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Effect of the mixed culture of heterofermentative lactic acid bacteria
and acid-tolerant yeast on the shelf-life of sourdough

Eun-Seo Lim*
Department of Food Science & Nutrition, Tongmyong University, Busan 48520, Republic of Korea
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ABSTRACT: The primary objective of this study was to investigate the effects of the bacteriocin-producing heterofermentative lactic acid
bacteria (LAB) and acid-resistant yeast isolated from Mukeunji, a Korean ripened kimchi on shelf-life extension and quality improvement
of sourdough. According to gene sequence analysis the heterofermentative LAB that showed the antimicrobial activity against bread-
spoilage Bacillus strains were identified as Leuconostoc mesenteroides |LAS112, Lactobacillus brevis LAS129, and L. mesenteroides
subsp. dextranicum LAB137. In addition, the yeasts that were able to grow at acidic pH were identified as Fichia membranifaciens YS05,
Pichia fermentansYS19, and Pichia anomalaYS26. During sourdough fermentation the levels of acetic acid and bacteriocin produced by
L. brevis LAS129 strain were higher than those of L. mesenteroides | . AS112 and L. mesenteroides subsp. dextranicum LAS 137 strains,
whereas LAS112 strain produced the highest levels of lactic acid. The maximum bacteriocin activity (640 AU/q) against Bacillus subtilis
ATCC 35421 was obtained in sourdough fermented by mixed culture of L. brevis LAS129 and 2. membranifaciens YS05 or F. anomala
YS26. After 24 h of fermentation at 30°C, the viable cell counts of LAS129 (107 CFU/g) in sourdough were higher than those of the YS05 or
Y526 (107 CFU/g). Meanwhile, the viable cells of bread-spoilage strain in sourdough fermented with these strains were significantly (P<
0.05) lower than the control group.
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21941 0] chaal thAARES 1] A7) 242
AA| 5= T2 HERHTK Valerio et al., 2008). - -
Abato] AJAFSE phenyllactic acid (PLA)2} p-OH-phenyllactic
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= AAAZ17] I8l A EE(60%, w/v)2 7Fsko] at
(4°C, overnight) 3} th 13 th3 A4 E2](12,000 x g, 302,
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30°C, 24 A7k aijF 5 2w oFH2 A 4lE-2](7,000 x g, 10
B, 4°C)3lo] A|EZE 3|4=5}31 PBS (pH 7.0) ol A 1.0 x 107
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RS A|E 1 mlE XHHE}OE] yeast glucose chloramphenicaol
(YGC) agar Bl 2] 9]l =gk 14g5to] 25°Cof| A 724171 vl
OS] A= 222 yeast extract peptone dextrose (YEPD)
agar Hj 2] ol Al DA HEko] o> 228l S LR i A]
of| Alch viFstATh. 2 A== YEPD brothof] 353}
30°Cof A 24 A7t F2F Rt 3 A 4E-2(7,000 * g, 102,
4°C)3}o] A|3EE X © 31 TE buffer (10 mM Tris-HCI, pH 8.0;
1 mM EDTA)Z A|23t k2 Al Z551.0 x 10° CFU/mI2 ZA
SFSITE. Al iz S pH 3.59]] B YM brothof| 75101 30°C
o A 24 A7t vl F7t 2 YEPD agar ol A 5 574 5Hq
4H stoll A FAl o] 7Hsgh Wik A s Adshlch A
% 3 5= YEPD brotho]] 3§ &35}o] vfjeFatar 41E82(7,000
4°C)sljA] L& A|2E+= TE buffer Wjof A FEHA]7] 2L
genomic DNA purification kit (Promega Co.)2 DNAE &
3lo] & DNAR ARESIITE £31a A A4 HE-3{(polymerase
chain reaction, PCR) A] 26S rDNA 2] D1/D2 domain2 % A]
7]17] 98 NL-1 (5-GCATATCAATAAGCGGAGGAAAAG-3")
INL4 (5-GGTCCGTGTTTCAAGACGG-3") primer, ITS1/5.8S
rDNA/ITS2 domain-&1TS-1 (5-TCCGTAGGTGAACCTGCG-3")
THTS-4 (5'-TCCTCCGCTTATTGATATGC-3") primer= A}
85144 PCR Thermal cycler (Bio-Rad Laboratories Ltd.) 2 ®F
HZ7] HAJ294°Cof| A 34, WA 94°Co| 4] 2, &2
42°COl A 14, Al 72°Col| 4] 245, AR 72°Cof|A] T4,
363] HFE) A FA T} PCR AHE-2 purification kit (Qiagen) 2 7
ARt - DNA H71 482 418k €714 92 National
Center for Biotechnology Information (NCBI)2] BLAST search
(http:/www.ncbi.nlm.nih.gov) S A8-3}0] 26S rRNA THH 9]
AR 7] A S ghIskal 78 5HtHMin er al,
2012).
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% pH meter (Fisher Scientific)E o]-&3}0] 4313t $HH,
*] Bo} Eko] 222 T35 3 1% (w/v) phenolphthalein
S A7}t 042 0.1 N NaOH g0 0 2 24 Au|eke AlAks)
0% ZA[AHE (%) = (0.1 N NaOH 4H|2F x 0.1 N NaOH 7}
< 0.9) ARl AT F BAES 2o} 714 T
=& Alfonzo 5(2013)] whlo]] whl A] =(10 g)o] 25490
mh)2 7o) 7|2 B ?zr ma o8 10 mlE F3t 7 |
mM HCIO, (5 ml)E 71511 241 52)(4,000 x g, 155) 515tk
e NE 343kl I mM HC104 2 7}s}o] pH3.00.2 243}
% 2545 715101 25 ml = H8al Ak Al R S-S oF 305
7 JZAIZ o5 o2t Al$0.22 um membrane filter)s}il
High-pressure liquid chromatography (HPLC, Shimadzu)2]
o] w3l AZH(Aminex HPX-87 H, 300 x 7.8 mm, Bio-Rad
Life Science Group) &% 60°Coj| 4] 0] 5418 mM H,SO4) 2]
92 0.7 ml/min2] Z7Z 3}o)| A 210 nmoj|A] UV detector =
BX5t 80 Ao g HE] Q7]AF SRS A
okt v 2 2l o S-S 918l A1=(10 g)oll 40%
acetonitrite-0.1% (v/v) trifluoroacetic acid (90 ml)& 7}3}¢4
wAslslo] 2 BHS F 2T ok YA (15,000 < g,
108) 3F3ich A ES wot 52 ARAZ])3150% (viv) &=
iOﬂ 23|71 §-M O Z B subtilis ATCC 35421 9] Tk 3ot
A& oFA el F3 microtiter plate method o] wha} 24319
. uhe|2) A8 AAFSIA] QR SARES TR Blo] &
ufjof| )&t 3 BHAJ-S vl A5 tH Settanni et al., 2005).
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3l 4 £38}19 tH(Juodeikiene ef al., 2011). W8 27 & A%}
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7b ujoksle] s B oFy 0 7 AESH FhE 24
=g
SAHXz2|

