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Isolation and characterization of lactic acid bacteria for use as silage
additives
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ABSTRACT: Sixteen lactic acid bacterial strains were isolated from silage and cow dung samples, and characterized to identify their
potential as silage additives. They were identified as the members of the genera Lactobacillus, Enterococcus, and Weissella, and
clustered into nine groups based on the sequences of the genes for 165 rRNA, RNA polymerase alpha subunit, 60-kDa heat shock
protein, and phenylalanyl-tRNA synthase alpha subunit. Among them, the three strains which were genetically similar to L. plantarum
showed the fastest growth and pH decrease in MRS and rye extract media, the highest numbers of available carbohydrates, and the
widest ranges of pH, temperature, and salinity for growth. In addition, they showed no amplified DNA products in the PCR examination
targeting the genes for the production of biogenic amines, and the MRS media where they had been cultured showed relatively high
inhibition effect against the growth of silage-spoiling microorganisms, including fungi, yeast, and clostridia. The results suggest that
these strains are good candidates for silage additives. However, the rye extract media where the lactic acid bacteria had been cultured
had no effect on or stimulated the growth of the silage-spoiling microorganisms, and the causes must be established for the practical
use of the lactic acid bacteria as silage additives.
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AHBL =09 3)|9] o2 W2 Al 43 B g 4dtaL L QA2 7| A Z A0 A &8l A] El=3HE(Water-soluble
LEFAARE FHoH] SRPH o= A EAR S ALY carbohydrates, WSC)-& -f-4F0 & Hgksto] FALRE S| pHE ¢F
o]-§-2] & I8l ket Lejut EALR AEE-2 2000 4 08 = AghS gt o|Z A Wobxl pH 27104
FE] 2015 714] 80%Woll M= = A oltk o)==y SRAEYHR 5 HE FldE9 48 AT o=
AL ZALR T} 7 AR L 120 L} 7L A SloRE Zako] 229] AL OFHL & A10 7hA X 7| T EALR O] AHY| HEL 715351 st
of Hlaf Wil -2 RO 2 QIS Fuf) 5-o] A 71 Ay (Duniére et al., 2013).

517] el Ao 2 EA = ItHMAFRA, 2016). FAtEE AFI B A] A2 T ol A AFA A o2 sty
aFH o) Ard g R (silage) BARE FUAF EARR O] HA EsANERISIA C 2 HTlel| & A HaE e E ST &
S =07 YJst o] E =tk AMd e A= o S 23 9= Ao 2 A& 9JcHDuniére et al., 2013; Jin et al., 2015).

7 A BIEHHA] S up alE A of| 2= AFd ] x| o] H7}eHe GALFO 2 A Lactobacillus

d 279 )
HEaRao|oh At 2| 2] Az oA 7HE S o 8-S 5t plantarum-g& A 3}t 71 o]f= o] F2] ol W21 &
e o 2 RE vuE ZFAR1 fANRS Ao 24 pHE
1} [e) T 2 o) 1:1 “y . 1y e
*For correspondence. E-mail: hyungz@korea.kr; A A 4 8171 2ol eHDuniére ef al., 2013; Wilkinson
Tel.: +82-63-238-3045; Fax: +82-63-238-3834 and Davies, 2013). 221} 1) AALE t}gFo] §-ALS g W9}




B0)9) ehaglo] B 4 9L31,2) WHE pH A3}e] ol o] &
A S WSCE| 371 o1 smsk golel 43 S
S g)om,3) 8| EIFFGARCHES 2AT} TR ] 8 AL
o) elAlsiel ALelel) A st BHo19) A
2218 4= Ql2o] HIE i Weinberg and Muck, 1996).
ofof At &Jofl 24hE AT 4= Q= L. buchneri 5-0] AL
217 % Rahato] oiAo] o 2 ola Sk A7 AT
7} ¥k 5] 1 th(Filya, 2003; Kleinschmit and Kung Jr., 2006).
Tejub ol et Ak A} QA o] 4 Shr(Kang ef al.
2009).

