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Increased Chemopreventive Effects of Kimchi by
Manipulation of Sub-ingredients
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Kimchi has already been demonstrated to exhibit antimutagenic and cancer preventive
activity. To develop baechu kimchi for cancer patients, we prepared the kimchis which
are controled amount of sub-ingredients (garlic, red pepper powder, mustard leaf and
leek). Kimchis were fermented at 5°C for 4 weeks. During the fermentation, pH, acidity
and sensory evaluation were determined. Antimutagenic activity (Ames test) and
anticancer acitivity (MTT assay) of methanol extracts from optimally ripened kimchi
(3-weeks fermented) were investigated. The fermentation pattern of all the kimchis did
not show significant difference with the different sub-ingredients added. The kimchi
adding leck got higher score than adding mustard leaf in sensory evaluation. The kimchi
consisted of higher contents of garlic, red pepper powder and mustard leaf exhibited
increased inhibitory activities against the mutagenicities induced by aflatoxin B, (AFB;)
and N-methyl-N’-nitro-N-nitrosoguanidine (MNNG) in Salmonella typhimurium TA100
than other kimchis. And in vitro antitumor activity was determined by MTT assay, the
treatment of the kimchi in high contents of red pepper powder, garlic and mustard leaf
was decreased viable AGS human gastric cancer cells and HT-29 human colon cancer
cells. Increasing levels of red pepper powder, garlic and mustard leaf to the kimchi
enhanced chemopreventive effects. These results seem to be basic investigation for
developing baechu kimchi for cancer patients.
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A4 Ax FEE FEAHOAS Drosophila
melanogasterd ©)-£3F wing hair spot 7 A= Ak

A2 A5t AFBiol o AAE da] Seol
g AAG Y ATERE ok X 2%
o] gl o R xule] HAACA Fodo)
uhg =) A Alsled o™, sarcoma- 180 QA E
Balbfe vh-3-2of] ol 4e191 & u) 4% 23T
D2 g Tk ase oleldt 71X
oty a37LE, ubs, A7) 59 RAs
FAbTell o3k Aelth AA AMEg F P
(Capsicum annum L)+ Zu|{ 24 %ut oz}
St kel daks ZXw sFe] uigst AR
ol capsaicin® H &g WAL chololE %
7} vk dEA glew 3L g ok
BlEHY] C&} carotenoids S5 F9 7154 EA=Z
FeiA e Y qelm PAIE F vhse]
Aol Bl dtadyx del ¥uA ded vk
£ 2% A7Fst 7 xJol|A] nitrosoamines} AFB; g
MNNGel] &3t Fdwo] fubAdo] A=t
Rag vl glon, 53] vlEe ofe] AE uijgk
I} sarcoma-180-2 o] &3t A3l olA] wlEo ol E

2 g FEEel YAV drkn diA gl

o fo x fu do wfm

o} :_‘LE].']I Z¥(mustard leaf, Brassica juncea,
Cassom) & AAAE GaAL AN TR A
L2531 =], 2t9] chloroform F&Eoll4] AFB;
o) Belwlel §UE SAAAE QATAL 4
decanol . H14 wh g ow], k9] el Fol of
Al AT H4tEAg 8l ACE Al Z4E ek
Ik B ool 7% FATH T2 24
FollA 2% §79S Uehhglsn, 3792 A
Y EA R = isorhamnethin-3-O- 8- glucopyranoside
7} 2R el EE(Leek, Allium tubero-
sum)= ulsa 722 AA g9} A EER) ¢
S4Bl ST FeElol glo] Aol
= T SER =

Aol X e] NAREARA B3] §w) 4
2 S4B NE AT0) guel s w
s1et.

