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Reports concerning anti-oxidative properties of yellow, green and black soybean seeds available in the
literature are insufficient and limiting. In the present investigation, mature seeds of 18 genotypes, 6 from
each type of soybean i.e. yellow, green and black, were assessed for total phenolic content (TPC), ferric
reducing-anti-oxidative power (FRAP), 2,2-diphenyl-1-picrylhydrazine (DPPH) free radical-scavenging
activities (FRSA). Isoflavones and vitamin C, the antioxidants, were also determined in all the soybean
genotypes. Significant genotypic variation was observed for TPC, FRAP, FRSA, isoflavones and vitamin C
within each type of soybean. Maximum genotypic variation (7.27-fold) was observed for TPC in black
soybean. Average FRAP value of yellow soybean was significantly (p < 0.05) lower than black and green
soybeans. Average FRSA in black soybean was significantly higher than yellow and green soybean group.
Average total phenolic content and isoflavones levels were not significant across different types of soy-
bean. Correlation studies indicated significant (p < 0.05) positive correlation between FRSA and TPC in
black soybean. Our results suggest that antioxidant constituents other than isoflavones contribute signif-

Vitamin C icantly to the FRSA in black soybean genotypes.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Soybean seeds, in general, are with yellow, green and black seed
coat. Commercial soybean cultivars in major soybean growing re-
gions are predominantly yellow. However, many of the recently
developed vegetable-type soybean genotypes have green seed
coat. Soybean genotypes have been utilized as a medicinal food
in China and Korea since ancient times (Li, 1999). Recently, inclu-
sion of soybean in daily diet has gained importance worldwide in
view of its speculated role in providing protection against the oxi-
dative damage caused by the free radicals, the major cause of killer
diseases viz. atheroscelerosis, diabetes, and cancer (Damasceno,
Apolinario, Flauzino, Fernandes, & Abdall, 2007; Nordentoft, Jeppe-
sen, Hong, Abdula, & Hermansen, 2008). This is because of the fact
that all types of soybean possess innumerable bio-molecules like
isoflavones, tocopherols, vitamin C, soy peptides, lecithin, sapo-
nins, and sterols, which quench free radicals species by donating
hydrogen atom or an electron (Jun, Kim, & Sung, 2002; Kumar,
Rani, Dixit, Bhatnagar, & Chauhan, 2009; Lee, Yang, Xu, Yeung, &
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Huang, 2005; Sakac, Djilar, & Canadanvic-Brunet, 2000; Tripathi
& Misra, 2005). Recent works pertaining to the assessment of
anti-oxidative properties viz. ferric reducing-anti-oxidative power
(FRAP), free radical-scavenging activities (FRSA) and total phenolic
content (TPC) in soybean seeds have been largely conducted in the
yellow soybean (Prakash, Upadhyay, Singh, & Singh, 2007; Shakt-
hivelu et al., 2008; Xu & Chang, 2008a, 2008b; Xu, Yuan, & Chang,
2007); and such studies in black soybean are scarce (Xu & Chang,
2008a, 2008b; Xu et al., 2007). Xu et al. (2007) in a comparative
study of legumes for TPC, FRSA, FRAP value investigated only 2 yel-
low and 1 black soybean genotype. Xu and Chang (2008a, 2008b)
studied TPC, FRAP and FRSA in 30 soybean samples comprising of
28 yellow and 2 black soybeans. In both of the above-mentioned
studies, average FRSA, FRAP and TPC have been shown compara-
tively high in black soybean than the yellow soybean. However,
these studies are limiting because the number of black soybean
genotypes analysed were too few to give the precise assessment
of the genotypic variation for the anti-oxidative properties in black
soybean and to compare them with yellow soybean. More impor-
tantly, soybean genotypes with green seed coat, which figure
prominently among vegetable-type soybean cultivars developed
in soybean growing countries, were not included in these two
investigations. Furuta et al. (2003) investigated TPC and FRSA in
soybean-boiled extracts and the boiled soybean homogenate of
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all three types of soybean; however, studies pertaining to the anti-
oxidative properties in the mature seeds of set of green soybean
genotypes are not available. In the present study, we selected 6
genotypes from each type of soybean i.e. yellow, green and black
and conducted a comparative assessment of the anti-oxidative
properties, namely, total phenolic content, ferric reducing-anti-
oxidative power, DPPH free radical-scavenging activity.

