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Abstract

Proximate compositions, quality and physicochemical characteristics of small black soybean cultivar, cultivated in the
north-central region of South Korea with different seeding periods, were evaluated. Proximate compositions, chromaticity,
water binding capacity, water solubility index, swelling power, and antioxidant properties were significantly different among
cultivars and different seeding periods. Moisture, crude ash, fat, protein, and carbohydrate contents of small black soybean
cultivar were 5.53~6.69, 5.47~6.54, 15.38~19.14, 34.17~40.26, and 32.04~36.85 g/100 g, respectively. Lightness, redness
and yellowness were 35.60~38.61, —0.02~0.07 and —-0.56~-0.13, and water binding capacity, water solubility index and
swelling power were 84.48~148.31, 46.65~54.89 and 29.87~35.12%, respectively. Total polyphenol contents of first, second,
and third seedings on small black soybean cultivar were 10.40~15.48, 9.86~14.85 and 8.61~15.39 mg GAE/g; total flavonoid
contents were 5.81~7.25, 5.81~7.34 and 5.52~7.64 mg CE/g, respectively. DPPH radical scavenging activity was 4.55~7.86,
3.99~8.79, and 3.74~9.43 mg TE/g, and ABTS radical scavenging activity was 9.32~12.90, 8.64~13.39, and 8.51~14.35 mg
TE/g, respectively. Phenol compound of Tawonkong and Socheong cultivars decreased with delay of seeding periods. Radical
scavenging activity of Socheong and Jununi cultivars decreased with delay of seeding periods, but Socheong 2 and Socheongja
cultivars increased. In the study, phenol compound and radical scavenging activity of small black soybean cultivar were
different, depending on cultivars and seeding periods.
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M = 48 F shiz P49 Ao utet IF0 AYFOR TR
LH(Kim 5 2017), F2FE AGo] wket Azt B Hol
2ol H2 FE(black food)oll THEE Balo] FobARA BTk A Aeldhet $2% S, AES AL &

AR AT AN Fol ABHYANA BEEA b o FEUL Uk A SHolRus Gk geFe AF
A3 Qlek. B(Glyeine max L. Merril) & Sefubet £ Al Hok Q8] 1] BHULE AASH: FAI5} Bl wou,
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GRS 2= AlYAH) Ql(genistein) T} Tho]| EA| ¢1(daidzein)
52 mESHE olaBehl, HEAN SO Bl A, EX
HE, il EYA AsjAQ} ofn]ieit D thekRE HE =Tt
9l o W(Hayes 5 1977; Wei 5 1996; Kim 5 2005a), X332}
GFEAJOP A= SFHT 48t W2 Ao® IA Yot
(Kim 5 1997). E3, o|aEghEd2 o4 T2EQ JAE=R
A AP35 F= Y ELEZ(phytoestrogen) © = 2H-8-5}

