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Fermentation Characteristics, and Antimutagenic and Anticancer

Effects of Mistletoe Added Kimchi

Sun-Mi Choi, Jeung-Ha Kil, Young-Soo Jeon and Kung-Young Park

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

Fermentation characteristics, and antimutagenic and anticancer effects of mistletoe
added kimchi were studied. The changes in pH, acidity and the value of prevalence test
of the mistletoe added kimchi during the fermentation were determined. Ames antimuta-
genicity test against aflatoxin B; (AFB;) and N-methyl-N’-nitro-N-nitrosoguanidine
(MNNG) in Salmonella typhimurium TA100, and MTT assay using HT-29 human colon
carcinoma cells and AGS human gastric adenocarcinoma cells were employed to test the
chemopreventive effect of the kimchis. Mistletoe added kimchis were fermented at 15°C
for 1 days and then ripened at 5°C to reach optimum pH of 4.3. Mistletoe added kimchis
fermented slowly compared to the control kimchi when the changes of pH and acidity
of the kimchis were compared. Sour flavor of mistletoe in the kimchis was decreased
during the fermentation. Mistletoe added kimchis exhibited higher inhibitory effect against
the mutagenicities induced by AFB; and MNNG in the Ames test than the control kimchi.
Especially, 2% mistletoe added kimchi showed the highest inhibitory effect (75%, 68%)
in the Ames test (p<0.05). Two % mistletoe added kimchi showed the highest anticancer
effect against HT-29 human colon cells (p<0.05). Mistletoe added kimchis exhibited
significantly higher anticancer effect than the control kimchi in AGS cells, too, however,
there was no significant different effect among the different levels of mistletoe (0.5~
2.0%) addition (p<0.05). It can be concluded that addition of mistletoe in kimchi
increased preservation period of the kimchi and enhanced antimutagenic and anticancer

effects of the kimchi.
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ZsH= NK cell Aol 74 Z93) o8-8 o=
EA-o|c}

2 AT e el 9l dbrlsAe]l t&
A AAF Alzslr] flste] AgAbol & A
of A Hml A ] Ak mX = ke
ZA A Gy FAE oA JEERE =

|

2 o]&3lo] AFB,} MNNGoI that o]5 7129
gEolmo] A7HE, MTT assay s ©]-83F HT-29 ¢
HANZAAFAEL AGS AAAGAIZA et A
FAZA N LI 58S ATt ALl E
Aol d7pgre 24 79,*1«1 3 eb 7]5Agell vl

X &3k ATt Bsich
Mz ¥
) ME
e vhe A, A AEA AR (F)
W), TR dFEHA HE

& 3
AollA Tl Agelieh. ¥, 7, ks, 4%,
7L B HA A A o) A q.cg»],oil;]_ £Ze
KCl=7 : 38| & & Z3gtslo] 1 L& £F

NaCl :
S ALt a'? AgAto] BEFFEAEY: vE
Z2A)S FAZA w|Srlo) Qul(AE, Edhol|A]

ARSI Aol BEFES ASAlE Z
Fépoll 4475k SURE 3 ol T A2
pmoll 4 2087+ AR ste] 2% FEAE o

shste] §7A7 el gek

]_
%"—E?_] 10 mg/mouse‘:" o] &3lo]'? g
g QRN EAAA So 7|5A ZHU)
Uebd Ao g AzkEE 005, 0.1, 02%S A 7s)
o] AXE Alzsdeh. X 15°CollA] 197 1
H3 F 5°CollA wEAF|HA pH B AEe] W
SHE IEsldeh. AR A ELE Aabol o] ]
£2 w3 1009 WHsled EVLE 2.5, ulE 2.8,
A7k 0.6, F 11.0, A& 1.0, #k3} 2.0, 29 0.1, ¥l
8, WAl - A ukE 507 @7 AgAbe] ExE

N
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== 005, 0.1, 02% 7tsto]
H&7)e] ZAA(pH 43)= TAA=
nhaffstel ke zAlsla

o] wlehg-g Hrlslo] 1247+
o oot F AR AF FFHI R FEHste] v
g 2EES At o]E FEEES dimethyl

= ‘I‘EEE
sulfoxide (DMSO)el] 3] Aslo] A& ol AL314ic}t.

