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Microbiological and chemical properties of sourdough fermented
with probiotic lactic acid bacteria

Eun-Seo Lim*
Department of Food Science & Nutrition, Tongmyong University, Busan 48520, Republic of Korea

(Received March 3, 2016; Revised March 16, 2016; Accepted March 17, 2016)

ABSTRACT: Isolates from Korean fermented soybean paste were identified as Enterococcus faecium SBP12, Pediococcus halophilus
SBP20, Lactobacillus fermentum SBP33, Leuconostoc mesenteroides SBP37, Pediococcus pentosaceus SBPAN, Lactobacillus brevis
SBP49, Lactobacillus acidophilus SBPS5, and Enterococcus faecalis SBPS8 according to conventional morphological and biochemical
characteristics, carbohydrate fermentation profiling, and 16S rRNA sequence comparison. Strain SBP20, SBP33, SBP49, and SBP55
showed very resistance to simulated gastric and intestinal juices with final populations exceeding 6 log CFU/ml, whereas cells of SBP12
and SBP58 after exposure to low pH were dramatically decreased within 2 h. Among 4 strains having good tolerance to gastrointestinal
conditions, the high adhesive ability to HT-29 cells, antibiotic resistance, and antimicrobial activity against food-borne pathogens Bacillus
cereus ATCC 11778 and Staphylococcus aureus ATCC 6538 were observed with SBP49 and SBPS5, therefore, these two strains were
confirmed as putative probiotic candidates. There was no significant difference between the sourdoughs fermented with SBP49 and
SBPS5 with respect to the values of pH, total titratable acidity, and viable cell count. During sourdough fermentation, SBP49 strain
produced significantly greater amounts of lactic acid than SBP55 strain, which secreted large quantities of hydrogen peroxide. SBP49
and SBP55 strains producing the antimicrobial substances such as lactic acid, hydrogen peroxide, and bacteriocin effectively inhibited 5.
cereusand S. aureusinoculated in the sourdough.
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9 % Q5K Gobbetti et al., 2005; De Vuyst and Vancanneyt,
2007). s}ARE =95 AsA QI WA o2 A2 o Y=Lt
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AsA 1 W o= 7ol A A Al A Al 235k A2 A B
(10%)S 7424 © 2 10 g 2 F| St ok phosphate buffer saline
(PBS, pH 7.0) 90 ml& 7}5}0] oF 327k ot A 5ls}o] Al =2-8-H

ATk ARIH o 2 3] 4712 1% (w/v) CaCOs & 37}
Lactobacilli MRS agar B X](Difco)of] T="25}o] 37°C, 48 A
712Q1 278} A vl BT vl o= &<k Akl 9
oS Ak A EE AR O = Ihsto] Bt o
Eia MRS agar Hj %] Aol ] seite] vl eFstaitt
2ol w] #5352 Bergey’s Manual of Systematic Bacteriology
(Mundt, 1986)0114 4122 Hpol wha} s efsh), wjopsis @
AzFelA EAJS 2 A5} AL, API 50 CHL system (bioMérieux)
= 0|-&5to] G A s FRIskITE B3 -RAAA A E &
A& $15l MRS broth Wjof| 4] uj QF A1 vl <l © 2 FLE] DNA
extraction kit (Qiagen) & AF8-3}0] ++5F2 DNAE &3 &
A3k DNA 5325 95t S3ha A A4 Rks(polymerase
chain reaction, PCR) &322 27F (5-AGAGTTTGATCCT
GGCTCAG-3")2} 1492R (5-GGTTACCTTGTTACGACTT-3")
primer 50 pmole/ul, Taqg DNA polymerase (5 U/ul) 0.2 ul, 10x
buffer (10 mM Tris-HCI, 50 mM KCI) 5.0 ul, dNTPs (Z} 5 mM)
1.0 ul, MgCl, (50 mM) 2.5 ul, glycerol (80%) 1.25 ul, DNA
template 2.0 pl Y H= 50 W2 443} T PCR Thermal
cycler (Bio-Rad Laboratories Ltd.) & ©]-23}o] 27| HAJ(94°C,
52), H1/44(94°C, 30%), FH(56°C, 1), A7H(72°C, 1) %
A7H(72°C, 58) IS F3 DNAE SEZAIZh ¥H6- $=&
S PCR AFE-2 1.5% (w/v) agarose gel 2 7| 9535}o] W=
£ 8F91%t 3 PCR purification kit (Qiagen) = A5t A
71Hl€-2 DNA sequencer (ABI Prism® 3730 Avant Genetic
Analyzer, Applied Biosystems) & £-413}F T} 0] 23] B A
As} A28 B AT E|(NCBI; The National Center for Biotech-
nology Information, http://www.ncbi.nlm.nih.gov/) 2] BLAST
(Basic Local Align Search Tool) 3 & 13H(version 2.0.8.)2- 9|
§3to] &714 4] 45 H(homology) & #AF3Hgick
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- MRS broth tjol 4] 37°C, 24 A]7H 559k vt che: vkl
<= YAE2(7,000 x g, 102, 4°C)3}of A|2ERhE K051 PBS
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a1, Q15 FEH-2PBS o NaCl (6.58 g), KH2PO4 (0.66 g), KCI
(0.043 g), MgCl, (0.17 g), CaCl; (0.060 g), pancreatin (2.25 g)
9 bile salts (1.5 g) & A 7FskaL & 5 pH 8.0 &= 27 5}o] A|
Z3F9th SARE A= 1.0 x 10° CFU/mIE 2438t o1&
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3AIZHEH jRFaI AT, Zi7ke] 20l A] vjoFa T vjorel
315k MRS agar Hh) 2] Aol 4 37°C, 484171 352k v
Tohg AHEsH R4S St
QU] A |zl that Helakel B2 2417 99
Korean Cell Line Bank (KCLB)Z & 2oFHFS HT-29 AL
=56°Cof| A 3057 71 # 23t 10% (v/v) fetal bovine serum
(FSB, Gibco), 2 mM glutamine, 1 mM sodium pyruvate, 100

O

U/ml penicillin & 0.1 mg/ml streptomycin< 3713+ Dulbecco’s
modified Eagle’s minimal essential medium (DMEM, Sigma-
Aldrich)ol] HE3}3L 37°C, 5% CO, %71 Stof| 4] vl st it
0.25% trypsin-EDTA &8-&- & 2|5} vj|F ZStAT 2 EE
A|22E | oW 3L PBS (pH 7.0) 2 23] A 2|51tk FBS2} 4
Ag H7FHA 92 DMEM #jA] Wofl AlZSS 1.0 x 10°
cells/ml 2 9F& th2- 6-well plate (Flacon)o]| £53}371 37°C,
5% CO, =71 Sfof| A 24417t 5QF uifsh3ich ?HE, MRS
broth Wof| 4] 37°C, 24 A7t 52t i 3 F-AkF vl GFel-S 24
£2(7,000 x g, 1042, 4°C)5Fo] A|ZutkS 3]4=7F th3- PBS
(pH 7.0)% 23] A 25Tk DMEM Hl4] o] A5
1.0 x 10 CFU/ml & 9331 HT-29 monolayer”7} & 43 plate
o] wellof 18194}, 37°CoA] 2A17H E 2k okt 7 321
A| o2 Ml 3= A ATEAL F2HE A 2= trypsin-EDTA 8-
O = 2F2FA|A PBS (pH 7.0) 2 Al 217 Th3- MRS agar 73 2|
A Aol A vlefate] ARESE 2oRCH Tuomola and
Salminen, 1998).

