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Abstract

Comparing the quality characteristics of kimchi were measured and anticancer effects using AGS human gastric cancer cells were
observed. Five kinds of kimchi samples were made of Kanghwa Baek kimchi (KB), Kangwha Turnip kimchi (KT), Turnip: Chinese
cabbage = 1:1 Baek kimchi (T1B1), Turnip:Chinese cabbage = 4:1 Baek kimchi (T4B1), Turnip mul kimchi (T). As a result T kimchi
showed the best fermentation characteristics among the five samples. T kimchi had a lower percentage of the total number of aerobic
bacteria, while the number of lactobacillus was higher than that of other samples. The mRNA and protein expression levels of
apoptosis-related factors found that T kimchi significantly increases the mRNA expression levels of caspases-3 and caspases-9 in
AGS human gastric cancer cells as compared to the other kimchi samples. It showed high anticancer effects in the order of T, T1BI,
and KB kimchi. As the anticancer effect of Turnip mul kimchi made only of turnip was higher, the higher the turnip content, the
higher the anticancer effect. These results show that there were changes in fermentation characteristics such as pH, acidity, number
of lactic acid bacteria, and anticancer effects according to the ratio of turnip and cabbage.
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Table 1. Ingredients of kimchi

Ingredient of kimchi KB KT TB, T4B; T

Baechu cabbage (g) 75 30 12
Turnip (g) 60 30 48 60
Radish (g) 15
Onion (g) 1.5 1.5 1.5 1.5 1.5
Garlic (g) 1.5 2 2 2 2
Ginger (g) 0.6 0.1 0.1 0.1 0.1
Green onion (g) 0.5 0.9 0.9 0.9
Pear (g) 0.3
Water (g) 5 35 35 35 35
Carrot (g) 0.04
Jujube (g) 0.02
Shredded red paper (g) 0.02
Pine nut (g) 0.02
Lactobacillus (CFU/g) 1x10° 1x10° 1x10°
Nano lactobacillus (g) 0.008 0.008 0.008
Extraction of mistletoe (g) 0.05 0.05 005
Taemyungcheong (g) 2 2 2
Purified salt (g) 1 0.5
Bamboo salt (g) 0.5 0.5 0.5

KB: Kanghwa Baek kimchi, KT: Kangwha Turnip kimchi, T;B;:
Turnip:Chinese cabbage=1:1 Baek kimchi, T4B;: Turnip:Chinese
cabbage =4:1 Back kimchi, T: Turnip mul kimchi.

Acidity (%)=
mL of 0.IN NaOHx0.1xDilution ratex0.09"
X
Weight of sample (g)

100

* .
0.09: conversion factor.
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AGS 91 YA E(human gastric cancer celly= S A
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L2 (Seoul, Korea)ol Al RFRIQrOm, Aaujoko] L3t
A|2HRPMI 1640, fetal bovine serum: FBS)S Welgene Inc.(Daegu,
Korea)o|A] 43}, 100 units/mL  penicillin-streptomycin}
0.05% trypsin-0.02% EDTA+ Gibco BRL(Rockville, MD,
USA)lA F9dste] ARGSHIEE A2 w2 RPMI
16400 10%2] FBS2} 100 units/mL penicillin-streptomycing
E3Het B A2 5% CO; incubatorS: ©]-&-5H0] A|ZH]YS 5H
o o e A= AFLO] 2-38] refeedingst™, 2~3Y 7
¥ & PBS &do= AHT F, FAE AEZE 0.05%
trypsin-0.02% EDTAZ 225t & 4l E 253t d4lE
% 249 QRS HAE PHOZ T TYT T 10 mLA
75T cell culture flasko]] 5111, 2~3Y4 7FA o7 A vjoF
31 tH(Song JL 2012).
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7. MTT assay AES 0|8 MEMT U ME ARIS
=

vjoFE AGS Q1A LA EE cell counter(Luna automated
cell counter, Logos Biosystems, Gyunggi, Korea)S ©]-8-5}0]
AE 5 2F519T welld 5x104 cellsymL7} EZ=Z 100
UL 96 well plateo]] 53t & 24A17H5-QF B Fst]ltt. o]
T, A FE=0] TR HiAE Alof 484171 5t A2 5t
a1, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide
MTT)9] 555 5 mymLE E3FAZ] ¥R welld 100 uL
F7FskaL 4X7E 7t WA B o], F/d % formazan
2 DMSOZ 08310l BEAIA QHAIoIA 308 Bt WA
7)1, Wallac Victor3 1420 Multilabel Counter(Perkin-Elmer,
Wellesley, MA)Z 550 nmo]|A] &P EE =75} th(Skehan
= 1990).