e T 247 A WA o anE vyed=

Aoz d#A AhKennedy AR 1995; Kwon HJ 1999; Sirtori
CR 2001; Lee 5 2005). o]2|gt o|&~Feh22 F2F ol Hol
rEe] doen, AW FreE 7] gio] 4352 o4
9] =3} WA ane} 3 #H7H7| o439 A7) Foita "
734a7] 4 daas dEA la(Bae 5 1997; Kang 5
2003), 53] fEoAERAC R dejA 7Pd7] &4t #H o
& A Yet= vagA Q] Tl =AY T Ay &
H¢l 3ol 22 Ao = ¢d2A UthKim 5 2005b; Lee &
2005).
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(Lee 5 2017a; Jung 5 2018). AujA|717} Y&8& T S4H
F4 mA= 9T 24T A3}, DA, isoflavone &
BAEETL FEETE, Dok 5ol FFA7|o et ol &
Hol FAHO F4 2 S8l FF 542 LEdljof et
3 BASFFHHKim S5 2005b; Kim 5 2006). Fo 5%
isoflavonc®] FHL E5 W AR wkt 2 Aol g o]
I, 2 FFolgE A, 5 9 A% 119 W=
steFo] Wolzl Akl 3} chEldridge & Kwol 1983; Wang
& Murphy 1994; Kim 5 2018). T3}, AR 20| 308 ote
Aobde] ke ThEAl7], ASTH, S2hA17], A7 5 8
ZQl aele] P W= Ao g Hustgl om(Jung F 1996;
Chung 5 2004; Joo 5 2004a, 2004b), ‘FH- X Hof| A w}EA]7]
o wet = ST} 5 WMol W uje Al (vitexin} 0]2:1]
gl X(isovitexin) o WIS FHI A4 A7 5
o, ok 9 WEA, olanEldl B 58 Tejstel o
DAY = wEA7]2 AASECHKIm 5 2008).
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axle] BT FRARR AREHAA A
299 AARAFE E5<9 thQF(Ghcine max L. cv. Tawonkong),
A (cv. Socheong), 2%23% (cv. Socheong 2), 2 XHcv. So-
cheongja) &1} AT £ FE=o]F(cv. Jununi) EFS AL
staich 29 FAFTY 13 F2 649 3049 AR,
22 52 74 1090, 32} wkE-2 74 2049 F 33| 2
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224H= Z+ZF 22.9°C, 850.3 mm, 612447, 3x= Z+ZF 21.5TC,
624.6 mm, 666.7A|7FS. 2 ZALE It 8EH A|RE 159
A 39 et Axste] FFshel AR SO, A
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Fig. 1. The photograph of small black soybean cultivars
produced in the north-central region with cultivar and dif-
ferent seeding periods. The 1%, 2™, and 3™ seeding periods
were seeded on June 30, July 10, and July 20, respectively.

(DS-84E-1, Dasol Scientific, Hwaseong, Korea) 22 HAI5}Y
Oh BEHE EES 100 SO S8, T, A, 3
2 W UuAE EAsHATHeong 5 2014)

(CM-3500d, Minolta, Tokyo, Japan)S o|-&3}o] Aol A&
278 A(35:20x50 mm)e] ot 27 23 mme] o]
SEots HE AAE 5431921, Hunter’s valuedl &
(L-value, lightness), %] A8 &= (a-value, redness) & S+ =(b-value,
vellowness) & 243H9lck. olu) ALget EEwgke] ME i
L-value= 97.38, a-value= -0.02, b-value= 1.660|3lt}. =&
AFHL 60 mesh 0]3t2 B3t AR | g& 22240 mLE
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24X 7H59t 23] A 8FE(WiseCube WIS-RLO10, Daihan Sci-
entific Co., Ltd.)gt T2 No. 2 o] T}*|(Advantec, Toyo Roshi
Kaisha, Ltd., Tokyo, Japan)2 oj3}5}o] -20TC WdE3ro] R
stHA 248 AlRE ARSIt &Y AT FEE0 o
3 F EYds 9 SR eolE S Woo 5(2018)9] B
Hog BAsIAH & EdHs TS F5E 50 Lo 2%
sodium carbonate(Na,COs; Sigma-Aldrich, St. Louis, MO, USA)
298 1 mLE 7}t & 387F HR] 381 50% Folin-Ciocalteu
reagent(Sigma-Aldrich) 50 pLE 7}3}th 308 &, 9H-3-94 9]
= B 750 nmoj| A S5k, #EEEQ gallic acid
(Sigma-Aldrich) S A}-g3to] FFHS 4TI o0, AR g
29] mg gallic acid equivalents(GAE, dry basis)2 UEFY SiTh
F EPE ot 2 FEE 250 Lo S5F< 1 mLe} 5%
sodium nitrite(NaNO,; Sigma-Aldrich) 75 uLE 7|3t tF2, 5&
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DPPH radical &A&4-2 0.2 mM DPPH -£28(99.9% ethanol
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2 st} Bywe] wiske Hs| 302 Fol ZYsHAch
DPPH % ABTS radical 224832 Trolox(Sigma-Aldrich)E
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o] 835lo] A& g mg Trolox equivalent antioxidant capacity
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34.17~40.26 L 32.04~36.85 /100 g2 e AT
2B FHEES 13} TR A BL 553647 g/100 g 23} THE
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T 237 FF A BojdeE S 2422
ETL Aaste AFE EATP<00%5), 23T o] FF
FA7100 weh §-9 A< 2ol & HolR] skt =AY
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15.55~17.74 9 15.86~18.11 g/100 gO.2 EZEo| uje} 0434
Ql Aol & B Om(p<0.05), IHFA|7|7F ==

