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Abstract

When used as a starter in the manufacture of Meju, it is expected that the quality of the soup products can be
improved. In this study, we isolated Lactobacillus strain having possible safety and food-industrial benefits as a
starter. Four hundred and seven isolates were screened from Meju, and chemically characterized for their antibacterial
activity against Bacillus cereus, non-productivity of biogenic amine, and hemolysis. Eight of the isolates were selected
upon chemical characterization, and their antioxidant and B-glucosidase activity was measured. Finally, we selected,
and measured its enzyme activity and antibiotic resistance. Next, we investigated its cell growth, showed maximum
biomass of 3.5 g/L after 28 h of culture. The ingredients of the medium to improve biomass were selected using
the Plackett-Burman design (PBD) and central composite design (CCD). The results obtained using PBD revealed
molasses, yeast extract, and maltose to be significant factors determining the biomass of the L. brevis SCML 432
strain. The CCD was then applied with three variables found from PBD and the optimum values were predicted
to be 5.5% molasses, 1.5% yeast extract, and 2.0% maltose, and the maximum biomass was predicted to be 11.2
g/L. Through model verification, we confirmed that the predicted and actual results were similar, with about 3.2-fold
improvement in the biomass from 3.5 g/L to 11.3 g/L. when compared to that obtained in basal medium. These
results suggest that SCML 432 has high potential in the food industry as a starter.
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o =50l A AAsta e r/1r°ok§} Tto]
AFe] 4 9 flldel o 29 T o
TSt glof AlslH o R A 01%7 3
tH3).

AE AFo|A kAo AHsle] EA7} €=
= Bacillus cereus®} biogenic amine & & ©]E°]| -46 7
o] kAol 1A o2 FA-5-Hh A Fe] AFES 4o
B cereus= A SVl A Exste] S8k PAE
i;ﬁﬁ X]—Eoﬂ 7].%1— .é;ﬂ ooﬂgt _Q_oﬂoJ 01_1/]_01@"
B cereusel| 93l AE = Soe AA B FES fidoio]
AEN7IEE TECE AR U S8 VIES 1 g ‘j 10*
CFU(colony forming unit) ©|3}2 A|3}aL ATh4). ©] el
W AT AF W B cereus®] A3EHE Qe =24
shehA W S o] &ate fraflde Adsh] flg AFE
2Pt o (5), H o= B cereusoll Wldte] gtd/do]
223 84 nAES Feslo] AE Y A2E TS
Asfete Wil tigh A7t JEA o2 o] FolA| 1 AUk
(6). Biogenic amine< ©}7|=4ke] G4 HE-g-o] 93] AAE
© AR AAsRHER ndEd ogh IR oA &9
st Il AEHEe 45 Solv #AA Ha e
84 F shvelth. T 2 dlAY S T2 AEete
U TR Fo] TEHAY FallE = AelA T2 A4
7] wfzol] # ol HE7FFolA biogenic amine o= 913+
A o] A A ¥ 5 3}9-‘:’4(7), JJr AFAA 7, Ad A
o A dgS x|, dH biogenic amine] 7 -$-
N-nitrosamine 2} 22 7}l gt WtE2 2 Hed 4= 9=
AANGE 2 e Aoz HaFm rkg). FleMe
biogenic amine A73+5 &l Avhd ZAPY, 2529 NaCl
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Biogenic amine &4

Al & ‘l‘-/] H‘E 178 ol A biogenic amine°] A3/ ¥ =

Aol gk AF-E 2157 $3l Jeong F(16)2] el
upel Zbzke] Ta]—,-cﬂ] g+ biogenic amine ¥4 345}
ok ®2l5= 7} 1,000 ppme] biogenic amine 71 -A| <1
tyrosine(Sigma-Aldrich, St Louis, MO, USA)3¥} histidine
(Sigma-Aldrich)°] 7% MRS A vjx] o] & F3ste] 37C
oAl A 24413F e F Bkl o, Zhzhe] ) & 15,000
pmol|A] 3027 AaltE] & 72 A 3Tt EE
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S92 0,01 N HCIl| ¢F 1 g/L7]' == A 23 3 0.1-100
mglLe] TEE T 34 & A FHAE AT Als
S43 FFEY 05 mL FHE F WERESEY 1,7-
diaminoheptane(0.1 g/L, Sigma-Aldrich) 0.25 mL-2 % 7}3}
a1, 33} Na,COs(Sigma-Aldrich) €< 0.25 mL¥} 1% dansyl
chloride(Sigma-Aldrich) 0.4 mL-S % 7}3F 3 45Tl A 14]
7t Bt F=A13) skt ©]F 10% proline(Sigma-Aldrich)
025 mL< 7}8kod dansyl chloride(Sigma-Aldrich)Z #] 7]
3}aL, ethyl ether(Samchun, Seoul, Korea) 2.5 mL< 7}5k<]
3t A& F Aede HsISlth ol & A4 w574
HH38] A T k] E-2 acetonitrile(Duksan, Seoul,
Korea) 0.5 mLe| *°]3l 0.45 um syringe filter(Sartorius,
Frankfurt, Germany) 2 ] Z}5le] HPLC #-41& 93 A8 2
AH-&-3FA T

