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Abstract

In this study, we tried to screen the Bacillus strain having safety probability by isolation of strains from traditional
fermented food, measurement of probiotic properties, and the fermentative characteristics of Cheonggukjang. We
isolated 400 Bacillus-like isolates from traditional fermented foods. Selected strains examined on the prevalent
characteristic such as extracellular enzyme and antibacterial activities, and their safety probability was confirmed
by biogenic amine productivity, hemolytic, and harmful substances and enzyme productivity. We selected the 5
strains by analysis of biogenic amine, antibacterial and B. cereus toxic associated gene. Five selected strains were
examined on cell surface hydrophobicity, and bile and acid tolerance, and we selected the SRCM100730 as the
final strain. SRCM100730 was confirmed B. amyloliquefaciens by 16S rRNA sequencing, and named the B.
amyloloquefaciens SRCM100730 (KCCM11966P). Finally, we manufactured Cheonggukjang using SRCM100730
for confirmation of fermentation properties. Manufactured Cheonggukjang did not contain B. cereus, and showed
that y-PGA and extracellular enzyme activities were superior to commercial Chunggukjang. Amino nitrogen content
was 544.02 mg% and 26 free amino acid were detected, and the bitterness-related amino acid content was lower
than commercial Cheonggulgjang. Especially, the amount of GABA was 3 fold higher than commercial Cheongguljang.
These results suggest that SRCM100730 have high availability in commercial probiotics market and fermented food

industry.
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ARl 4= e Aelth

A FRAFAAN 7P FAA e 8AhRE FFo
=24 (aflatoxin), biogenic amine, Bacillus cereus =422, &
3| biogenic amine ©}| :=AtE WA R Bacillusg 3+
gk WO Hofdte FEe nAEC] ZHE amino acid
decarboxylaseol] 2]&l] &7t2E-231% o] AT A A
A Al 7P 2A FAIA] == biogenic amine 5 59
tyramine?} histamine-> 2+ A3 Al AL TE, 75 5=
frdst, 2 AFdAe A8 4R AR, A4 5 =
AETRAFAAN £ Fde] =¥ e Her W
A3 Y TH9,10). =3+ Bacillus sub-group 19 &3tE TE
2 AL § 545 AASE B cereuses EYG 2 371
ol Ffrote PAER AE AR TE FolA A
AE AL glo] =2 F ] FFHA (KFDA)= 20073
Bl Al ARAIEANA B cerens®] g2 1.0710° CRUJg ©] 38}
= rAlskaL glan), H2elle rdES E8ste] ¥ES
B3 A Fm T el vAdE] Aloj 9 dste] oheket
ATF7F AP = A0l th(12,13).

Z2upo] QY AE S A AES Bl s A%
S dEE F= AES T8, 2001d AAEA
719 WHOOI A “AolSle B R A4 & A& Al <5l
A 798 Jgg nA e BAE F 3 o] F A
Tk Al ® E8E L vk14). 53], 2 A8 4
FHo= Q& Al vvk G, 1Y, olEY] 53
2 Aol AT} dvha deAAHA A2BRte] o]
Fohe A2 ) Zaulo] Qe A G A 27}
b gl Agolthise. Qg oR Zule] ogl 3
= Bifidobacterium, Lactobacillus, Enterococcus, Bacillus <3
T2 GEA e, 53] Bacillus 4 052 75 24
olXE FA st AT o] o Earo] FA st
et A 8IS Hole 5 Zmufo] oF o] gk A7+
© T olol]l AA A& 07 ZgPE 3 dvk17). AA
AlRE I Sl ZRulo] QB 2~ AFES T A
frakt AA|, A H7HIEA Y BdA] So® T2
At JEE e Aoy 2 Aol whaw A=A
Bacillus 4 B£3F Z2Hlo] 08 EAE 7HX| a1 3le Fo =
g glo] 7129 FEA AR A F e
AAE BuE3 rhis).