3) AX|YE = pH U M HEEH

Z%] 2] pHE pH meter (Corning 220, USA)E A
2ollA FAsch AEE A8 20 mlE 208 3
Hsto] o] 7)ol A 10 mlE FHslo] AOACHHHE? 2
Z Z439}) 0.1% phenolphthaleings X A] F2.
Z 1 ml #7383 0.1 N NaOHE HAslo] &
AL g AE TP sk HAGL lac-
tic acid2 3HAbslx h2F %2 el

ml of 0.IN NaOHx
nnrmality nf NaOLTxQ

Lactic acid (%)= -

weight of sample (g)
4) U5 35lEl randomized block designO| 2|5t
s

HhEE el s} obA 23 Al¥ (replicated random-
ized complete block design)™oll whe}A] 2= 89
o F5edo] 13]of 374A] A8 E HrlekAl st
3L o] & 43] by At EAGgES FHA
ol H7IE ZF¢A 9 2] F(apperance), HAl(overall
smell), ¥F7|(overall flavor), 27} (overall chewness)
o & Hrlela, 104 AR E5% S5 A
&3] Hrtsielon, 1o 7T E SEE 4
3, 90| FMETE FEE £ AoZ Ve
ch = ARHQ HrtEE 744 A7l AW
(sour smell), ¥ H(moldy smell), £ (bitter smell)
¢} vl & A7+l Alsk(sour flavor), 75 Sk(moldy
flavor), 25%k(bitter flavor) Z28|3 Ao Z A%
(hardness)S H7lslglorm, 1 AEE 14 7M7HE
5 A Erbssla, ool sWher s SEE A
Al A 8= A o2 el 374 A 7o
2 FE FAEE Jog Hrteda, vy 7‘]
& ofg] X ol FYE A ‘tér_‘ Yz
e Ao E Frlslglon, A S
ol A4 Fd3t Hcl’%]:-c—’—i ~33] Aed =

£ 39 AEe Grkgich olu) Ash A%
Aol sqou Hehhe 4, el e 254
FolA vhe 2ol FUAE A e 3
E Feue FEse ouln AXdA Ut
MG AwE A eltelet

5) Ames test

HHEdo] GH-EAl aflatoxin B, (AFB)Y}
&AW o] F9E24 N-methyl-N’-nitro-N-nitroso-
guanidine (MNNG)< Sigma-Aldrich Chemical Co.
(St. Louis, Mo. USA)el| 4] #+%33}e] Z+ZF DMSOS}
Firell 5ol Agslglct Ag T+
nella typhimurium TA1002.2 ©|3; Californiath e
B. N. Ames" A2 HE] Al giol Aol AH-8-3}9]
th a3 o] AP FF= v APAA histidine 2
T4, deep rough (rfa) EAH o], uwrBEQAH o], R
factor 5] §490E B1eletol A§}9lch. AFB,
Edo]YdE AT 7] el MaronT} Ames
o] wro) wlzl 7+9] microsomal & A 3}aHEQl
S9 mixtureE Z A}l Preincubation test+= S9
mix 0.5 ml, sHERF vk FF(1-2x107 cell/ml)

+= Salmo-

0.1 ml, 3|4 A5G0t Edwe] 8 &4
(50u)= ice bathoﬂ 271 cap tubeol] W ZFH A

37°Cel| 4] 3087+ ujekstelt. 45°Ce]
top agar 2 ml®-S 7} tubeol] &3 vortexdt ¥ mini-
mal glucose agar plateol] Es}al 37°Col|A] 484
ek F HAEelule] 4 Al
MNNGE S9 thAlell Q14H&<] 0.5 mle o] &3}o]
A9k 28 wlo2 shslel. B, Aol 483
A 5ot o] a3l s oA 3 (dose

reporse ™) FAARE Folo] 21N

vortexsk &

6) MTT assay

A FufokS $]3ll RPMI 1640, fetal bovine serum
(FBS), 0.05% trypsin- 0.02% EDTA Ie]x 100
units/ml penicillin-streptomycin< GIBCOAHUSA)Z
e Fste] Agskaict AlZu-2 CO; incu-
bator (Forma, USA)E AF-g&3s}irt. HT-29 <IA|A
AQFA|Z(HT-29 human colon carcinoma cell)2}
AGS 2 A $] A *E(AGS human gastric adenocarci-
noma cel)v+ SHA|EFLYA] o). 2 HE
TFibol wksl A Al Agslsict. AGSAl
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£+ 100 units/ml] penicilin-streptomycin@} 10% 2]
FBS7} -85 RPMI 16402 AFg3lo] 37°C, 5%
CO; incubatorol| 4] wieFslgict. wigd HAEE
96 well platedll well B 1x10* cells/ml7} ¥ E=
seedingslal A|E25 TEHE H7sk oS, 37°C,
5% CO, incubatorol|A] wiekslich. 72417 & 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) 2005 H7bsla 447k &3t H
siefst 3 A= formazan 7785 DMSO°Y ¢
540 nmoll A FAEE ZAsld)

