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Abstract

The free radical scavenging activities of extracts from kimchi, as well as various antioxidant activities, such as 2,2-azino-
bis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical scavenging activity, and ferric reducing antioxidant power (FRAP)
were examined. Specifically, the ABTS radical scavenging and FRAP activities of ethanolic extracts from kimchi (kimchi with
non-treated salt fermented anchovy, treated non-heat salt fermented anchovy, treated heat salt fermented anchovy and commercial
salt-fermented anchovy) were 0.749+0.26, 0.895+0.15, 0.758+0.12, and 0.769+0.02 mM Trolox eq./mg extract and 0.727+0.11,
0.901+0.03, 0.811+0.17, and 0.843+0.16 mM FeSO; eq./mg extract, respectively. In addition, the antioxidant activity of extract
from kimchi was estimated in vivo. Mice were randomly divided into six groups (n=6), and treated with LPS for 10 days,
which resulted in lower antioxidant capacities as well as increased aspartate aminotransferase (AST) and alanine aminotrans-
ferase (ALT) values in the blood serum. Furthermore, antioxidant enzymes (catalase and superoxide dismutase) in blood serum
increased in the presence of the kimchi. The present results reveal antioxidant activities from kimchi and encourage their

application for the food industry and cooking.
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So] e s ATt Bk 4
well et al 1992). 7] &2l e FAike
GArstA| o A A kA Fol o), B
Wolgs SV F e A atskAld g
2} Z7VekE FAl°]tH(Cho et al 2008, Lee et al 2008

A7 ek 870 St 459 FFo= QF ?:Vo
A A ARl FA0IH, ol Gt e AT
olAA] SHE 9oz sl= AW g ou 2 X2
FAl0] 7P d A GAS Aol 28 T A7)
Folx] &= Ao tHKim et al 1999, Aruoma Ol 1994). £
TFoll AFE3 AR = FA ) vl F24, vl Ul
oz :r“qﬂoi ﬁl.ﬂ, 7e J’} HJgfRlo] FH3sjtt 535

, 53] isothiocyanate> &+
T %“é*é‘i— 2 % x% giu]{Hyun et al 2004). IHtH o
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7} AA(Kim et al 2000), A7 71& NE(Kim & Rhee
1985), AX)e] AZ(Kang ef al 1999), A} (Kim ef al
2000, Jeon et al 1999, Cha & Oh 2000, Kim et al 2005) 5-°]
H =t} T3 hydroxyl benzoic acid, hydroxyl cinamic
acid, keampferol, quercetin®} &2 Aol -3k Z2}
Hicol=7h b 2iteo] dota A UthKu et al
2007, Song YO 2004, Cheigh & Park 1994, Penman & San-
derson 1972). A= ©o]# 3t w|FE o8l A|Zdl= F
guiel dE TR AFoR, gkl A —\Oﬂﬂ’ A
2 AAsha em, Baw AFew FU A% FA9 2
Al elvkAI8kaL ITHKim JS 2002, Kim et al 2004, Yoon SS
1992). HZelle AX7} &k, vIvE A, A4S} oA, 7
T, HH Y] X7
]_9_6]— /Kgapj—)ﬂ oﬂ _14-6]—
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o] Z}x](No. 11, Whatman, Maidstone, England)Z ZA&S
A A F, rotary vacuum evaporator(N-1001S-W, Eyela,
Japan) = &35l AL o] F A|RE 20Tl B
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1) ABTS 2Ozt &~ 2o

ksl B 24 L Kim et al(2011)2] WHE -85}
t} 7.0 mM ABTS £l potassium persulfateS 2.4 mM©|
HEE A v, HollA 12~16A13F F1F HHEAIA
t}. o] Z 414 nmoll A FFE} 157} HEE SHSEE 23
gt 3.0 mLE #H3ly, FEE | mg/mL FolA 1 mLE &
ot A2A 10#7F ¥HEAIZL F, UV spectrophoto-
meter(Cary 50, Varian Inc., Australia)E ©]-83}] 414 nmol|
A FFEE ZHse] ABTS oz B4 @9l mM
Trolox eq./mg extract® 3IEA]SFI T}
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FRAP %2 Benzie & Strain(1999)2] WH-S 28313
t} =, 300 mM acetate buffer(pH 3.6), 40 mM HClel 83} gt
10 mM TPTZ 2 20 mM FeCls - 6H,02 212} 10:1:1 (v/v/v)
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FEE9] %] 1 mge] HEF 3|43 Al5 0.15 mLo} 3.0
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593 nmollA] FFEE =431 th(Sunrise™, Tecan Trading
AG, Switzerland). Z3}+= FeSO, - TH,0E XS E 3l
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mM FeSOy eq./mg extract> 2 FEA|SFATHKIm et al 2011).

