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ABSTRACT

Food security coupled with nutritional security is a great concern to address the menace of malnutrition. In the
present study, total phenolic contents and antioxidant potential of 35 soybean genotypes have been determined (2018).
Besides, the solvent system for efficient extraction of total phenolic content coupled with antioxidants (nutraceuticals)
has been optimized. The results revealed that the higher total phenolic contents from soybean seed coats and cotyledons
were obtained in acetone-water-acetic acid (70:28:02, v/v) mixture. Total phenolic content (TPC) in soybean genotypes
were in the range of 2.58-51.37 pg/mL and 4.26—12.76 mg/mL in seed coats and cotyledons, respectively. In soybean
seed coats, higher phenolic content was observed in JS76-205 genotype with 128.5 pg/ml, while JS-2 and MAUS-158
showed 9.00 pg/mL. On the other hand, TPC derived from soybean cotyledons of NRC-37 and MAU-81 showed
12.76 mg/mL; whereas in PS-1347 resulted 4.26 mg/mL. Characterization of phenolic compounds in soybean seed
coat and cotyledon revealed the presence of protocatechuic acid, p-hydroxy benzoic acid, 4-hydroxy benzaldehyde,
vanillic acid, vanillin, p-coumaric acid and ferulic acid. Further, antioxidant studies performed from soybean seed
coats and cotyledons were in the range of 9.00-128.50 pg eq. ascorbic acid and 2.13-4.27 mg eq. ascorbic acid,
respectively. This study demonstrates that the TPC derived from soybean coat and cotyledon can be used not only as
nutraceutical but also ensure food and nutritional security.
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Burgeoning population, shrinkage of natural resources
and climate changing conditions have jeopardized sustainable
development goals. The United Nations report revealed that
the world population would surge to 8.5 billion in 2030,
which alarm to find alternative way for sustainable food
production (Ripple et al. 2017, Sinha et al. 2017). Hence,
to address these issues bioprospecting of natural resources
for enriched nutrients coupled with quality antioxidants is
a viable option. Among the natural enriched food sources,
soybean is one of the predominant crops, which can satiate
both the requirements of nutraceuticals. It is a leguminous
crop that is widely grown in tropical, sub-tropical and
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temperate regions around the world (Chandusingh et al.
2018, Singh ef al. 2019). Besides, soybean possesses 35%
protein, 25-30% carbohydrates and significant amount of
polyunsaturated fatty acids (PUFAs), vitamins, minerals,
antioxidants and quality fibre (Bueno et al. 2018). It is
evenly popular for seed oil and cultivated in India at large
scale for various uses such as edible oil, soy whey, tofu,
textured soy protein (TSP), tempeh, soya sauce and miso.
In 2017-18, the soybean production in India was 10 million
tonnes, whose share is 2.9% of global soybean production
(www.statista.com accessed on 5™ May, 2018). In India,
more than hundred varieties of soybean have been released,
of which 32 genotypes (approx) were highly indented in
soybean seed chain (Agarwal et al. 2013).

Studies pertaining to bioprospecting of soybean
nutraceutical properties, very few reports have deciphered
their biochemical composition with few soybean genotypes
(Kumar et al. 2015). Moreover, total phenolics extraction
from different soybean genotypes varies due to several
features that need to be standardized from soybean seed
coat and cotyledon. Hence, to address these issues studies
was carried out with an aim to bioprospect the promising
soybean genotype and optimize total phenolic contents
(TPC) extraction deploying solvent systems from seed coat
and cotyledon. In addition to TPC, antioxidants potential of
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various soybean genotypes has been determined.