I FEol F52 378 A F52 dashe A% Eii
o} 2okl 2 1A} 230 9 3% mERt A=A 42
34.17~38.83, 35.12~40.26 & 35.16~39.20 g/100 g2 EX
off met {22 2ol E B2 H(p<0.05), IHFA| 717} =0
A4S gHog aFTe T, Uyrx E5L Fsle
BES Bk gdE §EE dAd ez Sk AT
< Bk Song 5(2010)2 Fwol T &, 238, =
Auy, 2ol 9 ge3kE FHs 242} 8.5, 4.2, 14.0, 492
2 24.7%2 RIEQ I, Lee S(2002)2 AR T zuhy
A 9 224 S 27 421 9 104%2 BaEte] B A
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Table 1. The proximate compositions of small black soybean cultivars produced in the north-central region with cultivar

and different seeding periods

Factor (g/100 g)  Seeding periods” Tawonkong Socheong Socheong?2 Socheongja Jununi

I 6.47+0.01°%? 5.85+0.02® 5.5320.02 5.75£0.02% 5.910.07™

Moisture Pi 6.28+0.02° 5.91+0.01% 5.97+0.02°4 6.200.02°* 5.64+0.03C
3¢ 6.69+0.00 6.04+0.12°* 5.8120.08" 5.96:0.06"% 6.01£0.01°*

I 6.34+0.04° 5.86+0.04* 5.750.04% 6.00+0.04°5 5.52+0.05%4

Crude ash 2m 6.360.04" 5.82+0.03° 5.65+0.03% 5.95+0.03%8 5.52+0.04°*
31 6.54+0.01** 5.83+0.04°* 5.64+0.04% 6.28+0.03* 5.47+0.03%*

I 15.99+0.08%8 17.26+0.06** 19.1420.10* 16.83+0.12% 15.38+0.10°

Crude fat ond 15.98+0.11% 16.79+0.03 17.74+0.11% 15.55+0.07° 16.32+0.05%
31 16.14+0.00% 16.960.02°® 18.1120.128 16.4120.07" 15.8620.128

I 38.33+0.05" 34.17+0.06° 35.82+0.15% 37.94+0.05C 38.83+0.16

Crude protein o 37.68+0.10°¢ 35.12+0.07% 36.65+0.71° 40.26+0.18** 38.09+0.04C
34 37.98+0.06 35.16+0.13° 37.52+0.12% 39.05+0.01°® 39.20+0.04*

I 32.87+0.06% 36.85+0.13* 33.76+0.16* 33.49+0.19% 34.35+0.22"

Carbohydrate 2~ 33.7140.07°A 36.36+0.06" 33.98+0.82%4 32.04+0.27%® 34.43+0.07°
3¢ 32.66£0.04% 36.01+0.19% 32.91+0.11% 32.30+0.13" 33.46+0.11°°

D The 1%, 2™, and 3" seeding periods were seeded on June 30, July 10, and July 20, respectively.
2 All values are expressed as the meantS.D. of triplicate determinations. Any means in the same row (*°) and column (*) followed
by the same letter are not significantly different by Duncan's multiple range test (p<0.05).
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AT AT 13 BFT A 2= 92.82~140.67%, 2

