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Abstract

1-B-12 strain presenting a-amylase and protease activity was isolated from a local
Doenjang product. The strain was identified as Bacillus licheniformis by 16S rRNA
gene sequencing and named B. /icheniformis 1-B-12. A combination of raw materials
with unpolished rice (50%), rice bran (30%), and soybean (20%) was best for the
enzyme activities. A lactic acid bacterium Zactobacillus casei GW140 was applied for
co-culture with B. licheniformis 1-B-12 aiming at the production of a function-added
enzyme food. Two-step fermentation, where 24 h fermentation with B. licheniformis
1-B-12 and additional 12 h fermentation with L. casei GW140 were performed, resulted
in maintenance of both of the enzyme activities and high level of lactic acid bacteria
cell count. Furthermore the freeze-dried enzyme food sample was stable at 25C for
45 d which was the last day we tested.

Keywords
enzyme food, Bacillus licheniformis, Lactobacillus casei, two-step fermentation

M

H(enzyme)= A e sfehilgol Hofshs SrlzA A Aol 71 S8t #4 3
SOt LA, 1993). =iy AdiARI= HotgmA o] 3l Aguele] #slkz 7i7lele] a4y
o] Wolrle Aol ler, 58] FFUToZ 2% eolo) vleo] AN a0 4t FE%t
AHolthLee er al, 2015). o3 FAIE WHIoER 4F HISTAE B34 AisE B UE a4
(E2TAR) 59 olglr ATHA &2 Tt AlEEol 2715 /e, MM%O_ELHPJ =4
A 22 APEoItKim er al, 2015). HAAEE TRt 549 B4& wol7] A3 57, 3
3 ALz R fEE G40t o5 VAR st vE TadgE B9 1 B4 dolttilee e
al,, 2015). AAAFEE A Al 7HIZ E57E 5 320, 60% oV F7E Eoohs SRALAE,

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/
licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright © Korean Society for Lactic Acid Bacteria. All rights reserved.



Bacillus licheniformis@} Lactobacillus casei 2Tt LE0| CJoff XH|= EAME

dl

=9 Hlolr} 40% o 3 HiotRAAlE, 60% o] T
Lo IAFEAAEC] ATHE R, 1995). 3 fANF
TS BAAF] A4t H8sld 7|54 AstelH
|EE0] 0]F0jR) 3L UtHKim et a/, 2006). °]&3t L=Hox=
tal, Algol wofjsls SA4F0 848l Aoy, &
|5 = FUY 71548 HSoke A @HH o Erlssith
wEbA BAAE ARFAY 2Hg 9 #E2kE Soff BAEE &
23 TSt A e Fol AR 7154
< SHA7I= A7t 83 AJHolt}, & HH= e-amylase ¥
protease 40| 953t Bacillus sp. #5E HElolo] A4A1E
Az ABE #F=E 8o, FAlol f4NE Lacrobacillus
casel w720 EHYE B BATA E AN A SR
o] F 7K E&E At ool

i

|

1

iy M
rlo

fr & o
>~

i
ol

RIS

SX(a-amylase, protease) &M Bacillus sp. ZF 22l
35 WA G AR GAERE S99 B8 2o e-amylase
9 protease B40] 8t Bacillus sp. #F5S ALsI3ch
&, S A& 3.5 g Flstel HE $0.1%, w/v) 31.5 mLe] ¥
31 XA AR5 H(ten-fold dilution method) 22 Nutrient
agar(Difco, Sparks, MD, USA) Halz|o] =2st o2, FAH
Z2Y 30715 SESIT 3R ofgt &5EY ¥ 5 mLe
Nutrient broth(Difco)oll BiUsl, SYAS(EHZST 40%)S
A7kste] - 78T Hasiyltt. His 552 Nutrient broth
oA Al EAst 3 0.5%(w/v) starch®t 1%(w/v) skim milk”7}
Z¥zZy E3HE Nutrient agar FHHHiR] O] H(toothpicking)sto]
15 i & 718 B3l Ssubstrate degradation zone)Q] =
7|12 3ASAS S75sI5iH

