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Development of Kimchi for Cancer Patient

1. Studies on Enhancing Antimutagenic Effect of Kimchi by Changing the Recipe
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To develop kimchi for cancer patient, we studied on enhancing antimutagenic effect
of kimchi by manipulating the recipe from the result of prevalence test on kimchi by
cancer patients. According to the result of prevalence test, the patients wanted to reduce
the level of red pepper powder and increase some sub-ingredients such as garlic and
mustard compared to the standardized kimchi. The recipe-manipulated kimchi was
fermented at 15°C for 1 day and then ripened at 5°C for several days up to pH 4.2~4.3.
The antimutagenic effect of the methanol extracts of the kimchi was evaluated by using
Ames mutagenicity test with Salmonella typhimurium TA100. Among the kimchi samples,
CP»-M kimchi (2.5% red pepper powder +7.5% mustard leaf added kimchi) exhibited
higher inhibitory effect on the mutagenicity induced by aflatoxin B; in the Ames test.
In vivo supravital staining micronucleus assay, anticlastogenic effect of the CP,-M kimchi
group was higher than that of the control group. The induction of chromosome aberration
by mitomycin C was significantly supressed by CP,-M kimchi suggesting in post-
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Table 1. The ingredients ratio of various kinds of kimchi (g)

Ingredient S kimchi ki?n}zlhi
Baechu cabbage 100 100
Red pepper powder 3.5 5.0
Crushed garlic 14 2.8
Crushed ginger 0.6 0.6
Anchovy juice 22 2.2
Sugar 1.0 1.0
Radish 13.0 13.0
Green onion 2.0 2.0
Mustard leaf 5.0
Chinese pepper 0.1
Final salt concentration 25 25

CP-GM
kimchi

100
5.0
4.05
0.6
22
1.0

13.0
2.0
6.25
0.1
2.5

2

CP>-G

kimchi

100
2.5
53
0.6
22
1.0

13.0
2.0
5.0
0.1
2.5

20~70410]1%}
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CP>-M CP,-GM
kimchi kimchi
100 100

25 2.5
2.8 4.05
0.6 0.6
22 22
1.0 1.0
13.0 13.0
2.0 2.0
7.5 6.25
0.1 0.1
2.5 2.5

S kimchi: standardized kimchi, CP; kimchi: cancer preventive kimchi, CP;-GM kimchi: CP; kimchi+4.05% garlic+6.25%
mustard leaf, CP,-G kimchi: 2.5% red pepper powder+5.3% garlic, CP-M kimchi: 2.5% red pepper powder+7.5%
mustard leaf, CP,-GM kimchi: 2.5% red pepper powder+4.05% garlic+6.25% mustard leaf
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pH+= pH meter (Corning 220, USA)E Aol 4]
ZAslArk AEE A8 20 miE 200 5] 4slo]
o] 7oA 10 mlE Zste] AoACHHE Wo g =2
st3=dl, 0.1% phenolphthaleing A|A|eFo g 1
ml 37}slal 0.1 N NaOHZ HAste] BEAS
w= A FEHoE Slvh HALE lactic acid
2 3habsla gk %2 Uehfideh

ml of 0.1 N NaOHX

narmality Af NlaNHxQ

Lactic acid (%) = ;
weight of sample (g)

3) Ames mutagenicity test

Zqdio] §UEAFE aflatoxin B, (AFB)<
Sigma Chemical Co., St. Louis, Mo. (USA)ollA]
d3sle] DMSOol 5o A&&edet AL FFEE
Salmonella typhimurium TA100Z w|3 Californiat]
g B. N. AmesHtALZHE] Algutol gl A&

stglek. 2elal o] A¥dFe w ARAA hist-
dine 274, deep rough (rfa) AW o], uvrBEIH

o], R facto ¢ FAFAS sl A-E3}3d
o} EdHo|hS #EAHA T 7] $Jste] Marond}
Ames®] WP wla} 7+e] microsomal & 4= 3}3}
=< S9 mixtureE ZAIItE B Aol FE
o] &5} %l preincubation test+= S9 mix 0.5 ml, &}
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B A5G0t el H A GO S ice

batholl &7 cap tubeol] W32 7P Al vortexdt %
37°Coll Al 30&7F wiekstsdc}. 45°CS] top agar 2
ml# & Z+ tubeol] H- 32 7) vortexdt ¥ minimal
glucose agar plateol] =48}l 37°Cell 4] 484 7F vl

7l Eduo] A5 Akt 3k,
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[e]

= olu]A¥ (dose response B FAIAH)S E3lo]
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¢ 7+ 2 2 light-dark cycles ZA3s}3it)

) AM=Ze| =M ¥ F0: FHAH=T2 mito-
mycin C (MMC, 0.1 mg/ml)= 9|3 Sigma 3] Aol
A FQste] Al Aedgrel] £3A1A 0.1 ml/10 g
body weight7} =5 E7FAsS e A8 H

75 ZH5E Agslo] zAsg o, npg2 kg
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(3) Acridine orange-coated slide2| A[Zf % 2zt
b: 70°Coll A wlg] 7FEAIF] slide glass] <ol
Froll 1 mgml®] SEZ %9l acridine orange
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Table 2. Changes of pH and acidity in various kinds of kimchi fermented at 5°C

