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ABSTRACT -

2013)

We have screened Bacillus strains suitable for the fermentation of soybean products with respect

to the control of Bacillus cereus and the reduction of biogenic amines. Of 26 isolates, a strain named as the SCK A08
carried antimicrobial activity against B. cereus and Staphylococcus aureus, major food poisoning species in soybean
products. PCR analysis revealed that the SCK A08 strain did not contain genes for Bacillus cereus toxins including
nonhemolytic enterotoxin, hemolytic enterotoxin, cytotoxin K, cereulide and certrax. The SCK A0S strain could
degrade histamine, tyramine, putrescine, and cadaverine by 67.41%, 76.59%, 57.32%, and 50.69%, respectively, dur-
ing fermentation in cooked soybeans containing 0.5% (w/w) of each biogenic amine. The morphological and bio-
chemical properties and phylogenetic relationships based on 16S rRNA gene sequences indicated that the isolate was
most closely related to Bacillus licheniformis. Use of the strain SCK A08 would be a potential measure to overcome
two hygienic problems that were frequently faced during manufacture of traditionally fermented soybean products.
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A3} th. Nutrient Agar (NA)S} B. cereus 18] H] =] <
chromogenic polymyxin B-methoprim agar (CPMA) 3 ¥
o FAH FNHE ZtzF 200 ul¥ EFSHL 37°COlA 18
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Biogenic amines 3llsl= & AEsty| S8l +5
7F o] & Thsst ©Aet AAYO R 0.5%<] histamineZt
tyramines $H3te HAM|X| A F24Ho| £ 57
< AT

Biogenic amine 24
Ak FFE9] biogenic amines £ S A

E48t7] fl8l HPLCE st 571 9«3 371+
0.3 gl Z} 16 mg2| histamine, tyramine, putrescine, cadaverine
S =91 0.8 mL nutrient broth (NB)E 7}l Adkal +
] v 02mLE FESIATE HIALE 913 biogenic
amineflo] NB vjA|o] #F8F HEd iz, +9 3
7FeHA] e thERT-S ARESEATE 47°ColA Wi & =
H|E AIEE 10,000 x gollA] 1087F LAE2] sl 42 0.1
mL “$EA 7} 80 uL oMAIE &3l 1% dansyl chloride, 50 uL
23} Na,CO,, w4 Al AxE Zo]7] 93l 50ul WF X
T8N (1,7-diaminoheptane)S 410 45°CAlA] 1A1ZF F &=
A3t NAT FEASE A ELN 50ul 10% proline
o] oJ&F9] dansyl chlorideE A3t ¥ 0.5 mL ether
3% B ARk Bof S ¥ 0.1mL
acetonirile®] =%1th HPLCS] #4102 A4z Cl18
(Capcellpak, 4.6 mm x 250 mm, 5 um), ©| 5732 H,0°] =
¢l 0.1% formic acid (A)$} acetonitrile®] =<1 0.1% formic
acid (B), &% 7AA= 0-10%, A:B =45:55; 11-15%, A:B=
35:65; 16-25%, A:B =20:80; 26-30%, A:B =10:90, 305 -+
&2 ETImLelder 10ul ARS FH3

it nlo

25 5%

Aikro] Aslehs] 548 918 & A= NAHA o
HEBEAL 37°CAA 18417 &t viFaeh. A€ Het
< NAujgdol] 314 & 465 71xuliA] B Ashst vhg-&
Z 4% BCL ID card (bioMereux Vitek Inc., USA)ol 5
AR, 158 7HH22 A3}Eo] VITEK Compact software
(bioMerieux, Vitek, France)oll 5gH o2 A7 B4 H T
14M7F & 5Ao] SR FUTE 16S rRNA F3ake] 7]
Aol o)t #5 58S 913l universal primer=A] 27F
(5'-AGAGTTTGATCCTGGCTCAG-3")¢} 1,492R (5-GGTT
ACCTTGTTACG ACTT-3)< ©|&, 16StRNA FX2&5
PCRE 3% Fol o] Fa 7 97] 9oL =7
3= 1,490 bpEs BigDye Terminator v3.1 Cycle Sequencing
kit (Applied Biosystem Inc., USA)YS AH&-sle] a5t
o] ¥7]4 €L NCBI databaseZFE BLASTN program®4}
Ribosomal Database Project (RDP)2] Segmatch program
(version 3)& AME3le] ZE 4559 16S rRNA FA}
FINEES e o 971 AEE 1o A3 HALE 9
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_‘

3] CLUSTALW Z=213'9& A3 Y. Alse B4
TFE2 16S IRNA F3A 7| EES AEst Az
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A P AR O R gapo] HA3MEEE BA F Kimura's
two-parameter method”2} maximum parsimony method®Z
AR3te] AT Ak Zhzte] AlErellA Zh £
of thet FAH NI=E 4‘} &t7] $18l Bootstrap &1
< 1,00038] AH3PstR o A% 43 bootstrap A
PAUP (version 4.0b)2 AFE-3}3 1.

