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Abstract

In this study, the quality characteristics of kimchi, such as its salinity, pH, and acidity, were measured and compared, and the
HT-29 human colon cancer cells were used to show the anticancer effects of kimchi. The kimchi samples used herein included standard
kimchi (SK), turnip kimchi (TK), and turnip-powder-added kimchi (TPK). The measured pH and acidity of TK and TPK showed
no significant differences with those of SK. Compared to SK and TK, TPK had higher DPPH scavenging activity and higher total
flavonoid content, confirming its antioxidant activity. The cancer cell growth inhibition rates of TK and TPK were significantly higher
than that of SK. In HT-29 cells treated with TPK, the mRNA expression of Bcl-xL, an anti-apoptosis-related gene, was lower, and
the mRNA expressions of the apoptosis-related genes Bax, Bad, and caspase-9 were higher. TPK showed significantly higher levels
of mRNA expressions for the cell-cycle-related genes p53 and p21 than the other samples, in addition to suppression effects on
cancer cell proliferation. Compared to SK, TK and TPK suppressed the growth of colon cancer cells and showed higher anticancer
effects. Therefore, it is shown that kimchi with added turnip powder had high anticancer effects.

Key words: turnip powder-added kimchi, antioxidant, anti-cancer effects, colon cancer cells
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q71eE AAEo] AlERE
A9] Fiteh 9 Y aTk(Kang KS 2015), oFEZ
A|(Lee 5 2012)9] Haygo] F45H4 E4 A+
NEL 2222 AR U YALE at
(Lec & Knon 2015, B 3-89 712 27/ A2
o4 TEATH(Lee & Rho 2014), k32 H718t 712] 9] gy
Tk B3HKim & Kang 2017), <573 2] 9] UM FFE
IHIm & Kang 2022), EFHA9] ALFAZ 4 ﬁﬂﬁﬁ
(Kong 5 2006) 59 TSt AlFAAE H7HeE vt A4
9] 7154 2% A7 % 7154 AAZ I A
&5 (Brassica rapa L., Brassica campestris L= FFH] =
(Papaveraceae)] A}5} 2} (Brassicaceae) Q] ol Ao] &2 A B
o Qg Hgog ¥ 5 U, To] Aol A¢t Tt gt
e AW HRY Bl AT YT H5T Told}
(Kang TH 1991; Kim MR 2000; Bang S 2009). -2 L}2}o]| 4]
£ &R At /49 EAHEE (Kang H 1991) 59K
&= S40] Q1L o] o} Fo] ol £2 WA o
4WE % B s1o] vl golE B2 B0l Yot A
531 9IckHeo 1 1994). 7ol QHEAlOR M4zt E25h
ot a4 8=y 9 A ayte 3918k 4= 9ith
(Oh 5 2003). A F= FHO; 4F T2 Za o] =
T, 33 SlEe] 2L Qe Aok Ao] ofs}ol(Kin VI
2000), ¢5-9] ARzl HEHT} FEAOR FFo| o
354 o] o RReds FFE4A o] =AU
(Pak 5 1999). 58] 75} 425 el Qo] Wikt
Stle] g0l 2 Ho| Uik ok o2 S ol ch(Hvang
5 2020). &F-9] S 8r] EAJL isocyanate A1} indol
o Sjstel ot 7154 0 Permisel T SlekKin
S 2006a). =F9] =9 S E O 2= glucosinolates, iosthio-
cyanates, phenylpropanoids®} flavonoids@ HAFS}, &haf, -,
P, TES 4 I H2ai} 5 Fdrdo] S5tth(Paul
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1. HXIA|ZEH|

B Ao AF8T YA ARt Ao ST 25

2 ¥F 71X (Standard Kimchi, SK), <=5 71 X](Turnip Kimchi,
TK), &5-71% 71X (Turnip Powder Kimchi, TPK)S A|&35}11
Adof] ARgsY o 71X]9] 2HE Table 19 AAISHS
o &7 oF 110 g2 3283F 5 9 10%9] &=
Apstol £F71% 10 g& H7bele] TPKE AzBet 4
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pH 4.3 A o] 354,
AXE -207Co S 5Z24R7|(FD5512,
Ilshin BioBase Co., Yangju, Korea)E o]-&5}o] AXA|HTt. A
ZHo|d AAl= SWH R vhfsto] FA] 71RE FH[6t
o} 2] 7Fo] 208 £7F9] oletES Hrtetal, wE|E