8. RT-gPCRZ 0|88t AGS MIE L mRNA &8 =X

HFE AGS AA YA EE cell counter(Luna automated
cell counter; Logos Biosystems, Gyunggi, Korea)S ©]-8-5}0]
A FE Z45t] welld 1.0x10° cellymL] AZEZ
6-well plateo]] EF5ko] 24A17F 5t Bt HigH
AGS 1A YA RZ= 250 ngml =9 AR FEEo] g
T HAE H7Fsto] 48417t 59F A skqitt. o] & HiA]
£ A|AS}IAL Trizol(Invitrogen, Carlsbad, CA, USA)Z Af| o] 4]
RNAE £33}, 0.1% diethyl-pyrocarbonate®]] &3[jA| A t}. &
RNA =72 NanoDrop ND-1000(NanoDrop Technologies Inc.,
Wilmington, DE)Z %3St &, Superscript 11 reverse transcriptase
(Invitrogen, Carlsbad, CA, USA)S Al&-5}o] cDNAE 3§45}
At} A= ¢cDNAE CFX Connect Real-Time PCR Detection
System(Bio-Rad Laboratories, Hercules, CA, USA)& AF&-5}0]
A HES EA5HATHKim HY 2013; Song 5 2017).
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ZA} 2= 18S rRNA, Caspase 32} Caspase 92 ARE-5}al, Ab
25t primer A/ €& tF23} Zt): 18S rRNA forward 5°-CAG
CCA CCC GAG ATT GAG CA-3’, reverse 5°-TAG TAG CGA
CGG GCG GTG TG-3’, caspase 3 forward 5’-TTT TTC AGA
GGG GAT CGT TG-3’, reverse 5’-CGG CCT CCA CTG GTA
TTT TA-3’, casepase 9 forward 5°’-CTA GTT TGC CCA CAC
CCA GT-3’, reverse 5’-CTG CTC AAA GAT GTC GTC CA-3’.

9. Western blotZ 0|28t AGS MIZE L{ FEXIQ| SHHA

O] WO} 9 AEA 2 mRNA 27} EYe 4G
ARESLREE. M APIS AR T A Z9] Hijx]E A A5t
21 Radio-immunoprecipitation assay(RIPA, Invitrogen) buffer=
T zS By ﬁ}oﬂﬂr U}‘ﬂi A 5 AL Bradford assay B
HE o] 835}t = 2.2 SDS-polyacrylamide gel
7195= o]&sto —E—ﬂﬁ 3 polyvinylidene fluoride(PVDF,
Bio-Rad) membrane®]| ©|FA|Zl F, H|Eo|x TS
blockings}7] 9] 0}04 PBS-TE 33-3t 5% skim milkE A 23}
T}, BlockingA|Z]1 ¥, PVDF membraneS PBS-T 33] A&,
PBS 13] HE]|&2 A3t F 4CofA] overnightsPHA 1X} &
AE ¥HEAIFH. v g2 & PBS-T 33] ]2, PBS 13]
A2 A& kg Aol A 2A17F 5%t 23 FAE A

51T}, Caspase 3, Caspase 9 & [-actin(Santa Cruz, Dallas,
TX, USA) 12+ FAIE Aol AR5, 2H2He] S50l 4
3t 221 FAIE AR5 LAS-4000(Fujifilm Life Science,
2013).
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Fig. 1. Change of (A) salinity, (B) pH, (C) acidity in various kinds of kimchi fermented at 5C. KB: Kanghwa Baek
kimchi, KT: Kangwha Turnip kimchi, T,B;: Turnip:Chinese cabbage=1:1 Baek kimchi, T4B;: Turnip:Chinese cabbage=4:1
Baek kimchi, T: Turnip mul kimchi. **Means with the different letters at the same storage period are significantly different

(»<0.05) by Duncan’s multiple range tests.
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% 7u’l oA F7tstitt @a AFY f4kt = KB,
2= 10° CFU/mL, T,By, TuB,, T ZX] 10° CFU/mML &
= Hl%o}ﬂl Uebt HE 45402 KB 714 3.0 x 107
CFU/MmL, KT 7A] 4.0x10" CFU/mL, T:B, ZAA 3.4x10°
CFUmL, T,B, AX 54x10° CFUmL, T ZA 7.5x10°
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Fig. 2. Changes in (A) total aerobic bacteria, (B) lactic acid bacteria of various kinds of kimchi during fermentation at
5C. KB: Kanghwa Baek kimchi, KT: Kangwha Turnip kimchi, T;B;: Turnip:Chinese cabbage=1:1 Baek kimchi, T4Bi:

Turnip:Chinese cabbage=4:1 Baek kimchi, T: Turnip mul kimchi.

