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Abstract

Bacteriocins are natural antimicrobial compounds produced by many microorganisms associated with foods, so
that there is currently much interest in their use as food biopreservatives. Goal of this study was to partially
evaluate lacticin NK24 as a food biopreservative by showing antimicrobial activity of L. lactis NK24 and lacticin
NK24 against food-borne spoilage and pathogenic bacteria, respectively. Lactic acid bacteria NK24 isolated from
jeot-gal, Korean fermented fish foods, was tentatively identified as Lactococcus lactis and showed broad spec-
trum of activity against all of spoilage and pathogenic bacteria tested by deferred method. Bacteriocin production
in jar fermenter was detected at the mid-log growth phase, and reached the maximum at the carly stationary
phase, but decreased after the stationary phase. Lacticin NK24 was partially purified by 75% ammonium sulfate
precipitation followed by subsequent dialysis. This partially purified lacticin NK24 showed antimicrobial activity
against Enterococcus faecalis, Staphylococcus aureus, Staphylococcus epidermidis, Clostridium perfringens, some
bacilli, Listeria monocytogenes, Listeria ivanovii, Sphin-gomonas pausimobilis, Escherichia coli and Pseudomo-
nas aeruginosa. Thus, lacticin NK24 examined in this study show promise as a biopreservative be-cause of

their broad spectrum of activity.
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o] At o WAEA], oA Fe AME {2 FHE
5 A 9 okl Fe AL A T U

uhejg] @Ale] B8 A7 g Adate] A 3t
A i Al-E colicinol g W go.2M AlabEg] R, A
o]Z=¢) starter A d8] AEHI AUE Lactecoccus
lactis(9]1 2] Streptococeus lactis)?t SrAkZY 4 Lactococ-
cus bulgaricus @] Y£E& A= Aol Rogers
(1928)]] &J# A-&-08 HUEHYT, 1947 Matticke}
Hirsch7} o] 8-#E4E nisinolel &z 2 W3},
Hirscholl ]3] X §-0.2 A FREAH 24 AHEF o,
A&l AFNEE F8 Ak 2] gl AEA<
delle] e Ale] =,

AE Fo A, weiE, 23 Fo| AF 1
gL FA W B Ager Fi £ I
o AE7HAE dolw e I v| 4 & AR ol 23}
of QlAle] sl Afrt goerms MFAYY F4
Ex TAFSS Yo Ao Al el 1Ay
= 2 AF3|e] A g v stel AR #AE AT
Ak 7HEFA EA A dadgaoe, fEA
Ao AEHARAAM AFSAEA R, FAHe F
7F, Ak 3fef] whE Al g4 o] kst wEecke]
ol @t A=Al AFdARe] oheFs, oekdt &
Ae] At o *‘%l HAEFEL o] & F7t o2 ¥
HAE AEE 2 3 A S5l 48 Akt

A&Hoz ?7}5}:,1 et gk fejutelel AlA Eo
A S FelA T2 AF HFE A Fo] e
2H AEA HYA Ad e s 2 Al #E
off WFE 3 Qe B HEF WA AF2 Sal-
monella spp., Staphylococcus aureus, Vibrio parahaemo-
Wticus, Clostridium perfringens, Listeria monocytogenes
W Escherichia coli O157:H7 %-olc},

£ dTolMEe 28 A EA U Al| B
Az Fe g5 velg)esle) AEf F8 P
A H HUAA Mol WE g EE HA s 4
F % AEA 6 AHE FEA WA 2 A0 AR A
& Elshazt s

e 3 WY

He2FE{2 2|2y YihmFe &2

T #edl AL opakA o W3y FAA T
datdom Ao FRE AR, A, AWA, 2
AR Felawt w2 Al YAkl Feiby o

