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The purpose of this study was to investigate the inhibitory
effect of antibacterial substances produced by probiotic lactic
acid bacteria (LAB) against biogenic amines-producing bacteria
and the influence of culture conditions on the antibacterial
activity of bacteriocin and organic acid. The bacteriocin solutions
of Lactobacillus plantarum FIL20 (64 AU/ml) and Lactobacillus
paracasei FIL31 (128 AU/ml) showed strong antibacterial
activity against Serratia marcescens CIH09 and Aeromonas
hydrophilia RTH28, respectively. And the lactic acid contents
in the cell-free culture supernatants (CFCS) obtained from
FIL20 and FIL31 strains were 107.3 +2.7 mM and 129.5 +£4.6
mM, respectively. Therefore, the bacteriocin solution (200
AU/ml) and the CFCS (200 pl/ml) produced by L. plantarum
FIL20 and L. paracasei FIL31 significantly (P < 0.05) decreased
the bacterial numbers and histamine and tyramine production
ability of S. marcescens CTH09 and A. hydrophilia RIH28. The
amounts of histamine and tyramine produced by the CIH09
strain under conditions of low initial pH (5.0) and incubation
temperature (15°C) was significantly reduced by treatment
with bacteriocin solution and CFCS obtained from L. plantarum
FIL20. In addition, the bacterial counts and biogenic amines
contents of CIH09 strain were significantly decreased (P <
0.05) when sodium chloride (5%) or potassium nitrite (200
mg/g) were mixed with the antibacterial substances of L.
plantarum FIL20. Consequently, the bacteriocin and organic
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acid solution of L. plantarum FIL20 and L. paracasei FIL31
can be used as a biological preservation to effectively control
the production of biogenic amines by the application of hurdle
technology.

Keywords: bacteriocin, biogenic amine, lactic acid bacteria,
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S ol EAISHE Troket 4B SRS Tl
S AT olu| AR Balislo] Hlo] @ AlY o} Hi(biogenic
amine)< Ao 22X o] 2 QIFh 35hA] ofsf Ay 927}
At} vho] @AY ofvl& n| &0 opu| At HEANES =
2 opn|le7| g Ao ot A5 = B AES ofn|T]
Holrkgol ol = A== R4t 771 FAax Adioltt
(Stadnik and Dolatowski, 2010). 7} t 321 Q] vfo] @ A o}wl
2] 3]2~E)(histamine)-2- 3] A~ E|H(histidine), E]2H{](tyramine)
2 E]ZAl(tyrosine), EHEM(tryptamine)-> E 7 E 2 trypto-
phane), F=E & Xl(putrescine)2 = FEM(glutamine) oF2 7]
H(arginine) W o} 1u}El(agmatine), 7}thH| 2 (cadaverine)-2
o] Al(lysine) & 2 ] A EItHHalasz et al., 1994). wahA]
A1 Wof opu| At gebAt A A E A4S mAE o] EA 5}
il o]5o] FASH]of A 9] o] ZrHA|A =W HEA
HhS- A 0] ZHo] szobA Blo] @AY ol 2| To] S7ks)
Frt.
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A 4~(amine oxidase) 2] ZF-8-0f] o]} FL=31E 4= Q1 O, o]
S ol maxo) @AJo] WA, Hio] @AY ofnl o] gHeFo] A
U7 e A A3 B Az 4Ee 2
FltH(Ladero et al., 2010). H}o] @AY o712 & of ufl-$- o174
sho] Ak A E Foll= 71, T4, W5 54 A 2ol &JsiA
=44 JME] 2] oF=rthBecker et al., 2001). HFo] 9 A|Y of
Hof| oot /> Aboll whet Aol ghd| 53] 3] ~Ekvl 9
2F500~1,000 mg/kg oJAFo|H A} 933 4= 9l w9
9Fo|thTen Brink et al., 1990). 115 %= 9] 3| AEMI-2- oY &
=, 519 vhil, 447, F4% T8 FE =
E 559 HA W el 52 QUi «EolRE
(scombroid fish poisoning)” F4-& SRS 2 AMET 2
& gl obul ghao] 2 ABO) 7HE W A4 7

= 9131 2A o] "R 3IH(Biji et al., 2016).

Hpo] @AY o}l & n| PEo] § 4 2Fg o 2 BE 7]Ql5h
2 AZO A 2% pH U 4B ST 25}, A % 2}
7t ol Ay S Fol nAEe] T4 A | e

7l e EE g *L e AsiAlA Oiié up
ol @AY oftl o] HA ke Al 4 Ikl HAlE a1 Qlet
(Suzzi and Gardini, 2003) 39, g7|4 Wa ] 2] Az A

Gehit B gt S A f18) Aatd ol ord
At 22 3hel g W7 o] 88 A% gepul ) 7t
H| g} -2 vfo] @ Al ofdl AT 94?3‘}71] HaAld 4=
9191 © o (Gengceelep et al., 2008), A~Z B4k} QFAIGFANT Tk

F

2o HEAS Y3t Heleh B ool w of froll A Reld
ola]

P AT B 1A 0 2 A o]E 4= 91 Atk (Wendakoon and
Sakaguchi, 1993). 3} A4t 3}t &2 S o), et 9
Tubd 2E = =A 8 087 9l o B 2] Loj = o] 2 1
AT 4= Sl A= T of] B/E A7 EUsHA| o] Fo1 ]

11 itk FE @ A(lactose), THE @ A(fructose), 2T LA
(glucose) 2} -2 =, 57| =(eugenol), 7} 2 HF=-E(carvacrol)
ot 22 A+ A, 7% Hl(cumin), 2% o] 71 E(spearmint) 2%,
/%‘70,‘3 =, G, AL Al H 52 2E5E 5o A EE o

sk ‘44 Hpo] @AY opdl S A= A o= 2l E
|} O‘E}(Gardml etal.,2016).

