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Antilisterial activity of fresh cheese fermented
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ABSTRACT: This study is focused on establishing the optimal conditions to enhance the production of antilisterial substances by
Lactobacillus paracaser BK57 isolated from Baikkimchi. In addition, the growth and /n s/tulactic acid and bacteriocin production of this
strain were investigated during the manufacture of fresh cheese. And then the efficacy of using Lactobacillus starter as a protective
culture to improve the safety of fresh cheese against Listeria monocytogenes KCTC 3569 was estimated. Maximum growth rate and
activity of antibacterial substances were obtained in Lactobacilli MRS broth at 37°C with controlled pH 6.0 after 30 h of incubation under
aerobic condition. However, the growth rate and antimicrobial activity of bacteriocin produced in whole milk supplemented with yeast
extract (2.0%) as a substrate were lower than those obtained in MRS broth. Live cells and cell-free culture supernatant of BK57 strain
were effective in the suppression of L. monocytogenesin milk, whereas the inhibitory of the bacteriocin obtained from BK57 strain was
higher in BHI broth than in milk. During storage at 4°C and 15°C for 6 days, no significant difference was found in the cell viability and
antimicrobial activity of BK 57 strain in fresh cheese. In samples held at two temperatures, there was at least a 15% reduction in the
numbers of the pathogen in fresh cheese artificially contaminated with approximately 10° CFU/ml of . monocytogeneswithin é days. Our
results demonstrated the usefulness of L. paracase/BK57 having antilisterial activity as a biopreservative in the cheese making process.
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AU S AT O =N A A RS e Ao R
&2 #] 9ItDe Vuyst and Leroy, 2007). 0|52 34242
ST % AR 714k TlobE, Thakeldads u v
2 24l 5ol 71918k, o] 2i gt gt =& ol oJsf A& W H-ui
ol 45 50) F412 oIS AEAA A B0 BAS
3FAFA 71t Lindgren and Dobrogosz, 1990).

Sk ko] B Wasls 3 Fo AkEo] AE
off AlBkE Folstal pHE A8l =, v|v| & H7keh o
Ueh-g ool 2418 ol Alsto] A1%e) AT R S 7
APAIIEKWee e al., 2006). 4k o] 2Jo] = §i4kgo] A4kst
=P dEA s A A S vt 2 2 4lo] QiT.
spe2] 2418 AARERe) f A 2R 2lrgol o)) 2
A E S AL B o] o] Aatel welHo) gl
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(Klaenhammer, 1988). Klaenhammer (1993)-2 E-2}5F, &o]
kel S 2, A ofoltel £ 173
at 218 W 9lof mhet 4719 class 2 F75FATh 3, class T
HHe)| 2] 2 4l(lantibiotic)> 2] Al 292 A} o] EF o = 1}
T A]7]+= HE}o] = &2 A] alanine-S-alanine 2] lanthionine ring-<
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I ol QP sk Al Zute o] 2 Bt at f-7] 4t slekEo
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3ol T Bl Bpak 9 A4 Bajet AgE el i
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A8 L. monocytogenes KCTC 3569 thAFCS & microtiter
plate W (Hole et al., 1991) 0. 2 23} Th. L. monocytogenes
+ BHI broth o] 4] 37°C, 48 A| 7} vl oF = A1 E-2](7,000 x
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MRS broth (pH 6.0)0{| 4] 37°C, 24 X 7} 53 &7
Shof| A v QFsto] A2 uijFelS 4lE2](7,000 x
°C)%t 5 PBS (pH 7.0) = 23] A A 5}31 a1, 4l 7h
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Akt vlFA (1%, viv)S EsFATE 13 o2 A1(0.02%)
Fsho] 35°Cof| Al vt o] uf th 2= ot 5= vl
A xﬂs’ﬁf} A7He AT oAl S8kt oF 20
B o sl # =2 x 2 em’ 2] 217

o r
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H% S ‘TTLQ A =5 Oﬂ ELOP %V‘O}
aL4eC 15°C°1W 6 Q7+ A Sh= Bt Ao AT /%4
A W atE 2] e Al S S5kl A= el g

O] -2 Ong 5(2006) ] {w o wheh 24513l =d, 13(5
)= 0.009 N 3H4H25 ml) T} 15.5 N ZAK70 pl) & E5ts}o] 7]
2]a} thS 10,000 rpm o) &%= FABBHATE 50°C gF-es
2 ol A TAIZE 23 3 A 4:-2](4,000 x g, 20-2, 4°C) 5}
o] A FAETHAIRD Ate] $713-9] &3l &
3 E(1.5 m)E 343+ Tk 0.22 pm membrane filter 2 o3}
A3t vk HPLC = A S35kl et vle| 2] 2 Al 24
S4s17] f18l Al&(S g)5 A F5ke] 4,500 x g, 4°Cof|A] 10
7 Al eske] A e A%l o] PBS (0.5 M, pH
0) 2 & 3] ThF of 1} Al okaL $hA] 52k microtiter
plate methodol| wa} L. monocytogenes BJFN(1.0 x 10°
CFU/ml)o] gt ¥ 2] 241 9) 8Hd-& 574 3FtHCoelho et
al., 2014).

