J Korean Soc Food Sci Nutr
37(4), 410 ~415(2008)

HEREL R E
DOI: 10.3746/jkfn.2008.37.4.410

Antimutagenic and Cytotoxic Effects of Kochujang Extracts
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Abstract

This study was performed to observe the antimutagenic and cytotoxic activities of methanol extract of
kochujang added with sea tangle and deep sea water salts (SDK) and kochujang added with sea tangle (SK)
using the Ames test and SRB assay, respectively. The direct antimutagenic effect of SDK and SK methanol
extracts were examined by Ames test using Salmonella Typhimurium TA98 and TA100. In the Ames test,
methanol extract of SDK and SK alone did not exhibit mutagenicity and most of the samples showed high
antimutagenic effects against mutation induced by N-methyl-N’-nitro—-N-nitrosoguanidine (MNNG) and
4-nitroquinoline-1-oxide (4NQO). Methanol extract of SDK (200 pg/plate) showed approximately 71.4%
inhibitory effect on the mutagenesis induced by 4NQO against TA98 strain; whereas 56.1% and 83.6%
inhibitions were observed on the mutagenensis induced by 4NQO and MNNG against TA100 strain. The
cytotoxic effects of SDK and SK increased with increasing sample concentration against human cervical
adenocarcinoma (HeLa), human hepatocellular carcinoma (Hep3B), human breast adenocarcinoma (MCF-7),
human stomach adenocarcinoma (AGS), and human lung carcinoma (A549). The SDK at the concentration
of 1 mg/ml showed cytotoxicities of 61.5%, 61.3%, 51.4%, 57.9% and 77.7% against HeLa, Hep3B, MCF-7,
AGS and A549, respectively. In contrast 1 mg/ml treatment of SDK and SK methanol extract had only 2~38%
cytotoxicity on human transformed primary embryonal kidney cell (293).
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l Water 5 h
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Red pepper powder, sea tangle,
salt, fermented soybeans powder

l Mixing

’ 25°C, 90 day ripening ‘

Fig. 1. Procedure for manufacturing of kochujang.
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4-nitroquinoline-1-oxide(4NQO)¢} N-methyl-N’-nitro-
N-nitrosoguanidine MNNG) & "] SigmaAlEZ2FHE T
3l AL, o] Wold &2 dimethyl sulfoxide(DMSO)o| &
o Agd ARSI AT AP A A EFE AT AT
¢FAl 3 HeLa(Human cervical adenocarcinoma, KCLB NO.
1002), Q17+ 7F4HAI . Hep3B(Human hepatocellular carci-
noma, KCLB NO. 83064), <17t FWIAE MCF-7
(Human breast adenocarcinoma, KCLB NO. 30022), <17t
AIME ASGMHuman gastric carcinoma, KCLB NO.
21739)¢} AzZF H LM E(Human lung carcinoma, KCLB
NO. 10185)7} o] €5 o, HAAEZ= 293(Transformed
primary human embryonal kidney, KCLB NO. 21573)& A}
L399t AXE S sl RPMI 16403 Dulbecco’s
modified Eagle’s medium(DMEM)$] Hj A S A}&335 S
™, hepes buffer, fetal bovine serum, trypsin-EDTAE
HycloneAtE2 55 43t

= o st 7l k2] Wb %3] T =Ao
oryzaes ©]-§& M W wel Az 154 Sofio[oIA] A3
A5 v FeIE Table 1 YER AT
AE A BAMlY FRE TFHE s s,
Al2o] = Typhimurium®] Wo]5¢l TA9IRF TAI00S ©]&3l4
NFFES FAARANZ F ARE vhEte] Al 20% Ames test® 7] %3 preincubation (20) 2.2 4 A| &} T}
(w/v)Y Hee& F7tste] 12417 2Rks 33 &gt & A8 FEEE5S g Ax BHFAIZ glass cap tube A&
Table 1. The mixing ratio of raw material for the preparation of kochujang (kg)

Sample code

SK (kochujang added with sea tangle)

SDK (kochujang added with sea
tangle and deep sea water salts)

Nonglutinous rice 2
Water or deep sea water water 6 L
Fermented soybeans powder 0.8
Salt or deep sea water salt 0.6
Red pepper powder 0.6

