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Antimicrobial effect of Kimchi ingredients of methanol extract on pathogenic microorganisms

Sun-Mi Shin, Ju-Yeon Park, Young-Sook Hahn"
Department of Food & Nutrition, Sungshin Woman’s University

Abstract

This study was carried out to determine the inhibitory effect of methanol extract from kimchi ingredients against
Salmonella typhimurium, Listeria monocytogenes, Staphylococcus aureus, and Esherichia coli which are pathogenic
microorganisms and Aspergillus sp, Penicillium sp. Antimicrobial activity of methanol extracts was tested against
bacteria by paper disc method. Antifungal activity of methanol extracts was shown by hyphal growth inhibition ratio.
The methanol extracts from all materials were effective against E. coli among them. And the antimicrobial activity
of the methanol extracts from ginger and onion were lower than the others. The antifungal activity of the methanol
extracts from radish, ginger, and garlic were effective against Aspergillus sp. and Penicillium sp. In the result of
identifying antimicrobial effect rate, the methanol extracts from red pepper and radish had more than 40% against S.
typhimurium and more than 30% against E. coli. Also the methanol extracts from onion had an high inhibitory
effect rate of more than 50% against S. typhimurium and that from garlic had more than 60% against S. aureus.
The minimum inhibitory concentration(MIC) of red pepper was examined 500 ng/mL against L.monocytogenes. This

value was the lowest among the others.

Key words: antimicrobial, Kimchi ingredients, methanol extract, pathogenic microorganisms.
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Vibrio paraheamolyticus,
gom, 42 4489

FHR Qe 43S

Salmonella typhimurium,
Staphylococcus aureus 5 ©|
wstel HApgye deE 455
oA E 2= Escherichia coli O1570:H7, Listeria
monocytogenes, Campylobacter jejuni, Yersinia enterocolitica
ol Atk

wety 2 AFexe FA AsTt Fv Z1A]
e 24 9o ¢y Fddl JAsi=AE Lotr
71 98 A A &M, F B3, I v
2, WEE 47 methanol2 FE3, 59 4FH
%1 Salmonella typhimurium, Listeria monocytogenes,
Agdolm g AEF
@1 Escherichia coli, R3tF Aspergillus sp. Penicillium
spoll He Fd4E ARSI
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Staphylococcus aureus ¢ HH
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of mMAEs FH4HEH
methanol 2 Tedia(OH)ALSl X 99.9% EFEFS A
8393 paper disce= Whatman(England)A}2] A&
L, 96 well microplate= Becton Dickinson(NJ)A}¢<}
AEE A&t

R A= Tryptic soybean agar(TSA), Tryptic soybean
broth(TSB), Malt agar:= DifcoMD)AL2] A L& AL&
393, AMRE #FE grame el E coli{ ATCC
9637), S. typhimurium(ATCC 19115)3} gram L4342
S. aureus(ATCC 25923), L. monocytogenes(ATCC 14028)
5 92AETIATY FAASPORE BPu
oF Ahetel 37 TN 24—48AIZE W] B4
SAA AFESIRT A4 BE F B 2 FR A
slol HE¢S viXe AEF Aspergillus sp.(ATCC
20253), Penicillium sp.(KCTC 26191)= S=ZZ 733
oA REguol WiFeL 20 CTolAM 2370 wF
3t B A}8-5-9 th(Table 1).
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. WE 9g x| (Whatman No2)Z A3}a & 54 A
Z17](Rotary evaporator, EYERA, Japan)Z 45 ‘C 9]
1. M= Fegoln Y sEFAYem 24 FEEE 045 um
B A58 A8 48 A8 U 2R A= membrane filter(Advantec MFS, Inc, CA)Z A|FF
= bR, R A%, 39, vhe, A, WF2 2F 409 YT nBHEA AFe) AesH
g WaAA 7% AFo Tdagth A% wIRY FFLS 55 1IE 1 mlE Aol 105 C
ARE 2R42 238 FAT H B2 AAT oA Az T FL IANTE AN
T 747 £AEF T B4 7|(HMF-340, Hanil, Korea)
2 23 ¥ 50mesh standard sieveE FHA|A F 3. Y& XE methanol FEE9| M AN
28 A8E AgEH, 7, A%, 49, s 5 Bacteriao] i@t &4 7L Paper disc method"
f42 2-33 $A% 7 eAsA 93 adz B 2 J&syt & 2 #F 1 430lg s 10
AP on, nEIFE AT Qo] FYS TR mLe] brothel HFSFA I, 37 °CollA 18A1F &
E A82 AHgatAT wj gFste] BAgAIZ T o] €49 0.1 mLE FA7}
A9 ARE HARI =2 ANsed AHEE 4~5mmQl TSAMiAle] FJ3 & FRA fal g
Table 1. The list of strains and media used for antimicrobial experiments
Strain Media Temperature
Gram(-)
Salmonella typhimurium ATCC 19115
o . Tryptone soya broth
Escherichia coli ATCC 9637 & Tryot 37 °C
Gram(+) Typ 01.1 soya agar
Listeria monocytogenes ATCC 14028 (Difco)
Staphylococcus aureus ATCC 25923
Fungi Malt
Aspergillus sp. ATCC 20253 att agar 20 °C
(Difco)