31, L. monocytogenes KCTC 3569+= BHI broth W]o} A}
37°C, 24 A1 71 a3t vl ol HLof A 4-2(7,000 < g, 102,
4°Cysto] Al ZRhS 3]=3HaL PBS (pH 7.0) 2 23] A| 2 53}
A| Z2% X 20| L. monocytogens N3 FEFN(1.0 x 10° CFU/m,
1% [vv]) & A&Est 1 k2ol 2.1 tjjol| A A A}t YA st
A AR R0 9F FAOm AT T 9uhe
PBS (pH 7.0)S 8 7}5}0] oF 257k A BHKMC-133V, Vision
Scientific)d}1l 2ot A &2 3] A% o2 oFA] oG5t i
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MRS broth®} YEM W ol Al L. paracasei BK57 2] 4] 31} 3}
=2 Akl tf gt ufoF 219 PRS- AL A= Table
13+ Zt}h MRS broth W of] 27| o= 10 CFU/ml %317
© L= 37°Co|| A 24 A1 7} vl oF 3= 10° CFU/mlo]] =2 o1, 10°

CFU/ml 0]/\1'01 7310’ CFU/ml o] o] 23]t} YEMoJ| A sl
P APE 27 #HH FNBRR G F HF T

9} O 1}, MRS brotho]| H] 8| 2|& <=7} 2F 1 log cycle A= &
A yepsteh A AEE 27 T w2 s WAL
MRS ol A A F-AE] GFo] YEM Wof| A A8/ ¥ F et
G2)5HA| =tk L. monocytogenes KCTC 35699 T 3F v
2] © Al 24-2 MRS broth Wof| 4] 10° CFU/ml 0]4+e] w4~ A
ol 2J3ff 520 AU/mle] o]=F S, YEM HHX] el A=
MRS brothol| ] A14 5] aFo] uk260 AU/ml) 22 A =S},
"ok A5 0.5% A 71l 23t L. monocytogenes KCTC 3569
o] A&l &S A3 23} YEM Rt} MRS broth2 HE] A&
HoF AFEol0] A3l go] 215 B 9t wheb BKST S
MRS2} YEMo|| A 27] 7427} 2|2 10° CFU/ml o] Akl 7%
FAFRAE Hefol o] 2.1 ol e} - Y AT 15k
|, 2 Fol A= 10" CFUMmIS] 75 -f-Atega vle| 2] 9.4
S0 Thi 5917 HlEol 29 AF BreS 2l
t}. MRS broth®} YEM @] 7] pHE-5.0-8.0 0.2 717+ 243t
& BK578] 27| #4S 10" CFU/ml H238}o] 37°C, 24 A]
75t 5712090 27104 wleget A3, wlxIe] pH7} .07
.01 7 pH 6.027.00] 5[5} §-Ab-o} 2 A4
ol §9lakA] WA Lhebteh. B3] SAlaet fAre] 4
-2 pH 6.02}7.000 A §-213F 2ol 7} g1l 21}, MRS broth Wi
ofl A A/ HhE| 2] 241 2 pH 7.0t} 6.000 4 B A H
Ehgtth. TTelU pH 6.0347.020 YEMol A A4S Hhe e .41
SPol o] 7} Ik, Uheb A BKST 7:9) 243} 82
W AALS 915 W o] F 2 pHE= 6,092 BHeIskicy. 7]
ZAJof 3 RS Al H 7] 98] MRS brothe YEM 2] %7)
pHE 6002 243k the BK579] 27] #4= 10" CFU/mI=S
A&7 The37°C, 24417 Rt 2714, m] 27 A 9 @74 2
2 Stof| Al v eFet Ak, 2719k m| 7] A Q1 24 stoll A=
Akt gt ARl frofRt Aol 7t gl ok, @714
Q1 27 Sof| A= o) e} {-2J5HA] B2 gho] Ukl Bl
YEMoJ|A] A4k vhe| 2] 2 419] o2 7)€} m] 2 7] 4] ek
Sl Al & U3HA LEFL oL, MRS broth 4ol ] Ble 2] 241
AAEEL. 1] & 7] A 2 71(520 AU/ml) Boks 57]2 274(550
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Table 1. Effect of culture conditions on the growth and the production of antilisterial substances of L. paracasei BK57 strain

Bacteriocin activity

Viable cell counts (CFU/ml) Lactic acid (mM) Inhibition (%)
Parameters Conditions (AU/ml)
MRS YEM MRS YEM MRS YEM MRS YEM
10° 2.541.3x10%  3.8+0.6x10™ 96.6+4.4°  68.346.1° 450 150 24.140.3* 13353
Initial cel 10° 5.5£0.7<10"  6.5£1.5x10™  115.6£10.0° 71325 520 190 26.8+0.9"  16.5+4.9°
counts

(CFU/ml) 107 6.040.5x10"  2.1+1.0x10% 1243+2.8°  88.643.7° 520 260 28.9+1.5°  16.0+4.2°

10 4.7+3.0x10°  9.542.4x10% 118.3+4.0°  85.345.1° 520 260 28.4+0.9%  16.743.7

5.0 7.3+£0.4x10™  4.5+2.4x10™ 528454  32.943.7° ND ND 53+0.1°  1.1%0.3"

nitial ol 6.0 7.542.1x10"  4.0+0.8x10% 126.3+4.0°  83.4+1.5° 550 260 29.240.3°  20.1£2.5°

nitia

P 7.0 6.3+4.1x10"  2.4+0.3x10%® 122.343.6°  81.548.9° 520 260 28.240.9°  17.4+3.1°

8.0 5.5+1.6x10%  2.0£0.5x10™ 72.6+11.0° 413423 230 80 143404  7.6+0.8"

Aerobic 7.542.1x10®  4.0+0.8x10% 126.5+43°  85.840.9° 550 260 28.3+0.8" 20.2+2.4°

g;l;’;‘;ﬂzz Microaerobic ~ 1.9£1.5x10%®  2.7£03x10®  124.5£10.0°  83.8+7.2" 520 260 28.040.2°  15.3£4.9%

Ananerobic  2.5£2.0x10%  3.1£0.9x10™ 85.3+3.5"  66.4+8.4° 380 120 15.740.3*  9.6+1.0°