ubH el E‘Q‘ﬁ*}*‘: 22| agar plateel| M A3 Fd2H
& AN #FE 2ElE 5 U W< wiple agar
layer method® & ol838le] Lactococcus delbrueckii
subsp. lactis ATCC 4797, Leuconostoc mesenteroides
KCCM 11324, Lactococcus lactis KCCM 40104, Pe-
diococcus  acidilacticic KCTC 1626, Escherichia coli
KCCM 32396, Escherichia coli IM109, Bacillus cereus
9 Bacillus pumilis 7575 A5 dtelE] oAl A
AREF-E Bl en), AREEl #ix|E= MRSHRA
(Difco Laboratories, USA) ST vk %3 32°C o]¢d
o}, of e} FHof wheg] Al AAbE T F W Sl
$let w2 A4S A g eAlE AR AT
FE HFH oz AUl e LAB NK242} =3}
At

HE 2|24 dMaFe 23

uhefle] e Al Axkte] zFw] 7 AHE-E FEG-SEM
(model S-4200, Hitachi, Japan)& o] &3l Qi 2
gd 4 ) APl 50 CHL kit(BioMerieux Co., Ltd.,
France)ell #J8ll of] sbAtde] o3t wlele]edl A4t
9] o] 84 -& &l T3k

et ¥ ejtxa
uhe]e) 418] A5A 8 Alge] AN ook
-2 L. monocyrtogenes ATCC 15313 5 1335, 295
AAFE E coli Q157:HT & 27¢5F, 2= Saccharo-
myces cerevisiae KCCM 11201 195, F3ol¥= Asper-
gillus oryzae KCCM 11371 5 3355 AM&-3lgd o). ¢
E 5 & Clostridium perfringens ATCC 3624 5 19
F FHEAYANA "‘:‘Qﬂi Aej R ookl
U% Salmonella typhi & 8TFE AFR, 3l 2 Al
A A3 Eeisle 1%‘%*11 JF #v| 7 (Axiphot, Carl
Zeiss Co., Ltd., Germany)¥ & 3tch. Held52] ¥4
2 motility test, API 20E kit % ATB expression(Bio-
Mereux Co., Ltd., Francey& AH&-3led Bergey's Manual
of Determinative Bacteriologyol] 7|4% ¥k ¢l Hhy
o Fale] F4 &G HO. HF-L 37°C £ 30°C, tryp-
tic soy broth(Difco Laboratories, USA Wl 2|0l A, & 2 9}
3ol 30T A zHz YPDuRA], PDBu| Aol A 244
Zb 33] A ufekste] AMSIH Y. C perfringens ATCC
3624 anaerobic envelope® ¥ anaerobic jar(Difco
Laboratories, USAYE A}8-8le] &7]4] ZA A vk
shed ok, wiA|] ZAjel ARS-® F-F<3= MilliporeAte} 3
A FHrE AH3MA R, pH A% OrionAhe] pH
meterE Alg-3}ed &35l
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L. lactis NK24 9] F72 5|5 o] MRS agar
plateo] B.E ZQ] FFZ 10 mL test tube2] MRSH}Z]
of g o] HFale 37°Cel M A X uloFEig . U
Hxo M8 Euljeke 5 L jar fermenter(Korea Fermen-
ter Co., Korea)s AH8-3led wjokslglonm wjofz2 2
o3 g & &% 32°C, pHE 60101, NS
= 200 pm, HFH] = 1%(v/v), working volume 3.5
L, 371 6EA 4.

HE2l4 EBrEY SHY

2tele] e 4l QAT a8 FA5] A6
deferred method™ & AH8-815 et &, L. lactis NK245
MRS broth 10 mLell Z}7t g 9 Fro] HF3le] A u)
F2 = A 12417 wiekgt F 2 2% MRS agar plate
ol vl 5 pLE spor3lal 37°C| A 2441 7% w <k
. RAdF 5 ST H 2T TSBH
A], AR YPDwiA], F3¢]= PDBWiA|, Ao
A 122417 e efgiet. o) wioFed 100 uLE 27t 7 mL
2] soft TSA(0.75%)el A E3}od(2F 107 cellsimlLE X
3h w2 eAl JAFSF7E A= plateol] overlaydly
HA 2o A 2427} wliofEle] BA-& A8} S
A2 antibiotic zone reader(Fischer Scientific Co.,
USAYE AH-8te 249 A3 (mm)S2 el sdct

