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ABSTRACT

Soybeans (Glycine max (L.) Merr) are known for their nutritional value as they are, rich in protein, fiber, vitamins, and
minerals. In this study, the ethanol extract (GEE) of Glycine max (L.) Merr was prepared and its potential antioxidant and
skin whitening effects were investigated. The 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity and reduction
potential were evaluated to assess the antioxidant capabilities and total phenolic content of GEE. Additionally, a tyrosinase
inhibition assay was conducted to assess its potential for promoting skin whitening. GEE was found to have a total phenolic
content of 6.09 pg GAE/mL at 800 pg/mL concentration, confirming its significant antioxidant capability. Moreover, GEE
exhibited robust antioxidant potential with DPPH radical scavenging activity reaching 40.24% and a reduction power of
20.82% at 800 pg/mL concentration, demonstrating a concentration-dependent increase. However, the ability of GEE to inhibit
tyrosinase was lower compared to the positive control arbutin. Further, GEE did not display concentration-dependent tyrosinase
inhibition and skin whitening effects. Therefore, these results suggest that the antioxidant attributes of soybeans, with their
diverse physiological benefits, could position them as a promising ingredient in health-functional foods.
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o] A% B 7k 2 T ksl Z1odske Ao W
xom, A olre &4 ttas 2ANA 271 2
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2d AbAF(reactive oxygen species; ROS)-
AH EAET iAol Ee FAER HEHCEE O
(superoxide anion), H,O,(hydrogen peroxide), OH (hydroxyl
radical) 12] 3L 'Oy(singlet oxygen) 5°| 1 THThannickal VJ
& Fanburg BL 2000). &/ At2Ee 07e FejdA = o
BF AA A B, B8 A e ABR Al AR
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AsiA] AA = ol ¢F H7] wiiEel] A= AdFE g
zAe] 45 sk Ae® A Ath(Wilson JX &
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1.
£
(II) chloride, neocuproine, sodium carbonate, Folin-Ciocalteu
phenol reagent, gallic acid, L-tyrosine, mushroom tyrosinase,
arbutin Sigma-Aldrich(St. Louis, MO, USA)°llA w5}
©1m dimethyl sulfoxide(DMSO)+= Junsei chemical Co., Ltd.

(Tokyo, Japan)ollAl Fulld} 1 94.5% o &2 Daejung
(Seoul, Korea)ol| A 05}t

2. i+ ollEtg2 F&= GEES| XM=

2 AFdAME dF dEs FEES TFolEYYl
(Gimhae, Korea)ollA] A|FRtol A&t Ol F gt
FE2 7IESA] 5 um T Z2F3 JEE o] &3]
stem 3 h B3 8F FE30 54 dxsieth 54 1z
G AlEE —20TA B#sin o]
of s]Aste] AHESFATE T olehE
max (L) Merr ethanol extract)@ ™™

FobAloh kiR

2 mL mlo] A= FHo 10, 50, 100, 200, 400 = 800 pg/
mLe FE AE 200 pL¢ SHTE 1,000 pL FolFa
50%(v/v) Folin-Ciocalteu phenol reagent(FCP)E 100 uL 37}
3 F, 4 2A S min B9 W-AA GEES 98-S 2ol

al3ith. FCP= a3k ol wet S/ FCPE 1:1 H[&
2 Atete] Eet7] A AlZskeith 5 mine] Ay v
W ZF5o] 83X 5%(w/v) Na,COs &2 200 uL 37}

83
SFaL o] T 3ZoA 1 h B ¥ESAIZ] T 96-well plateol]
200 uLA F3+ 5 microplate reader(VersaMax; Molecular
Devices, Sunnyvale, CA, USA)E A}-&-3t] 725 nmollA 5%
=5 =43t BFEA gallic acidE o] &3l F F4
< 239 on GEEY % mlv a2 gk i F4
2191 y=0.0376x—0.0224°] tid3ste] AFEel pg GAE/mML
2 Yepfigleon B3 349 RS R=0.99829] A7ghs
HeEhA AT