48417 & WRIAZ] A& ofEE FEES AYES7I
(EYELA, Tokyo Rikakikai Co., Tokyo, Japan)Z -s<A|ZIT}.
=5 A|F9] dimethyl sulfoxideE F7}5}0] 250 mg/mL2)

oE ox

Table 1. Ingredients of kimchi

Ingredient of kimchi SK TK TPK
Baechu cabbage (g) 1,000 1,000 1,000
Red paper powder (g) 25 25 25
Radish (g) 110 110
Turnip (g) 110
Turnip powder (g) 10
Garlic (g) 28 28 28
Ginger (g) 6 6 6
Green onion (g) 20 20 20
MD-Yuksu (g) 25 25 25
Anchovy juice (g) 22 22 22
Sugar (g) 10 10 10
Saility (%) 22 22 22

SK: standard kimchi, TK: turnip kimchi, TPK: turnip powder
kimchi.
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2013).

3. 9 =%

AXE BFeol mgmo] goba] 300 uL 4X 54
R4S GEEHL goto] GEBEZEHANS-IP, Merbabu,

4. pHe} Mz EH

ZAEEA FA AN pH H42 A2/olA pH
meter =7 7](M220, Corning, MA, USA)Z =743} t}. At
= AOAC EZAIHH(AOAC 1990)9] BHio] wat Al=E 20
v 5]43F 3 0.1 N NaOHS 21 pH 847} H&=E H351%]
a1, o] #gof] ALEH 0.1 N NaOH mL %L Z75to] 24
2 ZAko] sHFS %E ghalsto] AXketqith

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

%100

("0.009: conversion factor)

5. =X DPPH 2iCIZt 2AHEN 3

oet2 & &afste] 3]4% oA 150 um DPPH(1,1-diphenyl-
2-picrylhydrazyl) A]2F 100 iLE Q4] et 2 22 & 54
Slo] =rdEE Z8]E X A& 100 Lo E¢5to] 96-well
plateof| 4] o] el AEjo A 3027 A4 ¥-EAIX]
%, Wallac Victor3 1420 Multilabel Counter =7 7](Perkin-
Elmer, Wellesley, MA, USA)Z 540 nmo]| A SZ =& =43}
itk HETE oI 100 UL FHEY AolE WEE
(%)E AAFSHItHBlois MS 1958).

6. =FAUX|Q| total flavonoid &2 £H

A9 % Heieo]S PFL Davis WL ol 3to] =
A3 A THChang 5 2002). A& 29 100 pLof| Diethylenglycol
| mLE Zhste] & E35h AHLOIA SEI HHS F, IN
NaOH 100 pyLE #5-5t3 37CoA 3087 HAA7|1L
Wallac Victor3 1420 Multilabel Counter 27 7] (Perkin-Elmer,
Wellesley, MA, USA)E 420 nmo| 4] S35 =459t &
5L Quercetin A]2F(Sigma-Aldrich Co., St. Louis, MO,
USA)C & B AP ORE HE EdtilolE TS 4H=
5}o] quercetin equivalent(mg/ QE g) .2 7|5}t

7. M| HHQF
HT-29 A LA Z(HT-29 human colon carcinoma cell)

&0 PelEs) 361

HoFS Bt A|E 328 (Seoul, Korea) O 2 HE] 1511,
Al ZufoFo] =gt AJ9FQl RPMI 164083} fetal bovine
serum(FBS) A]|2F-2 Welgene Inc.(Daegu, Korea)ZH-E -5}
11, penicillin-streptomycin 100 units/mLY} 0.05% trypsin-
0.02% EDTA T-9)-2 Gibco BRL 7] (Rockville, MD, USA)2.
B ¥ Fdsto] ARESEH. Al v -2 RPMI 1640
Lo 10%2] FBS 29937} 100 units/mL =I penicillin-
streptomycing S3+E o] v X2 5% CO; incubatoro]| A Al
ZHjgE SHAT HGE oK YA EE LAY BRtol 2-33]
refeedingsl™, 2~3Q At & PBSE A& s}to], Hzbxjojd
M ZE 0.05% trypsin-0.02% EDTA €M 0 2 &2FA7] & ¢
AEestenh AURRS sol 248 PAE %
E ggloz 53t 5 10 mLA EoFsla] 75T cell culture flask
of FUt &, A 2-3Y 7HAH2E 51 tK(Song JL
2012).