i BE AT 533 AL S92 HtE

II

FHAZ YERN 3L, FAIEAS 93] Statistical Package for
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T2/d-E 53 A= Table 13} L} 9F A B2 HE &

2 Akt F 23F SollA] Hd(obligately) o)/ d R a-FAE
L 7x0 2 3ol o, J7|AE B4 AY Lactobacillus
fermentum LAS105, Leuconostoc mesenteroides LAS112,
Lactobacillus brevis LAS129, Leuconostoc citreum LAS134,
Leuconostoc mesenteroides subsp. dextranicum LAS137,
Leuconostoc inhae LAS148 L Weissella koreensis LAS152 %
FA LRI o] 52 NCBIo| 5/ #+5FE1}198-100%2) A5
A48 Urehglet. Bel SAE oIk 15 S TS
2 Bacillus <o) th3l gle)| 2] @A AJS-2 selsk Aak LAS105,
LAS134, LAS148 W LAS152= Bacillus <] T3t &2AJo]
Q=g || QA1 RAKSER] ¢k oL, L. mesenteroides LAS112
7} 24Kt dhe| 2] 41 2) FFat8HAl-S- B. sterothermophilus 2}
B. subtilisol| t)3] 2+2}2,560 & 640 AU/m1 S = LEFITE
3t L. brevis LAS129= B. subtilisol] 3} A2 Vel
131, L. mesenteroides subsp. dextranicum LAS137% B. cereus,
B. licheniformisZ B. subtilis©l] U3t &2/ LIERA B
] QA1 ARSI $HE, LAS112 §-AME9] Hhe 2] 2 418

