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Antioxidant Activity of Korean Traditional Soy Sauce

Sangki Lee', Yoonhwa Jeong'?,

Seoung Been Yim®, and Sungryul Yu*

lDepartment of Food Science and Nutrition and “Institute of Global Food Industry, Dankook University
SDepartment of Culinary Art, Woosong University
4Department of Clinical Laboratory Science, Semyung University

ABSTRACT The purpose of this study was to investigate the antioxidant activity of Korean traditional soy sauce
and its relationship with physicochemical properties. Seventeen samples of soy sauce prepared by using a Korean
traditional method were obtained from six provinces of Korea. The most powerful antioxidant activity of soy sauce
was ranging from 8.96 to 63.39% for 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity, from 0.12
to 2.41 AE mg/mL for ferric reducing antioxidant power (FRAP) value, and from 8.42 to 115.69 TE mg/mL for
oxygen radical absorbance capacity (ORAC). Protease activity and total polyphenol contents were highly correlated
with antioxidant activities such as DPPH radical scavenging activity and FRAP value (R=0.97). The contents of amino
nitrogen were also correlated with DPPH radical scavenging activity (R=0.92), FRAP (R=0.93), and ORAC values
(R=0.80). Based on these results, antioxidant activities were highly influenced by protease activity, contents of total

polyphenols, and amino nitrogen.

Key words: soy sauce, antioxidant activity, color, protease, physicochemical properties
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whebd 2 Qo)A Selue Ao A% e 5
sho] olshela w3 Gvel B SRSl A% Bk
E QA L 204 Sl Nz ARE AFstas sl

VEREETE

A2 MA

B Ao g ARE 3= AE Yo s Axd
Pgo® A7|me] u(GP)), 7FE(GGP), ©1H(GIC), 7%
%-3HGBH), 2 (GSO)# FHGHY), det= A4xUGD),
FF0MD), ©3(0S0), A3UJB), 7d(JGR), A= 24t
(CGS), &F(CCh), FACCWH} 93UYG), Fd= BF
(GPC) % AFEUI) & AFellA 2013d 12€~2014d
19 717F 59 2 EE JHYS 53 A e
1748 2Vd& st Aol AbEsksit

[-N

ok

o

pH, €= ¥ 83Y, & THE, 7184 T1E &8 =3
o A% 149 pHE pH meter(Orion 3 STAR,
Thermo Scientific, Beverly, MA, USA)Z 43191, 4
L= Mohrf(14h) o= A 350tk el $hF2 DNS %
HE W] ARSSFITHLG). F 1 FF s 105°C 4
daxyor F439 o (16), 7HA4 1P FE 2 o
A8 oA (Digital refractometer DR-103L, Bellingham
and Stanley, Tunbridge Wells, UK)2 &7 3} °Brix®

LHER ATt

o -

= ="

g AEE ZAYE A Ao Fol A E=A(Color JC
801, Color Techno System Corporation, Tokyo, Japan)
Z o] &3}e] WIE(L, lightness), %% (a, redness), 41
(b, yellowness)E S48t MEeA Y R+ #S 57
T2 31, L2 22.557, a2 3.281, bgk2 -1.382%
S8 ATk AN == melanoidin 449 FF Fo 374<l
220~320 nm A}l E scanning & ¥ 7ME ¥ FHE G
< 21 290 nmell A 7H¢-E 2008 g A ske] UV-visible
spectrophotometer(Ultrospec 2100 pro, GE Health-
care, Little Chalfont, UK)® Z743}3t}H17-19).

