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Ligteria monocytogenes= FH$1s 2% HE9} o] B 1%
To] A slollA Wk o} FAEA 3k AFHdolut 7}
AP E BEEC] FTHIO, 12). &5 AE 29 3FE3
29, AX 39 sIHEolv 3= catalase B! superoxide
dismutase 52 L. monocytogenes®] HAdol JS = <A}
E2 4A AkE). T3 hemolysng Aiksle] AP HES
A7) A E BAE Folle YESAL 53] TAHE
o3t HAHE AT YLHE, AAoke} 9] W oFES S
A=A 53] A8 Aol o8 HEFT Hel HFo
Heatd s fste] 43 @ B3 o) 59 AT
HERATH(12). A7t ligteriosis EA= ¢F 1,600 ©]231 1 F
400~500% A7} APdsle Aoz oA o] ArES <
30%°l 23R (14).

L. monocytogenes®] Alo1E 913 WHo R =
g, SRS 24, YA AL 5Y 2
oAe] 7HA 71 Fkskas
2] 21 APl oJgh Aol g A7) Bol Barsa ok
(15, 20). 53] Enterococcus faedum, Lactobadillus sake, Leuconostoc
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mesenteroides, Pediococcus pentosaceus 2 P adidiladtid 2] T57}
ke Bhe|E] o4l B3Rl gz Elol €4S Uehll=
Aoz dslA] Qltkie, 18, 28, 29). HlE|E] QA1 fako] 4
ke A Tl EA2A FHAS TH AFE5doly
Fafjgtel] gk grahg-o] GeAaL flof Wetelu Edwio] f
W 7FsAdo] e SFEEHIEe UiAERE A Qo). BlE|
gl A e dRsgae] o) FA FalEEz 2R
o] %131 GRAS (Generally Recognized As Safe) 224 oHA
do] gFERen 53] 7Y 9] €eR nisne sEvEE
23t oF 400 ol A AFHEEA Y] ARE-o] QI =] )
o HZedle SAFA NN FAHE] FEET A3l rdEe
Aofell ok kA FRE faiA 2e]a AL & S 9
3 FHsHA AREE|o] 2 A gl ofgt fruHd| o}
Y 5o BARgol digk tjARke] shtE A vl e4le] b
A ol izt ZIviE AL ATK@). SHAINE vl e Ale] ohF
A%t 71 o] wjHlgk A ola gt ] Al B2 HE
o] £A8F loem g iAo R HJsrlde B wAIFl
A7Ea euz Ejslsty E3xiglel 93] a3l
] Ao WH-S RS} g

E dFexe E40] 2 vl Al ARt 755 AAst

£ FEdae] A o5 Fsadel #gk A7 A
5 Al AE AF Y52l vFolA 28 E faecalis M
2130] kst v E] Q4] BHF} Z4E frlhke] E]F Aol 9
3} L. monocytogenes KCTC 35692 3t & 3= ZAFSIIT
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whe 2] e 4le] 84S St vhE2] e A1YS ERlEkaint. vl
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= 24 wdl (BD Facon, Franklin Lakes, NJ, USA)el L.
monocytogenes KCTC 3569 5 ulj ke (&F 10° CFU/ml)2} o131
Ho = 3Ag vHE] 4l &S HE wid $ enzyme linked
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of thx79] 120l sk He|E oAl A s Mujare] ArE
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Fig. 1. Thedegree of growth inhibition of L. monocytogenes KCTC 3569 when cultured at 37°C for 12 hin BHI broth containing different levels of

organic acid and the bacteriocin of E. faecalisMJ-213.

EB, 256 BU/ml bacteriocin; EBA1, EBA2, EBA3, contained 0.5, 1.0, and 2.0% acetic acid, respectively, and 256 BU/ml bacteriocin; EBCL,
EBC2, EBC3, contained 0.5, 1.0, and 2.0% citric acid, respectively, and 256 BU/ml bacteriocin; EBL 1, EBL2, EBL3, contained 0.5, 1.0, and 2.0%

lactic acid, respectively, and 256 BU/ml bacteriocin.
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E. faecalis MJ-2137} A4tehk= BHeE] 4] 849 HE v
256 BU/mI%} acetic acid, citric acid 2-& lactic acid= 22} 0.5,
10 2 2.0% Aol 2]g+ L. monocytogenes KCTC 35699] 4=
Zags AR A9 Fg. 13 2t dE|E]l 241 256 BU/mI
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2 potessum sorbate 22 F71akg o] I A UTH4, 30, 32,
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acetic adde] HAAS s EE 212 2500, 5000 2 1250 pgmidriat
Ra13k b <k} 21(2)]] wh=, L. monocytogenes ATCC 19113&
0.1% propionic adid, tataric acd 2 ladtic addoll 2J3l FF3idt 52
A &3= YeRion, 0.1% ditiric adde} acetic acde B2
Bt Ak Barsie] 2 AFdde}l thi Zo)7h =T
ol= ARE w9} ARESE 7Rt B9 Aolol] Y|RlEE Ao
2 A

