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Inhibitory Effect on the Growth of Intestinal
Pathogenic Bacteria by Kimchi Fermentation

Chang-Hoon Kang, Kyung-Oan Chung' and Duk-Mo Ha'*

Lotte R & D Center
'Department of Food Science and Technology, Dongguk University

Six strains of intestinal pathogenic bacteria were inoculated into kimchi at the preparation time, and the
influence of kimchi fermentation on the growth of these pathogenic bacteria was investigated. The population of
coliform bacteria in the kimchi raw materials, and its changes in the kimchi sample during fermentation were
also determined. Among the raw materials, highest populations of coliform bacteria were detected in ginger and
green onion, followed by Chinese cabbage, red pepper, and garlic. Populations of pathogenic bacteria (inoculated
strains) and coliform bacteria in kimchi decreased as pH decreased with fermentation. Coliform bacteria
disappeared at pH 3.9 in Chinese cabbage kimchi samples. Clostridium perfringens ATCC 13124, Listeria
monocytogenes ATCC 19111, Salmonella typhimurium KCTC 1625, Staphylococcus aureus KCTC 1621, Vibrio
parahaemolyticus ATCC 27519, and Escherichia coli 0157 H:7 ATCC 43894 were not detected at pH values less
than 4.1, 3.7, 3.8, 3.8, 3.7, and 3.7 in Chinese cabbage kimchi, and at pH values less than 4.5, 4.0, 4,2 4.2, 4.2
and 4.1 in mustard leaf kimchi, respectively. The juice of mustard leaf and allyl isothiocyanate exhibited high
antimicrobial activities on the pathogenic bacteria, whereas the lowest on lactic acid bacteria. These results
indicated that fermentation is useful to improve the safety of kimchi, and the antimicrobial effect of mustard leaf

kimchi is mainly due to the major pungent compound of mustard leaf, allyl isothiocyanate.
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TR, o]g} Zro] ZE HrEle] e AE FAE 4~5cmz ZehA] A2oA 15% 2]Eol oF 3A1ZF ARl
2 g A 3)\01*1-4 7+ A W ug e S 2% AHE 23] M B owr|g & v dig, v,
HE ZARBIE 2 S93 allyl isothiocyanate?] oS HHTF A7} AF7HE D ?‘*Z:_Pi TR hdat & BFEA] oF 250¢

o gk FFaA] M HEA A vid g g dEste] daATe] wE 7} AP
HEE Aly] 93 Al8R stger XA A5 wE]
s U gk £ Table 13} 7T}
AE AR AFZ AR w5, 2, g9, s, A%, 3
ABEF F7HE 2 A AE, AFIAAANTNA] T BS "}%
ANE RS waA el g A B A8l wX dom T o5& 7 AR T Wrt 45 54 %
< 9% Z‘—/\Fﬁ} | $l3ted NRFF2A Clostridium per- g3 APL 9T ARERE ARSI

fringens ATCC 13124, Listeria  monocytogenes ATCC

19111, Staphylococcus aureus KCTC 1621, Salmonella pH, Mz U M=z &N
typhimurium KCTC 1925, Vibrio parahaemolyticus ATCC NE ZA F2 AFstd pH, A% 2 HEsEE 385
27519 9 Escherichia coli O157:H7 ATCC 438949 673 2th pHE pH meter(M-8S, Hitachi-Horiba Co., Japan)Z
& ARSI 7 93 allyl isothiocyanate®] &7+ 243 AEE 0.1% phenolphthaleing: A|A]2FO.Z 3l
AE3) 9Astel NFaFEA %o AF WAd 6359 & 01 N NaOHE A3l 2% 2 YERIQoH® 29
AT HRAZHE EElete] BE F2 Leuconostoc TEE AgNOE AAste A 3ATH

mesenteroides DU 1001, Enterococcus faecium DU 2101,

Pediococcus  pentosaceus DU 2201, Lactobacillus  plan- &R o 9 S7T 53

tarum DU 3001, Lactobacillus sake DU 3011 2 Lactoba- AAAE % o) AFEE @2 A& PR T dds

cillus brevis DU 30219] 3317 6755 AH&-5ch w4 R Faee 3o AR e a4
9 2a5s 240 e & 59 lBAL AAT L