MATERIALS AND METHODS

Seed material of 35 genotypes of soybean (PUSA-9712,
Kalitur, MAUS-71, Harasoya, JS-2, JS-7105, RKS-18,
NRC-7, VLS-47,JS-8031, TAMS-38, SL-525, MAUS-450,
Bragg, PS-1347, PUSA-9814, MAUS-158, JS97-52, NRC-2,
Shivalika, JS-335, PS-1225, JS76-205, JS-9041, MAUS-61,
JS-2034, JS-9305, JS-2029, MAUS-81, JS-9560, PS-1042,
NRC-37, JS-7546, RAUS-5 and PS-1241) was procured
from Indian Institute of Soybean Research, Indore, Madhya
Pradesh (2018). Different seeds of soybean genotypes were
immersed in distilled water for 12 h in order to weaken
the seed coat. The seed coat and cotyledon were separated
gently and allowed to dry for 1 h at 40°C. After incubation,
seed coats and cotyledons of each genotype were crushed in
mortal and pestle with different solvent mixture followed by
centrifugation of the samples at 5000 rpm for 5 min (Singh
et al. 2015). The supernatant obtained was used for TPC and
antioxidants determination. Different solvents employed in
this study for TPC extraction were acetone (A), water (W)
acetic acid (Aa), methanol (M) and ethanol (E). To enhance
higher solubility of TPC, different solvent mixtures used
were; AWAa-1 (70:28:02), AWAa-2 (70:29.5:0.5), AWAa-3
(70:29.8:0.2), MW-1 (50:50), MWAa-2 (50:49.5:0.5), MAa-
3 (99.5:0.5) and EW (70:30), respectively.

Total phenolics estimation: Total phenolic content of
different soybean genotypes was determined according
to Xu et al. (2007). Assay was done by drawing 0.1 mL
of seed coat and cotyledon extracts into 2.0 mL of Folin-
Ciocalteu reagent (FCR) followed by addition of 0.9 mL of
distilled water. After incubation for 5 min in dark chamber,
0.3 mL of 20% (w/v) sodium carbonate was added. The
mixture was incubated at room temperature for 20 min and
absorbance was measured at 765 nm, which was expressed
as pg phenol/mL of TPC.

Antioxidant determination: The free radical scavenging
activity in seed coat and cotyledon extracts of different
genotypes was estimated using DPPH (1,1-diphenyl-2-
picrylhydrazyl) assay (Ztotek et al. 2016). DPPH (1 mM)
solution was prepared in absolute ethanol. The seed coat
and cotyledon extracts (100 pL) was added in 2 mL of
DPPH solution and the reaction mixture was incubated for
5 min. The colour intensity developed during the reaction
was measured at 525 nm against the blank. Percentage
inhibition of free radical DPPH was estimated based on
equation (1) and antioxidant potential was expressed in pg
ascorbic acid equivalents (AAE)/g dry weight.

Acon — Btest

Acon

Activity(%) :{ Jx 100 (1)
where A, O.D of blank solution; B, O.D of samples.

Characterization of phenolics using high performance
liquid chromatography (HPLC): The TPC presence in the
soybean seed coat and cotyledon was extracted using alkaline
hydrolysis according to Campbell and Ellis (1992). The
sample preparation for HPLC analysis and the experimental

NUTRACEUTICALS IN SOYBEAN

2065

conditions for HPLC program were kept according to
Ascenosao and Dubery (2003).

RESULTS AND DISCUSSION

Solvent system analysis: Total phenolic content derived
from seed coats and cotyledons of kalitur and JS76-205 was
higher than RAUS-05 and harasoya in acetone:water:acetic
acid (70:28:2, WAa-1). Research results implied that
acetone—water coupled with acetic acid has higher solubility
of phenolic compounds than the other solvents system.
Probable reason for higher TPC in AWAa-1 might be due
to higher solvency of solvent mixture towards structural
features of TPC (Kumar et al. 2017). Variation of TPC not
only depends on solvent system but also on distribution
among soybean genotypes (Alghamdi ef al. 2018). Jeng
et al. (2010) reported that soybean genotypes with black
seed coat have high TPC, which is in good coherence with
the present study.