Furthermore, soybean owes its recently acquired ‘functional
food’ status to the presence of isoflavones, the phenolic com-
pounds, concentration of which ranges from 1-3 mg/g in the ma-
ture seeds. Though, most of the health-promoting effects of
soybean isoflavones viz. reduction in breast cancer, prostate cancer,
osteoporosis have been attributed to their estrogenic-like activity,
however, it is the anti-oxidative activity of soy isoflavones which
has been reported to reduce the risk of atheroscelerosis and diabe-
tes (McVeigh, Dillingham, Lampe, & Duncan, 2006; Zhuo, Melby, &
Watanabe, 2004). In general, soy isoflavones exist in 4 major forms
viz. as free aglycones (genistein, daidzein and glycitein), as B-gluco-
sides (sugar moiety attached to aglycones) and as malonyl and
acetylated derivatives of each of the three B-glucosides. The total
12 isomers of isoflavones present in the seed are converted back
to corresponding aglycones in human gut prior to absorption. Agly-
cones have been reported to possess differential relative anti-oxi-
dative activities (Lee et al., 2005). Furthermore, vitamin C is a
strong scavenger of free radicals; and has not yet been investigated
in soybean genotypes with varying seed coat color. Therefore, it
was felt pertinent to analyse soybean genotypes with varying seed
coat color for the above-mentioned antioxidants viz. isoflavones
and vitamin C, concomitant with anti-oxidative properties.

2. Materials and methods

Six genotypes for each type of soybean viz. yellow, green and
black were selected randomly from the collection of Indian varie-
ties, land races and exotic germplasm at National Research Centre
for Soybean (Indian Council of Agricultural Research), Indore, Mad-
hya Pradesh, India. Among 18 genotypes, Bhatt yellow (yellow
genotype), Kalitur (black genotype) and Bhatt black (black geno-
type) are land races of India. Of the remaining 15 genotypes, 3
genotypes (Hatsataka, G205, AGS436) in green soybean and 1

Table 1

genotype (AGS328 Whydox) in black soybean group are exotic
germplasm accessions while 11 are the Indian cultivars released
recently as varieties under All India Co-ordinated Project System
on soybean. As evident from pedigree data given in the Table 1,
the genotypes selected for the investigation have diverse genetic
background. Three replications of each genotype were planted on
27th June 2008 in the three-row plot in randomized complete
block design. Each plot was 3 m long with spacing of 0.45 m be-
tween rows. Recommended agronomic practices for raising soy-
bean in Malwa region of India were followed. Seeds of all the
genotypes were harvested at the time of respective maturity.
Genotypes differed in the days required to attain maturity; and
categorized as extra early (<85 days), early (85-95 days), medium
(95-105 days) and late (>105 days) according to the distinctness—
uniformity-stability (DUS) guidelines for soybean crop in India.
As the moisture content of harvested seed samples varied in the
range of 10-14%, therefore, the seeds were dried in convectional
oven at 70 °C till the weight became constant. Moisture free seeds
were secured in screw-capped vials for estimation of total phenolic
content (TPC), ferric-reducing anti-oxidative power and free radi-
cal-scavenging activity (FRSA), individual forms of isoflavones
and vitamin C content.

2.1. Chemicals

HPLC-grade solvents (acetonitrile) and individual standards of
isoflavones (daidzein, glycitein, and genistein), 2,2 diphenyl-1-pic-
rylhydrazine; 2,4,6-tripyridyl-s-triazine) were procured from Sig-
ma-Aldrich.

2.2. Extraction of antioxidants from the seeds

Oven dried seeds of different soybean genotypes were finely
ground into flour and made to pass through 100-mesh sieve. Soy
flour (1.0 g) was extracted with 15 ml of 70% aqueous acetone at
25°C in the dark overnight. The mixture was centrifuged at
3000 rpm for 10 min. The residues were re-extracted with 5 ml
of the 70% acetone. Both the extracts were combined and stored
at 4 °C in dark for further analyses of total phenolic content, DPPH
free radical-scavenging activity and ferric reducing-antioxidant

Status of the genotypes, country of origin and pedigree and days-to-maturity of the 18 genotypes selected for the investigation.