Penicillium sp. KCTC 26191
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2 FYsA 8X1 27 F 6.0 mm filter paper disc
(Whatman AA Discs)S 1.0 mg/discd] =& 2 F
EES ERAA F2 EME FrIIR 4 F
plate X ol Fo} 37 TollA 2412k F Wy

a3tk 2 & disc F99 clear zone? F A (mm)&
A2 A v AR

Fungiol ¢t R+ &4 44 PHLEE wiA
AHYYe o] &gt Malt agarij Ao 2F9 ¥
57 HEE FEES TS wE HaA el
g wgE 2 FAEY ﬂ‘/‘}d‘?}-‘?—% A7A 8
mme] cork borer2 mWojo] FE2&F ) 20 CoA

A2V WSS F AH FAEY HFE £33
o A} A oA &(hyphal growth inhibition ratio)

= 22LHE Sed 2o et
% hyphal growth inhibition ratio=
[ (Gc} - (Gtz
(Go)
Ge: 3

b A A A7
Ce 7 WA A A

1 x 100

A

4. =4 n|ME MF Mo IM

A&As B5E+ Turbidimetric assayS A& 3950
W oacteriaol] WA MT ZHIFP) 459 Ho] &
AgA 10 mLY TSBHjA| FEEE s FH
7Fata 37 Col A wijkslHA 0, 4, 8, 12, 24A13}0]
=+ ool 650 nmol A microplate reader(Biolog Inc.,
USA)Z §3EE Z4srath

5. D|ME9 M= XNslig &

22 A E methanol FZE0] 4%2] bacteriad] 7|
Mg A)LS TSB v 10 mLol] z+ &9
< 1,000 ppm BEE2 FYotT, 2 FF9 &
0.1 mL HZE3te] 37 CollA] 12417k Hj st
Zatar) vk ¥ microplate reader(Biolog Inc.

o] @35l 650 nmollA EFEZ a5t
Nog YeANND)S BASAL®. A
NeL 79 dFEZ2A7] = ASo 713 9A
A 3 gke 3sHn

==

=2

% inhibitory effect of bacteria=

(control-control blank)-(treatment-treatment blank)
(control-control blank)

x100

EEE
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4% 9] bacteria®l] ) F 2 A3 FE(Minimum
inhibitory concentration, MIC)+= broth microdilution
method' Vo]l 98] thSI ol AFIAGAT F, well
plated] TSBS 100 uL® EF381 F2E 100 pLg
two-fold dilutionst] =& ZAF ¥ 49 =&
2x10° cfuymLo] HEE HAAA 100 pLA AHA7}sh
At 2 F 37 ColA 242)7F vgFF F 650 nmoi
] microplate reader(Biolog Inc., USA)Z SFEE
24590 Tubidiy7} UERA 2 welld) og
NE BEE MICgte g ZAF3Hn
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1. ZX| }Z methanol FE22| 2

