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Isolation and Characterization of

Bacillus velezensis SS360-1 from Seed Soy Sauce
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Dept. of Hotel Cusine & Baking, Jeonnam State College, Jeonnam, Korea®
Dept. of Food Engineering, Mokpo National University, Mokpo, Korea?

ABSTRACT

Four bacteria harboring proteinase activity were isolated from seed soy sauce. Thereafter,
their proteinase and amylase activities were assayed. Among the four isolated strains, one strain
that showed the highest proteinase and amylase activities was selected tentatively as a starter
culture for soy sauce and its characteristics for soy sauce starter culture were investigated. The
selected strain was identified as Bacillus velezensis based on Gram-staining, spore—staining, and
16S rRNA gene sequences and finally designated as B velezensis SS360-1. It showed high growth
(Ago=1.00~4.55) at 0~12% NaCl concentration. The optimum NaCl concentration for its growth
was 3% NaCl. B velezensis SS360-1 also grew well at 0% NaCl condition; however, its growth
was dramatically decreased after 12 h incubation at this condition. The off-odor production
ability of B velezensis SS360—1 was investigated using portable odor measurement and GC-MS
analysis. B velezensis SS360—1 showed definitely lower production of off-odor compounds than
did B. subtilis KCTC 3014, which was isolated from fermented soybean. Moreover, B velezensis
SS360-1 produced 3—-methyl butanal and 2-heptanone, compounds that are considered as pleasant
flavored—compounds for soy sauce. These results suggest that B velezensis SS360—1 can be used
as a suitable starter culture for soy sauce.
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e F5 A DRAA wiYkE mTE AREgt
SHAZHY, B ARd Y58 EREste] w3l
& METTE AMSRE d2, T2 A8dite
2 7R F SR ARk, 2Eal A
< HaARl o7 To 2 BRI QItHlee & Park
Safety 2017). ©]
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A= Aspergillus 25,
FgolFe} tlEo] Bacillus &0 Fa5 &S
ot B1ET lti(Yoo et al. 1999; Kang et al,
2000), o]¢} o] AzFH HF = Grol Fo] 7+
slo] kg gl sdo] =M, o] FAL FgolR,
Bacillus & 2 RAXat o] N7 28]z §79 4
Zh-g-of| eJate] o] FoIXITHCho & Lee 1970; Lee &
Cho 1971). &Ado] B 25l o=} &) #H

Mucor 43, Rhizopus <5 52

< 7R F e r dEm, o] 2 SN
TH D2 T dt, o] "Aoj|ar gduto] 3he
o =gk wid e AR ' w o]l Alxd b
e F7IE A7FR sto] 71 AUte AHHL
2 fFAsH=S stk ol& ARPEel=t skar -2
Ut FrteliMe A, e de dales ARV

HEStY Q7% Sl P S AR
WeteE w A= g e nho] V1ol A
B} ARl FEE e olfe AR =
Ashe wan|gEe] wa A8 moltt, AE
7 2a g sAdls wegolwol g FaEabdl
o Thedal] AR ool Bt} gl #ojdhs ol

24 g A2 Bacillus £:0] $83F 9&ks 3=
AoZ BIFEI tiKwon et al, 1986; Chang &
Chang 2007). & AZ < 7H3e] &E 9 &4
= A|2o] AlzH wFe] Tl Fajje} R #3)
g3t tiEo] AP H7tell ofste] Azdie]

FuAEo] 7] bt S AXshe ZloR AlR
b, /7] HEn| B Bacillus £5) G EAE
QqEozm Aol ol TA o} 42al~Z=u Wd7ke]
o Z|7hlE A EE A7 AT S 9l
o] o]2 Mg 7 A=A HrpshH EApe] o}

9 2F AgoR o) wa - Sol Bl &

(¢}

= Aoje] 7l AlzH
V@? wejstel ol

4 WA A= &4 9 JA8E £ 58 AEE
Ak, ol9} e AFE FIle] EelwFe] e
7 &g 7FsAd gk Vx AR E ATkt

1. #F9 =2

depdte Aeje] 7Hgelx AlzEo] e 71 1
wEole APEE AR FHsh AR 1 mLE
AA5F 10 mLoll TR & £x1xo g 8|43}
31, B lg 100 pL B 200 4L Fske] Hhu)A|
o =&tiel. o]l wiA|:E= Luria broth(LB, 1%
bacto-tryptone, 0.5% yeast extract, 1% NaCl, Difco,
Sparks, MD, USA)ell 2% skim milk(Difco)2} 3%
NaCl& F71eE viA1E ARg8ltt. == 37C
oA 24212 HleFBAN 7} ek chala
F A0 93] skim milk7} F7HE SHiA| A FHEE
Yot 2RUE Ao Aushar A%

