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Abstract This study was conducted to evaluate the functional characteristics and safety properties of lactic acid bacteria
isolated from salt-fermented anchovy, a putative probiotic candidate. The following isolates were identified by biochemical
profiles, carbohydrate fermentation patterns, and 16S rRNA sequencing: Enterococcus faecium AJ06, Leuconostoc
mesenteroides AJ13, Pediococcus halophilus AJ22, Lactobacillus sakei AJ29, and Pediococcus pentosaceus AJ35. The
strains AJ06, AJ22, AJ29 exhibited high tolerance to simulated gastric and intestinal juices and were able to produce bile
salt hydrolase on MRS agar plates supplemented with taurocholic acid and/or taurodeoxycholic acid. The strains AJ22 and
AJ29, which demonstrated high adherence to Caco-2 cells and resistance to various antibiotics, effectively inhibited the
growth of food-borne pathogens by the production of antimicrobial substances. These strains did not show o- or f3-
haemolysis on blood agar. Furthermore, biogenic amines in MRS broth containing the precursor amino acids were not

mutagenic in Salmonella Typhimurium TA98 and TA100.
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Zgulo] Q€] ZAbA|Fe] S} oA 307
E gRlal7] Sl in vitro 73elA AF QT LIiEd el gt o AlZ " (1.0x10° CFU/ML)S FZ3kL 37°CollA 341 7F Hl
A, therst Aol tigh WA, Caco-2 M2Eel] tigh H2ks 8 T MRS - Huu|A] AollA Huh|ksle] s =
9 G EE AL b2 A fallwel die gk 8448 E91 Atk 2 #F2 &Il5Ea a2 (bile salt hydrolase, BSH)
ST Tek Auk #e] ok HUHE flE B9l 2 &Y A48 Fgelshr] fsl MRS d2duiz|oll A 37°C, 24A17F wljekst
A i TsdH f8l ofwl TS ARk ke == o] AL ot e WFo]2 AFH S TR 0.5% (W) AF 9 [tauro-

Hlo| B 229 0§ T dE SRl Hala) gt

xHE | I:lol-

Il

HAMZ 22 uH

Adske "2 A4 105 A6k HdeiAl sMg &
Lactobacilli MRS agar (BD Difco Co., Sparks, MD, USA) %%
HIR] Aol o ] mldslaL 1% (wiv) CaCOz& %718t MRS
s Al o] wgAe W TS Adshes FEUE
Aoz 78l 2219 F5(10° CFU/MmL) M %N (1%, viv)
< pH 3.02=2 273sk MRS A=) (broth) (Difco)ell 73E3ted
37°ColA 24A17F BiSFelal Wt F 10° CFU/mL o A4S
sz Wabd Bk g e Aoty MRS A dul=]o] s
ste] 71490 =7 slellA 37°C, 24417 wiksle] A2 Ak
T viFA-L 20% (viv) glyceroldt E3ake] —20°C3lol|A] K
#AslHA A3t

o 7 3

] a7 Al P, 2EEAA, 284, Trdest
Ak 7k AAE, 10008 45°C 2EeA 9] SAE, AR QT
7 Fhad|o] X (catalase) 85 T YA H s BEAAE
ZAFSF9 3L, API 50 CHL system (Bio-Mérieux, Marcy I’Etoile,
France)& ©]-83te] F o]&5S SRlsiditt. &, MRS 2/l
2] WA o2 RE FF2] DNAS DNA 5%7)E(extraction kit)
(Qiagen, Hilden, Germany)® &% “A|}aL, 27F (5-AGAGITTG
ATCCTGGCTCAG-3")%} 1492R (5'-GGTTACCTTGTTACGACTT-
3") primer& AFE-3}] PCR (polymerase chain reaction) thermal
cycler (Bio-Rad Laboratories Ltd., Hercules, CA, USA)Z *%7]
WA (94°C, 53), WA(94°C, 30%), EH(56°C, 13), A7H(72°C, 1
) 32 ART72°C, 5%) 24 slM DNAS SFA 1% PCR 4t
52 A719%5(1.5% (w/v) agarose gel) 3t PCR “A| 71 E (puri-
fication kit) (Qiagen)Z A5 Tl DNA sequencer (ABI Prism”
3730 Avant Genetic Analyzer, Applied Biosystems, Foster City,
CA, USAE EA¢ th3 A4 HAIE|(NCBI; The National
Center for Biotechnology Information, http://www.ncbi.nlm.nih.gov/)
9] BLAST (Basic Local Align Search Tool) X% 1% (version
208)& ol&stol A7IM<E ] “dE7d (homology)s =Helstitt.
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A3 #F= MRS dduiRle] gEsted 37°CoAA] 24A17F ul
&3t T A2 HjgAS FAEE (7,000xg, 10%E, 4°C)8F the <l
A

