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Characterization of Lactobacillus brevis JBE 30 as a Starter for the
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For the collection of starters suitable for the brewing of traditional liquor, an alcohol-resistant strain of lactic acid
bacteria with low level of acid production was isolated from traditional fermented soybean lumps. The strain named
as JBE 30 was identified as Lactobacillus brevis by 16S rRNA sequence analysis and additional biochemical tests.
The strain could grow well at a MRS medium containing 8% (v/v) ethanol for 96 h of cultivation at 30'C. The final
pH after cultivation was 4.5. It also inhibited the growth of food spoilage and pathogenic bacteria including
Escherichia coli, Bacillus cereus, Listeria monocytogenes, Staphylococcus aureus, Micrococcus luteus, and
Pseudomonas aeruginosa. These results showed that Lactobacillus brevis JBE 30 could be used as a promising

|2 =

starter in brewing process of traditional liquor.
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27 e Bua Ao YRTE 8% 49 &olth ¥
3 Bdra = ok} ok WAL T2 HaEX QA FAll
Yojup= A WAoo g £ A3Ed g S3sts v|lE
9 B 5471 RE £5S 24Y o8 ARSIt R
At AR 2 R ste] 24 Aol A5 therst vl AEEC]
EAeE7] WZol, 4 JFE ALt B #52 JISshe
AE 9] koji2t T2 HYu et al., 1996; Bae et al., 2007). AE5F
oYt 7| EAH O R F29] Aspergillus amlyase©] 2]t HE
o] 3t 3t awe] ot AP oe-E M oz
AE). wEbs AEF go da F uYEQ] FFo|t AR
of et A= WHAT, FHH o2 FAt] g A= F
Z35F AFEro|IthH(Yu et al., 1996; Lee and Yu, 2000). & -S4k
3to] probiotics&] 448 HIZ3 thFet 71548 7ML Sl
Ao dex|1 e ¢ I S daxd, e GHA, ¥ 3
A TY 38 FEFel izt A7F AW EHA(Gilliland,
1990; Herich and Levkut, 2002; Seo et al., 2005; Park et al.,
2007; Masood et al., 2011) F-AkFo] thgt A+ Fa4d 9 2
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/o] RZtEn o} waA fAE 98-S {74k A4
sho] AR7FE A 4 Qe oMM B TELL {714 1
Z5 AR A o B0l g2 I 27100 el Al
st 98- o, f714ko] et Zgste] of AF(ester) 3
alAE-S AATSHEt) Bofeich, o[ BARIRE SH= Lactobacillus
o] A9 ok, 24, 2ALES ST 0|5 4H9] AR} cthyl
acetate = ethyl lactate 522 g o] &2 3lch(de Revel
et al., 1999).

AR Ao Fxol AYRT A d5= EE WA,
ZA B 58, B B4, A WS 71202 st Al gl
(Lee, 2000; Bae et al., 2007; Baek et al., 2012; Jang et al.,
2013). o] 7]&o) wt AdE fANES RE A A5l
$45to] WiFH O] pHE 4.0 nRke 2 ZhAA T v dE
z2710) Al gt Tt A YL Ao AT ofekE
Ha s Asfjste] AeFe Ats] ¥lo] Hrk(Lindgren and
Dobrogosz, 1990; Kim and Park, 1996; Lee, 2000; Park et al.,
2007, 2012). ©]¢] s 2-2 sl A1F2JokEFAA 7 15 GRAS
(Generally recognized as safe) -FARFO 2 4], oJek-&-2] £4) 5}
oA AT AAo] Aloje FFe] Aol Bttt o] ATl
olelg 2A0] RS SAFS Aslo] AEF FEg 41
o Agoket BRE Rk
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A WA o2 A2g 7H) Az et 15 64531 A5
9% 9l U] W 2 9653 FUste] 1 g2 3 BEY
(0.1% peptone + 0.85% NaCl)©o.2 3|43}t A3 A&
0.005% bromocresol purple (5',5”-dibromo-o-cresolsulfophthalein)
o] 7}=l MRS (de Man, Rogosa and Sharpe) agar (Difco,
USA) vi2] ol =ste] 30°C of A 48417 vl g3t ch. vl
T FHol A 3HE P45k JHES A MRS 124 HiA] &
Hof| 24 =9 5fo] wfjoket ¥ 9 HEEE E2siith

