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Abstract

Fermentation properties and in vitro anticancer effect of young radish (YR) kimchi and young radish watery
(YRW) kimchi were investigated during fermentation at 5°C. The fermentation of YR kimchi during 2~ 3 weeks
led to the decrease of pH down to pH 4.3, increased acidity, and the highest Leuconostoc sp. counts. YR kimchi
showed the acidity of 1.04~1.27% at the pH 4.3, when the kimchi was ripened properly. The fermentation of
YRW kimchi during 9 days led to the decrease of pH down to pH 4.3 and the acidity of 0.20%. Inhibitory effects
of the juices of YR, YR kimchi, and YRW kimchi on the growth of AGS human gastric adenocarcinoma cells
in MTT assay were increased with the added concentration. The juice of YR kimchi had a higher inhibitory effect
on the growth of AGS human gastric adenocarcinoma cells than that of YRW kimchi at same concentration. The
juice of YR kimchi showed similar inhibitory effects on the growth of AGS human gastric and HT-29 human
colon adenocarcinoma cells in MTT assay to baechu kimchi, which the inhibition rates are more than 50%.
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2 AH(lactic acid)® ¥z %2 A4S e Ao

ml of 0.1 N NaOH X
normality of NaOH X0.09

X1
weight of sample (g) 00

Lactic acid (%) =

Leuconostoc sp. ¥ Lactobacillus sp. Mt %=

=5
- o

A &4 337 41 (plate count technique)&
o)4-sle] &A3lgdv}. Leuconostoc sp.s Leuconostoc A1)

vl 2] 2 phenylethy! alcohol3} sucrose® 7 7}3}F phenylethyl
alcohol sucrose agar medium(PES medium)& A}-&3}o]
20°Cel A} 59 7t = 3} vl oFstsd o). Lactobacillus sp.= Lacto-
bacillus selection medium(LBS medium)ell Pediococcus®]
Q8L 2 A8L7] 918k acetic acid®} sodium acetated &

7}8F modified LBS agar medium(m-1LBS medium)-2 A}-&
slod 30°Cell4] 3~44d 7t H 2 wickste] et colonyTE
Al 485 vH23).

In vitro g4=1 &8

Age] F9 Fu) 1 sE7|(dAe| ZAhZ Faste] o
S ZA3) pH 437HA] MEA|7] SE3 8 dF-E7
FHE w2 5 4°C, 9000 rpmel A 3087F DAl ¥
A A A5 NL milipore filter(0.45 pm) & o l-\T-f_-iﬂ— &
Algz Abgsiglch 2E o2 Az i 5A
T e ez Fujslgdrh

b A 3E wlof : AGS el A ¢}t A E£(AGS human gastric
adenocarcinoma cell)$} HT-29 o1 Al A3} Al £(HT-29 hu-
man colon adenocarcinoma cell)x= &3+ A £F 23 (A2
o)) o 2 58] Fofdol v k3liA] A d ol 83T AGS
2o} Al E e} HT-29 A A} Al -+ 100 units/mL2) penicillin-
streptomycin® 10964 FBS7} &% RPMI 1640 AF-8-3}
o 37°C, 5% COq incubatorellA] vl oFsl G oh, wi ok 2249
Al e dFY ol 2~33] refeedingdtz 6~7< el PBSE
A X g & 0.05% trypsin-0.02% EDTAZ #-2 8 A £ & &
a]s].oq OJM -] fs}_ 3 z)zJ;] oL,q]__\—;_oﬂ BH;‘] = Lav,__q,g\ o=
oA E7} F3F BAEEE A Eghste] 75 mL cell culture
flaskell 10 mL# A 4(= 2x10* cells/mL) #8380 -9
L A4 6~7Y v} Ao slekahia Ag o AR8-Ek