2] FAES] A ol gk WA Bauer 5(1966) 9]
disc diffusion methodoj| w2} 245}tk = A H-& MRS
broth ol 4] 37°C, 24 A7t uiFRt 2 A 4E-24(7,000 x g, 10
K, 4°C)3}o] A ZTHS 34813l PBS (pH 7.0) & 23] A4t
the A ESE 1.0 x 10" CFU/mI & 248} ) 45°C J w2
2131 MRS 4E517) ) 2| (agar 1% $-3) 20 mio] A% ety
200 WS 55 5 HTbo] B} Aol A oF 3087 WA
sto] w1 & SaLAI I Th B 9]0l &7 paper disk (¢8 mm)
o] &} A|(ampicillin, erythromycin, kanamycin, penicillin G,
streptomycin, tetracycline % vancomycin ZFZ} 10 pg/ml,
Sigma-Aldrich) 828 50 ul& loadings}al W 3 37°C, 24 A| 7F
Fuf et Tk dise =0l A E A sfighe wHaksto] A
Aol gt WAS resistant (R, A31E 0 mm), intermediate
susceptibility (I, #1312+ 1-5 mm) L susceptibility (S, #] 3f&>
5 mm)&2 FA|5ATH

A=A NE ¥ ey &8
A5 MRS broth ] v ool © 2 5] 2141 2.2)(7,000 %

=32l A Als2d AllE

g, 1042, 4°C)3to] i 5 3]=5kaL, HCIO, (1 M) 3
7}sho] whil 28 XA A] 7] 11 Y tF2-0.22 pm membrane filter
(Millipore Corp.)2 o] 1}A]| 43t % high-pressure liquid chro-
matography (HPLC, Shimadzu)Z FAF $HF2 =353
Aminex HPX-87H (300 x 7.8 mm: Bio-Rad) Z & &= 35°CE
FABEAAL, 0] F/d- HaS04 (5 mM)Z AHE-310 0.5 ml/min
o] §&o0 7 BXSI4 ) Refractive index (GBC Scientific
Equipement Pty Ltd.) 7<) 2 220 nm &) 3}&}of| A Z4310] &
Egolo] Pepalo 2ite 4k Flke HeslickSeouras
et al., 2004). §FA, GAMFO] THAESI= A AJA] o] L= Otero
2} Nader-Macias (2006)2] ¥ o] w}e} 3,3'5,5 -tetramethyl-
benzidine (TMB)-MRS agar | x| Afo]| 4] &-215} i th A
5= 1 mM TMBE} 2 U/ml peroxidase”} 371l MRS
agar TR Aol E5te] @71 20l 271 SPoll A 37°C, 484
ZHufeFskATh vl 5 57] Fol 202 leE A1 5 kel A
7z warsto] dhitskpas A Ae(GIM, +++; X9 A,
+ AT A, + WA, S SISt A v
o] g2 =742 9J3l American Type Culture Collection
(ATCC) o258 o] Flufjof| =& ProfSh= | A|wt(Bacillus
cereus ATCC 11778, Staphylococcus aureus ATCC 6538)E
HoF "kO. 5 Brain Heart Infusion broth (BHI, Difco)of|A]
37°C, 24 A1t v eFaoich. Bl 227,000 x g, 10
&, 4°C)5to] A|229hS 5.0 31 PBS (pH 7.0) 2 23] A 43t tf
- BHI brotho]] A]3£4= 1.0 x 10° CFU/mI & 2+ %31 5 &
Akt Wi SN 5% (viv)E 7SI 37°Coll A 24 4171 vl

QB bt 5 W& A F/5}o] 5143 th3 BHI agar Ao]A

HP L o] §310] HEFH A5 E S0 2] 2

ol ok A& (%) = Bkt
ARRe] w2 oAl AR T A S S5

w5 S 20T & Ak G2 AlASH A8l vl
4 2] pH+=1 NNaOHE o]-§-35}0f 6.5 2 BH5=a1 Ipqkolapa

1o ot
o

¥ Wi A3 3] catalase (1 mg/ml, Sigma-Aldrich) &
Aefstaiek. 1 o2 50% (wiv) B ES F7KeE &
4°Col|A| overnight &<t W RFSFo] Tl A& 27 A]7] 2L 4
=2(12,000 x g, 30+, 4°C)5to] HE1HS 246131 20 mM
PBS (pH 6.5)] @EFA| ZITE HEFA-2-4°C, 24 A7 545
Sl buffer ol 4] T4 (molecular weight cut-off = 1,000 Da,
Spectrum Medical Industries, Inc.)& ©]-&3}o] EXAA17] & 2
e 2] 241 -8-o2 A 5FA . | 2] 241 801 o] gt 2]
2 Hole 5(1991)9] ]t microtiter plate method 2 743}
o} &, $PA g3t A Al5t= BHI broth Yo 4] 37°C, 24 4]
Zha o 5 AHEE](7,000 x g, 10 12, 4°C) 5] A 2T Ko}
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PBS (pH 7.0) & 23] A &3}5ich BHI brothol] A Al 3= A3
&ekol(1.0 x 10° CFU/MI) 7 YA w2 gh vl 2] 2.4
-ol-& 7F7F microtiter plate well (Falcon, Franklin Lakes) W]
o] 7}t & 37°Col| 4| 24 A| 7 vl 4F3} At} Microplate reader
(BioTek, Inc.)& o]&3}0] Z31=(600 nm)ES =4 5}ar v
] © Al -0 T A1 PBS (pH 7.0)= ] 2] 3} | 2L v wljk
ROl ZE=7150% Aol Zoh 3] A ulo] o5 v 2
Al @-X(arbitrary units, AU) 0.2 A|AF519ch