HEF MxE H
2% 523F A oEE WS Belshr] $ist
10% olet&(v/v)o] H7Fel MRS A ef=] o] Ba|dt 73 wlof
N 2% (v/v)E HF5to] 30°C ol A] 48417t B¢k Mg wloFstSict.
wioF & uiz] AollA Seto 2 Aetert FUIeE 45 2445
IXE st Al 4325 Z 59 vk A A pH Fto)
4.0 o312 Y7 g 35 2638 ALSIgT o] FFE F
wloF o] pH7} 7Hg & 9kd JBE 30 #5585 Aldstgch

X5 FZ=o| Mgt

=8| #Fe| 84
A5FEA EAo| mE E42 API 50 CHL kit (bioMérieux,
France)& AR5t A|lF wi ol wet £43, dojl 2
E-2 on-line bacteria database?] apiweb software (bioMérieux)
£ AHgste] ERe Ao E4E vl A4 § 535
St 16S tRNA §2218] A7) Agel 93t 548 sk
universal primer=Z 27F (5-AGAGTTTGATCCTGGCTCAG-
312} 1,492R (5'-GGTTACCTTGTTACGACTT-3")& A5}
16S 1RNA AXE FE511L, o] PCR 4HeS A & €7
A gL sissteh o] 71 A8 ©1-85+o] BLASTN search
(Zhang et al., 2000)2} Ribosomal Database Project (version 11)
9] SeqMatch programo| A A€ AR =7} =& w3E F39] 165
RNA §8% 7| E9E AL, E7] AEe A2 HaE
-?—]’3H CLUSTAL W (Thompson et al., 1994)& A&t A%
BAE 45759 16S 1IRNA §4% A7 IAEEL Bt
Chromatogram4 Hlw ol bl o 2 Ful B85 AT A B
A3t & Tamura-Nei 2@ o] 7] %3 Maximum Likelihood
(Tamura and Nei, 1993)& A}8-3}o] A5t T AF&3) Zhzho)
ATl A Z+ Ao HE FAAF AFH=E AEst] 93
bootstrap £4-2 1,0003] APl o, A% EX 1} bootstrap
H4]2 MEGA program (Tamura et al., 2011)2 AR&-3}3th

OEF2 ==0f| 2 JBE-30 B2 SAIEM

JBE 30 #59] o&t WA SAE 15| 93] ofehe 5
T(0-12%)2 223t MRS A vl z|o) A 30°CojlA] 72417} 1)
kA7) TR 620 nmol|A] L =S 2A5Ec) E3F ek =
Zof W2 v F 4 S FRlsH] flste], MRS HAuR=]
o] oEtE =T E 0%, 8%, 10%, 12%=2 A3 5 2.6 x 10/

CFUImI®] 7-& HE3ko] 30'C oA 96A17F F9t A wiokaled

ouf, e AlZH R A, pH 2 BAEE 2T B
= HjgH S HEMROZ H& X3} 0.005% bromocresol
purple®]| Z7}= plate count agar (PCA, MB Cell, Korea) HJ X
o =gt 5 30°CoflA] 4817k B2t v kste] BAHE M A
4319t} A== 1% phenolphthaleing X|A|2Fo 2 AME-S}
110.1 N NaOH=Z 2 A3} 48]H NaOH A8 §-7|XH%)
© 2 3B TR Al o 2 AARSIFTH Yu et al., 1991).