E 3 oo w2 A

AEA ?é Al HEAT
(ferulic acid)& 7}4=E-35}= GAMNFS 2718k o 244 71%=9]
Al o] B8 Y 4 So] HilEtHAddah et al.,

2012; Jin et al., 2015).

Hh ol A= AP 2] A] H7HA| 2 A ARl gk
T7FEA Fom thE-E L. plantarumol] 74 ¥ o] I tHKim
etal.,2008,2009,2010). &2 Ao A= o] 8 7Hs3 AL
A A7t AR HE i sharat Htoll AbAfsh= A
2| 2| 2HE TheFet fARES BEskal o] 59 5A& 2AE
FomMN M2 ALY R M7 ZA Y 7= HES)H
ATk

Table 1. PCR primers and conditions used in this study

oA

oE

20159 63 35, o], 27, AL, K2, 95 A ole] 24}
ol stel 4t phere] $33k o] 9l AU A 2
#1508 Aok 415190l 43 ofol 2o ot 4
ol5tch. o] Alle] Ao} S Al QA ehgolo]
3] 3]43}0] F-Akt 1) 2] 21 deMan Rogosa Sharpe H A]
(MRS, pH 6.5, Difco) ¥ Lactobacillus Selection 8] X](LBS,
pH 5.5, Difco)of] =85}t & 7] H(DG250, Don Whitley
Scientific)of| A 28°C 2 vjjoFshHA ARE =7 WE A 95
2 5 ufA ol Al vl F == 25kl o w, Aol Tl
El= ikt H7H| & CAFAIRR(CL 59)& H L -2 ARS-

ahsick
QSN £

GABHE B4 BAL 9J3EPCR Zafo|r] & HES 2 AL
Table 10] ERY SIT) 522 54 2 5% o] 5 2helS 915
16S rRNA %12} PCR " rep-PCR-S 5235t 1] ATt

5=°]| tf5le] RNA polymerase alpha subunit, 60-kDa heat
shock protein, phenylalanyl-tRNA synthase alpha subunit -3
HAAHrpod, hsp60, pheS)2] V71 HLS EA431ch PCR wh
SN F 25 o™ 1x green buffer (Promega), 1.5 mM

PCR* Primers

27f: AGAGTTTGATCATGGCTCAG

165 rRNA 1492r: TAGGGTTACCTTGTTACGACTT

PCR condition Reference

30 cycles of
94°C for 1 min
55°C forl min
72°C for 1 min 30 sec

Tohno et al. (2012)

rep (GTG)s: GTGGTGGTGGTGGTG

30 cycles of
94°C for 1 min
50°C for 1 min
72°C for 2 min

Gevers et al. (2001)

rpoA-21-F: ATGATYGARTTTGAAAAACC

rpod 1poA-23-R: ACHGTRTTRATDCCDGCRCG

30 cycles of
95°C for 1 min
55°C forl min 15 sec
72°C for 1 min 15 sec

Zou et al. (2013)

H279: GAATTCGAIIIGCIGGIGAYGGIACIACIAC
H280: CGCGGGATCCYKIYKITCICCRAAICCIGGIGCYTT

hsp60

40 cycles of
95°C for 30 sec
37°C for 30 sec
72°C for 1 min

Blaiotta et al. (2008)

pheS-21-F: CAYCCNGCHCGYGAYATGC

phes pheS-22-R: CCWARVCCRAARGCAAARCC

30 cycles of
95°C for 1 min
55°C forl min 15 sec
72°C for 1 min 15 sec

Zou et al. (2013)