Sea tangle 100 g

2
deep sea water 6 L
0.8
deep sea water salt 0.6
0.6
100 g
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Foll 4248 FEHE 50 uLA 748t o710 A w71
S. Typhimurium #¥ A4S 100 pLAS 713k o2 02 M
sodium phosphate buffer(pH 7.4)2 A 2] 700 uL7} =
T2 gt o] AL 37°Col| A 3087} preincubationdt ThHS
hisitidine/biotin®] H7}42 top agar(45°C)E 2 mLA 7}35¢]
Z 23 5o vy ZA 8 2 H4A minimal glucose
agar plated]] =2atal H3 1SA|A 37°C vl 7]l A] 484]
ZF v okate] A7 BAE AW o] (his' revertant colony) 2
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SRB assay(Sulforhodamine B)+= A ¥ ¢
L3t A EZZ2A oY BAL =2A3E= o tH(21). 10%
fetal bovine serum % Z+Zte] AM|E Hela, Hep3B,
MCF-7, AGS, A5499 2935 3¥rst= RPMI 16403
DMEM H]AE 5x 10" cells/mL FE2 100 uLA 96-wellell
A7Vske] 24A17F <b vl F(37°C, 5% CONAIZ] & Z}7}9)
Hjxlo] =<l ARE FEEE 100 uLE 7}sle] 48412
1;}}\] HHOEO}od\;} 1 :§: ol—‘:oﬂg aspirator£ zﬂ/\a;ﬂ

A & ¥ B3 10%(w/v) TCAE 100 uL H7hste]
AEZESE well vhgell 1ZAF T 1A12E B3 4°Cell A v &

71 FE oAl | AHSIAT Plates 12417
%(v/v) acetic acid®ll =<1 04%(w/v) SRB 941
100 uL A7Fste] 303 GAAIF T AR @&
AAs7] Y38 1%(v/v) acetic acidZ 4] H
A3t Al AZAIZ] 3 10 mM Tris buffer(pH 10.5)
100 pL2 9AAIE FE3] =2 o2 540 nmol A micro-
plate readerZ SF=E A3}
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Ao A dojxl Aol BAA FoidL SPSS(stat-
istical package for social sciences) program< ©]-&38fa] A
g L XFHARZ TS, 7 w59 FH 2t

EAA 948 p<0.05 =F 94 Duncan’s multiple range
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S. Typhimurium TA98%} TA100& 0]3-‘3}01 SK2} SDK
o] SIS SRl HuA vgE FE2] I =
drloldd A4S AAsslen o 7éﬂm Table 3 &}
Welth SKe| &4 za A4 55 =dde] fesrt
TA98°] 23+2, TA100 161 +50] 213 SDKe] A&7 &
o] FHg4E TARe] 21+1, TAI00S 152+40]%]ch. 2t
74 Heg FEFES 50, 100, 150 2 200 pg/plate®] &

T2 rtete] A9 A, 59 SdRe] 79} nlaste
%—E JEGE GehA eFton g SKet SDK Wghg F
e UehiA ¥= Aoz AdE I

SoitH0|RA Al

(Table 3).

SHE0IH0|)/Y AlE

SK¢} SDKe| ti3te] FEAH)AALE A
WA AW DNAC] 22 og £485 Fo] 4
-f—’ra]'ﬁ}‘— A-EAH] 220 MNNGS 4NQOE o] &
o FEAdWeldd ERE AT WA A Holde
= /\}%Q MNNG(0.4 pg/plate)e] A% S. Typhimurium
TAI0 FFNA 5% Z7ho] ge} 55 oJEH o2 Wold
4 dAEHRE YERNNS™ AlE 5 200 pg/platec] A

Table 2. Yields of methanol extract from SK and SDK

Sample Yield (%)
SKY 533
SDK 49.6

YRefer to Table 1.

Table 3. Mutagenicity of methanol extract from SK and
SDK in Salmonella Typhimurium TA98 and TA100

His revertants/plate”

Dose

(ng/plate) SK” SDK
TA9S TA100 TA98 TA100
Spontaneous 23+2 161+5 21+1 152+4
50 20+2 144+3 23+5 152+1
100 23+1 172+8 23+2 153+3
150 20+5 157+3 22+3 165£8
200 19+2 184+4 20+3 159+6

’I)Each value represents the mean+SD of three plates.
YRefer to Table 1.



APAEFY B AR B RFRFEE) FEANCY R A AR AR 413

100

80 -

[
o
1

N
o
1

Inhibition ratio (%)

20 1

0 50 100 150 200
Dose (ng/plate)

Fig. 2. Inhibitory effects of methanol extract from SK and
SDK on the mutagenicity by MNNG (0.4 pg/plate) in
Salmonella Typhimurium TA100.