MTT assay : #1%F% Al ZE 96 well plateol] well®
2x10" cells/mL7} I =% 180 uL 4 £F8t2 AEE 445
=2 AF3ke] 20 uL 718k 37°C, 5% COzel 7]l A 72
A7k whekslgdch. o1 7) o ik el Al 4ol 5 mg/mLe &
=2 A %3 3-(4,5-dimethyl-thiazol)-2,5-diphenyltetrazo-
lium bromide(MTT)£% 20 uL& A 7}sled ELd gk wof=2
ol A 4412k Fak o] wioFstdrt. ojuf AR formazanZ A
S DMSO¢d]| ¥o34] ELISA reader® 550 nmell4] &3 &
A3t}

JIM

fo 4
ol

n\l
ﬂr
2

Cytotoxicity (%) =

EA 24

Nz 2 A g2 RE JS APAREY FoA4-5 7
A 5t7] 915ho] HALEAI(ANOVA)S 8 F SAS system
(v8.2 SAS Institute Inc., NC, USA)l 4] Duncan’s multiple
range test® °©]-43}e] BAEAE ot
Zn} 9 1y
pH & Aol w5t
Fig. 1ellA1& 5°C] A A= oA HtEAZAE djo] IdF

E7#° pH H 4txe] Wz g g A&

7z g A5
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Fig. 1. Changes in pH and acidity of young radish (YR) kimchi and young radish watery (YRW) kimchi during fermentation

at 5°C.

el ok, 957219 pHe &7} 21885 o] ule} ] 4] 8]
Zhaste] 2719 pHS TR gho] A 2~3FU A o 7
2 ¢] H<>] pHa pH 43747 A3t ch A4xe) wWile
WEE A Zbe] Aol wet Fobste e Bk 957
2 2] Atx = 129 H57] pH 43%F-Tol A w53 2wt
FLAES Vet | A= W) FEHER A
3] 93¢ u) 9] pH 4.2~4594 A== 0.60~0.80%1H HE
&, 9E7 %2 AkEE A 27)2) pHel pH 4.2~4.59]4 1.04~
127% 2 w02 vc} 2 3§ vehdisdch d&27) A8
o] 55U Aoll= pH 4.07FA) ZAdtH o, A= 1.60%
72 ZrVetd el HAANA F pHe) Al 5}e] 4 92 R
dF A AR F HH"?‘Zl o vla B} ge ofe
f714bs e ALR & Folvk @FAAE TR
7} v15 A g 5 o] 6~8—’.‘—°—JVH7} o) % pHE 4.00] 38} 7}
23] @3 238 M A3 FrlEr] AlAEgl o Ale®
o] o)A} F718HA] e A BATRLE A XA @8,
o] A7) ¥z AT A7} A3 Aejrte AR B 4
slom A7ke] Aot FA AAEZA L A7 Erbs A
o} wpebd] AR A = S x| b de] 2 7] 7k A )
of W= x| Bris A FHd @)kl Axdle] He
A9 AL eds & 4 ek

AFEDA e AT A A eh= el darp waA 2
#Ee 4 5l FF AF A F-EN A9 pHE58~59
At WA Z7]d pHe F53] A3l A 15U 4
pH 4.77}A] "oy g ou] Wk F 9d A ol = 7 =] 2] A 47] pHal
pH 437} Zhasled on, WE 2F A Ao = pH 4.00]512
dogch R 7|3 F AFEA ] AW pHeY ¥
stol) Wit 2 2Fg 7] Zko] A g o whe} Fotske A
el glel G FEZ A& wE whd el 3 o 572 o v 3]
F& AEE Vel 5AE 2ok & '3 AF AR

= 0.08%.25 WEs| o] AFP el W} A Zrba
o] MFE 153 Aol 0.18%0] =251, WE 25 A of
0339747 Z7bebie) B2 3 GFEA S pHE
shop ArEwE o) BAGA HA A%7)e) HEE AR uw
A= 7219 pH 436041 0.209] AFEZEE vhebgich o]

e AT A vlE] X G A & 4 gt} ol
Uutd 22 2335F S0 5o HaHA] S Axw st} v
S8 A TS e ATHRA2S). Z, B A o] R
L A" Bo) ool dEL o Arly B Wil
28 e wEA e AGL sl HAoF B S qlr) o=
2ol Arhelel Ul R BFAEL e 229 FE)
7y ashe] Abo] 22Uk WA E|} & pHY 47} = A el

