J Korean Soc Food Sci Nutr
40(7), 935~941(2011)

EEE U4 24 HUHoz A
LS
ZMcHE . AEY

SEEEL DEL TR
DOIL 10.3746/jkfn.2011.40.7.935

|zt A2 HME & AN o
s’
orstnl, 0% el MIE]

Growth Inhibitory Effect of Kimchi Prepared with Four Year-Old
Solar Salt and Topan Solar Salt on Cancer Cells
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Dept. of Food and Nutrition, Kimchi Research Center, Chosun University, Gwangju 501-759, Korea

Abstract

The growth inhibitory effects of kimchi prepared with solar salt were investigated. Chinese cabbages were
brined with purified salt, four year-old solar salt, and Topan solar salt, and then mixed with other ingredients.
The final salt concentration was adjusted to 2.2~2.4% (w/v) for each salt, and the kimchi was fermented at
7°C. When the acidity reached around 0.5~0.6%, the kimchi was used as a sample for further experimentation.
MTT assay was used to measure the growth inhibitory effect of kimchi extracts (water, methanol) on BJ human
foreskin normal cells, AGS human gastric adenocarcinoma cells, and HT-29 human colon carcinoma cells. Water
extracts of all the kimchi samples showed growth inhibitory effects on cancer cells; however, there was no
significant difference among the used salts. Methanol extracts of all the kimchi samples showed higher growth
inhibitory effects compared to the water extracts. The methanol extracts of four year-old solar salt kimchi
(AGS: 73%, HT-29: 48%) and Topan solar salt kimchi (AGS: 62%, HT-29: 46%) showed higher growth inhibitory
effects than that of purified salt kimchi (AGS: 52%, HT-29: 39%). In addition, morphological changes of cancer
cells (AGS, HT-29) and decreased cell numbers were observed when methanol extract of four year-old solar
salt kimchi was treated to AGS and HT-29 cells. However, none of the kimchi extracts showed any growth

inhibitory effect on BJ normal cells.
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AR Fades gA o] dFARTE He wiF, 257t
Ash= B C, HEIZE, 2 o]
F AT AA Ak
(13) & =49 »A7F BHAAY Hse
Aol & tgdo] At g A Uk

(14,15).
2 ATFELE AdAdgaFolgt ¢zl 1
2t (Leuconostoc citreum GJ7)S 283}
7Vsdt 71eS AEstel Bk vk 9okAd6).
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Fol 01%(w/v) H=E =2 o 045 pm
syringe filter(Advantec, Tokyo, Japan)Z 3+ & FA A
B2 AMEEAY gol £42 olaA2vtE 2 (Com-
pact IC 790, Metrohm, Herisau, Switzerland)S ©]-83} %}
3, F71d B4 4% Fg=v dxME 244
(Agilent 7500 Series, Agilent, Palo Alto, CA, USA)E &4
3tk o] & Ca, K, Mg, Nax 94 &333 =7 (Hitachi
7Z-2300, Hitachi, Tokyo, Japan)E ©|-&3lutt 259 &
2 105°C Az oz B3

AR A XM=

AAAZ Al viFE Do AHEE AF-2 HA 4 (purified
salt; HA}, Ulsan, Korea)® J G2+ 49 A48t 14
2 A AT 49 4 F DA (four year-old solar salt; CAl,
Shinan, Korea)@ 1d &4 ¥ E3<A(Topan solar salt; SAH
Haenam, Korea)S Alg3lgon, o]& B 234 A&
2% HYE24d 54 MY FH EAFLE RUSIES
St} vl S 45231 16.6%(w/v)e] I 943} 10%
(w/v) AAE &do 47 5~6A17F Holx, 2=
33] AT & 4°Coll A 5217 @48t A ) A Fd2
7V, F, 8 vks, A, A, EEQT ¢11.22 ¢01.33 g11.33
205 g4.06 g6.1 g) 59 FAFTE EF3t Ax3IHoH,

