, autoimmune diseases, cataract, arteriosclerosis
and aging. The flavonoids in rice bean genotypes under present study
ranged from 180.46 (IC-548761) to 220.25ugCE/g (IC-548768) with
an average value of 197.53ugCE/g (Figure 1). Rice beans had
significant difference in their total flavonoids ranging from 55.95-
320.39ugCE/g (79). Flavonoid content in pigeonpea genotypes was
reported ranging from 5.32 to 16.02mg/100 gand in kidney beans
from 86.16 to 1008.69 mg RE/100g DW (78, 82).

The AGI functions to inhibit the quick absorption of sugar in the
blood (84). Recent research has shown that AGI may also be helpful
as COVID-19 antivirals (85). In present study, the AGI activity ranged
from 57.44% (IC-548761) to 64.14% (IC-548759) in rice bean
genotypes (Figure 1). Different varieties of rice beans from China were
reported withsignificant differences in their AGI activity ranging from
44.32-68.71% (79).

Lipoxygenase activity related to off-flavor and TT activity affecting
protein digestibility, are among undesirable components present in
rice bean affecting its culinary quality. The TI content in rice bean
genotypes varied from 25.27 (IC-548757) to 37.98 mg/g (IC-548769)
with an average value (31.60mg/g; Figure 2). The TI content in seeds
ranging from 27.4 to 30.6 mg/g with the highest activity in genotype
BRS-2 (30.6 mg/g) (17). The genotype IC-548762 was observed with
minimal TT content. The TI values for rice bean cultivars revealed
significant differences between the cultivars and were in the similar
range as in other legumes (47, 75). It is well known that lipoxygenase
catalyzes the oxidation of polyunsaturated fatty acids to produce
peroxides (86). The lipoxygenase activity in different rice bean
genotypes ranged from 846.53 (IC-548762) to 1056.23unit/mg
(IC-548767) with an average of 978.99unit/mg (Figure 2). Canola
seeds (Brassica napus var. wester) and observed 7571unit/mg of
lipoxygenase (87). Lipoxygenase activity in rice bean genotypes
varying from 732 units/mg (BRS-2) to 820 units/mg (JCR-20) (88).

Correlation analysis

Correlation analysis was performed among different quality
parameters in rice bean (Figure 3). Micronutrients such as iron, zinc,
copper, manganese and magnesium showed insignificant correlation
among them whereas, zinc revealed positive association with
AGI. Usually a negative correlation was reported between iron and zinc
posing a significant challenge for genetic bio fortification in legumes
(89). Our results suggest that the accumulation and enhancement of one
type of mineral do not others and they are independently inherited in
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FIGURE 1
DPPH activity, AGI activity and flavonoids in rice bean genotypes (error bars represent standard deviation).
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FIGURE 2
Lipoxygenase and trypsin inhibitor activities in rice bean genotypes. (Error bars represent standard deviation).

rice bean. The results are in agreement with Welch and Graham (90) who
reported that different minerals exhibit independent genetic control. The
crude protein content showed positive association with DPPH whereas
negative correlation was observed with stearic acid, iron, calcium and
phosphorous. In vitro protein digestibility was negatively associated with
total lipids whereas total carbohydrate revealed positive correlation with
flavonoids. Phosphorus content was positively correlated with iron and
total carbohydrate while negative association was observed with copper
and palmitic acid. Among oligosaccharides, raffinose showed positive
correlation with globulins while negative correlation was observed with
linolenic acid, DPPH, glutelins, and manganese. Phytic acid is especially
known as a chelating agent that reduces the bioavailability of minerals
especially iron, calcium and magnesium. In present study, phytic acid
showed positive correlation with total phenol while negative association
with linolenic acid and copper suggested that phytic acid could impair
the copper bio-accessibility. In contrast, low phenol content can
be directly reduced by decreasing the amount of phytic acid. There was
an insignificant association between phytic acid and minerals especially
iron, magnesium.

Frontiers in Nutrition

On the basis of the results of the present study, cumulative
rating for the characterization of rice bean genotypes was carried
out for the selection of superior genotypes. The cumulative rating
revealed that genotypes 1C-548760 followed by IC-548757 and
IC-548770 were having lesser levels of anti-nutrients. The
genotype IC-548768 revealed high AGI, flavonoids, calcium, zinc,
glutelins and lower saponin while genotype IC-548756 had high
free radical scavenging activity, manganese, niacin content and
lower raffinose content and lipoxygenase activity. The genotype
IC-548758 had high crude protein, total carbohydrates, lipid,
minerals (zinc, copper, potassium, phosphorous, and sodium),
AGI, flavonoids and lower verbascose, total tannin, total phenol,
hydrolysable tannins and phytic acid. Based on the overall
IC-548758, and IC-548760
revealed superiorquality attributes and normal levels of

ranking, genotypes I1C-548770,

antinutrients. The study therefore highlights the potential of
specific rice bean genotypes in the development of nutrient-
enriched food and as functional ingredients in diets designed for
mitigation of nutritious food insecurity.
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FIGURE 3
Correlation analysis of different quality traits in rice bean genotypes.
Na - Sodium, K — Potassium, Ca — Calcium, Mg — Magnesium, P
— Phosphorous, Zn - Zinc, Cu — Copper, Cu — Iron, Mn —
Manganese, CP — Crude Protein content, TC — Total carbohydrate,
DF — dietary fibre, IVPD — in vitro protein digestibility, CT —
condensed tannin, TP — total phenol, HT — Hydrolysable tannins, Tl
— trypsin inhibitors, AGI-a — glucosidase inhibition, TT — total tannins.

Conclusion

In the recent years global demand for nutraceutical has resulted
renewed interest in underutilized legumes endowed with higher
nutritional and therapeutic properties. As pulses with high yield and
better nutritional quality are being identified for introduction in
different parts of the world, rice bean seems to be a suitable choice for
addition to the presently existing list of pulses. Rice bean legume is a
rich source of nutrients including proteins, carbohydrates, fatty acid,
vitamins and minerals along with anti-oxidant and anti-diabetic
potential. In the present study 15 rice bean genotypes were compared
for nutritional, anti-nutritional and antioxidant potential. The
genotype IC-548758 revealed higher levels of nutrient fraction with
lower levels of anti-nutrients whereas, genotypes 1C-548757 and
IC-548759 have lower levels of anti-nutrients with higher anti-oxidant
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