' Aoz Az

Lactobacillus sp. ¥ Leuconostoc sp. Bitm 49

bl
Fig. 2& é—‘,’—%i} W g RE7) X W ua) = AAbFS
o) W3S SAT AFe|vt BFAXL A 2E 27

Leuconostoc sp.2) T F43] $715te] i 257 5 o
10° CFU/mLEE 02 Hojx|o melglon, 2 259
o] F 2= A3 FFastg ot & AT gle] HE 5FY
Ao = 10° CFU/mL 4+59] %2 2+ vehisich & Leuco-
nostoc sp.= A 4712 DHHJ-HC’“H HAYF-E vebdigl o,
2 pH 4.0 = & gh-& el Lacrobacillus sp.
W& 7)ol 10° CFU/mLoA X ztato] uba 7| 7}e] 43ty
of| wret A A3 S48t A S e ATt ull 5=7) 2] o A
o} zro] Wb x7)oll= Lactobacillus sp.B.t} Leuconostoc
sp7t o @& TFE Vel e, A %71]] 339 S A4t
L 2 A 557 YA ol = A= 8] AATSE Yot
A RE7 A %= Leuconostoc sp.2] T i 7] 5E

EE 3 e e] WA 3 A o] 10' CFU/mL439) 34|
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Fig. 2. Changes of numbers in Leuconostoc sp. (—0O—) and Lactobacillus sp. (—@—) of young radish (YR) kimchi and young

radish watery (YRW) kimchi during fermentation at 5°C.

o] =g & g 22 10 CFU/mL 459 ¥4
= o:lr;],
o=y

253 e}, Lactobacillus sp.& & %&7) %€ 10° CFU/
C

)

e

mL +F9 £ #5E vehlided, ol 25349
Leuconostoc sp.8 #59F 8] &3k 422} grolgdc), =3k
‘“E 717ko] S 7 el w}a} A A18] 7Fste] pH 4.00]35}9)
& vhehdl o & 25 A Aol Hjgte] B wHEy)

7\} F AAMom H]'f?‘“& 5 el
wE Z7) 0 dFEHRX9 Lactobacillus sp G543
o149 10° CFU/mLSE9 Fol vl 3 & ghs vehiigl
ot Zabd o) A2ty 4y e AL A7)

SER T EE

o3 vl

Foll AR AL A8 pHE 3ol 22
7oz A}, 43729 pHE 3= Leu-
conostoc sp. ol A 5.t} Lactobacillus sp.arell 93] o] @
Qe w3 9SS & 5 gl Leuconostoc sp.2}
Lactobacillus sp.8 &9 Aol &2 pHellA] o & o]
2 velgde & wra o] A& @A Leuconostoc sp.o}
Lactobacillus sp.2] it2] #Fo]7} Ao x| = A& vieh
vk waaA F T EX S A *]"E'?g 37 W=
A FAA A A o v ok o]'*%"}‘:/} %A‘?\l‘ﬂ‘:} a5
z

QA E 200 &

=3},

Hope M7 28] oulr) mcty B S gl o] Hgk cillus sp.8] #+% UrEM%iD}. ol A TEZ A AR
W 2719 Lactobacillus sp. BAHY AAS 9357 vlefe] o] b 2] HAS v 28 F7)4ke) AAS
o 4d 5 2 AL s v EA8cty ALY 5 Z315be] WA 27 5E] o] A AkS v 23 frr]4be] A
gl o)E gt A5 W AFE7 29 WE A F A Asle Aoz AdEd & AFEL A 739 gk &+
2] A2 312 pHebel BA| ol 4 A Bdd (Fig. 3), € %% -8 Lactobacillus sp. o8] AL A8t oz Azhal &5
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Fig. 3. Relationships between pH and Leuconostoc sp. (—O—) and Lactobacillus sp. (—@—) of young radish (YR) kimchi and
young radish watery (YRW) kimchi during fermentation at 5°C.
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itk &k WE 274 theke 2 AAR Lactobacillus sp.d
2 GdFERX ) BH £ 5 F3047] Ao2 A7)