- gl

A

AdulF 100 g 21 g A

stk AxH X9 e Al Al
AHEste] HF 9= 22~24%(w/v)7F HE= 9k A
Te] w2 Ao AFE-2 Chang 5(16)2] W wah
TR ATt AR FAVF Lew. citreum GJ7 ¥l e
E21(9,950 x g, 15 min, 4°C) & WHF2 23] A Hsto 71X
Fdol e, FF AEFS BA 1 g9 ¢ 10' CFU
7h =& Bt AX = 7CAAlA HEAIA AR 9] A
E=7F05~06%° o]=2H o]& -1°CollA R #3} (Dimchae
DD-1827DFB, Winiamando, Asan, Korea) A|83 2 A}-&3}

Aot AR 2Ed AA Alxze 33 gHE S8kt

pH, AE HE =

ZAX+= hand blender(HHM-620, Hanil, Seoul, Korea) &
2372 mhelaL, 39 HuAZRE AHEsle] g XA
< AFd AMgstATE A H] pHe pH meter(545 pH
meter, Denver Instrument, Arvada, CO, USA)E A}-&3}4
A2oA ZHsAL, AOACH ol o3 A 10
mLE 01 N NaOH £ ° 2 pH 8371 %] F3A7]=H 4H
H 0.1 N NaOH®] AHlo 2 A oJ&tH oH lactic acid(%,
w/w)E EA AT

o
A=E=

OjdE 7E 24

AA W vAES B3] Al AHS-g WA 2 Fare
PCA(Plate Count Agar: Merck, Darmstadt, Germany)uj A,
R kt4+= MRS(de Man, Rogosa and Sharpe; Difco,
Sparks, MD, USA) A 8]z ¢} CaCOs7} 2% -2 MRS
IAMAE AHESHI T AX = videte] BaAZE AE
AX AL 0.1% peptone waterE 1082 3] A3} a1, Z}Z}o]
auf Aol 50~8071 9] F o] FAHHES =t 30°C
9} 37°Cell A 2~3Yzt w3l At A

FE=E HM=x

A2E AHEE A= FZHAXR(SFDSMI2, Samwon,
Busan, Korea) & v}4)3} 29 208(w/v) &3 Hghe
S 747 FHrrslke 12417 §9F nukslal o] & 23] whEdk &
& I (Whatman Paper No. 2)3F 3 rotary vacuum evaporator
(N-1000SW, Eyela, Tokyo, Japan)Z 7+ =38l Z}z}e]
E FEE EE FEES AT 08 449 £ A
BE FEEL HF T2 1.0, 20, 3.0, 40, 5.0 mg/mL7}
HEE 74zt Hrbste] ME A3l AMSstd T

AlZo)

3 A
5

A

Aol AH&H A FMEF+= AGS(human gastric ad-
enocarcinoma cell) CRL-1739, HT-29(human colon cancer
cell) HTB-384% AAMEF BJhuman foreskin normal
cell) CRL-25225 A&tk 1A 1A E(AGS)9F 1A
AR AAEZ(HT-29)= Roswell Park Memorial Institute
medium(RPMI 1640; Gibco BRL, Rockville, MD, USA)2.



2 ks, dxwo 2 AREg 1A X HGAZF(B))
= Dulbecco/Vogt Modified Eagle’s Minimal Essential
Medium(DMEM; Gibco BRL)S.2 #j 3l gt}. 27zhe] )
Aol = 10% fetal bovine serum(FBS; Gibco BRL)¥} 100
nug/mL penicillin(Gibco BRL) 28] 100 pug/mL strepto-
mycin(Gibco BRL)& #H7IslAth vt Zhzte] Alx= o
Fdol 2~33] g A} AR ZolFa 6~7Y "
phosphate buffered saline(PBS)Z A &3+ 3 0.05% tryp—
sin-0.02% EDTAZ F-Z€ A2 5 #elate] d4es &
A AE WAE YL IR AET ZAF B4
2 Z 23S o 6~7dritt Ad) s st AEFel
AHEEFA T At #iF Al Z42He] passage numberE 7153}
3l passage number”} 103] o]Ad W= N2 HEE
A dx FAZRE Ado] O] wlgste] AP A