25 24+1.4x10%  3.5+0.4x10™ 96.7£5.6°  67.4+4.7° 420 200 16.8£1.1°  10.9£1.5°

Incubation 30 6.2+1.8x10"  2.7+0.7x10%* 121.846.5°  80.3+7.4° 550 260 283+1.2°  21.6+1.8°
temperature

I(DOC) 37 7.542.1x10"°  4.0+£0.8x10* 126.2+4.5°  85.5+1.4° 550 260 27.9+2.0° 20.142.5°

45 22+41.9x10%  4.142.6x10™ 90.5+7.2°  69.245.1° 390 170 15.440.6*  10.0+0.6°

24 7.542.1x10°  4.020.8x10® 126.1+4.8"  85.8+0.9" 550 260 28.0£0.1"  20.1+2.5°

Incubation time 30 3.9+04x10"  33x02x10%  124.9+11.1°  89.0+8.5° 520 220 27.6+0.7° 17.8+6.3"

(h) 36 7.743.5x10%  4.5+1.8x10® 129.048.7*  90.5+4.2° 480 220 27.0£1.0°  15.2+7.0°

48 3.320.6x10%  2.940.7x10™ 132.8£12.4°  94.5+6.5° 420 220 15.140.2*  16.542.5°

0 7.542.1x10"  4.0+0.8x10% 126.1+4.8°  85.8+0.9° 550 260 28.6+0.3*  20.142.5°

NaCl 0.5 2.6+1.1x10"  5.0+0.3x10% 119.6£7.6°  82.5+4.6° 550 280 20.240.5*  22.443.0°
concentration

%) 1.0 5.5£0.2x10™  3.440.1x10% 126.849.2°  89.4+6.3" 550 280 20.540.4*  19.6+5.2°

2.0 6.943.5x10"  4.8+1.1x10% 123.845.6°  86.9+3.0° 550 280 29.0£0.9°  20.842.9°

Data are means + standard deviation (SD) from triplicate determinations and the significant difference of means was estimated by Duncan’s multiple range test.
Means with different superscript letters indicate statistically significant differences as determined by ANOVA (P < 0.05).

AU/ml)o] th4 =4 e o |, o]of ulel L. monocytogenes
of thzt Ael&te A bt e B 2 57]2 Q1 211 5to]| A vl
et 7o) Hgehe Slsic.

b, vl 2= 0] ke A2 Ak, MRS broth (pH 6.0)
of| Al 25°C 2} 45°Cof| A 24 A7t F3F 2712 0 & v oFglE o
4= 10° CFU/ml A= & 30°C2}F37°Cof| ]3] 1 log cycle ©]
2 G ek AL, fAR vl e e Al AR {05 W
Al Lrepstet o] 3t & YEM o A &= LR 30°C2}F37°C
7} Ak ST R R ) 214 LEol, Faoh §
AFFo] fof gt Afoli= AR 30°C K= 37°CoflA] ofzF
o] 2] Lhepsey, wjof A17ke] edaks A 7] 9f8) 27 pH
6.0Q1 MRS broth®} YEMo]| BK579] 27| «t5 107 CFU/ml&
FFokaL 37°Coll A 3712 .= ujofgt A, uieF 24 A7t 1k
o| MRS} YEMoJ| A -2+ 10°%} 10° CFU/mIo] 0] 23 .01 o]
E9] 2|11 =304 7o) = S A = gt 3R] 9 MRS broth

of| A= 36 A7t 0] F, YEMO|| A= 48 A7} o] o]l o 4=7} A
w]o] 47} oF 1 log cycle W2 w27+ S = Atk fAke] A3 A
g2 v QF 24 A 7ke] Z|Hfjo] o] 22 48 A|7E v Rl = Bl
gt =20 Fo] AEE ek shAIE EHE| 2] 241 2] 749 MRS
broth®} YEMo||A] 24 A7} vl FiS wff 2}z 2o &g 550
AU/mI2E260 AU/mIo| SAE| QL O, ulj g Algto] k4=
5 gJo] A3 ko] 48417 v RS wfolli= MRS
brothoj| A 420 AU/ml 2 2 Fol& th X2 YEM Bl Z] Yo
A A8 A17HAEe] AY/3 s HhE| 2] @ 412 B] S 24 A]7F o H k=
OPH AT 30417 vl Rl A A E A s Ut R
AAsHA FAIEUTE. L. monocytogenes©l| Tt Aslj&-2
YEM 2t} MRS brotho]| A =7 UE}ltal, MRS brotho| 4] 24~
36|17 vl Fsto] A2 uljekol o] gt/ olli= -F-oJ 3t vket 2f
o7} R O, 48 4|71 vl FN Wjof| A= Bte| 2] @41 &4 7Has
& Qlsto] ahatEo] =A| ZHAE| Utk sHA|RE YEM HieFl o]
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T2 GRSt A1 LR E o = e HijA]
f

W NaCle] ghef 3t JS AmE A3k MRS brothol
NaCl-& H7I5HA] o= 7-9-9F 2 2% E 7135 F-9-oll= 1+

