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Chemopreventive Effects of Chitosan Added Kimchi

Boh-Kyung Kim, Sook-Hee Rhee and Kun-Young Park

Department of Food Science and Nutrition, and Kimchi Research Institute,
Pusan National University, Busan 609-735, Korea

To increase, antimutagenic and anticancer effects of Kimchi chitosan was used as an
added subingredient to the kimchi. One % chitosanoligosaccharide added kimchi in
seasonings (COS-SK), 1% chitosanoligosaccharide added kimchi in brine (COS-BK), 1%
water soluble chitosan added kimchi in seasonings (WSC-SK) and 1% water soluble
chitosan added kimchi in brine (WSC-BK) were prepared. Kimchis were fermented at
15°C to reach optimum pH of 4.3. Chemopreventive effects of methanol extract from
chitosan added kimchi were investigated in Ames test, SOS chromotest, MTT assay and
in vivo micronucleus test. Water soluble chitosan and chitosanoligosaccharide added
kimchi exhibited higher inhibitory activities against the mutagenicities induced by
N-methyl- N’-nitro-N-nitrosoguanidine (MNNG) in Salmonella typhimurium TA100 than
the standardized kimchi. Especially, COS-SK showed the highest inhibitory effect.
MNNG- induced SOS response of the E. coli PQ37 was also blocked by chitosan added
kimchi. COS-SK showed the highest antimutagenic effect against MNNG in the SOS
chromotest. Anticancer effect of the chitosan added kimchi was also investigated in MTT
assay by using AGS human gastric adenocarcinoma cells. COS-SK and WSC-BK showed
the highest anticancer effect (p<0.05). To investigate anticlastogenic effect of chitosano-
liogasaccharide and the kimchis in mice, supravital staining of micronucleus assay using
mouse peripheral reticulocytes was performed. Chitosanoligosaccharide itself and chito-
sanoligosaccharide added kimchi revealed higer anticlastogenic effect than SK in mice
against mitomycin C. These results indicated that chitosan addition increased chemo-
preventive effect of the kimchi.

Key Words: Kimchi, Chitosan, Chitosanoligosaccharide, Ames test, MTT assay,
Micronucleus assay
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2% Az A AES G A} E REA
2 o kel e Wl G4 Y REA Qg T
o Otk vk ek meba] B el
AAA A At e 718AE EAERE A
Jbeto] A202) ellh = Gt Aol WK
groll tiste] ZEBLACH o]9] el 714
in vitrooll A1’ = Ames test®} SOS chromotesto]] 2}&}

r% o 09.

H =2

= A weg xeAgel JEr A1, 13
ARE QY HdE, e FPIARAE
4, aed 751%}"3((T)—?‘%1°é°§)% Agstg o
], o]g] ¥, =}, nlE, AL A LA AR A
ol Al Tt Aehe AAYS Agstgdon,
FI| AL (FMSCe] AEE o] &3kl

2) XM= # AlRe FE

MR 106 £ el oI5EY
2 1047 QALY F Aol A Azstaich 7
A5 AZ WU A sl 1000 Dsto] 3
7:7]'—r 3.5, vlE 1.4, A7+ 0.6, Bx]HAA 2.2, Ag
1, ¥ 13, 9} 290w HFAEE 25%2 LFY
o} o w) H7HE ABAS el Wi 1000] ofs
of 195 A7rsgieh AA e A2 Wl BF
3} 71 x| (standardized kimchi: SK)ol| =847 EA4F
1%S ool d7}3t 2% (1% water soluble chito-
san added kimchi in seasonings: WSC-SK), 2 uj]
718k ZAX](1% water soluble chitosan added kim-
chi in brine: WSC-BK)¢} 7| EARS-Bl 1w 1% 5 <
ol 4718 71 %|(1% chitosanoligosaccharide added
kimchi in seasonings: COS-SK), A< uff A7}t 2
=](1% chitosanoligosaccharide added kimchi in brine:
COS-BK)& Al zslgth AXE B5F 15°Col| A vt
Falglar, A<7l(pH 4.2~4.3)0)] A7 =3¢ E}v‘
upsfisted Eabshel & 20u(w/v)e] =SS ot
o] 12421 ZALE 28 Wiktiel AN ¥ 3
A G w272 FHele] vEE FEES
At olE F %%%’f’: dimethyl
(DMSO)el| 3] 4]3lo] Aglol] Ags3ict