Fermentation period . . CP
(weeks) b S kimchi kimehi
0 5.5 55
1 52 53
2 4.8 4.8
3 43 44
4 4.2 4.3
5 4.1 43
6 4.1 4.1
7 3.8 4.0
0 0.35 0.33
1 0.38 0.37
2 0.53 0.45
3 0.65 0.51
4 0.69 0.60
5 0.78 0.69
6 0.83 0.75
7 1.06 1.00

WA= flste] SRR Azt
A RSl Al wErHEe] ok Aol Solzt
CP;-GM CP,-G CP,-M CP,-GM
kimchi kimchi kimchi kimchi
pH
5.6 55 55 5.6
54 54 54 54
5.1 5.0 5.0 5.1
4.8 4.6 4.8 4.7
4.5 4.4 4.4 4.4
44 4.3 4.3 4.3
4.3 4.2 4.3 4.2
4.2 4.1 4.1 4.1
Total acidity (%)
0.29 0.30 0.29 0.29
0.30 0.35 0.34 0.31
0.38 0.40 0.42 0.39
0.42 0.48 0.43 0.45
0.50 0.57 0.55 0.52
0.64 0.68 0.64 0.65
0.69 0.74 0.70 0.71
0.88 0.95 0.91 0.90

S kimchi: standardized kimchi, CP, kimchi: cancer preventive kimchi, CP\-GM kimchi: CP kimchi+4.05% garlic+6.25%
mustard leaf, CP»-G kimchi: 2.5% red pepper powder+5.3% garlic, CP,-M kimchi: 2.5% red pepper powder+7.5%
mustard leaf, CP»-GM kimchi: 2.5% red pepper powder+4.05% garlic+6.25% mustard leaf
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Table 3. Antimutagenic effect of methanol extracts from
various kinds of kimchi against aflatoxin B; (AFB;, 0.5
ug/plate) in Salmonella typhimurium TA100

Revertants/plate
(level of sample, mg/plate)
Treatment
1.25 2.5
Spontaneous 123+6
Control (AFB;) 1320+23"

S kimchi 1084+25" (20)'  838+19" (40)
CP, kimchi 887+17° (36)  715+12° (51)
CP-GM kimchi 551+119 (64)  402+12° (77)

S kimchi: standardized kimchi, CP, kimchi: cancer pre-
ventive kimchi, CP,-GM kimchi: CP; kimchi+4.05%
garlic+6.25% mustard leaf.

"The values in parentheses are the inhibition rates (%).
274 Means with the different letters in the same column
are significantly different (p<0.05) by Duncan’s multiple
test.

A3t AFEAE 3 Ao wel s
5%A4 25%% Fola HAlgg 13
ARl kg w3 Zks o kst 3
%19] gZAMo|aIE Ames testE ©|-&3}o] =

ETIHAAS kimehi)e] e o] EII} 40%
o1 Aol vlsto] FAMFZX|(CP, kimchi)= 51% =
ot om aEILE 5%l v Zte vl At
3t ob3lA S 9l A== ZX|(CP-GM kimchi)+
77%9] =& dEZauio] S Hlrk(p<0.05, Table
3). ALE7FF oko] 3.5%2 ZTFIFAXHbE 1
7HF okol 5%0lw Ztat x3E 47 5%, 0.1% A
7hek shelldRlx o] EAweo|anrl Foka f
oAZX|(CPy kimchi)Eehe= el X ol vhE3}
74s 27t 4.05%, 625% ZH7F3F 71X (CP,-GM
kimchi)®] &EAH o] E3}7} ZA = 9 rhp<0.05).

Table 4 370 X9F 1F71F %S 25%%
Zo|a w3 zka ¢ A7k shskAkE 13k 2
29| gEAMelaNE HEZ Aot I3
£ % FAA(CP-G, M, GM)= ILE7HF e
5%4 25%2 EJFE B3l FAgER
w3 28 Hrlgte 7 osle]l ZFEIFF X Kt
2 gEgdo] aAE Ech(p<0.05). LE7}
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Table 4. Antimutagenic effect of methanol extracts from
various kinds of kimchi against aflatoxin B; (AFB, 0.5ug/
plate) in Salmonella typhimurium TA100

Revertants/plate
(level of sample, mg/plate)
Treatment
1.25 25
Spontaneous 123+6
Control (AFB;) 1320+23"

S kimchi 1084+25" (20)'  838+19" (40)
CP,-G Kimchi 708<13° (51)  518+11° (67)
CP»-M Kimchi 458+15° (72)  357+16° (81)

CP,-GM Kimchi 685+18° (53)  506+13% (68)

S kimchi: standardized kimchi, CP>-G kimchi: 2.5% red
pepper powder+5.3% garlic, CP>-M kimchi: 2.5% red
pepper powder+7.5% mustard leaf, CP,-GM kimchi:
2.5% red pepper powder+4.05% garlic+6.25% mustard
leaf.

'"The values in parentheses are the inhibition rates (%).
*7¢ Means with the different letters in the same column
are significantly different (p <0.05) by Duncan’s multiple
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Fig. 1. Anticlastogenic effect of methanol extracts from
various kimchi against MMC in mice using in vivo
supravital staining micronucleus assay.

S kimchi: standardized kimchi, CP; kimchi: cancer preven-
tive kimchi, CP»-M kimchi: 2.5% red pepper powder+
7.5% mustard leaf. * “Means with the different letters
surmounted on the bars are significantly different at the
0.05 level of significance as determined by Duncan’s
multiple range test.

(CP»-M kimchi)7} Z+7Zt 2.87%, 2.75% 2 Sl
Z3lgt Al LA 9E HYokp<0.05, Fig. 1).
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