Abatr e} Sl S AR A uljok AlS-oH 9 [ monocytogenes
of i3k A 32l 501291 2ol 7} §19l0 B Hoh 2% S
O] NaCl-2 BK57w5=9] 7t af=t=4 A Abel] & 9okl
AR o= A e &2 SRl E Qi Z12iu YEMof| NaClE 3715}
& 0 gkl A 9 Felol Sejaie o)t
91201k NaCI 0.5% o4 71 Wl 171517 gloke
wfjof] w]sl viE| 2] 24l Z/gdo] thax F7E Sl

o] A}o] Aulof A & ] BK 57 #+5F=NaClg%= 0.52.0%%}
pH 6.021 Hj 2|0l Z7] 4= 10° CFU/ml 0] 4} % £3}0] 37°Co||
A 24 X7t 59 271 A Q1 241 Shof| A wieFE 79 fAkEE]
Z4Jo] Hool o] 231, 47l Z7heS BT EY A
T HEA 2 275101, o] ulg} L. monocytogenes |
ofet A& S7HE S o 4 ARtk SAI BKST Bt
Sut Hi R Q1 MRS broth 2t} YEMOJ A o S22 f -2
Aol A Uebit=t o= viA] W @ g/dwe] Zpolof
71elshe o2 AR

pH 6.5%] MRS broth®} -1 Wl A 752] Lactobacillus
Ak o] ATt tiabcbE 2 BtE| ] e Al ke S
Z3} MRS brothol| Al Lactobacillus casei*= Lactobacillus
acidophilus©l| Bl FA1E°] ko), vt L
acidophilusol) <13} ¢ B-& oFo] AVEI A}, 1)L 9 v)
Aof| AR FEES A7 W] Lactobacillus johnsonii Lal
3} Lactobacillus gasseri K72 A& 0] F7154 a1, o782
O fFARF20.3-1.0%2] AR FZEof o o 5418yt of
Yz} ghg| 2] @Al AAFFE 2715 9t Avonts ef al., 2004).
ket vl oF-&- wiA] Wil A lacticin 31472 MRSl 4] 71 4
= B2 UER 913L, A -f(whole milk) Yol 4= MRS o
A= 49 90% HE £ZFo|tHRyan et al., 1996).
Enterococcus faecium DPC 11460] AJAFsH= dhg|e] @ Al
(enterocin 1146)-2 H} -8 uj %] of] H] 3| - ol A T2 5HA
4% Q) © WU (Parente and Hill, 1992), E. faecium 7C5 2] Z4]
2} g g 4 AAkS s SR7F 7 Addsiohal B
H oL Ao} Aol tH(Giraffa et al., 1995). L. johnsonii
Lal 7 0] 95 W2 Lol A] 5 2418 Mol AL -]
felotuliAl 9 A RApe] Hetol = gl wh] RO &
532 Eo| ehd, A2, o454l W A2 2l S of
A BB WO RN 45 271N 4 ek B
SFATHENi et al., 1999).

Lactobacillus 45 2] 54+ A 4ko|| gt vl 2] 9] G

p

O

0%

/\]'fl:]

filo

&3 el Al Als1d Al4%

£ A3}, 2] F5rol whet f4ke] ARk 2ol 7t 9l gl o,
L Zoll A 7H -2 9F2] R-4H& MRS broth Aol 4] LR
9, g fro|l A A wFo] 71 Wdthal sh3ickZalan er al.,
2010). Génzel 5(1999)0] w2, BHg| 2] QA AJARS- F 7] Z
/d, pH, v QF =% B AL F0] A T Ao FFES =Tt
31 5FGl om, vhe| 2] @ Al AARET} A= Bl ske] 7
A QJTthDe Vuyst ef al., 1996). T3t gl 2] 2 4]
i 2] Aol whet =LA EepR| =] uiA] W g,
A, ol A A E A sA| o] 72k ol
tHParente and Ricciardi, 1999). 3}x| g R E F3=
| 212 0] detA oA 7 = 2/ o vtE| 2
= A& ofyrth pH, 2% Y RS S

L || 4l Akl FRFe = Wk oyt
oA 272 v e] 2.4l E4d 0 QMo S
u] 2 ti(Leroy and De Vuyst, 1999). BHef| 2] 2 Al AYARS 9J3t
2|2 2] pH+=5.5-6.091 W 2[ch O] 437 184l ol et =
ZpH7} @7 E B8 o A7a vhe 2] 241 AkS 913k 2|4
9] pH7} HI=A] YR|5HA] = =t Meghrous ef al., 1992).
Mataragas 5(2003) %= 718 32 vte| 2] 24l E/d-2 9] &
A} A o Uk v o1z 0 pHol A Urehteh i skl pH
7} ko A o) ot vt 2] 2.4 Bape] FEelo] 7t
A% o] wheg] @4l kA o] Z7FEITK Yang ef al., 1992). 154,
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rl

i
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o
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oM fllo & oo P g T
~
>
ol
ol

O o o of mY ox o k

o
Nor
)

i)

57149 2743} 7] 49) 27 Sloll A L. paracasei LAOTE
341} b 2] 2.4 Akl )8k 2ol 7k Gllerar st
= Aue} tha Hol 7} AgIe. WA 0T FAES Y
o) Abds ) Soll AL B AT 2 slol A HE| 2] 241
2 A= Zl o2 A8 A QlthAbbasiliasi ef al., 2011). A
5] 245 oFeme} pHiz BE|2) 2.4 A4S F71A

= WHH, 3% o] 49| NaCl 9] X 7F= AAbedo] Zhagthal &
3 THDe Vuyst and Leroy, 2007). £3| o2 == 84k
ot A2 8] Wkt of] PoFE o] A= v 2] @Al AR
T JFE XA ==, X 2ol A 2% L paracasei subsp.
tolerans 2] B 2] @ A& vljoF &&= 35°C, NaCl 0.2% 7=
27| pH 7.0Q1 vl =] Whofl A 28 A 7F vl F & 2| e AJAFeTSL
THMalini and Savitha, 2012). Lactocin 7052] A2 MRS
brotho]] 3% NaCl-& A7|5to] = A5 2] ¢FQFth(Vignolo er
al., 1995).