8714k &F(%) = 0.1 N NaOH A& = (ml) x A$(0.007) x
3| Aufj4= | A &2 (ml)

g 24 =3

JBE 30 #3F= MRS 94| g x]o)| A 30°C oA 200 rpm o2
4817t Bt %1 weFstar AA=2](10,000 x g, 10&) = 45
HE HalHoh AE By 9SH S22 Bacillus cereus ATCC
11778, ATCC 14579, ATCC 27348, KACC 13064, KACC
13066, KACC 13752, Listeria monocytogenes ATCC 15313,
Staphylococcus aureus KACC 10778, Escherichia coli ATCC
11775, Enterococcus faecalis ATCC 35038, Micorcoccus
luteus KACC 13377, Pseudomonas aeruginosa ATCC 10145

F5 ARSIt {3 #+55 NB (Nutrient Broth, Difco,
USA) Hfz]e]] 30°C ol A] 2447} 200 rpm 2.2 21 vikAIZ] &
100 pl (2F 1.5 x 10° CFU)E 2J3) NA (Nutrient agar, Difco,
USA) A x]of] a5 =2 sF¢ich FH o] 6 mm paper disc
£ 28%2 ¥ JBE 30 #39] ujekA((1 x 10’ CFU/ml) .23
Bl AR A4E 20 plE R531e] 30 CoflA] 24417 F2t
HjFSLaL paper disc =910 BAAE FYE St JHE
= FASHATE RF714F o] 9]9] ThE alo 94??} Pt ol
£ ZI5}7] $8f JBE 30 #5-2] ¥ 45 0.1 N NaOHE
AH7¥ste] pHE 6.00.2 283 the 543 o8 3te
= ZRlskeh

SH 24

BE 4 AN Foj7 =2 B
Aot S FE GEFH EL Y 62}% /ol w3t AR
EA A= SPSS program (version 16.0, SPSS, USA) 2] one-way
ANOVAE AAst o 7F 257 42331 Aol p<0.05
oA HEsH

An Y na
MEZ X =F Ad

Z 123%9) A]E—E—i—‘?—ﬂ bromocresol purple (pKa 6.3)2 &
7}gk MRS iR & AMSSt fANFC 2 A= A A A
523%-2 B3ttt o] ¥ 10% ole2o] H7Fe MRS 8]

A A7 sokol ekl pi7t 40 olAtelE 205% T8
=, vkl o] pH7} 4.52 714 =919 IBE 30 #32 & AR
ST AT+ ¥a $ e 5= & Y= 59 €487}
7] whEo] ofehe W] G FL G4 i) B
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Table 1. Biochemical properties of the strain JBE 30 using the API 50 CHL kit

Active ingredients

Glycerol - D-Manitol D-Raffinose

Erythritol D-Sorbitol Amidon (starch)
D-Arabinose - Metyl-aD-Mannopyranoside Glycogen

L-Arabinose + Metyl-oD-Glucopyranoside Xylitol

D-Ribose + N-Acetylglucosamine Genitobiose

D-Xylose + Amygdalin D-Turanose

L-Xylose - Arbutin D-Lyxose

D-Adonitol - Esculin, ferric citrate D-Tagatose
Methyl-D-Xylopyranoside - Salicin D-fucose

D-Galactose + D-Cellobiose L-fucose

D-Glucose + D-Maltose D-Arabitol

D-Fructose + D-Lactose L-Arabitol

D-Manose - D-Melibiose Potassium gluconate
L-Sorbose - D-Saccharose (sucrose) Potassium 2-ketogluconate
L-Rhamnose - D-Trehalose Potassium 5-ketogluconate
Dulcitol - Inulin

Inositol - D-Melezitose -

pH 2 Sasith anEt W27 FA)8ls A2 & 97]
Z7]°]| pHE R3] +5 ] I+ S4& 9t a5 F2413 9%t
2|3 pH (5.0-5.5)°] =2=|A gt} o|u] & pH 2704 A=
L w27 8-10%7HA] olEt2-2 YABIEA 2. n|PEESL APE
SHA "k v 270 Zakdo] gt ARS AJAkste
pHE 4.0 o[s}2 HojTa]= 7-¢, e Al U pHE| 4AE &
S FAE Al 40l BEE Al Aok shaL o]of wh
2} o g x| 9] 48|17} AA ofleh2 AYARE ZHAFITH(Narendranath
et al., 2001; Thomas et al., 2002). Narendranath 5(2005)-2
pHE 4.0, 4.5, 5.0, 5.52 ZA3t 35% maltodextrin B} X o] A]
Saccharomyces cerevisiaeS 48 A|17F v o] o g=-2] A3