A B Aol M= AL E A FlA ZEute] o
THFS o, HEFE o R AY9A o] ol 7t
o] $ R 59 2L AAA Eenlo] o8l s Az
Aol 545 2t A=A Bacillus & ¢5F
st 53] A% HaFo|A EAA HE B cereus =
429} biogenic amine A4, 215 F-3l M| Eol| e
A T8 BERE AEE AYsida, HF e 79
Zgubo] QE A~ FFEA EAS Il 9] 3
A 25, Wi, WEs4 62
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ZEulo] Qe a2 F8F F Sl 1
el Mol A g4 z= e
Tt dd ARE AMESISITE Z4249] AR 1 g5 Bt
s 9 mLell £33 §F @] 545} Luria-Bertani agar(LB
agar, Difco, Sparks, MD, USA)°ll =&3le] 30T, 18A]13F
Hjkete] A Fete] deists ztolE o] &ate] 13k
AFseleh 12 A 25 Felr] A B TES frst
= B cereus 5 A A37] 93] Bacillus cereus agar
(BCA, Oxoid, Hampshire, UK) ¥} o] =2H5}o] 30°C ol A]
18717t 218 &k & 5 vl Fd2 14,000 rpmel| A 1073t
AA R G & FA4 S 10% skim milk(Difco, Sparks, MD,
USA) &9 deste] -80To| KAt

Mze T4 #M B4

A3 Fe|Fe Alxe] g4 4 32 D E(19),
Afra, Aol giste] 218k aL, 2% skim milk(Difco),
1% carboxylmethyl cellulose(CMC), 1% soluble starchE Z}
Zke] 714 2 sto] well diffusion W& o]kl S35k
ohoE QARELE BY ZHE HFelFEANA 5
T2 fibrin WA PHEOE Ly AT S
©™, 100 unit/mL thrombin(Sigma-Aldrich, St. Louis, MO,
USA) &< 200 pLE 10 mL2] 0.5% fibrinogen &%(in
phosphate buffered saline(PBS) buffer, pH 7.4)<} 10 mL2]
1% agarose(Bio-rad, Hercules, CA, USA)®} =3}3}<] fibrin
plateS Azt AW Eel5= LB A uj=|ol 30T
A 24713 wi sk, A xd A= A5l g
Aad B2 1 goll 9 mLe] s Hrtste] &3 &
717} 14,000 tpmell A 1023F LA 2 stod #A S A A
ik dEde A EE AHEste Sk

oo 1=

5

WA o|dSol oist g 4 24

12 A9 ] e 32 flal AFW Tl 9l
° 2 47 Bacillus cereus KCTC 3624, KCCM 40935}
e 5 g A doyE Yo g FdAe
AFE5E dod|e At F st Saphylococcus aureus
KCCM 11593, KCCM 41331 AA|TFF2 A3t 0.8%
soft LB agarE A|Z=3}] well diffusion " o2 =73 31%1
o} g 2] #e] 54 R B of ok WA Al
= JAlehe Aoz ezl A4 setol= JAEA A gk
212 hemolytic enterotoxin 721 A} 3E(hbIA, hbID, hbIC)
9} non-hemolytic enterotoxin 3% (nkeA nheB, nheC), emetic
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toxin A AF 2 (cer, ces), enterotoxin T 72 AH beeT),
enterotoxin FM A2 (emtFMyE  Bacillus cereus Toxin
6-plex Detection kit(KogenBIOtech, Seoul, Korea) 3 primer
£ AFste] FAAE FEste] EA8 T IAEL B
F oo tg A2 242 bacilomycin D synthetase
A(bmyA), iturin A(itud), surfactin(sufd) B34 4219
primerE #1238t} PCRE B3 402 F71 S4319th
Z}7}e] A2} primer 2 PCR Z71-S Table 18] %710 wha}
2y seitt.

Biogenic amine M4 RHX U MMds 24

Biogenic amine®] A/d FHA} B oA F-E 24187 €
&l histidine?} tyrosine?] A2} THH KA1 histidine
decarboxylase(Adc) 9} tyrosine decarboxylase(zdc) 71 A<
primerE #|2}3le] Table 12] Z73lol| RS S535}]
Hf AR5 A o, W& E 3 biogenic amine®]
AA| A FE= Yang 521D Wl wet S5,

Table 1. Primer sequences and PCR conditions used to gene analysis

ztzto]l A 8& High performance liquid chromatography
(HPLC, Agilent1200, Agilent Technologies Inc., Santa Clara,
CA, USA)S °|-&3to] Kim S(11)°] 24 =310 we} A
A9

YN U Foll iAMET RelEs MMS 24

A 7o 884 21S fléll 5% sheep blood(MBeell,
Seoul, Korea)E 7 7}sl blood agar HiA| & | =8t o™,
ZYZre] A FFE A = F 37T A 2447 vjks
o F2Y FHd A7]= $e] PR &84S IRl
T} Indole AJ4] &%= TSB(Difco) Bl HZE7H 3 37T
A 24A12F 21 e8| <F3F 5 indole reagent dropper(Difco)S
A7lete] vz o] A WslE YPARE AL
™, phenylalanine agar(Fluka, Buchs, Switzerland) ¥ <]l &
A = F 37T 24A)%F, 48413 Wl dEta 10%
ferric-chloride(MBcell) - 34 W2 H713F & 24 F9¢]
Al WSl phenyl-pyruvic acide] A4 o F-E Qs Th

