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Dept. of Food Science and Nutrition, and Kimchi Research Institute, Pusan National University,
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Abstract

To enhance the antimutagenic and anticancer activities of chinese cabbage kimchi, 13 kinds of
kimchi, which were different kinds and levels of sub—ingredient added kimchi, were prepared and
fermented at 15°C for 1 day and then at 5°C up to pH 4.3. The antimutagenic effects of the methanol
extracts of the kimchi were studied by using Ames mutagenicity test in Salmonella typhimurium
TA100 and SOS chromotest in E. coli PQ37. Among the kimchi samples, high ratio of red pepper
powder(7%) and garlic(2.8% or 5.2%) added kimchi, 1% chinese pepper powder added kimchi and
organic cultivated chinese cabbage kimchi significantly reduced(p<0.05) the mutagenicity induced by
aflatoxin B;(AFB;) in Ames test and SOS response against N-methyl-N'-nitro~N-nitrosoguanidine
(MNNG) in SOS chromotest, and also the kimchi inhibited more effectively (p<0.05) the survival and
growth of AGS human gastric adenocarcinoma cells than the standarized kimchi on the SRB assay,
MTT assay and growth inhibition test. These results suggest that the antimutagenic and anticancer
activities of kimchi can be increased by the sub—ingredients such as organic cultivated chinese cab-
bage, red pepper powder, garlic and chinese pepper powder.
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Salmonella typhimurium TA100-2 Salmonella ty-
phimurium LT-29] histidine auxotroph@4 ®]=- Cali-
forniat 9] B.N. Ames 2FAFZHE] Al Zuto} A 7] A
© 2 histidine £-74, deep rough(rfa) S o), uwrB
F94 ], R factor 59 §-3138 2 glsiwiA] A3
ARg-3tei o}, Sl Wo] §b-E 4l aflatoxin B1(AFB))<
Sigma Chemical Co.(St. Louis, MO, USA)el| A 413}
o] A}8-3}91 21| dimethylsulfoxide(DMSQ)el] = A
ol] A}-g-3tsict.
|
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Indirect mutagen(AFB1)& 843}t A]7]7] $35he]
Maron® Ames®] ¥ (12,13)¢]] w2} SO mixtureE &
7Fstaiet. S9 mixtures # o] ZFo 2R & S9 fr-
action 10%9] MgCl-KCl salts(2%), 1M glucose-6-
phosphate(0.5%), 1M NADP(4%), 0.2M phosphate
buffer(pH 7.4) ¥ H#4-F E§3le] S9 mixtured
A 8kl o}

FEol o] 4382 preincubation mutagenicity test
(14,15)5 o]-¢-3taict vl 7 w271 glass cap tube
ol $9 mix 0.5ml, 8}51} v k= 5 0.1ml(1~2x 10°
cells/ml)¢} AW o] k22 (50u)-S 7FH5 A1 28
2.5mg/plate 7}8ke] 37°Col| 4] 2087} olu]u)oF7) oh-&
histidine/biotin®] A 7}% top agar(45°C) 2ml® & 7}3}
a7 vortex3dFed minimal glucose agar platesll =43}
37°Cell A 48A17F vl <}t 3 revertant =AFE A3}
st
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A ol A4-7F F59] Escherichia coli(E. coli) PQ37/
plasmid PKM 101(PQ37)%& E. coli GC4436°1 A4 =l
=} lac Z genedl| sfi A geneell AF1S 3L uorB mu-
tation¥} rfa mutation 713 5ol Edwe] f4
A2 AAFAH] £33 N-methyl-N'-nitro-
N-nitrosoguanidine(MNNG)&= vl-Z2] Aldrich 3] A}
25E Fylst] ZFgol o] A ARk

S0H0| A

Quillardet®} Hofnung(16)2] W& 7|22 3o
alkaline phosphatase test@} B-galactosidase testS W
sty on Bl 9] =% = alkaline phosphatase
o] gL AaslA de M B FEE A
o} WE R A3t vl FF(E. coli PQ37/plasmid PKM
101) 50012 5mle] L mediumel] %} &8} 37°Cell A 12
~184 7k A&} wioFsted et o] & thA] 5mle L medium
of &8} 37°Coll A 2412k Eak A&k wiF A 7] A&
(2x10% cells/ml) L medium 1/102 3]43}o], Eaaw

o] ¥x} ¥k2-A)7) AR 2004 -S vl 53 96 well
plate®] 7z} welloll 100111%, R85 904 37°Col A
zlelEle] SOSHFS-S f-23}9dt). 3ol = B-galac—
tosidased] &4 &3 & 98 ONPG 1001, tF&F ol =
alkaline phosphatase®] #4222 9] &4 PNPP 100