]/\]‘? = Nutrient broth(NB Difco™) HHZ] oA 37C, 24

AIZE i £ SRS S35t YT 5 (0D, 04)F
0.8% agarS H3-3F NB soft agar Hj =]l % 7}5ke] o gl #]
E Az AHE FAHES MRS HiR]ol| A 37T, 244]
7+ Ak wjokslod 15000 pm o2 1083F YA R & A
A #3sle] 0.45 um syringe filter(Saﬂorius)i A3 H 6
mm wellol] ZH2F 33T 5 5 30Col|A] 244]7F vl &k
sto] Z171e] well R A7 AIgRe] A71E S st
g FRlstdh

SEY, FOUCIARIE ¥ RAlES MM 24

Al e S8AE FIsk7] 998te] blood agar
base(MB cell, Seoul, Korea)°ll 5% heep blood(MB cell)&
A71ste] wiA & Azttt AT FE blood agar HIA|
o HEF 37Tl 48131 v s }04 T = A=
ge] P s B8l &84S &9 0}9?\‘3} Frafl thAHHE
indole, phenyl-pyruvic acid®] A4 oFE& &1L WA
tryptophan®] ©olv]=38l2 Qlsle] YA E = indoles A

F7F AAskeA] ERIshr] et ZAzte] EelFE
tryptone soya broth(TSB, Difco™) 2 A|uj =] o] HZF&}ta 3
7CoAA 24A17F 8 F $ indole reagent dropper(Difco™,
BBL Sensi-disc, Detroit, MI, USA)ZS A 7}sla F=77
EE F30% dl #iA E¥ Yehde A WSk indole
A o F-E EQ15}S]T] Phenyl-pyruvic acidi= phenylalanin
agar(Fluka, Buchs, Sw1tzerland) Hj=of] E2]FE HF3l
37Tl A 24, 4847t HH & T 10% ferric-chloid(MB cell) &
e AV & AT TR &H Hsl2 3l gl

3k, 3l &429) urease= Urea rapid test kit(MB cell)©l
AHFTE % Z3}t2L vaseline oil(MB cell)= #7}she] AF
A7) AFctE AR 37°CoA 4241 7T vjeksby A WIS
ZRlate] urease A AF-5 <15t} B-glucuronidase
< tryptone bile x-glucuronide(TBX, Oxoid, Hampshire, UK)
izl o] 2] FE5 HFoke] 37TColA 24, 48713 vl F =

o] A W3S gelste] Bglucuronidase B 55 &
215k
ghitst gM 24

kst &8 Ryu 5(17)9 WPl w2l DPPH free
radical 27522 ZISk3Ith 100 M 2,2-diphenyl-
1-picryl-hydrazyl(DPPH, Sigma-Aldrich) ethanol &< 1 mL
of] 200 yLe] ¥l dEH& 7kste] A-2ollA 3027t BEEA|
71 % UV/VIS spectrophotometer(SPECORD200, Analytic
jena, Jena, Germany)Z 517 nmol| 4 EF =& 7319 th
PRI MRS WS ALaistent, okl g el
o] DPPH free radical &7 %S =313 th

DPPH free radical scavenging activity(%)=(1—;§)X 100

A : Absorbance of DPPH solution with sample at 517 nm
B : Absorbance of DPPH solution without sample at 517 nm

B-glucosidase 84 &3

Al Fa|Fo] gt Soll #AT = Bglucosidase TS
=7 3}7] 913 MRS brothol| exculin Iron agar(Difco™)E
Z3slo] MRS-EI WA 2 Al 25t} A gad 3322
MRS-EI ¥l %]o]] 3] F3}le] 37°Co A 48713t wjokat & 7}2}
of 22y TR A WStE Belucosidase B/ EAT =
Zelski .

APl ZYM kitg o|8st 48
dwrd o2 mAEo] A 247 1fo fal A4 H
Fool thek Al et Aol ek 5o AolsHl
5“4 ureba AETTe] FAGH S ERIsH] Y5t &
19%9] 745 &40 7148 o84S 712 AXE AP
ZYM kit(BioMerieux, Marcy-I'Etoile, France) & /\}9”3]—01
o} A §-AHES MRS agar HiA|ol| A A =tale] 37T
o] A 48217t v ¢Fet Z =S 2 mL suspension mediumoi|
A H-5-3843L, 5-6 McFarland = €152 2H30] 7} tubecl] 60
LA 843 37°Co A 4A13F w3k & ZYM A€ ZYM
BE 7} wbeel] & &4 Hojre] 1 57t A-2efA] Rk
AA A WgtR 747te] 71 Zhe| tigt E4 o5& a5
shoitt.
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SR AT 24
M @Fe) YA B o RE BekE st
NCCLS(National Committee for clinical Laboratory

Standards)®] T} 2~=L ] 0 2 A5t AHE-gF 348
A Y 2ZBBL)= amikacin(30 pg, AN), amoxicillin/
clavulanic acid(20 pg/10 pg, AMC), ampicillin(10 ng, AM),
cephalothin(30 g, CF), ciprofloxacin(5 ng, CIP), colistin(10
ng, CL), doxycycline(30 pg, D), erythromycin(15 pg, E),
gentamicin(10 pg, GM), lincomycin(2 pg, L), kanamycin(30
ng, K), neomycin(30 pg, N), norfloxacin(10 pg, NOR),
streptomycin(10 pg, S), tetracyline(30 pg, TE), trimethoprim/
sulfamethoxazole(1.25 1g/23.75 pg, SXT) & 165 AF&-3}
Aot AEE #FZE Mueller hinton broth(Merck, Darmstadf,
Germany)©ll &3tal 37TColA 5AIZE vkt & 05
MacFarland(BioMerieux) 2 9¥3] Muller-Hinton agar(Merck)
o =@ty 307F A xste] 1659 FA =3 E
& 37TCoA 24A17F WA = 2t Aol gk oA 2ke]
=715 S35k CLSI 7hel =gkl whet 22t A
= Wk