NE Zxlol Bz % A Yo Aue Aeg 2A0 el 100 B Aue

NE AAZA NEAAG 2HAANE AL AE 7
A o) T WMol W FARY ME EE 2 7o)

ZFE&AH 72)% 7ot sE FAE ARgstAd E A
 AAE 5,10 3 20N dEALE] B3] wE A
5 T Wdwe] e Y Sere HIE sk

A

Table 1. Composition of raw materials for kimchi preparation ol #F9 L AFFH ed o e,

Raw material Amount NAF-S FEFoleHes FPAY, SPAE 2 4
Chinese cabbage (or mustard leaf) 100 g 188 B3lA dARIEA 2 4% AR AlE 100 mL B
Garlic 2 g E 100g £ &4 (most probable number, MPN)Z U}E}
Green onion 2 g Lﬁ‘ﬁ‘:}. FoTe AT Z4s9on AT A
Red pepper 2 g 22 ¥ &3 uiR](standard methods agar)oll HE3HaL 35°C
Ginger 058 o wigslel FRE HAFE ASsed AR 100 mL E
Salt-fermented anchovy 10 ¢

= 100 gZ2] colony forming unit(CFU)C.2 ERJSUT}. o]
Final concentration of NaCl in kimchi was adjusted to 2.5-3.0%. =

AEe 93 GG o] 2814 (lactose bouillon broth), bril-

Table 2. Culture and selective media and cultural conditions used for the enumeration of pathogenic bacteria and lactic acid bacteria

Strain Culture medium Selective medium Cultural conditions
BT gpecon S
ﬁ?’c"gal opyycresenes Brain heart infusion broth LPM agar > 37°C/96 h
itg[z}lglfggicus aureus Brain heart infusion broth Vogel and Johnson agar 37°C/48 h
iaé?%n;lglgstyp himurium Trypticase soy broth Bismuth sulfite agar 37°C/A8 h
Xrlb‘gg gc;rsalhgaemlyticus Nutrient broth gg:s;léf;;r citrate bile salt 379C24 h
o151 ril{C7h iZTCCOZCl 43894 Nutrient broth ﬁ?ﬁ%ﬁ?ﬁﬁoﬁg (t);li%gr Irchah
Lactic acid bacteria MRS broth®) MRS agar with CaCO, 37°C/72h

PShahidi-Ferguson Perfringens agar.
PLithium chloride phenylethanol moxalactam agar.
DeMan Rogosa Sharpe broth.
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liant green lactose bile(BGLB)H}A], Endo3Fd ®vFX], EMB3%H
A iz 2 & 3 wjXE 2% Difco Laboratories®] |

2 AHg-siTh

AE ZX|0of cist ZHif gHalRe| s 7+ 5H

Wl HE 72 AR E gF "o g3s)
Al R LFEAIZE] Aol i o]E wro] WIE 245
Atk 7 A3 HUFL Table 29 WU Wi E AMEElA
37°CAlA 18A17F st the wals YAEE st BaAlE
A2 AFE AR AR 5 10° CFU/100mL7t 5
HAEsFgom AF HAFe Agd doixe 9P He AE
A2l F& QAR 348la Table 20 vieRd ZF Ald#
o thak Meufx|9e} w2 A0s 2 wiYkst o, 4D 7
Bare] AR HEe A9l CFU/M100 mLE YeRAITE

C. perfringens ATCC 131249 &7[ZHuF0g e
anaerobic jar(GasPak, Difco Laboratories, USA)S ©]-&3}%
on AE 79 Mg 2 AFE Y vAE EF Difco
Laboratories®] #|Z<& AR2-st9iTh

U Halw ¥ iAo cigt 2t EHat allyl isothiocy-
anatee| ¥ AlH

Zkel A Wew B ikl uig dad APl A
Zol AT 7t FEVE ARl
3] 94E21(9000X g, 15 min)sted P& AL A183)