2} uhESE A B E 93.66~148.31%, 33} uhESE A BE 84.48~
143.01%2 &%l w2t F9AQ1 Zol& B4 (p<0.05), ot
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Table 2. The chromaticity of small black soybean cultivars produced in the north-central region with cultivar and different

seeding periods

Factor Seeding periods” Tawonkong Socheong Socheong? Socheongja Jununi
I 36.55+1.05%4 35.7120.90° 36.91£1.12°%4 37.81+1.40% 37.61+£0.14%A
L-value ond 36.71+0.62** 36.11+£0.83* 36.78+2.19* 36.48£0.97* 37.39+£1.04*
3¢ 35.93+0.35%4 35.60+£0.31°4 36.48+0.39"A 37.31+1.27" 38.61+1.34%
I 0.03+0.02°* 0.07+0.04** 0.02:£0.04™4 0.02:£0.04™* 0.00£0.01°*
a-value 2™ 0.04+0.01™4 0.05+0.03"4 0.07+0.03** 0.06£0.014 0.02+0.03"
3¢ 0.04+0.03** 0.07+£0.02*4 0.05+£0.02** 0.04+£0.04** -0.02:+0.03%
I -0.13+0.06" - 0.42+0.05%8 -0.44+0.04%* -0.48+0.04°* -0.56+0.05%*
b-value 2™ -0.19+£0.08" -0.28+0.14™* -0.40+£0.08™* -0.53£0.03 -0.50+£0.22"*
3¢ -0.23+0.08* -0.48+0.05"® -0.42+0.06 -0.47+0.06 -0.49+0.02%*

D The 1%, 2™, and 3™ seeding periods were seeded on June 30, July 10, and July 20, respectively.

2 All values are expressed as the meanS.D. of triplicate determinations. Any means in the same row (**) and column (

by the same letter are not significantly different by Duncan's multiple range test (p<0.05).

A~B)

Table 3. Water binding capacity (WBC), water solubility index (WSI), and swelling power (SP) of small black soybean
cultivars produced in the north-central region with cultivar and different seeding periods

Factor (%) Seeding periods” Tawonkong Socheong Socheong? Socheongja Jununi

I 128.78+2.12°42 140.67+0.46" 105.52+1.88 92.82+0.77°¢ 114.22+1.24*
WBC ond 119.04+1.488 148.31+1.88* 115.30+2.56* 127.97+1.49 93.66+1.60"
31 114.77+0.86™ 143.01£2.638 114.54+1.60° 109.31+1.96° 84.4840.53%

" 52.09+0.21% 49.88+1.48 50.40+0.78"" 51.81+0.40% 51.000.46™

WSI ond 50.26:+1.66™ 52.43+1.46™" 53.20+0.57* 53.11+0.89*% 52.82:+].87%18
34 46.65+1.58" 50.69+1.89°* 52.39+1.04°° 54.89+1.21% 53.73x1.21%

1" 33.70£0.66™ 32.49+0.55™4 32.34+0.55% 33.13+0.30°5 33.41+0.47"*
SP ond 31.98+1.18°F 33.85+1.07° 33.49+0.08"* 33.74+0.89°8 342241374
3¢ 29.87+1.48"8 33.05+0.70* 33.2340.95* 35.12+1.18*4 35.04+0.85

D The 1%, 2™ and 3™ seeding periods were seeded on June 30, July 10, and July 20, respectively.
2 All values are expressed as the meantS.D. of triplicate determinations. Any means in the same row (*°) and column (*%) followed
by the same letter are not significantly different by Duncan's multiple range test (p<0.05).
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FA710) et e F-E BEA 77 ZolAE A, 22
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Total polyphenol (A) and flavonoid (B) contents of small black soybean cultivars produced in the north-central

region with cultivar and different seeding periods. The 1%, 2™ and 3™ seeding periods were seeded on June 30, July 10,

and July 20, respectively. Means with different superscripts within a column (

*d. varieties, *™: three different seeding periods)