4. DPPH 2t0iZt 471 &4

g5 debE F5E5<9 GEE9 3tsl €4S Hrlshr] 4
°P°4 DPPH 2tt]Z &7 &5 Sttt ez Yy

T 9N A EPYStE R 94.5% ol gkl &34

7:] 200 pMe] DPPH )zt &5 A|xgh & vhg 7bA]
Ao A 0TollA kg 3lalsitt. 96-well plateol] 2] A
z3 & DPPH =H]Zt €9 190 uLe} 10, 50, 100, 200, 400
\1 800 ug/mLQ] lr_\: /\]EE. 7L7L 10 L})ﬂ Lao 3‘5_ tﬂ;
stz 98l 96-well plate HA] AL &1 37C
incubator®l] 4] 30 min &<t ¥H-S-A1A 517 nmol A microplate
reader(VersaMax, Molecular Devices, Sunnyvale, CA, USA)
£ AHEst] FREE ST AEE AUt ¥
Z72 AR gl AlRe] mQ] DMSOE 10 uL €l

Rem Zh Alge] DPPH itz 4752 ofefo] AL
/\]_49. ]_o:] Hﬂl?. =2 14.1:/],1%041—4_ n:?sp obﬂq}z;oi_.
FA el 35t 5291 ascorbic acidS AHEEF 3L GEESF 2

"c:): o—l—-oﬂj“l B]JJ—O]'S)\:}\E]'-

t:

é

DPPH 2% o= 100
= X
2% (%) xwe] F4=

E3A1A 1 mM CuCl, &H& = ﬂ}_‘é}
I 10 mM potassium phosphate buffer(pH 7.4)l 0.625 mM

neocuproine= £-33F] 250 uM neocuproine &4 Xﬂ zx3}
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Gt 96-well plateol] 7]2] A& F 1 mM CuCl, €< 20
uL<} 250 uM neocuproine 89} 80 pL, 10 mM potassium
phosphate buffer(pH 7.4) 60 L. “T#]31 10, 50, 100, 200, 400
2 800 pg/mLe] EE Al BE 40 L HolFQth 1 T AL
oA 1 h B3t WESAIAFAL HEg-0] 1 microplate reader
(VersaMax Molecular Devices, Sunnyvale, CA, USA)E A&
sto] 454 nme] YA FREE S 2T A
3 tialel] AlZe] grjel DMSOE 40 uL H71sl F3om
P oz o AP FYaH ascorbic acidE AHE-

CE

6. Tyrosinase Xaff A

U olehe 55171 GEES] v|9] A3 Hrletr] $l@
tyrosinase A3l &S EA3FITh 0.1 M sodium phosphate
bufferol] L-tyrosineS £33k 1.5 mM L-tyrosine= A %3k
%10, 50, 100, 200, 400 2 800 pg/mL F=2] A& 20 pLol
0.1 M sodium phosphate buffer 220 pL, 1.5 mM L-tyrosine
40 pL 22]3 1,500 U mushroom tyrosinase 20 uLf H7)at
o] 37C incubatoroll 4] 15 min E<F HHSAIZ L L 3 micro-
plate reader(VersaMax, Molecular Devices, Sunnyvale, CA,
USA)E A8l 490 nme] shgoll A FF=S 733
ABE H7PHA @& g AlEe] 4vel DMSOE 20
uL A7lstgon w3t oA Yo s njw AR o7 2
47 arbuting AHESIR AL AlEot 2 TER Z1Yste]
T} Tyrosinase A3l 232 GEEY A W22l arbuting:
A7he A7l FARVR Y 8E Aae R YERiITh