A gl 3 S ARE HIXEA] Table 29 u)
G RS, Fiktel digt 3 AEE WA ZME MRS
WAE 247F TR 2A|StE Araian, zb wiRlo] e
¥ 2t FA = AFAHE allyl isothiocyanate(Nacarai
Tesque Inc., Japan) £92 &3] ARt A3 o)
A Fo 7t FHY] FEE 2,5 10 2 20%7F HE= 3
3L allyl isothiocyanate®] FX+= 50, 100, 200 2 500 ppmo]
HES 3%t olE 2t F9 2 allyl isothiocyanate®] ¥%
£ 223 Z+ uixle] Table 29 #jYE MiRE ARE-Sl] 37°C
ol 1817 MR AIY Welw § kg #FE 10° CFU/
100mL7F E=5 Zb7F HEgsty Ul B3 37°C, 24t
T 30°CAA T2AIZE W g £ o5 7t AEFY] F5E
Zb N 3 allyl isothiocyanate®] H7Fex @z vlasig)
ZF Aol gt F7e] S8 AA AR Fo o
g Table 29] W3 o] ki)

#Hx 2 9| I 2+ 4 Enr

AAe FAER] wF9} Fdoz FXE vhs, diT, A
& E a7k 7k 200 ARt WAdTE #F 2
EATE 24 A3 Table 33 2ok A" AE = 14
W] 2ol Ag AL A tively 1 thgo=s
v, IR, wiEe] M IL o] 9ol Az hE A
A AARE AAEE oY As AEEA gt A =
E N thgFEel AEHAUL due 200 AE F 3
N AN, MiF= Ul A8 4 AEHA G}, o}
T B AFTIR oM Al wE & AolE veh

Table 3. Occurrence of coliform bacteria and total bacteria in
raw materials of kimchi

Raw material Coliform bacteria Total bacteria
(MPN/100 g) (CFU/ 100 g)
S 6 7
Chinese cabbage (()2.71;?541)9) 2'5>(<2ng 1 34)6 ; 10
Garlic 0-2.1x10° 1.5x10° — 2.1x10°
(1.3x10% (4.4x10%)
Green onion 0-9.2x10° 2.7x10° — 6.8x107
(5.4x10%) (1.1x107%)
Red or 0-1.1x10° 3.0x10% —5.7x107
bepp (1.8x10% (6.5x10%)
Ginger 43x10° - 4.6x10° 4.3x10° — 2.0x10°
(9.4x10°) (6.0x107)
Salt-fermented ND? NTY
anchovy .

'2The number in parentheses indicates the mean number of coliform
bacteria and total bacteria, respectively.

Not detected.

“Not tested.

FE7FEe] AL A8 50%0A HAFTo] AEHA
A9 B akr] & 8 A8 71 2
daze] AEFEHA kot g 127 A|Fel
T A& vl vy, 2 2 FEAAHNA o
Al eEgE Aoz 24U '
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FE2 9 e wy] APHYS i) Ao o3k pHE] A
st whe} oA #F 2 EArE Z4as pHel A
glol] @& olE #F9 Wt 7k 2%l oA AY 2
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Fig. 1. Changes of coliform bacteria and total bacteria of
kimchi during fermentation at 5, 10 and 20°C.
Symbols: @ , coliform bacteria; O , total bacteria; I, pH; [, acidity.

HA LS50 2 HLH HATRe HAIFl wHst

HjF R 8} A ) A HAF 6dTE HEStH HE
A7) Aol et ol AT WEtE AT die
Fig. 2¢} Zth wiF4xe] 49 LR Xy we} 1 +
F= AL C perfringens ATCC 13124= pH 4.1, S.
aureus KCTC 1621 8 S. typhimurium KCTC 1625+ pH
3.8, L. monocytogenes ATCC 19111, V. parahaemolyticus
ATCC 27519 % E. coli O157:H7 ATCC 43894 pH 3.7
o =3t o]Foe= HEHA U

olZ HUFd HA AE pHE C perfringens= pH
5.5~5.6"9 S aureust 4.2~45%Y S ryphimurium= pH
4.1~4.5"" L monocytogenest= pH 5.0~5.6%, V. para-
haemolyticuse pH 5.3, E. coli= pH 4.0~4.5%2 4
A Jout A Hed 6357 HEHe A pHe EF
ojRT A e WY T AE HYHF F E coli
O157:H7 ATCC 438%4= 717¢ 38 W& velle] E
coli= WAl F WAHgel dids] Zilcte Eau®et
R

Ao R A#Y AS pHAAE #7F, #7, 2%, A

d)

TN Aol ASA ) A 483

Viable cells (Logg CFU/100 g)

Fermentation time (days)

Fig. 2. Changes of pathogenic bacteria in kimchi(A) and
mustard leaf Kimchi(B) during fermentation at 20°C.