ShH L. plantarume] AJ4ksk dEE] 241 plantaricin L-1¢1] <]
&l L. monocytogenes®] MIE W] Z-Fol23 F7|Q1% @A d
4 9 ATP #Z=2 I8t =9 Aav)2 pH FHl(pH) 2 pmf

0 o
575- ;\?7&
T
S S
=) =)
35} -55}
= =
= <
B I =
0 .

o] FAAEC dErn HuHJTH7, 31). EIF P

10

37

S o

= 5,

= e

= R

£ iy
yos; le;i

A AEB1AEB2AEB3
Treatments

C CEB1CEB2CEB3

Treatments

0 N Reeoxe] |
L LEB1 LEB2 LEB3

Treatments

Fig. 2. Thedegree of growth inhibition of L. monocytogenes KCTC 3569 when cultured at 37°C for 12 hin BHI broth containing different levels of

the bacteriocin and organic acid of E. faecalisMJ-213.

A, 1.5% acetic acid; AEB1, AEB2, AEB3, contained 128, 256, and 512 BU/m| bacteriocin, respectively, and 1.5% acetic acid; C, citric acid 1.5%;
CEB1, CEB2, CEBS3, contained 128, 256, and 512 BU/ml bacteriocin, respectively, and citric acid 1.5%; L, lactic acid 1.5%; LEB1, LEB2, LEB3,
contained 128, 256, and 512 BU/ml bacteriocin, respectively, and lactic acid 1.5%.
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acidilactici7} A§213k Blel|2] 2 219)] 2Jafl A= L. monocytogenes?]
AlzEo] FaE|o] AZUE-Fo] FZ= Ak 3FTH(16).
] 2417 fF71hHE)S] 8 Aol ot dsEaE <l
71EY 4 BERY A 7FsAel el B2 dgEe] JaH
3 9ITk6, 23). Olasupo et al. (24)9 w29 nisn?} cinnamaic
acid?] &% Al I3l L. innocua$} Bacillus subtilis>l] thsh 24
2 &3} Vepgtka B sttt Al-Holy et al. (5 ditric add
= Ao 9 L. innocuad] F2] oAl &= g A ollaL
T3k nisne] GdEAiglel] &S L. innocuad] T Z710=
oF 3 log CFUImMI 2= 73S Holtprt 2204 59 Foll=
79k AY vzt FF TE AT 28y nidn
500 1U/mIF} citric acid 0.2%62] &3 2]l 2Ja4 L. innocua
< Al APEAIF TR BarskTt. Pediocin K1E- citric acid
o} £ AEg A= &= Ad vls) =717 A=
ArE AA3] 7HAE7] At v 30/7F $ 9F 2 log
CFU/mI o]’¢ ZHA=tkar Bagh vl Qlrh(19). Tk {74t ©
=38 Ade g 237} ©& Pseudomonas aeruginosa, P
fluorescens®} 28 IS AHHES lactic aicd®} nisine] &3 A
ol o) i 7 7} RSl ek thar dEsTh22).

L. monocytogenes?| X7 |40 L}E & 1}

A= T2 L. monocytogenes KCTC 3569¢] %7] <ol Hiel
2ol g9 256 BU/MIS} acetic acid, citric acid 32 lagtic
xids 15%°] &% APs of iz} vluste] AES
ZAFe A3E Fig. 39+ 2t} L. monocytogenes KCTC 35692
z7] #57F 9F 3 log CFU/MIR] 7% ¥HE2] 41 256 BU/mI
GE X2 PS o) 2Aaee oF 3%l ol23al 7] It 5
JVEFE 8L FAhE 7] #47F F 7 log CFUMIS
AS s B 2000 =2 Yehtth 53 acetic adid,
citric acid 22 lactic acide} W2 2419 &3 Aol 2fsiA

%7] ¥4 3 log CFU/MIQ 737} 7 log CFU/MIY wjxh
T FHago] 84 Y =4 YERsiTh

EU

100

~
[$)]
1

Inhibition (%)
(4]
o
1

25+

Initial cell counts (log CFU/mlI)

Fig. 3. Effect of initia cell counts of L. monocytogenes KCTC 3569
on antimicrobia activity of organic acid and/ or the bacteriocin
produced by E. faecalisMJ-213.

(1), bacteriocin 256 BU/ml; ( M ), acetic acid 1.5% and bacteriocin
256 BU/ml; (), citric acid 1.5% and bacteriocin 256 BU/m; ( B¢ ),
lactic acid 1.5% and bacteriocin 256 BU/ml.
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glEf2|2A HIIAP|0l = L. monocytogenese| 4|
#st