Target Genes Primer sequence (5’-3") PCR condition
hbPA-F GCTAATGTAGTTTCACCTGTAGCAAC
hbIAR AATCATGCCACTGCGTGGACATATAA
hbIDF AATCAAGAGCTGTCACGAAT
hbIDR CACCAATTGACCATGCTAAT
) nhéBF ACTTATGGCAGTATTTGCAGCAGGA
B cereus toxin
nheBR TGCAACGCTGTAATGCAGTATCAA
nheCF GACCAGCAGGATTCCCAGATGTAAT
nheCR CCACGCCTTCATGTAATTTTTCTGT
ces’-F GGTGACACATTATCATATAAGGTG
cesR GTAAGCGAACCTGTCTGTAACAACA 95C, 5 min — (95C, 45 sec —
TmC, 45 sec — 72°C, 2 min)
by A-F GAAGGACACGGCAGAGAGTC 35 cycles — 72C, 5 min
bmyAR CGCTGATGACTGTTCATGCT
o P AF GATGCGATCTCCTTGGATGT
Bacteriocin
AR ATCGTCATGTGCTGCTTGAG
suP A-F ACAGTATGGAGGCATGGTC
SufAR TTCCGCCACTTTTTCAGTTT
hdd-F GATGGTATTTCKTATGA
o hdeR CAAACACCAGCATCTTC
Biogenic amine
1d®-F CAAACACCATCTTC
deR ACATAGTCAACCATRTTGAA

)
2

hbl, hemolytic enterotoxin gene.
‘nfe, non-hemolytic enterotoxin gene.
)ces, hemolytic enterotoxin gene.

¥ bmyA, hemolytic enterotoxin gene.
Jjtud, hemolytic enterotoxin gene.
9suf4, hemolytic enterotoxin gene.

D jde, histidine decarboxylase gene.

9 1dc, tyrosine decarboxylase gene.
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Urease2] A4 o] ¥ urea rapid test kitMBcell)ol] Z+2+2]
AW 735 53}l vaseline oil(MBcell) S 3 7}ske] 4+
27} 2pehE e R 37° 0ol A 24417 Hlj <k - Ale] WsE
1t 21, B-glucuronidase= tryptone bile X-glucuronide
(TBX, Oxoid) Al Z47te] A9 st55 J4 =4 F
37°ClA 24Xt vl &Fsto] o] WstE Faf S akqitth

ZZ2H[O|QEA AXZMe FHAMEH EM BN

Al B2 Ao R TRulo] 98 A g B8
37] 93 AAAE E4S B4 A WA 2 eES
A AE B A4 B8 ARSI Yk 2 g
F4 242 LB 94| vjA|(Difcoyell 2H2te] Al #F=
A EskaL 30CollA] 18A1%F gt £ 14,000 rpmol|A] 10
AR ke dAE slgete] Zhzke] A wijA o
AEF 37°CAA 3212 18 vl et & 7hzhe] vl 1
mLS #3to] LB 1A ¥R (Difco)dl] =@ate] AH4E
=7 ekith WA S pH 2.03 pH 7.00.2 %23+ PBSY|
WeEs4de 342 A g5 dAE 03%, 0.6%
oxgall(Neogen, Lansing, MI, USA)©] 7}¥ PBS(pH 7.0)°l
AF-frate] St em, 242e] g2+ H7F d A
2 ZAslo] ALgsT) e A 7S gtoz &
ol that u] &2 25 (microbial adhesion to solvent,
MATS) 238 7133} 2™, Doyle¥} Rosenberg(22)2]
He dF AYste] S48k LB Al A] (Difco)ll H
Z3 FFE 30Tl 18417t vl 5 600 nmol| A &%
=7t 047} == 243 3 540 nmolld 3 =S 2435
ATHALD. o2 dEdo 5%2] n-hexadecane(Sigma-
Aldrichy& 713t & $838] 33 & A4 11z
215ke] “332] hydrocarbon phase 2 ©]FH A E2] &
712 AAG 5 FFEZS 540 nmol| A S etk
(A2). ZY7Ye] F33% A} 3hs ollle] Ao tisiste] AlxE
xHe] AFAE AFESISlTh

Al-A2

MATS(%)=100x —

Al : absorbance of initial suspension media at 540 nm
A2 : absorbance of aqua phase at 540 nm after 1 h
incubation