)L_|HE al ZFAHE ;Jg
[

gl F Ah FFE Kjeldah o2 23, Z5, 974
e AA g5 Al disdstel ekl Th16).
0.0014x(B— A)XDXF

Total nitr (%)= <100
otal nitrogen 0 A]E%(mL)

A: 0.1 N NaOH &9 A5 4= (mL)
B: 0.1 N NaOH &9 FA8 A= (mL)
D: 34

F 0.1 N NaOH &9 o7}

(e}
Al 5

il

A5

i

Protease &4 &H

7H49] protease E4-2> 16,000 gol| A 28-7F A E
(Labogene 1730R, Gyrozen, Seoul, Korea) 3+ 7+73¢] A
TN 0.3 mLE 1% casein €9(0.2 M NaH2PO4~NasHPO,,
pH 7.0) 0.3 mLell ¥o] 10% &<k v-3-A1Z1 & 0.4 M TCA
85 0.6 mL Fol ¥hgS AA AR ¥k-E-948 10,000
rpmell A 53 Ft AEE & F AEH 0.15 mLel 0.4
M sodium carbonate 0.75 mL¢} 3ul 32]¥ Folin re-
agent 0.15 mLZ 7}sle] 37°Coll A 208-7F LAAI7] %
660 nmoll 4] UV/visible spectrophotometer® =73}
o} &4 24 1 unitS pH 7.03 37°Ce] 24 1# <t
AAEE= 1 M tyrosined %o 2 3+ tH20).

i)

Ofo|:=Ef EA gH2F =1

049 o] A 35 £42 FormolH o2 A A8}
AH14). ¢ 0.4 mLE S5 20 mLell wo 2wkt
% 0.1 N NaOH¥E ©]&3}o pH 8.47h4 AA & g v
35% %43 formaldehyde solution(Sigma-Aldrich Co., St.
Louis, MO, USA) 4 mL& ¥tk 12]aL A oA 0.1
N NaOHE o]&3to] pH 8.474#] A4S sfa thg 2o

Q9.

(A—B)X1.4XF

Amino nitrogen (mg%)= x100
e &% (mL)

Ar 0.1 N NaOH &9 A= HA=Z(mL)
B: 0.1 N NaOH &9 FAE A (mL)
F 0.1 N NaOH &9 <7}

=

o
8
o,
of
U g
i
iy

st 7 0.05 mLe} 2% sodium
carbonate 1 mLE 4]0 A-2A 32 &< FA S £ o
E3HEo| 50% Folin reagent 0.05 mLZ 7}3F thg 220
A 308 B wAAIZl & 750 nmoll Al UV/visible spec—
trophotometer® =43}ttt EFE4E gallic acidE A+
&3] RETAE e & F EYHsE d9E g1
mL %2 mg gallic acid® YeEPHATH21D).
At S

79 DPPH(2,2-diphenyl-1-picrylhydrazyl) 2tz
A FALe 44 0.3 mLel 0.2 mM DPPH 1.2 mLE ¢4
oAl Aoz 30% & WHSAIZl F 517 nmolAl UV/
visible spectrophotometer® =% 3}l t}8-9 2o 93]
ARt A WEE (%) 2 YER ATH22).

DPPH 29z &~A &4 (%)=[1- (absorbance
of sample/ absorbance of control)]><100

oo
it
0z
I

)

Ferric reducing antioxidant power(FRAP) &4 -& 7t
% 0.05 mLE FRAP & 1.5 mLoll #H7}&lo] 37°ColA



rot

=

s 3t

3 593 nmoll4] UV/visible spec-
trophotometeri A5t J—Zr%éi ascorbic acid&
/\}Q_o]_o:] 41ﬁ/\% 0 xLA—] zs]_ 3 FRAP 61—31:0 7}21— 1 mL
%9 mg ascorbic acid® YEFHATH23).

Oxygen radical absorbance capacity(ORAC)+= Ou &
)] S WEsY 43lrh 18 50 uLE 25 nM
fluorescein sodium(10 mM NaHsPO,~NasHPO,, pH 7.4)
£ 150 pLoll F7}eke] 10+ &< 37°C oA vEg-3F
% 120 mM 2,2'-azobis(2-amidinopropane) dihydro-
chloride(AAPH in 10 mM NaH:PO,-NaHPO,, pH 7.4)
g 25 pLE #H7ste] SpectraMax M2°(Molecular
Devices, Sunnyvale, CA, USA)E A}&3}9] excitation
485 nm/ emission 535 nm I olA 90= <t fluo-
rescence® 543 90F F<te fluorescence Fh<-
Excel X213 (Microsoft, Albuquerque, NM, USA)< ]

&3l & Aol wet area under the fluorescence de—
cay curve(AUC)E T38}% ).