7) SHEA

Hzddt 7t Agzie] o Adagzie
ANOVAE T8k ¥ Duncan’s multiple range test&
o] &slo] A Bt

1) AX[9| &27|ZH0| [HE pH I ATO| His)

AW7E 73k Aol & HIEeE %) €] kg o
ulE pH ¥ At=o] Wi3tE dolH ofrh(Table 1).
G 2 Fo] pH HIE B AfAle] 5 Hupsh
AX = AW7E Bt Ak pHoll A= 277X
o} AArol & H7FsE X Zbell pHE| Aol =
Al gk wavE Zsgol wel =3¢
HasE AGAbol & H7FsE Fx| o] HEsL

[e]

217k 43091 Zoll lsto] AAbol S Hobe 71X
o] pHE Eshom Hbake] wolzlol Wl pHE
B AA aEm ASAbel 2 029 Wb
A0 pHE 4432 YRR 44715 A
A Aol E AR AL TS MM RE
b Ausgon Wi s BlEEzIA el
pH7} 40021 7ol Hlel A$arol % A7k A
L pH7} E9kthd.12~4.20).

AEe] Watell 45 pHE| Weksh vhRAEAZ A
Solle zFAAG ASALelT Mok AN
o] gzl 2 Aol7h A WA e
Holl me} A Aol Z A7k AX ) 4w} o
2] HER} dgkom Agaeld BE
7} ol A5H A5 Yl vehgteh pHel Wat
o} WA R 35S Bl kRN 0.71%2)

Table 1. Changes of pH and acidity in mistletoe added
kimchi during fermentation at 5°C after 1 day ripening at
15°C

Mistletoe added

Fermentation o1 kimehi (%)
time . .
(week) kimchi
005 01 02
pH 0 572 572 571 571
1 531 531 532 532
2 482 494 495 502
3 430 435 440 443
4 420 422 429 432
5 409 412 415 420

Acidity (%) 031 031 031 032
034 036 031 0.31
054 050 048 045
071 0.68 0.68 0.60
078 0.75 0.73 0.71

089 085 083 0.78

wm A WD = O

t] Blsle] AAbe] S M7 X9 A& 0.6
0~0.68% = Yokth AgAbole] Mtz Qlslo]
A e] HFgEET} FAhEo] Aol H R
37F JAEE Ao g vrebykch(Table 1).

2) BSAAM

or
o

Aol H7bsk x| et vz e s
AR ArE B ool A= AL Abel7) gl
3 Aol A& Aol FEE AAZE AWt %
A7) BSAAANAE H2FRX Y 525}
A§Ako 8] Hrbske wel AWE =rle A%
7t AR F7vste] A4l E 0.1%, 02% A7Fg
AXE 5622 ANE =25 ¥ =7 Aus
A}t wpAAA 2 AAke] HrbsRe] STl
utgl Asks e ARR vhA FUbske] gz
TRAX7F 5.6908 wlEle] AS-AbelE 02% A7t
3k AX & 595 VeERNC iz 4Bt
o] <l A] AAtolE HIIgE XK} Lge
KClol| €Jgt #sto] o ZA == Ao & ey
th AEoA = AX| 7l Zo 7} gl AL F5H 9l
Hrloll e Aol S 0.05% H7Fe X7} 6.3
o7 Au=rt /b E%o; zFRXe A

N
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Aol 0.1% 71 AXE 6293 Aol E 02%
A7k AAE 6182 2+ A7kl Zol7l =LA
919 th(Table 2). wHebA Zx|ol] AWz} 723 A
o] 2 Hylsb ukE xoll: AU} ZetAl LA
w A 7F wEeh %o el o3 Auish
Z3}E o] Fo] ErTFZAX e o7t glow A
o] KCloll 8t 225k8 A $-4bol o] Algto] oFslA|
Fozn x| ko] =X Kt oFslAl
A = et

AFBol| t3t A-p-4ko] 71319 &<
HIHE HW(Table 3), 1.25 mg/plate?] 2
o] ZAx|e| A K} 2.5 mg/plate] =S FEollA
Aol g¥rt =9dtl 2.5 mgplae T EZ A
WS uf] HE=EAXE 55%2 dEdwolayls
HQl b, AgAbe] S W X = Y =L ¥
WHo| g5 W) F, A4re] 0.05% H7}
E gEAWo| AT} 67%, A-$Aro] 0.1% X

A= 70%, A4l 02% H7M X+

off &
9
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Table 2. QDA profile of optimally ripened mistletoe ad-
ded kimchi (pH 4.3) fermented at 5°C after 1 day ripening
at 15°C