S+, Brevibacterium linens, Bacillus amyloliquefaciens,
Bacillus subtilis 52 vlo] 2 A|Y o}vlL R =3} 7]= oyl
Abs) fi 5 A Bl R R A WA B o) 43 A5 5)
51 9l8l aag A sked) K4 Aom wars v 9]
CHGardini et al., 2016). ATk} Lactobacillus, Pediococcus,
Oenococcus &3} r-2- At ol AFsE E A5 AAsk= 71
o 2 & A ltKGarcia-Ruiz et al., 2011). AL E(ensiled)

&3l A A|S3d Al4%

AA & 2(slurry) WA Lactobacillus casei, Lactobacillus
plantarum, Lactobacillus sakei “5-2] o7l A3} G4 EAdo] 4
2593, 3| AT} Elgh] 2852 714 L. casei= X2
U vlo] @AY ol o] =212 A A5} T Gardini ef al., 2016)
FHH, QALFo] AR SHFE A Q1 G714k} Hhe 2] 9.4l 5

obu] i Ako] EHERALSLE & Bl Al 0] Z4]S O*XﬂdOIl e
% to] 2414 obvle] A4S ZH4A17 ) 0.2 el sich
(Zhang et al., 2013).

TrebA B G10] BHE Tk TS A0 Qletel 45
9] AZFL o] 27| 3= T Zujo| QB QAL o] A S E
Zofl eJgtHto] Ay ol A /dwt o] o] Afet BlE| 2] 24l
W R71Ake] S o] S |A L v 2 S 2

.
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Z K (Lim and Lee, 2016) 9] ¢17 A3} o1& 235}olof oj3H
AT} A A SEHT-29 cell)of efgh 72
P A TGS el B0l 0 7

L. plantarum FIL20, Lactobacillus paracasei FIL31 9 L. sakei
PIL52 GAFES A3 o] A3} t}. 0] 58 Lactobacilli MRS
broth (BD, Difco Co.)ol| 7 &5}0] 37°Col| 4] 24 A 7F vl ofst &
@2 A2 MRS agar FFHA] Aol A eapate] vl Rt
TH- MRS agar ApH | 2] of] At wfj s} iet. 4, o] & A
& 2 5E] Ak Hhe ] @ Ao o) 5] e A wFo] 31
A5 S| AEM A+t Enterobacter aerogenes CIHO3, Serratia
marcescens CIH09, Enterococcus faecalis FIH11, Pediococcus
halophilus FIH15, Lactobacillus sakei PIH16, Enterococcus
faecium PIH19, Leuconostoc mesnteroides RIH25 2 Aeromonas
hydrophilia RIH28-2- A4 U730 2 XE] Ba] & ¢JciLim and
Lee, 2016). 3| 2B AYAJ2 Brain Heart Infusion (BHI)
broth (Difco)ol| %3} 35°Co|| A 24 A171 vlj%FsE = BHI
agar FH| || A e-2] vl Rl ThS BHI agar AFH B ]
of| At i Fstiet.

El2iZ Mds =0l

g2}yl A4 %5-S Toy 5(2015)2] HPH-S AR HFs}
ZAskodct 5, ZRulo| 9B faktut 5] AEhy] AT
decarboxylase broth 500 ml % L-tyrosine (Sigma-Aldrich)

ot

o £
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4.01 g@} pyridoxal HCI (Sigma-Aldrich) 2.5 mg-2 % 7}5}¢]
Al 23 AAERA|(pH 5.3)0]] FF8kaL 35°ColA] 8AIXE &<t
53] A v Fat et 19 ok A9 52 A Hi (50 uh
E] 2 A1(2%, w/v)©] 7% decarboxylase broth (100 u)E
microtiter plate®] wello]| 2}z HE3F & 35°Col| A 72417k
%0 7] 2] ¢l 27 (Anoxomat system, MART Co.) 5}of| 4] uf
et ohe o] Hlo] Aulo R g H S pdoR B
Aahole. A4 o= iE EelE AF 25 % vl oA
o Ao ek 2ol 2 583k al e

Eli*l 24 %33 19tk G-AF-S MRS brothol| %5}

37°Col|A] 24 A| 7} vljoFalo] G-o ujjokol Ul N ZE A 7517
9130 LHE(7,000 x g, 108, 4°C) o] wjof ALE AT =

o} 1 NNaOHE o]-&-3}o] pH 6.5 2 2371 catalase (1 mg/ml,
Sigma-Aldrich) S A e]ste] 44k} $Haks420] A v
Al W AFS ool SR (50%, wiv) & H7HEE
4°Col| A overnight F¢F L RFSFHA] Thal 28 A A 214
£21(12,000 x g, 30+, 4°C) & &5l A= 2J45H3ich
©]& 20 mM phosphate buffer saline (PBS, pH 6.5)°]] HEFA
71 THS- 4°Co)| A 24 A 7 ¢t B2 (FE A9t molecular Weight
cut-off 1,000 Da, Spectrum Medical Industries, Inc.) A]71 22
2 ueje] 2.4 §ol0 2 ARG aholck v 2] o4 Sole]
shY 2 3| AEM T} E| 2 AL BT AARSHE FRE Ak
microtiter plate method (Hole et al., 1991) 0.2 =2]3}% T}
vto] @AY opgl-S AYAkst= w++= BHI brothol|] 5]&35}
35°C oY 4] 24 2|7 H okt = 21 A1 H.2](7,000 x g, 105, 4°C)3}
o] O A|ZZPBS (pH 7.0)8 23] 4|25+ 1.0 x 10° CFU/ml
2 445 A3 o3 BHI broth7} 3% plate (Falcon)
wellol 3tk ol7]o] 2 Helel 0.4l o2 wx 0w
2004 S4elo] H7ke thg 35°Col A 24417 HjFEE
microplate reader (BioTek, Inc.)E- ©]-83}9] 600 nm ]| A &5
L5 S75kelet vte 2] 2. Al 8- o4l PBS (pH 7.0)= A 2
Foj g SERE o) oF 50%S Lieh 2 o) 5] 4u4e] i
uhg| 2] @ Al 4] (arbitrary units) © 2 LER QAT
2] 241 8-l A2 Aot FATE 2204 Hofxl ulek
‘54 HCIO4 (1 M)E 37Fste] T A S A 7]aL
T}2- 0.22 um membrane filter (Millipoare Corp.) 2 o] 1}A] A
high-pressure liquid chromatography (HPLC, Shimadzu) 2 <+