2 A AEQ methanol FE£E9 &2 Table
29} 2} nEIRE 25 E0] 2047%2A M L
FEE& UHWARL, 2 HE old A7) 9.12%, vt
=9 Zto] 44 7.29%, 744%H o v|F7} 6.86%,
U7t 4.64%, F7F 3.15%9 &S YR Th

Table 2. The %Yield of Kimchi ingredients by
methanol extraction
Kimchi ingredients

Yield (%, wiw)"

Red pepper 20.496
Radish 3.148
Ginger 9.118
Onion 4.636
Garlic 7.290

Leaf mustard 7.441

Chinese Cabbage 6.864

Y % Yield: Solid in extract or fractlon(g)/Raw material(g)
(Dry weight) x 100

2. 439 bacterialll Cist Z%| THE methanol

FEE0| Sy HM

AA A 8.2 methanol F&FF2|
disc method2 FA}5F ZA¥= Table
Zvzy AR MBS 7 st erd
€ A9Ed aFUE, B, vy, 3t FE2EL E
colio) wia] Z+ZF 2220 mm, 18.94 mm, 22.20 mm,
21.11 mm9 clear zoneE B F 1, ¥y} wige= L
monocytogenes©l| ™aled Z+Zb 13.81 mm, 2440 mm

#8375 paper
33 2.
SIS

A

9 clear zone& Wehfo] e TS 7H1 A
o7 AQPYTE 2a3H o8 nEIFY FE= L
monocytogenesis®| ol dte, ¥, vl 7t vl S
typhimuriumol] st FHH S Jepia A2
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56 A A& methanol FEE0] AE R A EA A FHEH

S. aureuso) W3 FAYES JEHA AT
o] Aol Z+ AFES methanol F
colid] hs)A A B} wa} zhe Aol
°F 2000 mmol| 7M7HE RS Eole BFE ¢
ARew A7 Fue e A5 vasE
P9 clear zoned] =77} AL ATL FAF
XAtk ol "y, A%, 99 FHEAE B
3 Ao AR dAlz dXHPc N s
A ASE % WAES HA 70%9A4 H
100%74A] A SFTL Baustgoen Fset A7
< gl @k Zel7k oy dAR 25~50% =
9 oA g B AgsEch wd Ae 1
7bE7F ok 5~20% BEY JAl&S BT E
oy B dAFdire LEIMEVT LEAREA
E. colid] tistd & @449E& vehllEs A& &4
T UATH

e
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3. 2&9| fungi0fl st ZX| ME methanol F&

29| gny HAl

X AME methanol FEE9 Aspergillus sp. 7}
Penicililum sp.o] th3t FA & HEF A= Table
4el ). uls FEEFo| Aspergillus sp. 3t Penicillium
sp.ol 24zt 63.33%, 49.27%9) AHE Jehho] sF
L5ttt Aspergillus sp.ol taiAE B FE2E
o] 57.69%, ¥ $&Eo] 5094%E 1 HJ2O0F §
FO| AR, Penicillium sp.ol WAXNE GA| B3
B 2ZEo] 747} 33.27%, 26.73% 2 $55HTh

4. W] Mol FM
2 AE methanol FEE T4 AFA &
=g dAdE A& A T4E 2F¢ 2HE F
1~49°] Jehfiict Fig. 12 Salmonella typhimurium
9 A& A= FTFE ez U S
typhimurium= paper disc& ©]&3td A8 A&
£ XA 43 (Table oA w5 FFE0] 25T
7 8495 EdEd AsAs JFHAgA= 6iF
& o] S nyphimuriumol et 58 As| ad
Vep Aok #y ol F, g FEE% 49
Z24o] @ds] dojibe WFFATIQl 4~12A41F A
olol A&& JAgE AR viEpsvh ¥ Paper
disc methodZ+= 2 FA4EHE Bolx FdA L7t
F FE2EL 1,000 ppm8 FZA S typhimurium®)
&g A JA e Aoz Yeisth
Listeria monocytogenes®] Ao 1nX+&
Fig. 29 Yerl i}, S. typhimuriumo] ©
MAY 1000 ppm FEY AFIME FEES
7

monocytogenes®] ASE AA JAsleE RS AT

e osk

=
F YR B, g7, HF FEE dFIS47IY
4~12A17F Apolol o] A&g AAs:= HeRE U
ERu} paper discZ ZAMGE A AN ARG o