Symbols: @, C. perfringens ATCC 13124, O, S. aureus KCTC
1621; ¥, S. typhimurium KCTC 1925; V' , L. monocytogenes ATCC
19111; M, V. parahaemolyticus ATCC 27519; [1, E. coli O157:H7
ATCC 43894; @ , total bacteria; < , lactic acid bacteria; @ , pH.

we) %%, 9 BE, 712 SOl HEA gEAE AoR @
HA Qom0 B At oldd adel Wi oy =
Zo] vhe ® ol A7) 2 o

rgo] Fedol wEbr] A&
2 pH7} A&EE Al SHHA] T o]e}h 7ol
A} ASpH ol Zol7y JeRt E38] C perfringens®]
Zeo] glojrls LFol ofsiA BAPE Ak 2% Az o]
ol 73X A FrFA 2ol FAHA LULERE 1
Agol AsiEel ¥ & olE Yehd RoRE AErh

ZA e wWFUH ) vste] wae] o] o 4k
#+9] #oE dWFEAXAMe 2979 HEZE 10° CFU/
100 mLel] =@sh=d sty ZHRM = 380 2RFHY
o HES AE HYEFLE BAaHY C perfringens ATCC
13124% pH 45904 AZ¥A F% 2 9] PUA= pH
45 olstellA FAHB] st pH 4.0 oldlMe ZE H
Aol AEHA gkt o)ep o] AAX el oM = S
AR)e) 7S vlale] Aago] Ko =3 FE5 HAF
T g d A" & pHAlA HEEHA] gon AlHH
T e 7R AFE F A ATl 1 HE
2] ek oz @A AA) Ftole ol #9] A& Al
s gt Ee] FaE Urhe Aol FEHAG

ol9} 7ho] UX&= L&) QA HAFe Ago] A
I APEEA go 1 kg AT AA T o
420 0PAER Bol Q¥HE 1A Fo ¥AdF I
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Fig. 3. Effects of mustard leaf juice on the growth of pathogenic
bacteria (A) and lactic acid bacteria (B).

Symbols: @ , C. perfringens ATCC 13124; O, S. aureus KCTC
1621; ¥ S. typhimurium KCTC 1925; ¥ , L. monocytogenes ATCC
19111; M, V. parahaemolyticus ATCC 27519; [ , E. coli O157:H7
ATCC 43894; @ , L. mesentercides DU 1001; <, E. faecium DU
2101; A , P pentosaceus DU 2201; A |, L. plantarum DU 3001; @ ,
L. sake DU 3011; O , L. brevis DU 3021.

B AoA FAES ydd vlel 8 HE Zez A
75 09 #57F Ag A AR A Y] Wdge dg
o] A&l wa} 7+E (infective dose) ©)3E 2 7He3}
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$ge] Ao, 53| ZAA 9 Qo sl TR-E A
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Zt HM3} allyl isothiocyanate] ZtE EHi Welm
Hibrol ohst s2Ew
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Fig. 3 3 7t}

o] ArVeErt T7HE RE AIY Wl dis)
FHEHE UEgen A Bad 67T #
ol LR7IENA < 10°~10° CFU/100 mL2lE] thel
20% A7FANAE 2k 10~10° CFU/100 mLo] $ATh.
o] Fade ol wEt & Aol E F glon S
typhimurium KCTC 1625 @ E. coli O157:H7 ATCC 43894
© 7P sl 2 Aol AajEe AFolAUnt. skt of
St g oBlal #Fl wE FFEe Hole Fon A
A i) e FE7FRIA oF 100 CFU/100 mLIE o)
14 20% F7HrelA oF 10°~10" CFUmMLO) ATh,

Allyl isothiocyanate®] v W 9 ikt it g+t
g3E vng A3E= Fig 49 2t} Allyl isothiocyanate:=
EE AE #ddo] tajA TR JFEAE YERIS
™ allyl isothiocyanate® H7Fs=7} 855 Hedo] weh
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Fig, 4. Effects of allyl isothiocyanate (AIT) on the growth of
pathogenic bacteria (A) and lactic acid bacteria (B).