Total phenolic content (TPC): Total phenolic content
from 35 soybean genotypes was evaluated of which black
seed coat genotypes kalitur and JS76-205 showed higher
phenolic content of 128.50 pug/mL and 117.00 pg/mL,
respectively. The green coated seed harasoya showed
phenolic content of 14.30 pg/mL (Fig 1), whereas JS-2
and MAUS-158 resulted lowest TPC of 9 pg/mL. Among
total phenolic contents evaluated in cotyledon of soybean
genotypes, NRC-37 and MAUS-81 exhibited highest TPC
with 12.76 mg/mL, while PS-1347 genotype resulted 4.26
mg/mL of TPC.

Antioxidant potential of soybean genotypes: Recent
studies illustrate that the reactive oxygen species (ROS)
is an important variable that determine the seed dormancy
release, seed germination and seed death (Kumar et al. 2015,
Sarangi et al. 2019). Neutralizing ROS from oxidative stress
by antioxidants could be considered as seed quality marker
(Kumar et al. 2016, Tiwari et al. 2018). Hence, in the study
the TPC determined from the seed coats and cotyledons from
soybean has been assessed for the antioxidant potential. Seed
coat of different soybean genotypes kalitur and JS76-205
showed 51.38 and 46.07 ug eq. ascorbic acid, respectively.
Lower antioxidant potential was recorded in white colored
genotype RAUS-05 with 2.58 ug eq. ascorbic acid (Fig
2). In case of cotyledons, higher antioxidant potential
was observed in kalitur with 4.27 mg eq. ascorbic acid;
while JS97-52 showed 2.14 mg eq. ascorbic acid (Fig 2).
In harasoya, the antioxidant potential in seed coat and
cotyledon was 14.30 pg eq. ascorbic acid and 6.28 mg
eq. ascorbic acid, respectively. The antioxidant potential
governed by the phenolic compounds present in seed have
significance role in the seed germination. The observed
pattern of positive correlation with TPC and antioxidants
is in good agreement with the studies (Baginsky et al.
2013). Research reports elucidate that the pigmented seed
coats of soybean are rich in polyphenolic contents (Lee et
al. 2009). The variation in seed coat colour of soybean is
due to presence of phenolic compounds such as flavonoids
and polyphenol oxidase enzyme, which convert phenolic
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Fig 1 Distribution of total phenolic content in different soybean seed coats and kernels
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Fig 2 Antioxidant potential of different soybean seed coats and kernels

compounds to brown pigments by forming o-quinones (color
pigmentation) during seed maturation (Chandusingh et al.
2017). Xu and Chang (2008) reported that the black seed
coat has higher free radical scavenging activity than green
and white seed coats.

Characterization of phenolics: Characterization
of phenolic compounds derived from seed coats and
cotyledons were determined using high performance liquid
chromatography (HPLC). Studies indicate presence of
compounds such as protocatechuic acid, p-coumaric acid,
t-ferulic acid, vanillic acid, vanillin, 4-hydroxy benzoic
acids and 4-hydroxy benzaldehyde. In soybean seed coat,
presence of protocatechuic acid, 4-hydroxy benzaldehyde,
4-hydroxy benzoic acid and vanillin was found predominant
in kalitur genotype with 3.41, 1.40, 0.12, and 0.06 pg/100
mg of dry weight tissue, respectively. However, in JS76-
205 protocatechuic acid showed significantly lower content
with 1.26 pg/100 mg of dry weight tissue. The genotype
RAUS-5 showed lower antioxidant potential but higher
concentration in vanillic acid, p-coumaric acid and ¢-ferulic
acids with 0.56, 0.18 and 1.33 pg/100 mg of dry weight

tissue in seed coat, respectively (Table 1). Conversely in
cotyledon of kalitur, protocatechuic acid, p-coumaric acid
and vanillin were found predominantly (Table 1).