Aste AEE BAth

Staphylococcus  aureus®] MG v FF
Fig. 39 UYehldch dAH 2 F2EL S
Ag Asld 2 9FE PAA Eie As ¢ &

glom AA] paper disc method®] A& As)s A3}

Table 3. Antimicrobial activity of MeOH extract of kimchi ingredients on several pathogenic microorganisms.

Clear zone on plast (mm)

Kimchi ingredients

S. typhimurium L. monocytogenes 8. aureus E. coli
Red pepper 9.36 11.38 9.71 22.20
Radish 10.50 12.34 8.39 18.94
Ginger 9.69 9.65 9.80 10.13
Onion 10.68 13.81 9.11 10.21
Garlic 17.63 9.21 9.13 22.20
Leaf mustard 19.72 9.75 9.10 21.11
Chinese Cabbage 18.73 24.40 9.22 10.65

Table 4. Antifungal activity of MeOH extract of kimchi ingredients on Aspergillus sp. and Penicillium sp.

Hyphal growth inhibition percent(%)

Kimchi ingredients

Aspergillus sp.

Penicillium sp.

Red pepper 24,75
Radish 50.94
Ginger 57.69
Onion 46.11
Garlic 63.33
Leaf mustard 15.09
Chinese Cabbage 20.94

20.56
26.73
3327
14.60
49.27
25.28
3.65
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Fig. 1. Growth curve of Salmonella typhimurium in the media adding the methanol extract of Kimchi ingredients.
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Fig. 2. Growth curve of Listeria monocytogenes in the media adding the methanol extract of Kimchi ingredients.
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Fig. 3. Growth curve of Staphylococcus aureus in the media adding the methanol extract of Kimchi ingredients.
@ 1000 ppm M :500ppm A :250 ppm @ : 0 ppm

259 - Sz ot A2UA A 15009)



G.D at 650nm

0.D at 650nm

0.0 at 650nm

0.D at 650nm

P EAGRA A21A A 152005

A A A E methanol FEE o}

18 Red pepper

14
12

08
06
04
02

12 16 20 24
time{hrs)

(o)
~
@

Onion

Q 4 8 12 16 20 24
time(hrs)

Garlic
16

14
12

08

04
02

0 4 8 12 16 20 24

time{hrs)

Chinese cannage

0 4 8 12 18 20 24
timethrs)

I O =
EEXE

0.D at 650nm 0.D at 650nm

0.D at 850nm

A Boll njX e ¥FEH

Radish

0 4 8 12 16 20 24

time(hrs)

Ginger

0 4 8 12 16 20 24

time(hrs)

Leaf mustard

0 4 8 12 16 20 24
time(hrs)

Fig. 4. Growth curve of Esherichia coli in the media adding the methanol extract of Kimchi ingredients.
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Esherichia coli®] g mlA= &S Fig 49l
YR ATk Paper disc method® 233 ASAHFH
ol AFoA tiFEEe] DX AE methanol FEE0

L¢3 FadE ekl A o] v 4§ L
AL 2735 BIAGHE mokAu TE =250
q Ag o ]i#aﬂﬂmﬁq~%ﬂi%ﬂ$$
Z20] gF2A79 FAVAA R B A%
dA wFE dEda A, T,%ﬂ FeEe
1,000 ppm9 FEANA tFE47]Q1 4~124]3k

