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Effects of Different Kinds of Salt on Kimchi Fermentation and
Chemopreventive Functionality

Sun-Mi Choi and Kun-Young Park

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

The fermentation characteristics of pH, acidity and lactic acid bacterial counts in kimchi
and further chemopreventive activity of the kimchi were studied when the kimchi prepared
with different kinds of salt (Chunil salt (C), Bamboo salt (B), Gueun salt (G) and KCl)
and fermented at 15°C. In the change of pH and acidity of the kimchi, compared to the
C-C kimchi (C used for salting the cabbage and then C added again to the premixture
of kimchi) B-KCl kimchi (B used for salting the cabbage and then KCl added to the
premixture of kimchi) and G-KClI kimchi (G used for salting the cabbage and then KCl
added to the premixture of kimchi) changed slowly, indicating increased preservation
period. The counts of Leuconostoc sp. were high in C-C kimchi, B-B kimchi (B used
for salting the cabbage and then B added again to the premixture of kimchi) and G-G
kimchi (G used for salting the cabbage and then G added again to the premixture of
kimchi) at 4 day, but in B-KCl kimchi and G-KCl kimchi at 6 day. KCI added kimchis
maintained same or slightly higher level of Leuconostoc sp. compared to the other
kimchis. Lactobacillus sp. counts increased gradually in C-C kimchi, B-B kimchi and G-G
kimchi but the increase in B-KCl kimchi and G-KCl kimchi was low. The antimutagenic
activities of the kimchi juices were studied by Ames test using Salmonella typhimurium
TA100. Among the kimchi samples, B-KCl kimchi and G-KCl kimchi significantly
reduced (p<0.05) the mutagenicities induced by aflatoxin B1(AFB1). Anticancer effect
of the kimchi juices was also investigated in MTT assay by using AGS human gastric
adenocarcinoma cells. B-KCl kimchi and G-KCI kimchi showed the highest anticancer
effect (p<0.05). In this study KCl added kimchis, B-KCI kimchi and G-KCI kimchi
using processed salts for salting the cabbage increase preservation period of the kimchi
and specifically inhibit the growth of Lactobacillus sp. and increase chemopreventive effect
of the kimchi.
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3) AXWE 5 pH L ME HESH

Z %] 9] pH= pH meter (Corning 220, USA)Z A
ZollA FAsdeh AEE A8 20 mlE 208 2]
Asto] o704 10 mlg FHsko] AOACHH WL
2 249+, 0.1% phenolphthaleing A A]2F
© & 1 ml A7} 0.IN NaOHZE HA3slo] 2%
AE g e FHHoE s AAH%S

lactic acid= ¥H4telar ek %2 JeRl AT

Lactic acid (%) =

ml Af NINT NlaNHxnAarmality ~f NlaNH %O

Weight of sample (g)

A2l ZHoll= H3HA]5H (plate count tech-
nique)& ©]-&&ct F A5 1 mE BEE 5

TTE AR 3] Asle] 7k 3149 F 0.1 ml
A v 719 galsle] 43°C~45°CE P73t
A )R] 10 mlol] Y Z3HgE 3 petri dishol] 3
& WHE31 37°C incubatorol] 4] wljeksle] el
colony®] & Aol AAAFE Z43 e} Lacto-
bacillus "WA= Lactobacillus selection medium (LBS
medium)l| Pediococcus®] 355 AAs}7] sl
acetic acid 9} sodium acetateS 7}t modified
LBS agar medium (m-LBS medium)& A-8-s}o 30°C
ollA 397t HZuleksldrt. Leuconostoc A& ulA]
247}k phenylethyl
alcohol sucrose agar medium (PES medium)E A8}
o] 20°CellA 597 FPufeksidch. ™Y