| protease &] | 2]of| 3] =t/ o] A7 A

T, LAS129 5-4k0] uhE] 2] @ A2 pepsin 7 2] o] ©|3 3t

2/gdo] e s] 4w gl o, LASI3T f-ikato] v 2] 24l

2 protease 2} proteinase K= 2] o] 2J&f| al-&4do] TF4A 5]

99 8hel5to] o] 5 ulE| 2] o AL Thil g AR
THAZ T AA)).

AR 2 HE] Belw fANEO 2= L. mesenteroides, Leuconostoc

dextranicum, L. citreum, L. brevis, L. fermentum, Lactobacillus

pepsin 2

oo
filo
J
o
ol
ol

plantarum, Pediococcus pentosaceus, W. koreensis, Weissella
kimchi, Weissella pramsenteroides X Streptococcus faecalis
So] warg vt glo] £ AT M Hel fAk A% EF
o] 2 x]3}9THCheigh and Park, 1994). G4kt Zolli= Y& U

Table 1. 16S rRNA gene sequence analysis and bacteriocin activity of heterofermentative lactic acid bacteria isolated from Mukeunji, a Korean ripened

kimchi
16S rRNA sequencing Bacteriocin activity (AU/ml)
Strain Related strain in NCBI Similarity Identification
B. B. li j is B. i B. il
(Accession No.) %) cereus licheniformis stearothermophilus subtilis
LAS105  Lactobacillus fermentum DM29 (KT80434) 99.9 f‘:s"if)‘;”””ﬁ rmentui ND ND ND ND
LAS112  Leuconostoc mesenteroides KNUCO3 (AY264850)  100.0 fi‘; ;’;"Z’S’OC mesenteroides ND ND 2,560 640
LAS129  Lactobacillus brevis BFE 8266 (EU147302) 99.9 Lactobacillus brevis LAS129 ND ND ND 1,280
LAS134  Leuconostoc citreum 20043 (KU899044) 100.0 Leuconostoc citreum LAS134 ND ND ND ND
Leuconostoc mesenterodies subsp. dextranicum Leuconostoc mesenteroides

LASI 99. 160 2 ND

S137 NCFB 529 (NR040817) 05 subsp. dextranicum LAS137 6 320 80
LAS148  Leuconostoc inhae AS-73 (KR857386) 99.3 Leuconostoc inhae LAS148 ND ND ND ND
LAS152  Weissella koreensis HB (KU363029) 98.0 Weissella koreensis LAS152 ND ND ND ND

&3l A Als2d Al4%
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}Oﬂ o e l?—oqfﬂ"‘%(Chelgh
m 5(2016)2 71X 2 5E] o|APt g QAL
ol W. koreensis, Lactobacillus graminis "2 Weissella cibaria
=9 el B,