4o P
I
o
0x
o
N
0
P
bl
0x

A 4718 BAS Bl HE A 15

: £ LB 9A| ¥ljA| (Difco)ell A%
stod 30T A 18417 v &k £ 14,000 rpmol| Al 1023t
diEeete] #AE 3]st QlAamp DNA  mini
QIAcube kit(Qiagen)E ©]-8-3F%] genomic DNAE F+Z&3}%]
t}. %3 DNAZ universal primer] 27F¢} 1492RS o] &
sto] 3R TF A e (PrERA 9=

gte] 971 E S =59t AE R 242 Tamura-Nei
model®] 7] %38} Maximum Likelihood BPH(23)S AH-g-31]
2gats) o, A&t Zhzte] AlggrollA 72+ B vt
BAIEAE AR EE 2FEst7] 218l bootstrap 4= 1,0003]
2 A8k T}

=39 M=

A=) Axe oA WEE ARsksl e, FEjrt
2 Wej S Awsted 38] FAEkaL 25CellA 16A17F B¢t
of AXg 5 oF 3083t A= A 2718 AAstw, Pt
g o]l 500 g Hol 12T 3034 Bt F g2l
A 4045C7} H =5 Wreisle) 2 E A we] wig
A& At ARl AeR 33 A F W] 1%(viw, 105
CFU/g7} W == Tttt tix7E 5] 27 A
AAFE A7keta A42te] Al8E 37T, 80%9] FE= 36
AR BEAA ARG AZE] B4 B 9% AR
283131

LI

A& WHEEYN 24

HE A 755 AMESte] Az =g BE 5
A 22 y-PGA(y-poly-glutamin acid)2} B cereus®] 3+,
opn| e A $HEF ¥ fe]opn| At ke Sste] A
stk WA y-PGA o] S A5 wivt 59
T F9d A7 FAEe] HEE Mann 5(24)9] By
wet Solve Aol #7], AR =S & vlaste] 5%
St o, B cereus?] S 22.5 mLe W 2] ASd
25 g9 AHA=FE Htete] £ H GAl 843t
BCA(Oxoid) 1A iAol =kale] A4 Al 7ol &3l
B cereus®] BdTE ATsto] g1tk Alxgk =7
o] ol g A FHFE Formol AR 25)0l 2l =338t
Kom, 10 mL B SFT 1 g9 €F xS =%
A7 E 33 T 4,000 rpmol| A 2087 A4 E2 3 H
0.45 um syringe filter(Sartorius) 2 o] 23} th o7} Al&
10 mLo]l 0.1 N NaOH(Sigma-Aldrich) &2 A}-&-3}o] pH
842 AA3 T E A& oA &H|H 0.1 N NaOH &9
&= ofef Aol tdste] obnlxE] AAa S AHESHA

o

(B-A)x1.0028Cx1.4D<Ex100
F

Amino nitrogen content(mg%)=

: titration value of blank treat(mL)

: titration value of sample(mL)

: factor of 0.1 N NaOH

: nitrogen weight in 1 mL of 1 N NaOH(g)
: dilution ration

HTmgaOw >

: mass of sample(g)
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2 g9 9¥F Az F=A AR
2 233 T 3,000 rpmoll A 1087F

A% Ha ¢ A5AE A3l AP B0z A1831

m T hl

Co., Tokyo, Japan)< ©]-&

2 mLe] Alg £ F3F2] 5% (v/w) trichloroacetic acid =l k=
solution(TCA, Slgma—Aldnch) SAS Hrlete] £33 &
4TCANA 1A17F BFE-A171 3 15,000 rpmell A 10%-7F 94 HE weAZEoczRE FFo 22
He)ate] e FHstk e 500 Ll FE<] 0.02 Z2ulo] QA EAS e nxFS AdE] Y6
N HCI(Sigma-Aldrich)Z #7}8F % 022 ym membrane B WHo 2 AxE FF 100o T 3190
filter(Sartorius) & o] #}8}aL o] 1Ak 141 7](1L-8900, Hitachi SHE ARE WA g4e Tl FHTH SA o wet
Table 2. Comparison of functional characterization for selected strains
Selected strains
Test contents
SCGB 55 SCGB 74 SCGB 149 SRCM 100169 SRCM 100730
protease 24 25 22 L5 19
Enzyme activity ) _
(diameter, cm) cellulase 1.6 12 1.1
amylase 14 12 13 1.3 12
Thrombolytic activity 1.86:008 1.7340.10 1.690,04 1.26+0.06 1.79:0.02
(halo size (cm))
B cereus KCTC 3624 14 1.6 1.6 1.3 1.6
Antibacterial activity B cereus KCCM 40935 1.5 1.6 15 1.2 1.8
(halo size, cm) S aureus KCCM 11593 21 16 L5 10 11
8 aureus KCCM 41331 1.8 13 1.1 - 1.2
bPACD ND" ND ND ND ND
nh®AB,C ND ND ND ND ND
, entFM ND ND ND ND ND
B cereus toxin gene
enk’ ND ND ND ND ND
ces’ ND ND ND ND ND
beeP ND ND ND ND ND
byA) ND ND ND ND +
Bacteriocin related gene itud + + + + +
sutd + + + + +
DPPH radical scavenging activity (%) 11.38+0.31 15.02+0.18 15.71£0.29 20.84+0.22 21.48+0.31
o histamine ND ND ND ND ND
Biogenic amine content )
tyramine ND ND ND ND ND
Biogenic amine hae” ND ND ND ND ND
production related gene td ND ND ND ND ND