wtelel oAl S &Asr] A8l spot-on-lawn
method® {3t AMg3lgon, Wi 2 o 2
c}. TSB¥iA] 10 mLell SAA#FE Zb2k HFshed
37°C, 24A1 7 wieF3t L, o wiofy& zZhz)h ulR Fu)
¥ 0.75% soft TSAd 100 uL¥ HF, g8 ¥ 4
2% TSA plateol] overlaydte] Al-&-o] Wlxsle] iz
AlZ =} vhelg] 241 AAFFTY= cell-free supernatant
sb AR A A o8] F-2AA R e e
£ FA &t JAFFTE overlaydt plateol] 5 ulL¥ 7+
7} loading®he] 7Zhzh 2 A o] Wik oA 24412 uf
oFsled YA ANE 2t} wtele] el &
A(AU/MmMLYE wtele] 418 33 A48 Ak
S0 oujy 3)Ma F Zhzhe] 3] M H & spotsled
BAg A E 2ol YA Jo2 i A
Abstgd v

C. perfringens ATCC 36245% AU griddos
Abaol ola) 73] @ AVt doldeE ¢ 2
S 30% ol AlAEl 71A 2N wiaFs}
3L, Listeria spp., Yersinia spp., Pseudomonas spp.,
Fwal S cerevisiae KCCM 11201, 4. oryzae KCCM
11371 & F%elx 30°Col A 2422} whoFstad e},

Cell-free supernatant 2| =X

dlel|g] @4l AT Folal 2R A wjoFsle
8,000 X goll A 158-7F HA¥e]sle A E AAsA
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W 3N HCHE-Y .2 2 pHE 23 38]31, catalase® Z| %
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o] hydrogen peroxide® A 713 ¥ utejejesl A&
24 8}7] 18} cell-free supernatant® A} 8b g H®,
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gocol M A3 absbE A 241 7F o W] gk} 24,000
X g 2087 AAlEste] A E vHE Bt 0.1
M <l AbshE-8-o) (pH 7.0)l] A #etsle] 124]2m}e} @
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A s o,
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o REH 75 WA g dE F U2t vy
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Fig. 1. Scanning Electron Microscopic (SEM) observation
of Lactococcus lactis NK24,
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Table 1. Microbiological identification of LAB NK24 by carbon source utilization pattern

Carbohydrate Isolate NK24 Carbohydrate Isolate NK24
Glycerol - Salicine +
Erythritol Cellobiose +
D-Arabinose - Maltose +
L-Arabinose + Lactose +
Ribose + Melibiose -
D-Xylose + Saccharose +
L-Xylose - Trehalose +
Adonitol - Inuline -
B Methyl-xyloside - Melezitose -
Galactose + D-Raffinose -
D-Glucose + Amidon +
D-Fructose + Glycogen -
D-Mannose + Xylitol -
L-Sorbose - B Gentiobiose +
Rhamnose - D-Turanose -
Dulcitol - D-Lyxose -
Inositol - D-Tagatose -
Mannitol + D-Fucose -
Sorbitol - L-Fucose -
o Methyl-D-mannoside D-Arabitol -
o. Methyl-D-glucoside - L-Arabitol -
N Acetyl glucosamine + Gluconate +
Amygdaline + 2 ceto-gluconate -
Arbutine + 5 ceto-gluconate -
Esculine +