are significantly different at p<0.05 by a Duncan’s multiple range test.
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SE59 T Evs FFE 562 mggl 2 HUSIH O, Lee
5(2014)2 Feold E5FFEEY F s € SR
Lrol= S 7z} 039 2 0.0260 mg/gS 2 X3t E
gk, Hong 5(2014)2 FieolF E¢ 70% dgE F5EY
Z 9 S 247 23.01 9 2622 mg/lg, & SStE e
o= ke 717} 3052 W 8.79 mg/g O 2 HIFAT, Sa S
(2003)2 FAAE FEolFe HEE, A, S/, 75% o
gk, 70% WehE FEEY T Edvs IS 24 039,
0.23, 0.23, 0.71 = 0.62 g/100 g2 B 13}t 7|& B9
o5t &9 0|3}t A& TFE T E Al of whet
Z ApolE Holw, T2 FFolzte QA Y, FF 2D A
Zrol = dteko] Wol7} Atk 51 ch(Eldridge & Kwol 1983;
Wang & Murphy 1994). @webA &5 9 3-FA]7]9f okt &
ZdHE 9 EgRolE 5 i A9 o] AR
2 QiR 9] A S nste] gFA7|E AAE 4t
QoH, Y AREZ ol AujE e FFol e o
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2016).
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DPPH radical 47842 Fig. 3(A)%} o] 13} 423 A|2
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Fig. 3. DPPH (A) and ABTS radical (B) scavenging activities of small black soybean cultivars produced in the north-central
region with cultivar and different seeding periods. The 1%, 2™ and *d seeding periods were seeded on June 30, July 10,

and July 20, respectively. Means with different superscripts within a column (*°: varieties, “*: three different seeding periods)

are significantly different at p<0.05 by a Duncan’s multiple range test.
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6. 25 U IEAV|E AR 2EZ0| EF U A5l £
M Zio| AlmiEHA|

22 9 BEAsle) BE o9 AFTe Ay, E2
9 s B4 7he] AEAE BAR AT, Table 49 2
o] Uehitth. AATO] S5 S 2 5B0.7158, p<0.001),

—~
j=}
(0%

039, p<0.05), $=E-A3(0.3576, p<0.05)T}+ F(+)
BT, ZAEH-0.5507, p<0.001) Y EF5=31E 3+
3489, p<0.05)3} F(-)9] F¥rE Hick 23+ T
EF43HE FHER - 0.3589, p<0.05) @ F&(-0.3155, p<0.05)
oF Hol Ae W1, HME(0.3509, p<0.05), SEAFE
(0.4184, p<0.01)T}+ Ao AL Bt =X FFS 2ot
H (- 0.6169, p<0.001), L3 =( - 0.2863, p<0.05), B$-
(03366, p<0.05)1} F-9] S Hlom, zetiy ek
=318 SR - 0.8371, p<0.00)T Ho] Ae Bt |
L HME(-0.6374, p<0.001), =EAFE)(-0.5981, p<0.001)
3} Bo] Al 23 =(0.3750, p<0.05), TW-5-3(0.3908, p<0.01),
2 Z 9% F5H0.3807, p<0.01), ABTS radical Aﬂ::__‘_w
(0.2944, p<0.05)z+ A o] A ety ¢t SEA3 S
Z a9 R - 04772, p<0.001), DPPH radical( - 0.2856, <
0.05) & ABTS radical 27ZH3( -0.4700, p<0.01)7} F.2] Ay
S Bygon far Bge(0.9378, p<0.001), = ZojH =
3H2H(0.4729, p<0.001), ABTS radical A 7#84J(0.3333, p<0.05)
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(o]

39 &

A 9 ojskt B4

799

I Ao oS HEdith & EvE 3RS F ST
o]= 3}+K0.5651, p<0.001), DPPH radical(0.6626, p<0.001) &
ABTS radical 22724(0.9228, p<0.001)3} <] AHS B G
o, ¥ ZetHxo|= k2 DPPH radical(0.9063, p<0.001)
2 ABTS radical 474(0.7530, p<0.001)3} =& A o] Azt
2 2tk DPPH radical AA&41} ABTS radical AAEALS
Lo AHo| A YER I TH0.8733, p<0.001). Radical 274
S AAES] Z3HE ] = HsAd=ol 71918k radical
2AZ4S Ueille A= £ dj(Choi 5, 2007), 2 374
T e E9s H ST olE 5 SR 9
3l radical Ao Wol 7|ofst= A= H4Hh