Several investigations emphasized that protocatechuic
acid is an abundant polyphenol compound than anthocyanins
in soybean seed coat ((Josipovic et al. 2016). It is an
important antioxidant that has beneficial effect on human
health and phenolics coupled with quality antioxidants
exhibited positive effect on physiological activity that
benefits in lowering the risk of cardiovascular diseases
(Shumoy et al. 2017). Moreover, some other positive
effects exerted by TPC are anti-inflammation, free radical
scavenging activity, inhibition of peroxidation and estrogenic
activity (Ayala et al. 2014). This study implies that the TPC
coupled with antioxidant derived from soybean seed coat
and cotyledon could serve as potential nutraceutical that
ultimately address the problem of food-cum-nutritional
security (Kumar et al. 2019). Besides protocatechuic acid,
p-coumaric acid showed anti-hepatic and anti-nephrotoxic
properties in rats. Akdemir et al. (2017) administered
cisplatin compound (hepto and nephrotoxin) to the rats and
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Soybean seed coat

Phenolics

JS-76205

Harasoya

Kalitur

RAUS-5

Protocatechuic acid

4-Hydroxy benzoic acid

Vanillic acid

4-Hydroxy benzaldehyde

Vanillin
p-Coumaric acid

t -Ferulic acid

Phenolics

Protocatechuic acid

4-Hydroxy benzoic acid

Vanillic acid

4-Hydroxy benzaldehyde

Vanillin
p-Coumaric acid

t -Ferulic acid

1.2623 £ 0.0931
0.1076 £ 0.0105
0.0611 + 0.0061
0.9048 + 0.0836
0.0275 £ 0.0021
0.0335 £ 0.0029
0.0977 £ 0.0093

JS-76205
0.0439 £ 0.0036
0.0894 + 0.0088
0.4614 + 0.0441
1.2331 £0.1211
0.0251 + 0.0024
0.1906 + 0.0173
1.0814 £ 0.0973

0.0059 £ 0.0004
0.0271 £ 0.0022
0.4581 £ 0.0413
0.9827 £ 0.0923
0.0229 £+ 0.0019
0.0918 £ 0.0083
0.7457 £ 0.0718

Soybean cotyledon

Harasoya
0.0519 + 0.005
0.0342 + 0.0031
0.9702 + 0.0936
2.3264 +£0.2121
0.0332 +0.0031
0.2420 + 0.0219
2.1751 £0.2131

34114 £ 0.3112
0.1169 + 0.0108
0.4343 £ 0.0425
1.3953 £ 0.1014
0.0645 + 0.0058
0.1276 £ 0.0112
0.8672 + 0.0832

Kalitur
1.307 £ 0.094
0.202 £ 0.018
0.638 + 0.049
0.532 + 0.046

0.0645 £ 0.0058
2.018 £0.163
0.482 +0.038

0.0308 £ 0.0029
0.1059 + 0.0098
0.5611 +0.0523
1.3711 £0.1132
0.0279 + 0.0023
0.1810 £ 0.0168
1.3259 £ 0.1214

RAUS-5
0.0208 + 0.0029
0.254 +0.022
0.3611 +0.0523
0.3111 £0.1132
0.0279 + 0.0023
0.32 +0.031
0.283 + 0.045

found ineffective in presence of p-coumaric acid owing to
higher antioxidant and reduced oxidative abrasions. This
study indicates oxidative p-coumaric acid enriched soy based
foods are healthier and can be used for biofortification of
foods (Bio-fortification). Similarly, #-ferulic acid is another
phenolic compound that reduces the lipid peroxidation in
cell membrane (Del et al. 2013). In certain countries ferulic
acid has been approved as food additive to inhibit lipid
peroxidation in food stuffs. Phenolic contents of seed coat
from the staple foods may protect from different types of
cancer and presence of antioxidants properties from phenolic
contents in food stuff lowers the risk of atherosclerosis and
coronary heart disease (Xu ef al. 2007). Hence, consumption
of soybean with enriched TPC and antioxidants can provide
valuable nutraceuticals that help from oxidative stress and
damage. The solvent system AWAa-1 comprised of acetone-
water-acetic acid in ratio of 70:28:2 resulted higher TPC.
Kalitur and JS 76-205 displayed higher TPC content than
other 35 soybean genotypes. The chromatogram of HPLC
revealed the presence of protocatechuic acid and p-coumaric
acid in soybean seed coats and cotyledons of 35 soybean
genotypes. Presence of significant phenolic compounds
in soybean implies that these genotypes can be used as
nutraceuticals that have nutritional and medicinal value.