MTT assay

ME Z2 A5 Z MTT assayH17)9) e} =435
e zhzhe] MEFE 96 well plated] welld 1x10°
cells/mLo] F == 180 uL¥ seeding 3} 37°C, 5% CO-8}l
7] (Astec sci 165D, Astec, Tokyo, Japan)oll A 24417t &
FAEZE FAAZ F AEE FEEE 20 uLY 37tk
48217t m &3t Th A 7ol 12k A Aol 5 mg/mL 2]
FTEE A|Z3I MTT{3-(4,5-dimethylethiazol-2-y1)-2,5~
diphenyl tetrazolium bromide}-&< 20 uL& % 7}slar 4413
o wjekst & A HE formazan 23S dimethyl sulfoxide
(DMSO)°ll =< plate reader(UV scanning ELISA reader,
BioTek, Winooski, VT, USA)E ©]&3}o] 540 nmeoll A &%
TE Z3sAth MTT assaye wHIE 23] A28 = 33
A ke Al g st

Mzo| Hef™ #H5| 2hat

wFE Z7+e] AJEZE culture dish(100 x 20 mm, Falcon
Co., Franklin Lakes, NJ, USA)dl| 1x 10 cells/mLo] ¥ ==
seeding 8}l 24417t B2t 37°C, 5% CO B F7]ol A AXE
B2 F AFEE H7H5 mg/mL)3dte] 48417 vl %519

Table 1. Composition of the used salts

AN FHE 4F AA & 937

o} Wl ¥ AlEe) FelA wshs @w 4(ECLIPSE TS100,
Nikon, Tokyo, Japan)©. &2 ¥Z&}%t},

SHHz|

g B4 SPSS 18.0.1(statistical package for the
social science, Chicago, IL, USA) P/C packageE ©]-&3}
Py REAXE It 23e Hdf (mean) + XEAR}
(standard deviation)@ YEFY o ZF H=of sl &L
X BARA (one-way ANOVA)S AA g A AR S
E+£ Duncan’s multiple range testE F &390 ™ 4 3
FoAAL p<0.055 71FL 2 33T

Ao H2 24
4259 NaCl &% 235 224 43 JAd9-2 9860
%9k 0.01%, 43 44 HAIFL 85.79%9} 10.76%, EFE-L
84.53%9} 11.34% 2 YEFGTtHTable 1). AA G 355 o]
203S 53 NaCle FZ31e] 95% ©]°3<] NaCl
ym (1), 1YEL a5 58 SUAA 99
& Ao Z NaCle] A&} Ca, Mg, K 59
o] 5o 9drtE B(18)9) Zo] Table 19
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Ue ZX9 &Y
AANE A AZ A GEE 22~24%7) HEE 3N
7°CAA FEAA AF=7} 05~0.6%] =23hd AX

LIS = |
2 83l -1°CAAN AXE BasAd ZAYG 1A, 4
A ALE AR, EFG AR AR 05~0.6%9] =)

Purified salt

Four year—old solar salt

Topan solar salt

Element Content (mg/kg) Ratio (%) Content (mg/kg) Ratio (%) Content (mg/kg)  Ratio (%)
Cl 566,720.00+6,561.95 59.32 575,171.00£1.794.63 56.96 485,966.00+=312.54 52.52
Anion Br 145.00+0.00 0.02 421.50£7.78 0.04 541.00+22.63 0.06
SOy 0.00£0.00 0.00 13,814.50£218.50 1.37 18,672.50+£118.09 2.02
Na 388,050.004+10,394.47 40.62 413,190.00+16,772.57 40.91 407,895.00+=2877.92 44.08
Mg 17.60+0.15 0.00 3,895.55+141.35 0.39 9,560.75+51.97 1.03
Cation K 386.50+£13.15 0.04 1,511.45+91.57 0.15 2,491.45+18.31 0.27
Ca 26.47+£11.47 0.00 1,724.654240.48 0.17 168.45+7.00 0.02
Others 14.38=0.90 0.00 62.49+11.34 0.01 13.11£2.61 0.00
Total 955,359.95+16,982.09 100.00 1,009,791.14 =19,278.22 100.00 925,308.26 =3,414.07 100.00
NaCl (%) 98.6+£0.17 85.79£0.25 84.53£0.36
Moisture (%) 0.01 £0.00 10.76 =0.36 11.34+0.18