The experiments were carried out in triplicate (p<0.05).
Dbl hemolytic enterotoxin gene.

2 ke, non-hemolytic enterotoxin gene.
JentFM, hemolytic enterotoxin gene.
Yeytk; hemolytic enterotoxin gene.

9 ces, hemolytic enterotoxin gene.

9 heeT] hemolytic enterotoxin gene.

7 bmyA, hemolytic enterotoxin gene.
YjtuA hemolytic enterotoxin gene.

9 suf4, hemolytic enterotoxin gene.

" fde, histidine decarboxylase gene.
Wtde, tyrosine decarboxylase gene.
DND, not detection.

4, having target gene.
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°F 400 B9 BUFE 13 Fusgch AEY Fel7E
IO B corews NYH O RF gl AE A

2 Ahgsle] 1000] 39| BelFE guslglon], o iy
o 2, YWY L Tzulo] gAY FAH 5
4 BAE 98 52 80Te] Hakale] AlEald

=
=
W HE TEAEI 2

SIS R <l, = 2
FS2E A 5 nAEe] Aok thde B4 ol
Fol zte @A) S, oliaFaE, AE Tl
231E7] 4% oAk, 2, o] &AFEEHE, aglycone, Al
WAk o Hauo] R Ao Fv Y Ve

Zh= Okt 221 QAREE S A st deA ATh26).
b EElFe] 13 AEE 93] protease, amylase,
cellulase$} e B4 A tieh Hd AFs AAlst
ATk 57 A7 protease®] 737 1.5 em ©]/Fe] &= diF
AU 9E Aoz VYEPE S, amylase$} cellulase®]
L gAY & FES FAshE AR YEwTth &
o AR &4 54 A e T < 50%7t
DA 2] gskom, 2059 EelF7t oF 15 o /de] 24
= Ueil 2 sle Zo 2 SA AT ER A FAA 53]
proteasex= 7 T A& 7hrEaliate] ek ot Q)
obn] =4k, polypeptide $dFoll F&F& FrH 4R e
w(27), cellulase= & A|ZH o] F 74 4721 cellulose
£ wallste] A o] 842 A7) AL, amylase= A
Q1 AMaEe] EH|EAR G| AR SOl #olgttn
Hywa gloj2e) A #E]F S protease, cellulase,
amylaseol] gk EASA 3 ] S7Hd S0l Beol HAs
= 8 Felld B2 T 83 A= B 2=

2T 50 5 AE 38 th(Table 2).

s olMEof chst &7 24 %
& WEAFC] A5 T ey
I oo R Qg A& f3l nAE

A FAsHA "ok 53], 2F9 Fulet ede
=S F0ele B cereus, S aureus= Q13+ 2
d LAY =|H, o] & el dshr] flal &
g g 9 =4 fFAAE 2R e 2R
= & T At H2 Mg H 3 e F
). wEbA A mAagd BAES Bl AEd
TE oz A S Bal 1A= 3t
274319 31(Table 2), oF 30%9] #2571 255
Agel tiet g = Bt de A2 YER
t}. SIRA 9 B cereuss Bacillus < T58 AlEstd o=
FAHAZE =1 54 A5s, TE AAME fidste 54
FAARE Zta gltka g3 9lof(28), ol <F HE f
2 BAE B8l A T e IR gHE

m

o o 0
5
o 2
il A

w B o

2,
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F
o2
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SA L e