A2k 9 4=(phosphate buffer saline) (pH 7.0) Wl 23] Al23t
T AEZFE 1.0x10° CFUMLE 24383t AF 919 pH 2.0
I 3002 9E AxkkEAH9] NaCl (125 mM), KCl (7 mM),
NaHCO, (45mM) % 321 (pepsin) (1 mg/mL; Sigma-Aldrich, St.
Louis, MO, USAYS F7tste] A|lxstal skt Al2E JEe
% 37°Coll A 2A17F ket the MRS S HIAHIR] Aol B
SRBHIIo2 FESRe FFE AL 89, Ay &
MNEde AxA=2A5=pH 8.0)°1 L7015 L (bile salts) (Sigma-
Aldrich)2 5%=%[03, 0.5 2 1.0% WWV)]E F713F o2 212k

cholic acid (TC), taurodeoxycholic acid (TDC) glycocholic acid
(GO} glycodeoxycholic acid (GDC), Sigma-Aldrich]7} F-f-%
MRS 3 Aol g4 HFsiairt 37°CollA 72417 &<t
714 24 stellA wige & SFAge] TR Ee] L0
2 g o= Z2Y FH EFHHAHE S/HEFENE
Fgol e ASE ZHESIATHYT).
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Korean Cell Line Bank (KCLB)Z%-E £ w2 Caco-2 AlE
of gk g #Fe] FAes S48 8l AEe 56°CollA
3087 7FE A3 10% (v/v) fetal bovine serum (FSB, Gibco,
Rockville, MD, USA), 2mM L-glutamine, 1 mM sodium pyru-
vate, 100 U/mL penicillin®} 0.1 mg/mL streptomycins 3 7}t
Dulbecco’s modified Eagle’s minimal essential medium (DMEM,
Sigma-Aldrich)oll FE3}3L 37°C, 5% CO, =7 &t w3k
t}. MonolayerS A3 Caco-22] HEFE 1.0x10° cells/mL=
z7sto] FBSSE FAE H7IeHA %2> DMEM A7} 58
6-well culture plate (Falcon, Beckton Dickinson, Sparks, MD,
USA) Holl HEs & o3 37°C, 5% CO, =71 3lol|A 24172
et A mFsisinl. gHE, MRS A dulR]oA] 37°C, 24417 &
Qb v et kMl wikd2 AR (7,000xg, 103, 4°0)F &
3 MEFRS Bol QAR HS (pH 7.00= Mg ths DMEM
Hjx] Ul ZatAlt 5 1.0x10° CFU/MLE 24313t Caco-
2 AIEZE A wjkdl plate2] welloll Ak HEFNS HES
37°CAA 2217 F9E Wi & FAER] e AXE AASL
oo 23 HEE trypsin-EDTA £ 02 e2kAA <lAke)
FAAFEH 7.02 AAs MRS SHIE TR 2 3 vhuj o)