i

rulm o

A 9l AR Sl =459ttt o]uf Aminex HPX-87H
(300 x 7.8 mm: Bio-Rad) & ¢] L1 35°CE 9X|519,

H,SO4 (5 mM)E o] 54O 2 3ol 84 0.5 ml/min }of| A
refractive index (GBC Scientific Equipment Pty Ltd.) H&7]
2 917220 nmof| A 248t 800 Hig=rAl o=
B §AF 9 2 A9 shakS A eks) 9l th(Sgouras ef al., 2004).

FARZO| itet S SE0| HIO|2AIH O Madmo| SA|

E

o olxl= g
Adib vio] @AY ofl A/t F-2jol| Hiske] fitkatol
ArtekHhe| 2] @41 9 f714ke] G AR $8) vhol &

Ay ol A2 Trypticase Soy Broth (TSB)o]| &3}
35°Cof| A] 24 A1 7F v oF 3} The- Q1A E-2)(7,000 x g, 10, 4°C)
sto] .2 A|ZE PBS (pH 7.0)2 23] Al H51S ) d45
1.0 x 10° CFU/ml 2 2% 5}o] TSBo]| A &5} T2 ujo] 2 El
GAbgto] AT uFE 2] 2 41(50, 100, 200 AU/mI) 2 o At
S-2A(50, 100, 200 u/ml)S ZHzF Zd71ste] 35°Col| A 24A|17F
Zo} 37)A0l A slol| A vjoFslgtt 1@ thS njokol
FaHo2 AFHste] HFs| 543k & Plate Count Agar
(PCA) Zgoll A R Bl of ol whe} Esh= At
= SAsH:

fujr
il

0

=
ot

0| AALSH

I_I_
Sk
oo

F=Z0| HO|2A|<| o2l edZkol| DIx|

0

rir

GARFo) T 2o] vho] 2.4 oful A4l ulA
k2 Shakila 5(1996) 2] FH-& U H M35l A3
TSB9] 0.0005% pyridoxal HCI}0.5% L-histidine hydrochlonde
monohydrate (Sigma-Aldrich) @ L-tyrosine dihydrochloride
713t v Z|(BA-TSB) ]| Hf
o] @AY oFdl WA 217} Ee th 35°C A 24 A17F
FCQt v eFstieh. vk 1 mlE A5 shod v 2] 2.4l g9l
(50, 100, 200 AU/ml) Z-&- ujF AFS-04(50, 100, 200 wl/ml)©]
#7}% BA-TSB (10 ml)o]] HZ3}F t}-& 35°Co)| A 24 X|7F 1
oFal ATt vl oyl A1 E2](7,000 x g, 102, 4°C)5}1L ¥
AF=002.().22 um membrane filter 2 o] 38} t}-2- Hlo] @ A Y

o
rir
-‘IN of

NI

monohydrate (Sigma-Aldrich) &

=78

Eerola 5(1993)3} Mah 5-(2003) 2] H'HH-& YU F H g 5}of
wjoFoll Yof Zt&s+= vlo] S AY o}nl 9] 3EFS HPLCE
=7519ie). 2, ol oAl oful T3t FF & (histamine
dihydrochloride, tyramine hydrochloride) 500 mg/L & A|3Z
"okl 1 mlof] 0.4 M perchloric acid (Merck) 9 mlE- 713}a1 2k
SRk 5 23,000 x g, 104510 B2 /52 Whatman
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paper No. 1 2 o] 73} T} o 749(1 ml)o]] 2 N sodium hydro-
xide (200 ul)2} sodium bicarbonate 3} -&H(300 ul)< 7|5}
1L acetone©]] €3] A|71 dansyl chloride (Sigma-Aldrich, 10
mg/ml) 2 ml-Z 71510} 40°Coll 4] oF 45271 vjesla v o
2 AFE3}= dansyl chloride= 25% ammonium hydroxide
(100 WS 7ste] 21745} ik 1 The ARL0] 4 oF 3037F
w23t & acetonitrile2 7}510] 28 5 ml=2 W3 Y41 E g
(2,500 x g, 5593} A5-91-2 0.22 ym membrane filter 2 ¢
Ths}o] dansyl §EAE £]5} T Bho] @41 obl g
412 9]3l Nova-Pak Cis Z & (150 x 3.9 mm, Waters)-2 AR5}
31, o)A ammonium acetate (0.1 M, solvent A)2}acetonitrile
(solvent B)9] G421 ml/min, A|&+=20 ul2 F439.01
254 nmoll 4 B =kt