L

=2ENEN
2Z A3 B licheniformis SCK A08°] B. cereusS]
AV 227 A (nheABC, hbIACD, cytK) TE E4 cereulide
T a4 AR (cesd, cesB), & Z+EA BQlstr] ¢85}
o PCRE AAleATHY. 54 715]%% primers A 2 E
Table 13 2}k PCR 2712 94°CollA] 287+ =7]

, 94°C 1327 WA, 56°C 127k A, 72°C 1327
-‘Jrzé% 303] RHE ]'_L 72°Col| A 5E7F w9t
Aletact.

{

2E a9 B cereus KACC 10004 (ATCC 27348),
KACC 11240 (ATCC 14579), KACC 130642} KACC
13066, 2] 3L Staphylococcus aureus KACC 1621, KACC
1916, KACC 19273} KACC 38815 Nutrient Broth (NB)
HiR] o A 37°C, 18A17F XI&HlF & 200 uLE 7} CPMA
FEHof| FF =3k wljx] Sl 6 mm paper disc(3M)
E Ut 2 AFANA &g B. licheniformis SCK
A08 35 NBulR|ol|A 37°C, 48417+ Zwhul g & 4l

23t FEAE paper disc Sl 20 uLE EF313L 37°C

Table 1. The PCR primers used in this study

o 18417k i 5 £HE 2R 8)E SH5AT. o

£ @F 240 3 SCK A8 w2 Zaege 7z} &«1
HA 2Lo|A] vls ¥ 6 mm paper disc THE| F
273 o 2 Haskith,

A

Protease activity= skim milk ¥-5-81%](skim milk 0.5%,
peptone 0.5%, glucose 0.1%, agar 1.5%)5 A|Z3lo] A&
SF913L, paper disc assay W'HS -85tk AR o
F gy 20 uLE discoll B3I 37°CANA 2141 7F vl <

:?‘_ z] E(Cm)’g‘ =3 ]_O:Irjr

Uy
FE ke HolA ](FD 720, kett, Japan)=

slero 7 =X 3 Th,

pH, ML AT

5. 8%

pH, A4tz e] 542 A58 4X| (Excellence Titrator
T50M, Switzerland)E ©]-&3te] &3k A== A
B 509 575 45mLE ¥ JE3 0.1 N NaOHS
7vsted pH 8.47F 2 wi7bA] AL, o] wje] AHlE 0.1
N NaOH mL+2 A3t pHE ¢ FAs=e 5Y
A Al AES ol8st] AFAARAE SAHHA
HEE AE 10go] SFF 90mLE 7t &3t & ¢
A9 Y =A(Model TM-30D, Takemura Electric Works,

Tokyo, Japan)E ©]-&3t 373 tt.

Primer pair Sequence Target sequence (GenBank accession no) Size (bp)
;11}}11:2}11 ﬁééziiggﬁéﬁﬁgiiﬁ,?g;?% gf\;i?TT Non-hemolytic enterotoxin, nked (AY835995) 935
II:EZ}};E ?ggch &%’Zﬁiﬁgﬁ%&iﬁgﬁ: Non-hemolytic enterotoxin, nheB (AY835995) 972
EEZSIE géggégg?%i’?giii?gﬁgggéﬁT Non-hemolytic enterotoxin, nkeC (AY835995) 930
ll:tt:IIj:IF{ ?TCTC{,A (?Zég](“: ((}}SETTTT CTTT CGACAATQCT}ECC}IQA Hemolytic enterotoxin, 7b/4 (AY822584) 909
II:EIISIF{ iig? ég?gég?gg%g? C? CATC GCTATﬁgcTG Hemolytic enterotoxin, #bIC (AY822584) 957
Ettillg]l; Sé(A:”lTGG"II} &ﬁ?géiiﬁ;giig?g?ééc Hemolytic enterotoxin, #bID (AY822584) 1,059
SR CCOUOMITIOCTATATONT i ok 000931
s:::; gg%iﬂffgg%@gg c Cereulide synthetase A, cesd (AB248763) 662
(c:::glli iéﬁgﬁgi?g,}??? CC CC g:ﬁ%éi%ggr Cereulide synthetase B, cesB (AB248763) 1,161