L5 SASIATKE®). A, Alet M EHe A4
242 Crow 5(9)° WS 47 HIsid ARSIt =, MRS
AFaA] el A A7) SAZRA] mFe T u gl AAE
10,000xg, 5%, 4°C)sted A|EZE Ro} AAHAF2 A4 (pH 7.0)%
AFEL ¢ oy HZSFE 1.0x10° CFUMLE 23313k Al
gl (1 mL)ol n-hexadecane (6 mLYE A28t §3FA1717] €
3l oF 287k ZsAl EFAATE Aol oF 3087F ]S}
& EEela | v 4 (water phase)S A% F-o 600 nm
A8t AlE B 254 [HY%=(=23 Al
FE-mEIAA AE] & SR TS AL
AN A2l A FHE=x1001S AAFSIATE A7H-F] 2 (autoaggre-
gation) 58S 913l MRS N ulR|olA] 37°C, 24A17F Wl et 5
QAEZ](7,000xg, 105-)3le] HMES Ao] ClakelE=2A<=(pH 7.0)
2 28] AIFSIL AlZFE 1.0x10° CFU/MLE 2 23T Al
X FEHQmL)ye oF 1027+ AEH vortex AX1 F 37°CellA
2A17F vttt 4E ) 1mLE AF 8k 600 nmollM FE%
g A8t A71E-HH (%) AR N-AZF i § FE=/
g A FRE)x1000 tidstel S skth(10).
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(NaOH)S ©]&3le] pH 652 ZAB3I 1 mgmL 7FE# o]
(Sigma-Aldrich)Z A& 3 T3 50% (w/v) (NH,),S0,2 #7}3ke]
4CollA BFERE Sk wkste] TS FAAAY. 2d o
AAREE(12,000xg, 304, 4°Cyste] FHES ol 20mM Q1AkeH
A AEEH 6.5)0] AEAIZIIL 4°ColA 24A17F B LS
buffer WollA 4 2 (molecular weight cut-off=1,000 Da, Spec-
trum, Laguna Hils, CA, USA)S. &2 FAAIZl & Zatgg] 4l £
NE AT AF #50] e =4S 213 American Type
Culture Collection (ATCC)Z} Korean Collection for Type Culture
KCTOZHH B W2 Listeria monocytogenes KCTC 3569,
Staphylococcus aureus ATCC 6538, Salmonella enteritidis ATCC
13076 % Vibrio parahaemolyticus KCTC 3471 59 dFE5d2
A g2 AMESIATE. L monocytogenes KCTC 3569, S. aureus
ATCC 6538 E S enteritidis ATCC 13076 BHI 4 uijA], 77
parahaemolyticus KCTC 3471 Marine 2}’Jw] 2] (Difco)oll 2+z+
HEste] 37°CoA 24417k g & A41HE2)(7,000xg, 104,
#0ysto] AEZE HON IS AT (pH 7.00= 23] AlHE o
& AX 3] AlZFE 1.0x10° CFUMLE 243K ch. BHI
Al A2k Marine 3R]l AA] o] Al A 1% (v
vyt BHAIREe] Wi AT 5% (vivig ZH2E S 37°Ce]
A 2407 ajFetal I 5 ulieRels AjF k] BHI $:3% Marine
SRl A B FE o R EShe MESE S
sk a2 Al §oe] FEAd-2 microtiter plate method(11)E
=7317] 918l plate wellell BHI 2j’du]x]9} Marine g ==
7}z Bslal s E wHe gEE el 98 MUK o A
B A o= 10,0008 34 et AA] #Fo] dFE 1.0x10°
CFUmLeE 243 Al A5l (1%)s HEaut 3714 =
7 shellA 37°C, 24A17F iSESE 3 microplate reader (BioTek,
Inc., Seoul, Korea)S ©]-83l%] 45 (600 nm)S A 3}aL Hie|
224l & thal A H(pH 7.005 A 2lg etk v
wate] wjFee] TeEwrl 50% e Hol el 55
uhe| 2] @ A1 24 (arbitrary units, AU)S. 2 YERJATE

grdinof chet 2=+

Ae o] A ik W2 Bauer 5(12)9 HAJAE
=(minimum inhibitory concentration) (MIC)®ll W&} =43} th.
=, MRS MRS A WellA 37°C, 24417 ui ket &
DR (7,000%g, 10, 4°C)ste] A EZRES Bl=atarl qlrtehg
G4 (pH 7.0)2 23] A& o AEFE 1.0x10° CFU/MLE %
Aot AE FEFA(1%, vAvye 50°C AEE 23 MRS 3Hd
@ 1.0%, vivell JFskaL & § MRS 3 =] flol &
Z3ste] SIAATE A Al (ampicillin, erythromycin, kanamycin,
penicillin, streptomycin, tetracycline3} vancomycin, Sigma-Aldrich)
9] stock solution®ZHE] 271 SMYO T FEE Y TRE paper
disk (@ 8 mm)ll 50 uL loadingdl®] MRS ¢ H3hi#] flof] &
232 37°CoNA 24A17F WiFSE T paper disk T A5 gk A

ek AaEeg 2SI

o= MRS 3 Apdu|R|eA] 33] Al wjdsied 4

T 5% (wiv) Bdo] 3% Columbia - (Difco) 52
Aol &d HE § 37°CelA 48A17F Wi & 498 (a-
haemolysis) (=Y FH =23k 244, WERE-E (B-haemolysis) (F
2Y 9 g BHs AR 2vE-E(y-haemolysis) (FE2Y]
9 3 AN §lS)S ARRIATH(13).