* All reactions were preceded by an initial denaturation of 94°C for 5 min and followed by a final extension of 72°C for 5 min.
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MgCly, 1 mg/ml Bovine serum albumin, 4% 2] dNTP Z}2+0.2
mM, 0.625 units GoTaq DNA polymerase (Promega), 0.4 uM
o] Aupgk ul oWk atolw, | ulo] DNA Al 22 TAE
t}. Al E £4-2 MEGAG program©]| 4] Clustal X 2} Neighbor-
Joining B2 0]-8-3}o] ZrAI 519 tHTamura et al., 2013).
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& 7] H(AnaeroGen, Oxoid)Z o]-&
Jaloict. e o) A% 5o
RS brothof] 28°C, 150 rpm ©. & 24 A| 7} vl &%F
% 591 w7 o FHE(ODeon)7H 2 0.10] ¥ =% HF 31
4817t Fk vjoFabE A TR} pHE ZA5to] 4H2A
© 9} wal A H g ﬁ—‘sguﬂx](zomwl of St R H B S
1 cm ©]3}2 T g 3900 ml 57201 180 g F 71, 50°Cof| 4]
2A7E 712 F NS 0.45 um TE = oo 5L sHA
23] AAZ AL T
25, ¥4, pHol| w2 A7 3k= 96-well plate 5 ©]-85
o] 33T 2k of uh2 A HSH= MRS brotho 4] 28°C,
1 vljoFst uljoFol 5 ulE 96-well plateo]] E5=3F MRS broth
100 plof| A 713k & thofsl S o A A 2] vl 9Fs}H A] Spectra
Max M2 (Molecular Device) 2 SF =5 SA5to] EA451%
¢JH.0] oJ3FS MRS brotho] NaCl-& 0~12% H7}5t v ]
£, pHY] &2 MRS brothe] pHE HClZ} NaOH= 1~132.
B 2 AT || 2 ALRELo] QJof Eols) U o 2 HE ul b
Follon e 28°CE A} BalE o] ofk
= API 50 CHL (bioMérieux)& ©]-83}o] E43}%) 0.1 H}o]
LAY oW (biogenic amine) A4 o] 5= Fadhlaoui-Zid 5
(2012)2] T 2 PCRS 3 30] 2AFaRCE. Ak o]
ZA| %F-= D-/L-lactic acid kit (R-Biopharm)-2 A-8-3}o] 4
A3 o 7R o] L= MRS broth 10 mlof| 24 A 7F vl
31 ml o)A} 7k HRAY A] 9FA © 2 7F2EGIT) W 24 of| A
2folA] AAL o Hl=Liu 5(2016) 2] WH ) 2 ethyl ferulate S
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o] Aol 7| zsko] AFL R A Rt o= A #Foll
Fusarium graminearum KACC 41040, Aspergillus fumigatus
KACC 41016, Penicillium roqueforti KACC 47196, & %21
Candida glabrata KCTC 7219, Pichia anomala KCTC 17625,
714 A2l Clostridium tyrobutyricum KCTC 53872 A&t

ook
futok

&3l A Als2d Al4%

3}t Cheli e al., 2013; Duniére et al., 2013). CL #+55 3£
35t -4 17 #-FE modified MRS (mMRS, 1 L & peptone
10 g, beefextract 10 g, yeast extract 5 g, glucose 20 g, K,HPO,
2 g, pH 6.5) broth B 2| o] A] 28°C, 48 A| 7+ B9 B 7)1 2 AL
2 it £0.2 um EkZE 2 o 5kQIth MRS s291%
polysorbate 80, sodium acetate, ammonium citrate, magnesium
sulfate, manganese sulfate= 30|} § & 0] A& 047<ﬂﬂ
4= Q171 wjZofl ui AT o] HiFel 80 ulet 2ul 55
Reinforced Clostridium Medium (RCM, pH 6.8, C. tyrobutyrzcum
9] 742 = Potato Dextrose Broth (PDB, pH 4.5, L} %] 1]
&) 100 pl 5 S99t 5 9 Abd 2] 4] Faflat-2 Hat5h0.85%
NaCl -§-Yo]] 2|55] 3]45H T 20 IS 53Tk 96-well
plateol| 4] 28°C 2] vl ot A ATt ThE A4S 8=
£ =2Asto] W) C yrobutyricum-2- 96-well plate S
anaerobic jar (MGC)©f| '€-& & AnaeroGen (Oxoid) ¥} g7 vjj
oFgon] ThE N AREL 57140 % Wjokshole. e 910
A gt A 2] 2002 WjoFl(60 417 W2k & mMRS T
AL AMEB}O] R AR e e,