T+ TSB(Tryptic Soy Broth, Difco) oA|ujj =
| 2~38] AlulleF F streakingdlo] &5EEE &

HE S
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2. 22| #F9| 842 (protease, amylase) S

] el ofsf ALtE o] 84S S5k
QJste] RedFEYEH 2gANS FHlEth
gaFE AujeFete] LB AAMIA 1% HFskaL
24 Rt v AAER9,950%g,
4¢)ste] 43t v A2 membrane filter(0.45
p#m pore size, Advantec MFS, Dublin, CA, USA)=
Aldle] g AN o 2 ARREFGTE Proteases S
=22 Boonyaras 59| 2]} azocasein= HE
k] =435 THSookkheo et al, 2000), 7]AE2E=
azocasein (Sigma, St. Louis, MO, USA) 0.2 g= 20 mM
Tris-HCl-5 mM CaCl(pH 7.0) 100 mLol] &€l3}e]
AMgERIet, 71889 1 mLol] 2E4 0.1 mLE
E3ste] 37C A 1AIRE BEEAIZL Tha 12%(w/v)
Wrpsho] wg
A 9 azocasing A o] F 4T 302
o BAgE & AAE2](9,950xg, 15 min, 4C)3}
%%kgl 0.5 M NaOHZ &35}
£ skt aagde 14
7&%‘%5591&\.@4 1 mL7} &4 9SS 440 nmol
A 0,01 Z7MAS W 1 unit/mLE A o)akgdct,

a-Amylase 84 4L 0,5% soluble starchZ 7]
22 ARgslglen 7)1d8 2 mLofl &4 1 mL
2 £gste] s0celA 3081t whgskgith uke-ol
0.3 mLel 0.01 N I, solutiong 78t 3 ZFHF-2
T2 ﬂ%ﬁ]—l 660 nmoﬂ/ﬂ s =

_4

15 min,

trichloroacetic acid(Sigma) 2 mLE

&~ HkgdS 660 nmoﬂfﬂ 5’;‘%&‘19} 70}1?_% 50%

ZHAFE W 1 unit/mLE A3 ATHKIm et al,
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2] 75 LB I wjx]ollA] 37¢C, 1247 B2t

Bk 7 Fztel sty B3 2 IFAN kieBD
Diagnostics Co.,, Sparks, MD, USA) 2 ZA}34(Sch
aeffer & Fulton 1933)& &3 Al ) &S 314

o HE3AR e TS %’43}04 168 rRNA 94714
&g AA5}aL ]2 Gen Bankdl] 529 FETF(type
strain) k2] “FEAd HluE —’FEE%P%‘:}. E'i?ﬂ 16S rRNA
P A= flele] EeltFe] chromosomal DNAS:
Wizard genomic DNA purification kit(Promega, Madi
son, WI, USA)E |83} H-2]8t H universal primer
Q] 518F(5-CCAGCAGCCGCGGTAATACG-3)9} 800R
(5-"TACCAGGGTATCTAATCC-3) primer=S AR&3}e]
PCRE 38} er S PCR tha2 Wizard SV
Gel and PCR dean-up system(Promega, Madison, WI,
USA)S- o]83}e] HAIBIICH Yang & Chang 2007). A4l
# PCR AM2-2 ABI PRISM 3730 DNA analyzer(Applied
Biosystems, Foster City, CA, USA)-& o|&3}o] HX5}
otk MY B4 BLASIN Z2 T3 (hitp://www.
ncbi, nlm, nih, gov/genbank)& AR&3te] J714 <L H]
1l ¥, CLUSTAL W Z 2 13 (http://www. genome. jp
/tools-bin/clustalw)S AFE3le] AFEA v B8

Aasard.