5 et FE2E(Glcine max (L) Merr)2] 3248l &3 2 Tyrosinase A3 & 325

7. EAIXzE]

BE 4 513: & 33] WHESlg o, RE Ho|H e Hi+eiT
AAZ FAS ) vlolele] BAX 2] SPSS software(Ver.
18, SPSS Inc., Chicago, IL, USA)E Al&3tc] £A3515
A9 vz B4R (one-way ANOVA)= E3f 215 7t &
o4& Hrlekd aL, AFEHS-2 Duncan’s testE ©]-8-3t] 4l
G52 p<0.05lM 7t o] RO Aol B AZHT

Zat 9l o
1. & Beluls By 5
B2 e EEES kst A S A ] o
ol 7154 AEe] T8 JEo R FEWY ItWhang HI
5 2001). 3% =] EA 3= hydroxyl group AHf-at
Hgel FHAT)E Saol e Tk Beo] Jlow, ¥

2Hl|ize] ko] ST
Holth(Imai J %5 1994; Halliwell B 5 1995). o] & &
i e St FEE s E F5E 5 Uk
GEE9] % Ze|vlE 35 BAe A3+= Fig 1o Yef
glom Alge] AFEAQ] gallic acide] Yoz FHkste]
ERARITE GEE:= 10, 50 100, 200, 400 ¥ 800 pg/mLe] &
=2 Agsiien F sHE g 0.00, 059, 1.20, 2.12,
3.65 % 6.09 g GAE/mLE &&= o|&EH oz Frlsle AL

5
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s
o
T
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_OL
rr
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odt

{ mlo

sttt A5 Felus TS dutdor F5, 54
A7), AAL A ol wet 2 zolE urammJ_ s}
(Rice-Evans CA 5 1997; Diaz-Mula HM & 2009). == 3}

10
010 pg/mL

(=)}
T

=~
T

Total phenolic content
(ng GAE/mL)

b

0 a

050 pg/mL @100 pg/mL.  ®W200 ug/mL.  MW400 pg/ml.  MWMR00 pg/mL

GEE

Fig. 1. The total phenolic content of GEE was calculated as gallic acid equivalent (GAE).
The total phenol of GEE was measured at various concentrations (10, 50, 100, 200, 400, 800 pg/mL). The total phenolic content of GEE
was increased concentration-dependently. Different corresponding letters indicate significant differences by Duncan’s test (p<0.05).

GEE: Glycine max (L.) Merr ethanol extract.
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2011) & 23 A3+ GEEQ] ditst &9l 7% A8z A}

T o2 AlmHEnh diFdl giE s s
o|lE, o]AFeHE, Hle4), Bl 5ol 3l
XJE}(Kurzer MS & Xu X 1997).

Adbd o 2 £ ZHof 3t etsl BAS St
Holl= o8] 717} 9o} 1 S|4 DPPH o] &4 &
A2 vl el e e s So] 7hset W

°]ti(Choi KM % 2005). DPPH 2}t]Z &A% gex oz
=%+ organic nitrogen radical @ikl gdo] e B
Z ghd o9 e Er 2 ARS Fojutol eyl §]:61-
E-2l 2,2-diphenyl-1-picryl-hydrazin ©. & A $t= =4, ojuj 2

& Hepdlo] glo]x]= EA4Jo] 9ItHThongehai W 5 2009).
DPPH assay©l] ™2 free radical £&~7%2 < st ”EHJ g
K 2Ee o gale] GAsE e WSehe B e o] 8%
1 AtHLee MH & Kan SM 2018). th5 ollekE 355 GEE
o] gtsl &2 S35y 918 DPPH 2oz &4 &4 &
% A¥= Fig. 29+ 2tk GEE+= 10, 50, 100, 200, 400 2
800 pgmLe] FE= Heleln Tz E & 47
A gak3}lA| Q1 ascorbic acidE ©]-83fe] 22 FolA] vl

4

N
rl

Harg HOPA o} Rk iEAMrEE
3}tk GEE+ 10, 50, 100, 200, 400 2 800 ug/mL Z}zye]