S35 710.57HE iR A A A A= B0 E 9
et A= &2 AR5 2.1 ODgoo=0.59 7H4 717k = 1= |
gato] ALskITh AT 2 Fol] ol e MS el
20109] r-testE o]-8-3fo] A3}

mMRSS} & E 7] Z=Zu)j 2] vljofol o] iFFAME S R AZ 7|
9 Diode array (210 nm)7} 52+l HPLC (Dionex Ultimate 300)
£ o|-g3}o] BASHY o n B2 Aminex 87H column
(300 x 10 mm, Bio-Rad), ©]5420.01 N H,SO4, £4:-20.5

mi/min®] 9.0 0] 2 5 = 40°CE A BHATh

=

7]Rks}o] *1E o2 165 Adstelen o]59 E45
Table 20f YEMARAT}. 16 «F5+= L. plantarum, L. brevis, L.
buchneri, L. coryniformis, L. harbinensis, L. casei, L. acidipiscis,
Enterococcus hirae, Weissella paramesenteroides 2] 16S rRNA
G2 A7) A A} 99% o] Fe] GAES W on] T G AbE
of we} 97 0] 718 0 & REQITHFig. 1). AHE 75 CLLS
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Table 2. Isolation media and sources of the selected lactic acid bacterial strains

Strain
14-1
5-1
3-1
11-1
6-2-1
17-1
13-1
KM-2*
16-2
13-2
KL-1-1*
27-1
32-2
31-2
29-1
24-1

Medium used Isolation site

LBS Chungju, Chungcheongbuk-do
MRS Chuncheon, Gangwon-do
MRS Icheon, Gyeonggi-do
MRS Chuncheon, Gangwon-do
MRS Chuncheon, Gangwon-do
LBS Chuncheon, Gangwon-do
MRS Chuncheon, Gangwon-do
MRS Sacheon, Gyeongsangnam-do
LBS Chungju, Chungcheongbuk-do
MRS Chuncheon, Gangwon-do
LBS Sacheon, Gyeongsangnam-do
MRS Icheon, Gyeonggi-do
LBS Chungju, Chungcheongbuk-do
LBS Icheon, Gyeonggi-do
MRS Boeun, Chungcheongbuk-do
LBS Icheon, Gyeonggi-do

Isolation source
Rice straw silage
Rice straw silage
Rice straw silage
Rye silage
Corn silage
Rice straw silage
Cow dung
Culture medium®
Rice straw silage
Cow dung
Culture medium®
Rice straw silage
Cow dung
Cow dung
Cow dung

Rice straw silage

* Donated by a farmer

Lactobacillus pentosus JCM 1558T (D79211)

14-1 (KX499347)
5-1 (KX499348)
3-1 (KX499349)

100 [11—1 (KX499350)
Lactobacillus brevis ATCC 14869T (K1271266)

Lactobacillus buchneri JCM 11157 (AB205055)
oo 16-2-1 (KX499351)
92117-1 (KX499352)

13-1 (KX499353)

}a2

100 [ KM-2 (KX499354)
Lactobacillus harbinensis SBT10908T (AB196123)
b 16-2 (KX499355)
— 13-2 (KX499356)
10 I KE-1-1 (KX499357)
90 | Lactobacillus paracasei subsp. tolerans JCM 1171 (D16550)

Lactobacillus casei BL23T (FM177140)

[ 27-1 (KX499358)

100 |Lactobacil/us acidipiscis NBRC 102163 (AB326356)
Enterococcus malodoratus ATCC 431977 (ASWA01000002)
08 | Enterococcus faecium LCT-EF90T (AJKH01000109)
-Enterococcus lactis BT159T (GU983697)

32-2 (KX499359)
31-2 (KX499360)
29-1 (KX499361)
Enterococcus hirae ATCC 9790T (CP003504)

100

94

75

[24-1 (KX499362)