M

3) S A
B 73tk vk$~2 124)7F B9 dark-light cycleol]
S5 A7Ia, 2502C 2 2 oA Y A1z d 7Y
A71& ﬂ%?_ 615 o2 YT
s 7—‘? T°4 3k

100 mg/ng s =5 A 23l 2.0 mL/kg/day &0 2 %]
3L, AkeA ~E#AE LPSE 3 mgkgd F%EE 1.0
mL/kg/day = A& A 2]al7] 127 Aol B2 ) Folsk3ict
(Table 1). AN Bhg22 4AI7E T wh2l o 34417
HAlS AFH 3l 2,000 g= 1053F QAR g1, Loz
serums F I & B F4 kitE o] 83to] HikA|okEe]
EAHO] mel AST, ALTE A8ttt 4o 42
¥ mL%Y Karmen unit= FEA]SFATHKIm et al 2007, Lee
et al 2012, Lim et al 2007).
4) Batsl B B 24
CATE 34371 flall 2 il Eelste] Lojzl serum
S @3 &, Ixassay buffer(50 mM potassium phosphate,
pH 7.0) 75 pLell colorimetric assay substrate(200 mM H,0,)
Lo 25 LE Yo 3o & 4oF F, stop solution(15 mM
sodium azide in water)= 900 pLol|lA 10 uL% #3014 color
reagent(150 mM potassium phosphate buffere] 0.25 mM 4-
aminoantipyrineiﬂr 2 mM 3,5-dichloro-2-hydroxybenzenesul-
fonic acidE &%) 1 mL} &38le] 1587 W2 3 520 nm
X S slsith T3 SOD2] 42 CAT9 22 ez
serume g @3, AR FEE2 kit U water-soluble tetra-
zolium salt(WST)<} enzyme &-2ol] ¥H-3-A171 5, 2083+ 4

Table 1. Experimental design of mice
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2o HxE T 450 nmolXH FFEZE =33le] xanthine
oxidase?] A& E3F SOD TAHEE P39 om, 33] uhsE
=3 slo] Hagto = s tHLee ef al 2012).

5) A&

RE Ade 33 v 34 & g siAE el
o, o A5 WindowS SPSS 12.0 version© =2 paired
t-test, one way ANOVAES 343151
range test®= AFE 7AF3IATH

©1, Duncan’s new multiple

Y

o} g p

1. ABTS 2zt &7 24

ABTS |zt &7 &5 Sl kst 54 F = vlay
9] 331 TEAC assaye 339t} TEAC assay= 74|
v g3 e] ghitsl et ofe}, 2154 318hE4 (phyto-
chemicals)®] -1F2} Eﬂr S A 7 BHSEA AL
451 e, o] HHE ABTSV} Yol & 4A
= FhsAY] T8 Hrieith vekdt AA deke &
o 3t Fatsl g2t vlwd A3} Table 29 2] &
3} Bol| ofxte] Aol 5 HATE HAS HUlekA] i
= A, ¥t AR S AREste] @2 AR, 71 AR S
goto] T AR 283 Algel dAEE AR Hrleto

Y

—

Luirlmiﬂs‘:

= IR=

[<]

T AN A Z42; 0.749+0.26, 0.895+0.15, 0.758+0.12, —L
2]3 0.769+0.02 mM Trolox eq./mg extract= H|7}E *Jg] <
%

AN

o] A7Hd AX7Y 7P w8 FAE YEIITE o3l
AR FAEQ] A Az 2 ugt HF AEQ] A9
Gatst Dol o= A= JEFS v F dvke S B
FE Ao g At} Lee & Cheigh(1996)2] ATl & 2
29 & FE2E, vee FE2E, 2892 JHE FEES
2.5% =2 HUkste] gitst @4e dRlsiE W, T
o= Alzte] me} Absrt @A sHAl K vk, 7|9

E FEEY S FE25 HUHlA st B A 2

:
O

7 st on, A6 EASHe F8Y Tt 4849

7 to 14 day (dose of sample)

15 to 25 day (dose of sample)

Normal" 2.0 mL/kg/day of 1.0% saline, ip

Control 2.0 mL/kg/day of 1.0% saline, ip

Kimchi treatment 2.0 mL/kg/day of 1.0% saline, ip

1.0 mL/kg/day of 1.0% saline, ip”
1.0 mL/kg/day of LPS, ip

2.0 mL/kg/day of various kimchi extract, oa with 1.0
mL/kg/day of LPS, ip

D Normal: normal group, Control: LPS-treated group, kimchi treatment: various kimchi posttreated and LPS-pretreated group.