FEoA 5.56%, 8.92%, 11.56%, 16.54%, 25.50% = 40.24%
o] DPPH &z &AGS Jehflen] Y dizal
ascorbic acid= 55.02%, 98. 27%, 98.41%, 98.58%, 98.59% =
99.97%<] DPPH et} 22755 HER aiv‘r GEE<= ascor-
bic acid®l] H]3|A+= ¥l A ‘7%3_ 2ATE B9ARE =
oEAog Frlete Ae T & Uk tiFe] o
7 Aelgd & At 71449 shuE kst a3t A
253 9l om(Wel H 5 1995; Giles D & Wei H 1997), th
FollA &itst e vUshlie zoR deEdl EdEs
genestein@} daidzeins ¥ $8}= isoflavones 2 phenolic acids,
B39 E, 9E2, EYAl A4 2} ol At D peptideS©]
HAst= Aoz I A oW (Hayes RE 5 1997), 5ol

© ol&aZeHE, AlEd, Aol drY T3 dFEE
il 2, eeskE T A 24l Bl dHrE o
7] W Eell(Lim IM 5 2020) &H4itst &3 5 552
g gl digk AB/dol diste] F7FEQl FAlo] &
$ a7k

3. =Y

U5 ogte FEFE(GEE)Y $dES SHs7] ¢4l
copper reduction assayS AA|SFTE A H LS Tt g4t
st 24 F 2T 7] AR Foste 5E o
THOyaizu M 1986). oA 9] FF= Fx]= 1 AA 7}

7HA] =

B
O A5 SUE e UEhlY, =2 S8 S &
iﬂrcq F27} =4 Yeh 3 (Tanaka M 5 1988), 3¢

2 A87F A EA AHEE 5SS YERE A

010 pg/mL

100

®
=}

N
=

DPPH radical scavenging activity
(% of Control)
3

050 pg/mL

B 100 pg/mL  ®200 pg/ml.  W400 pg/mL.  MWM800 pg/mL

h b h h i

[t

£
€
20 d
a b -
0
GEE

Ascorbic acid

Fig. 2. Antioxidant activity of GEE was examined by DPPH radical scavenging assay.
Ascorbic acid was used as a positive control. The DPPH radical scavenging activity of GEE and ascorbic acid were evaluated at various
concentrations (10, 50, 100, 200, 400, 800 pg/mL). GEE was increased in a concentration-dependent. Different corresponding letters

indicate significant differences by Duncan’s test (p<0.05).
GEE: Glycine max (L.) Merr ethanol extract.
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% 3tKMeir S 5 199) st go] S5 Hilks) 214 F
AE AASI AAWS diske

a*é Ak HE o IV B
o LS FAS= %3401 245 1 o1& /A Ak
(Choi YM % 2007). GEE9] $+918 =% éﬂr— Fig. 391 4
R AT} GEES] #Hl=lg &4 23, F=71 10, 50, 100,
200, 400 2 800 pg/mLE Z7}EHE s AAA] 0.2,

3.51, 7.15, 11.53, 16.55 2 20.82 yM =2 —7]—'6‘}“ AL go)
g & Ak =3 FPETQ] ascorbic acidE 10, 50,
100, 200, 400 % 800 pg/mLZ 2] 31H& wl 23.99, 33.41,
41.26, 41.60, 41.90 2 41.41 pMYHE Cu™" & Cu" 2 A
71 A& dR1& = ATk Choi SY 5(2006)9] S EE==]

™ DPPH radical &7 48 A3 44—7412 A 3
o % Zod= U}-a}:o] =9 >

AA— )

%ﬂQ‘T‘E DPPH E]'ﬂ% /\74 o] X Y=
2 RS Yo ol E B3l gkt EAo] rE= &
Jatict HZele dFe gz 2AYA, FdE 59
ksl EAde #elk A= Eibs] 2= 9l oW (Prakash
D & 2007; Xu B & Chang SK 2008; Szymczak G 5 2017),
el 215 s ShEE Shiolzel 2FQ o)z