Hhe| 2] @ A1 A4t ot 20] =8 thAMEE R A i
of| At=7] AlAFste] AR 7] Zuto] BARS 3=
B 31537 Qlt(Parente ef al., 1997). BHe| 2] 2. A1 AAE
AL AE ERO] R Sold Z v
Tl 2] Baf) g Asof) ofsf Eall 7] ] Ao g U

A]

N

Y, o\

f

T

A ©
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[e)
=i
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(Meghrous et al., 1992). QHt2] 0 & ulg|a] 9 AlS Whg A&
JAkE wf Ho 22 o] ufof-g- uiA] ol A o B

ol A1 % )
S A= e g g A e, Olh*‘* of] ZA5h=

IVl e A1) 1 Al 2iol WAkl Hah 4
o 2 ) Yehdthal k% tLeroy and De Vuyst, 2000).
MRS broth@} B -2 | Lactobacillus 2 auEE
S8 B -5 914 Ll Vel ol stk
JolfRE WS A Wﬂ‘ﬂ S Aol vE 2l e
A A7 Agdsto] HEol ofH& 4= Lo, o jofl A HF
2] 941 gH4o] B Swle] *Mﬂﬂ wolek A7}
g2 @Al 23l = T uj 2] Abo]ofl 2ko] 31 %1+=Tl, MRS brotho]]
M A7) 2EEE b g e Alo] w2 A a5 7] A| &S}
o] Whg A Ho| = Ao &AE| BejE by g REEES
F7FeE 7 vl Al Woll A= Bte 2] 241 9] /o] vla A o1
SEATE. - il A] oA HiE 2|4l /o] Mt o=
AelslA| wha] 4] 2 QkEAIRE MRS brothol Al ob= ghe] £
S8 AR EEo] ST Ao vh|e) 2.4 B §2

‘: AEeloh= Ao 2 A H oAl B 5t Avonts er

al., 2004).

STEE S0l IHE L monocytogenesdi| st e 24

BHI broth®} A $-8-9f| L. monocytogenes (10° CFU/ml) =
F&3 th MRS brothof A v Fgt BKS7 2] A<t} gt=4
o] kel ok A5l W uhel2] o4l BOIL FEER W7t

B}a1 37°Cof| A 24 A 7F vl 93t 3 L. monocytogenes 2] FA] #]

3] A =5 =743t 2 1}=Table 22} Z-t}. BHI broth Wjof| 4] 12
monocytogenes+—= BK572] gg]|2] 241 100
AU/ml &}of| A] 7}AF -2 2] 3)]-8(18.6 + 0.4%) o] LFeR, HHH
H & 752 3% 7ol a4l 42.4 £2.3% 2] 71 =2 A3l
23 Uehict. BKST9) Ao} 1718 33800 S
7 e BEEe e H R Srergon, W 124]
7F B 24 A7 vl oFl-S o Bt tha Zvlslg o),
36AI7 o= AR 2ol A] 252 Atk A O 2 LER T
Qb -F-of| ZA)38)= L. monocytogenes 2| -5+ -F-AHF2]
Ayt o /=52 A 2ol 2]l BHI broth ol A Ko} &f &
A AEE o Asleol o A vehd vk, v 2] e A19] %
48 9 oA o WA Yebgth BKS7S At 107
CFU/ml 3 7}o]| o)A vl 36 A17F whef] 43.8 £0.7% 744
AL, v /52l 3%k HhE| 2] 241 8- 300 AU/mI 34 7Fell
) A= 7H2H49.8+ 1.0%2}21.0 + 0.9% A 3] Qlck. o] 4o
ZA}o] A £ wj BHI broth 3.t} -9-§- vl 2] ol 4] G4kt z}2]
Sl efoll ofsfl FHtelo] ¥ = Uehd 21 BHI broth Ui
ol L. monocytogenes 2] 5419 52|t thoFst o oklo] -5
o] fAkite] arahol de Ago) 2718 Ao w 24

B}, it uEe] o Al0] GatAo] -4 oAl 74w
A o5 TRl ZHA ] a2 ¢l o] vhe|e] 2.4]
Il

HE27F S2E 7] wiolakal ® 13t Maisnier-Patin 5
(1992)9] Ao} UX|8}k= A o= =¥tk

olu] W 1% &=L Aujof| w2, Lactobacillus sakei Lb674
@} Lactobacillus curvatus LTH1174 5 -2 lactobacilli §-AF
11} EnterococciZ| A AFSH 8| 2] @ Al(enterocin)-2- L. mono-
cytogenes S T O 2 A3ljol= 71 0 &2 A QlthKuderova

Table 2. Antibacterial activity of the viable cells, lactic acid, and bacteriocin obtained from L. paracasei BKS7 against L. monocytogenes KCTC 3569 growth

in BHI broth and whole milk
Inhibition of L. monocytogenes (%)
Antimicrobial . .
Concentration BHI Milk
substances
12h 24h 36 h 12h 24h 36 h
5 b c c d d d
Viable cells of . 1.0%10 22.142.1 28.742.0 295515 30.1£1.7 33.5+0.2 34.742.1
paracasei BK57 1.0x10° 32.341.0° 35.0+1.5° 33.842.0° 38.540.3" 41.440.7° 39.8+0.6°
(CFU/ml) 1.0x107 35.741.5° 38.941.4° 39.840.7° 39.140.6" 42,4414 43.80.7"
1.0 33.3+1.9% 35.1%0.5¢ 30.3+1.3° 35.8+1.4° 38.7+2.0° 37.8+1.6%
Cell-free culture 2.0 38.3£0.9° 40.4+1.6° 41.243.0" 40.2+0.2" 44.0+1.7" 43.6:0.3"
supernatants (%)
3.0 424223 45.6:£0.7" 48.940.7° 48.741.0° 48.940.9° 49.8+1.0°
100 18.6:£0.4° 19.240.1° 17.941.4° 10.542.0° 14.140.5° 15.040.8°
Bacteriocin 200 23.6+0.9" 26.0+1.3° 24.2+0.5 12.9+1.6" 17.2:0.8° 18.71.4°
solution (AU/ml)
300 32.541.1° 30.842.4° 36.8+1.3° 26.7+0.7° 28.441.2° 21.040.9°

