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Isolation, Identification, and Fermentation Characteristics of Bacillus sp.
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Abstract Twenty one strains strongly producing protease were isolated from Korean traditional Cheonggukjang. Eight strains
selected by sensory evaluation on Cheonggukjong prepared with isolated strains were identified with based on biochemical properties
and 16S rDNA sequencing. Identified strains were Bacillus subtilis MB4, and Bacillus amyloliquefaciens Al, A2, B1, MCI, SB2,

SCI,

and SDI. Protease activities, important strain selection factor, were higher in Cheonggukjang prepared with B. subtilis MB4

(179.6 Unit) and B. amyloliquefaciens SB2 (201.9 Unit) than commercial traditional Cheonggukjang (97.9 Unit). Sensory evaluation
revealed Cheonggukjang prepared with B. subrilis MB4 had flavor very similar to commercial traditional Cheonggukjang.
Cheonggukjang prepared with B. subtilis MB4 (0.0006 Pa-s) and commercial traditional Cheonggukjang (0.0002 Pa-s) revealed
lower viscosities than those of Cheonggukjang prepared with B. amyloliquefaciens SB2, MC1, Bl, Al, SDI1, A2, and SC1 (0.006
to 0.008 Pa-s at 1001/s. Results show Cheonggukjang could be prepared using single strain of B. subtilis MB4, maintaining high
protease activity and very similar sensory and viscosity qualities with those of commercial traditional Cheonggukjang.
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AT A4S ARRSISITE AlE 10gE EERHT 100 mLol|
e - 2% isolated soybean protein (ISP) 24| HHX] o] =kt
of 37°ColA 72 hr ¥ioFesiTh ol FAE e & ol
Frd%Hclear zone)o] YER= vIAES AESH E}”ﬁ‘ A =F tooth
pick WHI8)CF 1% ISP FA|HIA| 1 Hjefalod Frdk &Ago]
e A ES e

o MY 9 protease Y =N

1% ISP MA|wH|el| 4] Frdgte] A vhepet
Ak, 1% ISP A= ol 7
P protease A4S =

2

239 HEE
of HE5 37CAA T2hr FE HHe
CEEELRES ST

O

: 1% ISP 44|
HGkel S 1,159X goll A 2087 AR F Ao A E =
gadoF AREEIITE 02 M phosphate buffer(pH 7.2)% ©]-&

sl 284 FE9 L 06% casein 7| AEYS 77t AR3 &
30°Col A 1087 HPQ"\] 712, 04 M trichloroacetic acids 715}
BH3-& FRAIZL & o3 ool 0.4 M Na,CO,2t phenol]2F
L2 WAL, 660 nmoll M FFEE FAste] BEFAoRN
B tyrosine?] oz $Hilate] BAISIATH19). SUgt HHo g
E5 459 Bacillus subtilis KCCM 328352] protease £H4-&
7R ¥ ass]oh

HIE M=

1% ISP AA XA protease G4 /do] =A| LY 217
#7E AAst] SEAY HE A A el wet Ax
Sl S MAEE 1% qlucoseé 718k 1% ISP A HiX]
& MRSt 28 A5 H4F T 24 he g TR, 600 nmel]
A ZE5(optical density)7} 0.57]- HeE dagdgdow (¢
CFUmL TEo2 245t $wos ARSIt 98 tiFe
Fel 4] 6}%” WEE FYste] 20009 =l 18417 A

sol A F 1200CNA 3027 FAs B8 BE B
o A

2 100 g% 500 mL AHZrE ekl B3kl WAk 1
A 1210004 1587 daele] 50°C HER Yz 3 72k
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subtilis KCCM 32835E e o r HEsiglon zhzke] A
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zero gap: 500 umyg ©]&-ake] 20°Col M =3 SFTHR0).
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A 54e EAR‘& i, API SO0CHB kit(bioMerieux Co., France)E
o]- g3t 497f 9] whAglof gt o8-S FALSte] (ko] A &)

