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Abstract

With the aim of developing region specialized crops, this study was conducted to clarify effects of variant and cultivation region
on antioxidative activities in various black soybean (Glycine max L.) seed tissues. Three black soybean varieties (SCEL-1, Wonheug,
and Cheongja 3) were each cultivated in 4 different regions (Jeonju, Pyeongchang, Paju, and Cheonan). Harvested seeds were used
to assess DPPH and ABTS radical scavenging activity, and total polyphenol, flavonoid and anthocyanin content. SCEL-1 soybean
hull contained higher DPPH and ABTS radical scavenging activity (61% and 85% respectively) compared to Wonheug (40% and
50% respectively). SCEL-1 cultivated in Pyeongchang displayed the highest total polyphenol and flavonoid content (1,189 mg GAE/
100g sample and 951 mg CTE/ 100g sample, respectively). Total anthocyanin content was ranked in the following order:
SCEL-1>Wonheug>Cheongja 3. All black soybeans showed much higher antioxidant activity in the soybean hull than in the dehulled
soybean. The antioxidant activity of black soybeans cultivated at high latitudes was high. These results suggest that the best black
soybean variant for high beneficial biological activities is the SCEL-1 variant. For a complete understanding of the potential of black
soybean as functional foods, we plan to further analyze their antioxidant activities in future studies.
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97 54 kool T gpEol 9T, e uY
F, BAPE, WE 502 ol8Elo] Fom(Oh 5 199
Choung 5 2008), A oll= TFHRE FF AHE-E A H(Son
S 2002). 20008} o] FFHE 7o gt =1 TAilo] A
£H 07 wopA|al AYFE I EHIFEC | thgt o7 A
7HEREY = 7R 3839 ot 7154 Atst
1 AAE JfEste] 7HSAIES i wjsta gloH, HA
T= o]&St= AEE2 YYEEo] BYIE <7 AEnt
A Z9kste] ARE-SEIL lth(Son 5 2002).

AG7HA] 4 HAT 155 T3 137] 553 =4t
AT tEAloPd o ¥ist B4 A57F HalE o
(Joo 5 2004; Choung 5 2008), A8iH £ (Joo 5 2004), A=H
A19(Yi & 2009), AHiszol(Shin 5 2009)°f wHe} 7859
QFEAJobd 9 WIS Atstinh. ey vt 240
A HYZY FEAobd 3 WD} 9 Akt B4 3 AR
of thgt A-toll thet A= ot 7] ofge AAolth ot
A 2 AoA e AT I R AU A& IF=
= & AUs FF, ARG E A B AR 845
2 kg wgkE Al 747te] § Eds, EoEk
o|t 9l ¢tEAJold 9k, DPPH 9 ABTS &tz &A% 5
A 7 W S £ASHe, 35 A &40l &5

jui

A3} 271512 9% 712 RS AT

OfX

oo
R

1

E o3to] AFRE AAZL SCEL-1, Y3 (Wongeug) 2 3
AF33 (Cheongja 3YE ©]-&-5t o™, AHl A 242 9=
2 HaRE 3722, AW 1027), TFEEY 37.54, AP H
11.1°0), B39 3549, AW 13.17C) D HHES] 36.48,
AW 122TC)00A 2020 =0 F = e o= Aufgh
Zold, 5 9 YujA| g H2F2 Z1|(Soybean hull) L
214 (Dehulled soybean) 0 2 L}i=o] B Agof| AR5}t

£ A% AR 4C Fgao] AotHA Ao AH8S

0
o

2. HE=Z FEE M=x

HeE FE25 AxEs 2472 298 AES 498 247
(NSG-100 2SS, Hanil, Seoul, Korea)2 E4f|5t & A& ZF
2ol 100% HIEHS- 20 mLE F7}51o] 2441 7H50t wHkEE3}
AUt WREEEST & YAHEF(2,100 g 15 min) o3}

o - Ao - olu|} - Huksk A EFYBIEIA

(Whatman No. 2, GE Healthcare Bio-Sciences AB, Uppsala,
Sweden) ot= I4-E 23] §HE & SI9ith XF 281
£ T3 M 5%71(N-1000, EYELA, Tokyo, Japan)E ©]-8-3}
o] 553 & IPEE o]8oton, nE AMEL -20T
Hyolw &4 24 AIE2 ARSIt