92

AbgFo| 272 13% (viv), 15%, 15.5%, 15.8% 2 4] pH 4.00]|A] <]

etS 7FAaZo] 2 AL AT} Saccharomyces cerevisiae
9] 7 ofet2 YAt pH7T 5.3 2 B 1% AN (Shafaghat et al.,
2010) 258, AWt 26 7he-u] 2% pH7F 7H #3td JBE
30E ofleE AP4te] Hgt #2 Akt

=2| g2 83

API 50 CHL kit2 AF&3F IBE 30 #329] 507}4] 4315H4
=2 Table 10] Ro}Elojglon), o ATES apiweb software
ollA A A3t L brevis A3} /J A1} 100% LRS-
L. brevis= 0|3 RAAta G Akt (heterofermentative lactic acid

Lactobacilius spicheri LTH5753 (NR 025579)

Lactobacilius zymaeR-18615 (NR 042241)

JBE-30 (KM 454423)

Lactobacilius brevis ATCC14869(NR 116238)
Lactobacilius senmaizukei NBRC103853 (NR 025579)
Lactobacillus parabrevis LMG11984 (NR 042456)
Lactobacillus hammesi TMW 1.1236 (NR042243)

58 — Lactobacillus collinoides JCM1123 (NR024645)

100

\— Weissella confusa JCM 1093 (NR 113258)

i
0.02

80 [I— Lactobacillus plartarumNBRC15891 (NR113338)
Lactobacillus sakei DSM20017 (NR042443)
Lactobacillus reuteri DSM20016 (CP000705)

Leuconostoc mesenteroides subsp. mesenteroides ATCC8293 (NR 074957)

Fig. 1. Phylogenetic tree constructed from comparative analysis of 16S rRNA gene sequences showing the relationships of JBE 30 with other type
strains. Bootstrap values (percentage from 1,000 replicates) are indicated at the nodes. The scale bar indicates the nucleotide change per site.
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bacteria) 0.2 A SEI} B oju ]l S EFFS T)ALS}S] acetate}
lactate S WA 4 Q= $HS 7K o2 Ba Hgrk

(Kandler, 1983).

RDP (Ribosomal Database Project)®] SeqMatch L2 132
B9 = 9 16S rRNA {37+ G7] A g 7V 77k =&
FH5S 4% H MEGA programoll ] =S B4jshict
(Fig. 1). 21 Z3} JBE 30 w5+ type strain$] L. brevis JCM 1059
3} 714 717he 2ATAZ 163 IRNA $0719) @7] 419 415
732 99.5% (1,362 bp/1,369 bp) Frt. watA] Aekeh HA4 1 AlE
&t BRE 18j3l9] IBE 30 #+55 L. brevis JBE 30 (GenBank
accession no. KM454423) 0 2 W3¢} A& 0|oFEZ o2 ] 7}
AR A& H71E 3 (hitp://fse.foodnara.go kr/origin/search
_data_list.jsp)ol] W2H RS F L. brevis= GRAS #52
e EERC

OElZ2 ==0f 2 JBE-30 #F2| HIUYEM
EEEH 759 o WA SAE Eisk] Y3l g 5
£ 228 MRS A wfz|of| A 30 CoflA| 72A17F viFAIZ] o

& A T=E 33 BHESt v|watgth 1 27 8% T 5

=7 Aol YA Zol7t glolo 9% oA FAadr]

AFPI 10% olgolAe FAS HAE BAthFig. 2). oY

gt Abe e gl o A B E L casei®] B 6% olg-Eo] A

71w olA A QL S43 27 10% o)) ofeE

iR M= F4lo] AL HA =] th= B il(Baek er al., 2012)

9} LS
T4 S0 FZ3 HIE B W 8%, 10%, 12% o2 5

=] MRS A v z]ol| A wjF AJZhof| mh2 A=, FAME, pH

£ 33 vhEste] 24519 o 1 Hy gk v sty chFig. 3).