4. 22| FF9| LN

1B oA iAo 37ColA 24212k Wujoke T
= NaClo] 0, 3, 6, 9, 12, 15%(W/V)7HA] =2 3
7Vt LB AR o] 1% &3}t NaCl H7peko]
the 77ke] Bl Aol 120413k ket mm
402 600 nmld] FHEE SAalel Nadl 5
o mhe #A AGEE % 15} 0c.

5. 22 PF HYATAO BT £
7o) ol2 A4 olnE 2A] stel B
wlpole] WS SHan. Foe WAl 53
7]¢] OMX-SR(Shinyei, Kobe, JAPAN)S o]8a}c]
sl ale] WAle] AHel Aok Beg 24t
cH(Byeon et al, 2008; Goto et al, 2016), o]u] Tf
e AN BYE Badlus & F3¢ B
subtilis KCTC 30145 st BEA A AE A T3t
o] ARgslITh. B subtilis KCTC 30149} #-2] o5
Z 77} 3% NaCle] H71E LB dAuiA| oA 37¢C,
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24A17F wieFst § LAE2](9,950%g, 15 min, 4TC)

sto] TAIE AAsEAL, 3|57 i A AREsE

600 mL ‘BE v]A ] ujek

Bk th Ad2ollx] 3A3E
o

KCTC 30149} ch
LB HAujA|lAM 37T oA 24413F ulket 5 LA

£2(9,950xg, 15 min, 4T)3te] FAS AA3L,
st wlepdole AR B4ol o) &ahlc,
Nickerson-Likens®] ¢93&ZF Z==4FX](simultaneous
o83k
T i o] WA S FZ3drkNickerson
& Likens 1966), HiFA N 1 Lo SFH diethyl
ether 100 mLS 1|2 ALESFe] A SlollA] 2AI7E
&9 100 EtelA AT FESIT. T2
B PRIERS W1 oA U Ax|Eh]
FES A3 AAE F vigreux columns- ©]-8-3}
o] 1 mUAA] SEasic) F2H Wkl ylA)
AR BAe GC/MS(HP 6890 GC/HP 5973 MSD,
Hewlett Packard, Palo Alto, CA, USA)S A}M&3}e]
Algstdon, o ZHe J&W DB-5 MS(30
mx0,25 mmx0,25 um; J&W Scientific, Folsom, CA,
USA)E AME3F AZE7]+ Agilent 6890/5873
mass selective detector(MSD)(Agilent, Santa Clara,
CA, USA)YE ARE3ISI). o829 &%+ 50TolA 5
A 5 TU}"/} 5CH 250TC7HA] dsAF e
250 oA 2583t FAskAH. fut Z1AlE AES
AREERG o F17] 5+ 2507, split rato 15:1
2 2 puLE FY3FtHChang & Chang 2007). Mass

steam distillation and extraction: SDE)E&

spectrum<> wiley 7N database(Hewlett Packard) =

a9,

7. 84 =M

SPSS 23.0 statistics 2 13(SPSS Inc,, Chicago,

L, UsA)E olgstel s EERAE THI,

Z} WHrol] sl L Lul X E4HEA (one-way ANOVA)

E s e A F A o 2= Tukey's testE &

BT SAA eI pe0.058 7o B3l
I 23 9 33

1. @39 22
2 ArollMe Hebd=
= deje o s A% 5“‘71}%}—% l
100 o) Bas) ghohal s A3Pds
=2 AR
3] 2 H=e} tEo] 7
< YeR)S E]-(d’tta not shown), ©] R7Fgo
2R dapHog chilBeg s PFTE B
a7} shle. SRS EAE sk T skim
milk7} 71 LB A A]ellA] F2Hcolony)FH el
TS FdstEs suAloA e FHOR T
WS AP AR e FH 778 ekl
ojwj JehHol FHehs AT FAlol &
gk Apo]= AlE Wi 2 $AES YERE P
B 43(KS5-1, KS5-4, SS360-1, SS360-3)0] %%}E]
Thdata not shown), AHE 42| 97 n|AYE
2~32H] A2 S8l orEelE 22l ‘:P

olF &= FEld 4F9] w752 protease®} amylase

. THd ’%]7&%‘% pListe d=h

o

Pe 2Hael 1 AxE SHeeMe] 287}
S At

B2 459 protease®} amylase 43S =4
BFEH(Table 1), ofuf tizaT-2 7|&e 717/Ptd €
48 AFd FA #F B subilis DJ1(Chang &
Chang 2007)%} 9% A2ALe] (F5)DALRRE Hok
RS = 9t F330| Asp, oryzae?] protease2}

amylase @& 37 =248ttt duldon AR

=
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Table 1. Protease and a—amylase activities of microorganisms