Ag7AA EAX ] el B ol g
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F Hold 2NE Azstgleh #1EAHBK)
A ATA PRAE WMo B AR
AE HnT dho] Azd FRAE A W7
2 HABIE, Al uiF 1000 thale] aLETbF
2.5, v& 2.8, A7 0.6, §F 11.0, Ag 1.0, 5} 2.0,
7k 7.5, A% 0.1, w] 2.8, HA] - cpA|upE 508 H
7bste] Alzstg o vheg F7HAZ w2
(BK-G)&= wiFZX|(BK)| vlEs F wHS.60% F
THR L, vhed 7P FE S7HAIZ el R
(BK-GR)¥ whE+ F i(5.6), 183 IE7FFE
352 ZVHIAA Alzsdck w3 B3 47wl
#71%|(BK(L)-GR)¥= BK-GRZIX|ol| 7589 7t
Aol 10550 g Hrbsto] wiEAXE Al
235 BE A& B 5S°CollA HaATl &
A7) (pH 42~43)702) WS ek H57] 21X
ABREL A= F uislisle] 222 =A8
I, BiAlgel] 2000H(wiv)e] wleH-EE 7l
2 wg 23] ekl oz F 374
g 5782 FFste] wlghg $% - (methanol
extract)S I FZ2E5EL  dimethyl
sulfoxide (DMSO)ell &]4slo] Aol ALl
Q) dXgs F pH ¥ ME HEEHN: X9
pH+= pH meter (Corning 220, USA)E Al 2014 &=
Behgieh. AEE AR 20 mE 206 3] Hsto] of
71ell4 10 mlE 2 sto] ACACHIEP o g =A s}
rt. 0.1% phenolphthaleins A A|eFe 2 1 ml 4
7}sli 0.IN NaOHE #HAZslo] F3AE == A
S ZyA o g gl AAZEL lactic acid® #
Abskar ek %2 vERhH
(4) HH=23lEl randomized block design0f 2|5t
ZHSEAE wHEskE st 9l 5 Al# (repli-
cated randomized complete block design)™el} v}z
A FHE 8] Iy edoe] 13ef kA A EE
GrASIA ek ol 43) Wl AAsteh LA
2o 2umq HrhE E9HQ 9 Tapperance),
WAl (overall smell), €] (overall flavor), & ZH(over-
11 chewness) o & H7lsl3L, 104 72 BE
D 5FE Aol Folekgion, 1ol g
S SE2 4, 0l s FEE £ 4
ez yehigeh & ARE Gze ¥4
A ZFel A (sour smell), == H(moldy smell), 2=
W (bitter smell)e} v Z+A zjztel Al=k(sour flavor),
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49 ukmoldy flavor), £2uk(bitter flavor) 22|31 &
7ro 2 7% (hardness)& Frleleiow, 1

Ax+=
1) 7WH&5 A BobgstaL, 9o kg
FEE A AA e Ao vebddct 74
A AZE A8 FAEE Aeg Hrbslga, v
7+ Az ol A olgHE Q2 F i3 A
2 A= AeZ Hragen, AEe dUE
Agstod AFAR TU3 APor 2~33] 4=
=& 39 AEE Hrlegich ojufl Avigl 4l
ok Aol ofal] vehts 27, S Zuh &2
FEMEANA e £5tolv} FHEAS A4A ke
A%, T FERe ead AAAA i
gole Pz Holesie?

(5) Ames test: g =i o] FulEA el aflato-
xin B; (AFB)Z} A3 Edme] f-E% N-methyl-
N’-nitro-N-nitrosoguanidine (MNNG)2 Sigma-Aldrich
Chemical Co. (St. Louis, Mo. USA)ellA] g} s}o]
27 DMSOSH Z54ol %ol ASsisleh A%
TFF 2 Salmonella typhimurium TA1000. 2 w2
Californiatg} B. N. Ames2 AL 2 X E] All-Zwlol A
Yol Agslodct el o] AgdFe o AY
Z 7 histidine 2954, deep rough (rfa) E<lw o],
uvrBEAH o], R factor 5] FAFA L #Qlslo
A-gsl9ick AFB, ol S #4377 9
ko] Maron®} Ames®] ™ol e} 7+2] micro-
somal #4359 S9 mixture s ZA8}9i}). Prein-
cubation test¥= S9 mix 0.5 ml, 54 wjoksl 5
(1‘2><109 cell/ml) 0.1 ml, AR A E50p)e}
Fdwo]l % A (50 u)% ice bathol] 31 cap
tubeol] Wit sP A} vortex3l & 37°Col|A} 30E-7F
wjeksl vt 45°Ce] top agar 2 ml#-S 7 tubeol]
31 vortexdt % minimal glucose agar plateol] =
LAl 37°Cell Al 48417k wiokdt ¥ B Ed ol
A8 AFslgch. MNNGE S9 thAlell QA8

o) e oflv] A4 (dosc response B 54 A%

C -1
& Boto] AR

(6) MTT assay: A% slokS <3 RPMI 1640,
fetal bovine serum (FBS), 0.05% trypsin- 0.02%
EDTA Z22]3L 100 units/ml penicillin-streptomycin
< GIBCOAHUSA)ZHE F4iste] A-gst3iet.