15 AHrlelgdch b A 7be 30% o2 ol HA
zé AE 984 7+t 1.5M NapCOs 100u1, 1M HCI 50ul
E H7)sle] 587 WX A1 ¥ spectrophotometer =
420nmel A &3 =& 2439 th. Enzyme unit(Eu)3t
£ ODgo#t& ©]-8-3he] Miller(17)2) -2 [Eu=(1000 %
Ag)/t{min)]el wet E3hed . SOS chromotestell ¢l
o] 4] alkaline phosphatase] Eutx ®i7} <A sA F-4
=1, SOS Hh-gol] 3 3& &= AL B-galactosidase
Euel 22 o] ghell ot A4 #2442 AA st

AGS QI
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AGS 2l Al 9] oA E+= 3hg A 25 23 (KCLB, Seoul,
Korea) 2. 2 3-8 F-ofqtol 100units/mi®) penicillin-str-
eptomycin® 10% 9] fetal bovine serum(FBS)e] & -
H RPMI 16402 A}-4-8}e] 37°C, 5% CO2 incubatorel}
A1 wfefatedcth. wioFEl M Fo YFU 2~33] re-
feeding3}31 6~7 wholl YA -] gt 5 Alvhul of 3w
A Aol ALg-Eho

Mzl HE ol Z ot
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SRB assay(18) ¥ MTT assay(19)

wjeksl oFA Zi= 96 well platesl] 2 10%cells/mlo]
| 22 seedingd} i 24417 wieF F A1 85 0.05mg/ml
3} 0.1mg/ml9] ¥E 2 3 7bsbed 2w, dj2 el pho-
sphate buffered saline(PBS)E #7bstx 37°C, 5%
CQ; incubatorell 4] 48] 7t v <Fs}ith. SRB assay &
2184 50% trichloroacetic acid(TCA)E #7138l 4
°Coll A WA Hl—z]‘o}?a o 1A 7 & TCAZE A7 3tz
zaaz o e 3 A A2A)7] I 04% sul-
forhodamine B(SRB) 100uE & 7}3}]/(1 304 ok 4
AN 7k, 1% acetic acid® 581 & F thA] Al Lol A
712712 0.01M tris base 150u1& A 713k = 510nm
oA EBE5 2Rt 8H MTT assayoll A+ 3~
(4,5-dimethylthiazol)-2,5-diphenyltetrazolium bromide
(MTT) 20ulZ 3 7}8lar 4417 52k o] wiekah 5~ AA
= formazan 224 & DMSOe¢l % 540nmell A+ &%

£ A3tk

Growth inhibition test: &4l EE 24 well plateci]
2x 10" cells/ml®] FE 2 seedingdto] 2441 2F vl F&t
% 10% FBS7t )& wix o A1 &% 0.1lmg/ml FEZ
Ar}bste] 2o v} Wi x| & A A vl oF 64 F-of] F4
= ob A E 0.05% trypsin-0.02% EDTAZ #2] 3%
hemocytometer2 Al538te] tAlE A4 Al 245
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< o] &3} Salmonelia typhimurium
TA100 &9 AFBloﬂ ek gEdte] A 75 Ak
B A3}z Table 13 2}, 3 wj&71X)2] 4% AFB,
of HE Ao FL4dE 66% oI AstAm, o]
vl vhEs AFEE(G2%) 7 AR A, 3F e}
< 7+ 7%, 2.8% A7 A A, & 5% Hohg
#t °d 7Ha% 1% %ﬂfz ‘7‘47} Sadwel

1—7}.