dikot Sid=Zol Hlo|2AH o2 MY Ao

AR et o vlol Ay ofvl A4 oAl Fell gt
pH, BiFE, obdAr ZE B Ao Fe 2AlekITh
BA-TSBo uto] @AY oyl A /d<S 712 153 th3 35°C
o) A 24 A17F F2t v eFste] A wioFl S Enskelct. 13 o
S BA-TSB2|pHE5.0,6.0 2 7.0 02 243 c}-& uhg| 2] &
A1-§-9(100 AU/ml) 3-8 o AHS-9)(100 wl/ml) S 7kt 5
21 8 oF(1.0 x 10° CFU/m, 1%, v/v)& £33} LA 35°C
o) A 24 X7k wljeF3t it §HH, BA-TSBo] e 2] 2.4l &4
(100 AU/ml) Z-& v A-5-24(100 ul/ml)Z 3 7Fet 5 7 ui
FH(1%, VIV)E FEBFIL LhA] 15,25 B 45°Cof| 4] 24 AT Hl
oF3}9lct E3FBA-TSBO NaCl-2 1.0,2.0 2 5.0% (w/v)2] %5
L& 7Kg oh v 2] 241 -§-4(100 AU/mI) S-2 vl -5
H(100 w/ml)S H7FsE 5 7 vl FN (1%, viv)yS HEshaL vt
A 35°Col|A] 24 A17F v FstGiTh. Atk F BA-TSBO]| ob&Al
ZE-250, 100 2 200 ug/g®] Fe 2 7R ok BE 2] 241 &
H(100 AU/mI) Z-2 vl -5-H(100 pl/ml)S H7Fek &
i FeH(1%, v/v)S FESHAL LhA] 35°Cofl Al 24 A TH Bl 313
t}. 2= BA-TSBo| Hhe| 2] 241 8-9H(100 AU/ml) Z-2

0

o

jus)

HeF 35 H(100 W/ml)FHE 7t 5 7 v kel(1%, viv)e

%5431 LpA] 35°Co 4] 244171 vjepalaict. Zizke] mjA 2

A2 Hi A2 UAE2(7,000 x g, 102, 4°C) R th= A4

< 0.22 um membrane filter 2 {3+ & QrA| A

wja} uto] oAy obyl ek} EE e AT kY
ia

»2 2459

X

2 12 T 9

U oE off Hz

AY FEEE 212384 AFsto] e A Bt

23t ¥ o
MM LiIEe=RE E2|E #32| Hio|2A- ol Mds

Z H(Lim and Lee, 2016)°]| 4] Z7], 7FA}a], el 2 22 |
Zro g By HeF 3| Ae AAH(M. morganii CTHO3, E.
aerogenes CIHO05, S. marcescens CIH09, C. freundii PIH21 2
A. hydrophilia RIH28)3} Z 21}0] @ 8 Skt (Pediococcus
pentosaceus CILOS, L. plantarum FIL20, L. paracasei FIL31,
L. sakei PIL52, Leuconostoc mesenteroides RIL60)2] E] 4]
5 2R A= Table 13} 2ok S| A8 A 5
ol E. aerogenes CIHO5+= E] 2713 A4 o14] &b HHH M.
morganii CIHO03, S. marcescens CIH09, C. freundii PIH21 %!
A. hydrophilia RTH28-2 E]2}71-& A4 31| ¢ttt T2 Hlo)
QE GANF Zo|| A 3| AEP-S YA BFA] Q-8 P. pentosaceus
CIL081} L. mesneteroides RIL60-2 E] 21712 Ay AJSt v L.
plantarum FIL20, L. paracasei FIL31 Y L. sakei PIL52+ E]

TS A3 5HA] Stk o] A, +tFol wheh A k=
Hpo] @AY opHl o] F 77} thE L fAE Foll A = R =)
o] A ofvlS Ask= ZS ERISHAT o5 Ad ot

Zo)| A B AEMIS AAEH= CIHO3, CIH09, PIH21 2 RTH28

Table 1. Histamine and tyramine production ability of the strains isolated from fish intestine

Histamine-producing strain Histamine
M. morganii CIHO3 + +
E. aerogenes CIH0S
S. marcescens CIHO9
C. freundii PTH21

A. hydrophilia RIH28

Tyramine

+ o+ o+ o+

Probiotic LAB Histamine Tyramine
P. pentosaceus CIL0OS - +
L. plantarum FIL20 - -
L. paracasei FIL31 - -
L. sakei PIL52 - -
L. mesenteroides RIL60 - +

&3l A A|S3d Al4%
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w59} Blo| @AY ofwlE AAISHA] ¢k FIL20, FIL31 2
PIL52 ikt 2|& Aldshlet

ofF 2 RE fljsh= Alat Foll A Bl Al ofblS AT
3= Al 8.2 = M. morganii, Klebsiella pneumoniae, Hafnia
alvei, Proteus vulgaris, Proteus mirabilis, E. aerogenes,
Enterobacter cloacae, Serratia fonticola, Serratia liquefaciens,
Raoultella planticola, Raoultella ornithinolytica, Providencia
stuartii 3 C. freundii -5-°0) Tkl e A Uk ko2t A
Alat, Clostridium <, Vibrio alginolyticus, Acinetobacter lowfi,
Plesiomonas shigelloides, Pseudomonas putida, Pseudomonas
Sfluorscens, Aeromonas < L Photobacterium < ‘5= 3| ~E}
WAt o= H A E vp Ql=t o]= 2 15+ Aol A 2l E
At} 22 0 7 ARSI TH Visciano et al., 2012). ThoFstH
A3 Holl A 8= obil o] F el = n| =] AAkete 2t
0| BAof whet A4 = At 7 Wl A viol eAlH
oS AASH= A2 Enterobacteriaceae, Micrococcaceae
9 Lactobacilli -5 22 LA glo] & A+t Aol A EejH
& o]0 £l= Ao 2 FOIE QI E. cloacae D Pantoea
agglomerans 52 FEH A1 7ioH|dl 55 == A5t
A7 U vk W2 2EE B2 Paenibacillus tyramigenes 5
< Bl At o= B v Ik Atk of ol A
2% Micrococcus <3} Staphylococcus 452 3| 2~EM]|, FE
g4l W 7S Abeh s ERA A E AAel= A o2
e om, A7 ol Al vlol e Al ofvle Aiteh=
Tetragenococcus muriaticus\} Tetragenococcus halophilus 2}
e YadA SAE B E it Zaman et al., 2009). ESH
A A AL 2 R (silage) 2E-E] B8] % Lactobacillus 43, L. sakei
9 .. mesenteroides ‘5= 5| AEFNS A=A o072 H1E
H} 2l =H|(Zaman et al., 2009) °]2h= F] & Aol A 2]
=l L. sakei PIL52 Y L. mesenteroides RIL60-2 5] A~E}FT1-2- A