174 Retaaiels] =] - 2198 A3 3 2004
Al Zu)ek2 CO, incubator (Forma, USA)E A}-8-3}
At HT-29 ¢lA] ZAFE(HT-29 human colon
carcinoma cell)@} AGS Q14| 9}2eFA)E(AGS human
gastric adenocarcinoma cell)v= Sh=FA| EF23) 0 &
RE Beppo} wjekelula Aol Agssich
AGS AZE+= 100 unityml®] penicillin-streptomycine
I} 10%2} FBS7} &-f-% RPMI 16408 A-83}o]
37°C, 5% CO; incubatorol|A] ueFslodc). sfeksl
SFAEE 96 well plateo]] welld 1x10* cell/mlz}
E5E seedingsli A|2E FEHE Hrlgk o}
S, 37°C, 5% CO; incubatoroll 4] wi<kslic}. 724]
7t % 3-(4,5-dimethylthiazol-2yl)-2, 5-diphenyltetra-
zolium bromide (MTT) 20 plg H7Vstar 4A17F 5
et v} wiekel & AAIE formazan ZHA-S DMSO
ol %] 540 nmoll A FHES 2R
() EH BY: dzdd 7 ARgRe de 4
Ax gz HE] ANOVAE F3F ¥ Duncan’s mul-
tiple range testE o] &3to] A HAstgl}®

E 1t
1) x| &57|ZH0 ME pH X Mzo| M
&t
A S delstel GRS A% MBI E

Azetold, 1 olsferd wiste Abwmgh
(Table 1). wlE=ZX(BK)ol| vshA] ulsg 20 =
7HA7] AABK-G)2] Aol BE 7)ol u
H7h AR APyt AE7E AUA =
T RN BK)Ee} whel FPs g 2
ol & veElbA] ekgkt). w3l BKel| 3RS
35% % Z7FA7) A, vhEg 2uE Z71A]7) BK-
GR+ 7H4 a7t X438 Z8=glon), & Xol
= vehtA] okket
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saAl

o 7HA RAgE 2Asto @2 wlEdXE
5°CollAl 33E7F WMFEAIA A&7 2L
I53AE AAIBE cH(Table 2). | Fofl4 = BK
7} 45919 HHsl] BK-GE 4.9, BK-GR-2 5.00]9.©.
W, BK(L)-GR< 492 &7 si$xjRches 2
MEE 2AG Fo| & HFE wWstoy, A
B5E AUsE 3 ol £ el glgit). Aluke)

Table 1. Effects of various kinds of baechu kimchi for
cancer patient on changes of pH and acidity during
fermentation at 5°C

Fermentation BK” BI%— BKS-) BK(I‘_;))—
week G GR GR
pH 0 6.00 599 5091 6.01
1 559 563 5.60 5.57
2 490 492 494 4.92
3 439 438 441 4.40
4 416 4.18 4.20 4.18

Acidity (%) 0 024 025 0.26 0.25
1 0.44 046 043 0.42
2 056 068 053 0.58
3 084 091 0383 0.94
4

1.06 110 1.02 1.14

YBK: Baechu kimchi

YBK-G: BK +5.6% crushed garlic

YBK-GR: BK+5.6% crushed garlic+3.5% red pepper
powder

“BK(L)-GR: BK-GR+10% leek (instead of mustard
leaf)

v FEE v S7HA1T) 3R] HBK-G)oll A
ol F7hES . wEbd AAEQ A (overall
acceptibility) & Fv¥l thz- w7 %] (BK)= 4.0¢]
ol vlshA vhES F vl $7HA7 BK-GE-2 44
2 s }g F ol ZANAE AHe A5

e Tl A BRY & Yok E3 whE
& %ol FAAA T DFEAFE 3592 ZA
71 BK-GR-L 4308 37139 1% Z7h= 7)

N

18] 5ol & A& uXA Xk 2 ol
Al B2 4713k BK(L)-GRES 498 R3] X4
7FE FEAQ sto] FAIE Y

3) gEadolan

3 Ed ol el AFBoll 3t gEalo]
I 125 mgfplate?] FEZ AX FEES A
& ol Az WFAXBK)E 50%2] Aslg

BReu, vies 27H7 FBK-G)2 56%, %
g uhse < bR g F o S
T(BK-GR)2- 59%, 18] Zt tiAlel] #58 A&
gk F(BK(L)-GR)2 58%2] A &g Rl 25
TRAE v AgE HEd,

oo W ot

mg/plate2
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Table 2. Sensory evaluation” of various kinds of baechu kimchi (BK) for cancer patient fermented at 5°C for 3 weeks