90
AUC=1+ Y f./f,

i=1

A7 7 7H49] fluorescence WA tE fluo-
rescence WAS WA AAS 89 oM Trolox® %

A= }\]"CQ)_O}-ME]'~

ksl 24 1401
SHEH

EE 242 33 vEd § O daE ddEieiae
YERIAT 72 25 7Fe] 942 Minitab version 16

(Minitab Inc., State college, PA, USA)& o] &3l &AHE
XS B 72+ o 7+ So)A A=S 223135 T Bonfferoni's
multiple range testE AR 5% Tl A HdskSiTh
A} E-24 &3 Minitab version 16 ©]83}9] Pearson's

correlation H-S o] &3t} 7zt A3 &5 7F AAdA

(RE B, Rate] W9E 1< R <19, 5% Gl A
HAsEA
Zat o o

olatsty 24N

Sl o] Aol =A% AF 1] olsleld B
2 A3t Table 13 2tk 784 @& pHE GGP +4o =2
4.349 31, GHY 7+4%o] 5372 7} =t} 749 e
pH+E uﬂTiTEi 71918 fakato] AlsstaA AAdH At

o ==
s e

~
o Gl gk Aolet FeH25). JYG 7+o] 34.71
%= 71 E %A, GHY 1H8e 16.77%%= 71 3t &
7 b AE ] B AR 27.23%% 27, Choi

(D2 ﬁ71 A9 TN FF AE e 9t 19.21%%

o)

Ho] 32.04 mg/mLE 74 Wk,

Table 1. pH, salinity, and contents of reducing sugar, total solid, soluble solid of 17 soy sauces

Reducing sugar

Total solid Soluble solid

Sample” pH Salinity (%) (me/onl) % CBrisy
GPJ 4.53+0.02"" 30.03+0.68" 32.18+0.68" 33.39+0.03*¢ 38.000.15°
GBH 4.71£0.01° 30.81+0.68" 9.5240.29" 34.20+0.02°° 38.30+0.06°
GSC 4.46+0.01° 28.86+0.68™ 21.06+0.99° 29.210.02" 33.20+0.06'
GHY 5.37+0.02° 16.7740.68" 3.14+0.50" 19.95+0.02" 23.10+0.10°
JGI 4.7240.02° 28.86+1.79™ 5.00:&1.42:3 31.1240.07°%F 34.60+0.15"
MJ 4.56+0.02. 23.4020.00° 25.41+0.42 36.86+0.32° 41.70+0.10"
JSC 4.70+0.02° 26.130.68" 10.59+0.29%" 29.75+0.05°® 33.20+0.06'
JJE 4.85:0.01° 29.64+0.68 " 8.910.41" 29.30+£1.60°" 31.70+0.10'
CGS 4.69+0.03° 24.57%1.17° 21.57+0.51% 28.50ﬂ:0.52fi ) 32.60+0.10’
CCJ 4.86:0.02 29.64+0.68" 32.0440.20° 31.17:&0.22; d 35.20io.06f
GGP 4.34x0.04. 28.86+1.79" 17.73+0.52° 32.5240.02%% 36.40£0.10
GIC 4.57+0.03 26.132.7° 23.32+0.51° 27.17+0.04% 30.90£0.10™
JGR 4.70+0.02° 29.25+2.34 " 8.05+0.51' 35.24+0.10° 39.20+0.06
CCW 5.14+0.01° 21.06=1.17" 8.36+0.10' 30.3543.80%" 32.10+0.10F
AAA 4.67ﬂ:0.01; 30.81i1.79:b 13.88+0.60° 33.58£0.39™¢ 37.00+0.15°
IYG 5304001’ 34.7121.35" 3.00:&0.431; 31.45:&0.02:de 34.50+0.06"
GPC 4.40+0.01 23.40+2.34 12.06+0.33" 22.54+0.03 25.400.15"
Min 4.3420.04 16.77+0.68 3.00+0.43 19.95+0.02 23.10£0.10
Max 5.37+0.02 34.71%1.35 32.0440.20 36.86+0.32 41.70+0.10
Average 474 27.23 15.05 30.37 33.95