drot dds

AR w52 AA ofFl A5 Bover-Cidel Holzapfel(14)2]
WS AR Myt oumsks Uk FHEATAA HiA
(decarboxylating medium) “gollAl SA3IAT =, AT a4
FEE E234717] Y8 A3 o] i=AKL-histidine monohydro-
chloride monohydrate, L-tyrosine disodium salt, L-lysine monohy-
drochloride ! 1-ornithine monohydrochloride, Sigma-Aldrich) 2t
Z} 1 gL} pyridoxal 5-phosphate 1 mg/LE F7Fst 74714 A
A A|H) =] (decarboxylating broth)ell A 37°ColA 244)7F B9t 53] 2
wjeFatainh. 28 o obv:=AN2%, wiv)el H7hE B7HAst
B Wi A S microtiter plate2] 7+ wellell 100 uL E5+3t. &3}
AL A aj gl S0 uLs HEF F 37°COlA 72217 5t @71
Al 271 st wjgdt § Apow wigh A YA ol A
e FHo= WGt Pseudomonas aeruginosa BK19a73
2o 2 13, Enterococcus faecalis ATCC 29212 45 44
dzro = st

[0

S S¢Ho| AE

e 1o B9 Eduelss I S8l Sels =W
oA (frame shift mutant)3! Salmonella Typhimurium TA98 (hisD3052,
rfa, AuvrB)3 A &A™ ) A (point mutant)$] S, Typhimurium
TA100 (hisG46, rfa, AuvrB)oll tHRE 704 &Rl f2 7k
A4S tARAAICl S9-mix A 5ol Wt pre-incubation (15)
o7 23Ut YA EREZE AR 2-aminoanthracene, 2-
AAF} 2-2-furyl)-3-(5-nitro-2-furyl)acrylamide (AF2):= Wako Chemicals
Inc. (Osaka, Japan)= FE et & tjo|H @A ZALo] = (dimethyl
sulfoxide) (DMSO, 1 mg/mL)dl| &31A1A —20°Cel| HaA3819aL, &
4 xz=dZe SHTFE ARSRITE Aroclor 12549 28l
T F 7be] wlolazE HEE-2 Molecular Toxicology Inc.
(Boone, NC, USA)Z FE FYste 75 EdRlolee] 43}
Z 9lall A3 S9 fraction 10%, MgCL-KCI salt 2%, 1M
glucose-6-phosphate 0.5%, 1M nicotin adenine dinucleotide 4%
2 02M RS AAS(pH 745 EFE o7 AlFste] $9-
mixE ZA AT 2 2aAFS MRS ddujR|o)A 37°C,
24X 7k vjoFale] A2 wigS YAEE](7,000xg, 10, 4°C)s}
3w Blegh JAOl SAMTHE BIAIREA SRR (skim
milk) 10% (w/w)2} sucrose 5% (wiwye A7tste] #dskst & -
40°CollX BF AxAIT o AxE #AE Efste] wdsket
AE NPEAZ ARSI S Typhimurium TA983 S. Typh-
imurium TA100 + wjFed 0.8 mLol| ThelwEdFAle]= 0.07
mLE #7Fslte] —80°Cell B33 aL, 8]2~E] W (histidine) L7173
o, wrBOt rfa EARC] A oo} ApE B EAWo]
7] AL RIS v=44 A e EUE APE
o] HF T 3125, 625, 1250, 25002 5000 pg/plate® 25~
3L S9-mix H7F B FFTE sellA AL, 4 dlxEEll
2-AAE 0.5-1.0 pg/plate, AF2= 0.01-0.1 pg/plate®] -s=of 9=
AMEBIATE BAMAlF E(1.0x10° CFU/gyE Q14kehas2 A4 (pH
7.0 &8A1A Azg A/EEZ (100 pL), S. Typhimurium TA9S
52 TA100 Bl (1.0x10° CFU/mL, 100 uL) ¥ S9-mix (500 pL)
T oAk A4 (pH 74, 0.5mL)yS Had Adde] ¥y &
etk 37°CollA 2027F iRt 5 wiFeol] 0.05mM L-3]2
EJdM] QB3 0.09M H3hFOo® FA%E molten top 3 (0.5%,
whv, 45°C) 2mLE F7Fsle] vortexingdt Tl minimal glucose
agar (57 1L 5 magnesium sulfate 0.2 g, citric acid mono-
hydrate 2 g, potassium phosphate dibasic 10g, sodium ammo-
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nium phosphate 3.5g, glucose 20g, histidine 0.05g, biotin
0.00074 g, ampicillin 0.025g % agar 15g $Hf) H¥h=el FF
AT 37°ColA] 48A17F wleFEl B hist revertants ZEY =

A3 TH16).