Apper- Sour Moldy  Green Sour Moldy Green Hard- Overall
ance smell smell smell flavor flavor flavor ness acceptability
BK? 45 53 3.1 3.1 6.0 3.3 23 5.9 4.0
BK-G” 49 55 3.4 2.9 6.2 3.8 2.4 6.3 4.4
BK-GR” 5.0 5.4 2.8 2.5 6.1 3.4 2.4 53 4.3
BK(L)-GR” 49 55 29 29 6.0 3.4 2.5 5.0 4.9

USensory characteristics rated on 9-point scale: 1-extreamely bad, 9-extreamely good in subjective evaluation (appear-
ance, overall acceptability), and 1-extremely weak, 9-extreamely strong in objective evaluation (sour smell, moldy
smell, green smell, sour flavor, moldy flavor, green flavor and hardness)

PBK: Baechu kimchi
®BK-G: BK +5.6% crushed garlic

“BK-GR: BK+5.6% crushed garlic+3.5% red pepper powder

5)BK(L)—GR: BK-GR+10% leck (instead of mustard leaf)

Table 3. Antimutagenic effect of methanol extracts from
various kinds of baechu kimchi (BK) for cancer patient
against AFB; (2.0 pg/plate) in Salmonella typhimurium
TA100

Table 4. Antimutagenic effect of methanol extracts
from various kinds of baechu kimchi (BK) for cancer
patient against MNNG (0.43 pgfplate) in Salmonella
typhimurium TA100

Revertants/plate

1.25 mg/plate 2.5 mg/plate

Revertants/plate

1.25 mg/plate 2.5 mg/plate

Control (AFB) 1,883 +47%V
BK® 986+ 10" (50

1,883 +47*
882+16" (56)

BK-G" 879+13° (56)  795+11° (61)
BK-GR” 841+£33° (59)  735+51° (65)
BK(L)-GR® 855+32° (58)  731%36° (65)

Spontaneous revertants per plate were 986+ 10.
“Means +8.D.

¥ The values in parentheses are the inhibition rates (%).
YBK: Baechu kimchi

“BK-G: BK +5.6% crushed garlic

BK-GR: BK+5.6% crushed garlic+3.5% red pepper
powder

®BK(L)-GR: BK-GR+10% leck (instead of mustard
leaf)

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

iz wFEAX(BK)7F 56%2] Asll&-E 2l 6k
A, vheg SVHAIZL wlEAXEBK-G)S 61%,
v 31F7FEE S7HAZ F(BK-GR)S 65%,

Control (MNNG) 1,663 +91*" 1,663 +91°

BK” 1,165+£53" (327 922+45" (48)
BK-G” 952+66° (46) 881+ 18™ (50)
BK-GR” 859+75° (52)  644+40" (65)
BK(L)-GR? 973+43° (44) 777 +90° (57)

Spontaneous revertants per plate were 105+7.

"Means +S.D.

?The values in parentheses are the inhibition rates (%).
BK: Baechu kimchi

“BK-G: BK +5.6% crushed garlic

BK-GR: BK+5.6% crushed garlic+3.5% red pepper
powder

9BK(L)-GR: BK-GR+10% leek (instead of mustard
leaf)

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

AhA HEE Ageled B WX FBK
L-CRE 65%2] Aslg BT waba )
Z

=2
2E 243 nFAA 9 A9 dad F:AAL
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Hohe ooz gEduolds ooy, ¥
ANEE 243 AR Aololle FeH el xpol7t

YERLER] oFgkth(Table 3).

LA =
dwlo] AE 7H3 Edw o] U(AFB)l gt A
AN} vlzgt HEge Boch iz wig 7
X7} 2.5 mg/plateci| A 48%2] &S H o},
g F7HAIZL FBK-G)A & 50%9] A&
£ Hlow, ned aTEE @ SUHAIAL
T(BK-GR)AA = 65%% 7t & AHf&d B
Fort, zb Al F-35 Huksk 2 57%E A
o] vha HolH th(Table 4).

4) M zdEMsiEn
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x| #k AEQ AGS A Eoll W&t in virro &
S FIE MIT assay S Z3f 2]k AGS ¢l
A A AEE seeding 3+ F 7+ X A EE 200
pglassay®] FEE A wl, = w3
(BK)T-2] A &ligo] 46%<Q Aol v]ehA] upss
20l & F7FA17 BK-Gio| 51%9] Af&-& 23l

Table 5. MTT assay of methanol extract from various
kinds of baechu kimchi (BK) for cancer patient against
AGS cells

ODs40 (level of sample, pg/assay)

100 200
Control 2.1 2
+ : +
(AGS cell) 0.214+0.010 0.214+0.010
BK” 0.191+0.031" (11)” 0.115+0.009° (46)
BK-G” 0.178+£0.018" (17) 0.106=0.004™ (51)
BK-GR?  0.143+0.004° (33) 0.095+0.006° (55)

BK(L)-GR? 0.151+0.006™ (29) 0.093+0.001° (57)

YValues are means=+S.D.