Data are means + SD from triplicate determinations and the significant difference of means was estimated by Duncan’s multiple range test.
Means with different superscript letters indicate statistically significant differences as determined by ANOVA (P < 0.05).
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et al., 2009). McAuliffe S(1999)0f] w2 @, 2 7] 2= 5.0 x
10* CFU/m19] L. monocytogenes Scott A%l Lactococcus lactis
DPC42757} A A&t lacticin 3147 (2,000 AU/ml)-& *] 23t A
T2 A7 30| 9F4.5 log cycle ZrA%| i Thal 3}ith Nisin}
2] 2| 2ot o Al uf Abo] o] Hh-g-2 nisin @] ofm] = At 217
OF M|z ut QIR O] AYAF Abo] o] Aapld AT HE-G-of| o5
F=Elci(Henning et al., 1986). TSt nisin 2-2}2} 21 %] 2] 9]
S8} Aol &] A7) 4] Q1= o] au| 2| lo} & of hogh
thar &F2) A 9Jth(Sahl and Bierbaum, 1998). YHHA o &
A e ) 2 410] oA B2 A ) A g
A, AlE S 14 ), AR A9 pH S ) 3z
S22 AU wasto] Al W ARo] fEEEA A=
A3z = APESHA Elth(Cleveland ef al., 2001). -3-AH2] &1
AUSZ Al A 9] F-415 Wefshal 555 Aslsh
A28 W pHE A A A28 it 752 AstAZ] o=
B ZA] A& FE3tcH(Ross ef al., 2002). Aguilar 5(2011)
2 20 of v 2] @ A1-& A AVSH= Lactobacillus plantarumi};
L. monocytogeness &3 Wl Fst A4 FARESY] 4= Ul
T-oF A9 vlsett ol o, A Alate a7t oF 5
log cycle ZFAE A}l 31Tt

BKS7 2R HIZSH X% L S22 M4 % L. mono-
cytogenesO|| Clst st &Y

BK 57¢] 75 0] &5}o] L] A =5 A 237 $4°Ce
15°C 5= ol M 6 A3t AR sh= 4t
ute)| 2] 2.4l B4 2 L monocytogenes© T3t S8S =3

§F AT} Table 37} 2T) 2|2 A2 2 £ BK57 4= oF 10°
[e]

s ARSI A= W fAEe] BATHB0 mM o5&
YEM (Table 1) 4] Bt} tha ol O} 4°C2F15°Co] &
Lol A Aok Fetoll= F-ol7t Zko| 7 gl ek HiE 2] 241
2H4(240 AU/m) = YEM Wof| 4] AR oF s o WA uhebyt
O, Z47F oA 6Y Ftoll= &/l sk gloitt o]
o Zro] fAktO| SA4lat FtE 4 AJAkgo] YEME T 2] =
of| A} 27| Lrehdt o] = YEM Wjo]] 347} yeast extract 2]
Fat A = A zof H7HE Alo|u CaCl7t 3=t A4k
FF= v A= Ao FAE U] w2 yeast extract 2]
S A E A3, 8 WEEE 2% W7kl o8 fARES] 4
FatEA Ak FoIRt Aol 7t Qe AR SUHEAS
#A141(0.002%) T} CaCly (0.02%) = BK57 #229] Z A1 7} 5}
=4 YAkl ke A mIA|A] ke (AR A A)). 7
, YEMoJ A} ok ikt =9} ght-22 9] o] Yobx 2=
HZ3Y L. monocytogenes KCTC 35690 tf 3t &+ &= T}
A ZFASFATY). L. monocytogenes (10° CFU/mD) & x| =of
2510] 4°Col M AR 4929 T oF 18.741.1% % L
9151 6217HA] AL vl 23 S FS S AT At
15°Co| A 247 AASE & Aol g2 157+ 1.3% 02 4°C 1
o} A Uebsdi=t) o) = L. monocytogenes7} A-2-A) Al4-0)
B & 15°CY] ZolA= Fat=dol thgt o] o= Ao
2 24390k

Ryan 5(1996)°f 2J5}H, lacticin 31472 AJAFSH= G-AF
= At 2] = A zof| At A=A Al2H X =0 pH=5.2
of o] 211, &/d o]l 4~ 8 E= 2| 6 7] F¢koll = Fra gt Ui
2 Al g/do] HEE ArkaL shgleh E3F 2= Az Al vt
H| 2] 24l A4t 5 o] 83 A 28 B9 Set e

Gt e AAdsor st /& Al B A= SR

B ool

2 8o o

© 18

Table 3. Production of the antilisterial substances in fresh cheese manufactured by L. paracasei BKS7 and the growth inhibition of L. monocytogenes KCTC

3569 during six days of storage at 4°C and 15°C

Storage temperature (°C)

15

0 2 4
Viable cell counts of BK57

2.0+1.2x10%  2.8+0.6x10% 3.142.4x10% 1.9+1.2x10

6 0 2 4 6

2.2+0.4x10% 3.2+1.6x10* 3.5+1.7x10% 3.8+0.8x10*

(CFU/g)
La(cr?li;c‘d 764537 785£1.9°  77.142.5°  73.9+4.5° 790+72° 753455 74146.0°  75.044.1°
Bacteriocin activity
(AUl 240 240 240 240 240 240 240 240
Inhibition against L. NT 187411 18.9+40.8°  184+£0.4° NT 157413 15405  15.0:0.6"

monocytogenes (%)

Data are means = SD from triplicate determinations and the significant difference of means was estimated by Duncan’s multiple range test.
Means with different superscript letters indicate statistically significant differences as determined by ANOVA (P < 0.05).