—
0.01

100 lWeisseHa paramesenteroides ATCC 33313T (ACKU01000017)

Lactobacillus plantarum subsp. plantarum ATCC 149177 (ACGZ01000098)

Gl

o

100 ' Lactobacillus coryniformis subsp. torquens DSM 20004T (AEOS01000123)

}Ga

}as

Go6
bor

G8

boo

Fig. 1. Phylogenetic tree of the selected lactic acid bacterial strains based on the 16S rRNA genes (GenBank accession numbers).
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L. plantarum©] 3E3HE 15 Glof| &390, 164 = 14-1,
5-1,3-1 5527k o] 2150l ZHE )lek. T Glof| &8h= w5
=< 25 9 Ard A 2R E ZEEeH 5 G82
Enterococcus &S0 2 BRE FFEL T QHOogHE B
2] o] il me AEshis A4 S 0] Exfeks Ao2
FA L rpod, hsps0, pheS §- 74 711 2L ol §5te] A
s 5 A% W 4 S LH oAM= HEo] AUATE F
5h9] SR E oA e B YTl g Fol= A
= o 4 Udeh A fAREES s R =
SAF=E UER L. plantarum (Jeong et al., 2000; Magnusson
et al., 2003; Saarisalo et al., 2007b), L. brevis (Falguni et al.,
2010), L. buchneri (Kleinschmit and Kung Jr, 2006), L.
coryniformis (Magnusson and Schniirer, 2001), L. casei
(Magnusson et al., 2003), E. faecium (Marcinakova et al.,
2008)-2 7]<& Aol A St W AR PR H7HA| = A 5
o] BEE FAtE Folrh

A fAktE 9] HaAE 97141 92 NCBI GenBank ] 4]

Z o T = 16S rRNA - XR=KX499347~62, rpoA

(A) 16.0
—O—CL --@--14-1
--0--5-1 —&—3-1
—11-1 ---06-2-1
s - 17-1 —h—13-1
2
a
=] .
——KM-2  --A--16-2
--A-132  ——KL-1-1
——27-1 ——32-2
-#--20-1  -0--24-1

Time (h)

A= KX816609~624, hsp60 A= KX808502~17,
pheS A A= KX816593~608 0|t}

o
Jo
m
X

X
% SAFFES MRS brothe} &1 8] S&u) 2] o A
TS o ool whet A< W pH A8} £Hof AfolS
9 9IrhFigs. 2 and 3). MRS v o} 21 ] 2Z0h 2] 2 %o
A 2 Glo] &8k F-52] 4= o pH At 7t 7}
ZHwek © i 0] Jeong $(2000)0] L. plantarum w52 A%
452 9 pH A8} &7k 7h wtvhar B g Avkel A x|k
U 7155 Glof| £8h= w552 MRS x| o} 2 H 2] 2Zu)j %]
O] pHE 24 A17F Wof| 2F3.7744] ZH A F e Gl 5 Rt
L9 12 G4 13-134 G69] 13-2 W 16-2 F2EE 377
Yol pHE 2F 3.871A] Zr AT, L. plantarum} 74| G4 2}
G69|| 3231 L. coryniformis@} L. casei= 57 Z 70| A1t
Al £)9] §714kS s HA o)A WA (facultatively
heterofermentative) -S-4k#o]=(Hammes and Hertel, 2009),

A oj o]AHE A (absolutely heterofermentative) & h= -3-Al+t

Fig. 2. Growth (A) and pH variation (B) of the selected lactic acid bacterial strains in MRS broth. Values are means of duplicates.