= phenylethyl alcohol®} sucrose&-

5) Ames test

=9do] FHEAZ = aflatoxin By (AFB))& Sig-
ma Chemical Co. (St. Louis, Mo., USA)ol|A] T+
stol DMSOl ol A8sHeleh AE FREE
Salmonella typhimurium TA100 2 W] California
et B. N. Ames#tAAZRE] Algrol Aylel A
Sl aela o] AYFFE o AFAA
histidine 74, deep rough (rfa) & o], uwrBE
Aol R factor ¢ SAHAL Helete] A

itk EddeldE AT Slslod
Maron@} Amese] HF'90) wel 7+9] microsomal

J 43859l S9 mixtures ZAslYct H AY
olA] & o]&3}9 % preincubation testt= S9 mix
0.5 ml, 3}54HF uljokE —r(1-2><10 cell/ml) 0.1
ml, 345 AgGoet Ede] f B4 (50
)< ice batholl ©7] cap tubeoll Wi 7 A
vortex¥F 3 37°CollA] 30&7F wllekslsict. 45°Ce]
top agar 2 ml#-S 7+ tubeoll S-3L 337F vortexdt
% minimal glucose agar plateol] =23}l 37°Co|
Al 48A17F wljekst = BFEdHe] AE Al
Ack. 3k, Aol AHEH A8t Fdwe] fikE
9] %= oAl ¥ (dose response Bl FAAHE) =
Solo] AAEAE

6) MTT assay

A Zuok-g- $]3ll RPMI 1640, fetal bovine serum
(FBS), 0.05% trypsin-0.02% EDTA 2|3 100
units/ml penicillin-streptomycin< GIBCOAHUSA)Z
e il AHgsladch AlEeik CO, incu-
bator (Forma, USA)E AF-&3l9c}l. AGS 214 9
A2 (AGS human gastric adenocarcinoma cell)= $+
TFAZFLZPA )2 R & °hﬂ°} wj ok
spdA] Aol ALtk AGSAIEE 100 units/ml
9] penicilin-streptomycin@} 10% 2] FBS7]— 3%l
RPMI 16405 A+-&3}o] 37°C, 5% CO, incubatorol|
A wieFsloict. ikl ZHzhe] QhAlEE UFLoll
2~33] refeedingd}3l 6~7% WHroll PBSE AlH gk
% 005% trypsin-0.02% EDTAZ H2gl L2
FeElslel AAEEIRE & A E HAFl wiAE
Ya dgler M7} 2% ZAEES 2
E3ste] 6~7Y vtk Alul s A gl A

L3l wok®l FAEE 96 well plateol] well
1x10* cells/ml7} | == seedingdlil A BES %
HZ 713t o}8 37°C, 5% CO; incubatoroll 4] ®l
okttt 7247 & 3-(4,5-dimethylthiazol-2-yl)-2,
5-diphenyl tetrazolium bromide (MTT) 20uE& 7}
3l 4417 ] o miekst ¥ A4 H formazan
775 DMSOell 0] 540 nmoll A FH =5 FA
—8]—93\‘5]‘.21’22)
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(Table 1), W3 27| OH-E &gl wE AX7
% o2 Az=zst

ol tol7b FP ot 4 Aol L
C-C kimchic 4322 %%
£ AA=L pH7L E8k T 6dAoll= KCI= A7t
ag 71z] Q1 B-KCl kimchi®t G-KCl kimchiv 431,

2 A577F Hglen] AL, 54, 7+ &
:ﬁm&g; 2o 71x]9] pHE KCIS u7}*& =) €]
pHEtH Yoke} wkg g sjoll = KO 713k 7
X o] pH7t AU, F4, T2 £FoE g2 7

FH7h AARES el ASAl vAE Ew 195

%19 pH Er} E9kow GKCl kimchi7} 714 H
ZAo] ot} 3k Ax o] W3l ulEsl Ay
Holl whe} F74HE slem pHE W3kel wprt
Az g 49 Aol Yoz A =38 C-C kimchi
0.70%°1 9o} tt& AXEL 0.5%14 0.6%
HAZ BF 7} A A3 XY=l ch(Table 1). 1
64 Aol KCl& &7}k X2l B-KCl kimchi
¢} G-KCl kimchi= 247+ 0.70, 0.68%%Z A% 7]7}F
Folem Addd, 4, 7 £giteE @2 1
FEE KCl= A7 X 9] AAsEo =9
Z, pH 3 A=) #H3lollA] KCl A7 X
=39 Ed GKCl kimchi7} 7V

fot fo rlr

of sk 7179l ASI% 3t B
S Leuconostoc 4 A 2] w3t
5 B g A% AT v A e Aol
7h figlent avt APl wel AAs St
Z 3t=tl &8 49 Aol C-C kimchi, B-B kimchi,
G-G kimchi= Zt7+ 8.4, 1.7, 83x10' CFU/mlZ