2ol o o &
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(¥,
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A A 42 AABITh dtd o g Tl =4
Z+ non-hemolytic enterotoxin(nhe), hemolytic enterotoxin
(hbl), cytotoxin K(cyrK)7} €214 3, FEE fst=
HEelolv EARE cereulide’} BH1E 1 9101(29,30), B
cereus’} A/dskE o2 4zl B {2 105 o)
PCRE Bao] A #30] 54 §14 g ARE 24}
Sk gl A3k W FFE F YY LeIFE AL
TE YRR ) olde) Ba fAA4E Hedw
Aoz Yeh B cerens 54 T FAAE 25 HA5HA]
= 1039 TFF B cereus 54 HVIBA T2 AE
Ch(Table 2). T3}, Bacillus < FE0] WA At A
e A4 gelol= GAYEH S Fdshet THE A
21 bacillomycin A(bmyA), iturin A(itudA), surfactin(surf4)2]
F2H2K29) B AF-E FTIR TAkel] =4 A At
Wt ofu g}l oF glo = 3t A FE o] shEdt
5 Ads7] 913 PCRES A A3 EE SRCM 100730<]
A5 A 24 P FAAE B EAeka e AR
UElst o™, SCGB 55, SCGB 74, SCGB 149, SRCM 100169
© itudA, surfA S BRI Sl o2 gRlE o
(Table 2), &2 ¥ B 51 Fd2 £42 &8 A2
1059 T BT AFE ol =l e 83
4 #7228 heds delsinh

[‘

M #F9| biogenic amine &4

2]
T 3Ry e o] geit A48 E 2te v Edd
of3) frejopn]mito] Gebit 280w A H = Aasket
==, o|2=elF} Elgnle] de] &efA vk Al2e] %
I FA el Fofepr] = A S Ao = 1d
o, dHlEr], 5, FF o2 gty HusHa o
(9,10). AF2] kg SHoA 2 biogenic amine®] -2t
o] el AWA 1 4% A4 biogenic amine 439] T
@ A7E WS 209 Hroz A g ok weh
M FFE o] 8351 biogenic amine®] A4 o F-of gk
ZAP} - S st A¥E dFE o] 83k biogenic
amine H|Ad o] S 918 AFAQ Sl =Bl
ElgilE A7t QA A] ol v F HPLC £41< &3l
biogenic amine A/ AFE ARG Ay} AE 5% 25
2%°] biogenic amines At = AR FAH AT
(Table 2). 5=3F biogenic amine 314 FAA= L2z
histidine decarboxylase(/dc), tyrosine decarboxylase(sdc)
A7t B oAR-2 E91gh A A9 FFollA HPLC 23et
L B RS EAeta A 2 Ae® 2kl
Ao (Table 2), | = Qlal A8 o5 25 235 <HAd
-2l 4 %= biogenic amine A5 FHo® HT HE
2] 3F | Al A7} == biogenic amine2] #-3]|/d <l o sl
AT e YL sk
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S8 Y 7o cHARED RilES MMS

A FFE A4S E hemolysing FEl3le] 445
LAY S HAAT = 85 Efsta =
gk Ayt A #5 25 §8 A FFdoly HEA

Aol 2t 88 U3t ahemolysisE UE= A2
2 35| tK(Table 3). T3+ Z2Hlo] QEl A~ H2 &g
st7] flaliA = HAA| =Rl WA M, S 2714,

EQWHo] Ik weldo] glojof shH, QIAo] Hoj& b

Table 3. Comparison of hemolytic and harmful enzyme activities, and harmful substances productivities for selected strains

Selected strains

Test contents

SCGB 55 SCGB 74 SCGB 149 SRCM 100169 SRCM 100730
Hemolytic activity a-hemolysis a-hemolysis a-hemolysis a-hemolysis a-hemolysis
Indole D
Harmful substances o
Phenylpyruvic acid
{3-Glucuronidase
Harmful enzymes
Urease
The experiments were carried out in triplicate (p<0.05).
Y. no production.
) 3 Aejolofol ATiEL). meky A8 F57} ryptophanase
8 w
& — o) =18l typlophanes Fis}e] AAE) = et Bl B
g B AB B P=11¢0 indole@} phenyl-pyruvic acid, &<tol] THE & 491 urease
Sl B S} Bglucuronidase® A=A S Felah A< 213
¥ g A3} Table 37} Zo] AW o5 25 4 #d 3%
< - _ _
: ; ; AR e Ao HR1so], B FelF ] ket §3
I C e e BRE ALSaE el S5 el
=)
9
3 b b -
<
: ZZHIO|R28A ~MZAM2l §d Y
F Zeulo] OB x TR FE3P] e FRThE
, 2 RSIq AEshe 477} b Fasie, Ao 24
SCGB151  SCGB180  SCGB320 SRCM 100169 SRCM 100730 -
‘ & AT R SprAe] A4t S 4 sle
(B) 73 % 7FA ok BkaL, B2 pHS} a1EEe] HEAkdel tiet
&= AW of gt31). 53] 24591l AEsk] faiA
I oxzall 0%
: T oxgill 03% D] BEAE] ) BRAo] a8l o= AE TH
I oxgall 0.6%

Survival cell content (log CFU/mL.)