. . Unit/mL
Microorganism . .
Protease activity a—Amylase activity

KS5-1 377 + 3° 16.58 = 0.48°
KS5-4 342 + 2 7.11 + 0.03¢

Bacteria isolated in this study )
§S360-1 373 £ 7 99.50 £ 0.40°
§S360-3 388 + 1° 1.34 + 0.02°
Bacteria isolated from doenjang DJ1 300 + 5¢ 21.50 + 0.50°
Mold Asp. oryzae 70 £ 1° 1.32 £ 0.02°

Data with different letters in the row are significantly different with one-way ANOVA followed by Tukey’s

multiple range test at p<0.05.

oM Eeld 55 Al BT 159 H3e]
o ¥|3te] protease AT} amylase Ao =22
SeIe 4 qloick, 2 Ao ARl el @
4% B =2 protease (300 unit/mL oPHE& 1}
BRI Amylase €/d9] ¢ $S360-1 W7} TH=
TTFEol vlal SolHor =4 SAES g8kl
o Ao ie feld @9 Axg AT
FA| v|ABEQ] B subtilis DJ1-& & protease T4
< A3} FA amylase E4d0] o} B A zo|
Aget weta BalgEbl Itk (Chang & Chang
2007). £ AellA Eeld ss360-19] A= B
subtilis DJ)1 51T U] %2 amylase /35 e}

2 SISkt BAE B SAHoR Ty
ssol SlolLtol gl vlal e Fte VIS F
o} g e Fajjof ofgh opw|at AT O
Eol Aslol o3k F Bdsol HolupoF 3k
SE} ool |, 35 ), e A 55 Fofd

o Qo). olol| ®2] FF 4% F protease®} amylase

FAjo] BF Holut $S360-1 FHE IHFE FHOE
Az} Mstal, ols e & o] d o] IHET

o2 B8 F59E Tt 2ol A

=g 739 33

2T $8300-1-2 AT} 91t )
5 Fejety BEAn agdA, 7ol AT
Yepl ek, ®=3k S JAJ8H, 3% Naclo]
7hE LB FHahR| oA uljoka] Hgte] wore =2
Aol A4S AL ofo| s et
WAtHTable 2). Ea@F<] 165 rRNA G714 d<S
AAEH1,412 bp) F, o5 GenBankol| 55% the
Fo| 7ML vlwst A 91 B velezensis
CR-502¢} 98.3% 35745 Wb Ark(Fig. 1). o]l
BT+ B velezensis2 FARAEHNLH, HFZHo

2 B velezensis SS360-12 4™3}IT},

e w

ol
o,

M oft
£ o

et}

i
fKl

Table 2. Phenotypic characteristics of the isolated strain SS360-1

Characteristic

58360-1

Gram-stain +
Cell morphology rod
Colony circular
Colony surface slime
Colony color ivory

Colony opacity opaque

vegetative cell
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100
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10| Bacillus velezensis SS360-1

100

Bacillus vietnamensis 15-1 AB099708
Bacillus aguaemaris TF-12 AF483625
oo Bacillus cereus ATCC 14579 AE0168TT

1
Bacillus thuringiensis ATCC10792 AF290545
_|: Bacillus shackletonii LMG 18435 AJ250318
a3 Bacillus acidicola 105-2 AF547209

—_

40— Bacillus nematotocita B-16 AY820954
31 | Bacillus amyloliquefaciens ATCC 23350 X80605

a5} L Bacillus vallismortis DSM11031 AB021198
Bacillus mojavensis IFO15718 ABD21191
Bacilius malacitensis CR-85 AYB03656
Bacillus axarquiensis CR-119 AYB03857
Bacillus subtilis DSM10 AJ2TE351