A= MIE 3 HHYSIM £ AL

H2e]E §A4H+FT}F Korean Collection for Type Cultures
(KCTC)Z K -E] BoF v Saccharomyces cerevisiae KCTC
7246 A5 5 &34 Choi 5(2012) 2] WRS A7 W
Folo] ALIESS A2} AT SAF-L MRS broth
o] HZ3E TF 37°Col| A 24 A7) vl OFSIGIaL, HH L Yeast
Mold (YM) broth (Difco)ol] 4E3t 3 30°Cof| A 24 A| 7t wljoF
Sho] g-& 7h7be] HjoFol & 141 52](7,000 x g, 104, 4°C) 3}
o] | ZE 22 5 PBS (pH 7.0) 2 23] A2 8131 523} buffer
of AT AP == YR 92 10.5%, =5
W 16.7%, Z A% 0.9%, 238 1.5%)380 g, =210 g, &~F5.3
g, e 112 g I $AHK1.0 x 10° CFU/g)ZF E2(1.0 x 10°
CFU/g) N & Feroh S 7}7}5 g HE8}a o & oF 5 E7 Hh=
7](HM3000, Brown) & o] §5to] Es}oich, B4t w52
] &7100 Foba] 25 30°C, A5 80% Bhof| Al 24 A1 7F
FOFUHIAA AL E AZSIGAT i F R F AR
9] fAER, pH, A B Ft=E S SASHATh Al
210g2 B2 0 & 225} 3 PBS (pH 7.0) 90 mIS} 3+
Aoke 5 Ake B2 549 the, Bolel mwo] 54
2 AAI5}7] Y3l cycloheximide 10 ppm (Merck)S 7|5t
MRS agar Hj 2] o] 4] 37°C, 24 A 7F vl Fsto] AwtmE 54
Sholch Eak f4HE dlokl S RETA) e AT
AR Aol T4 H ko) A E 2AFs}e] AR 7oA
ol wtg= ol AR ok fHAEE UER I 3
A, A2 10 g& ZF5 90 mlo} 25 #38ket F pH meter
(Fisher Scientific)E 0]-83}o] pHE 43}t BAEE= A]
T2l 5HY £F54F 718}AL 1% (w/v) phenolphthaleing- 3
7K ThE 0.1 N NaOH §9].0.2 2 afo] vk Z4H
3 AAHARE (%) = (0.1 N NaOH 4H]2F x 0.1 N NaOH &7}
< 0.9)/ A2 BhoAek. AR U] BHEl 4T T2 Shah
¢} Ravula (2002) 9] B of whe} Z45H3ATh Al &(1 g)ofl 15.5
M nitric acid (100 ul)2}0.01 M sulfuric acid (2 ml)E A 7}3t
TRE QAIE(14,000 * g, 303)5}0] TA S WA Ak

S-08.2.(),22 um membrane filter 2 o} 7} A} F3t o2 HPLC
0]-& w3} Z F(Aminex HPX-87 H, 300 x 7.8 mm, Bio-Rad)
o]-g:3F0] 65°Col| 41 0.01 M HaS04 2] 054 945 0.6 ml/min
271 SlollA] WAL Ake] RS HETALC 2y
FSAT A= ol T s B 2
3}7] 98 Al =(10 g)= pH 4.52 9F3231 0.1 M acetate buffer

@mE e ke Bt vito] 2520 ml B of2

21t atA ks o] 1X](Whatman No. 2) 2 o A1 b2

A o]zl o H(5 ml)2 1% o-dianisidine (100 wl)Z} horseradish

peroxidase (0.01 mg, Fisher Scientific) 2 2-& W= A&
of] B3 aL Af2-0f| A €F 1027 JH-5-A| T} 4 N HCI (200 ul)

S W7kstol hE-S FRekI, FHEME00 im)S 24 slo]

Tabska=4: O] FFeHug/ml)> EE4 0 2 EE ALkt

(Gilliland, 1969). AF =2 1] 2] vt 2] @Al $F-2 Settanni 5

(2005) 2] B of| whet 7 5FQATh Al Rm(10 g) W ap/d i
28 2E35}17] Y3l 40% acetonitrite-0.1% (v/v) trifluoroacetic

acid (90 ml)E #] &|3}aL 7233 215,000 x g, 1027F L
4] BRIt BojXl MHES 54 AXRAIX The50% (v/v)
G4 ml)of] G4 A vHE 2] @A §AS Al 23t - B.

cereus ATCC 117783} S. aureus ATCC 65382 R X|HF2

5o Al o8k microtiter plate method © 2 HFE|| 2] 2. A1 9]

51438 27951900 o)l whel 2] 2418 AAKS}A] R Ak

o2 AXTAYESE a2 olo] Guifo] lg el

wAIRt ORS B erS e gic

1o o 1o ox

ME712t & A= L ASSds Hst

AP =S A 2 Al Al St Q1913 0= Eslo] WaA]
71 & 4 H3lE AT B. cereus ATCC 117783 S.
aureus ATCC 6538-2 BHI brotho]] Z}2+ 7 &38}0] 37°C, 24 A
Zh vl et 2wl F S I HE2](7,000 * g, 1042, 4°C)5Hod A
RS © O 31 PBS (pH 7.0) 2 23] M| A3}k M| Z4E 1.0 x
10°CFU/g & 2 Z73o] A3 HEFY 5 g & AL $ 97 &
ol A2 AE Stk A= A A5 AR 10 g2 A
F|3+o] PBS (pH 7.0) 90 mi9} &35} 2 8}3t & 25 A =
3)44 3} th2 B. cereus-2Mannitol Egg Yolk Polymyxin (MYP)
agar (Difco), S. aureus+= Staphylococcus 110 medium (Difco)
goll A 37°C, 48 A7 ufj Fsto] w5 SIS WA =
A= S 4°Co) A TURE MR FOL A5 T4

Hoks Bk

SHE

5 538 A ste] ol 2L P EEUAR
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LFERY 2131, Statistical Package for Social Science (SPSS)2
o] g-8to] F-olpES P < 0.0500 4 L] ZARE A (one-
way ANOVA) 2] Duncan's multiple range testE =3} 2} o+
olde Az

=
JJr“ Table IJ"Jr Zt} 1% CaCOs 7+ A 71

Aol T B 5T GANEO.R 1) T
FAe Ap =F YA Altelglen, SBP12, SBP20,
SBP37, SBP41 2! SBP58-2 HL4+°] %l S 1}, SBP33, SBP49 U
SBP55+= 719 HElE YERA L —{_4_ SBP20, SBP37 4!
SBP41<& catalaseS AJAJ3HA] & H, 1 9]4 FdFES
catalase FAARF-S YEM QIT) B 134 8AZTE 0 AEst &
A2 3l API 50 CHL kitE o]-&3}o] _‘Q‘_—J—} 16S rRNA
sequencing2 ZAVSH A}, Enterococcus faecium SBP12,
Pediococcus halophilus SBP20, Lactobacillus fermentum SBP
33, Leuconostoc mesenteroides SBP37, Pediococcus pento-
saceus SBP41, Lactobacillus brevis SBP49, Lactobacillus

acidophilus SBP55 W Enterococcus faecalis SBP58 2 5% &
ok

Jeong 5(2014)0] W5} HA} U] B3E3)= Al ZASH
A3l SHEORA DHEO] o S Sl AY 4 Y
Bacillus saiamensis 2} Bacillus licheniformis 5-2] 3EALE Ao
I} E. faecalis, E. faecium, Weissella cibaria L Tetrageno-
coccus halophilus 5-2] §-AHt0] <34 7| 7F 591 A A Ao
2 Bt st E3], EnterococcusS-2 HAO] =
291 i Balol £0) 94 Sol 8T 3u, T
halohilus= 1155 2] Foj| A WA o] 748}, lipase S Y A5}
of A2 oAl 71 F1] B/d ol = S 5tal sFQITE Cho
9} Seo (2007)= FAF Ujof] bacilli©] <=t} SAVEZ7} o
aro] Z21519]. 0.1, 16S rRNA 342} &7|A D BAS E3
L. mesenteroides, Lactobacillus sakei R T. halophilus 52| &

b 2l el

Z2H{0|QE| FEEAO| HE
%ﬂ%@%ﬂ%&ﬂEEWﬂiao* 0 242] 43t
48 BRIs] 913 A 9ol BE el e AL,
HTwmiwmdaﬂomﬁmemPiﬂﬁ%i&@
A= Table 29} Zt}. Pepsin©] Z71E pH 2.5 3o A 27]
4= 10° CFU/mMIE 37°C, 2A17} viokst AT}, P. halophilus
SBP20, L. fermentum SBP33, L. brevis SBP49 X L. acidophilus