olMZZo| MA x| &1}
Table 1e4= 259 4732 4 <
QA A ALY A dA) EE vl
shiglch RE S AR FE Ed ozl
9] AL gAFe a2 Jelge}l A7} B= 10 uL/
assayell Al ZE F4 A 87} 31% o] ahe] 2 kA2 A
A ANERZ A EL] AR A EAE B2 5 ok
A7l F= 20 L /assayoll A= G F 2 A73 % SR A8+
50% ol 4ol E& AE A oA AFHE YA T,
AL ERAFNE Fe A% A Fehisich 29
AN el AR w2 e FAE AR A
siglon, A9 AR g AL F ARE 2
TEAA of 20 olgel P AT ARE Hol
vehgadch o)2id Hol= 2%
2 Aol o AL 2 5%

rlo o
L

=%
S 318 Aoleh % 428

I~

Table 1. Inhibitory effect of young radish, young radish (YR)
kimchi, and young radish watery (YRW) kimchi on the grow-
th of AGS human gastric adenocarcinoma cells in 3-(4,5-
dimethyl-thiazol)-2,5-diphenyl tetrazolium (MTT) assay

ODs340am (levels of samples, Ul/assay)
10 20
0.5990.004""
0.408=0.013° (31)% 0.263=0.010° (56)
YR kimchi 0.443=0.042° (26) 0.273%0.024° (54)
YRW kimchi 0.543+0.006" (9) 0.468=0.004" (22)
"Means with the different letters in the same column are sig-

nificantly different (p<0.05) by Duncan’s multiple range test.
PThe values in parentheses are the inhibition rates (%).

Treatment

Control

Young radish

Ao Azge AolelA Bl A= v A
A4 a5 depdnha £ 5 oS Aotk & ErEAA
€= =

—7“—"—’1 A8 A7)l 22 20 uL/assay7hR] = B2 A
2 GAEe AA IA £3E TS = g,
74 7P"—£ 40 pL/assayell Al 50% ©]Are] & dAE AA

44 s+ S st A 28,

Aol o g e /H ,in uztro"]' ﬂ%ﬂﬂ‘%ﬂﬁ] Ay
VA G EE o] S AEA AN FEF A= invivo
A B D A AGA 2 A Aol Ao ZE Ak
FAE Jeb A cH26-28). o]l Fig. 4ol 432
AGS QA Yt Eo} HT-29 Z At Al 29) AR A4 &
HE v 7 A ol A o] Ao} u] w3t o of v wE wi S
2x e 2235 gHoz A2 w20 E oLy}
(29). AGS A st Eell gt A7) 2} v S0 A &] F
A A 22) vl 4 A7} = 10 uL/assay oA = 2+zF 28%
o} 24%9] vl gho] A E A A S 2 A B2 {2
A ql zlo] Zlo} B 4= ¢l gl A 7, A7} 5 20 ul/assay ol
Ae dFAAFYe) “H—’:‘—ﬁ?‘]&"—‘ii‘:} )i &2 58%¢]
At Ax AR oA E3E Jehiedsl HT-29 BAsd A
E EHF]-"#/H n] =3k A AA A A5 el
o} vl E=21 X o B8] GFA X = b FRE2EE T3t
2 9lel wiFER A B & 4k A5 dabksled o
A2 e FadF FFE o) o= ulF o)¢
off 8 § 5o ¥R gt e HolE By
ol AAF o2 ARz} v A= A= v
3}

FEFE e Ae BT alsleh

o

o

100
A YR kimchi
8 Baechu kimchi AGS T HT-29
80 |
— *
x
< 60
Q
®
[ =
=]
S 40t
2
£
20 | /
o} %:

10 pl/assay

20 ul/assay

10 pl/assay

20 pl/assay

Treatment level of sample at 540 nm

Fig. 4. Inhibitory effects of young radish (YR) kimchi and baechu kimchi on the growth of AGS human gastric and HT -
29 human colon adenocarcinoma cells in 3-(4,5-dimethyl-thiazol)-2,5-diphenyl tetrazolium (MTT) assay.

"1 <0.05.
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