S0OS chromotestol| 2|t gtEoivio| &1}

Ames testol| A 918}zl Eedwo] B9 ok 9g0%r}
SOS FHE Aol w, o] F ub 7ol el 4R
Azt ok Baslex 91e](20) SOS chromotestZ
o]-8-3ke] MNNGel| ?Hat 13552 vl 7% 9] SOS ut
< JAEHF A B3tk (Table 2). MNNGE o] 43
chromotest‘ﬂ]/l'li Ames A A A&} GALE AAE
HAoh 227HFE 105% A7kt vl A9} vhe s
52% F 743 wFA 2 7F BE w7 A vl =&
SOS - JA&axE vy w3 23 4704 JE

FHAAEE H/AAE EF Wl FH

A& L322 51_0;1 (p<0.05). 53] fr71uf 321X
A FL SOS WA EHE Bo] £F w371 %] 33%
9 %odwd 1A sH:anroﬂ H]| sH 550/94 Ze ANEHES

5, 29 #Ho2
T°r71 )] $=7] 7<] 7} Ames testi‘r SOS chromotest°ﬂ
o] A7} ol f-7 vl Foll TEI)F} )
= L2 &9 5o AR FEdnle] AR E &
4 4 3ls AR AR

Zv] 2 2 B op] e} uhy
Folth2l). 159 TS5 9 v
,‘Oj‘r]ol—ul-/\g_,] Al BAZ o:]7:]
Aol o3 AFabE W 7(22,23) % B9
e}l Co} carotenoids -] &=
238 Fddo] g JAsE
A4(23725)

= °4‘*‘°] AFE ol &eA gl=dl
w55 2% A ]-fi 1 2] ol 4 nitrosodimethylamine(N-
DMA), AFB;, MNNGel| i3t s} 5dslo] &35 vie}
Prekz B v bl gleh26). mHEe o2 g FEdHe]
7] 28 712l microsomal E.4A 2] A 3ol THod 5o
glutathione S-transferase@A 4 SHEHF 3H3HE-&
SRR B2 HE Aol d e v FA EAR
A7l AR A oh26,27).
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Table 1. Effect of the methanol extracts(2.5mg/plate) from various kinds of sub—ingredient added chinese cabbage
kimchi on the mutagenicity induced by aflatoxin Bi(AFB., 2.0ug/plate) in Salmonella typhimurium T A100

Treatment Revertants/plate Inhibition rate(%)
Spontaneous 118+ 14

AFB,(Control) 1099+ 77°

Standardized kimchi® 456129 66
10.5% red pepper powder(RPP) added kimchi 449+38% 66
5.2% garlic added kimchi 360+50% 76
7% RPP+28% garlic added kimchi 357+ 49% 76
5% leaf mustard added kimchi 261% 5 86
5% codium fragile added kimchi 438+16% 68
1% chinese pepper powder added kimchi 43617 68
1% cinnamon powder added kimchi 496+73° 62
1% ginseng powder added kimchi 401 +16% 71
1% chitosan oligosaccharide added kimchi 601+ 16° 51
1% sodium alginate added kimchi 672160 41
1% sweet tea extract added kimchi 677+28" 43
Organic cultivated chinese cabbage kimchi 314+ 478" 30

"The ratios of ingredient in standarized kimchi are 13.0 radish, 2.0 green onion, 3.5 red pepper powder, 1.4 garlic,
0.6 ginger, 2.2 anchovy juice, 1.0 sugar and 2.5 final salt concentration in the proportion of 100 salted chinese cabbage.
*™Means with the different letters are significantly different(p<0.05) by Duncan’s multiple range test.
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Table 2. SOS response of methanol extracts(100pg/assay) from various kinds of sub-ingredient added chinese
cabbage kimchi against N-methyl-N’-nitro-N-nitrosoguanidine(MNNG, 40ng/assay) in E. coli PQ37

. Alkaline SOS s

Treatment B—Gé;ljaqi?g ;dase phosphatase ~ (B)/(p)  induction Irrlht1b(1g}o)n

m Unit(p) factor atelo
Spontaneous 22.3 146 1.52 1.00
Control(MNNG) 88.9% 139 6.41 4.22
Standardized kimchi” 73.9° 154 479 3.15 33
10.5% red pepper powder(RPP) added kimchi 65.8" 155 4.25 2.80 44
5.2% garlic added kimchi 65.5_h 156 4.19 276 45
7% RPP+2.8% garlic added kimchi 63.3' 15.0 422 2.78 45.
5% leaf mustard added kimchi 727 14.9 4.87 3.20 32
5% codium fragile added kimchi 815° 16.3 5.01 3.30 29
1% chinese pepper powder added kimchi 647" 15.1 428 2.82 44
1% cinnamon powder added kimchi 79.19 16.0 495 3.26 30
1% ginseng powder added kimchi 87.3° 16.9 5.17 3.40 2
1% chitosan oligosaccharide added kimchi 76.8° 16.1 476 3.13 34
1% sodium alginate added kimchi 71.6° 16.2 442 291 41
1% sweet tea extract added kimchi 7058 159 4.44 292 40
Organic cultivated chinese cabbage kimchi 59.5 159 3.74 2.46 55

1)The ratios of ingredient in standarized kimchi are same as shown in footnote of Table 1.
2~IMeans with the different letters are significantly different(p<0.05) by Duncan’s multiple range test.