Symbols: @ , C. perfringens ATCC 13124; O, S. aureus KCTC
1621; ¥, S. typhimurium KCTC 1925; ¥ , L. monocytogenes ATCC
19111; MR, V. parahaemolyticus ATCC 7519; [ , E. coli O157:H7
ATCC 43894: @ , L. mescenteroides DU 1001; < , E. faecium DU
2101; A , P, pentosaceus DU 2201; A , L. plantarum DU 3001; @ ,
L. sake DU 3011; O , L. brevis DU 3021.

coli O157:HT7 ATCC 43894= 2t FhoA 9t Zo] A9 1
A F 7B A3A 2 gl Asi=lo] 200 ppm A7l
A AZHA| UL C. perfringens ATCC 13124+ 500 ppm
A7t AEHA FUT. V. parahaemolysicus ATCC
27519, L. monocytogenes ATCC 1911 ¥ S. aureus KCTC
1621 500 ppm F7HFolA L 8ol =LA AsjEieH
o|g9 #4E FA7MAA °F 10 CFU/100 mLH thal
A V. parahaemolyticus ATCC 27519 ¥ L. monocytoge-
nes ATCC 1911% ©F 10° CFU/100mL, S. aureus KCTC
1621 o 10° CFUI00mLE AE BAd F S aureus
KCTC 16219 tisiA 718 ok A axes vehld) ol
9} 7+o- ARS8 qurens’} allyl isothiocyanate 0.8%2] ¥%
A= AEHe Az 243 WidE Yepiths Kanemura
5o BAO9e AX|skgT:.

Al@ ZARF thgh allyl isothiocyanate®] &= #HY
ol et &bo] Bt} =iA| kgt He)ATE 200 ppm
THEM e AsjanE A & F ¢lem 500 ppm H7H-
oA okt A EAE e L F5%E allyl isothiocyanate
237179 ©F 10°~10" CFU/100 mLell thaliA]l 500 ppm &
7hroll A oF 108~10' CFU/100 mLol At} )¢} 7ol allyl
isothiocyanatet Aol Hste] A Aol thsir 7
3 89 He YRS allyl isothiocyanate™ Gram &3
ol el A3 Fa¥E e 247 § Gram ¢4
ol e FFEe I3 AFolAths Miyaod] HI}
Z ATt

7y oA Badel dElA e 8 AJELS allyl isothio-
cyanate® T2 isothiocyanate®] &2 3] Hojx“ 1 3
ZEFHE vt Zoz AZERE R oA HiF
ARl Hlsted Hdwe] Ago] A AfHe AL F=2 o
o] 8 A=A AJEQ allyl isothiocyanate®) #&-8-of 9
¢ ez AT
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g pHJ ?ﬂ o}Oﬂ E}E} Zto}l AR E T S
FZA A pH 3.9 o]dlollA AEEA ko™ Clostridium
perfringens ATCC 13124, Listeria monocytogenes ATCC
19111, Salmonella typhimurium KCTC 1625, Staphylococcus
aureus KCTC 1621, Vibrio parahaemolyticus ATCC 27519
9 Escherichia coli 0157 :H7 ATCC 43894+ Hl|F=7] =] o]l A]
pH 4.1, 3.7, 3.8 3.8, 3.7 & 3.7 o|slollN ztzt HEHA @&
Q3L FHAARNME pH 4.5, 40, 42, 42, 42 D 4] 0)3}o)
A ZzZy AEEA &t E 7 F9 2 oallyl isothiocyanate
ol tsia F=3d A&AatE vehlilen &
o] ek adke mFEiinh olE ANENE Ax] U
= A9 e oAl HH zte] Wlwte] dig FEl
& AsAsEde T2 2 Foll e AT AR allyl
isothiocyanate 9} w28 &gt Aoz FHEH.
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