Table 1. Changes of pH and acidity in various salt treated kimchi at 15°C

Fermen tation c-c? B-B” B-KCI? G-G¥ G-KCI”
day kimchi kimchi kimchi kimchi kimchi
pH 0 5.65 5.65 5.60 5.56 5.60
2 4.68 4.70 4.86 475 4.90
4 430 4.41 4.52 4.44 4.58
6 4.08 4.15 431 4.12 435
8 3.72 3.81 3.90 3.80 4.00
Acidity (%) 0 0.32 0.32 0.32 0.34 0.30
2 0.59 0.57 0.50 0.56 0.47
4 0.70 0.60 0.55 0.60 0.47
6 0.86 0.81 0.70 0.80 0.68
8 1.08 1.00 0.92 0.98 0.88

DC-C kimchi: Chunil salt used for salting the cabbage to 1.8% and 0.7% chunil salt added to make 2.5% salt content

in the kimchi

YB-B kimchi: Bamboo salt (1x) used for salting the cabbage to 1.8% and 0.7% bamboo salt (1x) added to make 2.5%

salt content in the kimchi

PB-KCl kimchi: Bamboo salt (1x) used for salting the cabbage to 1.8% and 0.7% KCI added to make 2.5% salt content

in the kimchi

“G-G kimchi: Gueun (heat processed) salt used for salting the cabbage to 1.8% to and 0.7% gueun salt added to make

2.5% salt content in the kimchi

)G-KCI kimchi: Gueun (heat processed) salt used for salting the cabbage to 1.8% to and 0.7% KCI dded to make 2.5%

salt content in the kimchi
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Table 2. Changes of Leuconostoc sp. and Lactobacillus sp. counts in various salt treated kimchi at 15°C (CFU/ml)

Lactic acid Fermentation c-c? B-B? B-KCI® G-G¥ G-KcI?
bacteria day kimchi kimchi kimchi kimchi kimch
Leuconostoc sp. 0 3.1x10° 3.9x10° 1.7x10° 3.2x10° 1.5x10°
2 3.6x10° 2.3%10° 8.2x10° 3.1x10° 7.8%10°
4 8.4x10’ 1.7x10 1.2x10° 8.3x10’ 2.4x10°
6 8.9x10° 9.2x10° 2.3x10 2.9x10’ 3.5x107
8 5.0x10° 6.5%10° 9.2x10° 8.2x10° 9.7x10°
Lactobacillus sp. 0 4.5x10 4.3x10 3.7x10 4.9x10 2.6x10
2 9.5x10° 7.9x10° 3.2x10° 8.4x10° 2.1x10°
4 2.3x10° 2.2x10° 6.2x10* 2.0x10° 5.8x10*
6 7.5x107 1.7x10 6.5x10° 1.0x10’ 5.9x10°
8 8.1x10° 6.4x10° 4.5%10" 5.1x10° 42x10’

'")The explanations are the same as shown in Table 1.

Table 3. Antimutagenic effect of various salt treated
kimchi juices against aflatoxin B; (AFBi, 2.0pg/plate) in
Salmonella typhimurium TA100

Revertants/plate
(level of juice sample, ul/plate)
Treatment
100 200
Spontaneous 114+6
Control (AFB)) 1012+33"

C-C kimchi”®  835+18" (20)® 617+11° (44)
B-B kimchi®  808+12° (23) 501+12° (57)
B-KClI kimchi® 744+16° (30) 392+10" (69)
G-G kimchi®  813£18° (22) 476+12° (60)
G-KClI kimchi® 706+13% (34) 386+13" (70)

'"9The explanations are the same as shown in Table 1.
9The values in parentheses are the inhibition rates (%)
*~IMeans with the different letters in the same column are
significantly different (p <0.05) by Duncan’s multiple test.