o, %*HF" 7] *P% Hl%ﬂoi T AEAY, THkea

ZHE 2= dhg) E'Ji/}_l /%4/‘\_ LA —E— Escherichia coli, B

cereus, Clostridium perfringenes, Listeria monocytogenes 2
Staphyloccoccus aureus ‘5-2) FA1-& AA|gl= Ao =2 H1 ¥
v} QJtHPark ef al., 1983). E3], W Huljo] =9 {2142l B.
subtilis, B. licheniformis, Bacillus megaterium 1 B. cereus 5
L N 2] Ful AJH ol HAEL MAFIEE 4~H dlefo| nk
o wh WA A|7] 31, 2(rope) S B AJ510] 914 Thelof =3}
FO =5} 1l gRS Yo FHA 9 33 (crumb) O 2 215 A
H(softening)S 25 }=t|(Thompson ef al., 1993), o]o] T}
3l Lactobacillus sakei KTU05-6 0| AJAs}= -7 Aka} vl 2
QA& B. subtilis subsp. subtilis®} B. subtilis subsp. spizizenii
O] 218 & 8]|6} 9 21 Pediococcus acidilactici KTU05-73} P.
pentsosaceus KTU05-8, KTU05-9 2 KTU05-102] g 52
of oA e B. subtilis 54 A IS UEFf kAL Ha
= v} 9} © 1K Cizeikiene et al., 2013), & A Ao A= L
mesenteroides LAS112, L. brevis LAS129 2 L. mesenteroides
subsp. dextranicum LAS13790] B. subtilisl| t)3] 2S4S
UEt = Hhe 2] 24le A itsto] 7129] Aol A Bref &
AhtE k= thas 2po]7F AIEk Corsetti 5(1996) A=
2 5E 2YE F232F0] fAlRt FollA 33% F=71 B
subtilisol| Tt i 2/de el Qlokal Barsel). 34,
L. sakei KTUO05-6, P. acidilactici KTU05-73} P. pentsosaceus

Fl

N

L

KTUO05-8, KTU05-9 2 KTU05-107} 2JAFs}H= vl 2] 2 A&
proteinase K, trypsin, pepsin & chymotrypsin®] =] 2] of 2]3f|
gtk o] &3] k] EQrkal 513 0 HH(Cizeikiene ef al.,
2013), LAS112, LAS129 2 LAS137 #327} A Abs} v 2
9410 I E 5 chal Y R F 4o o) AhE| 9k

S2X|28H LMY 82 22| S8

moxmnE Helg wue) yadal drlMd Bae
53t 5% Z1}=Table 29} 2t} YEPD vl X| ] pHE 245}
P

A gk AbeholA] 24417k W} B Belgl AREe] Fai
10°~10° CFU/mlo|| o] 28 © U}, pH 3.5 2 2 A3} v 2] o A]
YS05, YS26 w5 10" CFU/ml, YS19+= 10° CFU/ml 2
YS149} YS21 w5 10° CFU/mIZ 2AE|Qich He a1
Z YEPD #}j o] 7] 44> 1.0 x 10° CFU/mI 0.2 H%3} &
24 A7 qbe|| 527 F 57 FE ALY S05, YS19 W ' YS269] Pichia
& FFRA O5E YAl 2T B TSI T
NCBI2] BLAST A4 A 53l Pichia membranifaciens
YSO05, Debaryomyces hansenii YS14, Pichia fermentans YS19,
Candida tropicalis YS21 L Pichia anomala YS26 ©. 2 57

04 o] = 0 Zi /5_}11}_@‘_5_0]041;}

AAZEE E8H aX 2= Brettanomyces, Candida,
Crytococcus, Citeromyces, Debaryomyces, Kluyveromyces,
Pichia, Rhodotorula, Saccharomyces 2 Torulopsis < 50 2
AHA(Kim et al., 1996) & Aol A Fe]E 50 L5 A
A SFATE AF oA 2 R H AU TR o8 5= A
X 2= Saccharomyces cerevisiae, Candida krusei, Torulopsis
holmii, Pichia saitoi, Candida stellate, Saccharomyces exiguous,
Saccharomyces inusitatus, Candida guillermondii, Hansenula
anomala, Torulopsis delbrueckii ‘52 & 57} Qthal RI1E
©](Gobbetti, 1998; Chavan and Chavan, 2011) E2X] 2 H g
Ea 8 WA 591 Pichia &5 AFY 9 A 0] o] 82 4=
ol Ao Rt

A pH 2.0-11.00] W] Yol 4 54] 2 4o 755}

Table 2. 26S rRNA gene sequence analysis of yeasts isolated from Mukeunji, a Korean ripened kimchi and the growth of the strains at low pH

Viable cell count (CFU/ml)

26S rRNA sequencing
Strain
Related strain in NCBI (Accession No.) Similarity (%)
YS05 Pichia membranifaciens TFO 10215 (AB019215) 98.5
YS14 Debaryomyces hansenii D139 (HM627097) 97.9
YS19 Pichia fermentans NRRL Y-1619 (EF550234) 97.8
YS21 Candida tropicalis HND-1 (EU822494) 99.6
YS26 Pichia anomala CTSP F5 (EU862177) 98.2