ctxF TGCTAAAGGAGGGAAGGAACCGT Certrax, ctx (AAEK01000004) 1,000

ctxR AGCCCCATGTACCCCTTCTGGA




OID[’Ef &I (AN) TF

ol ] AAE AE A A ] (Excellence Titrator T50M,
Switzerland)& ©]-§-3to] EAIsIAT). ofr e HA FEF
2 Formol ZAWell F3to] AASIATE AR 2gS FH o}
of SR/ 50mLE 7Febal 1A7F Fet F"E & 0N
NaOH &9 2 A alo] pH 847 43It} o7]d 20
mLe] F4 formaldehyde (pH 8.4)5 ”ISI3Z 0.1 N NaOH
HOoZ thA] pH 847} HEE F3} ATt e
Forol ek viEAdS AAEte] o E] AL FEF

Fasct.

o ofN oo

3= HxE

A Ao ASAFE 9T FSHEE Az
5 150 g& 247 7F 59t Eo 23 F 121°ColA 30%
S SABtAL w5 M gA S HESSIATh v tryptic
soy broth (TSB) ¥X] 10 mLell B. licheniformis SCK A08
7 1 colonyS HEst 244 7F 12} vk th= o] #j
el 100uLE M TSB 10 mLol|l 22 HEslke] 1247
HjFatait. o] mifel S FF=AE ARESHed 600 nmell
A OD#tel 052 24T 5 a2 T TF 2%s HF
SKth o HE F 7 A= 100 g T 500 mg®] histamine
dihydrochloride (Sigma, St. Louis, USA), tyramine dihy-
drochloride (Sigma), putrescine dihydrochloride (Sigma),
cadaverine dihydrochloride (Sigma)e] &2 4L 2zt A]
FHEE AU & EFs8lal 37°CollM 48117k HEAIZH.

el

dsdibe (e EardEddAdy d+4d 10
< ez A 5243 A5l thste] A
AATSHIAL, Az =S Feo® W7t Fol ouH)
WA ), 2t 32 AAA7E =S ez 91 HEW(1;
s Ui, 55 B, 9; ds] $5)°o2 Bl S
Agstdnr. FAA = 2t £ 5 ete] R $A4 =
232 olgste] Had EUAES T

a X
L

M

Fa-3 Aol A R 50F9] ABAF HE
b J=o 25 E biogenic amineS XA IR &L
| 3l= B. licheniformis SCK A08 dF7F #HF Atz
SCK A08 55 NA ujA|o|A] viF &
5 #E3 A3, W] Yok F9E vl
@Bkt =3 At SCK A0S #55 1,500
o] F38} AnAstol A HFHIYS wl Aol wi- &
3 Gram GAolA S YERAT

Vitek BCL cardE ©|-&3to] 46 F/Fe] A3ty AA
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Table 2. Biochemical characterization for the identification of the
strain SCK A08

Test Reaction Test Reaction
B-Xylosidase - Phenylfllamne +
arylamidase
L-Lysine arylamidase - L-Proline arylamidase -
L-Aspartate arylamidase - B-Galactosidase +
D-Mannose + L-Pyrr9lydonyl +
arylamidase
D-Melezitose - a-Galactosidase -
N-Acetyl-D-glucosamine  (+)  Alanine arylamidase -
Palatinose + Tyrosine arylamidase +
L-Rhammose - B-N-Acetylj -
glucosaminidase
B3-Glucosidase + Ala-Ph.e-Pro -
arylamidase
B-Mannosidase - Cyclodextrin +
Phosphorylcholine i D-Galactose )
esterase
Pyruvate - Glycogen -
a-Glucosidase + Myoinositol +
D-Tagatose + Methyl-a-D- +
glucopyranose
D-Trehalose + Ellman +
InuLin - Methyl-D-xylosidase -
D-Glucose + a-Mannosidase -
D-Ribose - Maltotriose

Putrescine assimilation - Glycine arylamidase

Growth in 6.5% NaCl + D-Mannitol
Kanamycin resistance - EscuLin hydrolase
Oleandomycin resistance - Tetrazolium red (+)