2 ip: intraperitoneally, oa: oral administration.
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Table 2. Antioxidant activities of kimchi

HOoFA o} RATHEETE

Non treatmented kimchi
Kimchi of salt fermented anchovy (non-heat)

Kimchi of salt fermented anchovy (heat)

TEAC" FRAP
(mM Trolox eq./mg extract) (mM FeSO, eq./mg extract)
0.749+0.26"*) 0.727+0.11°
0.895+0.15° 0.9010.03°
0.758+0.12° 0.811+0.17*
0.769+0.02° 0.843+0.16°

Kimchi of salt fermented anchovy (commercial)

Y TEAC: Trolox equivalent antioxidant capacity, FRAP: Ferric reducing antioxidant power.

? Values represent means+S.D. (n=3).

3 2> Values with different alphabets are significantly different at p<0.05 as analyzed by Duncan’s multiple range test.

28l B2 2= ascorbic acid, carotenoids, chlorophylls, flavo-
noids Folgtil H st 2ev & Aot 2ol HAE
o]-&-3t ksl A% W7t F ABTS gh|ze] &7 @A o
3 ATE HAFa) EH—roﬂ 2 AT Aot AR EHE} &
2l SO Tk =
i, FF A 46}5101 SU\lF: als =

ABTS gitjzte] &7 @Addl gt A7 s o2 A}
=9t

2. FRAPZ 0|&

FRAP assay &E° o 2 gAakzlE S
=2 3=d, pH 3.6914 ferric(Fe'") TPTZ complex”} ferrous
(Fe™) Fei2 298 u) TSk H9-E 593 nmell A
st ShES Atele WHoR gl AA WA
Frrst S Ie oE vAYUEY kst S elth
Table 29} Zo] oehe F25E BT =& @& Flsge
B, 22 oA HM ASLE Azt AA FEE0] F
3} g4 01 7 S =
2], H71E A /\}3‘6}04 @ A4A, 7k
of ©@2 A 283 Alg] diEe dAS
A A Z47F 0.727+0.11, 0.901+0.03, 0.811+0.17, 1231
0.843+0.16 FeSO, eq./mg extractZ LERJS] 0 31 ABTS
Aot frAFSHA H7F AAle] 74 Ale] foll whet efrte]
HASE Yehligle drbd oz Ao HriEe FARS
o] kst D3 WA BAVE dvkar deEA =], o
= AR HrIEle AR, = chlorophyll 3}3HE, pectin, poly-
phenol AR Zo] bzt A3ekd HIE dla Y= Aoe=w
g A UTKChoi YS 1999). o|¢} 2 A7E EUIE X
X}iﬂﬂ O R%E kst ddo] sk A I
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AST(28.5 Kamen/mL)%} ALT(4.5 Kamen/mL)2] 27} 52
8] Z7kgk Aol vkl 7W e AR FEEQ H7HE A
gl A H7F AA FE2E oAM= ASTS ALT $X17}
19.5 2 2.3 Kamen/mLZX 1 ZAJo] dA3| 7443 AL

golstithFig. 1, 2). £3] ALTY A% < 50% Z4o] 7+
Z3l5Ath 7129 Hwang JW(1999)2 L g x4 1t

=
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Fig. 1. Effect of AST in mice blood serum.
A; non treated kimchi, B; kimchi of salt fermented anchovy (non-
heat), C; kimchi of salt fermented anchovy(heat), D; kimchi of salt
fermented anchovy(commercial). “(p<0.05) are significantly diffe-
rent as analyzed by paired #-test that compared the oxidative stress
group with the kimchi extract treated group.

ALT (Kamen/ml)
e

LPS (1.0 mLkg/day) - + + + + .
Extract (2.0 mL/kg/day) - - A B C

Fig. 2. Effect of ALT in mice blood serum.
A; non treated kimchi, B; kimchi of salt fermented anchovy (non-
heat), C; kimchi of salt fermented anchovy(heat), D; kimchi of salt
fermented anchovy(commercial). “(p<0.05) are significantly diffe-
rent as analyzed by paired #-test that compared the oxidative stress
group with the kimchi extract treated group.