Identification
YEPD (control)  YEPD (pH 3.5)
Pichia membranifaciens YS05 1.7+1.5x10° 2.9+1.6x10’
Debaryomyces hansenii YS14 5.3+2.2x10° 3.8+2.4x10°
Pichia fermentans YS19 5.5£0.9x10° 7.1£2.3x10°
Candida tropicalis YS21 6.0+3.5%10’ 8.123.0x10°
Pichia anomala YS26 9.9+3.7x10° 4.5+2.9x10’
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of AletE ok -2 pHgLol A W/ o]  ZFste] ol ol atd
& pH7HE2 Aol A &3] {2 E ). 53] S. cerevisiae©] /g
2} 71531 pH=2.35-8.621 2.0 & ol A 9]0 (Beales, 2004),
S. cerevisiae©]] th gt =AM} AL R AF A AA s E= 2
710.6% (100 mM)2}2.5% (278 mM)o] 1, Z4+0.05~0.1%%}
F4F0.2~0.8% 5= Stof A AR N E= AEHAR QIS 5
A ST} AT §7 4] ST SRS e 4

| S, diE FE o Aor dEA =
(Narendranath et al., 2001), &2 X| 22 €] 22| D. hansenii
YS149}C. tropicalis YS21-2 pH 3.55}0]| A Z54]8}A] H51=
Aoz gl Tk

MY 712t S MI=R0| SIS MR Hal

B. subritiso] thgt B LR v 2] 941 4
521 L. mesenteroides LAS112, L. brevis LAS129 4
ottt WAk
A X1 P. membranifaciens YS05, P. fermentans YS19 2
anomala YS26& &3t v ofslo] W A| 7] A =-$-2] pH, %_
AT, A B 24 AT v | oA B S SR A
+ Table 31} Zt}. LAS112 @502 Wa A7 AR =S92
pHE= 4.19+0.10, ZAFE = 1.30+0.20%, SAFFS 69.5+5.5
mM, ZAFEL- 43 8+5.8 mM, B 2] @Al 442320 AU/m
© 2 Yebgdth LASI 12 g0 2 WhF A7 49 52 5lehA]
SE VS05S} 3 Y Nl froit Aol gisle
YS19 2 YS263} &3} vl 93t 7 $-of =
SPIL FAME, 4714F VA 9 il oAl Al s&am

L\'r_‘_,

mesenteroides subsp. dextranicum LAS137

“U o_>1:

LASI129 tH=0 2 kg A]7] AP =99 pH=3.60+0.09, &
AHE = 1.60+0.20, G-AFES-61.443.3 mM, 2AFFS-89.242.0
mM, B 2] 9 A1 8H4 %6 0 AU/mlo.2 LR} LAST12 &
5 Wjope) wlieh g oFe) 24 AlAHeLTL HlHe] 2.4 B
A =7 Jelgth LAS129 thHE o & 8FF A] 7] AR =29
EE] 3lehA] 5492 YS05H YS26 2+ E 3t ulj el o a4l 52

A HS7E Q1o YS199F St ulj o Al ofl = H| 2] 2
Al A 0] 50% =50 2 LERGTE LAS137 G50 2 Wk g A]
71 AF] =2 0] pHE 4.00+0.22, FAME = 1.4620.30, G4
£ 55.1£3.1 mM, ZAFFS 60.4+4.4 mM, HHE|| 2] 2. Al ZHA-o
80 AU/mIS 2 eI} LASII2 22 LASI29 T v ok uff
Hop dhe) 2] @41 842 ol WA Ukt e, YS05, YS19
2 Y826 B 1o} St i IS W o] Eejset] S = 2
o] 7+ lgie.