Leucine arylamidase + Polymyxin B resistance ~ +

A= Vitek 2 Compact Softwareol] A #2138+ A3} 98%
o] BEZ B. licheniformisZ. ¥-57%|2TH(Table 2). Ribosomal
DNA Project (RDP)Y 55 RE Bacillus i+ 455
e ARESt] ATEES #A3 A3, SCK A8 dF+
B. licheniformis ATCC 14580 @<} 71 7M7ke 2 &
AlZ 16S IDNA A} A<D 75782 100% (1,399 bp/1,400
bp)E B ATHFig. 1). webr Asist B4 Alssts &
FE 385l SCK A08 55 B. licheniformisZ 573
Elia=
sS4y
B. cereus =481 Nhe, Hbl, CytK, cereulide, certhrax2]
FHAAES WFSE PCRS G338t A3, B. licheniformis
SCK A08= ol frddate] oj= A FHyslal A &

ATH(Fig. 2).
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HPLCE ©]&3le] Al SCK A08 o5 7} biogenic
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Bacillus subtds DSM10 (T)

Bacillus tequilensis 10b (T)

Bacillus sublilis NRRL B-23049 (T)
Bacillus mojavensis IFO15718 (T)
Bacillus vallismortis DSM11031 (T)

Bacillus amyloliquefaciens NBRC 15535 (T)
Bacillus methylofrophicus CBMB205 (T)
Bacillus siamensis PD-A10 (T)

55

Bacillus sonorensis NRRL B-23154 (T)

SCK ADS
100
-Ir Bacillus senus 24K (T)
38
Bacillus icheniformis ATCC 14580 (T)

Bacillus altifudinis 41KF2b (T)

Bacillus atrophaeus JCMIOTO (T)

0.005

Fig. 1. Molecular phylogenetic analysis of strain SCK A08 by
Maximum Likelihood method. The evolutionary history was inferred
by using the Maximum Likelihood method based on the Tamura-
Nei mode [1]. The percentage of trees in which the associated
taxa clustered together is shown next to the branches. Initial trees
for the heuristic search were obtained automatically by applying
the Maximum Parsimony method. The tree is drawn to scale, with
branch lengths measured in the number of substitutions per site.
All positions containing gaps and missing data were eliminated.
There were a total of 1386 positions in the final dataset. Evolu-
tionary analysis were conducted in MEGAS [2]. (T) means type
strain.

Kbp

25—
20—
10—
0.5—

M1 2 3 4 5 6 7 8 9 10

Fig. 2. Agarose gel electrophoresis of PCR products to detect
whether the strain SCK A08 harbour the toxin genes of Bacillus
cereus. M, size marker; 1, Nhe A gene; 2, Nhe B gene; 3, Nhe C
gene; 4, Hbl A gene; 5, Hbl C gene; 6, Hbl D gene; 7, cereulide
synthetase A gene; 8, cereulide synthetase B gene; 9, cytotoxin K
gene; 10, certrax gene.

amineS walote TEHS AFHOE FAS A 4 F
g9 7+ 53 mg2| histamine, tyramine, putrescine¥} cadaverine
< H7rgk wiRolA 297 Mg F ©olF amine®E ZH7}
80%, 57%, 69%}F 73% w33ttt Kim 5(2012)°] Bacillus
licheniformis SCK B11+5& ©]-§-3}¢] hitamine¥} tyramine
S 7H2F 53%9) 45%E Halsiitt e Aol Hle] F2
I5 BAFA Sk

T3k AA| SCK A08 45 AR/ FHOZE o875
dol AeA Qe F=7 A ZAlCl histamine,
tyramine, putrescine?} cadaverines 27 2.0%E ¥ 4
g9} Wx] gke t)Zz7o) thsle] FHo] histamine, tyramine,
putrescine3} cadaverine &S HPLCE °©]-8-3te] #4243}

STk 2 A3}, histamine, tyramine, putrescine?} cadaverine

mﬁ ml

Table 3. Antimicrobial activities of the strain SCK A08 against
pathogenic bacteria

Antimicrobial

Test strain Activity Cul_tprea .