sulfoxide

3) Ames test0]] 28t SE01H0| AE

oo

g FF2X Salmonella typhimurium TA100.2
2 w3 Californiathdl B, N. AmesBFALZEE] A
Fo} Aol Agehgleh. Lelx o] AWFFE
uf] A% 21 histidine 274, deep rough (rfa) &4
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Ho], uwrBEAHo], R factor 52 FAHAS &
deted AgHTh HAAEAUe] FLEA N-
methyl-N’-nitro-N-nitrosoguanidine (MNNG)-2 Sigma-
Aldrich Chemical Co. (St. Louis, Mo. USA)ol|&]
SJeol 22 DMSOSE ZF4-ol o] At
Preincubation testy= Q148 0.5 ml, &}5%; wlj<k
2 FE1~2x10° celyml) 0.1 ml, A= A&
(S0phet Fdmo]l 49 £ (50 ul)E ice bathol]
271 cap tubeol] Wi 7} A vortexdF & 37°Col|
A 30E7F ulloksl et 45°CE] top agar 2 ml#-&
Z} tubeol] Sl vortexdF ¥ minimal glucose agar
platesl] Eeln 37°Col A 48417F WHORRF F %
HEddel x5 AFsldet. @3, Ao A
9 Aget Fodle] FUEAS FEE JuAl
%(dose response I FAHAE)E Fslo] AR

o,
4) SOS chromotest®i] 2|8t SHE0IBO0| AIF

Aol AgHE FFE E coli GC44360. 8 HE]
FNE E. coli PQ37EH] TFF= 90% glycerol¥} L
mediumol| 4 3150 woFst FAHE 112 &g}
of —20°Cell WA AEFEE 6Yuich
AR Evlslglen auulct wvrd mutation, rfa
mutation¥} PHO® gene®] constitutivity B sfid::lacZ
fusion®] inducibility & #HAstgr}. N-methyl-N'-
nitro-N-nitrosoguanidine (MNNG)+<= w|=- AldrichA}
EFE Fslte] FRgol Fo] Ayl Agalsd
t}. Frame shift mutation®} point mutation-g- ZA]ol|
3% F A& o] AFllA Quillardet 59
HE wgAZ] wle el wh?e o) &gtk
e Byl PQ377 Y 50 15 5 mlo] La wijokey
o HESIAL 37°CollA] shyk Aehulaket X o)
E t}A] 5 mie] L wiekeRol] HEsla 37°Cel|A]
Asso X7} 0.3~0.40] o] & wi7lR] 247 A
Auekslich dolzl FHE L wiekHel] 1/10
2 Bdelo] 7 sEME e AR Sl
olRg T AR 20412 v BFslo] £
well plate®] 7+ wellol] 100 1% EF3}5 90E-7F
37°Coll 4] Asto] SOS Mg FE F 3ol
T B-galactosidase (-G)9] A3 &AL sl O-
nitrophenyl- 3-D-galactopyranoside (ONPG) 100 I,

£ Zfo]l+= alkaline phosphatase (A-P)e] 34 &3

& %)l P-nitrophenyl phosphate disodium (PNPP)
100 15 “d7bskgict. A A7k 30202 313l
o B-GE 1.5 M NayCOs 100 ul& A-PE 1 M
HCI 50 pl2 A} F 4ol o3 A vb3-& AR A
I 5E E A-PZ] 50 412] 2 M tris bufferE 7}
sto] HCLE F8bats £33 EAZ 420 nmollA]
FAEE 24T 49 0D 420 nm 2794

& Miller®] F4*o)| 2J8l] enzyme unit (Eu) 7t&

T
Eu=(1000 X Aqo)/t (min)