“data obtained by APl S0CHL kit, + : positive, - : negative

HHEZ 4 MitrFe| 24 H HEH 2[4 Y
AzpdviA ez J23 2, HYAQ lactococeid
o2 BH Lo (Fig. 1), THFET IS, API
50 CHL kitg o]-&3}e vtfle] o] 8-4-& ¥<l, 54
& A, 99.9%8] FH 2= L lactis subsp. lactis T
2 Hel=Hge} (Table 1). WA LAB NK24 &
Lactococcus lactis NK245 A H o2 EAFqlon
o] Toll o)) AJArE = ulee] 2A1-E lacticin NK24
2 "=}, Lacticin NK24% protease XI, pepsin,
a-chymotrypsin, proteinase K, o-amylase, lipaseol] o3}
M= B4l W37l gl protease XIVel 2l3iAlE &
A=l pH 2~92] H oA ¢ ek 8 1, 90°C
oA 308 719 A EAAH T glel2t, 100°C A 30
& 714 87.5% BAS Y€ 121°Col M 1587 7}
gl ek HAe] AAlS9dT}. Ethanol, methanol,
acetone, toluene, isopropyl alcohol, chloroform &3 7%
2 24§78l ell vil-¢- b k] 21, lacticin NK24
7} bactericidalg} FAFS o] A bacteriostaticst o

Log (cfu/mL)

Activity (AU/mL)

Time (hr)

Fig. 2. Production of lacticin NK24 in jar fermenter.
@@ : log(cfu/mL), C—~C : activity (AU/mL)

& Bol= AE AES] A3 AT L mesen-
teroides KCCM 113245 Y Al uf oF5lod log growth phaseod]
A 3|pate] 0.IM QA S ol WeEl F F 71x] v
H2 4] $E(320AUmLS} 1280AUmL)Z H7}g 7
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Table 2. Inhibition of spoilage and pathogenic microorganisms by Lactococcus lactis NK24 by deferred method

Spoliage and pathogenic organisms Culmre Incubation Inhibition zone
medium? temp. diameter (mm)
Gram positive bacteria
Enterococcus faecalis ATCC 19433 TSB 37°C 6.5
Staphylococcus aureus ATCC 25923 TSB 37°C 240
Staphylococcus aureus KCCM 32359 TSB 37°C ND?
Staphylococcus epidermidis ATCC 12228 TSB 37°C 21.0
Clostridium perfringens ATCC 3624" TSB 37°C 320
Bacillus cereus ATCC 11778 TSB 37°C 16.0
Bacillus cereus HTD-2 TSB 37°C ND
Bacillus pumilis HTD-1 TSB 37°C ND
Bacillus subtilis IFO 12113 TSB 37°C ND
Bacillus subtilis ATCC 6633 TSB 37°C 240
Micrococcus luteus ATCC 10240 TSB 37°C 13.0
Listeria monocytogenes ATCC 15313 TSB 30°C 40.0
Listeria ivanovii ATCC 19119 TSB 30°C 12.0
Gram negative bacteria
Yersinia pseudotuberculosis ATCC 6902 TSB 30°C >40.0
Yersinia enterocolitica ATCC 27729 TSB 30°C >40.0
Vibrio parahaemolyticus ATCC 17802 TSB 37°C >40.0
Vibrio vulnificus TSB 37°C >40.0
Vibrio cholerae 0139 TSB 37°C 245
Aeromonas hydrophila SBA 9612 TSB 37°C ND
Escherichia coli ATCC 8739 TSB 37°C 20.0
Escherichia coli ATCC 29522 TSB 37°C 17.5
Escherichia coli KCCM 32396 TSB 37°C ND
Escherichia coli M 109 TSB 37°C ND
Escherichia coli O157:H7 TSB 37°C 19.5
Salmonella typhi TSB 37°C 16.0
Salmonella paratyphi A TSB 37°C 21.5
Salmonella typhimurium TSB 37°C 300
Salmonella enteritidis TSB 37°C 16.0
Shigella flexneri TSB 37°C 20.0
Shigella boydii TSB 37°C 320
Shigella sonnei TSB 37°C 21.5
Pseudomonas syringae ATCC 12855 TSB 30°C 15.0
Pseudomonas aeruginosa ATCC 15442 TSB 30°C 315
Pseudomonas fluorescens SBB 9631 TSB 30°C ND
Pseudomonas putida SBB 9633 TSB 30°C ND
Chrysenomonas luteola SBA 9634 TSB 37°C ND
Sphingomonas paucimobilis BN] 9664 TSB 37°C ND
Xanthomonas maltophila SBC 9611 TSB 37°C ND
Yeasts and Molds
Saccharomyces cerevisiae KCCM 11201 YPD 30°C ND
Aspergillus oryzae KCCM 11371 PDB 30°C ND
Aspergillus niger KCCM 11239 PDB 30°C ND
Penicillium chrysogenum KCCM 6933 PDB 30°C ND