A3k st

A, Lactococcus <3} Streptococcus 452 A. hydrophila,
E. faecalis, Escherichia coli, K. pneumoniae X Pseudomonas
aeruginosa -5-°| A4t 5] BN 9 Bl O] A 72
s 571171 o2 4=iA QltkKuley and Ozogul, 2011).
A= LR AE Ao 583 4TS S ikt = 8| AF
91, 7ok, FEGALE Batel= Ao ® A QAL 7P &
SHA Eletile Ak R HALE QAL Akt o] Bl= Al
bt a4 v d o2 ofel(2-phenylamine) & AYAkSH= ¥
detebd = gebiksl A1 71t} Oenococcus oeni, Lactobacillus
hilgardii, Lactobacilus fructivorans, Pediococcus parvulus 2
Lactobacillus brevis =2 2121 Ujof] 8-3f o}wl-& =& st=A
oz IEQAL, A=, £]a17], 2AA] ForiE 2eE
Lactobacillus curvatus, E. faecalis, E. faecium, Lactobacillus
fermentum, Lactococcus lactis, Streptococcus thermophilus 2
L. paracsei 5 %= oFv| 1 A4ko] HEHVSE e dfo] ko] vl
o] @AY ofvlS AAitsh= A o2 Xl vF QT Gardini et
al., 2016). ¥, Nieto-Arribas 5(2009)-2 Manchego 2| =2
By B2)% L. plantarum} L. paracasei subsp. paracasei= 4}
o] @AY ofHlE AR o= A o= el E o] 2= W {75
obgle] ke s mrkKo]glrkn ¥ skt L)
0| Q¥ 8 At L. casei TISTR389 W Lactobacillus delbrueckii
subsp. bulgariculs TISTR895+= 3] AR &2 E]2hal-S A A
&t Wb L. acidophilus, L. lactis subsp. lactis Y L. plantarum
50 vol @AY ofulg A ersk] whe] ofel 1
A3 vho] oA oftl A 7% Wk Fao] uhe) 4
o]gt A © 2 &2l %] 9 tiPriyadarshani and Rakshit, 2011).

ZRHj0|OE! RATC| FREH Ms
2 Al ER2ujo] .8 fakto] A4k
2 vkl .4 ol 4ol thak uhel el .41

SREES
3t A 3}= Table 22} Zth. M. morganii CIH03, S. m

arcescens

Table 2. Content of antibacterial substances produced by probiotic lactic acid bacteria

Probiotic LAB

Antibacterial substances content

L. plantarum FIL20

L. paracasei FIL31 L. sakei PIL52

M. morganii CIHO3 ND ND ND

Bacteriocin activity S. marcescens CIH09 64 ND ND

(AU/ml) C. freundii PTH21 ND ND ND

A. hydrophilia RIH28 ND 128 ND

Organic acid Acetic acid ND ND ND
(mM) Lactic acid 107.3+2.7 129.5+ 4.6 134.5+3.3

ND, not detected.

Korean Journal of Microbiology, Vol. 53, No. 4



278 « Eun-SeolLim

CIHO09, C. freundii PIH21 2 A. hydrophilia RTH28 9] T3] L.
sakei PILS2 53] A2k uela] A1 §010] g S4-S e}
UHA] Rkt SEAIRE L. plantarum FIL20 2] Hie]| 2] 2.4 8042
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plantarum FIL20, L. paracasei FIL31 Y L. sakei PIL52 +-5=
= AR SR Q19LI SARES Aol o, ke
Z¥7+107.3+£2.7mM, 129.5+4.6 mM 2 134.5+3.3 mM=Z L}
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O8] T4~ A7 7P A YERE AL, S. marcescens CTH09 2} S. marcescens CIH09 2] 5| 2~EM| ¥ %= L. plantarum FIL20
C. freundii PIH212] w5=%= L. paracasei FIL31 9 L. sakei o] AJAkst v 2] 2 A1 8- 100 AU/ml 0]A+e] 5o 2|3
PILS29] HljF A5 toll &fsfl B aaba] o= A= . 34, oAl A RAAL A hydrophilia RIH280] AJAkRE 3]

Table 3. Changes in the bacterial counts of biogenic amine-producing strains by treatment of the bacteriocin and the cell-free culture supematant from
probiotic lactic acid bacteria

Viable cell counts (CFU/ml)

Biogenic
amine-producing Probiotic LAB . i Bacteriocin (AU/ml) CFCS (uW/ml)
. ontro
strain 50 100 200 50 100 200

L. plantarum FIL20 NT 41£20x10° 2.0+0.1x10° 1.1£0.6x 10"

Clé’g;’g"”” L. paracasei FIL31 7.1 £2.6 x 10° NT 15+1.1x10° 89+0.7x10° 55+1.3x10°
L. sakei PIL52 NT 9.7+0.5%10° 3.6+1.8x10° 81+12x10"