Values are means=*=SD from duplicate determinations.
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Table 2. pH, acidity and microbial populations properties of
kimchi during fermentation at 10°C

Purified  Four year-
Characteristics salt old S};Iar Topan. sola.r

Kimchi salt salt kimchi
pH 4694012 4.75+£0.13* 4.68+0.08"
Acidity (%) 0.57+£0.07" 055+£0.05* 0.58+0.04"
Salinity 236+0.16° 235+0.10° 2.324+0.04"
Total viable cells 89+0.14" 9.4+0.12° 9.240.08"

(log CFU/mL)

Lactic acid bacteria 7.9+0.09" 9.0+0.14" 89+0.17"

(log CFU/mL)

Values are means=+SD from more than triple determinations.

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

2
o

Wm0 (2 42 o2 WE o O+ oM oM Xoox ofr Aol g

=8 27 199, 129, 1590] A8F o], FA S
E(“E 05~0.6%)°l
Atk Table 2914 Ho]

= A= #A Az A g

A7} %

H

LN
rQLnRrLr

ofj 2
N U

oy
o
>
rr
20 H
ol
o}vER_J
F:H N
BV e G N

HE o o
o X

o 02
o o
it
&

ol
o
S
S
flo
re
o
flo
Jo
>
=l
A
m
o
4
N
o
rlo
o
oz KU
Ho

e
}_.
i,
3
310
o
rz w2 eg

< A & AF(41219dAM %
%mg%@%%%%@ﬂﬂﬁiﬂﬂﬂ“ﬁﬂﬂﬁ &
27l A AR A7k A0 Do dg A
O&ﬁﬁ%EE%LE%ﬂﬁ olF AAY AANA o el
12 Aol @gol Uojupr] ofs)h Lo B U W
o] $RET ABATT Bad v oY

=9 M= 4F Axgat

Add ALAUd £4 FL, ER)S AHste] Al
AX Y ME A AARHE dolr 7] 93t MTT
AT H27= 43AE BJS DMEM Hj#|
Fatar A E AGSS} T A E HT-29%= RPMI
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assay=
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Fig. 1. Effects of water extracts from kimchi prepared with
various salts on cell viability. B purified salt kimchi, W four
year-old solar salt kimchi, [J topan solar salt kimchi. Cells were
exposed to different concentrations of extracts for 48 hr and then
cell viability was assessed by MTT assay. “Significant differ—
ences were compared with controls (0 mg/mL concentration of
the extract). *Means with different letters on bars of different
salts are significantly different (p<0.05) by Duncan’s multiple
range test.



Edd 249 S 3ddez
4% A& ztole BEEHA FoS ¥ 5 AT 1Y
U AAAE BJol td &7 F5E AX B FE2E9 F
% 1 mg/mL A7} F=oA FAAY, 49 4 FIY9, EFS
AXE 27 109%, 117%, 119%2] HE&S YehA L, 5
mg/mL % A8 A= oF 100%2] HESES YE o
AAAIE Bl dalAe AlEEAdo] §la 2318 AlE 4%
EHE YEpE S & F Adoh

HElZ FE29| ME M A ST}

AR X, 49 4 AIE 1A, B X E WEE
2 FE ANEE AGAE BJd digt AE547 AGS,
HT-299] dAZF dist T4 JdAEHE #Z3A
(Fig. 2). M&rs FE52] AGS t3 A% dAlade 43
S AdE AAANA 7 =4 JEPS T 1~4 mg/mL &
T A A 18~56%5 HIow, 7} £ $52 5 mg/
mLol A 73%9] =& FAXE AF dAaHE BT FA

A3 =09 AH] A9t 1~5 mg/mL FE A2 A
7tk 14~52%, 13~62%2) ﬂx{]%g Hol sw ojEAoz
AR EA7} Z7HeHe UER ATHFig. 1. AGSe] 3t A%
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E A9 2 4d 54 eges ASD