(A) 25

—O0—CL -@-14-1
-0--5-1 ——3-1
——11-1 --6-2-1
--17-1 —&—13-1
g
3
8 —A—KM-2  --A--16-2

--A--132 ——KL-l-l

—0—27-1  —%=322
-4-20-1 =0m-241
——312

00 ‘ ‘
0 10 20 30 40 50 60

Time (h)

(B) 6.5
—o—CL -9 14-1
6.0
-0--5-1 ——3-1
5.5 ——11-1  --6-2-1
g 50 -O--17-1 —A—13-1
2
a
°© 45 —A—KM-2  --A--16-2
--A--13-2
40 -A--1 —e—KL-1-1
—0—27-1  —%—322
35
-9--20-1  -0--24-1
3.0
0 10 20 30 40 50
Time (h)
(B) 6.5
—0o—CL --@--14-1
00 --0--5-1 =3
5.5 —O11-1 --6-2-1
--17-1 —A—13-1
2 50
e ——KM-2  --A--16-2
S
435
--A--13-2 ——KL-1-1
4.0 —0—27-1 =322
- -#--20-] =0me24-1
35
——31-2
3.0

0 10 20 30 40 50 60
Time (h)

Fig. 3. Growth (A) and pH variation (B) of the selected lactic acid bacterial strains in rye extract medium. Values are means of duplicates.
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EREDEES

2 744k
OE 0:“}\

2 2ol H 1IF:]ZL‘:"GI,GS,G
HH O 2 B F 7O G2 o 85It Table 3). it 98

et al., 2005; Hammes and Hertel, 2009).

24 pHE o W
olgALo 1=
of 31 AVFE] 4

= L. brevis, L. buchneri, L. harbinensisS 33}
st 1 G2, G3, G5l 3= ¢35
ol =] BEAT

So) st Ak

gho]-gk = AUk

Aito|tiMiyamoto

lo

MRS brothoj| A pH, X, &&of W2 A3 1| W3-
A2 Glof &3h= dFE0 4% 71~—5PpH 2=, ¢
°17} 714 W I thTable 4). £3] Gl o] £3)= 14-1, 5-1,3-1 7
ZL pH 3, B2 8%, NaCl 10%0] WE A= Ao
UERL ohefel S ol A S 4= QS Ao 2 A 7}
A AL 45 G2, 3, 5, 90]| Hdh= ool Ak HRE T
(Table 4). H}o] @AY opyl-2 w2 T a I F-of A =

© =424 FJ o= HFEH0E o A R 7ol wefigt

0E

Hm

Table 3. Carbohydrate utilization of the selected lactic acid bacterial strains based on API SOCHL test

D-Arabinose
L-Arabinose
D-Xylose
D-Adonitol
D-Galactose
D-Mannose
Rhamnose
Inositol
Manitol
Sorbitol

a-Methyl-d-mannoside
a-Methyl-d-glucoside

Amygdalin
Arbutin

Esculin

Salicin
Cellobiose
Lactose
Melibiose
Sucrose
Trehalose

Inulin
Melezitose
Raffinose

Starch
Gentiobiose
D-Turanose
D-Tagatose
D-Arabitol
Gluconate
2-Keto-gluconate
5-Keto-gluconate

Number of +/w

G2 G4 G5 G6 G7 G8 G9
CcL 14-1 5-1 3-1 11-1 6-2-1 17-1 13-1 KM-2 16-2 13-2 KL-1-1 27-1 32-2 31-2 29-1 24-1
- - - - - - - - w - - - - - - - -
+ + + + - + - - - + - - - +
- - - - - =+ - - - - - - - -
- - - - - - - - - + + - - - - -
+ + + + + + w + + + + + + + + + +
+ - + + + +
+ - - - - - - - - - - - + - - - -
- - - - - - - - - W - - - - -
+ + + - - - + - + + + - - -
+ + + + - - - - - + + + - - - - +
- + + - - - - - - - - - + - - - -
- - - - w + + - + w w + + - - - +
+ + + + - + + + - + + + + + + +
+ + + + - + - + + - + + + + + + +
+ + + + - + + + + + + + + + + + +
+ + + + - + - + + + + + + + + +
+ + + + + + - + + - + + + + + + +
+ + + + + + + + w - - - + + + + +
+ + + + + + + + + - - + + + +
+ + + + - + + + + + + + - + + + +
+ + + + - + + + + + + + + +
- - - + - - - - - - - - - - - - -
+ + + + - + + - - + + + - - - - +
+ + + - - + - - - - - - - -
- - - - - - - - W - - - - - - - -
+ - + + + + - - - + + + +
+ + + - - - w - - - - - - +
- - - - - - - - + + + + - - + -
+ + + + w + + - + + + + - - - - +
- - - + - - w - - - - - - -
- - - - - - + - - - - - - - - - -
21 20 21 19 8 18 17 14 20 15 17 16 16 12 12 13 21