*Means with the different letters at the same storage period

are significantly different (p<0.05) by Duncan’s multiple range tests.
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4 2710l T B7140) AT
of|&= lactic acid, pyroglutamic acid, succinic acidyto] Z+E35}
WA WgsAido] A gho] 2o}z AJF9| lactic acid
geFo] ol Atk 51 THKim 5 1998a). ”’EXIUI =4
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Tt e 716kl S48 4090 x| =g /‘1/\1 sl
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Hg LA 57
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3. UM ME Xfolf S}

GAZ A AFAE BV Yt MTT assay=
29] §A4AZZ MTT7F 8o formazan crystal£ A
He W3 AEE FYEE Scto] dAZY AbE 22
ZA AA ArE FQlst= HHo |tk

AGS Q1A AAZE o]-&5to] Al 7 HX(KB HA,
TiB: AA], T A & =79 HEZ 0%, 50%, 100%= &
g5t Az B9 in vitro T RIS RIS AIE
Fig. 30 YepIth AZs% 2,000 pg/mLofA KB |
56.37+5.52%, T\B; Z1X] 72.92+0.29%, T ZAA] 70.81+1.62%=
Ut A 59 Hgo] F7Ighol whet oFA|Z A7 A5
83} gho] 7ok A= Uehth T3t TiB, AA0fA Al
2o Ak B % 250 pg/mLo Al 45.06+2.92%, 1,000 pg/mL
oA 66.18+0.80%, 2,000 ug/mLoflA] 72.92+0.29%= A L]
Aot 7t S71ESE FAE G A8 a7t S71
= ACo=E YEhth

AET AA

ab oKB

HT:B:
30 T

Inhibition rate (%)

250 500 1000 1500 2000
Concentration (pg/mL)

Fig. 3. Analysis of cell growth inhibition rate in AGS
human stomach cancer cells. KB: Kanghwa Baek kimchi.
TBi: Turnip:Chinese cabbage=1:1 Baek kimchi, T: Turnip
mul kimchi. ““Means with the different letters at the same
storage period are significantly different (p<0.05) by Duncan’s
multiple range tests.
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€8 YEFATHKIim MR 1998). T3t 55F-9] isothiocyanate
So] Wobad W ¢Rg Bl i Aos Yo e
A QJtHKim 5 2006). ©]AFT} o] &Xof 9% dimethyl
disulfide, sulforaphane 5-°] A FAE A JA &
e S Aoz Bt

F

ul

4. RT-gPCRE 0|28 AGS MIE LH mRNA sl £X

Caspase 3 U caspase 92 BcL-27-9] 93] ZH == A%
#9] apoplosis(lEAHE) G Q1A 2elA 9ckGhavami
5 2009). AZAEE 974o] o] AojE A% ApEel
o FHIE, HBG A, &4 AlE 9 23t A2 o]t
Ao 7 Ol AAR AFHETHEImore S 2007). Y2 AAF
ARl Azt g Ao EAu} o] v HoR 11
Al Abgo] A2 3= ] ool 'IAYsHA Fth(Norbury
& Hickson 2001). I EZ GA|EO] AZAIES EA3HA
7l A2 &Y Igy FAS T aHHel ol
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g 4= QItH(Elmore S 2007). L3 SJu]o| A AGS AUA] Y&
MO A apoptosis BH F-Z A9l caspase 3 X caspase 92]
mRNA 9Hd &2 E915}9thFig. 4). ©|& apoptosis &
= FARNA tixtol Bl Al /7 AAKB HA,
T:B: AA|, T AA) At Fof|A] &2 caspase 3 I caspase
9] mRNA 07 Wl $E-2 R RHF0| U
A= Contto] Mgt R 27 EFAXE AXT AU T
JEoNA 348 =2 HdE EQot KB 253 H|ustH
2k3l T 7150°]| caspase 32 75‘ 3.54l, caspase 92 2.98f
oHog o oAz} WS H Qo (p<0.05), TBo] H]
AT TLFANA 2 F-8AF9] mRNA T&o] 1.74] S7F3t
AL B YTHp<0.05)(Fig. 4). Jeong 5(2015)2] ¢I7tol wt=H
AX = RGM-1 9159t A 2ol A= Al Z=/do] Yer
A LUARE AGS QA XA Zo A= Al Z=Ao] =A Y
ERt o A O] apoptosis HHS J7HAIH L H ISR
o E2AE AR e 39 9 o] 49
Oletol H. pylori-AZ RS BIATIE DI B AP
o &F9 o] SIFLETE AGS QA AYd AlZAA
apoptosis T FAAS] L F712}F SAMSHI=
TS D AA LA EONA o] FFFEE AL 5= Q=
oMoz mupEel WO Amert