"Incubated in anaerobic GasPak jar.
DTSB, tryptic soy broth; YPD, yeast extract peptone detrose; PDB, potato dextrose broth. »Not detected.

£ B bactericidal8t %AME R} 320AU/mLe! ¢ S EAML lacticin NK24 AjAt
A= g sAIzhakll 99%<] APHES Rglo, ulee] @ Al JALFFE LR F A wieksle] At
1280AU/MLY] 75+ 99.99%2] AbH§8& o, S AEstGE b, kA el ul-E utdje] el A



1040 g EaetsA A3A A4z (1999)

AbE ofobR7] S8 32°Coll M A AT wiekaba A A
Aol 43 ele] e4le] 84S &3 s vkFig.
2). whelg] oAl 842 wiekd R 247k, & mid-log
growth phase oA X% &= 29 early stationary
phase(7A1 Zhel| A Fefjoff 2=} L o] Foll= &
Aol F438] A=) ofHE "L ohE W vt
HeE el ME Hodx)e Ao 2 FAabgo] AbHs}
A AR A Ba] B o] Affoll 7]QlEle e
2 oA ' gt FHd ubeE] el Ao =
Hi= Ajzhe] o}E vpe]e] 24le) HlE] w]2H e A
22 #FlHUE b, o) Al HANE ¥
ol o 713 =+

Lacticin NK24 2] 28X X|

e 2] 24l YAMFTFE WR A PAksle] FH o)
A S Holi= wick S dof A fe] ¥ vjtAtEy
& 75% FAGRFFAYLE oA JHA|7| T 12
Al Zole} 23]e)) AA FAMWCO 1,000 33te] o
& AA sk, BEAAE e Al g g o ¥
d& =A% A, BA-S 51,200AU/mLol gl o wlof
582,400 AU/mLyl wl3] 219 A% F7bs 9,

5|82 96%0) %l ch.

b

L. jactis NK24 3! lacticin NK24 0] 2[8t =2 2Ij
X HYUY Mo MK

L. lactis NK242] Sja-84-& 13 385, 1%
AT 250F, B 19T ¢ $%0] 385 5 : v
Fo| A F 58 Hul 1l A Alatel sl A=

Deferred methodell ]38t L. lactis NK242] -8 &)
A EE el dskd 3 84dE Xadd
(Table 2). ¥ F L monocytogenes ATCC
15313 A %A 3 halo7} 40.0 mm o] el , 234
el ¥ pseudotuberculosis ATCC 6902, Y. entero-
colitica ATCC 27729, V. parahaemolyticus ATCC 17802
DV vulnificus® A S-* 8] halo?} 40.0 mm o] Aol ¢d
o zElm agefAddel C perfiingens ATCC 36245
+ 32.0 mm, S. aureus ATCC 259232} B. subtilis ATCC
6633 240 mm 2] haloE HY.O™ | S epidermidis
ATCC 12228% 21.0 mm?] halo® Ech 18-SAH
2l P aeruginosa ATCC 15442% 31.5 mm, Salmonella
typhimurium<- 30.0 mm, ¥ cholerae 0139%= 24.5 mm,
Salmonella paratyphi A} Shigella sonnei 21.5 mm®]
haloE XQ 2™, E coli ATCC 8739%= 20.0 mm$] halo