43! Bacillus velezensis CR-502 AY603658
Bacillus atrophaeus JCM30T0 AB021181
Bacillus sonorensis NRRL B-23154 AF302118
|‘{: Bacillus aerius 24K AJB31843
aa! Bacillus licheniformis DEM 13 X88416
Bacillus alfitudinis 41KF2b AJ831842
Bacillus safensis FO-036b AF234854
94 - Bacillus pumilus DSMZ27 AY456263

Bacillus b

thanolicus C1 X64465

a4 —
39

Bacillus cohnii DSM 8307 X76437

DEME381 D78311

Bacillus

gaterium DSM 32 X60628
Bacillus alcalophilus DSM 485 XT6435

o

0.005

Bacillus acidovorans ATCC 51158 X77789

Fig. 1. Phylogenetic tree of the isolated strain SS360-1 based on 16S rDNA sequences.

4. 22| @39 NaCl a0 OE MI:

B velezensis SS360-1% LB B A]ol] NaCl-& 3]
A7betA] 92 73-9-(0%) ¥ 12217k o]F ABFo]
T8 ZAadtlom, A5 30A18F o] Foll= ¢k

A7) o E=EEAA EAE o ofgk Al A4
stldo] dofgs & o AUSNTHFig. 2). LB Al
3% NaCl& F7Fek 73-9-(3%) Hth HH(Agw=4.55)<
HEPHRAAL, viF 72413F o] Foll = Age=1.00 =]
A5E Akt iAol Hd 12%714] NaCl&
71k Ag-ole v A7l vls) 27 SE5=
7 =g ANk wjF 48AIRMTE 120474 Ag=
1.50~2,00 H&=o] Ba-& FA3HAE. 1@ NaCl
15% o]+e] FEollM= B velezensis SS360-12] Y

& BREA gtk B A Bacillus sp,

=~

& 12% NaClellX] Aol A8
1986; Ko et al. 2004; Cho et al.
2009; Lee et al. 2011) B, velezensis SS300-1 =
= iAol Hole & & e o= A
velezensis SS360-1-2 3% NaCl ZZA 71 2 A

I

gleoll Hlsl

(Kwon et al,

& & o, FE 2¥sH12% NaChollM = 2
AL & e WG T5dS E8IE 5 ATt
ol9} & B velezensis SS360-19] EAL IET
2lgatollx] dEy) o]FoixithE e Al
g o2 88 rhsAol Eag AARIt
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Fig. 2. Effect of NaCl concentration on the cell growth of B. velezensis SS360-1.

b. 22| #F HHYYTYNHO| HMBE: FF

B, velezensis SS360-13% B, subtilis KCTC 3014
of wiFdAN WS 2 Bt d3, B subrilis
KCTC 3014 Bacillus & &89 538t 7+8U7}
A3HA AR ¥VA B velezensis SS360-1-S 23k
WAE oFkaL Sl F4e BEAE eI,

Fohe WA 297 OMesRe 7 A7) 9
e ARkl e Aol e
A BB A, 2 AR, 4E B
3, 2 5ol o Aw 24 e gaas 58
2338t uf] ARE-Eo]ZtH(Byeon et al, 2008; Goto et
al. 2016). £ AFelx= el wjFddde] W
AN FEE 2ok AR o FHsty] flete] Foi
WA 4719 OMX-SRE o] 83te] WA=
Asledet. B, subtilis KCTC 30145 WAVAE 171
2 73t 7 dANE AAsHs Wb B velezensis
$8360-12 WHAZ = 288 FF3k AN} okebAl &
s IRlE F AJqrk(Table 3). ¢]9} 22 B
velezensis SS360-12] $& o]F AAFTL o] o]
PR E ) ARG A, HE RPN EAIR R
AN = 2 WA} 22 A (Lee et al,

1=
2013)& A3t A1 = e 7hs Aol tig 1A

i

o v o

—_

it

At 2@ 5

Table 3. Odor strength level from the culture
supernatant of Bacillus strains

Strains Odor strength level
B velezensis SS360-1 282 £ 0.71°
B subtilis KCTC 3014 171.5 + 1.58°

Data with different letters in the row are significantly
different with one-way ANOVA followed by Tukey’s
multiple range test at p<0.05.