Genotype Color Status Country of origin Pedigree Days-to-maturity
JS93-05 Yellow Cultivar India Secondary selection from PS73-22 90 (E)
NRC 7 Yellow Cultivar India Selection from S69-96 86 (E)
JS335 Yellow Cultivar India JS78-77 x JS71-5 102 (M)
VLS 59 Yellow Cultivar India (Pb1 x VLS2) x TC3613361 98 (M)
Bhatt yellow Yellow Land race India Land race 96 (M)
NRC 37 Yellow Cultivar India Gaurav x Pb1 (selection from Nanking) 110 (L)
Hara soya Green Vegetable-type genotype India Himso 1520 x Bragg 98 (M)
AGS 2 Green Germplasm accession Exotic (Taiwan) NA 96 (M)
Hatsataka Green Germplasm Exotic (Japan) Not available 86 (E)
JS90-41 Green Cultivar India PS73-7 x Hark 97 (M)
G 205 Green Germplasm Exotic (Taiwan) NA 96 (M)
AGS 436 Green Germplasm for vegetable-type Exotic (Taiwan) NA 78 (EE)
AGS 328 Whydox Black Germplasm for vegetable-type Exotic (Taiwan) NA 75 (EE)
Kalitur Black Indigenous India Indigenous material 100 (M)
Birsa soya 1 Black Cultivar India Spontaneous mutant of ‘Sepaya black’ 101 (EE)
JS76-205 Black Cultivar India Kalitur x Bragg 98 (M)
VLS 1 Black Cultivar India Mutant of Bragg 98 (M)
Bhatt Black Black Land race India Land race 97 (M)

EE: extra early maturity (<85 days).
E: early maturity (85-95 days).

M: medium maturity (95-105 days).
L: late maturity (>105 days).

NA: not available.
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power assay. The extraction and analysis were performed in
triplicate.

2.3. Determination of TPC

Total phenolic content of the soybean extracts was determined
using Folin-Ciocalteu reagent following the method of Singleton
and Rossi (1965). An aliquot (0.05 ml) of 70% acetone soy four ex-
tract was mixed with 0.5 ml of Folin-Ciocalteu reagent and 0.5 ml
of 20% sodium carbonate and the final volume was made to 5 ml
with distilled water. The absorbance was measured at 700 nm
against distilled water as blank after incubation for 30 min at room
temperature. Total phenolic content was expressed as gallic acid
equivalents (mg of GAE/g on dry weight basis) through standard
calibration curve of freshly prepared propyl gallate.

2.4. Ferric reducing-antioxidant power assay

Total antioxidant capacity of the soybean extract was deter-
mined using the ferric reducing-antioxidant power as described
by Benzie and Strain (1996). FRAP reagent [3 ml containing
300 mM acetate buffer, 10 mM TPTZ (2,4,6-tripyridyl-s-triazine)
in 40 mM HCl and 20 mM FeCl5-6H,0 in the ratio 10:1:1] was
mixed with 0.1 ml of soybean extract, incubated for 15 min at
37 °C and absorbance was recorded at 593 nm. FRAP value was ex-
pressed as m moles/100 on dry weight basis using the calibration
curve of Fe?*. Linearity range of the calibration curve was 0.015-
0.075 pM.

2.5. DPPH free radical-scavenging activity

DPPH free radical scavenging capacity of the extract was evalu-
ated using absolute ethanolic solution of DPPH following Mellors
and Tappel (1996). The absorbance of sample (Asample) Was mea-
sured using a spectrophotometer (UV160A, Shimadzu, Japan) at
517 nm against ethanolic blank. A negative control was run after
adding DPPH solution to 0.1 ml of the extraction solvent (70% ace-
tone). Decrease in absorbance at 517 nm showed reduction of
DPPH radical. The percent inhibition of the DPPH radical by the
soybean antioxidant extract was calculated using the formula:

% DPPH free radical scavenging activity :
= [l - (Asample/Acontrol)} x 100

where Acontrol is absorbance of the control and Asympie is the absor-
bance of the sample after incubation for 10 min at room
temperature.