])GPJ, soy sauce from Paju, Gyeonggi-do; GBH, Bonghwa, Gyeongsang-do; GSC, Sancheong, Gyeongsang-do; GHY, Hamyang,
Gyeongsang-do; JGJ, Ganglin, Jeolla-do; JMJ, Muju, Jeolla-do; JSC, Sunchang, Jeolla-do; JJE, Jeongeup, Jeolla-do; CGS, Goesan,
Chungcheong-do; CCJ, Chungju, Chungcheong-do; GGP, Gapyeong, Gyeonggi-do; GIC, Icheon, Gyeonggi-do; JGR, Gurye, Jeolla-

2do; CCW, Cheongwon, Chungcheong-do; JJJ, Jeju; JYG, Yeonggwang, Jeolla-do; GPC, Pyeongchang, Gangwon-do.

Values are mean+SD (n=3).

Means with different letters within a same column are significantly different by Bonfferoni's multiple range test (P<0.05).
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Table 2. Chromaticity and brown color of 17 soy sauces

AE 2% 84 F o ]E}(27) F HAhe g 9
peptide, o} =€ A4 f2] ofu| Ak X3, -9

% A= M 7o) 2.04%= 7Hd E9kaL, GPC

gl
0.39%= 717 Wtk (Table 3). 17579 A& A4 T
9] HS 0.93% = Kim 5(28)°] X L3k 0%}t +AFst

| 2 1.0
Aok AFT A AAG AT e F Aie] 4 VE

(292 0.7% °1’F oz - A7olA &41% GBH, GIC, GPC
e ]ﬂd ‘4”11 NHE2 14 78S SHA171aL 9

=0

1.82%= & ATFA SA FEvtet A& 1] H gk

Hoe w2 oA vk IMJ 1R TE oFgE Wity
7H4 U A AE9 proteaseol] <
29l AEAF peptidett oFv] =2k 2 2
AT gk 20k 5 oy 7hA] ghel 2
e 4] ‘2)\\3}(31 32) Choi %(1)% rﬂﬂra} e W
5
%
oS

>

7} =] 131—

= 139.30 mg%°lH, 7+
3l e 7S GPC 7o 2 28.23 mg%hs ETh Ch
S ATl ok 7] Al 7] opml i A A
St 252~518 mgPh = 3= A% HEHT w2 3e 2k
=L sglth Mg 1 17E9] F Aol digh o] e H
A o] v 4.73~13.22%3 T}

Y A% 1239 Fo WEF Bacilus sp.=

2ol
i
flo
o
=
=
fu)
R
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,

©]
=.