£ HepidT). ol 23t g F-Eol W8t At
% AF2 L. lactis NK247} QAYe= 3iEAle] v}

gle] o4l ool = RAL
Aoz wohgd

o2&}t L. lactis NK242) S. aureus ATCC 25923, B.
subtilis ATCC 6633, L. monocytogenes ATCC 15313, Y.
enterocolitica ATCC 27729, V. parahaemolyticus ATCC
17802, V. vulnificus, V. cholerae O139, E. coli O157:H7,
S. paratyphi A, S. typhimurium, S. enteritidis, S. flexneri,
S. boydii, S. sonnei, P syringae ATCC 12855 % P
aeruginosa ATCC 1544201 3t 4 E = 7] 2]-f2)
ute|e] @ 414) Jacticin BHS = A164.2] AJAFF ol
vl E2 8-S veblAds i wR A,

Sol F2 A 7S

Xz gE2| 24 lacticin NK240f] 2|8t £ i ¥
My Mo MK sl

Spot-on-lawn assay=. ule|2] e.Al9] FHFAE 24
g A, agEdE F S aureus KCCM 32359, S.
epidermidis ATCC 12228, C. perfringens ATCC 3624,
B. cereus ATCC 11778, B. pumilis HTD-1, B. subtilis
IFO 12113 ¥ L. monocytogenes ATCC 153132 cell-
free supernatant2} F-24 A © whee] 2 Alo]] Haled 2
F gagAdes vehid, agEdd FelMe E
coli KCCM 32396, P aeruginosa ATCC 15442 % S
paucimobilis BNJ 96647} cell-free supernatant®} ¥-¥-3
AE ] el datd vF YadHE B
(Table 3).

E. faecalis ATCC 19433, B. subtilis ATCC 6633 X L.
ivanovii ATCC 19119% cell-free supernatantel] A= <}
Zhe] 8L By, F-EAAE ezl ealedlA
TR dFEEE vbelde. S aweus ATCC
25923 cell-free supernatantol] M= S84 & el
2 sk ot F-EAA g utele] e Al A %fzhe] 3

S vERAY. o] 8} Zo] g 2419] 5o
oA S8 ARV AAEE A5 DR
S. cerevisice KCCM 11201, A. oryzae KCCM 11371, A.
niger KCCM 11239 9 P chrysogenum KCCM 6933 %
Aol AHEE ZE AR} Fge] T3 daME
cell-free supematant$} -3 A gl whe]2] 4] 2 5o
A g g BolA] st

Aabgto] Galbsle utee] ealel w3k o 3 HY
A Aol gt g ESE o] =il o3 Xy
o] Ql=b. Carnobacterium piscicola?} "4 AV81= carnosin
U149 Lactococcus lactisol] H&)A B2 JaIJA L
Bl o} Listeria spp.oll i e A9 sHFE27} ¢
K21, Enterococcus faecium TC57} HArshe w2
R4l Listeria monocytogenes$} L. innocuadl o3&
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Table 3. Inhibition of spoilage and pathogenic microorganisms by lacticin NK24 by spot-on-lawn method

X Inhibition
Spoilage and pathogenic organisms Cu.lture; Incubation Partiall ified
medium® temp. Supernatant” 1atly punitie
bacteriocin

Gram positive bacteria

Enterococcus faecalis ATCC 19433 TSB 37°C +/- +
Staphylococcus aureus ATCC 25923 TSB 37°C - +-
Staphylococcus aureus KCCM 32359 TSB 37°C + +
Staphylococcus epidermidis ATCC 12228 TSB 37°C + +
Clostridium perfringens ATCC 3624" TSB 37°C + +
Bacillus cereus ATCC 11778 TSB 37°C + +
Bacillus cereus HTD-2 TSB 37°C - -
Bacillus pumilis HTD-1 TSB 37°C + +
Bacillus subtilis IFO 12113 TSB 37°C + +
Bacillus subtilis ATCC 6633 TSB 37°C +- +
Micrococcus luteus ATCC 10240 TSB 37°C - -
Listeria monocytogenes ATCC 15313 TSB 30°C + +
Listeria ivanovii ATCC 19119 TSB 30°C +- +
Gram negative bacteria