SAHXE|
AF FEHE T 335 ST ¢ dojd #e HEFEAA
Z YepSlY, SPSS ZZ I3 (Ver. 12.0, Chicago, 1L, USA)<]
one-way ANOVAR 9431 2}o](p<0.05)F &<lstsien, Hzt
A& (Duncan’s multiple range test) &2 ALF HZS AT
a1 % 0
x| MZOMFE 22l LHatd HitMEe S8
Al 49 g3 A 105025 &F &
o ZFolA Wibdol sk 55 BAAs BB A

5590 AN ge BF a9, AJ06, AJl3, AJ22 U
Al358] A FeEle 25 F< v, A= 7ol A
H 5 BF 189 HAAES sk 2AFARAFo|H,
45°Ce] 2Zo|A F2lo] 7hssATh AJ13, AJ22 2 AJ3SE X

TQOo g RE 72 AL, AJ06, AJ22 2 AJ29E 10°Cell
M SAEATE AJ06, Al29 B AI3SE FHEHolAE AAket

wbAAJI3I AI2E FhEEol~S AAkeEA] E3Th APL 50
CHL kits o83t & ®allsS &RIg A3, AJ06S 7573¢]
98.4%2 E. faecalis® FFEAIL, AJ13, AJ22, A129 H AJ35
TTFE 99% o9 XS B 22t Leuconostoc mesenteroi-
des, Pediococcus halophilus, Lactobacillus sakei 2 Pediococcus
pentosaceus=. 573 = ATk 16S rRNA 4177 (sequencing)ol] 2]
3 A7IEAEA A3, A3, A2, A9 2 AI3S #5E API
kit Al JERE A3} FdsiA A=A, AJ06S dEA
99.2%2] Enterococcus faecium®-2 1= AT},

€] ZabAlae] 5492 oA

309

s rtolFe] A N=HE 58t Lactobacillus plantarum, Car-
nobacterium maltaromaticum, L. mesenteroides, Lactococcus pis-
cium, Vagococcus salmoninarum, Lactobacillus fuchuensis, Strepto-
coccus spp. B Weissella spp. 52 ZAHAHe] F+2 F2E 2o
2 B vl 9lk17). Mauguin} Novel(18) ZHE sjito] 72
FE F2E 2] DNA As43S 8ISk A3}, Lactococeus
lactis subsp. lactis, L. plantarum, Leuconostoc spp. 2 Carno-
bacteria spp. 2= WeHrh EA] A4 A A 20%2] &
=5 Hkete] 98 A7 S48 HEE AT SRF g A
o] F2ete] 8 Wi op=Ahs walseh. B8k Staphylococcus
spp., Acromobacter spp., Bacillus spp., Brevibacterium spp., Fla-
vobacterium spp., Halobacterium spp. 2 Micrococcus spp. 52
s98eIY e wH AJEHES 2A A 4 A4
T TAS BATL 555 Fret 2ARS Fofgtia &
24 2rH19,20). Cho Sl <Jahd Aok AZZNH L
mesenteroides®} Streptococcus salivarius “5©] 2| E| AL HIL
SFth 3 BA AeM ZelE 2 F 0.1% SR
2Z2F 2FY (glycodexcholic acid sodium salty®] $H+¥ MRS 3F
B A AdellA e SEREs 48 UER A24
T ribose, galactose, glucose, fructose, mannose, rhamnose,
amygdalin, lactose®} melibiose 52 T2 #3393, 16S rRNA
TS SHSI UM E B A3 P pentosaceusZ &
AE0l(22), & AolA ZEE #Fe oln) Bard A7H(17-22)
ol w3l =T LT AR Enterococcus, Leuconostoc, Pedi-
ococcus 2 Lactobacillus 52 ZAAIH OS2 54 =T}

2] HL|

By
Ads &3}
=
=

=

HI

mo| QIZ Asfofof CHEH LHY
of st wigAIZ]l F 22l FHE iz A

E #45E 243 A= Table 29 72th ©X AzoA EEw
= 5% 45 S E faecium AJ06, P halophilus AJ22 2 L.

sakei AI29%= A1) H7FE pH 3.0 3lollA 107 CFUML ©]/32]
TFE FAE9AL, o|Hth= Tk WA W L mesenterodies AJ13
I+ P pentosaceus AJ35E 10° CFU/mL °©]% AE 7Fssith