o| #x|zkof CHEt time course profile
HjFslAA A S ARSI 37°ColA 7241783t

150 pm 2 Wj<kstel BAH ST ON, 4417 B2 AEE
gssiel Z2tg FAY 5L A ARE AHHAT

™

wgele A% BAYY FRES S50 45IHS
Ayaidon], FHEE N 1 mLE 13,00 pmel A

A 2] 75 10 mLe] AlE2 13,000 rpmel| 4] 30%
A B ERTE ol&st] At

80N o] =2 w7« Az & A FAE =74
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Plackett-Burman design2 0|25l HiXx| M& &g
SCML 4329] A A< 913k v 249 A Rkl
Plackett-Burman design(PBD)2- 2 A]5}91t}. Table 29} 7+o]

A 47 HME4E &2 9Y 63 (glucose, sucrose, maltose,

ol

lactose, fructose, molasses), 2 4~¢ 4F(GOS, yeast extract,
tryptone, peptone), 712 3F(K,HPO,, KH,PO,, (NH,),SO,),
71ef v A4 25 (MgSO4, MnSO,) 22 15719 A5
Tttt 247t A2 27FA] < (high level(+) 2 low
level(-) 2.2 Wro] aets] s, AR gkl digt se &
299 A S-S 17413 gLE Ao, A4
2 1248 g/L, 7714 64 gL, 7|E} v|FL 4 06404 gL=
ARttt BE Ade 33 vk S35 Bolo] st
3L, PBD A3 913 A3 A9 3l 42 Design expert
9.0(Version 9.0.3.1, Stat-Ease Inc., Minneapolis, USA) 2=
O AHESte] A 5T

Table 1. Comparison of biochemical characterization for selected strains

Strain no. SCML 199  SCML 377  SCML 379  SCML 380  SCML 432  SCML 467  SCML 504  SCML 507
Identification L brevis L brevis L brevis L brevis L brevis L sakei L brevis L brevis
B cereus
15 18 14 16 15 12 15 16
Antibacterial ~ KCTC 3624
activity (mm) B cereus
KCCM 40935 15 14 14 16 17 17 15 16
o Tyramine NQ" ND NQ ND ND NQ ND NQ
Biogenic amine S )
Histamine ND” ND ND ND ND ND NQ NQ
Haemolytic activity y-hemolysis  y-hemolysis ~ y-hemolysis ~ y-hemolysis ~ y-hemolysis ~ y-hemolysis  y-hemolysis  y-hemolysis
Indole D
Phenylpyruve acid
B-glucuronidase
Urease . + + + . . + +
DPPH radical 12515017 984:0.01  670:018  850:017  27.15:019  2000:031 2097045  2111:029
scavenging activity
[B-glucosidase activity +44) ++ + ++ . 4+ 4+ 4

"Not quantified.
2

)

Not detected.

Negative effect.

“Positive effect.

Y44+, 15-19; ++, 1.0-14; ND, <10,

w
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Table 2. Plackett-Burman design with low and high levels of selected fifteen elements and response values

Source Factor S{urg};?l 1 Coded _ values m
Glucose Xi (%)
Sucrose X, (%)

Carbon source Malose % (8 04 3
Lactose Xy (%)
Fructose Xs (%)
Molasses Xs (%)
GOS X (%)

Nitrogen source Yeast extract % () 04 2
Tryptone Xy (%)
Peptone Xio (%)
K,HPO, X (%)

Mineral KH,PO, X1 (%) 02 10
(NH4),504 Xi3 (%)

etc. MgSO; Xu (%) 0.02 0.1
MnSO; Xis (%)

Run X X X X Xs Xs X Xs Xy Xio Xit X Xis X Xis R?I’(Z/ni;’”
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8.966142
2 1 -1 1 1 1 -1 1 1 1 1 -1 1 -1 1 -1 9.0086
3 1 -1 l -1 1 -1 -1 1 1 -1 1 1 -1 -1 1 8.889302
4 1 1 1 1 1 1 -1 1 -1 -1 -1 -1 1 1 -1 9.152288
5 -1 1 1 -1 1 | -1 -1 1 1 1 1 -1 1 -1 8.799341
6 1 1 1 -1 1 -1 1 -1 -1 -1 -1 1 1 -1 1 8.431364
7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9.025306
8 -1 -1 -1 -1 1 1 -1 1 1 -1 -1 1 1 1 1 9.113943
9 -1 1 l l l -1 l -1 1 -1 -1 -1 -1 l l 8.146128
10 1 1 -1 -1 1 1 1 1 -1 1 -1 1 -1 -1 -1 9.287802
11 -1 -1 -1 -1 1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 8.525045
12 -1 -1 1 1 1 | | -1 -1 1 1 1 1 -1 1 8.585461
13 1 -1 -1 1 1 l 1 -1 1 -1 1 -1 -1 -1 -1 8.439333
14 -1 1 -1 1 1 -1 -1 -1 1 1 -1 1 1 -1 -1 8.993436
15 1 1 -1 l l -1 -1 1 1 1 1 -1 l -1 l 8.729974
16 -1 1 -1 -1 1 -1 1 1 -1 1 1 -1 -1 1 1 9.371068
17 -1 -1 -1 l 1 -1 1 1 -1 -1 1 1 1 1 -1 8.720159
18 1 -1 1 -1 1 -1 -1 -1 -1 1 1 -1 1 1 -1 8.690196
19 -1 -1 1 1 1 1 -1 1 -1 1 -1 -1 -1 -1 1 9.113943
20 1 -1 -1 -1 1 1 1 -1 1 1 -1 -1 1 1 1 8.975432
21 1 1 -1 l -1 l -1 -1 -1 -1 1 1 -1 l 1 8.20412
22 -1 1 1 -1 -1 1 1 1 1 -1 1 -1 1 -1 -1 9.352183

Dry cell weight by Lactobacillus brevis SCML 432 cultivated at 150 tpm, 37°C for 28 h. The experiments were carried out in triplicate.