L. monocytogenes KCTC 35699] F-%=7], tig7] 2 A7 &
Aol Brejg] Al & 256 BU/Ml 2 acetic acid, citric acid &
< lactic acid 1.5%°] H7tol o3t 4% WSS Fg. 491 ek
WAtk Bhe 2 @41 256 BU/MIYHS- L. monocytogenes KCTC
35699] fr=7lol H7FeE A9 dizTgrol v F2 SEe
& =0, vzt ARl wel 72 AAE] S8k
24A7F $oll AA)7 e =23kt e dig7ol H7ksk Aol
€ f=rlel A7IES Wro o we] gA]7)el =eeiion,
A7Vl A7 S W oo ¥lSse SRS RISl &
Ak v oA {71k B3 XEe A5 wGAIRE St
FEEe) 7 £ vHE oAl 9 Az vls) Wk, &
3] fre7lol acetic acidet E3 A2|gh 749 w4l T
2 W B} 24X7F & EREE oF Auk Axo] HEYTH B
Ae} FAFSHA L. lactis CNRz4810] A2V lacticin 481%

FE2710 e AAIEFY] FAL A AASFAA T A
7] o]Fo) A& AE] F2 AAErR= oAl YERThaL
st ole AAY] el e AlEs <R A= tigk A
o] st whiTolekarl B a3 Th(25).

Hn

2 oAl g 256 BUMIS}H acetic acid, citric acid 32 lactic
aids 15%°] =2 H7IgE - 4°Col|l A 60417t Adste B2t
T4 W32 A8 23k= Fg 59 2o 7] @57 °F 5
log CFU/MIQ) L. monocytogenes KCTC 35692 4°Coll A 60A7F
A= B2k oF 15 log CFUMI Z715]0] Ao A& Z24]0]
7Fse Aoz v Fct et vhe|e] 24 256 BU/MI 95 A
2t A% oF 1 log CFUIM A% ZHAEJAL, f7 s &
g Hglel 2aa dEAe] B A a3t F7RE o] acetic
acide} &3 Azjoll osiid 6047t Fol] 7] TR oF 2 log
CFU/mI A5 %141, citric acid 2 lactic adide}e] &3 2ol
OJFiM = oF 1 log CFU/mMI o] 7H4 &3 Jepliglth g
e 2] @Al g8 100°CollA 2083t 718 2123k & vhelE] e
AHS B XS WY gt avh= 71D X8R &2 vt
glg] o] &7 Aol fARH UEl e =2 E. faecalis MF
2130] Aatale vhe| 2] QAL L. lactis DPC 31470] AAkgh
lacticin 314743 ol ¥l 4 ek o= YERGTH27). 3HA]
T TU3 TR w2l §4S AR} AlF =S
A e o] gt ade A zlo|7t AREH AlH =50
Ao e g AR Bk AR SHA] vERs

Bai et al. (6)°l oJalH guljFe} BEZE] e EAs= L.
monocytogenes T~ nisin (50 pg/ml), pediocin (100 AU/ml)
9 phytic acid (0.029%)°] &3 Aol oJ3] EH}H o= FHAH
ok Huslar it} Scanndl et al. (27)2 lacticin 314704
nisn f714ke] &3 A Elell <Jslix Salmonella Kentucky$} L.
innocuadl] gk &t Gl AU =5 2AIA] W)l =
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Fig. 4. Growth curves of L. monocytogenes KCTC 3569 by addition of organic acid and/or the bacteriocin of E. faecalis MJ-213 to the growing

cultures at different phase. (O ), control; (@ ), ( 2 ), and ( A ), arewith addition of (A), 256 BU/ml bacteriocin; (B), 256 BU/ml bacteriocin and
1.5% acetic acid; (C), 256 BU/ml bacteriocin and 1.5% citric acid; (D), 256 BU/ml bacteriocin and 1.5% lactic acid, respectively.
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Fig. 5. The inhibitory effect of the bacteriocin of E. faecalis MJ-213 and/or organic acid against L. monocytogenes KCTC 3569 in ground pork at
refrigerated storage. ( O ), contral; ( A ), non-heated bacteriocin (A) or 256 BU/ml heated bacteriocin (B); ( L1 ), 256 BU/ml bacteriocin and 1.5%
acetic acid; ( @ ), 256 BU/ml bacteriocin and 1.5% citric acid; -, 256 BU/ml bacteriocin and 1.5% lactic acid.
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ABSTRACT : Combined Effects of Bacteriocin of Enterococcus faecalis MJ-213 and Organic Acid on
Listeria monocytogenes I nactivation
Sung-Mee Lim (Department of Food Science and Technology, Tongmyong University, Busan
608-735, Republic of Kored)

In this study, the effect of combining oragnic acid and bacteriocin of E. faecalis MJ-213 isolated from Meju
against L. monocytogenes KCTC 3569 growth in BHI broth and ground pork was investigated. In combination,
the effects of 256 BU/ml bacteriocin and 1.5% acetic acid, citric acid or lactic acid were synergigtic and effective
than those compounds aone in controlling the viable cell counts of L. moncytogenes. The addition of increasing
concentrations of the bacteriocin or organic acids led to a marked decrease in the number of L. monocytogenes.
The combining trestment of the bacteriocin (256 BU/ml) and organic acid (1.5%) in ground pork inoculated
with L. monocytogenes (5 log CFU/mI) resulted in 1 to 2 log CFU/mI reduction of cell counts during storage at
4°C for 60 h. Also, the bacteriocin of E. faecalis MJ213 was relatively stable at 100°C for 20 min.