Table 1. Biochemical and physiological profiles and representative results of API 50 CHL system and 16S rRNA sequence analysis of

the tested strains

Strains
Contents
AJ06 AJ13 AJ22 AJ29 AJ35
Cell shape Cocci Cocci Cocci Rods Cocci
Gram staining + + + + +
Motility - - - - -
Gas from glucose - + + - +
Lactic acid 1 1 1 1 1
Growth in aerobic condition + + + + +
Growth in anaerobic condition + + + + +
Growth at 10°C + - + + -
Growth at 45°C + + + + +
Catalase + - - + +
Species affiliation by API 50 CHL Enterococcus Leuconostoc Pediococcus Lactobacillus sakei Pediococcus
system (Confidence, %) faecalis (98.4)  mesenteroides (99.2)  halophilus (99.9) (99.5) pentosaceus (99.0)
Related strain according to 168 rRNA Enterocoi’cui Leuconos{oc Pefliococcus Lactobacillus6 sakei Pediococcus
sequencing (Similarity, %) Jfaecium KU366367  mesenteroides — halophilus K1699142 KM267630 pentosaceus
(99.2) EF579729 (99.1) (99.9) (99.8) KC142151 (99.7)
Identification Entef’ococcus Leucm?ostoc Pediqcoccus Lactobacillus sakei Pediococcus
Jaecium AJO6 mesenteroides AJ13  halophilus AJ22 AJ29 pentosaceus AJ35
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Table 2. Resistance to low pH and bile salts and BSH activity of the tested strains

Viable cell counts (CFU/mL)

) — - - Activity of BSH
Strains pH of gastric juice Concentration of bile salts (%)
2.0 3.0 0.3 0.5 1.0 TC TDC GC GDC
Enterococcus faecium AJ06 25424107 8.6£0.7x107  4.0£1.6x107  3.9+1.1x10°  2.8+£0.2x10°  + - - -
Leuconostoc mesenteroides AJ13 ~ 3.7+0.6x10*  54+1.9x10°  6.3£0.3x10°  7.240.5x10"  4.4+0.7x10° - - + -
Pediococcus halophilus AJ22 1.9£1.7x10°  2.740.4x107  7.0£1.7x10°  8.1%0.6x10"  3.042.8x107 +  + - -
Lactobacillus sakei AJ29 3.042.6x10°  5.14£2.2x107  2.8£0.7x<10°  5.5+1.9x10°  1.5£1.9x10° - + - -
Pediococcus pentosaceus AJ35 9.743.5x10"  4.3+£09x10°  1.6£04x10°  3.4425x10"  9.2+6.0x107 - - + o+

TC: taurocholic acid, TDC: taurodeoxycholic acid, GC: glycocholic acid, GDC: glycodeoxycholic acid.

Data are means+SD from triplicate determinations.
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Table 3. Adhesion ability to Caco-2 cells, hydrophobicity, and auto-aggregation of the tested strains

Strains Adhesion (%) Hydrophobicity (%) Auto-aggregation (%)
Enterococcus faecium AJ06 7.7£2.0° 12.2+1.3* 31.5+1.7*
Leuconostoc mesenteroides AJ13 3.5+1.4° 16.9+0.5" 29.1+1.1*
Pediococcus halophilus AJ22 18.6+0.9° 20.5+0.9° 32.7+0.9*
Lactobacillus sakei AJ29 22.5+1.8¢ 51.8+£2.0° 40.3+£2.5"
Pediococcus pentosaceus AJ35 15.1+0.4° 27.1£1.6° 39.2+3.1°

Data are means+SD from triplicate determinations and the significant difference of means was estimated by Duncan’s multiple rang test.
Means with different superscript letters indicate statistically significant differences as determined by ANOVA (p<0.05).
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Table 4. Antagonistic activity of antibacterial substances obtained from the tested strains against food-borne pathogens

Antibacterial substances

Strains Inhibition by CFCS (%) Bacteriocin activity (AU/mL)
Listeria  Staphylococc  Salmonella Vibrio Listeria  Staphylococc Salmonella Vibrio
monocytogenes  us aureus  enteriditis  parahaemobticusmonocylogenes  us aureus — enteriditis  parahaemob/ticus

Enterococcus faecium AJ06 125€2.0°  14.4<+1.1° 9.5+1.4° 10.6£2.1* 256 32 ND ND
Leuconostoc mesenteroides AJ13  7.8+0.8% 9.942.5° 11.0£0.7° 6.0£1.5% ND ND 16 64