AP =92-9] pH7} Y25 B. subtilis@} B. licheniformis
o] 224 A3l a7t § =4 e 1 (Mentes et al., 2007),
Lactobacillus 2:0) AAYsl= vk 2] @ A1 9] g TA & pH

3.0~4.000 4 7} =9to v g Al = gk ShA] Ml ol 2}
ot B2 AYAbof| = JFS = 7 0 7 310l | ¢t Corsetti
etal., 1996). A TE] 11 Q= AL JE—r——] pH=3.81~4.77 A=
O pH7} AT E FAE S Z7)819 T, GARS: 1.97+0.05
~9.4120.48 mg/g, ZAFS 0.36+0.02~1.46+0.09 mg/g A =0
o] EtH(Ventimiglia ef al., 2015). Choi 5(2012)°f] wf=2H &
714 = Al thaat =99 pH (4.5 1% B FAk=
(1.35% W)= LA 24 X752t A Y] e gha F-AIR T
H, X232 E B3t L. citreum HO12 &2 W. koreensis

Table 3. Physico-chemical properties of sourdough fermented with heterofermenative lactic acid bacteria as a mono-culture and co-culture with

acid-resistant yeast

Microorganisms for cultures pH Titrability (%) Lactic acid (mM) Acetic acid (mM) Bacteriocin activity (AU/g)
Control (LAS112) 4.19+0.10 1.30+0.20 69.5+5.5 43.8+5.8 320
LAS112+YS05 4.12+0.16 1.38+0.05 67.2+7.1 452+1.4 320
LAS112+YS19 4.74+0.07* 1.02+0.16* 44.6+3.9* 28.6+7.3* 160
LAS112+YS26 4.60+0.12* 1.09+0.16* 49.146.0* 30.54+2.9* 160
Control (LAS129) 3.60+0.09 1.60+0.20 61.4+3.3 89.2+2.0 640
LAS129+YS05 3.72+0.06 1.49+0.21 59.2+1.8 78.1£5.9 640
LAS129+YS19 4.09+0.11* 1.27+0.14%* 40.8+8.2* 66.0+7.6* 320
LAS129+YS26 3.85+0.16 1.34+0.07 62.1+4.9 80.4+5.0 640
Control (LAS137) 4.00+0.22 1.46+0.30 55.143.1 60.4+4.4 40
LAS137+YS05 4.05+0.12 1.33£0.13 62.4+4.8 59.6+7.0 40
LAS137+YS19 4.1640.09 1.40+0.22 57.4+7.7 67.5£6.3 40
LAS137+YS26 4.20+0.18 1.3940.19 66.0£9.6 49.9+10.4 40

Data are meanststandard deviation from triplicate determinations.

* The difference between the means of the two groups (such as an experiment vs. control group) is statistically significant (P < 0.05).
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Table 4. Changes in the viable cell counts of lactic acid bacteria, yeast, and Bacillus subtilis in sourdough fermented with heterofermenative lactic acid
bacteria as a mono-culture and co-culture with acid-resistant yeast during storage at 4°C for 5 days

Viable cell counts (CFU/ml)

Microorganism for mixed
cultures

LAB

Yeast

Bacillus subtilis

Control (B. subtilis)

1 3 5 0
8.52.1x107

1
9.0+1.4x10"

3
2.7+3.0x10°

5
1.0+2.7x10°

LAS112+ B. subtilis

LAS112+YS05+B. subtilis
LAS112+YS19+B. subtilis
LAS112+YS26+ B. subtilis

5.5£1.1x10° 9.5£2.2x10°
6.9:0.8x10° 5.8+1.8x10°
2.121.9x10° 1.1£3.4x10°

1.3:2.4x10° 2.0£1.9x10*

7.740.5x10°
8.0+2.4x10°
3.0£0.5x10°
2.243.1x10°

6.9+3.7x10°
7.2+1.8x10°
1.120.2x10°
3.0+1.4x10°

5.1£1.3x107
6.7+2.5x10"
7.242.7x10

3.7£0.4x107
6.1£2.0x10"
5.3+0.6x107

3.0+2.3x10"

3.6£1.0x107 4.2£1.4x107 4.5£2.0x10%

57417107 2.9+0.2x107 9.6:+0.6x10"*

4.6+2.0x107 3.6+1.4x107 8.9+3.5x10"*

5.142.9x10**
3.6£0.2x10*
7.5£0.9x10"*
9.9+1.4x10"

3.3+0.4x10%
5.120.7x10*
8.12.6x10™"
7.1£1.9x10%

3.240.5x10"
4.7£0.6x10*
9.8+1.1x10*
9.5+0.6x10"