4 94 g9 BoFTh

Paper disc method= 733 AMSA 8] AFe} o
R AXshe FdFgolu S A M
ez adgtd Faidol A widolA JeRd
A% Asiol et ATE Tabak'"7 ©]¥ S Axntel
SA s Atz 3A word st ) wigd o)
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30% 01’“94 2 A8As 2RE velida, A
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Wﬂbﬂﬂorq I FEEL S ryphimuriumel] )3
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Zﬁﬂa‘a YER] 22
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Fig. 5. Inhibitory effect of MeOH extract of kimchi
ingredients against microorganisms for 12 hr at 37 °C.
W : Salmonella typhimurium

1 1 Listeria monocytogenes

L1 : Staphylococcus aureus

£ : Ecoli

Mg 352 ol i 30%0]3<]
a &£%E Jep ek

= e 4%
A

| —-|* Xolf s=(MIC)EH
EE9 48 AFAA Hx
A EEMIOS 2:% 6; Ao Table 59 2k F,
F, g v 24 v F =559 S nphimuriumol] g
A2 A BEE 1,000 pg/ml, I1E7ME FE2E9
L monocytogenes®l gt A4 s HE+ 500 pg/ml,
2 gwh wld =259 L monocyogenesoll U3
A A BEE 1,000 ygnlz JeEgem, 13E71R,
I oals, 7 WEe &89 E colid] Oig HA A
3 EEE 1,000 pgmL2 eVt

.

Q OF
pe =

479 AF s AT Salmonella typhimurium,

Table 5. Minimum inhibitory concentration of the MeOH extract of cruciferae vegetables and minor Ingredients on

several pathogenic microorganisms

T . MIC (ug/mL)
Kimehi ingredients S.typhimurium L.monocytogenes S.aureus E.coli
Red pepper - 500 - 1,000
Radish 1,000 1,000 - 1,000
Ginger - - - -
Onion 1,000 1,000 - -
Garlic 1,000 - - 1,000
Leaf mustard 1,000 - - 1,000
Chinese Cabbage 1,000 1,000 - -

-6l -
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Listeria monocytogenes, Staphylococcus aureus, Esherichia
colist ZA FHl BAse FFo| Aspergillus
sp., Penicillium sp.o tstd Z[x AR 3
FFAE ZASHYTE Paper disc method2 &7
& AGANE B 4 Aol diste] Z
A 89 methanol FEEE L E coliol daA A
2ol we} okzhel Aol Loyt ok 20,00 mmol
Whe FHEE Role 3 & & ddoen
AFH Fohe GE Azg 2 9 949
clear zone®] 277} & AFES & T AAT
wFolo} Uit A3 Aspergillus sp.3} Penicillium
spoll dstd vty FE2E0 MY ¢
Z F2EF ¥ FEEE 250
B et S, pphimuriume] thsly w28 S
Adfe F, F% FEE0 9 S &9
dojube G5Z 4719 4~ 12403F Abolo] 52
A AoE vegy R
1,000 ppm9 BXoA S typhimurium® A8S
A gAEE Aoz Jehkew L monocytogenes
o] Mg WA= FFL S typhimuriumd] 0
A3 GASIG oM paper discE ZAIG A5 A
A8 st ANe AT MYt 9E A
AAoeg2 ZAR ZASF methanol FESEL2

=
Fwe

o)
h=

Q)
AA

—EQ:Q

<>

< S. aureus
A Ao 2 & nAA ZPot EEY
1,000 ppm =9 wtEs FEE°] S aureus FF
o oA FEVIE SAIZAA 433 AFAIR
©}. Esherichia coli®) o) nlX = AIFS paper

disc methodZ2 &3 3 A S A8 AFpA o
2o 7A AE methanol F&Eo) $5§ &
S Ued AR 2o =8 4§ Fde &
A ZHAAAE v FstAT BE FE224 A

| 94 %S vl o oA s =MIC)
£ AFIF FEE0] L monocytogenes®] 3}
500 ng/mLE 7Hg ZE e BT
zAel =
o =EE 20034% AAcAdsm F7 %
AT =48 ALl st o)Foj HELEA
ol ZAERYT
EnEE
1. Yang, JH, Park, SH, Yoo, JH, Lim, HS, Jo, IS,
Hwang, SI : Effect of Freezing Methods for Kimchi
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