YResponse was dry cell weight from L Arevis SCML 432.
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Central composite design® 0|88t HiX|] HE
Sk FHs}

PBDE Bol H% AuE 7 vl ARl HA vEE
A% 317] 9130 central composite design(CCD)< ©]-8-3F<q
Z}zk wjA] el v s A 5E 218 skiT) Table
33} Zo] 59 W4 EE molasses(X)), yeast extract(Xy),
maltose(X3) & 3709 &S a9l "= AAsialon.
5709 ol A ARAL S FHHATE 2A FRE

Al 9 PBDE Fall AFE 891 Rk ® ARHS %18
SR o™, 5% seed Bl IS ZZke] AE Aol HFol
Hjeko] FaH T gt Az WA S3sle] vk
(N2 AHgsisith 43 2715 E3+e & 167] 73t
RS WA om, A7l BY Wl e B4
(v, A% FAHE ZP3te] 7 % AREA shgom,
AN Rd4 e o33 g

ﬁ,.l

il

Y= 50+ﬂ1X1 +ﬁ2X2+ﬂ3X3 +611X1X1 +/6)21)(2)(1
+ 522X2X2 + ﬁBlX?)Xl + 532X3X2 + 633X3X3

Table 3. Central composite design with five levels of selected
elements by the result of Plackett-Burman design and response
values

Symbol Coded values

(unit) 2 -1 0 8
Molasses X (%) 1.0 2.5 4.0 55 7.0

Yeast extract X (%) 0.5 L5 25 35 45
Maltose Xs(% 05 20 35 50 65

Response”
Y (gL)
1 538

0 13.38

2 8.05

1 11.04333

2 9.046667

1 11.16

0 835

1 6.11
1

0

0

1

1

|

0

Factor

g

X X, X3

O 00 3 N W B W N =

11.16
823
8.566667
5.53
453
10.33667
3.05

16 0 0 0 8.34

Dry cell weight by Lactobacillus brevis SCML 432 cultivated at 150 rpm, 37°C
for 28 h. The experiments were carried out in triplicate.
YResponse were dry cell weight from L Arevis SCML 432.

—_ = = = e
N =]

1 1
2 0
0 0
1 1
0 0
1 1
0 0
-1 1
1 1
0 2
0 2
1 1
1 1
1 1
2 0
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o7IM Y& £ Wl je A, Be IAAsR
AEANS 93 ZRIaYOZE Design expert 9.0
(Stat-Ease Inc.)& AH&-SIATE & F 2o ek A5 4]
= flote] Hd3 3 %—{M 9 7IEsAlFE =Sl
o, AR 948 A 18l SPSS20(SPSS Inc., Chicago,
IL, USA)< ©] &3 }Oq o OJ H| 2] F-4HE2A (one-way ANOVA)

= AASHATE & A o] ¥ SAAH Fo8 HEES
p<0.05 A sttt

HFZRE 47 2al
Lactobacillus & VA& AF 213, X/iz—:']._%‘ % “l}@l 2]
o Wol EA| 3, FalAlTe] F24& ox
FeFae] Fseol tta HawHg] (18) Ul}a]r’ﬂ
Lactobacillus < VAE< 287 $l8] detae o3+
oA AEHA o2 Az v <F 180 T2 HE St
= nRo] Mete] Fejd E4] wha} ok 47Ee] el
£ 12 AEston, MRS dAujA] o FFate] 243t
HH%W} T o AT fg AlEE ARESEST

2a|F9| B. cereusoll et g
HFERE g £ ﬂ—? 7S Wz A F5s
kel H9A v EQ Bacillus cereus KCTC 3624,
KCCM 40935) 250l gt ?ﬂ':ﬁL XS well diffusion B
= B3 SHsIth A EEF g ) o] Al
Foll tie gt A4S Kol AR RIHla, 239
faln| s 25 gt g SAE ke BEFE 107
Fo golgnt. I 5 it FAJo] SCML 199, SCML
377, SCML 379, SCML 380, SCML 432, SCML 467, SCML
504, SCML 507 8©] 232 Alg 3ol gl gt &S
AYm &4 A7 % 78S 18 tHTable 1). YR
° 2 B cereuse AT AFES o7 frEdoR

g A lom, HZ AFAAN Budillus < PAYES ]85t
o nAE ofs) A== At B o5 WA dF
£ Ak A1F BHEA R ARRE 2 lem(19), FH 2=
Bacillus ©| 2|9 %= Lactobacillus <5 TH+5 283 21E HY

# oAlehe SRR AgH T
ﬂ‘% o] =& FF 8%

S A% BAS 93 72 Ay,
= 16S IRNA 37 4714 £4 % EoH T g A3
A Be|F= Lacrobacillus brevis T7E2} Lactobacillus
sakei 1502 S E 0] 4F W AHS- 7 g T FdE 21l
sH3