EF WAL 7| o2 A8 /e G S E
glste) © 13%F 21X (pH 4.3)8] Wd& F2E5
930 SRB assay® AGS A sltAl £ A& A&
72 v]wslgichTable 3). 0.05mg/mi) A2l 5 x4

22728} s 77t 7%4) 2.8% S A7 A A}

5090} 4] b E AE A EFE Bych w3k 01
mg/mle] A2 E o= ZE7HF 10.5%, vHE 5.2%,
27} v 77 7%, 2.8% A 7R ) x| 2} 29
o} YA A7t 1% HRRE A A 2 fo1u 33 A
7} 50%e174 AGS UAA sigAze AES A S
& 4 sl eH(p<0.05).

Table 4= MTT assay 2 13552 vl 7] 2 wigt-&
2250 AGS oA YA E] AE A AAE et

Table 3. Sulforhodamine B(SRB) assay of methanol extracts from various kinds of sub—ingredient added chinese
cabbage kimchi against AGS human gastric adenocarcinoma cells

Treatment(mg/ml) ODsio
reatmentimg/m

& 0.05 0.1
Control 0.757%0.036” 0.757+0.036°
Standarzied kimchi” 0.691£0.076" ( 9)¥ 0.472+0.006" (38)
10.5% red pepper powder(RPP) added kimchi 0.6670.067%(12) 0.328£0.068°(57)
5.2% garlic added kimchi 0.616+0.105™ (19) 0.3080.017% (59)

7% RPP+2.8% garlic added kimchi

5% leaf mustard added kimchi

5% codium fragile added kimchi

1% chinese pepper powder added kimchi
1% cinnamon powder added kimchi

196 ginseng powder added kimchi

1% chitosan oligosaccharide added kimchi
1% sodium alginate added kimchi

1% sweet tea extract added kimchi
Organic cultivated chinese cabbage kimchi

0.251+0.013° (67)
0.399+0.093°(47)
0.3890.076"9(49)
0.200+0.005° (74)
0.43420.012% (43)
0516+0.161" (32)
0519£0.075" (31)
0.397%0.066°(48)
0.2010.027° (73)
0.2940.003% (61)

0.339°0.047° (55)
0.411+0.025° (46)
0.653£0.021% (14)
0.720£0.050" ( 5)
0.691 0.049%( 9)
0.68710.114™( 9)
0.3890.109° (49)
0.39310.041° (48)
0.583+0.008 (23)
0.6630.107% (12)

“The ratios of ingredient in standarized kimchi are same as shown in footnote of Table 1.

ODs1p of control-ODsig of sample

Dy Loy rss
Inhj %)=
nhibition rate(%) ODa of control

%100

2"*Means with the different letters are significantly different(p<0.05) by Duncan’s multiple range test.
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Table 4. 3-(4,5-dimethyl-thiazol)-2,5-dipheny] tetrazolium bromide(MTT) assay of methanol extracts from various
kinds of sub-ingredient added chinese cabbage kimchi against AGS human gastric adenocarcinoma cells

ODs4o

Treatment(mg/ml) 005 01

Control 0.747+0.004° 0.747£0.004°
Standarzied kimchi® 0.491 £0.087% (34)? 0.328+0.045(57)
10.5% red pepper powder(RPP) added kimchi 0.393%£0.112° (47) 0.152+0.055° (80)
5.2% garlic added kimchi 0511+0.122 (32) 0.071 +0.017%(91)
7% RPP+2.8% garlic added kimchi 0.418+0.023° (44) 0.074+0.029%(90)
5% leaf mustard added kimchi 0.517£0.041° (31) 0.395+0.069%(47)
5% codium fragile added kimchi 0.51310.048% (31) 0.380+0.009°°(49)
1% chinese pepper powder added kimchi 0.400=0.063° (47) 0.015%0.010° (98)
1% cinnamon powder added kimchi 0.43210.045™ (42) 0.455+0.013" (39)
1% ginseng powder added kimchi 0.453£0.074™ (39) 0.331£0.038° (56)
1% chitosan oligosaccharide added kimchi 0.444 % 0.074% (41) 0.114+0.038%(85)
1% sodium alginate added kimchi 0.400+0.011° (47) 0.462+0.025° (38)
1% sweet tea extract added kimchi 0.132+0.006° (82) 0.08210.026%(89)
Organic cultivated chinese cabbage kimchi 0.449 +0.046" (40) 0.064+0.021%(91)

YThe ratios of ingredient in standarized kimchi are same as shown in footnote of Table 1.