At} 12240% %;Lu] 259 chromosomal DNAS Wizard
genomic DNA purification kit(Promega, USAYE o]&3)] ¥zt

8k Bacillus sp. 779 #2] 78 2 42 54 83

T 16S rDNA sequencing®] AFME3}= universal primer$! 27F
(5-AGAGTTTGATCATGGCTCAG-3) < 1492R(5'-GGATACCT-
TGTTACGACTT-3) primerg ARE-3l PCR $E(22)% ohg, &
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Fig. 1. Protease activities of Bacillus strains cultivated in isolated soybean protein (ISP) broth. Control: B. subtilis KCCM 32835, -@-:
Change of protease activity on 0-24 hr, -[J-: Change of protease activity on 24-48 hr, -A-: Change of protease activity on 48-72 hr.

Table 1. Sensory evaluations on Cheonggukjang fermented with isolated Bacillus strains

Sample Flavor Sample Flavor Sample Flavor
Al 3.2%e MG2 2.8l SD2 2.9%
A2 3.1% SB1 2.4 SD3 2.8
B1 34 SB2 3.3% SD4 2.9
LA2 2.3 SB3 2.1¢ SE1 2.2¢
MB4 3.6" SC1 34 SE2 2.4
MCl1 3.3% SC2 2,97 SF1 2,97
MEI 2.7°04 SD1 3.2 SG1 2,774
*@Same superscripts are not significantly different by Duncan’s multiple comparison (p < 0.05).
A2, SC1 a3 ™3] Bergey's manual of systematic bacteriology 33 7t} Al, A2, B1, MCI1, SB2, SC1, SD12 Z}Z} 95.1%,

HHeDA sk, Feskd g Aeghkd 84S 2AF ¢ A
E Table 29} 2ok F=gols Eeldh 87 #F= Gram 349
7H}°§_ Z7140]H sporeE A3, catalase testol] A WP
2 e} Bacillus® MHEUS 74 T 7 AT 847 A
E48 AFEW Al A2, Bl, MCI, SB2, SC1, SDI< citrateS
o] &3lx] HEsl= IFC2A B polymyxa, B. amyloliquefaciens,
B. coagulans 522 FHEJOM(18,21), citrateE °]§-3k= MB4
= B subtilis(2]) 2= -?—@E]Oir/]- Qe A7z B o Mg

F2tel

AT WHE TUT #FE FAHNen B A A3
& la] 98l 497 Badde] o] 84de =AM A3k= Table

95.5%, 97.1%, 97.4%, 92.0%, 97.1%, 96.3%% FAVEE B amy-
loliquefaciens®. 7}°] 74 HAULHW, MB4w= 97.2% AR B,
subtilis? 7Fo] ERE St B WEE a9 Aol
218 Bacillus sp= B. subtilis(\4), B. pumilus JB-1(16), B. amy-
loliquefaciens D4-7(17) °] RIEAOH, Lee (151> =7}
ollX B. circulans, Brevibacillus brevis, B. licheniformis, B. coag-
ulans, B. subtilis, B. stearothermophillus 5 6 475 £& &4
stk B HAEdNe AFY S/ & viss &g A4
E 837 BA4L AR A3 1 F5FE B subrilis, A 7
T+ B amyloliquefaciens= 7te] FRAEJ W, B subtils

=1

Table 2. Morphological and physiological properties of the strains isolated from Cheonggukjang

Strains
Characteristics
Al A2 Bl MB4 MCl1 SB2 SC1 SD1
Rod-shaped + + + + + + + +
Gram stain + + + + + + + n
Spore formation + + + + + + + 4
Catalase + + + + T + + 4
Acid from D-mannitol + + + + + + + +
Acid from D-glucose + + + + + + + +
Utilization of citrate 2 - - + ? - - -
Utilization of propionate - - - - R _ . _
Nitrate reduced to nitrite + + + ) + + 4 4
Voges proskauer (VP) test + + + + + + + +