°]°1(17 20) O]E“’}‘ FrAkst
blogemc amine 2 3l &
8= tde
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Biogenic amine &&k

A2 AENE 2 29 = Q22 ot u=, J7A,
AT} & 9§ 2] 3Eol| 4] biogenic amine©] o}v] At EE
AEE S e AR o8 7E, 5F, gUE]
AW S do7itty HuEa 9121 (9,21), hlstannne-J
7 8-40 mg °o’F A FE T Sl 2Astn
tyramine®] 73-%- 100 mg ©1% HAA| S5 S7do] LAYt

I EuE T UTh22). webA] AEE 8FY el FE i
© = biogenic amine B FF& ARSI oM, 1 A¥
89 HelF BT HEEA| @AY FEEHA &= AA
Fall gk 4= o] 5+9] histamine?} tyramine©] /3% = A=
golslgl on, E3] 352 E2]F SCML 377, SCML 380,
SCML 4327} A8 A=A &= o2 1 THTable
1). Biogenic amine /3= SA817] flal L= v|ABA
o 2 A7s} #55 o] 835t HF 24F Foll AHEsta
A= FAoIM, Lactobacillus <1 23] biogenic amine AJ/d
A B Aztste] ek A7t X 2 A9 g K
53 Aeko23). mekd Ay FelF 8% B FF 4F
T HEE E3 AlE 7N Al biogenic amine YA T2
&t A & e Tted S

T MRT= 2’?_0}»\

ofrt
o

0)

SHY, FolchALE W RalEs Y

484> 1453?7} a3 = dAYsh= PdA e 283t
2, ndzEe oal BHEE 544 =4
A Agom pAY, AAl W &
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A Well AEAQA ARE 714 2thed). weh A
F8E L e g g3 el A Ax \:I]PH/\UG
623/\ o] hemolysma /Kg/ﬂ o]-/‘(] =l 7(463_‘11. EL_Q_ vq_q o}/—q
231 hemoglobine mehemoglobin©. 2 Z$tate] =Y F
Ho| Aol SHUE A= a-hemolysis?t 7H8-A
hemolysin®]] ]38 A& vk vly)sle] F21 FH0| T

W3 == B-hemolysis?t 5 #EEA] ko, A
2 48 g2l 31 y-hemolysise] &S e = A
o2 2RIH U TKTable 1). Tho =2 trytophanaseoﬂ o3
trytophane < Ealsle] YA EE @t #A fa) E2Q
indole®} phenyl-pyruvic acid, &tol]l #THsI= T4
urease?} B-glucuronidaseol| t8te] 3 T4 A AR5
gRlstr] 91ek A Aasial o, 71 Z 3= Table 17}
2o A 285 8%l diste] indoleZ} phenyl-pyruvic

Table 4. Enzyme production profiles tested by API ZYM kit and antibiotic resistance of L. brevis SCML 432

Enzymes SCML 432 antibiotic SCML 432
Control R Cephalothin (CF/30 1g) ND?
Alkaline phospatase - Neomycin (N30 11g) s?
Esterase (C4) + Lincomycin (Ij2 11g) ND
Esterase lipase (C8) + Doxycycline (Df30 pg) SS
Lipase (C14) - Tetracycline (TE/30 ng) S
Leucine arylamidase + Gentamicin (GM/10 1g) S
Valine arylamidase + Colistin (CLy10 pg) ND
Cystine arylamidase - Amocicillin/Clavulanic acid (AMC/20, 10 ng) SS
Trypsin - Ciprofloxacin (CIP/5 ng) ND
a-Chymotrypsin - Streptomycin (D10 1g) ND
Acid phosphatase + Norfloxacin (NOR/10 ng) ND
Naphol-AS-BI-phosphohydrolase + Kanamycin (K/30 pg) ND
a-Galactosidase + Ampicillin (AM/10 pg) SS
B-Galactosidase + Erythromycin (E/15 pg) SS
3-Galucuronidase + Amikacin (AN/30 11g) ND
a-Galcosidase - Rimethoprim/Sulfamethoxazole(SXT/1.25, 23.75 11g) ND
B-Galcosidase +
N-Acetyl-[3-galcosaminidase +
a-Mannosidase -
a-Fucosidase -

Negative effect.
positive effect.
INot detected.

9SS, 1.620; S, 12-15.
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acid, B-glucuronidase= =5 A=A &= S Rl
O}, urease®] 7% SCML 377, SCML 379, SCML 380,
SCML 504, SCML 507 & 5%°lA A&= AT} 2 2oll=
olgfgt f3ll Taie] $F gl tidt TAES sldsk] flsl
21E] AHgshs HE nAES] Rl 2 AYdo] e digh
o] 2= 1 glon, A A FdA Eeldt frkte
A5 frefl o] S JAgt BaEo|(17), wEl 5
8%l gt BAS AAste] 3F9 EE]F SCML 199,
SCML 432, SCML 467°] all &4 tigt P E =2
TFUE 3

22|Fol Sitst gy

AU theFet vEgoll 93] A== superoxide anion,
hydrogen peroxide, hydroxyl radical®} 22 &4 kaE A
A g4 9D o] Absld &3-S oA Ho| FHAt
o] £33 ek 58 frddith SRIRE A fikte] B4
A, v EAA S B GHANARE &
Aol ZAF 1 o] & Q) =35 JAlghe F23 IS
25). whebA] ShA] e Bl 8%
= ez ksl 29SS4 A2 SCML 432, SCML
467, SCML 504, SCML 507°] 20% ©]/%9] &4ts}l 242
Helom, SCML 4327} 27.15+0.19% % 7} =& 34k3}
95 Ad #5721 AKTable 1).