L. plantarum FIL20 6.0+£2.5x10° 3.1£0.7x10" 20£3.0x10"  91+05x10° 9.0+21x10* 7.1+£0.2x10°
‘glﬁ;’;“’e”e”" L. paracasei FIL31 2.4+0.9 x 10° NT 88+3.6x10° 55+1.9x10" 9.7+23x 10"
L. sakei PIL52 NT 3.6+23x10° 41+05x10" 9.0+3.0x10"

L. plantarum FIL20 NT 71+25%x10° 52+0.6x10° 41+23x10°
;g;””d” L. paracasei FIL31 3.8 +2.6 x 10° NT 6.0428x10° 3.1+22x10" 63+3.0x10"
L. sakei PIL52 NT 1.4+36x10° 28+3.0x10* 50+1.1x10"
L. plantarum FIL20 NT 70+£09x10° 8.0£0.6x10" 62+1.4x10"
A. hydrophilia . 5 6+ sx 4 3 . 7

RIHOS L. paracasei FIL31 6.9+3.5x10° 4.0+ 1.5x 10" 7.4+25x10" 58+23x10" 45+3.0x10° 7.7£2.0x 10" 41+0.5x 10
L. sakei PIL52 NT 54+04x10° 81£04x10" 9.9+3.5x%10"

The cultures of biogenic amine-forming bacteria (1.0 x 10° CFU/ml) were inoculated into trypticase soy broth containing bacteriocin solution (50, 100, 200 AU/ml) or CFCS (50,
100, 200 pl/ml) obtained from the probiotic LAB and incubated under aerobic condition for 24 h at 35°C. And then the number of viable cells remaining in the cultures was
measured by a standard plate count method using plate count agar.

Data are means+standard deviation (SD) from triplicate determinations.

"Significantly differ (P < 0.05) from the control group by Student’s r-test.

CFCS, cell-free culture supernatant.

NT, not tested.

Table 4. Changes in the histamine content detected in the biogenic amine-producing strains by treatment of the bacteriocin and the cell-free culture
supematant from probiotic lactic acid bacteria

Histamine content (mg/L)

Biogenic
amine-producing Probiotic LAB Bacteriocin (AU/ml) CFCS (ul/ml)
strain Control 50 100 200 50 100 200

L. plantarum FIL20 NT 342574295 3,067.7+£257 2,785.1+16.0"
g:gg””” L. paracasei FIL31  3,346.7+27.5 NT 3,299.5+30.7 32564418 2,981.0+10.9"
L. sakei PIL52 NT 3459.1+159 3,166.7+467 2,711.5+23.8"
L. plantarum FIL20 2,0485+169 2481.0%18.1° 22457+157  2871.5+227 2,794.6+30.6 2,449.5+28.4"
‘élgggcesce”s L. paracasei FIL31  3,012.5 +38.1 NT 3,000.5+304 29425264 23694+ 164
L. sakei PIL52 NT 2,999.4+11.8 2,864.0+33.7 2,254.1+33.8

L. plantarum FIL20 NT 2,594.7+£31.0 22780+266 1,9745+99"
;g;””di" L. paracasei FIL31  2,479.3 + 40.5 NT 229944180 1,9124+232" 1,745.6+15.7
L. sakei PIL52 NT 230144206 1,846.4=12.0° 1,611.5+27.1"
L. plantarum FIL20 NT 3,002.5£30.6 2,791.0£20.6 2,4168+12.7
AI;'H?;S’OP hilia paracasei FIL31  2,940.7+39.8 2,354.4+20.5" 2,064.5+224 154744305 299544225 2,691.5+37.5 22160+ 164"
L. sakei PIL52 NT 291224154 2411.7+84 20135+ 114"

The biogenic amine-forming bacteria were inoculated into trypticase soy broth (BA-TSB) containing 0.0005% pyridoxal HCI and 0.5% I-histidine hydrochloride monohydrate
and incubated for 24 h at 35°C. The cultures were propagated in BA-TSB supplemented with bacteriocin solution (50, 100, 200 AU/ml) or CFCS (50, 100, 200 ul/ml) under aerobic
condition for 24 h at 35°C and then the histamine content in the supernatant obtained by centrifugation was measured by HPLC.

Data are means + SD from triplicate determinations.

‘Signiﬁcantly differ (P < 0.05) from the control group by Student’s r-test.

CFCS, cell-free culture supernatant.

NT, not tested.
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Table 5. Changes in the tyramine content detected in biogenic amine-producing strains by treatment of the bacteriocin and the cell-free culture supematant

from probiotic lactic acid bacteria

Tyramine content (mg/L)

Biogenic
amine-producing Probiotic LAB Bacteriocin (AU/ml) CFCS (u/ml)
SiEhn Control
50 100 200 50 100 200
L. plantarum FIL20 NT 1,5704+10.7 1,2354+88" 1,064.7+13.1°
gl;'zg’ga"” L. paracasei FIL31  1,678.4+ 8.5 NT 14955167 1,095.4+9.7  846.7+23.0"
L. sakei PIL52 NT 1,705.6+19.1 1,420.1+203" 1,119.5+10.4

L. plantarum FIL20

331254253 3,015.7+£42.8 2,6450+ 164"

32597+ 13.7 3,085.7+39.7 2.816.7+108"

glﬁg;cescens L. paracasei FIL31  3,694.2 +24.7 NT 3,4984+94 335194357 30117103
L. sakei PIL52 NT 3,7045+11.6 3,411.7£204 2951.0+133
L. plantarum FIL20 NT 3,001.0£244 2,8475+33.1 2413.4£11.6
gnfzel””di i L. paracasei FIL31  2,977.2+16.3 NT 281654182 2,595.0+ 124" 22165+ 14.0"
L. sakei PIL52 NT 2,7944+£203 2,691.4+334 2,0164+7.6
L. plantarum FIL20 NT 2,7043+£27.0 2,691.5+36.7 2360.7+5.9"