Sample L a b Brown color (Abs 290 nm)
GPJ 7.1740.64°€7 -0.06ﬂ:1.27zcj -0.63+0.80° 0.83+0.03°
GBH 6.1510.155 . -0.20£1.15" -0.36¢o.27; , 0.78+0.04°
GSC 7.91+0.42 d -4.35io.9oz ) 2.75i0.55b°d 0.49+0.01°
GHY 8.42+0.39" -0.95+031" 2.2040.20"" 0.44+0.04™"
JGJ 7.64i0.34: ¢ -2.21¢0.94; d 1.77i0.37; ¢ 0.30+0.04%"
7 6.46i0.15bg 0.21+0.97 b 0.16i0.00be 2.02+0.10°
JSC 10.59+0.21 1.56i0.43z ] 5.07+0.57 0.65+0.02°
JIE 7.59+0.60"" -1.36+1.56 ° 1.8620.41° 0.25+0.01"
CGS 14.60+0.98' 4.37£0.90° 11.2242.97° 0.37£0.02%"
CcCJ 9.59&:0.50: -1.57ﬂ:0.782 d 3.49+1 .44d° 0.28+0.02"
GGP 6.6120.15"° -0.64+0.97" -0.010.53 0.59+0.01%"
GIC 9.07+0.62™° -1.46i0.37z d 4.16£0.56 0.25+0.01'
JGR 6.20i0.32§ . -0.43£0.76 d -0.43i0.76cd 1.08+0.13°
CCW 7.68+0.44 :g -2.1810.32; d 1.27i0.43; ¢ 0.70+0.15%
i 7.04£0.43 -1.29+1.44” 0.33£0.58 ° 0.69+0.03%
IYG 7.59£0.49 " 0.75+0.35 ° 0.05+0.14" 0.36+0.022"
GPC 7.59+0.48°% -2.39+0.86" 1.35+£0.20° 0.28+0.01"
Min 6.150.15 -4.35+0.90 -0.63+0.80 0.25+0.01
Max 14.60+0.98 4.37+0.90 11.2242.97 2.02+0.10
Average 8.11 -0.72 2.01 0.61

1)Samples are the same as Table 1.
Values are mean+SD (n=3).
Means with different letters within a

same column are significantly different by Bonfferoni's multiple range test (P<0.05).



Table 3. Total nitrogen, protease activity, and amino nitrogen
contents of 17 soy sauces

Sample” Total Amino nitrogen Protease

P nitrogen (%) (mg%) activity (U/mL)
GPJ 0.91£0.06%  70.23+1.01%® 1.32+0.02°
GBH 0.67+0.07" 88.5542.30™  1.34+0.03°
GSC 0.880.09°" 41.65+3.50" 0.83+0.02°
GHY 0.85£0.03°®  64.98+535"  0.84+0.01°
1GI 0.7040.06%" 50.75+1.26 0.71+0.02°
MJ 2.04+0.09° 139.30+2.30" 2.20+0.03
1SC 0.95+0.02% 56.23+1.01" 0.87+0.04°
JJE 0.64+0.04" 41.88+2.11" 0.47+0.01°
CGS 0.73+0.06™" 40.8342.25 0.71x0.01°
ccy 0.73£0.04®  36.75¢126"  0.73+0.01°
GGP 0.90+0.07° 74.67£0.40°  0.99+0.02°
GIC 0.58+0.04" 32.3245.35™  0.51+0.018
JGR 1.58+0.05° 79.57£2.67%  1.5240.03"
CCW 1.28+0.09° 92.05+1.26° 1.34+0.04°
i) 1.100.06" 83.30£0.61°  1.28+0.04°
IYG 0.85£0.05°®  59.731.01"  0.53+0.03°
GPC 0.39+0.04' 28.23£2.02™  0.35+0.02"
Min 0.39+0.04 28.2342.02 0.35+0.02
Max 2.04+0.09 139.30+2.30 2.20+0.03
Average 0.93 63.59 0.97

1)Samples are the same as Table 1.
Values are mean+SD (n=3).

Means with different letters within a same column are signifi-
cantly different by Bonfferoni's multiple range test (P<0.05).

protease AAHdo]l -8t A8 Ak Aido = s
a1 JrH20). F 17F AT HF9] protease -2 IMJ

Frkst A 1403

ol 2.20 U/mL=E 7H %9%aL, GPC o] 0.35 U/mL
2 7 vkt 1149 protease AL WO HoldtE
Bacillus 9] 9] &5t (33,3485 ofug} Fof o
A g% ta @ 4 25(35), pH(36)S & F=(32)°

we} 7o)z} 9k,

5 Zans oy o
5 ZevEe 72 4

A &2 phenolic acid#, @<

<= phenol¥, flavonoid#7} 2ltf
4,2D). & Ze)d=& IMJ 7H3elA 11.20 GAE mg/mLE
74 @ekar, GPC 3Fgell A 2.37 GAE mg/mLE 7H3 23
tHTable 4).