2.6. HPLC determination of isoflavones

2.6.1. Sample preparation

Mature seeds were completely dried in an oven at 70 °C till they
were moisture free. Completely dried seeds were finely ground and
passed through 100-mesh sieve. Finely ground soy flour (125 mg)
was extracted with 80% ethanol (5 ml) and concentrated HCI
(1ml) for 2h in a boiling water bath using standard method
(Vyn et al., 2002), which relies on acid hydrolysis of 12 endogenous
isoflavone isomers to their respective aglycone forms i.e. daidzein,
glycitein and genistein. The suspension resulted after the extrac-
tion was centrifuged at 10,000 rpm for 10 min.

2.6.2. HPLC conditions

The supernatant obtained after centrifugation was passed
through syringe filter (Whatman 0.5 i, 13 mm dia.) before loading
into the HPLC system. Twenty microliter of the syringe-filtered
sample was injected into a Shimadzu chromatograph (LC-10AT
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Fig. 1. HPLC chromatogram depicting the separation of daidzein, glycitein and
genistein.

VP), equipped with a UV detector (SPD 10AT VP) and oven (CTO-
10) housing a C-18 silica column (Phenomenex; 5 p with dimen-
sion of 250 x 4.6 mm), preceded by a guard column (Phenomenex
4.0 x 3.0 mm). The column oven was maintained at 40 °C. The sep-
aration and elution of isoflavones was accomplished by employing
binary gradient mode with solvent A (10% ACN) and solvent B (38%
ACN) at a flow rate of 0.8 ml/min for 25 min. The solvent system
was run as follows (% solvent A/solvent B): 0 min (0/100), 5 min
(10/90), 20 min (0/100), and 25 min (0/100). The resolution of iso-
flavones as detected at 260 nm is shown in chromatogram (Fig. 1).
A standard curve for daidzein, glycitein, and genistein was gener-
ated by injecting varying concentrations of the standards of these
isoflavones procured from Sigma-Aldrich. The relative concentra-
tion of individual isoflavone in the sample was calculated by soft-
ware CSW version 1.7 after superimposing the chromatogram of
the sample on the standard curve. Individual isoflavone concentra-
tion was expressed as pg/g on dry weight basis. Concentrations of
aglycones were summed up to compute total isoflavone
concentration.

2.6.2.1. Vitamin C. Vitamin C was quantified by using standard 2,6
dichlorophenol-indophenol dye method.

2.6.2.2. Statistical analyses. The Data were analysed by analysis of
variance (ANOVA). Tukey test was employed to draw the compar-
ison between the means and the significance was accepted at p
<0.05. All the statistical analyses were undertaken using SPSS
(evaluation version 14).

3. Results and discussion

Data for total phenolic content (TPC), ferric reducing-anti-oxi-
dative power (FRAP), free radical-scavenging activity (FRSA) of
the 18 genotypes are presented in Table 2. With in each group of
soybean, Genotypic variation for total phenolic content with in 3
groups of soybean viz. yellow, green and black was significant
(p < 0.05). Total phenolic content (TPC) was expressed as mg gallic
acid equivalent (GAE)/g. Ranges for yellow, green and black soy-
bean were 1.06-1.54, 0.96-2.89, 0.81-5.89, respectively (Table
3). Though average values for black soybean was higher than green
and yellow; however, the differences were non-significant
(p <0.05) (Table 4), which may be due to the large variation be-
tween genotypes in black and green soybean group. Among all
the genotypes analysed, the highest value of TPC was observed in
‘Kalitur’ and the lowest in ‘AGS328 Whydox'. As both these geno-
types fall under black soybean group, the variability for TPC was
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Total phenolic content (TPC), ferric reducing-anti-oxidative power (FRAP) and DPPH free radical-scavenging activity (FRSA) of soybean varying in seed coat color.