Yersinia pseudotuberculosis ATCC 6902 TSB 30°C - -
Yersinia enterocolitica ATCC 27729 TSB 30°C - -
Vibrio parahaemolyticus ATCC 17802 TSB 37°C - -
Vibrio vulnificus TSB 37°C - -
Vibrio cholerae 0139 TSB 37°C - -
Aeromonas hydrophila SBA 9612 TSB 37°C - -
Escherichia coli ATCC 8739 TSB 37°C - -
Escherichia coli ATCC 29522 TSB 37°C - -
Escherichia coli KCCM 32396 TSB 37°C + +
Escherichia coli IM 109 TSB 37°C - -
Escherichia coli O15T7:H7 TSB 3rcC - -
Salmonella typhi TSB 37°C - - -
Salmonella paratyphi A TSB 37°C - -
Salmonella typhimurium TSB 37°C - -
Salmonella enteritidis TSB 37°C - -
Shigella flexneri TSB 37r°c - -
Shigella boydii TSB 37°C - -
Shigelia sonnei TSB 37°C - -
Pseudomonas syringae ATCC 12855 TSB 30°C - -
Pseudomonas aeruginosa ATCC 15442 TSB 30°C + +
Pseudomonas fluorescens SBB 9631 TSB 30°C - -
Pseudomonas putida SBB 9633 TSB 30°C - -
Chrysenomonas luteola SBA 9634 TSB 37°C - -
Sphingomonas paucimobilis BN]J 9664 TSB 37°C + +
Xanthomonas maltophila SBC 9611 TSB 37°C - -
Yeasts and Molds

Saccharomyces cerevisiae KCCM 11201 YPD 30°C - -
Aspergillus oryzae XCCM 11371 PDB 30°C - -
Aspergillus niger KCCM 11239 PDB 30°C - -
Penicillium chrysogenum KCCM 6933 PDB 30°C - -

YIncubated in anaerobic GasPak jar.

YTSB, tryptic soy broth; YPD, yeast extract peptone dextrose; PDB, potato dextrose broth.
92,400 AU/mL.

51,200 AU/mL.

“Not clearly inhibited.
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H7b Ao ol £ dF9 lacticin NK248} A
sl el 53] soft cheesedl| A RHAFE L innocua
2 Alg-3te] utee] oAl YAkdFe)l Eghu)gsle] 3
TEARE TGS o, H74F £ v el &
E RN 2= Listeria?] 9438 B84 3E o)
2 P gl Bg g aHE L innocua®) 938 A
HE ol F 4 U=, wher FF lacticin NK24 4
AEFE A Fol S48 d ATAZ LI R
FHEAL FHHATE F2 Ul d 5 o &
H, Leuconostoc carnosum 1LAS4A7} A A& camocin
547} Listeria innocua WS 22579 o3} bactericidal &}
ooz R gleH, 18 ool 99.99%2] Al
gdE&S B uslgc} of Aol FolAl w2 2419
FEoAME AMEES 27| FFolE FES WA gt
o}9  Meat fermentation ol 221¥  Micrococcus
varians 7} A AF&1= variacin ©] Listeria spp., Staphy-
lococcus spp., Bacillus spp. &l S8} sH-tg4Ade] 9)
ol 94 Basle] I} 18T Diaz 52 green
olive fermentationollAl 2818t Lacrobacillus plantarum
LPCO10°] AAFsh= plantaricin S7} Clostridium tyro-
butyricum(2/2), E. faecalis(6/6), Propionibacterium spp.
(22)0l W FAEAE 7R 9l wbE, Bacillus
spp.(0/4), Clostridium sporogenes(0/1), Listeria monocy-
togenes(0/8), L. innocua(0/9), Pseudomonas spp.(0/4)o]]
= o aar) gdua sl b ol B A9
lacticin NK24o}} v] ] wlf-9- s 917} -2 wleg] e
Aoz #hdEny AT L plantarum 128/29Y o)
3] bactericidaldt AF-E B.ol 3 Q1A 9} lysist= Bo]=]
ke, 8+ Kanatani $-2 A% 79 o B 4A A
el Wsbed Lactobacillus acidophilus TK-92010] AJAk
8l H-xigfo| 6,500Dag] acidocin Al Listeria mono-
cytogenes(5/5), Propionibacterium spp.(2/3), E. faecalis
/5y W8 FFEAY UL, Bacillus subtilis(0/6),
Staphylococcus aureus(0/2)0) = 3] JFEA7} =
Aoz HWIET}”. Contreras 52 Lactobacillus
amylovorus LMG P-131397} A AH8}= lactobin A7} E.
faecalis(2/2) ol & FEHEF Bl WbH, Bacillus
spp.(0/3) 2} Listeria monocytogenes & H1ZZ of2]
Listeria spp.oll Msir e FFEA7} glsid Bas)
Gt B2 Tahara 5 Lactobacillus acidophilus
JCM 11327} AJAbsH= Hteje) 241Ql acidocin J1132
7} L. acidophilus(5/14)%} 7r-2 dhe|g] e 4] At}
|- Zl7be dFo d¥ (L. casei, L. fermentum,
L. plantarum)ell ) A ut b E 15 ¥ g3l Bacilllus