KCI-& 718y ZAXFB-KCl kimchi€t G-KCl kimchi
= 7Z+7zb 12, 2.4x10° CFUmDECF ZHAF 7}
grokoh(Table 2). A KCl& H71s AX 9] A<
7191 vty 6Y Aol B-KCl kimchi®t G-KCl kimchi
¥ 77+ 2.3, 3.5x10 CFU/mIE Z7steict. £
o8 Az AATHYG FF £goE A=3
ZAxFo] AR S F Leuconostoc <5 ZHATF 7}

1

gokel. v AE7]7F AVEA Leuconostoc 45
3 EE TollA ®ol ZHAEE &

A% 2] Algkoll WodslE= Lactobacillus 452 2
At Wske eyt Xl wel AL St

skl =l B 49 Aol C-C kimchi, B-B kimchi,
G-G kimchi= Z+7} 2.3, 2.2, 2.0x10° CFU/mlE U}
ehfglem KCle] H7}E B-KCl kimchi®t G-KCl
kimchix= 7ZY7b 6.2, 5.8x10' CFU/mIZ C-C kimchi,
B-B kimchi, G-G kimchiE.ct} & ZAHF F&
Eb it (Table 2). KCl1 A7} AX L Leucono-
stoce sp. T AR A A3 F7HAZHARE Lacto-
bacillus sp. 7] A7 QA8 ).

2) ol TSy

1) S=H0| 31 Ames testE o] &3t A
oAl &g Firell wel AlzE %9 dEgido]
375 golHtKTable 3). X 2 200ul/plate
of| 4] AFBoll W3t o] a5 Bl =T
Ql C-C kimchit 44%% VERH v 33 -3
AFo g Azt 71%|2] B-B kimchi®t G-G kimchiw
57%, 60%% UERNO] tzaHet 37t =9
(p<0.05), o] 5 FHHGE FrLaToE TG
A% €] gEdmloe] FIrt v Ego) FAH
AL Adek ST T £5oE AHoln
KCl& #7Fst Zx]el BKCl kimchi®t G-KCl
kimchi= Z+7F 69, 70%2] 7}4 =& 3lEalmo]
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Table 4. Inhibitory effect of various salt treated kimchi
juices on the growth of AGS human gastric adeno-
carcinoma cells in 3-(4,5-dimethyl- thiazol)-2,5-diphenyl
tetrazolium bromide (MTT) assay

ODs40
(level of juice sample,ul/assay)
Treatment
10 20
Control 0.960+0.072°
C-C kimchi®  0.560+0.009° (42)° 0.362+0.008" (62)
B-B kimchi®  0.522+0.010° (46) 0.246+0.008° (74)

B-KCl kimchi® 0.342+0.003° (64)
G-G kimchi®  0.491+0.011° (49)
G-KCl kimchi® 0.3020.002" (69)

0.118+0.007° (88)
0.203+0.008" (79)
0.110+0.009° (89)

'"9The explanations are the same as shown in Table 1.
9The values in parentheses are the inhibition rates (%)
*“"Means with the different letters in the same column are
significantly different (p <0.05) by Duncan’s multiple test.

95 B9 o KOS H7ksk Ax= ol
ootdet 43t - aFtte s A= A
B} gEqdwo] a3yt =A vhebykehp <0.05).

() 2ME MEANMEI: ILAI(n virro)E
dolH 7] $13 AGS AA A LA EZ MTT assay =
Ae AFole Hzal HAIddo s A=k c-C
kimchioll ¥]slo] Q93 T £Fo 2 A= 3]
9] Al A A& 7E F9chp <0.05, Table
4). A F2= 20ul/assayoll Al C-C kimchi®] LA
I ARAQAEZTRI} 62%Ad wiste] S &
2Fo & A=E B-B kimchi®t G-G kimchi= 27t
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0.05). Z#} KClo] H7t=l B-KCl kimchi®t G-KCl
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