% 17% A% 7149 DPPH gz 274 AL A4
27.37%%, IMJ 7+40] 63.39%% 717 %9kl GPC 7o)
8.96%= 7174 wkth Shin &(8)2 nluy AA, ¥, &
I FEE 5 TASE HUMS Fxibgol Z
o] Hl3] DPPH 2}tz A&7 40| 12% F7hgh 43.74~
45.19%% YEAT I Ba1Ekgl).

FRAPE 2FbAlQl Fe* -TPTZ(ferric tripyridyltri-
azine)7} 39 A 9} ¥FL-5le] Fe?' -TPTZ(ferrous tripyr-
idyltriazine) 2 &=+ de= s 58S SAHs =
W o|tH(37). F 17F A% 739 H+ FRAP+= 0.78 AE
mg/mL=, JMJ 7+&o] 2.41 AE mg/mL= 7F¥ =%
GPC 7F#o] 0.21 mg/mLE 7Hd Wkt

ORACE AAPH® 98] WAk ¥iks} 2] Zol
EZ23e] vke-o] w2 & 3F(fluorescence)?] HAES =

st 24
AlelA wo] s = kst &

iall

v}

Table 4. Total polyphenol contents, DPPH radical scavenging activity, FRAP, and ORAC of 17 soy sauces

) Total polyphenol o ORAC
Sample (GAE mg/mL) DPPH (%) FRAP (AE mg/mL) (TE mg/mL)
GPJ 6.89+0.09° 33.28+0.80% 0.96+0.10% 25.68+3.74°%
GBH 7.3440.20° 44.05+1.20° 1.35+0.09"™ 46.46+7.81°%
GSC 4.48+0.08° 28.23+1.23% 0.76+0.10° 24.41+2.64°
GHY 5.20+0.16° 20.68+1.65" 0.45+0.08%" 44.425.13°
JGI 4.17+0.10°F 17.85+2.16%" 0.40+0.08%" 27.66+5.03°
MJ 11.20+0.50° 63.39+0.32° 2.41£0.21° 115.69+£22.55
JSC 5.17+0.23¢ 28.37+1.34% 0.800.03° 74.05+9.25%
JJE 2.94+0.09" 13.95+2.41" 0.28+0.04" 22.78+4.63"
CGS 4.22+0.18 15.35+1.85%" 0.32:0.02%" 14.69+1.89"
CCJ 3.90£0.07°" 12.67+2.09" 0.1940.03" 27.19+5.80°%
GGP 5.51+0.14° 24.4242.09°F 0.58+0.04" 42.01+3.58""
GIC 3.20£0.11%" 12.88+2.48" 0.18+0.05" 21.66+1.99°
JGR 8.25+0.35° 45.19+1.77° 1.510.04° 67.30+2.56"¢
CCW 7.50+0.19° 44.14+0.86° 1.40£0.09"™ 87.62+14.04"
AAA 7.11£0.17¢ 38.14+1.64° 1.22+0.08" 107.02+23.00°
IYG 3.81+0.04" 13.77+1.31" 0.29+0.07" 25.26+7.14°"
GPC 2.37+0.06' 8.96+£2.16' 0.1240.05 8.42+3.93¢
Min 2.370.06 8.96£2.16 0.12+0.05 8.42+3.93
Max 11.20+0.50 63.39+0.32 241021 115.69+£22.55
Average 5.49 27.37 0.78 46.02

1)Samples are the same as Table 1.
Values are mean+SD (n=3).
Means with different letters within a same column are significantly different by Bonfferoni's multiple range test (P<0.05).
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