ll

Ol

5. Western blot2 0|28t AGS M[3E L EHHA! 8i5 =
AGS 14 9JoF Hjxo] chalzl ulg 222 mRNA gHd
7} 53U S H o] FQtH(Fig. 5). Apoptosis(A|ZA}
) 2AA o) 98] REEE caspase= HATLA|Q pro-caspase
FEHIE EA 5, apoptosis(H| ZAE) B33t FEof 23]
A=EH caspase® E3f|E|o] M EZAIEE -FE3FcH(Elmore
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S 2007; Ghavami 5 2009). wretA], Eal1E FES] caspase 3
9 caspase 95 EX5HH, A ZATHO X3} &L QIS
% 9irt.

AIE HH AGS A {19 Al caspase 39| WA F2=
w57 Soj7b] g 784l W3R (KB) R} 477} Sol
ZF TiBi TILEOIA 9802 #A Ui th(p<0.05). &

3], 5Hto 2 A Z35t T15©°] thE 15(Con: 1.24Y, KB:
1.58l, TIBL: 1.380)o] "3} o2 o= 2 T3 FS Yet
WA THp<0.05). caspase 9 GA] TB T TIFO|A LEFo]
S7F5FAAL, Conoll H|Ske] T P& 28 A TiB) HAI= 1.8
Wz BAdes folden ke W g BT
(p<0.05). °]:= mRNA &7} FARE F3FS Yol &
20) ko] ZHUSE § w2 PAHE UEhiE
H], ©5 < glucosinolate, sulforaphane, flavonoids, phenolics,
indoles 53} 2L 7154 EZo| Q5 A& Aolgty &
4 loy o] Q= Ao K QIth(Haristoy 5 2003; Paul
= 2019). E3], FAAA}E Y= AL Paul 5(2019)2
—v~,—_4 2-phenylethyl isothiocyanate, phenylpropionitrile, brassi-
caphenanthrene A, 6-paradol, and trans-6-shogaol©] % Q3 A}
e ol Ao Brkx Si3ich

AGS A AL AIZS in vitro AR F AN T,
TiB, KB % <02 £2 YARAE HoH T AAE
2t AGS QAA Y AlEO A caspase 32} caspase 92]
mRNAG} T4 W] Z7}sto] o S ol Ajske A
£ Btk FFHAE Az M &5 At
gasin g ¢ha Aol S0 el ot
B YA B A8 Axs A= Sad
% 24o] Wuks}x] oL Aol

Caspase 9 mRNA expression

50
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10 ’—X—‘
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KB TiB1

Fig. 4. mRNA expression levels of apoptosis related genes in the AGS human stomach cancer cells. KB: Kanghwa Baek
kimchi. TB;: Turnip:Chinese cabbage=1:1 Baek kimchi, T: Turnip mul kimchi. “*Means with the different letters at the same
storage period are significantly different (p<0.05) by Duncan’s multiple range tests.
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Fig. 5. Protein expression levels of apoptosis related protein in the AGS human stomach cancer cells. KB: Kanghwa Baek

kimchi. T Bj: Turnip:Chinese cabbage=1:1 Baek kimchi, T: Turnip mul kimchi. *“Means with the different letters at the same

storage period are significantly different (p<0.05) by Duncan’s multiple range tests.

2% H7stel Y1) SOl T Wast 4L Ao
2 AzkEc
Q0 W A=
£ ATIAE FX Y B B4 vk ARE o A
7Kk A2 Az T ST 457 ARSHRAA G, pH, At
L F RS fARSE ST AGS WA AL AE
o183 YAANE Btk T 7H PH MBL B3}

AAKD), HEUAKD, ERH311 HIATB)
AATB). SEYADE A5 47
X7 F 24T A5 S AR F T AR 9T

p
S48 HSich TE & 14 Al 49 8o e
QATRY S THE B HT T AGS AR 4

s
Ll
=3
ol
Al &g ZA400A 3714 FA BE El:r v oEHo=z
Al 7 AAIE EATh AZANE B QIA+S] mRNA 3
i AT T AA7F BE GAof Hls AGS 1A £
¢t M| ZOJ A caspase-3 L caspase-92] mRNA LEZFS -9
SHAl S7H171= ALE YERET T, TiBy, KB 4 i] &og
S YRAE ok &FUe R AxE &FHA(T 4
A FAaHWE =A UEht Ao Hol &gkl

242 YYAP} w9k ol Ptk 2ot ujEo
Hlgo] kel pH, AHE, fAbE4, FUEI 5 YEEA
WMot 982 & 4 AN
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