NT, Not tested.
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oﬂE_Prx]tﬂ-A 01010]:6]—1:}—J_ o}oﬂl:]— X]E 5}%%%‘%‘
A4 107-10° CFU/g A E o0, o] 52 9.0 thul 2l H3)
of 83+ - 3hal X =9] Fu] FAfo] 7] ojgtrtal Bl

steick
uhg| 2] @ Al(enterocin CRL35)2: L. monocytogenes7} 1<
Ao g HEE 2 =0 A7} A%, enterocin AJEo] X &
A 44 Foll AZEIA ekskont, ol aslelobzel A
2202 oJAfsioirk. 4% A= vjol e 4l0] T 2
Ae leh o, Aol Tl Sl A2 Alko] F
=)o) A& E A okorehar ¥l chFarias et al., 1999). Coelho
(2014)2- L. lactis®} Enterococcus faecalis 2] -G-Arat O 2 A
3 efl4) 2129 ue|2] 941 S 2 Ak Az 4
e A T2 A1 717 L. monocytogenes©]| T gt & 243
QLA f A E ALk SR AT AR A7k
& o) 2L\ A L. monocytogenes ) %7 T4 10° CFU/ml
4°C, 79 ot A A5| Z715F9] 10° CFU/mIo) =2}l
FARF O 2 vljoFst 2| = Y of| A L. monocytogenes+—= -3-2] 5}
A == et 53] L. lactisol] &34 F2 log cycle 7H4=5| 3
O, E. faecalis®l Q)34 2F 34 log cycle ZF4E| o] L. lactis
KT} E. faecalis O] &<+ A 1}7} B A UERTHAL 59 o.M,
R L E EXE EVEEET S ECE e
ol i ok WS eHA) ok 1wk
McAuliffe 5(1999)0]| w2, lacticin 31472 AJAFS|= L.
lactis DPC4268 2 A| 23t FEFR] 2] 20| L. monocytogenes
Scott A (10* CFU/g)& A Z5}0] 4°Col| A AAat A}, 244]
74 atof| 9k 1 log cycle 7HA% B A A7) 7F EQF A A 3] Zhaa)
o] 5Y Sofl= Aol HEH A AThAL 5FGlTE E7t Al =3t
2|z 2] pHet Hte| 2] @4 EHde S43 A3, oFpH 5.2 =
AL o] = AAsh= Fet A o] ®igto] gll.eH, lacticin 3147
O] &2 982,560 AU/mMIGL AL A1746}= 52t AFsHA 74
sto] &2 A3 Ae] vle|e| @Al BT et ok w2
Aoz SRIETE A7t A% =7 wobgof whef 222
H]AL9] 52}—& BT} A% Ao vl lacticin 3147 2] 3F2] A

rr &2 flo -1011 BN ot gl by :L

J

O
eyt skich chkSQ}Lund (1991)-&4°Coj| A A3+ X]_ U
of| Listeriawt 4z | = 2B 2 ARRE FAES] 54
of w}e} pH7} 22547] wio]eka 5teict. Benkerroumh
Sandine (1988)& nisin'e FE}FX] X]Z Yol &R 5t= L
monocytogenesS AIA O 2 A5l oY, 2] =2] Kujjo
Tofsh= 718 A2 Allat, 18 /4w, B 9 Folof o
gt o+t At e A] eRgtekar sHQITh Giraffa 5(1995)
ol &3}, L. monocytogenes o thet &+ A o] 3= Hhg|

2l Al A= E. faecium w75 B A L A= A 230}
7 Soll IRt - A= Al AEE o] FAdo FRE A
oL, BE| 2] 2. A410] B = QP SHAl A E o] A= 4] =
7] & 29 HAEE FAAsHA RobthaL skelt) 3, L
monocytogenes©l| 2 FE R} 2| Zof v 2] A2 AY
AbsH= L. lactisE 2] 5t 739 L. monocytogenes 2] 27| w4~

7} S-oJ8HA A= QAL 5°Co) A 2357 AAFEH= Fotof
Tt zTtof| v|af DA 2L L. monocytogenes w5 A 5}
A THStecchini et al., 1995). Buyong 5(1998)2] H o) ut=
wl, ZzejolAle} el cholAle] H-gof ola Ak A1zo] 4
43 717k 5 6712 Tl pediocin®] TH4-2 64,000 Ulgoll A
2,000 Ulg © 2 7H4-3}5cka W 1akgic, ek st} 27
S5 Ak S40] oA E 9o n Tof ujepule ] 0.4
AIAFE 745 0] L. monocytogenes© t gt a2 o] T4
=] 1t Hugas et al., 2002).

akro] AR U] o410] A& A} 50 F
of whe} Thopste AlE Aol 488 A% AlEe B4 =
Aol sk 744 Kol whet 2ho] theA] Upehdeha o
2 Itk 2, 4120 Aol vle| ] 0. Alo] Agte| 7Lt gl
Aolup A o] F2He 7Bk op e} chil g Ha f Sof
g ol g2 0] 2Hdo] wotx| 7| ErkSchillinger er

al., 1996). 3Hd, ¥ 2] @ A1 Al Z9] pHU 25 5 Al 2 2
A7 27000 oA e FoF WA H=d, nisin 1M =4
shofl Al 2|t o] QP S el e B2 o= AHd A&l A
|2 &4o] S7Ioh= A UEPdTh Z18 EE nisin
21350 Al 28F A7 Fetell i) el oS
7] §18llAd pH 7.0 o] s}of| A A-8-5k= Zl o] A of2fal vts
11 QJthBalciunas et al., 2013). Leroy 2} De Vuyst (1999) ] wh
29, 57} 2845 Zadoe] B4 S/ 7 v
Hhe| 2] 2.419] -2 Zraghehar skQiTh Alekrhate e 2.4l
O ot B A5 ol Alostara} sh= fraf At wt
o 2 27] 3t AR A g B e
71dh8}7] ol gehar shglchRilla ez al., 2004).
E. faecium FAIR-E 198 52 X| ZE A| 23U uf Akt
Abin i Aol A19] HE|e] 04 AAREE S 2 W A