3. DPPH 2 ABTS 2IC|Z A7 &M =X

ZFZ50]| o3t DPPH 2 ABTS radical &2A&A-2 Lee
YR(2021)9] W& Zarsto] Z75tict. DPPH 2tz A&
AL 96well platS E-8oF0] ZA519].0H, 99.9% ot
=< ©]&35to] 02 mM DPPH §9-Z A x5t &, 2tz &Y
200 pLofl A& 10 uLE F7Fskal 25ColA 3087 ARkS
% 520 nmo| A FFEE SH5HH

ABTS radical A&AE42 ABTS 7.4 mMI} potassium
persulphate 2.6 mMS ZF4=0] &=0] 24X|7F 59 Q4o vt
Z|5to] ABTS ol22 FAAIF 1 F o] £A-Z 735 nmo]|
A B ol 141571 HEE B F3AG(e=3.6x10' M
em HE o]83dto] SHFE 54519t 4H ABTS €
200 Lol &9 10 uLE 7tsto] FRHESHoH, S 3T
H3l=2 A3 308 To] =435}t DPPH 2 ABTS radical
A2AGEZHE 55 | mgmlYd W D AATE WE

4. & BolUE Y BRSOl BY 51
Aol B 7kl 4T FU} SU% FEE]
o EelHE Sehrol= ¥

off

2 Woo 5(2015)9]
WS Zarste] BAskGIGE & s 2 FEE 10
uLoll 2% Na,CO; &9 200 LS 713t & 387F W3] 5}o]
50% Folin-Ciocalteu reagent(Sigma-Aldrich, St. Louis, MO,
USA) 10 pLE 7Fskgict. 30 &, 750 nm 3HFoA SF =5
275191, FEEZQ gallic acid(Sigma-Aldrich, St. Louis,
MO, USA)E AREsto] HEFAS AHdstlon, Alg ¢392
mg gallic acid equivalents(GAE, dry basis)Z WERHTE &
Eetio|E SRR AP A& 250 uLo]l 57 1 mL
9} 5% NaNO, 75 uLE 713t & 587F WAt 3, 10%
AlCL6H,02 150 uL F71_E & 627 ARt 11 v 1
oF & 1147 ®A|SHAL 510 nmoj| A

T E 245ty =4 H ST+ catechin hydrateE o]-&
B & EdtEo|t kS ALt

iy

3 £ Lee 50099 F& %
of BASll £EE AZE AR 05 g 15 nL



Vol. 34, No. 4(2021) AR o] wE AR

centrifuge tubeo] B F&-81[(0.3% HCIZ $H3-3t 80% H|
) 5 mLE Yl 1587 233 FE3 £ 3,000 rpmo]| A
1027 YA EEsto] 45ALZ sostit. o B2 23]
HHESke] 3%t A5dS T 10 mLE FEolith &
E-2 0.2 um nylon syringe filter® o]1}5}o] QFE Aol HA4
& A EE ARSI QtEAloRT g F4]2 UPLC-DAD
HE o]-&5tlar, £AXL Table 13} At}

6. SHEA

7+ A% flolglx 33] o4} BHE =Aslich BA A Y=
SPSS(Statistics Package for the Social Science, Ver. 19.0, IBM,
Chicago, IL, USA) Z2 1o g YA}z EAHEA(One
way—ANOVA)% ol o, BEHAF 9 Ducanf] AFZAAS
Apgstol ABshoc

N

Y E

1. ZH2 28 DPPH 2iCIZt A7 &4 T}

A A B0 BaiS) $40] S FE |

mg/mL7h HERY ZH21] DPPH 2tef 2 7152 Fig 17}
2l 2280 AR o] Fiket BHLS A Lee 5
(2015)9) AFAT| B2 971 8uE YBHEY 83

Q
2 243 23 o|gotAElolE, oE, Wk 5 ot
o §718918 Beslol PTG 2He A3t ol
F2204] g 945 ARG Lrehiich. mreb
AP oF oz Mges 2gsiel Az P
CLEES F CIRE S DR REERE IR R
B 2589 BT A%o] FUS FEBuT U5