ogbZo] gli= wiR|olA 27| B, FAME, pHE 242} 2.6 x

10" CFU/ml, 0.21%, 6.49.21}, 24A7F vjoFo A 1.0 x 10"

CFU/ml, 0.82%, pH 4593 48A17F wjolA 1.9 x 10"

CFU/ml, 0.91%, 4.52 vj7|3t 5 7F =2 SAL= ] =23}

Atk 0]Z 7247k Hjekol| A 1.2 x 10" CFU/ml, 0.86%, 4.5, 96

A7+ joFo| A 5 x 10° CFU/mL, 0.82%, 4.52 A== 232 7+

14 4

12 4

0.8 -

0.D 45

0.6 -

0.4

0.2 A

Ref 0 1 2 3 4 5 6 7 8 9 10 11 12

ethanol concentration (%)
Fig. 2. Growth of L. brevis JBE 30 in the MRS broth with different
concentrations of ethanol. Data represent mean+SD of three
replications. Error bars indicate standard error.

B

St QI pHE 24417, 48A17E T2A17E vl el Aot 22 455
IE FAFch FAIEF M= &8k pHE E7g3H
A=Y= o= i 7|7t B AAEE F {714kl FAat
T 2Ako] g uge] HEtd 4= qlok. A4kal 24H9] pKa g2
217k 3.867F 4.76 0.2 ZAto] tfgt zAte] S|zt WE o &
At o} pH 7he] Zpo]7} A7t §HH 8% o[ F ol A] 244
ZH Wi & RS, FAME, pHE Z2F 4.0 x 10° CFU/m,
0.32%, 5.8, 48A)7} BjoFolA] 1.3 x 10'° CFU/ml, 0.67%,
pH 4.9, 72X7} ¥j9Fol A 2.0 x 10'° CFU/ml, 0.88%, 4.5, 96A]
7+ ujkol A 1 x 10° CFU/ml, 0.85%, 4.5t} 72417t uljoF 3o
£ olE2o] glE uix| 2] pHeF 22 450 =2H 3 96A]7F Hj
& Y7k IHE FRIEGE, ol 72A17 i & 2% pH
7} 3742 @Ol L. casei 4F2] At /353 v L= 9 TH(Baek
et al., 2012). E3F vk 72X 77HA] AL A& Z7l81g.0
L} 24 A7k o] 5o Z7} E2 T Fow o] FEF2 pH Atol| A
T vk o33 A= 8% oeke Ty viFo A JBE
309 A& =71 =EA]7)E PR 247K X450 5
2lo] o] oA, FAFE S} pH7L ofghZo| gl By of et 2
2 ol =22 ongict. mebA o] FEE o 8% 9] gt
€ =7 YAS A Akt ez 2Belth 348417 dho]
719 2F ogh& YA pHQ 5.39) 71712 4.90] 2% A}
£ & o, o] I3 8% ulute] ofghZo] A== wjd 27]9
a0l X3 ujjof pH7} =7 3te] Ao oJ3t ofjgh2o] whe Ay
A3t 2 A S7HE SR A0 R A B 10% o
ER2 5ol A] vieF A] 24 A1 77ER] A7t 27E STt o] &
FA2EQoH 487k o] % A o] A9 A= o] FA=}
pHE 2471 0.26-0.28, 5.8-5.9 B9 = 9x|3th 12% ofeh 3hs
v 2] ol A] FAtE 9 pHE v 27 3t Aol Wyt ¢l

st3s
AEFoN ARgShs 52 AHAA A A8k TRt nldE

So] @ EAFEE A7) B AF FohFolt f3FE

o &%

r 3.60
10.00

F 310

r 210

Cell growth ( log CFU/m, Black line)
pH (Gray line)
Titratable acidity (%, dot line)