Ul o) 7 legol daRe WHeThRL el EEg oAl §
o923 }-6‘}— 75!_?_ _?T_A]-:r]___J A AF J_JF thﬂa] QA xﬂx]-ako] Z¥ A
=237, NaCl (2.0%)of| &A= A AteFo] olH o). FAIR-E
198 2] ¥e] 2] 412 A 1H(10%) ol A A=A eh kot
Aol FE(1%) T ERFE5(0.5%) A7t Aol
)| oF9] 2] 2.41(100 AU/ml)o] AJAFE] Qi) ESE 0.02
mg/ml 5= 0] AUlS A 232 wf 6417 uljef 5 vhe 2] 241

HR

ol
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o] EEA] ZtoH, 0.002 mg/ml 5= 3ol A= v 21(H
Yl 347 & 2 75 Y 8HA| 574 = $lrh(Sarantinopoulos
et al., 2002). FYlof| ofsf| ¥hH| 2] 2. 410] ZH/do] Asid 4=
Ch= B 1% QIX| UK Villani et al., 1993), 71 GgFo] I.A] ¢t
IRl At A Qlok. juFehd oo vl R Al
A g Foll AL FEE AL SFoll 7He 9] 3-6% A =rt
AL Yol 2Ash= A o= deA Qlof v g 24l &40l
o] & FoFS WA gh=rhal sFTH(Fox, 1989).
frakto] AketE 4] 70% Hee= A2 EU A2 5
FAIE Azol o] §ET 53] X = Az Qo] FAF YA
AR pH7F B - Tl 7HA19) mAd o] 33
s, Z53 S| E FofstaL, at=d Akl wE
32 7FaA|ZItHMartinez et al., 2013).
HEAZ o] &8 4= Q= YA AEE fAht o =2
]

Jo
2
=)
Az
4
M
o
s
=2
N
ro,
ol
o
=
o
fu
ro,
ol
Jo
ot

ox, L
>
o g
1o
2
)
> ox
to o
fot
2"
ol
ol
=3
o
<
il
oZ
a4
ol
o
rir
Hr

0O
il
4
o

al.,2010). AAY A+ © & nisinT} pediocin 5-2] BIE| 2] Al

EERE AL

l
2
N
2
%,
o
%
&
>
N
rlr
Ja U
iy

A uhelel 2.4 AAE SARES A8 A4S 4)
Ay ofsf ue|e] 941 w7} of 93 4)
2] 0 A1 Hepst7] o 7] whize] ute|e] 2.4

De Vuyst, 2005).

3 ATOIA L 12 o 2l A 2lol-E AolE 4 U B
Akt O] Bt AARS vl 2 o Wk S e = At
o) 4] W Ak e ) 2 A o] 2] T oA
7] pH, 37| 24, viAIE 9 229} § seof wheh gety
S Sel5H3Ih. B2 93 02| ol Al L. paracasei BKST
2 447 9 2 A4 o] MRS broth U] A Rk v
QO L, S v A] ol A A ARE Bt A of o s A = e et
St =52 L. monocytogenes KCTC 3569 At &3}7} LERG
0.5 BKST 75 A 1) 0l A Ago] B ek L
of upe} AR FobH A A2 713 Al2He] 1 8ol
Vs A0 Pk o] 23t AN S o R 988 ¢
EEIYAAFU = A2 Ao BKST = Hasl &
#Co} 15°Col ] 627 Agah Bt el 2eelol 3L

s

HoTEE 4 A A=) SFEAS AT AR ek
o= AT 0.2 Helo] 4188 S5t ch. neh
L. paracasei BK57 55 &8 AEFE| & ARRE 7 2 2] =2 9]

&3 el Al Als1d Al4%

N O

- Ll
H A= WAXZEE E2|% Lactobacillus paracasei
BKS7°] g8 AAHS 913t 20 wlof 2.8 A4S}
BK57 fANF O 2 L 4] X 2E A| 23 & 0] AT} H

Al uhe 2] @ A ARFS £ 81o] Listeria monocytogenes
KCTC 356901 t3t ahat 242 2alataieh. Zdje] i 24

6.00.2 A3t MRS brothoj| A
37°C, 24 X7 5 571491 271 0 & vl kS off UrebsiTh
SHAIRE, AR FEE(2.0%)S 7 A ol A A8 ot
2709] o 412) 54152 MRS brotho] A HEh ths
vtk -8 UjollA] L. monocytogenes 2] A 3)-&-2BK57 o5
o) At it v A Aol sl A ek o, fAkto] A
Akt ubE| 2] 2 Alof| &gt A 8fle-2 - H.th= BHI broth Wo]|
A=A UEbstth BKST 3= HaAX Y] A =25
CRHFCAN 6207 AT B2k AT, FAT A
o 2] 9.4 S G olT Sk} ST A% X F el
2] 2| =0 Q191 0 2 HE3L. monocytogenes (10° CFU/ml)
o] 4t 2t7te] SxefolA] 62 ool 212 15% o} 24
= A7 UE e B2 BKST 5 WA FAIE Azl
0|8 A - Bl aH| P ot AlofE 4= = AAETA BEA
210] 7432 Bhlshadc.
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