5) MTT assay

A|Zujek-g 9]sf] RPMI 1640, fetal bovine serum
(FBS), 0.05% trypsin-0.02% EDTA —&|3L 100 units/
ml penicillin-streptomycine- GIBCOAHUSA)Z XL E]
Tisle] ALt A Eulek2 CO, incubator
(Forma, model 311 S/N29035, USA)E of-&3&lo] A1
Holl A-gatgdch AGS ¢lAl <A E(AGS human
gastric adenocarcinoma cell)t= A EF-L8Y (4]
oo RRE Rob W} wiksma Aol
A&t t). AGSE 100 units/ml€] penicilin- strep-
tomycind}t 10% ¢} FBS7} ¢-§-% RPMI 1640-S A
£3}o] 37°C, 5% CO; incubatorel}x] ujokslelv).
ok 7H7he] QRAEE UZUo] 2~33] refeed-
ingslar 6~7¢ whel] PBSE AH3 oS 0.05%
trypsin-0.02% EDTAZ Hx¥ AEXE Helslo
YL F 49D YL AE 93 3
Aoz FAL} FnT BASES A Bl
6~7% vt} Akl Aol A-gslgiet
Culture flaskel] H-2tgl ¢AlEe] AH$E 005%
trypsin-EDTAE 2~3 ml 7}s}o] wo] ] & RPMI
1640 ¥llA] 5 mlg Yo 1,000xgoll A 5E7F 44
el Z el 7)ol Fgeke] s & Yol A 7y
¥ pipetting . 2 TAAELFHE gHETE 96
well plateol] welld 1x10* cells/ml7} 5% E seed-
ing 5 10014 713k vhg, of7]ell wiok wixE
80 ul H7kslgick AlgaE 74 FEWE PBSE 3
A7 & 2 welld 20 414 Hrbsla, 3 Zaoe
A& thAl PBSHF 20 41 A7lste] 100% AEF o
2 3¢l o] plateE ©HA] 37°C, 5% CO; incu-
batorol} A 72417k el FAZ et wleFSt plated] 7
well® 20 419] MTT (3-[4,5-dimethylthiazol-2- yl]-



2, 5-diphenyltetrazolium bromide)& 7}&l| 5. thA]
37°Col A 4A17F O wloFsled MTT7} 1= =5
SHiek ok £ ¥ A4F formazan AR 7
ghekel 3 A E 30ul BET @Y)3 BT AA
sgleh. WA 7F AAR 7 wellol] DMSOE 150 1
2 718k Fol| formazan o] H& wi7bA] < 5
E7F 71 Al Rekdl] F31 vlE 96well plate-g 3

=

oL

AR 540 nmoll Al FHEE ZANAT o] F
EE MTT7} AlEe] 2J3lA 3% kg el

wl, wheba] 2z wellel] EAlsle AE o HlEHGE

=

A vk @t s, WH)E, AFel 35 g
A3 e Adstgdoer, Ase ZFAE(H)
AErs, A7) % eAHE Asslgich Ag A &3

BT SR &g TH, sEAEAS 2
+1°C, % 55+5%F SAslgien, 124]
7v#H o & light-dark cycleZ -FAslgdc)h kA
¢l mitomycin C (MMC, 0.1 mg/m)< ==
Sigma 3] AbellA] FFQlsle] AJe] A dgrel] &3l A A
0.1 ml/10 g body weight7} =& &7 FAs}s]
o ARE W 2R sl 2
o, u}-$-2 kg 500 mg, 1000 mgS HTE Fof
gl 70°Ceo A mlg] 7t A7) slide glass®] &
ololl 1 mgmle] EE 8 ZFFFo %9 acridine
orange 41 101% Wol =) ¥ feivtlZ
SA wbelo] AZAY F Wikl AEE W
AA oA BAekeeh. MMC Fof 48417 &
o vh§2m9) melgBe zREl W 5u1E 2%
o] acridine orange-coated slideol] 'Hojrt®El X
cover glass® Y2 thg., 2417k gk 4°Coi] ¥bx]3}
oy A|ES$} acridine orange7} ZEs] vF2slA s
At} Slidex 33 u]7 (Olympus, model U-ULH,
Japan) & & 400ufol A FAslel ow A E
= 18oll4 MIE7A 2000 & Alesla,
We AUE FAAUTE Adetel 2ug

i
=5 AR

w ofy

TPy
0o

ZAB7 9291t AN EA HYE XS el EFH 165

7 84 24

Hzga 74 Ag2RE de dghaziy
HEAEAANOVAYE 83k & SAS system (v8.2
SAS Institute Inc., NC, USA)ol}A] Duncan’s multi-
ple range testE o] &35}l EA| RIS RN =