ACKNOWLEDGEMENTS

The authors are grateful to Director, ICAR-Indian
Institute of Soybean Research, Indore and Director, ICAR-
[ISS, Mau for providing the soybean genotypes and research
facilities.

REFERENCES
Agarwal D K, Billore S D, Sharma A N, Dupare B U and

Srivastava S K. 2013. Soybean: Introduction, Improvement,
and Utilization in India—Problems and Prospects. Agricultural
Research 2: 293-300.

Akdemir E F N, Albayrak M, Calik M, Bayir Y and Gulgin I.
2017.The protective effects of p-coumaric acid on acute liver
and kidney damages induced by cisplatin. Biomedicines 28: 18.

Alghamdi S S, Khan M A, El-Harty E H, Ammar M H, Farooq M
and Migdadi H M. 2018. Comparative phytochemical profiling
of different soybean (Glycine max (L.) Merr) genotypes using
GC-MS. Saudi Journal of Biological Sciences 25: 15-21.

Ascensao A R and Dubery I A. 2003. Soluble and wall-bound
phenolics and phenolic polymers in Musa acuminata roots
exposed to elicitors from Fusarium oxysporum f. sp. cubense.
Phytochemistry 63: 679-86.

Ayala A, Mufioz M F and Arguelles S. 2014. Lipid peroxidation:
production, metabolism, and signaling mechanisms of
malondialdehyde and 4-hydroxy-2-nonenal. Oxidative Medicine
and Cellular Longevity 2014: 360438.

Baginsky C, Pena-Neira A, Caceres A, Hernandez T, Estrella
I, Morales H and Pertuze R. 2013. Phenolic compound
composition in immature seeds of fava bean (Vicia faba L.)
varieties cultivated in Chile. Journal of Food Composition
and Analysis 31: 1-6.

Bueno R D, Borges L L, God P I G, Piovesan N D, Teixeira A
I, Cruz C D and Barros E G. 2018. Quantification of anti-
nutritional factors and their correlations with protein and oil
in soybeans. Anais da Academia Brasileira de Cienciass 90:
205-17.

Campbell M M and Ellis B E. 1992. Fungal elicitor-mediated
responses in pine cell cultures. Planta 186: 409-17.

Chandusingh, Boraiah K M, Singh R K, Kumar S P J, Singh
G and Chand R. 2018. Comparative study of floral biology
using detergent and confirm self-incompatibility system in
protogynous lines of Indian mustard (Brassica juncea). Indian
Journal of Agricultural Sciences 88(8): 1190-97.

Chandusingh, Sripathy K V, Kumar S P J, Naik B K, Pal G,



2068

Udayabhaskar K, Ramesh K V and Somasundaram G. 2017.
Delineation of inheritance pattern of aleurone layer colour
through chemical tests in rice. Rice 10: 48-55.

Del Rio D, Rodriguez-Mateos A, Spencer J P E, Tognolini M,
Borges G and Crozier A. 2013. Dietary (poly) phenolics in
human health: Structures, bioavailability, and evidence of
protective effects against chronic diseases. Antioxidants and
Redox Signaling 18: 1818-92.

https://www.statista.com/statistics/612537/soybean-meal-
production-worldwide-by-country/accessed on May 5, 2018.

Jeng T L, Shih Y J, Wu M T and Sung J M. 2010. Comparisons of
flavonoids and anti-oxidative activities in seed coat, embryonic
axis and cotyledon of black soybeans. Food Chemistry 123:
1112-16

Josipovic A, Sudar R, Sudaric A, Jurkovic V, MatosaKocar M and
MarkuljKulundzic A. 2016. Total phenolic and total flavonoid
content variability of soybean genotypes in eastern Croatia.
Croatian Journal of Food Science and Technology 8: 60—65.

Kumar A, Agarwal D K, Kumar S, Reddy Y M, Chintagunta A
D, Saritha K 'V, Pal G and Kumar S P J. 2019. Nutraceuticals
derived from seed storage proteins: Implications for health
wellness. Biocatalysis and Agricultural Biotechnology 17:
710-19.