Y
>
e
55
2
s
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B-Glucosidase &4

2] F 8FS o2 MRS$} esculin iron HjA| S &3
3le] MRS-EIE 53l B-glucosidasec]] th3t &4 o] F-5 &
Qg+ AZH= Table 12} 2t} 8% £2]5 5 SCML 199,
SCML 432, SCML 467, SCML 504, SCML 507 %5 5%
HE|57t B v} vlasie] 4o w2 3o R FR1E
o} fabtol AilelE G4 % B-glucosidase= WA 3}
e FYATIE B gA Jlon, 53] e ER
2Zo] £ A7 2 AL2EE 59 isoflavones LHEA ©
2 gAY FeE EAljsk=d TRE B9l sl A
8} B-glucosidasedl] 23] f2lotvn|iitoz BaE 1 &
e felotv] w4k diadzein?} genistein 5 2-Z 7 3kE| o
A el FEa et &3 w3 vty BRauwn
A TH26). Wb B-glucosidasedl] th3t S-S 2t dFE
Z83to] AR aAES AT A5 T 7= ZA
SHE Aoz 7=, <A gt biogenic amine
A 5, kst 24 S =2 284S Za B
-glucosidase®l] Wt S = -3¢ SCML 4325 AR
2 Ee &8 7l THoR HFT AHEA

—

APl ZYM kit ol8% SCML 4329 4 4
T A SCML 4329] thefeh Alxe] gaef 44
o] RE Bolsly] 918l API ZYM kitS o] &3] ¥43

Z 3= Table 49} 2t} SCML 432 esterase, esterase lipase
o] G4 zta lo] A Ao tigh ks B4R e
a3} g3 S| 788 Aoz A=, protease T4
leucin arylamidase, valine arymidase®]] o3t €42 Ay
ANE AS FAsFITE L3, lactoseS glucose} galactose
2 Bajel=t #Bodsls galactosidase EAol thak Aol
et 2d ] 2 F502 ] el 1085 78l
AYE FEWS tgh O g J3gs = &
Ue Ao RIS o] 9ol = Fall &do] Aol &
AE S A Troll A gluculonic acide} 2 3ste] 544
do7|m o2 Qs il Aletell ofal ¢to] FdEtin

le]

st

H

et WAol gl AF Mg R AMEE A
ofa 7154 Asl % WA= APERE QIs) Al o

a17] e gl TS TNl DACA ikl A T8
gk 2l 4= Q1A E 3 JIvk28). ek HF Ad 5
SCML 432¢]] thgt A iS58 3 A ¥ Table 49}
Zo] doxycycline, amocicillin/clavulanic acid, ampicillin,
erythromycin©l] ta}e] 50| A& =) 2™, cephalo-sporin
Al] cephalothin, lincosamid A€ €] lincomycin, quinolones
Al 9] ciprofloxcin, norfloxacin®} amino glycoside <€ <]
streptomycin, kanamycin 2] Aol thdt AYA| WIS
AYa &S ddalet olH e 23 Jeon 5(28)°
w29 Lactobacillus <5 w57+ A tig WS AE
A5 A At o= Hol7t 7t A o8
= Qg B Zakte] Dol AslEe s s Zethal
H3E3 9o AFH o m AHEs] A 5 A
] T8 A5z 489 F J& Aotk

>~

oA MF =A

Fig. 1o]A4] E.i= nke} o] SCML 4329] 22 4] 442
ZALsE7] f1ell MRS Bl A] ol seed ¥l S 5 FstaL 4A17F
Ao = el SR B A dAgs S 2,
4N R Aol FTLs7] AlEfste] 28413t 7HE 5
T A el en, o] % A} stk wik
28717l = 199 35 gL Ax dAFe s A
A&E B om, maha HA wjd A2k dirr]ollA %
710 Eoi7t= 28A1te 2 ARSI ol e gt Ai=
Jeon(29)°] E.113}+ L brevis BH-212] A 33} 28l
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A3 o, Jeon 5(28)2] L brevis HLIS0 757} 2447t Plackett-Burman designg 0|&%& HiX| &2 M