7V 98 AL BRI CAT B4 = A48 15
o} vwstsls  B7kE A2 H3le] Hrbe A FEE
[¢] ]

A
Aoz A}Ezﬂu} Hur et al(2000)—°: Axe] 5 FE, 1
A

9 2% W2 22E F 357 BEG P A 23

Eo| #Fe] 7t MDA AdE Feld oz Attt B
5 3, 34k B49) glutathione S-transferase 4] A
7R EESHSI T

Fig. 3. SOD activity in mice blood serum.
A; non treated kimchi, B; kimchi of salt fermented anchovy (non-
heat), C; kimchi of salt fermented anchovy(heat), D; kimchi of salt
fermented anchovy(commercial). “(p<0.05) are significantly diffe-
rent as analyzed by paired #-test that compared the oxidative stress
group with the kimchi extract treated group.

0.30

i

0.20

0.15

0.10
0.05 I
0

LPS (1.0 mL/kg/day) - + + + +

Activity (umoles/ml/min)

Extract (2.0 mL/kg/day) - - A B C

Fig. 4. CAT activity in mice blood serum.
A; non treated kimchi, B; kimchi of salt fermented anchovy (non-
heat), C; kimchi of salt fermented anchovy(heat), D; kimchi of salt
fermented anchovy(commercial). “(p<0.05) are significantly diffe-
rent as analyzed by paired #-test that compared the oxidative stress
group with the kimchi extract treated group.

71& AR FE o] &3 XA e S gk A 2
oM e HA = A thate] Aol thgt =& A 23
=3 §J+7} B 3%]o] 93 (Rina Y 1995), B3k 71x] 9]
£9] linoleic acid®} WH&-A|A AFs} Hk-g-of o
ot kst B2 TE: Hlwgh A3}, §k3- A Zto] 7 gl et
g 9 vekE FEE H7F aFdA dix 253
Hlwate] FqksbEo] Ao ek #s) a3t A et v
Egon, T2 f7]80 FEEAME 4] w2 itst
Bt o BaEQda, o]le AR HbE o] EAlshe=

T84 B A8 = s AEo Ate} kg ow Qg
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babgel 44 e A B dehitn Bl
S THChoi YS 1999). Ryu et al(2003)2] AT E T&
d-g o] &3] 6573t ARt AlR | 3, 5, 28] aL 10%2] AX
£ Hrlste] o3t Az}l A SODS} glutathione peroxidase
(GPx)®] &5 Freldor F7H A A 2ol7t A W}
Gaksl BaA ] dEFe nA= A FRlsh o|+ 4 A
A& o] &3 gitsl A= AR EEs] FaE =
of Ax|e] H7HERl A ] 7 Wl wE ksl Do
et A= s wfEol], & ATtellA] 1 Aol v
g3 shgom, 74 Ae@ 94 Avk BB ¥
I 42 At 2 G G0 e e SR
Z(Yoo EJ 2004), &

o] 242 9 Aol 3 AAE Axst= éo
s

]

| =

AL dwe] DA BEAFOR S5 P} AAR
5 FRAL 9ho] A8 3 L Wk, P oo fg
o) S5 Folth mebd PA7E WEsks 71987
JHI S nel@ o FFRY ATl WS F85 915
£ AXekm givh w3, PAE e s Bl 2o
At YA, Wb Aol Ao ute Fashgel
thste] A7} vIES Agolet. ol B ATE /4G D )
K ALE @ 8 Qo G PAE ol g3l P
]

o EH@ 5"3% slstaal ABTS @tz &4 &4 9

"—'.”/io A7belA] &2 A
A, 71 Al dA = 47]’@ A lﬂ 2
= 7Kgk ZAA|ol| diste] ABTS o)zt iﬂ %“o% zkzt
0.749+0.26, 0.895+0.15, 0.758+0.12, ~12]1L 0.769+0.02 mM
Trolox eq./mg extractS WERHSI 1L, FRAP 31sle2 0.727+
0.11, 0.901+0.03, 0.811+0.17, 18] 12 0.843+0.16 mM FeSO,
eq/mg extract® QI TE T3 FE TS o] &3l
LPS Folo gk AX] FE=9 AST 9 ALT A7} &
oA kARt 58] HZkE A2 dAE Hrke 1A
FEEA M l:f rom, gHikst 5291 CATS SODeY|A

= 7l A AR Woe AR 28] feldow s}
A

187 AElE gk EA] gAe
in vitro, in vivool A 2+ & 3o

= £ FIsilon, ¥ Ay Al 9A
2715 HA 3} gl Aol g A E A2 5 9

AFeed Fad 7|z A7 4
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