Genotype Total phenolic content (TPC)

Ferric-reducing anti-oxidative power (FRAP)

Free radical-scavenging activity (FRSA)

(mg GAE/g) m moles/100 g (% DPPH reduction)
Yellow genotypes
JS93-05 1.5 £0.02ef 2.70 £ 0.03° 30.86 + 1.41%f
NRC 7 1.27 £0.06¢ 3.11 £0.02° 34.78 £1.60
J$335 1.50 +.05¢f 1.10 £0.012 16.42 +0.08%
VLS 59 1.39 £0.03% 2.82+0.13° 44.05+1.218
Bhatt yellow 1.54 +0.07¢f 2.83 +0.08" 32.02 +1.10°¢f
NRC 37 1.06 + 0.04"° 2.75 £0.04° 28.98 +0.879
Green genotypes
Hara Soya 1.37 £ 0.08% 4.75 +0.034 21.70+0.97°
AGS 2 1.67 +0.07° 4.02 +0.24° 32.42 +1.20°f
Hatsataka 1.51 +0.08°f 6.44 +0.28" 21.08 +0.78°
]S90-41 2.89 +0.09" 5.33+0.32¢f 32.55 + 1.64°
G 205 1.23 +0.04 4.77 +0.14¢ 23.44 +0.87"
AGS436 0.96 +0.03* 5.52+0.27" 27.00 + 1.30%
Black genotypes
AGS 328 Whydox 0.81 +0.022 4.77 +0.16¢ 62.75 +1.8"
Kalitur 5.89 £0.10/ 4.79 + 0.25%€ 83.00 +2.43
Birsa Soya 1 1.94 +0.078 6.14 £0.13%" 82.02 £ 1.50!
JS76-205 0.98 +0.04%° 3.03+0.17° 59.71 +1.72"
VLS 1 5.43 £ 0.06' 2.87+0.14° 79.61+1.9'
Bhatt black 1.87 £0.048 5.76 £ 0.23 83.47 £2.6'

Values given are mean + standard deviation of triplicate samples; values superscripted with different alphabets in the same column are significantly (p < 0.05) different from

each other.

maximum (7.27-fold) in black soybean. Reports concerning TPC in
soybeans seeds with varying seed coat color in the literature are
limited. Xu et al. (2007) estimated total phenolic content in 1 black
soybean, which was 3.23-fold higher than the average value of 3
yellow soybean genotypes analyzed in the study. In our results,
none of the genotypes from yellow and black soybean group exhib-
ited as high value for TPC as observed by Xu and Chang (2008a,
2008b) who reported a range of 2.07-2.90 in 28 yellow and
8.75-9.01 mg GAE/g in 2 black soybean samples. As the number
of black genotypes undertaken in the above-mentioned previous
studies were few, hence, it is difficult to conclude from these stud-
ies that all black soybean genotypes contain higher levels of TPC
than the yellow soybeans. In our study, TPC of some of the black

soybean genotypes was less than some green and yellow soybean
genotypes. JS90-41, which is a green soybean genotype, exhibited
higher values for TPC than 4 black soybean genotypes viz
AGS328 Whydox, Birsa Soya 1, JS76-205 and Bhatt black. Similarly,
2 yellow genotypes (JS93-05 and ]JS335) showed higher values for
total phenolic content than 2 black soybean genotypes viz. AGS
Whydox 328 and JS76-205.

Genotypic variation was also observed for the FRAP within each
type of soybean (Table 2). FRAP, expressed in m moles/100 g, ran-
ged from 1.10 to 3.11 for yellow; 4.02 to 6.44 for green and 2.87 to
6.15 for black soybean. Among all the genotypes analyzed, ‘Hatsa-
taka’, a green soybean genotype, exhibited the highest (6.44) while
‘JS335’, a yellow genotype, the lowest FRAP value (1.10). Average