Kumar S P J, Prasad R S, Banerjee R and Thammineni C. 2015.
Seed birth to death: dual functions of reactive oxygen species
in seed physiology. Annals of Botany 116: 663—68.

Kumar S PJ, Prasad R S, Kumar M, Chandusingh, Sinha A K and
Pathak A. 2016. Seed Quality Markers: A Review. Research
Reviews Journal of Botanical Sciences 3: 13—17.

Kumar S P J, Prasad S R, Banerjee R, Agarwal D K, Kulkarni K
S and Ramesh K V. 2017. Green solvents and technologies for
oil extraction from oilseeds. Chemistry Central Journal 11: 1-9.

Lee J H, Kang N S, Shin S O, Shin S H, Lim S G, Suh D Y,
Suh I BY, Keum PY and Tae H J. 2009. Characterization
of anthocyanins in the black soybean (Glycine max L.) by
HPLCDAD- ESI/MS analysis. Food Chemistry 112: 226-31.

Ripple W J, Wolf C, Newsome T M, Galetti M, Alamgir M, Crist
E, Mahmoud M I and Laurance W F. 2017. World Scientists'
Warning to Humanity: A Second Notice. BioScience 67:

KUMAR ET AL.

[Indian Journal of Agricultural Sciences 89 (12)

1026-28.

Sarangi S, Mandal C, Dutta S, Mukherjee P, Mondal R, Kumar
S P J, Choudhury P R, Singh V P, Tripathi D K and Mandal
A B. 2019. Microprojectile based particle bombardment in
development of transgenic indica rice involving AmSOD gene
to impart tolerance to salinity. Plant Gene 19: 100183.

Shumoy H, Gabaza M, Vandevelde J and Raes K. 2017. Soluble
and bound phenolic contents and antioxidant capacity of
Teffinjera as affected by traditional fermentation. Journal of’
Food Composition and Analysis 58: 52-59.

Singh A, Karmakar S, Jacob B S, Bhattacharya P, Kumar S P J
and Banerjee R. 2015. Enzymatic polishing of cereal grains
for improved nutrient retainment. Journal of Food Science and
Technology 52: 3147-57.

Singh R P, Chintagunta A D, Agarwal D K, Kureel R S and Kumar
S PJ.2019. Varietal replacement rate: Prospects and challenges
for global food security. Global Food Security 100324.

Sinha, A K, Agarwal D K, Kumar S P J, Chaturvedi A and Tiwari
T N. 2016. Novel technique for precluding hybrid necrosis in
bread wheat. International Journal of Tropical Agriculture
34 (3): 761-65.

Tiwari T N, Kumar S P J, Tiwari A K and Agarwal D K. 2018.
Seed coating in relation to minimizing the effects of seed
ageing in rice (Oryza sativa L.) Journal of Rice Research
10(2): 27-32.

Xu B Jand Chang S K C. 2008. Antioxidant capacity of seed coat,
dehulled bean, and whole black soybeans in relation to their
distributions of total phenolics, phenolic acids, anthocyanins
and isoflavones. Journal of Agricultural and Food Chemistry
56: 8365-73.

Xu B J, Yuan S H and Chang S K C. 2007. Comparative analyses
of phenolic composition, antioxidant capacity, and color of cool
season legumes and other selected food legumes. Journal of
Food Science 72: 167-177.

Ztotek U, Mikulska S, Nagajek, M and Swieca M. 2016. The
effect of different solvents and number of extraction steps on
the polyphenol content and antioxidant capacity of basil leaves
(Ocimum basilicum L.) extracts. Saudi Journal of Biological
Sciences 23: 628-33.


https://www.statista.com/statistics/612537/soybean-meal-production-worldwide-by-country/accessed
https://www.statista.com/statistics/612537/soybean-meal-production-worldwide-by-country/accessed
https://www.statista.com/statistics/612537/soybean-meal-production-worldwide-by-country/accessed