=X

i

= oo

A 1-B-12 #529] 548= fIoto] 16S rRNA 547 71419
EAHS o859t} Nutrient agarolA] ¢ B2l3t 455 =
W AJg55t8]A Macrogen, Daejeon, Korea)oll 2Jg]sto] ¢

7]
s FAsIgon, BAE AES R AEaargEAl
EJ(NCBL The National Center for Biotechnology Information)
9] BLAST (Basic Local Align Search Tool) =& 13 (blastn)S
o] &3} A4 (homology) B7F T F45HAtt

2

sAmY

mjo

#

rok
foh

jxi0] 71 Egt My

AnjEd, nREE, RS o]8olo] B 52 A3l Hlge)
SR7AE@TEL(100 F8%), "PAEE(100 59
(100 5%, BUIEE0 5% + TPHRE0 5%, Aol
(50%) + HFEZE30%) + HFEL20%), BrEL(50%) +
EHB0%E THE1, FSEE (0% FEEHE 9 T 100T
oAl 1AIZE S&o1oict. A2 W7 & 1-B-12 9455 1% HEIA
o, 30TolA 7241t B3 HkstHA FAIHCR(0, 12, 24, 36,
48, 60, 72A17H a-amylase®} protease?] TS 45T

=

o =
n

MI

i

Aate] 718 23 WiRQCR B licheniformis 1-B-129} L.
casei GW140 ¥59] 3hfoko] 7153t 24 Ssloith. &, v
AARL FANFO] SANY F2 BAMIFRHI R 1-B-12 FF
> 24 h ¥jF > GW140 HF > 12 h 8P WS EUot] 849
/o] FAEEA FARFY Bt FH6K= 2703 S-sI8IH:

ke

oy

A gkt 24 714 23H100g @RI(50%) + 17H30%) + o
F20%)17 E3telo(1-B-12 1% A% > 24 h Y% > GW140
1% & > 12 h 37H i) AR TAAE ARE Axs o
, 5A7xslo] 10C9} 25ToA Bifoldi] HAHoR 459
ot FAEAS SoTt

i

Ko

oft dlo

20 Y 1

=

U2k

35 i A AR dAREE 49 P 20| e-amylase
9 protease TAJO] 53t Bacillus sp. #FE AUst Ay,
1-B-12 #59] &4o] 95510 o] FF5 FAAE A9 A8t

AN
El(starter) & AF&3FATHFig. 1). 16S rRNA $-42F G714 Hoj

A

Fig. 1. a-Amylase (A) and protease (B) activities of 1-B-12 strain.
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Fig. 2. a-Amylase (A) and protease (B) activities of enzyme food
sample, where a combination of raw materials with unpolished rice
(50%), rice bran (30%), and soybean (20%) was used, fermented
by Bacillus licheniformis 1-B-12 strain. C: no addition of starter;
1-B-12: B. licheniformis 1-B-12 was inoculated as a starter.
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Fig. 3. a-Amylase (A) and protease (B) activities of enzyme food
sample, where a combination of raw materials with unpolished rice
(50%), rice bran (30%), and soybean (20%) was used, fermented
by Bacillus licheniformis 1-B-12 strain alone or with Lactobacillus
casei GW140. 1: Control (no addition of starter); 2: 1-B-12 inoculation;
3: 1-B-12 and GW140 co-inoculation; 4: 1-B-12 inoculation > 24 h
fermentation > GW140 inoculation > 12 h fermentation.
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Fig. 4. a-Amylase (A) and protease (B) activities of freeze dried
enzyme food sample during storage at 10T (1, 3) and 25T (2, 4),
where a combination of raw materials with unpolished rice (50%),
rice bran (30%), and soybean (20%) was used, fermented by Bacillus
licheniformis 1-B-12 strain with Lactobacillus casei GW140 (1-B-12
inoculation > 24 h fermentaton > GW140 inoculation > 12 h
fermentation).
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