o Ar) 242 Uehigiche Astst sAkS golsisic L brevis SCML 4329] W)} 27 vjok 24 22 93
AT Rl WS EHEEAE S AAlst o, WA &
. Az 220 A4 WA A S 98 AL Ao
Agow 77 golo] A HAE S BAY 5
g 20 5 %)= Plackett-Burman designs ©]-8-3F] 33t 24
Z = & A% WMol mE ZF 15709 AdrRun)ol] ek whE-gk
S 5 S = 2] 5] by 3|
S 15 = Ql Az FAKY)E 33 vHE SA k] Hiks ol 8ato]
@ = ~ ~ 1_
g 2 Aol A&kl thTable 2). 242+e] W7E dA el =
g 3 B A plot Fig. 29k 2om, B thgh 41
2 o TES 9998% % Ve Whg-grell tiek A3 Adte] A1F]
05 a Fo] ml§ =28 g1t} Sucrose, maltose, lactose,
molasses, dipotassium phosphate”} ¥ 4=2] =20 F7}8k=
0.0 - = . =
= A Fo] S7F8k= positive effect 29102 Q1% ¢l o
Time (h) ™, ol&]e] MFe o] TS dA ol daste
Aoz gRlE At Bgh SCML 4329] A% Z7lol gt
Zzte] el G AL, pvalue 5 A% 5ol
g ¥4 235 EE molasses 99.99%, maltose 90.17%,
14 | 14 | 14 | 14
12 | 12 12 12
g 10 g 10 g 10 g 10
2 8 2 8 g 2 =
E & B i | & & |F b ¥ E 6 LF > * g 6 |F " *
=1 a =1 A i a 4
2 2 2 F
-1 0.5 o 0.5 1 - -0.5 0 0.5 1 -1 0.5 o 0.5 1 R 0.5 0 0.5 1
A Glucose (g/L) B : Sucrose (g/L) C : Maltose (g/L) D : Lactose {g/L)
14 14 | 14 | ] 14
12 12 . 12 12
10 10 ' 10 10
g e |F = T F & - E s |F = | 8 6 |= . "
a s s ., s
2 2 ¥ 2 2
0 1 1 I i o 1 i I o 1 L 1 1 o 1 1 1 1
-1 -0.5 o 0.5 1 -1 -0.5 o 0.5 1 -1 -0.5 o 0.5 1 . 0.5 0 0.5 1
E : Fructose (g/L) F : Molasses (g/L) G GOS (g/L) H : Yeast extract (g/L)
14 | i4 | ] 14 | | 14 |
12 | 12 | 12 iz
4 10 10 g 10 = 10
5 8 g 8 § 0 5 8
z - - & L: w - T 6 L3 i -1 L s %
R g . s . g :
4
F] 2 2 2
o | 05 =y A . L Al s . . . o L o
5 0.5 o 0.5 1 -1 0.5 0 0.5 1 =1 0.5 o 0.5 1 - 0.5 ] 05 1
J: Tryptone (9/1) _ ) K : Peptone (g/L) _L: Dipotassium phosphate (g/1) M : Potassium phosphate (g/L)
14 14 | 14
12 12 12
- 10 10 10
é’ & % 8 g 8
= % - i| B L = () . v )
§ 8 g s § 6
4 4 4
2 2 2
0 : ; ° ; : o .
A 0.5 o 0.5 1 -1 -0.5 0 0.5 1 - 0.5 0 0.5 1
N : Ammonium citrate {g/L) O : Magnesium sulfate (g/L) P : Maganess sulfate (g/L)

Fig. 2. Main effect plots for media constituents on biomass production of SCML 432.
The greater the slope, the greater the likehood that a main effect is statistically significant.
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yeast extract 76.76%, potassium phosphate 78.64%E T8
i dsicim 9. ded S 49 U SE
A o] ek plot 23}, A7 52 ¥l dlo] molasses,
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A% WA JEom Auadt. 59 wad % sl
molasses®| 787 P& HIF AFSE A8 A v E A
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Ao R Aetdd.

23832 A257 A3E (2018)

Y(Dm'edcellweight) = 8.234792 + 2.675625 X molasses
— 0.10312 X yeastextract + 0.276875 X maltose
— 0.05458 X molasses X yeastextract
—0.12792 X molasses X maltose + 0.29625 <

yeastextract X maltose — 0.0325 X molasses>
+0.013333 X yeastextract’ + 0.050833 X maltose®

-3k Rtdete] AE mdo) gk Ak A
3} .ﬁJé ﬁ]—?(RZ){— 0992 vl =2 FodS Heom,
A & 3} 9.13E07= 005Kt} Yo}
7HE }\Elz‘g utﬂo] )¢ AzskS glolslgdh el A
ol hstel A i WS JERN] FEA G

Table 5. Effects of various medium constituents on biomass production from the results of Plackett-Burman design

Vetr)igia le E(fEfi? Coe(fgsient Sum of squares F-value p-value (fg\l/léild?%c)e
Model 6.61 39247 50.33 0.0002 99.98
Glucose 0.30 0.15 046 0.89 0.3891 61.09
Sucrose 020 0.099 020 0.38 0.5660 4340
Maltose 0.65 0.33 2.14 4.11 0.0983 90.17
Lactose 0.18 0.092 0.17 0.33 0.5930 40.70
Fructose 6.71E-004 3.355E-004 2.251E-006 4.33E-006 0.9984 0.16
Molasses 8.78 4.39 385.73 741.98 < 0.0001 99.99
GOS 0.25 0.12 0.30 0.58 0.4811 51.89
Yeast extract 0.44 022 0.96 1.85 02324 76.76
Tryptone 0.12 0.058 0.067 0.13 0.7337 26.63
Peptone 042 021 0.88 1.69 0.2508 7492
Dipotassium phosphate 0.28 0.14 0.38 0.73 0.4311 56.89
Potassium phospate 046 023 1.05 2.03 0.2136 78.64
Ammonium citrate 0.073 0.036 0.026 0.051 0.8306 1694
Magnesium sulfate 0.012 0.062 0.077 0.15 0.7164 28.36
Manganese sulfate 0079 0.039 0.031 0.060 0.8169 1831
Standard deviation 0.69 Press” 63.05
Mean 6.57 R - square 0.9927
Coefficient of variation 10.57 Adjusted R - square 0.9743
The predicted residual sum of squares for the model.
Central composite design2 0|83 Hix|] ME< W = UFE}]H? @iﬁ—r(cvocomglem of variation)
35 g0l v§ wed deldg