Table 1. Identification by physiological and biochemical characteristics, carbohydrate fermentation ability, and 16S rRNA gene sequencing of lactic acid
bacteria isolated from Korean fermented soybean paste

Physiological and

. . .. Carbohydrate fermentation ability 16S rRNA sequence
biochemical characteristics
Strain — — Identification
Gram  Cell Catalase Species affiliation Confidence Related strain in NCBI  Similarity
staining  shape P (%) (Accession No.) (%)
. L Enterococcus faecium Enterococcus faecium
+ + -
SBP12 Cocci Enterococcus faecium 99.1 JS (KT180319) 99.7 SBP12
. . . Pediococcus halophilus Pediococcus halophilus
+ -
SBP20 Cocci Pediococcus halophilus 99.9 JCM5888 (NR113252) 99.9 SBP20
. Lactobacillus fermentum Lactobacillus fermentum
+ + . .
SBP33 Rod Lactobacillus fermentum 99.0 DM29 (KT780434) 99.5 SBP33
. . Leuconostoc mesenteroides Leuconostoc mesenteroides
+ - “0nostoc mes: S . .
SBP37 Cocci Leuconostoc mesenteroides 99.9 T3 (KT924430) 99.9 SBP37
. . Pediococcus pentosaceus Pediococcus pentosaceus
+ -
SBP41 Cocci Pediococcus pentosaceus 99.7 P146b (KRO10911) 99.8 SBP4I
Lactobacillus brevis Lactobacillus brevis
+ + ] 7
SBP49 Rod Lactobacillus brevis 99.9 PLA33(KJ722781) 99.2 SBP49
. . . Lactobacillus acidophilus Lactobacillus acidophilus
+ + ; s ac s : .
SBP55 Rod Lactobacillus acidophilus 99.6 EMBSO081 (JX255677) 99.9 SBPSS
. . Enterococcus faecalis Enterococcus faecalis
+ + X . .
SBPS8 Cocci Enterococcus faecalis 98.1 EF1102 (KC511551) 99.0 SBP53
)= ete] A A2 AllE
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Table 2. Screening and characterization of potential probiotic lactic acid bacteria using in vitro test

Viable cell count (CFU/ml)

Antibiotic resistance

Strain

Gastric juice Intestinal fluid  HT-29 cell

Ampi- Erythro- Kana-  Peni-
cillin  mycin mycin cillin

Strepto- Tetra- Vanco-
mycin cycline mycin

Enterococcus faecium SBP12 2.540.3x10®  6.241.1x10*  5.3+1.7x10™ R S R S IS S S
Pediococcus halophilus SBP20 7.123.1x10"°  2.6+£1.5x10®  3.242.1x10* S R R IS R IS R
Lactobacillus fermentum SBP33  4.1£1.6x10%  5.2£1.3x10™  2.8+0.4x10" IS R R IS S R R
Leuconostoc mesenteroides SBP37 1.7£1.2x10%  5.6:4.5%10™  6.6+1.4x10" I S R R R R R
Pediococcus pentosaceus SBP41  3.5£1.0x10"  3.8+2.2x10™  4.122.1x10* S R IS S IS IS S
Lactobacillus brevis SBP49 8.5+1.9x10™  9.4+7.0x10%™  3.3+0.9x10™° R R IS R R S S
Lactobacillus acidophilus SBPSS ~ 6.2£3.1x10™  8242.2x10"  47+2.5x10° S Is R R R R R

5.5+0.1x10"  5.7+4.6x10°  6.42.9x10" IS R R IS R R R

Enterococcus faecalis SBP58

Data are means + standard deviation from triplicate determinations and means with the different letters in the same column are significantly different (P < 0.05) as determined

by Duncan’s multiple range test.

R, resistant (inhibition zone size: 0 mm); IS, intermediate susceptibility (inhibition zone size: 1-5 mm); S, susceptibility (inhibition zone size: > 5 mm).

SBPS5 3+ 10° CFU/ml o] 42 =7} A 2510 $jejo] o
3t # gt o] E=Qkt) Wb, E. faecium SBP12, L. mesenterodies
SBP37, P. pentosaceus SBP41, E. faecalis SBP58 552
10° CFU/ml ©]3}9] 427+ 7 &= o] Ag4Jo] H]iz] W
el T SBP20, SBP37 W SBP49 5= bile salts =4} 3}
oflAl 3AIZE FeF 7] #E AL AT 4= UGl RHE,
SBP12, SBP41 W SBP582] A=+ 2 log cycle o4} A5
ATk HT-29 A 3ze gt H2H5-5 573k 22}, SBP33, SBP49
% SBPS5 9] 4+t 107 CFU/MmI o] 4} -2k e o] th2 #5350
H] 3} -5} A & F2Hs-& UEt /Ut 752 A8A ofl o
3t 231432 3215t A3}, SBP129} SBP41 w5+ ampicillin
F}kanamyein2- A| ] 3t Bl w2} T2 F7-5-2] YA of) Al sf
F| itk ¥, SBP201} SBP33-& 5% S & erythromycin,
kanamycin 2 vancomycin®]| 3] A 3}s}H o, SBP37,
SBP55 2 SBP58-2- 5% o] gAA ol A1gHdo] =A Let
STk A RE SBP41-2-erythromycing A 2|8}l o HE2-0] &
Aol 91k A o = vrebgth wheba] Bl A e E F 8
29| A = T2 Hlo| Q8 FFEEAE L brevis SBP492}
L. acidophilus SBP557} AWt 7| &S 2231 = 21 0 2 8101 y]