8. AMEME I ME ARIE EH (MTT assay &)

HiFE HT29 A thFgdAlZe] AE 5 SHLS cell
counter =7 7|(Luna automated cell counter; Logos Biosystems,
Anyang, Korea)2 243} 1, 5x10* cells/mL =7 E L=
well & 100 uLA 5384 96 well plateo]] £330} 244]7¢
Bot wjogaiadc). olF, 4] 22 A= gl w
2 gL ] 48417 59t A2IBHAL, 344, Sdimethyhiazol
2-yl)-2,5-diphenyl-tetrazolium bromide(MTT) 5E=E 5 mg/mL
2 SFAAA RHE HIAE 27 welld 100 uL w-55HA &
Fotal 4A1ZE BEEAIFTE ¥R o], PAdE formazand
DMSOZ -&8fiA[AA] 302 53 AAofA BEEAIZ L, Wallac
Victor3 1420 Multilabel Counter(Perkin-Elmer, Wellesley, MA,
USAYE ©]-&5to] 550 nmo| A FF=E 5753 th(Skehan
< 1990; Park 5 2009).

9. RT-gPCRZ 0|25t HT-29 MIZ L mRNA & &8
A

Hi e HT-29 QA ti A L= Al = cell counter
7] (Luna automated cell counter; Logos Biosystems, Anyang,
Korea)2 243t 3 well 22} 1.0x10° cells/mLA| ZE 6-well
plaec] 17 BESke] 24XI7F Bt UjsteAct oy
HT-29 QA AN E= 2 mgmL 5= HA| AaFsEE
o] TR0} WA B2 4842 B AR
2] & 8RS A A T2 Trizol(Invitrogen, Carlsbad, CA,
USA)E o]85to] RNAZ A|ZoA 52| 2, 0.1% diethyl-
pyrocarbonate(DEPC) -§ o] -§3|AIZATE. & RNA &4 =24
2 NanoDrop ND-1000 =7 7](NanoDrop Technologies Inc.,
Wilmington, DE, USA)S ©]-&35}o A=F5}H, Superscript I



362

)
H
e

reverse transcriptase -8 (Invitrogen, Carlsbad, CA, USA)O 2
cDNAE 3HAISHITE S % cDNA= thermal cycler BioRad
CFX-96 Connect Real-Time PCR Detection System(Bio-Rad
Laboratories, Hercules, CA, USA)Z 34X} &4 A3-S 51
ThHHong & Kim 1988; Kim HY 2013; Song 5 2017) AR =2
= GAPDH, Bcl-xL, Bax, Bad, Caspase-9, p21 & p53& AR5
A1, AFESE primer A €S Table 29} Zth.

10. E4 24

Yy AT H RTQPCR Z3He B3} H30 2 (standard
error, SE)2 HA|SIAL, ThE A3 A5 Had EEHA}
(standard deviation, SD)Z A= EA|SIHTE AF AT E4
£4-2 ANOVA(one-way analysis of variance) #2] & 39|
A= Duncan’s multiple range test® Z} o+ Alo]9] R-9]4&
FA7 02 Astol p<0.05 olskel uf gol4e] eke
7} SF9ith T2 132 SPSS v18 statistical software package
(SPSS Inc., Westlands, Hong Kong)Z ZLE A3 AIE £4
steteh
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Table 2. The primers used in real-time PCR

Primer Sequence (5'-3")
Gappp | Forvard CAATGACCCCTTCATTGACC
Reserve: GACAAGCTTCCCGTTCTCAG
Bolxd Forward: AGAGCTCTTGCGTCTGGAAG
X Reserve: CCAAAACACCTGCTCACTCA
B Forward: TGCTTCAGGGTTTCATCCAG
4 Reserve: GGCGGCAATCATCCTCTG
Bad Forward: CAATGACCCCTTCATTGACC
Reserve: GACAAGCTTCCCGTTCTCAG
Casone.  Forward CTAGTTTGCCCACACCCAGT
P Reserve: CTGCTCAAAGATGTCGTCCA
o Forward: ATGTCAGAACCGGCTGGGG
p Reserve: GCCGGGGCCCCGTGGGA
053 Forward: ATGGAGGAGCCGCAGTCAGA

Reserve: TGCAGGGGCCGCCGGTGTAG

A 5] I 55
7} 4 of GEREL LR
=10 sk &TK BTPK
250
a a a
g =
E 200 = B =1
& NS b
o
n

1.50

1.00

Storage period (weeks)

Fig. 1. Change of salinity in various kinds of kimchi
fermented at 5°C. SK: standard kimchi. TK: turnip kimchi.
“*Means with the different
letters at the same storage period are significantly different

TPK: turnip powder kimchi.