E 1}

1) Ames test0] 2|8t &=01H

(=)

| 21

Amest testE o]g3to] HrbS ZE3) B
Ab 7L A " Ak i EZX](SK)S] MNNGo])
3 FdWoeldAlasE FAeHr 125 mg

Table 1. Antimutagenic effect of methanol extracts from
standardized kimchi and various kinds of chitosan added
kimchi on the mutagenicity induced by N-methyl- N’-
nitro-N-nitroso-guanidine (MNNG 0.45 pgfplate) in Sal-
monella typhimurium TA100

Revertants/plate

0.625 mg/plate 1.25 mg/plate

98420
1,058 +55°

Spontaneous 98 +20%
Control (MNNG) 1,058+55*

sK” 710+20° (36)” 674+59° (40)
WSC-SK? 412+26° (67)  429+29% (65)
WSC-BK” 597+19° (48)  569132° (51)
COS-SK” 407+ 14° (68) 348+ 14° (74)
COS-BK” 552435 (53) 517+36 (56)

*"*Means with the different letters in the same column
are significantly different (p<(0.05) by Duncan’s multi-
ple range test.

USK: Standardized kimchi

PWSC-SK: 1% Water soluble chitosan added kimchi in
seasonings

SWSC-BK: 1% Water soluble chitosan added kimchi in
brine

9COS-SK: 1% Chitosanoligosaccharide added kimchi in
seasonings

3COS-BK: 1% Chitosanoligosaccharide added kimchi in
brine

9Values are meanSD.

PInhibition rate (%)
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Table 2. SOS response of methanol extracts (200 ugfassay) from standardized kimchi and various kinds of chitosan
added kimchi against N-methyl-N’-nitro-N-nitrosoguanidine (MNNG, 70 ng/assay) in E. coli PQ37

B-galactosidase (3) Alkaline phosphate (@) . SOS Inhibition
Treatment Bl a induction rate (%)
ODyo Unit OD.2o Unit factor ?

Spontaneous 0.496 +0.03” 16.5 0.467+0.01 15.6 1.06 1.00 -
Control (MNNG) 0.899 +0.04 30.0 0.458 +0.02 15.3 1.96 1.85 -
SKV 0.778 +£0.02 25.9 0.469+0.01 15.6 1.66 1.56 34
WSC-SK? 0.642+0.01 214 0.463+0.03 15.4 1.39 131 64
WSC-BK” 0.724+0.03 24.1 0.454+0.01 15.1 1.59 1.50 41
COS-SK” 0.634+0.02 21.1 0.462 +0.02 15.4 1.37 1.29 66
COS-BK” 0.688 +0.03 22.9 0.452+0.01 15.1 1.52 1.44 48

YSK: Standardized kimchi

?WSC-SK: 1% Water soluble chitosan added kimchi in seasonings
YWSC-BK: 1% Water soluble chitosan added kimchi in brine
“COS-SK: 1% Chitosanoligosaccharide added kimchi in seasonings
COS-BK: 1% Chitosanoligosaccharide added kimchi in brine

9Values are mean+ SD.

plate H7} 52l A SK= 40%2] AMAAE e}
W viel] 847 EALS] 7§ WSC-SKE&= 65%
o] o AIHEIAE K3, WSC-BKE 51%=
Al AIE KAk 84 F|EATE Ao
ARZe] AW N EAg e ag-g o] 83 A
COS-SK7} 74% 2 714 = AMEHE Ry}
COS-BKXE 56%9] AMAHE Jehtglvh(Table
D). grbefEx]ol] 7| B4 H71eE wiEl X
At 72 o] gEdiio] Halel wlste] §-9
Hog /e Vel thp <0.05).