Z2Hpo| 0 = Ak, o 9 Ao RS Sk
5t Aot Sl AR = Aol st} i el A o] 2
ook dete e AR e 2 A FoAlt Y] S41e A AlsH
= Y 7ol 73k A2 IgIRteh [fAkEO] Atol| TRt
A HI AU S-S obv| 4] HEtA RES-S Fal @) 217 9
pHE =0| A, ATPE ©]-85}0] FoF1-ATPase /At HI S
THEAIA MDA 25 E At FYAES H sk Al W
pH AL 3-8kt (Lorca et al., 2001). Ehrmann 5(2002)

of| W2 W, Lactobacillus reuteri, Lactobacillus salivarius %
Lactobacillus animalis “5-2-pH 3 5o A 4 A1 7 5 ABE7 s
S, Abof| ek A ke oo whe} vhefstrtar sheich. 4
T FEAH Y T es HE0.3% F ol ARt SA=
O] /ol whek thax Zpo 7} glom, thefgt el oA o
2 Lactobacillus<; 9% 55 B5ATa ol thst AgHdol &=
2 70 2 H 1% v Qlci(Shokryazdan ez al., 2014). -2 u2}
AEFQ our|&2 e BEel¥ P. pentosaceus SW013};
Pediococcus acidilactici SW05+=pH 2.0, 2.5 ¥ 3.0 3} A 3
AIRE 59t = EE Fof 10° CFU/MmI o)) #2131
1, 19%] GHEAT B0lA 2412 B 2lol 2 90% o] 4F] 7]
Az o B & 2 Ao ARS8 SBP201} SBP41 o= HT}
= 957 =2 AFS HERH KON and Jung, 2015).
Cebrian 5(2012)0] W2, E. faecalis UGRA102 pH 3.09]
A 1Az w427} 533 5ke] 1 log eycle ©]3}ito] ol Atof]
gk o] ui-$- oFgh BhdA, Eg4l ZheRa A E Akt
A 5ol e 611 40% 0] B Sholl A A2 4= Qlokar
Sl ch wra A 7] 2| B A B2 % L. mesenteroides 173
2 pH 2.5 3o A 3A17F vl eFgt A3, 152 ¢F 1-3 log cycle 7
I Agato] ZHESE oL, U A] 1652 1 log cycle o] 8HTo]
‘gol o] 52 9| Hof] A7}/ o] v oFs}rial 54¢l=tl| SBP37
205 Hihs & AEES UEll At Argyri er al., 2013).

Z2Hko] @ E fARFS theket Aol et WS o
ebAT}. Lactobacillus rhamnosus®} Lactobacillus casei=
vancomycin®]| A &5}, tHE 9] bifidobacteria+= nalidixic
acid, neomycin, polymyxin B, kanamycin, gentamycin, strep-
tomycin 2 metronidazole 5-2] & YA o] FFFS 7ER| o=t}

31 42 A QltKSaarela et al., 2000). TZH}o] @ E] S-AkT 187
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Z Zof| A 2F 79%7} kanamycin o] T8l #8514 11, 65% A=
= vancomycin®]] AE = U000, tetracyclineol|+= 26%,
penicillin G+ 23%, erythromycin 16% 2! chloramphenicol-2
11%7} WA3-& Yl It Ashraf and Shah, 2011). Oh&} Jung
(2015)0] X 213} Pediococcus<s 223} Lactobacillus<: 55 1.
5= ampicillinof] A 3Ftchar 31 O LY, Lactobacillus pentosus
SW02+= Tl 2] 3hAJ Z3) &FAY A 21 chloramphenicol, kana-
mycin, streptomycin % tetracycline]] 23] # 3= it F-AF
=2 222 O & kanamycin I streptomycini} -2 amino-
glycoside YA et /S Hebdohar B gk af ¢l
o] & Aol A AR AukE UEh itk 3, A =2 5
E] 225 E. faecalis UGRA10-2 vancomycin®]| tfj 3] 11745
RO, E. faecalis SBP58-2 oo A &}sl= Z O & LEFTH
(Cebrian et al., 2012). Argyri 5(2013)2 2|H 2 HE 2
H L. mesenteroides 17% T)5F-E-2 ampicillin, penicillin,
erythromycin 9 tetracycline o] tf &l W17}+3} WHH, vancomycin,
kanamycin 2 streptomycin 5-of] &4l v]w 2 #|3}Ado] 7+
Spchar sho] o] o} F gk 201 SBP37] aHA) Ak AT 3

wH o AXsgrk

3, TEuto] 98 fAko] A AR et 23}
52 Al Frlo] EAfEH: A BAE Solg Al 3
k) Y3k 24 Siek(Velez eral., 2007). A4 o] et 5
Ab#O] RER A E 7ol 715181 B dge A EAT,

Ao AU 45A Q1 Q1 llpotelchow acid, exopolysaccharide
Y Al AlES] )5 Lz J3) o]2o] 2ckServin and
Coconnier, 2003). AT A o] H23} AL W HELo]
Trolsh 9 2K The] A5 S 5N Ao ET e
$& ¥k, Te|HR Babo] H& mRulo o8 Ak vel
99 IO R GEakT B ) Huks ehyshAlIc
(Salminen et al., 1996). §-Art2] B 2F=2 A|L<> buffer -
KA, oo A7k, WA A, AR A e B W 413
F A5 9] B ufg} 2%t Ouwehand and Salminen,
2003). &5 2h o] thgt A o F2Hso] ot e Hlo|
glto g oju] &HA Lactobacilluss: +%2 2= Lacto-

bacillus delbrueckii subsp. bulgaricus, L. casei, L. brevis,

Lactobacillus cellobiosus, Lactobacillus lactis, L. fermentum,
QITH AL, 2010). P. pentosaceus
SWO13}P. acidilactici SW05+=HT-29 A|3Zof 65% oA} F-2}
T]o SBP201} SBP41 RHU} thA =& Ha=9 Hoj& vk,
om|7|e=RE e & 759 Al
SW029] HzH=0] 53.96% 5 714 ohehal shgl et 2 oL
o)A HOIE Lactobacillus%-5-2 0| Hthe & H2-5-& U

L. plantarum 2 L. reuteri 50|

Abat S0l A L. pentosus

=32l A Als2d AllE

EFY Q1. o]@} ZHo] Lactobacillus 452 H-2Hs-2 -3} vl
Eg o] oJ&35ttal B 15 vl QIti(Oh and Jung, 2015). E.
faecalis UGRA10-2 Caco-2 A|3Zo] 2F 13.89%, HeLa 229 A
30)|=21.65% F-21310] L. plantarum Mc45 Rt} €53] =7
el a1, SBP12 2 SBP582] Enterococcus & TFHE =90
o, O] & I3l Listeriad; 31} -2 W Ut 2] H-2H& A sfish=t
a vt o|gkar B 1549 thCebrian et al., 2012).