+, positive;

-, negative; w, weakly positive
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g 8FS u]2 <= QItK(Cho e al., 2006; Duniére et al., 2013). SIASIM B
PCR o2 ZAYS 1] RE FFLnlojeAY o < I3
Pom AW B A el AN ol e g0 AL RS P:&% AR L 2
MAEE 2~ 0] = O L2 712|371 Q) X] 0k A o 7 ol . _ -
3 R E g g ZEA oA oAl Ao )= Ao FZ _
= 5= HEA o AH EtobA] &Aool fle A 0.50] =gk HHW}Z] @%A]{% 49 L]'E]'LH(Z}\E]' O A}
1 _ -
LreRg Xt uHo 3+ mMRS i 22 H71e %*HP—_ & AEsHA &
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Table 4. The Growth characteristics of the selected lactic acid bacterial strains (optimum condition)
Gl G2 G3 G4 GS G6 G7 G8 G9
CL 14-1 5-1 3-1 11-1 6-2-1 17-1 13-1 KM-2 16-2 13-2 KL-1-1 27-1 32-2 312 29-1 24-1
o 4-12 3-12 3-12 3-12 4-11 4-10 49 4-11 4-9 4-11 4-11 4-11 4-11 6-13 5-13  6-13 4-12
P (6-8) (5-10) (6-10) (6-10) (6-7)  (5-7) (67) (6-8)  (6-8) (69) (79 (6-8) (6-8) (12) (12) (12)  (69)
Temp. (°C) 8-40 840 840  8-40 15-40 20-40 25-40 15-40 15-40 15-40 8-40  8-40 15-40 20-45 15-45 15-45 15-40
p- (30-35) (25-30) (30-35) (30-40) (30-40) (35-40) (35) (30-35) (35-40) (35) (35-40) (30-35) (35-40) (35-40) (35-40) (35) (30-35)
NaCl (%) 0-9 0-10  0-11 0-10 0-9 0-8 0-8 0-8 0-7 0-8 0-9 0-9 0-8 0-8 0-8 0-8 0-7
)
-1 (1-3) (-1 (0-2) (0) 0-2) (0-1) (0-2) 0) © O (0D (0-1) 0-1)  (0-1) (0-1)  (0-D)
Lactic acid isomer DL DL DL DL DL DL DL DL L L L L L L L L D
Gas production - - - - + + + - + - - - - - - - +
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Fig. 4. The time to take to reach OD00=0.5 when Fusarium graminearum KACC 41040 (A), Aspergillus fumigatus KACC 41016 (B), Penicillium roqueforti
KACC 47196 (C), Candida glabrata KCTC 7219 (D), Pichia anomala KCTC 17625 (E), and Clostridium tyrobutyricum KCTC 5387 (F) were grown in PDB
(fungi and yeast) or RCM (clostridium) combined with mMRS broth in which the lactic acid bacterial stains had grown for48 h. “No LAB” represents the case
where the mMRS broth had not been inoculated with the lactic acid bacterial strains. Error bars indicate standard deviations (n=3) and asterisks indicate that
the time is significantly different (£ <0.05) from that for “No LAB”. The symbol “!” indicates no growth of the corresponding microorganism for 110 h.
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Fig. 5. The same experiments to those in Fig. 4 except that the PDB or RCM medium was combined with the rye extract medium instead of mMRS broth, in

which the lactic acid bacterial strains had grown for 60 h.
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Fig. 6. Fermentation products of the selected lactic acid bacterial strains in
mMRS or rye extract medium. ‘no LAB’ indicates the values when the
fresh media were analyzed.
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