6.00 ~J
Y I 1.60
F 110
280 A= — = ————a
- -
/// //,/" I 060
-—= = = ===t ==0
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Fig. 3. Growth (Black line), titratable acidity (dot line), and pH
(Gray line) of L. brevis JBE 30 in the presence of ethanol. L. brevis
JBE 30 was grown in MRS broth at 30°C. (m) without ethanol; (A)
8% ethanol; () 10% ethanol; (4) 12% ethanol. Experiments were
performed in triplicate, figure represent mean+SD, and Error bars
indicate standard deviation (SD).
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Table 2. Antibacterial spectra of the culture supernatants from L. brevis JBE 30 by using paper disc diffusion assay. Data represent mean+SD of

two replications

Test strain

Relative inhibition zone"

Bacillus cereus KACC 10004 (ATCC 27348)
Bacillus cereus KACC 10097 (ATCC 11778)
Bacillus cereus KACC 11240 (ATCC 14579)
Bacillus cereus KACC 13064

Bacillus cereus KACC 13066

Bacillus cereus KACC 13752

Enterococcus faecalis KACC 11304 (ATCC 35038)
Escherichia coli KACC 13821 (ATCC 11775)
Micrococcus luteus KACC 13377

Listeria monocytogenes KACC 10764 (ATCC 15313)
Pseudomonas aeruginosa KACC 10259 (ATCC 10145)
Staphylococcus aureus KACC 10778

1.47+0.06™
1.47+0.60™
1.55+0.54™
1.39+0.35°
1.50+0.27™
1.65+0.04™
1+0°

1.65+0.31™
1.66+0.2"
2.240.07°

1.6+0.13
1.5+0.61™

Y Halo diameter (mm)/paper disc diameter (mm)

*4Value with different superscript letter within the same row are significantly different by Tukey’s range test (p<0.05).

o 34 K50l HEUL Al Soe FES 7L,
hydrogen peroxide, bacteriocin 52| thofelt E2AES g5 &

2222 Yeh= Ao g2 g8 A Qltk(Lindgren and Dobrogosz,
1990). JBE 30| -3l 541 Ao At #7217 Rl
8l FFEAJ-E paper disc diffusion assayS o]-&5to] 2745}
A TtHTable 2).

1259] fafid=eoll thet St /-2 1% A Enterococcus
& A2 15) falaol e IS BT 5 93
i1 o5 F Listeria 5ol B3 7H &2 FHEAE 7
3, IBE 30 9] joFolS pH 6,002 243 5| 4] a3}
o @2 A4S AYFS o Fafwtol thaf T2 gAY
ool S320lck. o] AIFES AN B ol F4 pHO
A et DS THRIAEE AMdoll MBS YEA| (Baek et al,
2012), B= g7]AF Ao 2 213t pH A3} | &E(Kim and Lee,
2013)Y == Ut} JBE 30 w57} #7714k A s WAk/d o]
2= Enterococcus w50 WA vt 3t S-S 24 X3 &
AL E o, f71A AP 2 QI3 pHE| W37} IBE 30 #39
st 8499] 3 9919 Ao g 24|t JBE 30 F322] 93]
FEN G W2 B2 WS R RAN S R )
AldEE A § gleng, dha 52t o5 ol o3t 23
2 ‘ZW] sted add Y Ao g Helh

N e

AeT S=xol e T AL d&Fo = oeE A3}
LA B0l W 7 TS AT vFolA 225
B B4 9 165 RNA 407 7] Ao 24
AW#Ql Lactobacillus brevis2 FARAE U 8% (viv) ol&t2-&
= E& 713t MRS HiA] o] o] #55 30C, 96417k et
21 & Bestgon, i £ 2% pHE 4.571A] st
o] IF= FE3t AE B U HUA FEQ] Escherichia coli,

Bacillus cereus, Listeria monocytogenes, Stapylococcus aureus,

o

:|olil

Micrococcus luteus, Pseudomonas aeruginosa®] 3l 54|
A& Vet o] 2aE525E L brevis IBE 302 A&
ofzo] AP FFO2 ALE H 5 U2

2ol g

2 ANES 5EX %2‘3 °4?L*}‘§ HIFHAY: S7F A=
—‘l ) Ul x‘"ZﬂE 7N, AlF-A
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