A. hydrophilia
RIH28
L. sakei PIL52

L. paracasei FIL31  2,827.5+33.5 2,597.4+36.1 2,361.4+11.4" 1,999.5+274
NT 2,659.8+28.8 24257+47 2,016.7+202"

2,616.7+29.1 25947+468 2203.0+11.7

The biogenic amine-forming bacteria were inoculated into BA-TSB containing 0.0005% pyridoxal HCI and 0.5% I-tyrosine dihydrochloride monohydrate and incubated for 24
h at 35°C. The cultures were propagated in BA-TSB supplemented with bacteriocin solution (50, 100, 200 AU/ml) or CFCS (50, 100, 200 ul/ml) under aerobic condition for 24
h at 35°C and then the tyramine content in the supernatant obtained by centrifugation was measured by HPLC.

Data are means + SD from triplicate determinations.

*Signiﬁcantly differ (P < 0.05) from the control group by Student’s #-test.
CECS, cell-free culture supernatant.

NT, not tested.
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Table 6. Effect of pH, culture temperature, salt and potassium nitrite on S. rmarcescens CIH09 viability and biogenic amine production when incubated with

bacteriocin and CFCS of L. plantarum FIL20

Viable cell counts (CFU/ml) Histamine (mg/L) Tyramine (mg/L)
Treatments Bacteriocin CFCS Bacteriocin CFCS Bacteriocin CFCS
(100 AU/ml) (100 wl/ml) (100 AU/ml) (100 pl/ml) (100 AU/ml) (100 wl/ml)
Control 3.1+£0.7x10° 9.0+2.1x10° 2,481.0+18.1  2,794.6 +30.6 3,015.7+42.8  3,085.7+39.7
5.0 58+1.6x10"  22+03x10" 1,651.4+203"  1,963.5+28.4 2,823.5+26.8 2,606.8+12.1
pH 6.0 2.0+0.9 x 10° 1.4+ 1.8x10° 23722+18.0  2,7142+302 2,909.3+9.9 2,714.5+8.8
7.0 50£05%x10°  35+0.8x10° 22942+364  2871.3+241 2,802.5+31.8  3,055.1+36.7
Incubation 15 29+1L1x10"  52+£03x10"  1257.3+228  1,5285+333 2,113.5+123°  2,401.2+20.6
temperature 25 46+07x10" 7.1+£3.0x 10 1,6145+11.7  2,497.1 +40.1 2,411.6 8.5 2,811.3+15.0
Q) 45 62+19x10°  8.1+24x10° 236144305  2,611.7+315 2,956.1+162  3,1143+20.5
NaCl 1.0 43+08x10°  7.7+12x10° 2,561.7+29.1  2,708.5+20.7 2,865.1 +27.1 3,006.5+11.5
concentration 2.0 86+02x10"  4.0+0.8x10° 2,013.5+93" 2,399.5+31.2 24172+1517 2,746.5+48.1
(%) 5.0 55+23%x10°  92+05x 10" 1,8423+155  2,063.4+13.5 2,058.9+209"  2,269.5+30.1°
Potassium nitrite 50 40+14x10°  7.9+22x10° 23164+45 2,666.4 +20.3 2,9402+10.7  3,016.8+5.7
concentration 100 3.0+20x10°  82+06x10° 2,0312+9.0" 2,291.5+457 2436.1+£16.1°  2,800.1+14.9
(ug/e) 200 59+25x10" 73+09x10" 1,9745+20.1"  2,163.9+14.2" 2,0752+204"  22132+25.1°

Data are means + SD from triplicate determinations.
*Signiﬁcantly differ (P < 0.05) from the control group by Student’s -test.
CFCS, cell-free culture supernatant.
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3 e A O‘Q(Zhang etal., 2013) LE2e) =
2 X3 B. cereus, E. cloacae 1:'Ullcalzgenes faecalis7} RYAF
ko] 2414 oFFl AR 02 M 24k, T T2 el
-J’SH $-OI5HA ZHAE QK Min et al., 2007). Alch7F H2] A
F e el wfo] 2 A obgl Aol ele) Al

AL 7okl 2 EeiRle) SRS fAKS, 10%), FA%KS,
10%) 2 A2 HIAK0.1, 0.2%) 2] 2] o) J 3l oF 15~45% H &= 7+
A EQJthal B 1 F v Ql=1|(Mah and Hwang, 2009) ¢] =1}
FrAFHA| & At Aol A e pH7} 52 271 Shof| A = H}o]
QA oful YA FO] Z 20| AA|E] 7] wEo] o] So] AAJEH
ofnle] g vl Ao R FHur,

31, Kang¥} Park (1984)= 1150 ol A= 3] AEMI

= 10%9] -4t 2 2o ol anb=] o= AJsfj & Uil 513l
O}, 3| A Y BERAF §40] 342 pH 2.5~6.52] A <
o] | & olgtal B 1stTh L. brevis2] E| 2 A] EEFAF & 4 9]
/42 pH 5.0001 41 ool o] 23] 01} pH 74004 T4 24
o] 7H QHA Bk M F 7Y $-oll = BAdE 92% A8 Th

m\l

&3l A A|S3d Al4%

(Zhang and Ni, 2014). pH AFA] & S o|| A Enterococcus durans
@} E. faecium@) B2}yl HAATE 271591, L. lactis D L.
brevis®] |~ ©EAF G4 0] Z|tf| FAI = WS pHoj| A U
Ebygtthal & A It Gardini ef al., 2016). L. curvatus+ 2+
B AR O HE F7)of 7P g oF o] ElehulE Bk
=t o]=pH7F & o) B2 Al Febih 542 0] 24 o] oAl
7] W 5o 2} 31 ¥ 1134908 2(Cid ef al., 2008) HFo] S A Y]
opilE A/ sk wtaeoll wheh A d Bl F3E mI A= A 9
pH= thas Zpo] 7} Qli= A o2 o] A X,