SCGB 151

SCGB 180 SCGB 320 SRCM 100169  SRCM 100730

Fig. 1. Bile and acid tolerance of selected strains isolated from
traditional fermented foods.
A, Acid tolerance of selected strains; B, Bile acid tolerance of selected strains.

Error bars represent SD (n=3). Means with different letters (ac) above the bars are
significantly different (p<0.05).
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pH 3.09] ol A 2417t AE&o] 242} 45%, 57%, 12%
ol Ay} vlwahd HF AW #F 55 BF =& WS
AYHEA FA gl tet =2 AdS Yehfo] =2
Hlo] QEl ~2 A b dS A oz FIFHATh
Zgulo] Q¥4 Mk 7|5 FollA] AT} T o] kAl
¥o tigt FRAHe wj§ FQ23 247 Todorovet
Dicks(33)2 9712] #4F w52 2923 Caco-2 Al 3ol
gt Fabgo] AaHdA ) deS Bt

AAA oz TRulo] QE AR ALEE =

£ o]z %] glo], Taulo] QE A EXJo] $altin
AR W FE F2Ht L rhamnosus GG(LGG)S U
Ar8-3191 9™, n-hexadecaned] ™3t F&52 tZ247}
8041%= A Yebsa, Al a5 <F 57-72%2] 35
= AYa = A2 SHEUTh(Fig. 2). Ananthaya
Sansawat®} Thirabunyanon(34)©] }.313} n-hexadecane®l] th
3 AgAo] 25.6% 2 ZHE B subtilis P332 A E F-2Hgo]
Caco-2 Al EoA 4.2 log CFU/mL 23+ A3} 215
fabto 2 vlwet M8 ke o) 53] Al i BT
Baso]l =& Zog 7lgEn £3] SRCM 100730
722%% LGGEF FrAFE %2 A4S YeEh) Z2ulo] o
go] JH Al fele] 4 e 3 va A &
T UE Aoz wEn, okl Vel 2 B4 B4 Ao
M §Fste] Z2ulo| e a2 galy] 9% HF dF
2 Atk

100

80 i

60

4

Hydrophobicity (%)

20

LGG SCGB151  SCGB180  SCGB320 SRCM 100169 SRCM 100730

Fig. 2. Cell surface hydrophobicity for selected strains.

Error bars represent SD (n=3). Means with different letters (a-f) above the bars are
significantly different (p<0.05).
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Table 4. Comparison of fermentation characteristics of commercial
Cheonggukjang and manufactured Cheonggukjang with SRCM
100730

Sample
Test contents Manufactured .
Chungguljang with Cgl‘l’;“m"“g]g
SRCM 100730 221
Content of B cereus 1
- 12 x 1
(CFUj <
¥-PGA activity (cm) 27.00+1.20 8.00£0.45
Thrombolytic activity
(halo size (cm) 3.850.02 8.00£0.01
Extracellular Protease 1.94 191
enzyme Cellulase 1.58 249
ACIVIES ) ylase 229 000
Amino type nitrogen content 544.0244.96 584.006.95
L) o e

The experiments were carried out in triplicate (p<0.05).
. no detection.
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=7 80 em¥} ¥ w3l £ ] y-PGAE Ad A
SR ATHTable 4). B8t A=, W T I FE ©]
UEEES G40 28l oa ddga] S5 2= e
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43 S S A7 @& EZQ plasmin 500 n
g/mL(1.0 Umt)O] 22 cmo 2 e on Alg A o)
A% 378 cm, ¥ #FE AFE3F A=A A 2A] 3.85
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24 179 eme} Bl A Frlske] viFrF Al e
FA 2 o8l A g3l GAE BT AT AS gl
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Hols RISk, 8 e o] 53 758 &4
sto] A=A AZA| T A S| A8 Do) FLsHA
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7kt ditHom Aok wE T g4 4] IR

miru
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"[ISRCM 100730

100

3l Fml 2 A o]-8/do] g Ae RISk ThTable
4). g, Al #FE o] &t Az A=Y A5 B
cereus7} A EEA] ol 7] A=A L EAA Bt
AaEAmat ollgl = HFEAFA EAA HE B
cereus®| ™ g SRCM 100730 52| 23 80 =2 ¢l SH
Frafu]| &0 Aof7} o] FolA kg H=TFo] AxH
g ZAsAnh