Pediococcus halophilus AJ22 15.7+3.1° 8.3+1.7° 18.9+£3.6%  14.5+2.9™ ND ND ND ND
Lactobacillus sakei AJ29 23.44+4.1°  16.8£2.0°  16.0&4.1*  19.1£3.3° 128 64 8 ND
Pediococcus pentosaceus AJ35 30.1+3.8¢ 19.9+1.6°  22.7+£3.5%  13.7£2.6° ND ND ND ND

Data are means£SD from triplicate determinations and the significant difference of means was estimated by Duncan’s multiple rang test.
Means with different superscript letters indicate statistically significant differences as determined by ANOVA (p<0.05).
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Table 5. Minimum inhibitory concentration (MIC) values of antibiotics against 5 strains isolated from salted seafood

) MIC (ig/mL)
Strains
Ampicillin ~ Erythromycin  Kanamycin Penicillin ~ Streptomycin  Tetracycline ~ Vancomycin
Enterococcus faecium AJ06 4 <2 256 64 128 <2 64
Leuconostoc mesenteroides AJ13 <2 8 512 64 32 16 32
Pediococcus halophilus AJ22 8 4 512 32 4 64 128
Lactobacillus sakei AJ29 <2 <2 128 128 8 32 512
Pediococcus pentosaceus AJ35 16 16 256 8 64 4 64
Table 6. Safety assessments including haemolytic activity and production of biogenic amines of the tested strains
Strains
Contents Enterococcus Leuconostoc Pediococcus Lactobacillus Pediococcus
Jfaecium AJ06 mesenteroides AJ13  halophilus AJ22 sakei AJ29 pentosaceus AJ35
o + - - - +
Haemolysis B - - - - -
Y - + + + -
Histamine - - - - -
Biogenic amine ~ Tyramine - - - - +
production Cadaverine + + - - +
Putrescine + - - - -
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Jeptd, Ed wEiole] tid A4S Be AdEse]  EA0 9%L T ARk omae ARASAA A7E 1)
2R2Q) B4olw, ARYUR, olelEmvieldl B HER AR 24 8%, 2 onlwate] o853 AEAIAA Tk
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Leuconostoc carnosum, Carnobacterum spp. 2 Enterococcus spp.
= tyrosine decarboxylase & ¥4 UERNSIL, SEHMEE]
2 73 FEHLZ Eg (tyramine) ¥ FHoh S A4S
oL stk At 4 gEnlde]l #F9} Leuconostoc spp.,
Weissella spp., 2 Pediococci 652 decarboxylase €/9-& L€}
WA etthar shdch. iRl Adella] A opwle] Aiikgol
S4 #FoA BEobe w5l wet goldk 2R Hiuwi gl
t}. Matamoros %(45)— 21F el A opFl ALk ZaAS
EoeE A5 At #9 lon, 58] sfiikE Wolx B 4
YA opdlo] EA|ghrtar a?ﬂl, =R TEH fEE 5 78
FakAste] o) oF 5pg/mL o8t Aol s|ZERIZ EEgRlS
Agsta o, o= Al falidel Azt Axw 2 ol
3L SR

fin

ol (=113

o1to| RS
Ay 759 S Typhimurium TA98Z TA100°] thak F42
Ednlo] f2 75 2AKSE A¥e Table 72 ). A
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Table 7. Number of revertant colonies induced by the tested strains

Tester Concentration
strain  (pg/plate)