(p<0.05) by Duncan’s multiple range tests. ""not significantly

different.
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2010), At 7} F7FsHA EthJung 5 2014). AA7F
SAEUA S 849 vdEol st BAE
= 71 52 A4k FA9] ERS AL g YB g,
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4 59| Aol <lafo] ol Furar} Uoltr, H47] B

of Eof7bd YArgo] 735t u|yEQl Lactobacillus & 59
oRt @I a7}t AP=o] FAkto] /ol Sk (Lee
JH 2008) A2} At 7} okt 7] A 9] H
%=A] HE oA FoJRk o7} QIgith 1By A Alx
15 &, AN AR E QIste] AR A7t F45HA 5
7FFATH(p<0.05). o|¥ A¥t= pH W3} vt S Y
EFf ATt 352}of SK Z4A] 1.01+0.02%, TK Z ] 1.10+0.02%,
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Fig. 2. Change of pH (a) and acidity (b) in various kinds of kimchi during fermentation at 5C. SK: standard kimchi.
TK: turnip kimchi. TPK: turnip powder kimchi. “**Means with the different letters at the same storage period are significantly

different (p<0.05) by Duncan’s multiple range tests.

TPK ZA] 1.06+0.03%= LFEFETHFig. 2B). 25Ut $-5uto
B & o83t AAE Az EEHXG E Aol7t fle

OF Ko} 779 *éOM Aol w59 M7 4
HEAA 9 2 Ato|7t gleS BolFlet Aote A AeF
Fef X IE & 3717J SRt pHOt Az o] Hsh=
S/ ¥ AE pHY| FAT/LS HolHA AFAA A
o a4 HojFHA(Kim MR 2000) & A+9] <
3774 % pH WSk} SASHR{Th S -FuiZi ] o]3te}
HEA AT £471k0] A5 pHO A8 TS
HrHIm & Kang 2022). +3-52]0] W& %4 % pH W3}
T Brasy 7)zto] ZgHol uheh ZolS HolHA At
£ Yot S7tste] 55 o]83t A9 FRol wt A
e 9 AA7|7ol weh WstRAto] thEA B ckOh

S 2003). =FAA TE 4 F Akt 9] HslolA <4
159 o] AJ5otHA %4 309 H1FES H 1 ol
A A8] ZHAsHal(Kim MR 2000), SF-817]2] & of A=
457 FAsH JSSHAA (Im & Kang 2022) At 9] #3519}
T A o] S Bk

A

P

jg

4

2. =22XI9| DPPH ZIC|Z AHs H3E

DPPH radical A27%5 &32 A|59] AISHER 9 A4S
=4sk= W S ohyolng, 77t 71X F&E° DPPH
AARIE | mgml, 2 mgml ST AR 2%
Lo Hg oz Z715IAthFig 3). 2 mg/ml SEoA
SKO} TKZLo| A 47.6+1.18%, 49.6+3.17%E H|=3F AASS
BRI TPK oA 56.143.26%E §-2]F 02 =0 ghat
3t S4& BAHE<0.05). &FE A HEXT of=Yo}
£ 7} A] DPPH 3H4talso] Z7}5t= AS HYthKim 5

radical

NSnot significantly different.

2018). & AL SEIIEE 2 mgml BEE F7ISE &
SR oA 5ut 92 X Hct DPPH 8430] tf &4 Y
LoaN L£EIIES 0|83 77 5o thE AZo 70| I

871 Mt Wolxelet Eet.

3. =FdRe & EefE0|E g2 £F
AA 2EE9 ISR HZE total flavonoid TS 2 2
1,2 mgml 5E2 = o?—._. BF BE 5EoA s&o +

vl 20 & Z7}5tach ek R] SKE(l mg/ml: 66.046.1 pg/mlL,
2 mg/mL: 66.0£3.4 pg/mL)°] H]3) 272 A7}t TK( mg/mL:
69.9+2.9 pg/mL, 2 mg/mL: 84.4+8.8 pg/mL), 257122 A7}

90 OsK mTK uTPK

Scavenging activity (%)

Concentration (mg/mL)

Fig. 3. DPPH radical scavenging effect of various kinds
of kimchi. SK: standard kimchi. TK: turnip kimchi. TPK:
turnip powder kimchi. **Means with the different letters at
the same concentration are significantly different (p<0.05)
by Duncan’s multiple range tests.
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3 TPKZ(1 mg/mL: 71.8+4.85 yg/mL, 2 mg/mL: 101.0+21.1
ugmL)oA ¥ FE9 et o|t IRFE HoFt
(p<0.05). E3], TPK 0] 714 £& % Sefrliol= PFS
Uerith 57k 7 QRO AR (Park 5 1999)0.2
s Iut A KT 75 H7oto] AR HA A =2
EotH o|E ggo] U2 Aoz 7t thFig. 4).