frAtFo] Aabets AR Al fAL THAkStgA
B. cereus ATCC
117781} S. aureus ATCC 65380 T3t G-Ar42] vl oFAlS-o
shelelod o $IR 42 432 Bk T3 0
th A% 5= 2 L. acidophilus SBP55= 717 10 oFo] o
(134.6+5.8 mM)2 AJASFA L, P. halophilus SBP20.L]— L.
brevis SBP49E 120 mM 0] Ao} QAR A Adatgict. 312wl
E. faecium SBP12, L. mesenteroides SBP37 4 E. faecalis
SBP58-2 th2 w5 ofl Hlal #-2fahA] W -Aka A5kl
t}. SBP20, SBP37 2! SBP41- S T}ALS| a2 YA 814 B3t
HheL, SBPSS = A% 2 FolA] 71 B oFe] sl
= /\ﬂ/\‘]s]_oﬂr,} _I,OT_A]-_?]-__J HHO]:OH ogH E‘i O—LQ_ HHOk/\]—EOH LH
| TH-5-= SFt-E- 2o 23t B. cereus?}t S. aureus 2] A )82
ZAVSE AT} SBP49, SBP55 2 SBP58 9] vl AFAS-9H 5% Pﬂlﬂ
o 9]l B. cereus =2 16.9-32.1% ZHAA A0k, SBPI2,
SBP20, SBP33 2 SBP41 2] HljSRARS o] 5141 10% o]5}2)]
A8 e QT S. aureus= SBP49 2] vl QFA=0H o] 9]
3l 9F30% A= ZAE] ¢ o1, SBP12, SBP20 W SBP41 5
o] WjpAFS o] o] 84 5% o5} 4= 2k A s E] ol T,
SBP12, SBP20, SBP33, SBP41 5= B. cereus?} S. aureus
o 248 ST 5 A UelZl eSS EHe,
SBP37, SBP49 4l SBP55+= 0|5 A|A|etF=0f| thgt &2
& UEh= w2l e Als ARSI 53] B. cereus©] T3t
o] SBP49°] ute] 2] @Al 244 512 AUMIE 718 =9k,
SBP552} SBP582] Bl 2] @ Al A= 7171128 AU/mIL}256
AU/mI=Z YEbSTh S aureusol] o slAl SBP372] vHg| 2] 2.4l
2144232 AU/ml©] T2 SBP49:= 64 AU/ml 2 LFEF=¢] SBP55
of ute|e] @ A 24256 AU/mI)S o} 5 B} o] %] ekt
o}, A, v 2] @ 4le A4Sk Akt AR =S Al 2o
] LE) =S cerevisiae KCTC 72460 tisj A 3242 LE}
U] RoEeH Bl A,

2

Z2uto] @ 8 ikt A Woll A WY 752 ARkl
AR LS FAL Rl B Y Al
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Table 3. Contents and potential activities of antimicrobial substances produced by the tested strain

Content Antimicrobial activity
. Inhibition by CFCS (%) Bacteriocin (AU/ml)
Strain Lactic acid Hydrogen
(mM) peroxide Bacillus cereus Staphylococcus Bacillus cereus Staphylococcus
ATCC 11778 aureus ATCC 6538 ATCC 11778 aureus ATCC 6538
Enterococcus faecium SBP12 98.9+4.1° + 3.6+0.7" 5.2+1.0° ND ND
Pediococcus halophilus SBP20 120.7+3.8° - 4.2+1.2° 4.9+1.4° ND ND
Lactobacillus fermentum SBP33 111.542.6° ++ 6.842.0™ 10.5+3.0° ND ND
Leuconostoc mesenteroides SBP37 99.0+5.9 - 13.2+4.8" 16.1+£3.1° 128 32
Pediococcus pentosaceus SBP41 106.8+7.0° - 2.9+0.5" 4.3+0.5" ND ND
Lactobacillus brevis SBP49 126.844.7¢  ++ 32.1+7.4 29.8+5.2¢ 512 64
Lactobacillus acidophilus SBP55 ~ 134.6+58°  +++ 16.942.3° 15.042.2% 128 256
Enterococcus faecalis SBP58 101.5+6.1° + 18.1£5.2° 17.943.6° 256 ND

Data are means + standard deviation from triplicate determinations and means with the different letters in the same column are significantly different (P < 0.05) as determined

by Duncan’s multiple range test.

CECS, cell-free culture supernatant.

-, White; +, light brown; ++, Dark brown; +++, Blue.
ND, Not detected.

%4¢ﬂ4%1
t} 2tk Suskovié ef al., 2010). FAFF2] TAMHE Z G574
o) 1 B BRI el v
AFE 71Ake] ot eol wah B ¢
(Suskovi¢ et al. ,2010). 7|4k &+
ofaf 2 S o] e BAS
miﬂuwHEﬂiuﬁmiMHH% ﬂéﬂwim%
Q) At )5S TSP S
A5 1%]5}A| Flth(Kashket, 1987).
Wik O] Jit 2 Al 3z of| TRk 73t ARS AR-gart Al
= gl o) A 22 o947 L 5, ALo] £
A stol| A HAY )= dAFS A7 el =] X] SskaL Al sz Yo
2| A|te) 2| 43} b o] AksfE o] A% Al %
A T Suskovig et al., 2010). E-A}EFo] 2R 1 22 9] TRAk
Sk §7)AF 9 22} YARARE-L Salmonella, Escherichia
SepHIEol det sl
3t 23S YEFH K Saarela e al., 2000). L. acidophilus

O vl FAS NS qureus, Listeria monocytogenes, Salmonella

coli, Clostridium % Helicobacter =

typhimurium, Shigella flexneri, E. coli, Klebsiella pneumoniae,
B. cereus, Pseudomonas aeruginosa X Enterobacter<:2] %
218 AA 5= mybr) Qlokarl B aiE vl QltKSaarela et al.,

2000).
uhe 2] ©A1 S ko] 2 ol of3) FA EE e e

MA4T%°4@ﬁ o ghall A T B TS UER= A3
27174 o

‘ZlEHCaphce and Fitzgerald, 1999). B}
32 Asst ZAFe] ISt =4S H Hél'
= 20 XA} AFE Wh3-5o] dhof| L
Z}?‘%Eﬂ(proton motive forece)i Okg}z\] 71tk
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e, sl AL A shor
Ho] 454 o] B epu e
FE 2l 418 Aol ol o=
28 A7) B Bl

st kol Sfsl RSl A5
2] L. monocytogenes, Salmonella®} S. aureus 52 A| o]
4 900, AFolu 3131 slol A W A elalA Ee vl o
Ao] G aaE AH5AIZ % LoD A1 Aol o]
hurdle technology”|®ol= dzg] o]-& 7153tk Veskovic
Moracanin et al., 2014).
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Table 4. Viable cell count, pH, titability, and antimicrobial substance content in sourdough after 24 h fermentation

Bacteriocin activity (AU/g)

Strains Viable cell Tota%l Titraiable Lactic acid l;}e/fg:ie: [ Staphylococcus
count (CFU/g) acidity (%) (mM) i) ATCC 11778 947 ATCC
6538
Enterococcus faecium SBP12 6.7+1.2x10%  435+0.07°  0.71x0.10° 75.1+4.7" 2.4+0.5" ND ND
Pediococcus halophilus SBP20 2.4+0.5%10"®  3.80+0.13®  1.20+0.06°  114.0+8.0% ND ND ND
Lactobacillus fermentum SBP33 43+02x10°  3.84+0.11°  1.18+0.20°  105.6+3.4™%  5.9+0.4° ND ND
Leuconostoc mesenteroides SBP37  2.5+1.1x10°°  3.75:020°  1.29+0.20°  108.5+5.9 ND 64 16
Pediococcus pentosaceus SBP41 3.0£3.4x10™™  3.90+0.08  1.08+0.17°  100.9+1.4™ ND ND ND
Lactobacillus brevis SBP49 5.0£0.9x10™  3.66+0.05°  1.33x0.10°  119.0+0.9° 6.7+0.3° 256 16
Lactobacillus acidophilus SBP55 6.1£3.5x10°  3.71+0.13®  1.30+0.04° 97.5+5.7° 11.9+0.4° 128 128
Enterococcus faecalis SBP58 9.7+2.6x10%®  4.09+0.06° 0.82+0.18° 80.4+£4.9° 3.1+0.2" 32 ND

Data are means + standard deviation from triplicate determinations and means with the different letters in the same column are significantly different (P < 0.05) as determined

by Duncan’s multiple range test.
ND, Not detected.