(halo size, cm) condition®

10004 (ATCC 27348) 12 NA,37C
11540 (ATEC 14575) 172 NA,37°C
fgl(c)‘élius cereus KACC 108 NA, 37°C
fgz(c)’éléus cereus KACC 1.65 NA, 37°C
ifgélizozclcus aureus 143 NA 37
it?jl}hé}l;)g?gcus aureus 128 NA. 37°C
géllfrhé/l?gg;‘cus aureus L4l NA, 37°C
ng]flflglgggzlrcus aureus 16 NAL37C

*NA, Nutrient agar
"The bacterial cells were grown on agar plates for 18-21 h, respec-
tively.

o] Rl &2 77t 67.41%, 76.59%, 57.32%St 50.69%=
Ueblth ole 32 A3 & SHMA NN TS
HEet] 4ol HA FEF wFatsir] ol S+l
B. licheniformis SCK A08 <57} histamine, tyramine,
putrescine?} cadaverineS #33F Ao 2 A=A}

Kiie i)

B. licheniformis SCK A08 4571 AEZFoIA F=2 &
A= 2S5 ER] B cereus®t Staphylococcus aureus
of ek & &= zheA Y B4 23S Table 3
o] foFatsith. 54 Aol ztol= ULt SCK A0S <+
F= Aol AME-3t B. cereus 453 S. aureus 4% EF°
A& Akt dE ARl *“XH sk FardeE o
T< 7F SCK A08 w9 A& HACCP Al2=H]e]
Yol o2 AEZF A A TrBHiLe-J e A
AT = = &HF digte]l & & Ug Aol

B. licheniformis SCK A08 4-5& wlFwasl A=73 o
o] 7O 7 o] 871sAS elslr] 2ldl paper disk assay
HE o]&3te] protease® o] S S A, G4t
27} 2.64 cm2A AA| B A¥E FFE 24
19l 1.0~2.5 cmdl| Hlsle] &Aoo =A Uehsith

=
ey
71

%gx}gl nIlEL—]
HE SCK A0SHFE ol g3l AxT FFFL A

1D



Table 4. Sensory characteristics of Cheonggukjang

Mean value

stderr: 0.4
Apearence 6.4 min : 4
max : 8

std err : 0.26
Flavour 7.7 min: 6
max : 9

std err : 0.45
Taste 6.0 min : 3
max : 8

std err : 3.6
Overall preference 6.8 min : 5
max : 8

Y 1way
P <0.05

YHFESA7E ol g8l s ST A, 56.67%
= YeQlL) o] Adxte & 1A ] H=ge] 3
o FESHEQ 57+3.13 FASAT pHE 7.8 ©19Y,
HAZAEE 0.55mLoler dxE 0%S et o

Ade 7% 1FFEA W A=73] H+ pHl 7.0+0.8
He WAk dx9 A5 AT diEe A58 HF
ZHE g F {FE7] wio] Ha 42+ 1.8%F YER
=d o AFex= Zr|FHHe] g7l WE] 0%E Y
ERA T

Az =7 OPﬂhﬂ% ag
103.85 mg%E e % Zé‘?%’é}
mg%E LEhiE Ao R %}a%z% 9lom], o] WEA ko]
Az 1207 o3 Aol

ez} F 5 WP/ AR A3, FY Fe
okgh Hel] &3hom AEle HYsiiy AaEY dE
A=A AT 108ES R of HEWoR 7|3
= AR AAR 23S B 9 64, F 773 B 6.0
|, AAANFEE 682 £ H7HE WYATH(Table 4).

O OF gl
a

oF 3l &

Rl

Biogenic amine> T2 Tl do] FRg A5AF 5 €
k7ol =A B ok AR sl e 4
F5 AFSLE H biogenic amine% tyramine, histamine3Z}
putrescine®l] 2]3+ B377} v}, HAEF2] biogenic amine
o thgk QA EAE sty 98l AR/ A=zl
A5ret Wgu|AE FollA] biogenic amine H|AJAY 2 &
el nAES Agste] 402 FE3H biogenic
amine®] W3k EAE AT 5 AS Aolth olH3 &
Ae] NAE el 2 Aol e 53 Ered I
frafldol sl Zgk 43 588 AU, biogenic amine
< ABASEA] &AIRE ol #FE A

Q_H—a—Hl: Ko
= T [l =1
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st AFAZR FTHORL o] &It AS HSSIT 4
BAHOR e AFLEATE THOE 0|83t HF
Az D FFF Az 5o o]&3thH biogenic amined}
Bacillus cereuss P o2 9E & US Fo=
AEE AL, AFEF2 HACCPHES 9|38 HAZARDS
Heshe ¢ FHORE o] §E F US Zlojth S
Foole dd #FYW THOE AT A9 HEHER
et FuE Ak A A7) WRel FHES
AHsHA Z3pe EFLa s B8 Ao Fvr £
< Wk ofyz}, SAEAE Ee 5% ARE AL
g s Aow AT

Aol 2
B ATE FEFARARIEA] A ENEARE (A
3311036-3) 2 2012 AGEAFAESH2H S4 A
dol ol Y= AFY T
H12H
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