—e— : SK (kochujang added with sea tangle, —o— : SDK
(kochujang added with sea tangle and deep sea water salts).
YResults are expressed as mean+SD (n=3). Values not sharing
common superscript letter in column were significantly different
at p<0.05.

SKe} SDKS 22} 795% 2 836%Z W] dAlads
UER AtH(Fig. 2). g+H ARl 4ANQO(0.15 ng/
plate)ell 3t A E7E SHS A7 w5 JEXHOZE 9
A FA4S JeEl e, S. Typhimurium TA989] 7%l
= SK¢} SDKE 200 pg/plate 871 A 272 69.0% 2 71.4%
9 EdWo] JAadE BA{Y. S. Typhimurium TA100
AT e A5 FEoA SDK7} 56.1%, SK= 45.4%
2 SDK7} SKell I3l 10% ©]/de] Edwe] dAaHRE
B A tH(Fig. 3). Kim 5(9)< aflatoxin B;& Edo]de
Z AFE3F S Typhimurium TA98 7ol &FutEe H7F 1
FA es FEES Ao gEdde] ARE A%
A G FgH JUbeHA 2 3ol 47 31.8%%
345%9] oA EHE el RSt
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acid®} #4718 3= fucoidan(17)9] A8 A 75
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Fig. 3. Inhibitory effects of methanol extract from SK and
SDK on the mutagenicity by 4NQO (0.4 ug/plate) in
Salmonella Typhimurium TA98 and TA100.

—e— : SK (kochujang added with sea tangle, —o— : SDK
(kochujang added with sea tangle and deep sea water salts).
YResults are expressed as mean=*SD (n=3). Values not sharing
common superscript letter in column were significantly different
at p<0.05.
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b ZFQHA| E (Hep3B), A7 A E(MCF-7), 1% 9
SAHEZ(AGS), A3 A GAE(A549)9F A7+ AFH A E
(293)2 o]&3le] SK¢} SDK HleHe =& tsle] SRB
assaye ©]&3ste SAME AZFAEHE AHEYG
(Table 4). A7+ Az AIEQ] HeLaol tigh AX =4 &3
£ 3913 A3, SK9} SDKE AlE Hi 552 1 mg/mLY
) Zt7} 554%9} 615% 2 F AR BT 50% o)de] 4AlE
AZAAEIRE BPon SKel vls] SDKe oA &3}

Table 4. Inhibitory effects of growth of human cancer cells and 293 cell in the kochujang methanol extracts

Growth inhibition (%)

Dose (mg/mL)

293 HeLa Hep3B MCF-7 AGS A549

0.25 7.0+5.3? 59+6.7° 9.0+2.2° 10.6+6.1° 10.8+£2.7° 6.15+2.3°

SKY 0.50 186+1.3" 143+1.8" 30.6+2.4" 25.6+5.0° 207+2.9° 23.6+6.4"
0.75 21.6+6.6" 33.0+3.3° 405+49° 31.3+2.9° 38.7+3.8 30.3+1.6°

1.00 30.2+0.4° 55.4+1.9¢ 576+1.2¢ 40.8+1.6° 51.4+55° 55.4+3.2¢

0.25 27435 74419 1.6+1.3 9.184+2.9° 15+1.2° 106+2.1°

SDK 0.50 17.2+26° 19.7+0.8" 19.3+35" 209+1.2° 7.1+5.3 36.4+0.8"
: 0.75 20.8+4.1¢ 35.4+48 55.7+45° 41.3+0.7° 36.7+3.8" 58.4+3.2°
1.00 38.0+1.9° 615+1.3¢ 61.3+£2.9° 51.4+3.1¢ 57.9+459° 777+6.7°

YRefer to Table 1.

PResults are expressed as mean+SD (n=3). Values not sharing common superscript letter in column were significantly different

at p<0.05.
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FE5 Po| g UE oA LHoE ATE oA R T} 30H]
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H1 AR % 1 mg/mLAAlA] 72t 51.4%¢9}F 57.9%9] A
235 JeEATh Cui 5(23)0] GAIvE TS 713k 13
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A1 5% 1 mg/mLY W 786%9] £ JAES Bunh
A7 H LA EQA A5490] tste] SKe} SDKE A& 5%
1 mg/mLY W 77.7%9 FHEZ FFIAEHE YER o
02 Ao vl&)] =& JAE&S Yl Kim 5(9)
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2 AAaFHZ veElf o] A Eo el mmE e =4
S YehdtE AMS & AT
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