2) SOS chromotest0f] 2|5t E=0480| &1}

SOS chromotestE ©]-&3}o] MNNGo] gl SK
St A=A A7k 1A 9 SOS Mg el A
=X A3} SOS chromotestol] 4 & 7] EAF & 7}F-0]
Hz2T EFAA o vlste] 7~32% E-& SOS
g A AHE Hol Ames AgAl A9} A
% A Ukt $8471E8 APl E
WSC-SK7} 7b4 £2 9 JAE7E B,
WSC-BK®} WSC-SKE 4% 2%g vehiigl
ok F1EAER g HILFANAE SK7F 34%o]]
Hlsod, COS-SKo] 66%9] E& whe ofx] Fahs

T

Ol

29lr). COS-BKE 48%2] SOS Hhe oA s
Br). WSC-SK$} COS-SK7} wh- oz #a}rs}
M EkekTable 2). 7| EAF H7} WA 9] gHgd
wol H3be o HAY w A BE Ao

2 vebye
3) MTT assayOi] 2|8t 2tME HZAX 51}

FIZA A7y A9 in viro ¥ HIE Alw
271 913t0o] methanol %58 A Zs}od AGS ¢l
A AAEE 0] &8 MTT assay s s}l o
AT 71 B4 It ZAX o] SKe] 32%e]] H]slo]
T2 & 57~68%2 A dA aAE g
B} 9 oH(p < 0.05, Table 3). &3] WSC-SK$} COS-
SKo| 68%& A7 A Zr}t wolyr} | EA
bl tlzel ujsle] getEhA)o] ZA1E =
AE WL F AUt 53] 84 71 24T 7]
EAZ RG-S ofdel HuPE ) X9 ¢hA)

Z 2497 T} 27hE ek
4 AHRY AREY

Lo GURUEE A4 A EASE D
@ A7t Aol £ $ito] AAlHE AL B



Table 3. Inhibitory effect of methanol extracts from
water soluble chitosan and chitosanoligosaccharide added
kimchi on the growth of AGS human gastric adenocar-
cinoma cells in 3-(4,5-dimethyl-thiazol)-2,5-diphenyltetra-
zolium (MTT) assay

Revertants/plate ( x<l/assay)

Treatment
50 100

Control 0.903 +0.03*° 0.921+0.03"
SK” 0.637+0.05" 29)”  0.641+£0.02° (30)
WSC-SK?  0.451+0.03° (50)  0.328+0.01¢ (64)
WSC-BK”  0.588+£0.01° 35)  0.426+0.02° (54)
COS-SKY - 0.444+0.02° (51)  0.333+0.02° (64)
COS-BK”  0502+0.01* 44)  0.403+0.02° (56)

*"*Means with the different letters in the same column
are significantly different (p<0.05) by Duncan’s multi-
ple range test.

YSK: Standardized kimchi

PWSC-SK: 1% Water soluble chitosan added kimchi in
seasonings

YWSC-BK: 1% Water soluble chitosan added kimchi in
brine

“COS-SK: 1% Chitosanoligosaccharide added kimchi in
seasonings

JCOS-BK: 1% Chitosanoligosaccharide added kimchi in
brine

¥Values are mean - SD.

"nhibition rate (%)

23 o QQivkFig. 1). o] uff 7| BAE e 1
AA| et Ao Arelelg wWle] A3E vy
ool FEAE T W AAS AR FE
= e JEANEEl g 8 1/2028 S1Es)
of AAgE g FHew ATFC w3k
2% Aol 4] H50o] 500 mg/mouse?] Y& F
of| Al H.x} 1,000 mg/mouse?] IEFEolA] LHF
AANEH7} FheHp <0.05). H 3 &l i3t
H) 22 AAHE 500 mgkge] 4 gk At
272209 v A ARALAE A A
Z=8lol fulo] A=)t} o]u] COS-SK7} COS-
BKXu} £sle] fulo] dAEl= AL B4
Ysic. el w B B3le o) FEA e
9 o AAe] wTR 722 g A

ff 2= o n \-ﬂ

A7 o) 291 1 AR M AH 9] ok Tt 167
W Control
B3 500 mg/kg
51 £ 1,000 mg/kg

MNRET (%)

T
COS SK COS BK

SK COoS

Flg 1 Antlclastogemc effect of various kinds of ctha-
sanoligosaccharide added kimchi samples in MMC-
induced mice wsing in vivo supravital staining micronu-
cleaus assay.