ohn| -] AA T UiF EE AFe v Hr=
n| A E=9] protease & Ao ofal T E10] peptide S A A
ot e A P2 sl sk A FolA gt
gto] A=A At AAl AF T nE2H H574ge
ofu| e A4 EFS 280 mg%h OE A0 o,
SRCM 100730 ©|&3le] A3t H=p7do| e 544.02
mg% &2 279 A B A =7 58473 mg% o} H| 523 ok
O 2 Mann 5(24)2] A= L&A 724 271A] ofw] i)
A ko] A& 072 FILot] 425-450 mg%oll =2k
e Budt =2 353 Uehdlal, Zheng 5(26)]

Fol| uhel UukA 0 2 112224 mg% TS 7| =e B
HUe 22 kS 7] 5319 thTable 4). B3 Al A=
T} dul A5 HEAe] ofn| w4k HEkS =% 3lo] Table
59 GERH It A=l A frefobn| Ak

PNO

“ok(alanine,

74| Bacillus amyloliquefaciens subsp. amyloliquefaciens 155357 (AB325583)

Bacillus amyloliquefaciens subsp. amyloliquefaciens DSM77 (HQ231913)

Bacillus subtilis DSM10 T (AJ276351)
%L Bacillus subtilis NRRL B-23049 T (AF074970)
Bucillus atrophaeus NBRC 15539 T (AB363731)
Bacillus atrophaeus JCM9070 T (AB021181)
Bacillus licheniformis DSM 13T (KX785171)
Bacillus licheniformis NBRC 12200 T (AB680255)
] ? Bacillus sonorensis NBRC 101234 (AB681416)
88L Bacillus sonorensis NRRL B-23154T (AF302118)
-Bacillus coagulans ATCC 7050 (DQ297928)
w0l g cillus acidiproducens SL213 T (EF379274)
Bacillus anthracis ATCC 14578 T (KC020169)

100 ‘|Bacillus cereus JCM 21527 (AB598737)

™ Bacillus cerens GTC 02826 T (AB59249)

—
0.0050

Fig. 3. Phylogenetic tree based on nearly complete 16S rRNA gene sequence of SRCM 100730.

All sequences used here were from Aacillus type strain. Bacillus species and other related lactic acid bacteria, based on 16S rRNA sequences. GenBank accession numbers
are given in parentheses. The branching pattern was generated by the neighbor-joining method. Bootstrap values are expressed as percentages of 1,000 replicates.
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Table 5. Comparison of free amino acid content of commercial
Cheonggukjang and manufactured Cheonggukjang with SRCM
100730

Free amino acid content Sample
(mg/L) Manufactured Chunggukjang Commercial
with SRCM 100730 Clunggukjang

Phosphoserine 128.44£1.24" 138.99£2.12
Urea 232.94£1.00 151.59+1.51
Aspartic acid 6.02+0.02 13.720.15
Threonine 7.75+0.04 10.95+0.11
Glutamic acid ND” 88.75+0.84
a-Aminoadipic acid 78.83+0.41 22.29+0.02
Glycine 20.22+0.28 29.67+0.34
Alanine 29.75+0.22 30.16+0.15
Citrulline 20.1840.22 1.06:0.07

a-Aminobutyric acid 6.9740.28 ND
Valine 24.3840.16 25.9040.15
Cysteine 53.29+0.68 49.10£0.36
Methionine 2827+0.28 26514099
Cystathionine ND 20.03£0.21
Isoleucine 15.090.07 18.80£0.05
Leucine 42.01£0.01 68.36+0.04
Tyrosine 58.08+0.09 73.13£0.06

Phenylalanine ND ND
[3-Alanine 47.620.35 45.1610.12
3-Aminoisobutyric acid 36.28+0.41 83.320.35
¥-Aminobutyric acid 28.7240.48 10.33£0.18
Ethanolamine 11752057 1.71+0.08
Ammonia 20.330.12 17.07+0.01
Ornithine 1.5120.07 15.0740.08
Lysine 0.99£0.12 9.25+0.12
1-Methylhistidine 14.62+0.44 97.78+0.55
Histidine 9.01£0.08 27.67+0.67
Anserine 22.84+0.04 41.910.12
Arginine 23214092 44.1710.18

DALl the data were expressed as meantSD (n=3).
IND, no detection.

lysine, glycine, serine, threonine), 2>%t(leucine, isoleucine,
phenylalanine),  7+2 Uk(aspartate,
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