Table 3

Individual forms of isoflavones (}ig/g), total isoflavones (ng/g) and vitamin C content (mg/100 g) in soybean genotypes varying in seed coat color.
Genotype Daidzein Glycitein Genistein Total isoflavones Vitamin C
Yellow soybean
J593-05 304.4 £15% 254.4 +18°f 518 £ 227 1076.8% 3.54£0.03%
NRC 7 97.2+12° 240.0 + 119 153.2 £ 6° 490.4%° 3.94+0.10%
5335 317.6 £108 517.1+13 615.2 19" 1449.9" 5.61 +0.14%
VLS 59 122.7 + 7% 181.2+10° 303.8 + 16° 607.7° 3.52 +0.08%
Bhatt yellow 228.6+19% 394.4 10" 390.0 +12° 1013.0°° 3.66 £ 0.05%
NRC 37 624.4 + 20' 270.2 + 14 739.9 + 36/ 1634.5% 430+0.11°
Green soybean
Hara Soya 138.1+8 312.7 + 88 382.9+12°¢ 833.7°¢ 451 £0.12¢
AGS 2 381.1+9" 216.4+15% 485.9 + 18°f 1083 4.53+0.18¢
Hatastaka 209.1 + 14° 185.0 + 9" 387.5 £ 14° 781.6° 5.50 +0.12%
JS90-41 607.4+12 243.1 + 169 942.2 + 30/ 1792.7" 5.99 +0.17¢°
G205 386.7 + 17" 315.0+ 138 556.6 + 28 1258.4M 6.34+0.15°
AGS436 209.1 + 8¢ 53.0 £ 4° 117.7 £ 5 379.9° 4.58 +0.13¢
Black soybean
AGS 328 Whydox 157.0 + 8° 1709+ 12° 137.03 £ 6° 464.9° 4.80£0.23°
Kalitur 277.0 £ 14 4437 £13 454.8 + 6% 1175.58" 5.44+0.21¢
Birsa Soya 1 255.0 + 129 234.1£7% 430+ 11¢ 919.1% 7.47 £0.348
]S76-205 302.1+10% 558.4 + 15% 519.1+15% 1379.6Y 6.49 +0.25°
VLS 1 122.4+12%° 265.3 £ 10° 700.2 £ 27 1087.9% 5.78 £ 0.149¢
Bhatt black 389.6 12" 478.0+111 611.2+12" 1478.8) 5.64 +0.234€

Values given are mean * standard deviations of triplicate samples; values superscripted with different alphabets in the same column are significantly (p < 0.05) different from

each other.
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Table 4

Average value of ferric reducing-anti-oxidative power, free radical-scavenging
activity, total phenol content, individual and total isoflavones content, and vitamin
C content in yellow, green and black soybean.

Antioxidant property/  Yellow soybean Green soybean  Black soybean

antioxidant (n=18) (n=18) (n=18)

FRAP (m moles/100g)  2.55% 5.14° 4.56°

FRSA (% DPPH 31.18% 26.36° 75.09°
reduction)

TPC (gallic acid 1.04° 1.61° 2.82°
equivalent/g)

Daidzein (pg/g) 282.5% 321.93% 250.5°

Glycitein (pug/g) 309.6* 220.9° 358.4%

Genistein (ug/g) 453.4° 478.8% 475.4°

Total isoflavones (ng/  1045.4% 1021.5% 1084.3°
g)

Vitamin C (mg/100g)  4.1° 5.24% 5.94°

Values with different superscripts in the same row are significantly different from
each other.

FRAP value for yellow, green and black soybean genotypes were
2.55, 5.14, and 4.56, respectively. FRAP for green and black soybean
genotypes were significantly higher than yellow soybean while the
differences between black and green were not significant (Table 4).
Xu et al. (2007) showed FRAP to the magnitude of 9.43 m moles/
100 g for one black soybean genotype and 1.24 m moles/100 g as
average value of three yellow soybean genotypes. Xu and Chang
(2008a, 2008b) investigated FRAP for 28 yellow and 2 black soy-
bean samples. The authors reported a range from 0.83 to 1.34 for
yellow soybean and 13.05 to 14.01 m moles/100 g for black soy-
bean. In both the above studies, though the yellow soybean geno-
types undertaken for the study were sufficient; however, the
number of samples for black soybean was few. Furthermore, green
soybean was not undertaken in these two investigations. Though,
Furuta et al. (2003) assessed anti-oxidative properties like TPC
and FRSA in boiled soybean extract and boiled soybean homoge-
nate of seeds of varying seed coat color; however, the authors
did not determine the FRAP value in their study. Therefore, we
did not find any reference to compare the FRAP value of green soy-
bean obtained in our results with other studies.