4 9% R SEH HT-29 ME NT oHS
AR AES) 243 4L Yohrt fEHe

A9 B 5 ShE(van Meerloo 5 2011) =75 3 7}s}o]
Z3F Aot ARt JAIA 7O LA FAFA) AT H]
5 o] HT-29 QA UM Z=E Al S7F2 A (SK

, TPK 29 in vitro I A3} A oA A
A% AA S &g A3k= Fig 50 et A9
A7 1 mgmL, 2 mgmlL F FEoA BE HEo] 5 &
Hog A JAl&o] F7tstAH 53], <55 H7IRE TK
(1 mg/mL: 31.3%5.33, 2 mg/mL: 51.3+5.91)} TPK(1 mg/mL:
30.5+£5.55, 2 mg/mL: 49.9+3.61)2] YAE A JA|E0]
SK(1 mg/mL: 2.1£1.45, 2 mg/mL: 31.7+6.33)°] H]3}| 8-9]& ©
2 22 PAE A dAES EATHp<0.05). E3, Ao
A ot= AR 57t S7FERE FAIZ A7 JA 2
7 7R Bvh &Fe AR dL S SHHE,
glucosinolate ¥o] =2 Zo2 Ue{A SQlth(Dangles &
Fenger 2018). Glucosinolatet= ¥l @12} cytokineS A5},
isothiocyanate®} -2 7154 459 4L XA &
oy} 3= el lth(Ehlenfeldt & Prior 2001). ThoFgt 25
9] A FE2EEY isothiocyanates T £4-S& GC/MSE £

140.00 -

1 m

120.00 A

100.00

OsK
8000

BTK
60.00
s TPK

4000 -

Flavonoid content (pg/ml. )

2000

0.00

Concentration(mg/mL)

Fig. 4. Total Flavonoid contents of various kinds of
kimchi. SK: standard kimchi. TK: turnip kimchi. TPK:
turnip powder kimchi. **Means with the different letters at
the same concentration are significantly different (p<0.05)
by Duncan’s multiple range tests.
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At A}, &= HiFET #3eH, &5 sulfides o
T HjZHT} 208 o)A &=9F0. 1 indole SR H] S5t A}
£ EYHKim 5 1998). «F7A] 9] sulforaphane 2! dimethyl
trisulfide ot ARF HAHY £ AWE HAHKim 5
1998). £5], A E4HERl Aokt gut Fols g &
ApAE el oln ujeok Aot AN ohe] EAE Kol
t] o]f+= isothiocyanate /&l &J5to] FARAIN7} U2
HolFw QtEAloM 9hgo] thgololA A&y S awt
% FY752 7HAAL ATHKim 5 2006b). ET, ol
B-#H'dold o]AE| QAJoM|o|E FFo] kil IEA U=
o, o= HepG2 Ztt A|zet QIAl faf AP A=
DUM45° A &I ad7t e Ao2Z BEIEIHBellido &
Beta 2009; Dangles & Fenger 2018). <=5+ sulforaphane %
disulfide g2 oHg HFSHL Qlof A & AT 5 9%
T Age dor= Aol eI E S gl
g} 872 ¥ 9 th(Haristoy S 2003). We}lA], o] 3t dimethyl
disulfide, sulforaphane 5 ¢ B4 o] FE3E £79] 7|54
off ol HT-29 YA Ag7o] A= Atk 2ot HT-29
AA gt AEAA 7ot HiFE 112 SRt +=FH 7]
A A mE Fo] Al &F2T AR &FA| 0 Hlste] 4%
o4 &7+ ¥ 9ch(Im & Kang 2022). 2 AFo|AL &5}
SR} TR 0NA A7 AA a7 ARk A]of H]stod
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Fig. 5. MTT assay of kimchi in the HT-29 human colon
cancer cells. SK: standard kimchi. TK: turnip kimchi. TPK:
turnip powder kimchi. **Means with the different letters at
the same concentration are significantly different (p<0.05)
by Duncan’s multiple range tests.
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