=9 F4S $1%t 24 2w Hio| @AY ofvl 44
of 233t 70| B2 E. faecalis EF37- 16~44°C 9] 9] 1)
oA &7} ol AR Fo] AR & = Wl x] 11 g]lefyl o]
ZHe FASP 271519k Elekul Ao Tholsts st
A 540) 2o RS e LEE 0] whe} golal
S E. faecalis=30~37°C<] BFH L. brevis+=50°CQ] Z1 o & &+
Q1] i tHMarcobal et al., 2012; Gardini et al., 2016). T+H, S.
thermophilus @] 3| 2~E]d A G4 9] 42 5°Co] Lo
SN E AEH AT S} A 5| ZrFste] e} 4 B
AT F7HE 0] S0°Cof|A] Zfthol] o] 2w 1 o]4Fo] ol A
= &Xo| FA3H| A= Ut M. morganii, R. planticola,
Phytobacterium phosphoreum X Photobacterium damselae 2]
ST SRk 4 TS 918 4 LEE30-40C W)
2kl A2 A Ith(Kanki ez al., 2007). BFo] @AY o}l 5]
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Bl el 845 AAlehs g Ee] SAlo] T 2%
ol A thek A =] 7] wiiel] 7.2°C Kr}21.1°C o] 4] 2%
ol Al 82T /g =Fo] Zdjol] o] 28131 58] 32.2°C FLo|
A S48 slAER o] BAEYITkaL 3Fed(Visciano ef al.,
2012) 7]&0] Akt A= FARE B S vreb i it g
1, Klausen¥} Huss (1987)= 3] AE| T2 &-8-5}a1 Q)= 9|
2] 9 arg-o] Yell Exek= M. morganii'= 0~5°Co] 2=
e WellAl S22 = A ghefehe BFeke] 5] 2Eklo] HEH
Qlokal ®arste] 2 Autel= tha ko] 7} glgle) Kim 5
(2009)> 4152 o), 2Ao], 7HE o= Hho| oA
obRl ks AR Aat, e oot 2ol A= 715EA] o6t
Frafl obnlo] HEH Wh, offoflAl= WS ol ofnlo] H&
E| QT 0] 52 25°Col|A] 24 A7t A ABH= E4F36.6~2123.9
mg/kgoll O] 25) 01} 4~10°Col| A= 2~3 Y Fof| A4 3] F7t
w]o] f-5f ofvl9] A7k A wof uhel Adolshrtar 1

arstgich

S, A9 F e W ujQF 2= n]ay (YA HA) a3
g 53 8|2k, Fidogopyl, ERET W eyl Ao
FFE v A= F 2l IRFRA] A1 5% o]akel -2
25~35°C9] &%= Q| Yol A F-2J51A] w2 ke ofylo] A /d

%] %lthal 5}od(Chin and Koehler, 1986) = A+ A #}e}= t}
a2 2ol 7} QIGlT). AREA o= A ¢lo] Frt otd s o
gk Hkg-of Tof sk m| A& 2] thAl & o] 7H4x5t7] W<
o] @AY ofule] %22k =7 74344 Fick Bargossi 5
(2015)0f| w2 E] 24 Debilt G40 A2 A1 10% 5
oA AZE|R1I1 E. faecalis EF37-2 A1 5% 2~6% 3o A
gletila H g o goll o) Z2]5fo]| Ayl WhA, E. faecium
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7 0] ok A §h8ka1 20~30% 5 1= Sfof| A A A15] 24
1t Tabanelli ef al., 2012).
FH oF A2 vho| @ A oyl S A A|Sk=d] Bt
AFA7THEEA TS mg/LY TR 2 WA DA Y FE
, Rl 9 7ok 0] /8-S Al o1& 4= Qlrkal Gengeelep
5(2007)& Ha1skQi) Ackrt g2 A A x| o op A
(150 mg/kg)S A7t 39 FEH ALY 24 oA anp7t A
42 0 &2 Vet ESE F-ARE 2EFEI R} op A1 (0.05%)
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78t Bt B/ e AL FIL203} FIL31 =278 ¢

W SeFe 717+ 107.3 £ 2.7 mM 3}
129.5 £ 4.6 mM 2 YEVtt} webA L. plantarum FIL20T} L.
paracasei FIL310| AJAFsH Bhe| 2] @ Al 8-98(200 AU/ml) 2!
wjoF AFS-o8(200 ul/ml)2] 2 2]of 28 S. marcescens CIH09
9 4. hydrophilia RIH28 2] w4~ 2 5] ~E}71 3} €] byl o] A4
e sl A ZATHP <0.05). 271 pH (5.0) 2} B & =
E(15°C)7} e 27 o) A CIHO09 37} A4St 5] ~Elal
T} gl2fnl o] WA= [ plantarum FIL200] AYAFSHEME| 2] 2
Al oot Hlj e A5l A 2o ofsf -9 sHAl A E Siek
A1 5% &2 oFEAF ZHE(200 ug/g) ¥ FIL20 f-A4kt9
=4S E83 A uho| Ay ofvlE A Sk Allat 2

oF -8l oFl g fr2ASHAl RAIZTHP < 0.05). 2
o

O] F=1-220173hd = F g v sl ek A -tH] X[ o
o]ao] ATLE|41-2(2017F065).
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