gojs % 7|zAne geet
N ArE a9 AREe BT ojsist
e Asdnt 2% 44T S8, 238, 240, =
ol z] O e =3lE bkl 7kt 5.53~6.69, 5.47~6.54, 15.38~
19.14, 34.17~40.26 9 32.04~36.85 /100 g&.2 &% 9 u}=
7)o wet gA AR FolHel olE Btk B, 4
A O AT = 7F7F 35.60~38.61, —0.02~0.07 2 -0.56~
-0130 Ui, SEATY, goE @ Bege 2zt
84.48~148.31, 46.65~54.89 L 29.87~35.12%= 8-2]Z 9] Z}o]
2 Btk & Zevs weke 1%, 2% 9 3% BEH AR

Table 4. Correlation coefficients among chromaticity, water binding capacity (WBC), water solubility index (WSI), swelling
power (SP), total polyphenol (TPC), flavonoid contents (TFC), and radical scavenging activity of small black soybean

cultivars produced in the north-central region with cultivar and different seeding periods

Factor Ash Fat Protein Cai);lely— L-value a-value b-value ‘WBC WSI SP TPC TFC DPPH ABTS
Moisture 0.7158"" -0.5507""  0.3039" -0.3489" -0.1884™ 0.0824™ -0.0223% 03576"  0.0830™  0.0900™ -0.2042"5 -0.1093" -0.2249™ -0.2657"°
Ash  1.0000 -02380™  0.1219™ -03589" -03155"  03509° 0.0823™ 04184"  0.0228" 0.0243" -0.1747" -0.0139™ -0.0862"° -0.1497"
Fat - 10000  -0.6169™" 0.1997" -0.0063™ 0.1192 0.1182% -0.0870™ -0.2863" -0.3366"  0.0897"° 0.1947° 03367° 02732
Protein - - 1.0000  -0.8371" -0.0111™ -0.0500™ -0.1644"  0.0965™  0.1319™  0.1809™  0.1623" -0.0544" -0.1330™ -0.0014™8
Cagg‘i:y' - - 1.0000  0.1304™ -0.1122  0.0952% -0.2250™  0.0218™ -0.0026™ -0.1688"5 -0.0452" -0.0106™ -0.0974™8
L-value - - - - 1.0000  -0.6374™" -0.0353 -0.5981"" 0.3750° 03908 0.3807"  0.0307™° 0.0776 02944
a-value - - - - - 1.0000  0.1005™  0.5184™" -0.1619" -02056" -02660" 0.0112"  0.0676™ -0.1584"%
b-value - - - - - - 10000 02990" -0.2232"5 -0.2609" -0.5616™" -0.0528" -0.1498" -0.4104"
WBC - - - - - - - 1.0000  -0.2064"5 -0.1840™ -0.4772"" -0.2001"° -0.2856" -0.4700"
WSI - - - - - - - - 1.0000 09378 04729™ 01519 01645 03333
Sp - - - - - - - - - 1.0000 047107  0.0267° 00263  0.2659"
TPC - - - - - - - - - - 1.0000 05651 0.6626™ 0.9228™"
TEC - - - - - - - - - - - 1.0000 09063 0.7530™"
DPPH - - - - - - - - - - - - 1.0000  0.8733""
NS Not significant. Significant at * p<0.05, ™ p<0.01, ™ p<0.001.
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01]/\1 Z}Z} 10.40~15.48, 9.86~14.85 X 8.61~15.39 mg GAE/g,

Z ZotRwo|t 3eFe 7H7F 581~7.25, 5.81~7.34 W 552~
7164 mg CElg&.2 E-oll 12} $-1041 0|2 291ch, DPPH
radical 24 &AL Z+Z} 4.55~7.86, 3.99~8.79 L 3.74~9.43 mg
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