SBP20, L. fermentum SBP33, L. mesenteroides SBP37, P.
pentosaceus SBP41, L. brevis SBP49 W L. acidophilus SBP55
o] #4== 10° CFUQI M4, E. faecium SBP129} E. faecalis
SBP582] == 10° CFU .2 UEeRt] BHa A AL E$-0
pH= 6.02-6.28, A== 0.25-0.42%0]| Q1oL (AT} v]A|A]),
LE FR 5 F47H0’ CRU/g o) A3 #579) ARI =
pH+=4.00 o] 8}& LFERAL A= 1.0% o] o2 S =9
o AR =S U fAke) ke SBP20 W SBP49 = BHF A7)
79 100mM o] 4} A& =|o] the @57} A4k gt £0]
81 Stk BAIBRA0) HeFS 23S u) SBPSSO] 9
S HEAZ A 119+ 04 ugl 2 71 57 e o,
SBP333} SBP49< o5f] 2 A ¥l 7= o] Hrf thas WA L}
Stk §HH, SBP37 = WA A AR =9 Wff vlE| 2] 2 419 &
32 B. cereus2}S. aureus©l T3 A 242+ 64 AU/gx} 16 AU/g
© ey, SBPA9O] 2] aH T 7-9-Le 2474256 AU/g
7} 16 AU/g 0.2 Lepsth =g SBP559]| 2] 3f] A4 v 2]
QA4S A At B0l thsf 128 AU/go] E4d& UEtli Sl
11, SBP58 w+5+2] B[ 2] @ AS-S. aureus©] T3] A3l &35
UFEFU 2] QFQE O L, B. cereusoll thall Al 32 AU/g 9] €& 1
R Qlet o] & Autol A & ff, AR - Em o] o8
A Rt S pHE R, At = w3k, A
Gt G FSHA U AN et o
7+ 2/d-2 MRS broth o] ufjeFo) o 22 e Hojzl
A Uebgt o, ofof whe} g=ted = vl il
3loj
AL E9-0] Wk g o] o] R E|= S ANF O 2= Lactobacillus,

Pediococcus, Leuconostoc, Enterococcus 8 Weissella < 5]

o oX
oot

of

i

ol

o=~

el

o2

ohis o

2
AT
rlo
poV)
o
fu
J

[

i)
32

=32l A Als2d AllE

=55t 3RS Rojal L fa@e] 2418 ol A7k Corsettiand
Settanni, 2007). Lactobacillus<; Zo| A HA] -2 B4 7|4
O] HAF U o)A} kg S ANWFE R Lactobacillus sanfranciscensis,
L. planatrum 9 L. brevis 52| 1550 AFY =S A o 2
o]-§-F thGobbetti, 1998). THH, A= LR o Tofsh=
B2 2= Saccharomyces, Candida, Pichia, Hansenula, Satur-
nispora, Torulaspora X Debaryomyces<s 0] )11, =5-9]
T, 550 Gt F, TR 2o uet AR FFe}
57} theFsltHChavan and Chavan, 2011). AF =9 Al
A AR} G AR HELE 11009] v &2 22 o §E]u, 4]
wo) 157} = ALIES o] Tt Bl Qoptal A
AAEFE Q] FARFIL B 1 o) A | e ol 2]E3ttHGobbetti,
1998). fAHES Jopa T Aol Zhchie 02K F412 9]
o choRet Jorele aRich Ao} fAkEe] £ e
O AR - A= A A MY 50 AR R 2 RE of
uliedk, efol £ W 745 vEhER 58 fAIToRA §
Abat 9] 2418 ZZ15HCH Gobbetti, 1998).

Hammes 5(2005)°] &J3}, QRE2] 0 2 ¥ha 7} gt ALY
T Y A= 1.0%10°-3.0x10° CFU/g Ao o] 2,
AR F4E1.0x10°-5.0x10" CFU/g A= AZH I 619
o}, 3, ZpAdr A of) ofsf) Al E A= 25 E EYE &
Akt 1.8x10° - 10° CFU/gQl ¥hi, SRt 1.0x10" -
23x10° CFU/g A= ZA T3, AFYE$-9] pH: 3.36-
3.52 2 YERgt(Luangsakul et al., 2009). Arendt 5(2007)
2 A} w00l pH7}3.5-4.3 Fw2ld| pH= AR = A 27}
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% 9 ATk AErE| FRo] net chershehan skttt K-

veromyces marxianus®} L. delbrueckii ssp. bulgaricus S-2

FEEAMES1g93.5g A=A, ARt E3et
o= olHtt B Y& ol frito] A= JtkPlessas er al.,
2008). 3tH, AAZEE B2)= Leuconostoc citreum HO12
9} Weissella koreensis HO202 0]-8-8}0] ALY =5 A %35
A3}, 9ha 27] pH 6,380 A3 E] 2417k d A5 pH 4392
25|90, AV 12417 T3] FAsH] Z7k5 ik pH
L 20412k o] FHE A AR SAEAOL, AEL 26
AZA] RESHA S74= Ak fAkE 271 5= 6.4 log
cycleo| EE ¥t £ 7 XL citreum29.2 log cycle©] 11,
W. koreensis= 9.4 log cycleZtA] &7}= It Choi et al.,
2012).

Paramithiotis 5(2006)-2 ALY =9 AEE G2 S, cere-
visiaeQ} ZVE GAMF O 2 W F AL u], L. brevis ACA-DC
3366-> Areto] Eot ufjokol] ol XF ot H ) SA%
=7} 4% Wb, L. sanfranciscensis ACA-DC 3366 2] =4
&= G OI51A 75t ESHE. faecium ACA-DC 3397
I} Lactobacillus paralimentarius ACA-DC 3414= 23} uljoF
A §4ke) Zo) ek vjegol HI3) T ZHAEIL, 7,
cibaria ACA-DC 33852} P. pentosaceus ACA-DC 3391 2] =
Aol el vkt Wshrl gl sieh. T, LS AR B3
% 27] pHO} AHE = 747 5,999} 1.4%%13, 5 TS HljoF
Al o] pHO} At = 4.863 2.4% & el Th SHARE Akt )
23t uj e Al pH= 54 8HA| 4a5}e] 3.46-3.870] o] =314,
AHE=6.4-10.9%% S EH UTE ATk F A T vl Al
AR AYALFS A3 AT E. faecium2 0.04 mM/g, L.
sanfranciscensis, L. brevis L L. paralimentarius+0.09 mM/g
BrEglon], arete] ot uek Al fAke] AR T
O frAkatoll ofsf f-olRt HalrE IO, S. cerevisiae®} L.
paralimentarius 2] S} 5] 9F Alof| &= thA 71501 0.11 mM/g
6 & Vet Torulopsis holmill-S- L. sanfranciscensis} &
THujeF Al =9 AMJSE JHAIAIE 4= QA B, S. cerevisiae
= L. sanfranciscensis®} L. plantarumo]| &3] A A AdFo| =
7}=] ItK(Spicher et al., 1981).