:I.T
A wow

iy |
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AMAuE =
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et 7ol &7t
=i AT Ao H
Han 5(12)9] ®i1ojA] of A Wge F
=(5 mg/mL) Rt} S ol 2 mg/mLo A=
%]' AYE HolE o]f+ MTT assay A3 Al AlX
AZ1A] &3 vk 2 A8 5 st eH, Al A g
2R R B A A A1 4847t H ok A
A @ Aol2 AZtE | ZITh
HT-29¢] gt 474 dAaHde HAE, E
ALdE AA EAHUE 1 mg/mLe] FE5H
17%, 18%2] A &< Holx Al 5 mg/mL &
3
3

a9
2 A9
KR s
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=
=
o

4, 4 <)

z+7+ 13%,

Tl A Zp7}
39%, 46%, 48%9] AA&S Ho] GAE A A ar}
Z718ks JeEh Atk (Fig. 2). HT-29 Q1A 239A o) o
3 A Aans A9 B A7 AGS UA Y gA X
HM = tha e A A a9= o,
7(4 o7 /\47(1—_0_ ;(15]]6—]_0:‘1 ou4 4Lﬂ _{,\1_/&(4) Onﬂjq. E_\TL_}
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9\)\:1 [}

Y

F380] B

pu

o] &
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AX ] GFAE B AA &2z 939
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100 ™
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80 | P
*b)
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0 . . . .
Con 1 2 3 4 5
mg/mL methanol extract
120
HT-29
100 ™
*a
*n *b *
bL a b b
80 T
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40
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0
Con 1 2 3 4 5
mg/mL methanol extract
140
aa
120 ] g @
a i *3 vy a
- 2 aa aga
100 — = 2
80
60
40
20
0
Con 1 2 3 4 5

mg/mL methanol extract

Fig. 2. Effects of methanol extracts from kimchi prepared
with various salts on cell viability. B purified salt kimchi, H
four year—-old solar salt kimchi, [J topan solar salt kimchi. Cells
were exposed to different concentrations of extracts for 48 hr and
then cell viability was assessed by MTT assay. ‘Significant dif—
ferences were compared with controls (0 mg/mlL concentration
of the extract). * “Means with different letters on bars of different
salts are significantly different (p<0.05) by Duncan’s multiple
range test.
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AEZHRE A FE5EA00 391, & 234 %
oj9} 2L o E HEhE FEEIMEL U ES GAHXE
A% JAEHRE Yehlle Aoz AZdHez

a2 A9 Wers FE252 FAAE BJol sl A=
=49 AY VERNA 92te™ 1 mg/mL H7}F Ao AAY,
49 4 14D, ERE AR SAANE A2 112%, 123%,
122%9] & AEES HYon 449 4 Fddy EFY
AA ] HEgg FEENA Boh 52 AEES Bk =3
e 55 A2t & FE25 AZRg i 52 X
3% 95 vehds dFsAh

M=ol Hefx w5t ZhEt

Fig. 19} 2] A% 27 E =
A BRI} AHS & F AL 53
o] Were FEEFo] AGS @ HT-29 &l Zd 3 A5
AA G771 FRES & 5 AJTh ol AR FE2E
o] H7lol W2 YA E AGS, QA A E HT-299
A ETQ BJo Alx 229 Fe wstE 93 dnA
< B3l #EAT 4d 548 AIdo=Z AxS A

o HAIE A%

RE 3% FFEo]
IEEEEDERE

r.u., N{N‘

HeE FE2E AE Al AAAE Bl daixe A A%
AT Zpo|7F BEE A Fokot AGS 9l ek HT-29

T AIE A=) Zraeh A AR Ao

ARG AEA B

Fig. 3. Photomicrographs (x100) of AGS, HT-29, and BJ
cells treated with methanol extract from four year-old solar
salt kimchi. The cells were treated for 48 hr by 5 mg/mL of
the methanol extract of four-years aged solar salt kimchi.
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