LAS129+ B. subtilis

LAS129+YS05+B. subtilis
LAS129+YS19+B. subtilis
LAS129+YS26+ B. subtilis

9.4+1.1x10° 1.2£0.5%10°
1.7+0.9x10° 2.2£0.5x10°
5.0+3.8x10° 3.6:1.6x10°

2.0£1.6x10° 3.3+1.4x10°

8.63.5x10°
3.1+4.0x10°
2.2+1.6x10°
3.4+0.5x10°

1.5£2.0x10°
1.3+0.6x10°
5.6+1.3x10°
1.6+1.2x10°

7.5+3.1x10
6.2+3.0x10
8.0+2.4x10"

5.2+0.9x107
4.2+3.1x10
6.3£0.9x10"

6.2£1.3x10%

2.640.7x107 4.1+1.6x107 5.4+2.4x10*

4.5+1.7x107  1.3+0.2x107 3.1£0.9x10"*

6.241.6x107 5.5:0.4x107 7.0+4.7x10%

4.6£1.7x10%
3.5£0.3x10%*
2.40.7x10"
5.942.0x10%*

4.1£0.8x10%
5.242.7x10%
3.0+1.8x10%
6.8+2.2x10*

8.3x2.4x10%
5.5+1.5%10*
4.3+0.6x10"
4.6+0.3x10°

LAS137+ B. subtilis
LAS137+YS05+B. subtilis
LAS137+YS19+B. subtilis
LAS137+YS26+ B. subtilis

9.242.5x107 8.743.5x10"

’ 2.2+0.1x10°

8.8+3.6x10
1.5+3.5x10° 1.0+2.6x10°

2.5+3.0x10° 5.3+3.0x10

1.1£2.4x10°
7.4+4.8x107
2.3£0.8x10°
1.5+2.2x10°

1.3+3.4x10°
2.0£1.0x10°
8.6+2.5x10"
6.5:4.2x10

4.2£1.9x10
7.6£1.3x107
4.6+£0.7x10

4.8+2.2x107
4.1£0.3x107
5.8+0.9x107

1.242.1x10°

8.0£3.5x107 6.0:0.8x10" 2.2£0.9x10°

4.442.0x107 4.120.3x107 1.5+3.4x10°

7.243.0x107 5.6+3.0x107 1.8+2.7x10°

4.4+1.2x107
5.3+1.8x10™*
4.9£0.2x10°*
5.3£0.8x10™*

3.6+0.4x10™*
5.1£1.7x10%*
2.6£0.9x10°*
3.3£0.6x10™*

3.9£0.5x10*
4.1£0.5x10°
2.3+0.4x10°*
5.0£0.9x10™*

Data are means+standard deviation from triplicate determinations.
* The difference between the means of the two groups (such as an experiment vs. control group) is statistically significant (P <0.05).
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LAS112, Lactobacillus brevis LAS129 U L. mesenteroides
subsp. dextranicum LAB137 2.2 FA T 131, AA pH 3}
A Z2] 7V538 & B = Pichia membranifaciens YS05, Pichia
fermentans YS19 2 Pichia anomala YS26 ©. & 22| | }ith
AP = W g of] ARR-E L. brevis LAS129= L. mesenteroides
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LAS112 Y L. mesenteroides subsp. dextranicum LAS 137 T}
o] W2 oFo) Ak} Hhe| 2] @ 4l B2 e L L, LAST12
L 7P ake oFol o ALo MAVSLI T Bacillus subtilis ATCC
354210 Tk 2| tf o] vhe| 2] @ Al EA4(640 AU/g)2 L. brevis
LAS129%} P. membranifaciens YS05 -2 P. anomala YS26
o8 S A ARl AP =S ol A ¥R $iek 30°Col|A]
24 A7 HFg & AR =9 U] LAS1299] -Ev_‘z,\—(l()‘) CFU/g)=
YS05 3-2-YS262] E1 #410" CFU/g) Er} %7 H&E

ot 2, ol5 B S o183t WAEAIZI AR =S ol &

O] T=E-220163Hd &= &g o 33 W o< tH] %] ]
ofate] A= S IAE 2016F057).
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