Significant genotypic differences (p <0.5) were observed for
DPPH free radical-scavenging activity among the genotypes within
each type of soybean i.e. yellow, green and black seed coat (Table
2). It is also evident from Table 4 that black soybean genotypes
exhibited average DPPH free radical-scavenging activity signifi-
cantly (p < 0.05) higher than green and yellow soybean genotypes.
Average DPPH free radical-scavenging activity of six black soybean
genotypes was about 2.45-2.85-fold higher than the correspond-
ing values of yellow and green soybean. In the recent studies, a
comparative account of FRSA between black and yellow soybean
has been reported (Xu & Chang, 2008a, 2008b; Xu et al., 2007).
Xu et al. (2007) showed 14.5 times higher FRSA value in one black
soybean genotype than the average value of three yellow soybean
genotypes. In a subsequent study from the same laboratory, Xu and
Chang (2008a, 2008b) showed average FRSA of two black soybean
genotypes 17-fold higher than the highest value of 29 yellow geno-
types. However, in our study, we did not observe any black geno-
type exhibiting so high FRSA value than yellow genotypes as
reported in the above-mentioned studies. Furthermore, Xu and
Chang (2008a, 2008b) could not detect any DPPH free radical-scav-
enging activity in three soybean genotypes (‘LaMore’, ‘5389’,
‘51C10’) in the group of 29 yellow genotypes. However, all the
18 soybean genotypes, which we analyzed, exhibited measurable
value of DPPH free radical-scavenging activity. Furuta et al.
(2003) investigated DPPH free radical-scavenging activity in boiled
homogenates of yellow, green and black soybeans. The study

showed the leakage of appreciable levels of FRSA in the extract
of boiled seeds; and hence, the FRSA values of homogenates of
boiled seeds cannot be compared with the values of mature seeds
obtained in our study. However, a higher value of FRSA in the
homogenate of boiled black soybean than green and yellow soy-
bean in the study supports our results.

Genotypic variation was observed for individual forms of
isoflavones and total isoflavones content in three types of soybean
genotypes (Table 3). No significant differences were observed for
individual forms of isoflavones and total isoflavones contents
across the seed coat color (Table 4). Though, the ratio of individual
isoflavones was different in three types of soybean. Ratio of
average values of daidzein, glycitein, and genistein was:
1:1.1:1.5, 1.5:1:2.2 and 1:1.4:1.9 for yellow, green and black
soybeans.

Role of vitamin C in scavenging free radicals is well established.
Significant genotypic variation was observed for vitamin C content
with in three types of soybean (Table 3). Ranges for the vitamin for
yellow, green and black genotypes were: 3.52-5.61; 4.51; 6.34 and
5.44-7.47 mg/100 g for, respectively. Average vitamin C content in
black soybean was significantly (p < 0.05) higher than the yellow
soybean (Table 4). In general, all the yellow genotypes exhibited
comparatively low value for vitamin C than the black soybean
genotypes. However, some of the green soybean genotypes
(‘G205’, ‘JS90-41", ‘Hatsataka’) exhibited vitamin C value at par or
even higher value than some of the black soybean genotypes.

Table 5 exhibits significant correlation coefficients observed
among anti-oxidative properties, isoflavones and vitamin C content
in three groups of soybean. Significant positive (p < 0.05) correla-
tion was observed between total ferric reducing-anti-oxidative
power (FRAP) and DPPH free radical-scavenging activity in yellow
soybean. Yellow soybean also exhibited significant (p < 0.01) posi-
tive correlations between FRAP value and vitamin C content. A po-
sitive association between total phenolic content and isoflavones
was expected, as the isoflavones are phenolic compounds. How-
ever, barring green soybean, which exhibited moderate positive
correlation (p < 0.05) between total phenolic and genistein content,
the other two types of soybean did not show any significant corre-
lation of any of the individual forms of isoflavones and/or total iso-
flavones content with total phenolic content. Riedel et al. (2007)
also did not observe any significant correlation between total iso-
flavones and total phenol content. Probably, non-isoflavonic com-
ponents viz. phenolic acids like gallic acid, coumeric acid,
cinnamic acid and anthocyanins might contribute significantly to

Table 5
Significant correlation coefficient observed among FRAP, FRSA, daidzein, glycitein,
genistein, total isoflavones and vitamin C in soybean with varying seed coat color.