DPositive, PNegative, *?: Unknown.
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Table 3. Identification results of the strains isolated from
Cheonggukjang on based on biochemical properties

Strains Significant taxa % 1D T
Al Bacillus amyloliquefaciens 95.0 0.62
A2 Bacillus amyloliquefaciens 95.5 0.60
Bl Bacillus amyloliquefaciens 97.1 0.88

MB4 Bacillus subtilis 97.2 0.89
MC1 Bacillus amyloliquefaciens 97.4 0.79
SB2 Bacillus amyloliquefaciens 92.0 0.62
SC1 Bacillus amyloliquefaciens 97.1 0.88
SD1 Bacillus amyloliquefaciens 96.3 0.78
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Fig. 2. Viscosity of viscous substances extracted from Cheonggukjang
fermented with isolated Bacillus strains. -€-: A1, -[J-: A2, -A-:

Bl, -~ MB4, -l-: MC1, - @-: SB2, - A-: SD1, - X-: SC1, -O-:
Control (Commercial traditional Cheonggukjang).

MB4$} B amyloliquefaciens Al, A2, Bl, MCI, SB2, SCl,
SDIE 7z} wiwdalich,

22 ZFE M=st HIHe HFE 8Y

B. subtilis MB4} B amyloliquefaciens Al, A2, Bl, MCI,
SB2, SC1, SDIZ Axg H=474 2 AlF 2% H4de] de 5
4 B AAE Fig 29 Bk RE NEe USRI S
7igtell wiet A7) HEs faske AEFE Bien, ot
Aas A= FAE] olsiahd 54 AEI Lee 5(10)9
Bel fAkeh AASith AGEEE 404/5904 1001/57F4] ST
Az W AR7] BXxE B amyloliquefaciens SB2, MC1, Bl, Al,
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Fig. 3. Protease activities in Cheonggukjang fermented with
isolated Bacillus strains. Control: Commercial traditional
Cheonggukjang, Al, A2, Bl, MB4, MCI1, SB2, SCI1 and SDI:
Cheonggukjang fermented with isolated Bacillus strains.

SDI, A2, SCIZ AZ% =72 zkzh 0013, 0.013, 0.013,
0.011, 0.011, 0.010, 0.012 Pa-sollA] 0.008, 0.008, 0.007, 0.008,
0.007, 0.006, 0.008 Pa-s2 #adte FME RAC) B subtlis
MB4E Alzd Hadd da 2% A9 A 44
0.0008, 0.0006 Pa-s@04/s)°l41 0.0007, 0.0002 Pa-s(1001/s)=
Ae] W3tz gllen, o|8dt A= B subdlis MBAZ A2
AT gz A% FFFe] g fASE Hx 548 7t
Ae Aow PAegn),

22| FFE2 M=E8l H3ZF°| protease M 3 FH

B. subtilis MB4$} B. amyloliquefaciens Al, A2, Bl, MCI,
SB2, SCI, SDIZ A=4E 24 A= &, &F A9 A% AF
AzAAETE FUT TS 272 v|5Lsto] protease &
e 243 A3 Fig. 33 2. B amyloliquefaciens Al, A2,
Bl, MCI, SC1, SD1& Ax3 F=%2] proteaseA]-> 270l
vlal] wHA et o, B osubtilis MB4 B B. amyloliquefaciens
SB22 A28 =79 proteased 3= 77t 179.6(UnitymL/min),
201.9(UnitmL/min)& thET72] 97.0(UnivmL/min)2c} 53] =
A vERtoH, 535 SB2R Alxd =g dlaFre 20 o]
& A ERRTH

A

Fig. 4. Morphological characteristics of B. subtilis MB4 (A), B. amyloliquefaciens A2 (B), and B. amyloliquefaciens SB2 (C) cultured on

nutrient agar at 35°C for 24 hr.
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Fig. 5. Phylogenetic tree based on 16S rDNA sequences showing

the positions of strain MB4 (A), A2 (B), and SB2 (C) isolated
from commercial traditional Cheonggukjang.
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