ST 23F3
PBD 298 F3f Add

maltose(X3)2 4 F=5 4

molasses(X), yeast extract(X),
Asl7] 98l ccD RES A

Fola B3-S AAlEth 579 ol A APS
FHst Az FA S S5t WEah(Y)= A3
ow, A NS E3 F 16712] APl A 233t
Atk ZHzte] F& W] thgh vhg-gh-2 Table 30l YERY
N3, Az dA el gk 39 WP A ol ek Zrh

T 3.05%2 Wzt A

(Tabe 0. el W & el SRS Arh el a3
sk voiA] 274 W 1%H heiel B we
142 goletel MY 9GS U3 AAE Fg 30
derglom, A3 e molasses 2} maltoses] 7%
el 2 el SATE Aadad, 4%
Ao A ALY Bl dSH 7} el 17
X+ molasses 5.5%, yeast extract 1.5%, maltose 2.0% =
d=z9lem, olue] Ho) Al A FE 112 gL o=
==

_LUE = -
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Table 6. Analysis of variance (ANOVA) of central composite design for improving biomass of L. brevis SCML 432

Source Coefficient estimate  Sum of squares  Degree of freedom Mean square Standard error F-value Il’Jr(:/l?llll?%
Model 8.234792 1169112 9 12.99014 0.166718 204.4687 9.13E-07
X;-Molasses 2.675625 114.5435 1 114.5435 0.063013 1802.95 1.14E-08
Xo-Yeast ext. 0.10312 0.170155 1 0.170155 0.063013 2.678292 0.15284
X5-Maltose 0.276875 1.226553 1 1.226553 0.063013 19.30632 0.004599
XiX,? 0.05458 0.023834 1 0.023834 0.089115 0.375154 0.562686
XiX; 0.12792 0.130903 1 0.130903 0.089115 2.060455 0.201176
X X3 029625 0.702113 1 0.702113 0.089115 11.05147 0.015918
X7? -0.0325 0.0169 1 0.0169 0.063013 0.266011 0.624467
X, 0.013333 0.002844 1 0.002844 0.063013 0.044773 0.839427
Xy 0.050833 0.041345 1 0.041345 0.063013 0.650775 0.45062
Residual 0.381187 6 0.063531
Lack of Fit 0.381137 5 0.076227 1524.548 0.019442
Pure Error SE-05 1 SE-05
Cor. Total” 117.2924 15
Standard deviation 025 Press” 3.09
Mean 8.27 R-square 099
Coefficient of variation 3.05 Adjusted R-square 099
Adequate precision 53.710

Response model was suggested quadratic model through the lack of fit tests.
UP-value, probability distribution value. p-value less than 0.05 indicate that the term is significant.
XX, XiXs, XoXs represent the interaction effect of variables X, X,, and Xs. Xj5, Xpn, and Xy are the squared effects of the variables.

3)
4

SCML 432«]
TE

Dry cell weight (g/L)

Fi

FAE 7
432 W gd 5%5
%;q] S _z_xq ?7

ol 4] SCML 432-4
o =% 11.2 g/L9]

Cor Total, corrected total sum of squares.
Press, the predicted residual sum of squares for the model.

d3lel 5
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B : Yeast extract (%)

1
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HjZ] o)A L brevis
A5 ASs] flal HA wiA o iz
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wje¥atel Az

22 11.30.06 g/L& CCD ﬁdri
sl o Ahas Felsg o,

C : Maltose (%)

3 -0.5
A : Molasses (%)

HA S Fesl7] o] d 2T 3.5+0.1 g/Le}t H|wate]
7.8 gl T7kate] < 32uf9] A "ol SUHe AAE 1l
3} th(Fig. 4). MolassesE U] gAY o 2 o] &-& 73"?‘
frabte] A SR ol 2} lactic acid®] A3 =

Z7ketta w9l em(30), £3] BaeB)E 7|1 % E&
202 molassesE AHE-EH WiA] o] 71 & A ALk
&8 Yela, S CE maltose® UEOH, L
plantarum SK13059] 3% H3k F7fstl on, SCML

Dry cell weight (g/L)

C : Maltose (%) B : Yeast extract (%)

Fig. 3. Three-dimensional response surface plot for maximum biomass production of L. brevis SCML 432 at varying concentrations of:
(A) molasses (X;) and yeast extract (X;), (B) molasses (X;) and maltose (X3), (C) yeast extract (X;) and maltose (Xs).
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432 W3} molasses} maltose”} T 8910 2 AElE]o] 7|5
Ax S7tele w4 A3E Eolslgith
AEH o R B ATollA = vF2RE TR E A

Zg3l7] 93 faks EEska, AE el Eel o
3t g, biogenic amine ¥ F3l &2 tigk AAJof
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Fig. 4. The comparison of MRS (basal) and optimal culture broth
after incubation for 28 h.

The experiments were carried out in triplicate (p<0.05).
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HjoF 3 28A7 ol A Ao A Fl 34734 gLo] HAZ A
FS Folsia, o] & Hte g A A A4S 913 uijA|
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A AR E 3] 24 teR dAlE ST tid A
9 A L& CCDE &3 &<lgt 23} molasses 5.5%,
yeast extract 1.5%, maltose 2.0% = ©|wj o] TA|F2 112
glLE dSHith R HFS St 5H 2d
AA AR7F Fo S elation, 71wl wjA] <}
v wakd S W A ako] 3.5 g/Loll A 11.3 L2 °F 3.24)
S7HetAT &% 715 AF 2 AE TEAFE AXE
e o R &8l Asire 4] AEl td 7%
A Az T A7 oA, B AFE B8 Tl
EZ U s v 715 9 kS Aum,
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° 2 AT A S ZSEFATAI L] = of
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