Soybean type  Parameters Correlation coefficient (r)
Yellow

FRAP and FRSA 0.822°

FRAP and vitamin C 0.903""

Daidzein and genistein 0.923"

Glycitein and vitamin C 0.793"
Green soybean

Total phenol and genistein 0.813"

Diadzein and genistein 0.882"

Daidzein and total isoflavones ~ 0.900"
Genistein and total isoflavones  0.813"

Black soybean
FRSA and total phenol 0.896""
Glycitein and total isoflavones 0.885"
Genistein and total isoflavones  0.800°

" Indicates significance at p < 0.05.
™ Indicates significance at p < 0.01.
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the TPC. Furthermore, total phenolic content are known to influ-
ence the FRSA. In our results, only black soybean group exhibited
significant (p < 0.01) correlation between total phenolic and free
radical-scavenging activity (FRSA). However, we did not observe
any relationship between isoflavones, well-known phenolic anti-
oxidants, and FRSA in any of the three types of soybean.

Phenolic compounds and the vitamin C content are very effi-
cient free radical scavengers (Riedel et al., 2007; Takahata, Ohni-
shi-Kameyama, Furuta, Takahashi, & Suda, 2001). In our study, no
significant differences were found for vitamin C and isoflavones
contents between green and yellow soybean group (Table 4),
however, green soybean exhibited approximately 2-fold higher
FRAP than yellow soybean. This may be attributed to the total
carotenoid and lutein content, which have been reported to be
significantly high in green soybeans than yellow soybean (Mic-
hiko, Junji, Masayoshi, & Koichi, 1994). Similarly, isoflavones did
not contribute to the higher FRAP in black soybean than yellow
soybean, though vitamin C content may be one of antioxidant
constituents contributing to the higher FRAP for black soybean.
Significant higher free radical-scavenging activity in the black
soybean than yellow and green soybean could not be attributed
to the isoflavones; though vitamin C content appeared to contrib-
ute to it. Furthermore, anthocyanins viz. cyaniding-3-glucose and
peonidin-3-glucose, which are found exclusively in black soy-
bean, are well known for free radical-scavenging activity and
have been found to be present in the seed coat, which is the ma-
jor region of black pigmentation (Astadi, Astuti, Santoso, & Nug-
raheni, 2008). Therefore, significant differences for free radical-
scavenging activity among three groups of soybean may be con-
tributed by anthocyanins content. Phenolic acids have also been
reported to possess high free radical-scavenging activities
(Choung et al., 2001); however, they were not estimated in the
present investigation.

4. Conclusions

Our results, though for one year study, indicated that soybean
genotypes with black seed coat exhibited higher FRSA (free radi-
cal-scavenging activity) than yellow and green soybean; while
yellow soybean exhibited comparatively lower ferric reducing-
anti-oxidative power (FRAP) value than the black and green soy-
bean. Results also showed that antioxidant constituents other
than isoflavones contribute to the higher values of free radical-
scavenging activity in black soybean. Furthermore, contrary to
the earlier suggestions (Furuta et al., 2003; Xu & Chang, 2008a,
2008b), our results showed that every black genotype does not
necessarily contain higher level of total phenolic content than yel-
low or green soybean. Interestingly, some of the black genotypes
despite having low total phenolic content than some of the green
soybean genotypes showed correspondingly higher levels of free
radical-scavenging activity (FRSA). It would be interesting to
investigate the genotypes for the contents of anthocyanins and
phenolic acids. Significant genotypic variation observed for anti-
oxidative properties within each group of soybean provides
opportunities for the plant scientists to identify and develop spe-
cial soybean genotypes for maximizing the nutraceutical value of
soy foods.
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