Mistletoe added

Control kimchi (%)
kimchi
0.05 0.1 0.2
Apper ance 6.5+0.7 6.5+0.2 6.2+0.5 6.2+0.6
Sour smell 52409 55+0.8 5.6+0.6 5.6+0.4
Green smell ~ 3.1£0.1 2.2+#0.1 2.0+0.2 2.0+0.2
Moldy smell .2.0+0.2 2.3+0.3 2.6%04 2.6+0.3
Sour flavor 5.6£0.7 5.8+0.5 5.8+0.6 5.9+0.4
Bitter flavor  1.8+0.2 1.5+0.4 1.5+0.1 1.4+0.2
Moldy flavor 2.5+0.3 2.840.5 3.3+0.2 3.3+0.2
Hardness 6.3+1.1 6.0+09 6.2+1.3 6.1£1.0
Overall 6.2+0.6 6.3+09 6.2%f1.1 6.1£0.8
acceptability

1)Sensory characteristics rated on 9-point scale: 1-extremely
bad, 9-extremely good in subjective evaluation (apper-
ance, overall acceptability), and and 1-extremely weak,
9-extremely strong in objective evaluation (sour smell,
moldy smell, chinese pepper smell, sour flavor, moldy
flavor, chinese pepper flavor and hardness)

o)

M £t

75%% =7} 713l wel gEedwolay)
T ez F7hellekp<0.05). o] Adow
ZF X ol] A§-Akel o] Hrle dEdol Ay
SUAAE & F Ak

2, MNNGel| thgh 3-Eadul o] £3H= AFB,oll
gk gFEedwe] wrte} wlet EIE Hojon)
AFBol] tgh g-Zodwlo]| aat b= oh4 Yot

b

Of

Table 3. Antimutagenic effect of methanol extracts from
mistletoe added kimchi (pH 4.3) against aflatoxin B,
(AFBy, 2.0ug/plate) in Salmonella typhimurium TA100

Revertants/plate
Treatment (level of sample, mg/plate)
1.25 25
Spontaneous 98+4
Control (AFB)) 1357+44a

Control kimchi 797+19" (44) 662+33" (55)

Mistletoe added 0.05 659+11° (55)
kimchi (addi- 0.1  619+30™ (59)
tion %) 02  497+26° (68)

511£37° (67)
475+21% (70)
412+10% (75)

The 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

Table 4. Antimutagenic effect of methanol extracts from
mistletoe added kimchi (pH 4.3) against N-methyl-N’-
nitro-N-nitrosoguanidine (MNNG; 0.43ug/plate) in Sal-
monella typhimurium TA100

Revertants/plate
Treatment (level of sample, mg/plate)
1.25 25
Spontaneous 89+7
Control (MNNG) 134°+52a

Control kimchi 829+20" (40) 680+25" (52)

Mistletoe added 0.05 755+10° (46)
kimchi (addi- 0.1  703+19% (51)
tion %) 02 665£14° (54)

586=14° (60)
524+13% (65)
483+11° (68)

The 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
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1.25 mg/plate®] F2 FE oA Ht} 2.5 mg/plate2]
= TRAA =L FEdWelanE: HY
2.5 mgfplate A 2EEolA N2IZAX= 52%2
grEdwelavtE Hel whi, A-5-4ke] ] 3713
A= A-fAbol o] HrteFo] F7hgtell wat dEad
WHola iyl Folsiom 53], Af4el7t 02%
A7t A= 68%9] dEAHO|AIE ER
w o FHE {FoFQ] Aol & ESlvh(Table 4,
p<0.05).

4) LM EZHEX o Ent

HT-29 QA AR Fol| A o] A EAAA] 3l &
I}E H9(Table 5), 100pg/assaye] P FE9]

x| ol A Hel 200ng/assay ] Eo FEE] F Ao
Al HAIZAAAN a7 =%k iz X7}
69%2] FANEAAAANELIE Hol wi A
o] & H I A= H& HAEAAAN AT E

LI A

b

B9l sl ASAto] H7sE7) 005, 0.1, 02%=
Z7hskoll whe} 92, 93, 96%2] E7HE Hlom A
4ko] 0.05%2} 0.1% 71t x| Ztell= 214l %}
o7} glgl o} A4l 5 02% H7FeE AR ol AE
9%6%E 3?1 xtol& HERHACH <0.05).