SK: Standardized kimchi, COS: Chitosanoligosaccharide
itself, COS-SK: 1% Chitosanoliogsaccharide added kim-
chi in seasonings, COS-BK: 1% Chitosanoliogsaccharide
added kimchi in brine.

“Means with the different letters are significantly
different (p< 0.05) by Duncan’s multiple range test.
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g e 715 SRS A% dFEA JEA
= olg3te] A& Axd o Hrpds 2
sto] odFel gl Ames testoll 4] 0.625 mg/plates.
t} 1.25 mg/plate FE A4 H& 3FE9dwlo] A}
Z Vel 125 mgoll4] SKE 40%9] A&
#& vehd wbol] WSC-SKE 65%, WSC-BK:=
518 27 ANEAHE Bk 53], T84 7
BT R Aulo AXge] gkl 7 EA-ZE
1] A$ COS-SK7} 74% 2 71aF =& ghEo
Hol A7E X9, COS-BKE 56%2] A )i}
£ Vet 0|32 7| B4k HILE ste
FEage) T3l §Hor ZAHYtn 2
4 9lh(p<0.05). SOS chromotestoll ] 5 7] EAF
Aol zTel FFX o vlste] 7~32%
2 SOS HhE oA AFE Kol Ames A Aol
Mgt FAG Heg Bo] AXol| 71 BEA Hrte
et 575 Y F Uk Ao

F1EAF 7} A X]Fo] SK 32%0l vlsle] A
Mo 2 57~68%2] =& GAE A A AHE
Vet 8] WSC-SK$} COS-SK7} 68% %
A7 A B3 Holygrhp<0.05). AxHdos
12 Hrlge] vzl Hlslo] ggkgAlo] F
AHE A% A2 5 JdJed, ol 53] 8
A &4 A Y ohd HIt 31X Fol
M e A g4 EHE JelgS A
Agict.

A Aol A FEATEAT 7| EAS
= Mg FES AR AnE ARy
o3ktA At in virrool| A gEiol 9l ek
aztollA A §AS AoE B kAR F
SHAANA FEAATNEA UM £ A
ofl vla A AAFQl FrlellA] Fe
¢l "W s B4Rl Y AU £9H 9
A4 HzQl EFSHX o vlste] o] &
4 Ui aglEg AAdE e
aF-g el Hrksls Zel falsita o3
. EFE3) R0l nisle] JEAL I 1 A}
¢} 7|2AgElad Hrt AXE fYH e =
< 2t dAEZRE Jehlgie) o] o &
A

-

X o T

2 LMoo

[=3
H2E wlely] Sete] A4 ng Aok 2
A ABTEFE WY ANELTeTG FEE

12002 aefsle] I BEASH IHS Z ko
A5 s e, B4 ad 1
A4 AR aHEe SBAgenG Mot 7
9 xIsL ¥ £ Aoz velykt Axe) 7B
SYnde A BB JEA AR £
b A Aol o7t el H wolA AR £
ek st A1 BARS R ol Hobshe
W A7 &FolAN AAA FAI) )
2o Gl 7154 =9 F vt ¢

A

¥

2 =
FIEA A7 X & ATl 78k Ames
test@} SOS chromotesto]] 2] 8] MNNGo)| & =&
Aie] AFollA =2 ol 7154 Jehdld
o A7 9 I EASE g o DAe
MTT assayoll ]38l in vitrool| A =& 3t g2
vteblgict. &Y EAT I BEAEE d-E
AWk 52 in vitrool| A FEd o] gl b
Holl Al AL FAS ZE B} At A5
AANA AT A Ayl 53 Xl
H3Z A AAHQ Hrboll A U2 BFAE Kol
b | BEAEE 1 AR EE A Hotel
Al =zl ZFEIAAAH O HEle] B 22 T
AS vhebWeh whe2s W o] e gl ¢
HellAl 27 F2 Gl 71548 vehligle
F|eib-gel e Qo) 37l glglon, Uul
CL R B o B = o A o s b e s Bt )
FAETE obgl X9 gl EIE =214]7]
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