O dehich 310 49 25%-61% W3] 2
o] ehgton], 4% B9 5%-18% W e ke

A=A

rlo mﬁeh

70.00 = Preongchang Paju = Jeonju = Cheonan

DPPH radical scavenging activity(% )
&
2

SCEL-1 Wonheung

Cheongja 3

390 2220 P 4 333

Table 1. Total anthocyanin analysis condition in black
soybean

Items Conditions
UPLC system

Waters
CORTECS® UPLC® T3, 2.1x150 mm, 1.6 um

A: 0.5% TFA in water
B: 0.5% TFA in 50% ACN

0 min 20%B, 3 min 20%B, 11 min 24%B,

Column

Mobile phase

Gradient 20 min 27%B, 35 min 42%B,
condition 40 min 45%B, 45 min 90%B, 50 min 90%B,
55 min 20%B, 60 min 20%B
Detector DAD (515 nm)
Flow rate 0.3 mL/min
Injection volume 1 uL
Oven temperature 30C
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Fig. 1. Contents of DPPH radical scavenging activity in black soybean cultivars according to different latitude (A: black
soybean hull, B: dehulled black soybean). " Means in the same group with the different letters (*“) are significantly (p<0.05)
different by one-way analysis of variance (ANOVA) using Duncan’s multiple range test.
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Fig. 2. Contents of ABTS radical scavenging activity in black soybean cultivars according to different latitude (A: black
soybean hull, B: dehulled black soybean). " Means in the same group with the different letters (*“) are significantly (p<0.05)
different by one-way analysis of variance (ANOVA) using Duncan’s multiple range test.
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Fig. 3. Contents of total polyphenol content in black soybean cultivars according to different latitude (A: black soybean
hull, B: dehulled black soybean). " Means in the same group with the different letters (%) are significantly (p<0.05) different
by one-way analysis of variance (ANOVA) using Duncan’s multiple range test.
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Fig. 4. Contents of total flavonoid content in black soybean cultivars according to different latitude. (A: black soybean
hull, B: dehulled black soybean).  Means in the same group with the different letters (*°) are significantly (p<0.05) different
by one-way analysis of variance (ANOVA) using Duncan’s multiple range test.
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Table 2. Contents of total anthocyanin in black soybean cultivars according to different latitude

AlEo] RESH=s FRE 2097 FF e Ao=
A Q1 O™ (Harbone & William 2000), |L7}A] o] &9] 7]
o] wralde] wWet e BAL W IIrkKanat 5
2005; Prior 5 2005; Plochmann 5 2007). &2 &72] QtEA]
ohd % ARFol TEo] e Fa FEAC FRE
C3G (cyanidin-3-glucoside), D3G(delphinidin-3-glucoside) %
Pt3G (petunidin-3-glucoside)Z &4 1tH(Choung 5 2001;
Lee 5 2009). AjiA| o] whe FAF F51HS] & LEA|0L
O g B 23 25 D A 2|oo] wt Heo] o
A Zpeluhs ALz YERATHp<0.05)(Table 2). &5 2=
A B, 371K 5 201]/(-1 SCEL-19] & QFEAJo}d 3}
o] M4 L Aoz vehon, PA359) AEAlohy
aFol 7 WA e E?L FEAlOMI

(o]
-

o mS my

O

THER A

(ng/g, dry weight)

. . Delphinidin- Cyanidin- Petunidin- .
t! Locat Total anth
Cultivar ocation 3-glucoside 3-glucoside 3-glucoside ot SHoGyEIE
Jeonju ND 2,156.27 ND 2,156.27
eongchan, ND 224721 ND 2,247.21
SCEL-1 Fyeongehang
Paju ND 3,606.29 ND 3,606.29
Cheonan ND 2,126.24 ND 2,126.24
Jeonju 130.60 944.92 41.15 1,116.67
Pyeongchang 69.58 1,437.05 37.63 1,544.26
Wonheug ]
Paju 110.45 1,159.01 40.30 1,309.76
Cheonan 98.23 836.29 34.41 968.93
Jeonju 44.98 846.80 18.43 910.21
. Pyeongchang 34.12 1,161.01 14.78 1,209.91
Cheongja 3 ]
Paju 33.01 664.34 9.76 707.11
Cheonan 54.61 710.51 20.98 786.10

ND: not detected.
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