RIS RS HE/NE ) THE 7He Tom e
frahtE& oY A& A Akeh, Al =9 W -4kt <, pH, 4H=
A ko] Aibere 28 Ql HE A& el e T
ol FF= =t AR R S A= st
2 Abof| ofsf AR E-9] 7k A F o] okl AL
[e]

o

2| =Fo] AFEIL= Ao oa]d 9JthRocha and

¢

Jo

==

o
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Malcata, 2012). GAMF O 2 9ha A 7] AFY Q= ko] 7}
B} TR e B Qs 7118 ol W
of nm), el A 9 BT Eu] 44O AT
2 FAE g Bt o gt E3] o] AR =
Ol AFEFE Aloja 4 s W EAE ool
o] W-o] 22 = A= THDe Vuyst and Neysens, 2005).
A =P AR Foll A HHE 2] 24 4t HE o2
= Lactobacillus bavaricus MI401 (bavaricin A), L. plantarum
ST31 (plantaricin ST31) & L. sanfranciscensis C57 (BLIS C57)
So] & A U Gobbetti e al., 2005). Corsetti 5(2004)-
T0EY] AP =2 R 4375 Ak 25k, o] 5
o A B ] &A1& AAKSH= 59F(L. pentosus 2MF8, 8CF,
L. plantarum 4DE, 3DM %! Lactobacillus sp. CS1)& 543}
Ak Aok} ¥k a A2 oA Eel = Lactobacillus amylovorus
DCE 4713} L. lactis M30 %= ALY =9 A 2 of] 6851 Hle| 2] @
A& A friktolth o] 5o AAtsH= v 2] 2 Al E
ol Aol A A 4= Q)3 Bacillus, Staphylococcus 2 Listeria
& FofAlte] S4 Aol aapA ot Corsetti et al,
2004). Settanni 5(2005) 2] X 110y W2, L. lactis ssp. lactis
M30 £ lacticin 31470]2H= ulg| 2] 9 A1 AALSHE Zo2
FRIF AL, o] #F5 AMHES Alx Al o3 A, 80
AU/mI2] vt 2] @ A1 0 2 L. plantarum 202] Z2]-& A&
T UNH ¥, L. lactis Q13 2] AR =9 2BHE| O] T4 of| =
olite oJakL u) 2] %] Gtr}. §HH, SBP37, SBP49, SBPSS
SBP58 w50 AR =9 o] AR Bte 2] 412
|l Hrh= §7] ol A ZAdo] Ueht e B = o] 5
A Ehg|g] @A 0 2 A &), Kawai 5(1994) = Lactobacillus
gasseri LA397} A~g=AJ o] 7131 vl 2] 2 Al(gassericin A)=
Aakghetal B gk vt Qlek
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AP E 9 A Z A] B. cereus ATCC 117783+ S. aureus ATCC
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71 TFS 4°CHA T AT S0k A ERS FARS
UERH A1l= Table 59} 2t} AF =9 A= 215 B. cereus
of tf| 3t &}t 22 L. brevis SBP499]| 2J8]| 472 £3.3%= 714+
= et om, E. faecalis SBP58¢] 2]a)141 30.1 +5.1%, L.
acidophilus BP5590]| 2]3)|4 25.8 £ 4.0% = A& = 3ict At
7} S. aureusol TS| A = SBP49 9] & aIH(56.7 + 4.7%)7}
FoJHA| =8k, SBP559}F SBPS8 w=0f| o]sfiA = 30%
o) A3l = At $1H, 4°C ol A 7LTE A A Sl= 5 B. cereus
OFS. aureus ©| wt4—= oI 3t W3} glo] A o] AAsHA F-A] =]
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Table 5. Inhibition of Bacillus cereus ATCC 11778 and Staphylococcus aureus ATCC 6538 in sourdough containing antimicrobial substances obtained from

the tested strains
Inhibition (%)
Strain Indicator microorganism Storage time (days)
0 1 3 5 7

Enterococcus faecium SBP12 2.9+0.5" 3.0+0.4" 3.2+1.2° 2.3+0.7" 3.9+1.0°
Pediococcus halophilus SBP20 1.6+0.4° 2.4+0.5" 1.9+1.1° 2.8+0.9" 3.3+1.2°
Lactobacillus fermentum SBP33 7.1£2.4° 9.1£1.4° 10.0+2.4° 8.8+4.1° 11.7+5.3°
Leuconostoc mesenteroides SBP37 20.4+3.6 18.5+4.4 16.6+8.0° 22.4+3.3° 23.7£5.0°
Pediococcus pentosaceus SBP41 Bacillus cereus ATCCTITT8 1.4£0.2% 0.9+0.1° 1.9+0.5% 2.1£0.8° 1.7+0.3%
Lactobacillus brevis SBP49 472433°  421£1.6"  50.1+42°  49.242.8" 528454
Lactobacillus acidophilus SBP55 25.8+4.0° 28.5+5.1° 29.7+0.8" 23.1+1.6 29.0+5.0°
Enterococcus faecalis SBP58 30.1£5.1°  26.7+1.3° 29.4+23®  282+3.0"  33.1+2.8°
Enterococcus faecium SBP12 6.4+1.2° 8.242.0" 7.6+3.1° 10.4+1.6" 8.1+2.8"
Pediococcus halophilus SBP20 3.7+0.8" 2.6+0.5" 4.4+1.9° 5.0£2.1° 3.6+1.7"
Lactobacillus fermentum SBP33 12.8+3.4° 15.4+1.6™ 13.5+0.9° 18.4+2.5 15.1+1.3%
Leuconostoc mesenteroides SBP37 29.4+5.0° 25.244.2% 26.7+1.6" 26.8+1.1° 30.9+1.7°
Pediococcus pentosaceus SBP41 Staphylococcus aureus ATCC 6538 5.8+0.6" 4103 3.5¢1.1° 6.9+1.5 7.242.4°
Lactobacillus brevis SBP49 56.7+4.7° 60.9+4.4° 57.1£3.6° 61.4+3.7° 59.7+4.6"
Lactobacillus acidophilus SBP55 37.1£5.9° 39.5+4.5° 42.5+6.3" 41.1£0.9° 38.7+2.4°
Enterococcus faecalis SBP58 34.3£2.2° 31.5£0.5° 30.8+1.6" 29.8+8.1° 33.5+4.5"

Data are means =+ standard deviation from triplicate determinations and means with the different letters in the same row are significantly different (P < 0.05) as determined by

Duncan’s multiple range test.
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