ODs40 of control-ODsg of sample

) 0s)
Inhibition rate(%) ODss of control

x100

*"*Means with the different letters are significantly different(p<0.05) by Duncan’s multiple range test.

W Aotk AE A E B 4AE-8 2R3k MTT
assay© A EY iz 2k =43} SRB assay 2} &
A gt B3 AR Jg e ARSE L 9]
t}. SRB assay 9] 239} FAFS Al % R0k vhES
LEE® Hrig 214, 29, 7|24 Sl AR
= A7 ) 9} f7 el =70 2 7 AGS @A) ] b A E 9
AEL A AAEE 4 F AAHp<0.05). 53] 25
7} 22t vhsg 22 799} 2.8% A 7}5 71:’ %, =9 37}
AA g friFE A7) 90%0] 4] F& A E AE
AHaE vyle) wmih Fapat 7&7}73 e e
Hol Aol gleirs X5 w22 B Aol ¢
21} SRB, MTT assay-& ¢]-&3) in vitro 3¢ &3}
o sleid e 2 A E AE A aAE nydc)
AGS A A EFE o] §-3led 135572 714 w=k
4 FEEL 0lmg/mlE A=l 647 mhokgt &
FAZE AFsle] A E 2] A a2 AN E A
FH(Fig. 1), SRB, MTT assayoll 4 2% 15713 ols
S IFEE AV A9 29 AHole 24 2
71l F=Z A7 A £ FA L oA se st £
F w22 A o] v 8 T8 4 9 THp<0.05). &3
19 29 & 713 A 2= g2 48X 10Ymle) A x5
o] vl 3 8% 10%/mlZ #&=| o] ZA] o] =LA A (83%)
e o+ 9tk
olate]l AT RE FEHOE uRrtEs) rlEe
TFEEZ A7 A A, 29 A 4 Fr 555
7} EF w370 A ol B) s AFB13 MNNGe] o &k S
wol fbat AGS Q1A 1A 22 A 2 F48 =27
A& sl 2 o2 veld el (p<0.05). o124k Ate) 3

60

Cells x 10*/ml

Con 8 PRpp G R+G LM o Cop Cp Gp €O A STe OC

Kimchi samples

=

ig. 1. Growth inh1b1t0ry effect of methanol extracts
from various kinds of sub-ingredient added chi-
nese cabbage kimchi” against AGS human gastric
adenocarcinoma cells after 6 days of incubation
at 37°C
YThe ratios of ingredient in standarized kimchi are
same as shown in footnote of Table 1.
"“®Means with the different letters are significantly
different(p<0.05) by Duncan’s multiple range test.
(Con: Control, S: Standarzied kimchi, Rpp: 10.5% red
pepper powder(RPP) added kimchi, G: 5.2% garlic
added kimchi, R+G: 7% RPP+2.8% garlic added
kimchi, LM: 5% leaf mustard added kimchi, cf: 5%
codium fragile added kimchi, Cpp: 196 Chinese pepper
powder added kimchi, Cp: 126 cinnamon powder added
kimchi, Gp: 1% ginseng powder added kimchi, CO:
1% chitosan oligosaccharide added kimchi, A: 19 so-
dium alginate added kimchi, STe: 1% sweet tea extract
added kimchi, OC: organic cultivated Chinese cabbage

kimchi)
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71545 E=d s AR AlgHY vyt vt
FFAE-S sh B9 allicing ¥ F3 3 &
linoleic acidell & sff 21 Al A F2o} AA-S oA+
o2} sarcoma 1804 £& %918 Balb/c vh$-2
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1o} 371 2] 7} Ak v F=7] 2 ol 8] 8] Ames test
2} SOS chromotestell A &F-Ed ¥ o] A3}7} =7, SRB
assay @ MTT assayollA] AE =8 32 &
e AFdE 2 Agads 79 vl oluh(32).
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