Zehio] Wo| Aflol o] o]l @ BASo] BAYS 1
e ditsl 245 Vet Y EthPark IW 5

AN
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=8 (Glycine max (L.) Merr)®] &4+sl &3 2 Tyrosinase A3l 24 327

A<l JgS #2138t7] 93] mushroom tyrosinase®] # 3l
2495 43 Ao Fig 49 2th GEEE 10, 50, 100,
200, 400 2 800 pg/mLe] FE2 A|Zsle] A&t om <

/\é EH o7 u] uH E;d 2 xl cﬂ—gq A arbutlna A}_&Zﬂ.oa
o A% Zé]-"]' GEE= 4.96%, 8.34%, 6.14%, 5.08%, 7.28%
=2 9.80%«] tyrosinase A|3]5S H Ao arbutine 8.34%,
27.89%, 41.90%, 60.79%, 77.62% % 97.25%92] tyrosinase #]
6Hb-9- B Tth Melanogenesis= 18] ©Ale] A&4 Q1 Hkg-
= &sto] "Wepd2 A8 tyrosinase”t 3 @A E 1P s}
7 283 93E k= §4F &elA 9tk Tyrosinase
polyphenol oxidaseZt = &2 Waphdo] AFF=+= vl
AE, 55 2 A2 s £x8ta AUThKim SH &
2013). Tyrosinase:= tyrosine= AFsIA]A 712 Q1 L—3,4-d1hy-
droxyphenylalanine(DOPA) 2 DOPA quinones W=t
DOPA oxidaseZA] 2833} FA]o DOPA chromeol A f
%% 5,6-dihydroxyindole(DHI)©] indole-5,6-quinone Hﬂ@rﬂ-
7§°ﬂ #odato] melanin A E Fske ol Fog &
2-3FcHMarmol V & Beermann F 1996). U5+ *]E
ma‘ﬂ"d A AAetet] ZaAolw m¥l 37} o)
oo BnE vk 9lem(Yoo JK 5 2013), thie] AeldA]
23 3 392l isoflavone2] aglycone FENQ! genistein} T
- gyto] FAC] thgk A9l Yang ES 5(2008)S Hehd
A 3Eol| genisteine * 2|8+ ¥ tyrosinase A= =43+ A3}
T oJEZ 0 F tyrosinase] o] FAgttn HuE u}
Ak =3 5o o]AZ et E3| daidzeind} genistein®]
nE 7]5E o Ao o8] QedFE Helxl vl gl

rr rlr m

éékﬂi

40

Copper (I) ions (uM)

010 pg/mL O50 pg/mL E100 pg/mL MWM200 pg/mL W400 pg/mL MW800 pg/mL

i i i i

HE

GEE

Fig. 3. Copper reduction activity of GEE.

Ascorbic acid

Ascorbic acid was used as a positive control. Copper reduction activity of GEE and ascorbic acid were evaluated at various concentrations
(10, 50, 100, 200, 400, 800 pg/mL). GEE was confirmed to inhibit copper ions in a concentration-dependently. Different corresponding

letters indicate significant differences by Duncan’s test (p<0.05).
GEE: Glycine max (L.) Merr ethanol extract.
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100

20

60

(% of control)
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Tyrosinase inhibition

010 pg/mL 050 pg/mL. W100 pg/mL. MW200 pg/mL
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g

He
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o ’_7_| ab a ab -
0
GEE

Fig. 4. Tyrosinase inhibitory activity of GEE.

Arbutin

The tyrosinase inhibitory activities of GEE was evaluated at various concentrations (10, 50, 100, 200, 400, 800 pg/mL). Arbutin was
used as a positive control. The concentration-dependent tyrosinase activity of Arbutin used as a positive control group was suppressed.
Different corresponding letters indicate significant differences by Duncan’s test (p<0.05).

GEE: Glycine max (L.) Merr ethanol extract.
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