JThe values in parentheses are the inhibition rates (%).
YBK: Baechu kimchi

“BK-G: BK+5.6% crushed garlic

YBK-GR: BK+5.6% crushed garlic+3.5% red pepper
powder

9BK(L)-GR: BK-GR+10% leek (instead of mustard
leaf)

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

om, 27439} g ¥ £7h70 BK- GR
55% % =2 A8 Horl(Table 5). ¥*x3k
dAlel] £ M7 AAFQ BKL)-GRE
100 ugfassay @ A 25 AsAE @ 72 A7t
ol u]el LA, 200 uglassayol A% 7k A7
& Aulgol 55wl Hhe) L2 HATE 57%
2 AVE Heb 5o AdEE Belonh 49
2 Aol VehiA ghsket. 919) ARG % u)
2 BAE F AEe A9 e A5
25, 2EAT hEE W FAITE
ol B WY AT UBE ¢ F 9

Lo oo 2t e rfo 3 e

olx] AAAESCT HT-294Eo] 3k MTT
assay A% AGS Q1A QHAIFEol gt Aok
H] 28k 338 H 9 rH(Table 6). 200 pgfassaye] &
52 Aleds u dza WFEAXBK)To
25%2] Asl&g Hol ol wisghA xS Hrigk
T(BK-G)o] 42%% t7lgAdel =i, ok}
v nE7EFE A 37 H(BK-GR)o|
69% 2 vl =& FUAINE Hch v gt o

Table 6. MTT assay of methanol extract from various
kinds of baechu kimchi (BK) for patinet against HT-29
cells

ODsso (level of sample, ugfassay)

100 200

Control 0.365 +0.008"" 0.365 +0.008"
(HT-29 cell) 7>~ RS

BK” 0.291+0.009° (20)” 0.273+0.012" (25)

BK-G” 0.272+0.008" (26) 0.211£0.010° (42)

BK-GR” 0.2331£0.009° (36) 0.114+0.004° (69)

BK(L)-GR®  0.238+0.013 (35) 0.186+0.003° (49)

YValues are means=S.D.

“The values in parentheses are the inhibition rates (%).
PBK: Baechu kimchi

“BK-G: BK+5.6% crushed garlic

BK-GR: BK+5.6% crushed garlic+3.5% red pepper
powder

9BK(L)-GR: BK-GR 10% leek (instead of mustard leaf)
*“OMeans with the different letters in the same column
are significantly different (p<0.05) by Duncan’s multi-
ple range test.
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Effect of Brown Rice on 7,12-dimethylbenz-(a)anthracene-induced
Rat Mammary Carcinomas

Young-Joo Oh and Mi-Kyung Sung'

R&D Center for Functional Foods, Institute of Food and Culture, Pulmuone Co. Lid.,
Department of Food and Nutrition, Sookmyung Women’s University, Seoul 140-742, Korea

Epidemiological studies have indicated that whole-grain intake has a protective effect
against cancer. Our previous report showed that brown rice extracts have cytotoxic effects
on hormone-dependent and -independent breast cancer cells. The present study was
carried out to investigate anticarcinogenic potential of dietary brown rice in experimental
rat mammary carcinogenesis. At 52 days of age, female Sprague-Dawley rats were given
a single dose of 5mg 7,12-dimethylbenz-(a)anthracene (DMBA) by an intragastric ad-
ministration. Animals were subdivided into 4 groups with 10 animals each and fed
experimental diets for 23 weeks. Diets were composed as follows: AIN-76 control diet
(CT), AIN-76 control diet+50% brown rice (CTBR), AIN-76 control diet with 20% corn
oil (HF), AIN-76 control diet with 20% corn oil + 50% brown rice (HFBR). Beginning
8 wks after DMBA administration, all rats were palpated weekly for mammary tumors,
and the tumor incidence, location, and size were recorded for fuethwe 15 wks. Results
indicted that brown rice tended to decrease tumor size in rats fed either control diet or
high fat diet. Breast tumor incidence, 20% in CTBR, 22% in CT, 33% in HFBR, 44%
in HF. HF-fed animals had the shortest latency period and brown rice diet delayed the
period, although no statistical significance was found. It is concluded that brown
rice-based diet may suppress the formation of mammary tumors and tumor growth,
however, further studies are required to elucidate possible mechanisms and responsible
compound(s).

Key Words: Whole grain, Brown rice, Breast cancer, DMBA
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