AGS AN G A Eel] sk QPA| A3 A ol &7}
© HT-29 x| ZAAFA| Eol| A 2] A ZA A 3
IR 234 =& AgS Erh 200ug/assay
9] =& HelFxoA dzTAX = 70%2] LAl

Table 5. Inhibitory effect of methanol extracts from mistletoe added kimchi (pH 4.3) on the growth of HT-29 human
colon cancer cells in 3-(4,5-dimethyl- thiazol)-2,5- diphenyltetrazoliumbromide (MTT) assay

Treatment

Control

Control kimchi

Mistletoe added 0.05
kimchi (addition %) 0.1
0.2

The values in parentheses are the inhibition rates (%)

ODsy (level of sample, lig/assay)
100 200

0.510+0002a

0.262+0.007° (48) 0.158+0.002" (52)

0.055+0.003° (89)
0.050+0.006° (90)
0.032+0.002% (94)

0.043+0.007° (92)
0.038+0.005° (93)
0.021+0.003" (96)

“"“Means with the different letters in the same column are significantly different (p<0.05) by Duncan’s multiple test

Table 6. Inhibitory effect of methanol extracts from mistletoe added kimchi (pH 4.3) on the growth of AGS human
gastric adenocarcinoma cells in 3-(4,5-dimethyl- thiazol)-2,5-diphenyltetrazolium bromide (MTT) assay

Treatment

Control

Control kimchi

Mistletoe added 0.05
kimchi (addition %) 0.1
0.2

The values in parentheses are the inhibition rates (%)

ODsyo (level of sample, lig/assay)
50 100

0.533+0.005"

0.373+0.007° (30) 0.161%0.011° (70)

0.048+0.004° (91)
0.047+0.003° (91)
0.028+0.005" (95)

0.018+0.002° (97)
0.017+0.001° (97)
0.015+0.004° (97)

“““Means with the different letters in the same column are significantly different (p<0.05) by Duncan’s multiple test
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AAANEIE Bl Wi, Aol & Al
A A7} el whE §215Ql dol glo] ®

97%°] =< Holok
(Table 6, p<0.05).

4t b

PA 2 A N a=

T &

AA e MEEL F2 AMEEA I AARE
vlepql, F7]1A, 484, phytochemical 5o] v}k
FrElo] glolA 2 el 9 AWV =
A a o) Ralg e ALEE aFETHE,
s, A% 5o e STHIZIGEA, 7124,
29, =2}, 2k, A7, v, B3, 9t 5o B
BEE Ao mA el 9l jrlsA s vs
SAAZR = glow olol AjF W A5l A
1:]—.”“14)

H AFellA = FEAEeN kel AH, 144
© 2 &3l macrophage W Apod bl Al E 2] &
e TR RA 4R AEES SAA
71e T3 e Ao Han'® Agalo| & ¢
S S13 Aol Hrlste] A S AlzstA

FAolE oE FFe UFE SFE st A
sk W71 A Z 2 A AlA] Aodells 304 1,500
oFe] Aol e Ao dHA Yo FH
ek oty -elugtell A Rkl R AHEE
o} b eluel Aol oF 80%7F Fub
Foll A 718% shis o deix ik 2 A

=

Holl A& Aol TFEE2 SHTE °l8

sto] FE F TR Aoldit. AAbe]

3T HMEE vhgzelA Agie] 3=

o] 23E He 5 10 mg/mouseE ©]-&3t
2] o

ol 19 H& X9 100 g
2 gt 2w 21X 100 goll 0.0588% BEE A

A A A Glek. ASAbe] bl whE 7%
Eoll 4 thETAA el uleke] A oFzF Zet
goit 7 Aol Agkor Aggele] Az
Qleto] ol M7hE 45ke Ule K] FAA
i U dobd HETAAL 189 2%E =

7)1edl vlste] AgAdolE 02% H7HdE AX &
oFsiAl gASAEE. 2l AAHQ 7] ZEelA
HzLAX ok Aol & A7 AX = Aol7t
il wEbA, XA =A] KClol &3k EukE
ofstAl shaL 7ol 2 Al E Hrlslke

AL AL S Aes Bk
A EAHeld  AFB I A EdWoldd
MNNGell et #A-$-4ko] H7131x 9] FEedwio]
BIE HY =R Hu Aol s A7t
AA7F Y 2 FEQHIEAE Ko A
3 H

ot

i

=

75 Wk uk 509 Aol s AF, 71
2 FZslo] Ames tests g

7, Fddoldel 3l 2 FEAolanE
Etliglem g Aol A7l FX 9 7154A

T 7bs A2 dhekar skl

AF7 A& 9 TFAIT ik HFHQ
J = Aol & F Ao A7t
o] =A% 9} v)awshE A HT-29 <144 A-<kA)
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