No. of revertant colonies/plate

Treated substances

2-AA AF-2 AJ06 All3 Al22 AJ29 AJ35
SS9 4S9 -89 4S9 -89 4S9 -89 4S9 -89  +S9 -89  +S9 -S89  +S9
0.1 432425
0.5 416424
D.W. 2142 2943 2242 30+£3 1942 2043 1942 28+3 2242 3043
Tagg 3123 20+2 2744 194 27£]1 2043 3042 2244 281 2042 2843
625 2044 3044 2041 2744 2242 2742 211 2741 1844 3042
1,250 2043 2842 2042 30+£3 2044 2944 2244 2943 19£1 301
2,500 181 2942 2144 2042 18+2 284 212 30+2 2041 20+l
5,000 2240 28+4 182 281 201 2043 21+3 2942 19£2 2743
0.01 512419
1.0 724433
D.W. 109£10 129£15 107+11 13111 104£14 123+5 103£13 131+14 109+£13 12010
TAl00 3125 11147 12448 1057 12949 10511 119£7 1059 124+11 10549 126+16
625 1065 127410 110£13 12112 110£13 130+12 109+£5 122+12 11144 128+10
1,250 102413 131£12 106+10 126+14 11149 12449 1117 123+7 102+10 129+13
2,500 110£11 120+11 103+10 120£10 10415 12948 108+12 128+8  104+7 12749
5,000 103£8 1299 107+6 122413 108+10 126+14 106+15 130£10 110£9 13311
AR S9-mixE F7FeHA e AdEfellAl A tlxEAQ]D AF- HolE fss A drh47).
2 (0.01-0.1 ug/plate)ell 213 TA9SH} TA100 # &7 & FabES 23 Al ES 927F ol &El 23 e F4H
dhe]o] plate & ZH2; 432425 2 512+19 colony/plate®] =17} = 54 A sbeAdo] ol obdAde] dnE #EoE U
A= ATE ATEF S9-mixE H7EeE AdEiellA] 2-AA (0.5-1.0 pg/ Ao, EdHe] e B &85 T A WUk EZEule]
plate)= TA98 (416+24 colony/plate)®} TA100 (724+33 colony/ LY #5 Ay A F i 53], AETH HEA
plate) FFollic A4Fs] 73t 57 EAWolE F23IAT). S9-mix 2 o] g3l 95 ﬁ oFAA Hrle whEA] AAlgojof st d
7F EABHA] k& dEielM 24 dEEEQ] FRTE ﬂrﬂﬂ 7 2] AgeA e Uibde] ke SEoRRE EAWe] &
9 TA98 759 A HF] EdHolo] oaf AAE FEU W 7hsAdol A3 UERIA] @ESko ™, E3] P halophilus AJ229}
19-22 colony/plate®] 3 S9-mix7} £A3h= 7A-$-ol- & 28-30 col- L. sakei AJ29%= A8A o1z} Wl 4ot 9 wegd5S A
ony/plate FE= UEIG=H olE /4 ti=Ed vl3] frelst A S RIS Atz YAl gk Aol Ak
A Qo] FRYUSFE T/ A 457(312.5-5,000 pg/plate) AEd Ak mE AFEd Ao a3= "o, A
= NG Aom veheth B3 S9-mixE A EsHA] ¥ ¢ A e gk FAbeE =4 JERsTh ek Qly Aslelo
A s 98] f2E TAI00 752 Ad B9 2d93 gk Ago] Fol el Tedt & FEYUE sl
o] F2YSE 103-109 colony/plate®] T, S9-mixE ]| gk 73-9-0l] S A A F AS AoE HFHe] ol dFe= AET
= 120-131 colony/plate® 1= A=, AF +5(312.5-5,000 A BHEAR o] & 7FeAe] 2 kg ZEnfo]o gl g
pgplate)el] oa EdRo] FRYSTE fostA F71E A= ¢lakaATt.
IR Tt
Hirose 5(16)°l W=W, 74 A& L plantarum 1-137& 9 ko4 of
& %3 the dextin Eoted A|xFH LP20> 312.5-5,000
pgplate®] F=2 MY o S9-mix SA 7ol @Al S G2 A4REY g ZS oo R ZRule| oY
Typhimurium TA98% TA100] thate] EAWelE FEalA] @ FEAL 7154 547 kA S ket B Je A
THAL ST ATk E A 248 el o8 R H?] seby EAXT 3 UEs % 971eA A4S 3 Enterococcus
EdHo] FEYSE 7|EY HolHoA dojxl FEY 9 He faecium  AJ06, Leuconostoc mesenteroides AJ13, Pediococcus

ol A YeRhd WHH L brevis KB290 w570l 2] S9-mix &= halophilus  AJ22, Lactobacillus sakei AJ29 "R Pediococcus pen-

Aol BARC] Al B EQHe] S2Yr} FFHA gkt
46). &4 thzTol o8 A

9] ElolE A defxl

4 izl oJF 24
‘/}E}"‘EP L. pentosus b2402] FoigFol| thelid 3 F/dol

FE 54 xR e o ofdew T wiA] el ENEE

=
Hol b Mol T2 Al Ad vehA] ¥4 B = B AI229F AJ29
2 =9

ﬁ‘?‘;ol FEY F7

FroERo 27184 ggon

2 AT UF B RS}t
= SL;FEJG

tosaceus AJ35Z FHEACE. AJ06, AJ22 & AJ29 HFES =4

AE B Eddlo] FRYSE 7 o] 7k ¥ AN % SAFAM A A e
F2Y o] FALBETAROIUL, F 37, taurocholic acid S taurodeoxycholic acid”} %7} MRS

Hal g s AYrkelith 53], Caco-
PR dg AL
xgz\]_oi ?lsﬂ NZEE,L/]
e ZaHoR At olF @5 o I PR
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