6. 22| X HIYHTA WA 24

2l 35 ebole) $7g §9 weiot
Clge] WA 24718 A8E vke WA Fe
ZFekzAoM o Yo7t B velezensis SS360-12] H
A AR A4 S skt shdth. GC-Ms
2 AM8St B velezensis SS360-13 B subtilis
KCTC 30149] Webgdole] WAl 24750, 5
velezensis SS360-12 & 46%, B, subtlis KCTC
3014 F 5059 sHgHEel FAHUNT. 8E 5}
= 7kl i o] Aol 9 vAlE A
o7 FHu= S Auskltk(Table 4). WA

o Y& A= e F e AEE W B

HoOoE v
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Table 4. Flavor compounds identified in culture supernatant of B. velezensis SS360-1 or B. subtilis

KCTC 3014
(Unit: pg/kg)

No. (i;i:) Identified compounds SS360-1 KCTC 3014 Characteristics
1 1.60 Acetaldehyde 627.3 719.0  pungent, ethereal-nauseating odor
2 3.12 2-Butanol 0.0 107.2  oily—-vinous odor
3 3.21 3-Methyl-butanal 65.0 0.0  fruity—fermented, nut, peach-like odor
4 3.32 Acetic acid 0.0 104.2  pungent, stinging sour odor
5 4.24 1-Butanol 980.4 1,096.9  fusel-like odor
6 7.46 2-Ethoxy—butane 131.7 141.9  berry, floral woody odor
7 9.39 2-Heptanone 27.5 0.0 fruity, spice, cinnamon
8 10.02  2,5-Dimethyl-pyrazine 70.1 160.1  pungent, musty meaty roast odor
9 11.08 Benzaldehyde 52.1 52.3  almond-like odor
10 11.23 Dimethyl-trisulfide 0.0 27.7 alliaceous, ethereal, onion-like odor
11 13.37 2-Methyl-benzaldehyde 17.0 109.5  bitter—almond-like odor
12 14.11 Benzyl methyl ketone 0.0 18.2  green, sharp, unnatural odor
13 15.62 Dimetyl-tetrasulfide 0.0 25.0  alliaceous, gallic meaty odor
14 16.67 Indole 0.0 20.5 tarry—repulsive and powerful odor
Total 1,971.1 2,582.5

subtilis KCTC 3014 2,582.5 pg/kg2 B velezensis
$8360-12] 1,936.4 pg/kgoll Wl & Fgo] HEE]
A}, w3k B subtilis KCTC 30142] 79 733k A=
S Bl Ao Z A J=(Bensafi et al. 2002;
Kim 2006; Han et al, 2014) acetaldehyde, acetic
acid, indole®} EHFHE HoJ5h=(i et al. 1992a;
Kim et al, 1992) 2-butanol, 1-butanol 59| 3}5&
o] &/ HAEHJ M, viefR FolA =AAE
St A=Al WAl AIEERIJE et al, 1992b;
Cha et al. 1998) sulfide F7} AZEIt}. o] wt
3 B velezensis SS360-1-& O]a@' 2521 WA
A gkgkor FAlol
freshdt o gz =L TOZ]O]——(Lersen & Poll
1992; Park et al.

1997) 3-methyl butanal, 2-
heptanone 5°¢] AZHSC
$8360-10lX5= LAt o=l 22 2 Fofshe
(Park et al, 1997, Han et al, 2014) benzaldehyde
7 AEEo] T e ATl SklsT. 2

2Y} B subtilis KCTC 30142 739~ benzaldehyde

E3| B velezensis

rr

B velezensis $$360-17} 5U3t o] AZE9

v, A Agolut U natto 5-F-of FEgH ”“H
£ ofsh A52Q SR °L34?¢'] U=(Choi &
Ji 1989; Choi et al. 1997; Han et al. 2014; Lee et
al. 2015) 2,5-methyl pyrazine¥} 2-methyl benzaldehyde
9] BtFo] B velezensis SS360-19) B3 =A A&
Hlon, o]Hgt FEgh WA dEo] A= B
2 Zg3Pdx] B subtilis KCTC 30149 3¢ B,
velezensis SS360-1HTF 75 E-H

o)
BAE O gol BATS FAT & Ui

Sguet A5 Ao eRE g wEv)ay
S sty o &5 1
2L 3kodet. ofell | APFo RN dxpHo R
4%2] protease &4J0]

At FETFo] protease®} amylase B3 Z74 A,
4] FeltT 5 15| TollA protease®} am
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