spp.(0/7), Staphviococcus spp.(0/2), L. monocytogenes
spp.(0/4) B E coli(03)d] HeiME 23 JFEHS
Holx] efgtctar B s,

I B AFoA] Abg-E A whele] 4] lacticin
NK24x= ZAAlrte] AAbshe o F-F-2] 2hee] e xlo A
B 4 A AAE A7) a% FAT deEAMs
-84 S Vel =] QEEAI S, Staphylococeus aureus
(3/3), Clostridium perfringens(1/1), Bacillus spp.(4/5),
Listeria spp.(2/2), Escherichia coli(1/5), Pseudomonas
spp.(1/4), Sphingomonas spp.(1/1y°] 3l A&
Helumz a7t Bug At Fadl eg]ed
ol ®ls) wlwA gFFPeist @ 5AE 7R
dddeh. webd Az wfeleles] f AAdF
5 AR FHrletd AFEA 8 HdAd Ads o
Aoz elgfat dEel widt XS Felw
ESHE 7 S g Aeld. et A £
e bl ARsf mael] ofgl whele] e Al ¥ ke
o] e FAE FE3) HEsleof g}

2 %

ZAA, A% B AE YEAFIA F2ig -4 vl
2 eA PAakgF @ o] FF7F AAtsls= nbeHE] 24
of o3t A FoA WA 48 F8 o B ¥y
A Mol wiEt dHEAE A, F54 Hd
HhRLA) 2 A 2] 3FF A F g AJEARR] M9 B8 7
A& 7B AP EEld LAB NK24+
Lactococeus lactis NK242 AAH o2 FAE¢S
o, o] wtdl2] @Al WATEFE deferred methodolj A&
EE ATl tafr sHreAdg Hyon, 73
oA B8 L lactis BHS, L. lactis A164 T3l 18]
fAHeR & FFYYE viehhsich. AR
ube|2] 2 412l lacticin NK243 75% 3 253 AW
2z FRAggger, LEAYAF lacticin NK24+
E faecalis ATCC 19433 % Z1%AH 1085, 1%
AT E coli KCCM 32396, P aeruginosa ATCC
15442 Y S paucimobilis BN] 9664 G 37l o}
slo] FFPA S Holon, ERe Fgolde
g Belx skl uiebd A% HEA|E A
oA Bejg 2 dlelzjeAle wlaad dRrygelvt
Y3 A Fel A HAsly] 41 F8 Fof gl WA
Aol e st g ERS Mol glenw
F FEA HuA 2 gge] rbslielst Wt
=3
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