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Isolation, identification, and probiotic characteristics of Bacillus strains
affecting the biogenic amine content in fermented soybean paste
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The primary objective of this study was to determine the content
of biogenic amines in Korean traditional fermented soybean
pastes (doenjang) and to isolate potential probiotic Bacillus sp.
with the ability to inhibit biogenic amines accumulation. There
were significant differences in the bacterial cell counts, pH
value, titratable acidity, salinity, and biogenic amine content
between the samples. Among Bacillus strains isolated from
doenjang, Bacillus (B.) licheniformis DB102, B. subtilis DB203, B.
stearothermophilus DB206, Bacillus sp. DB209, Bacillus sp.
DB310, B. coagulans DB311, B. cereus DB313, B. amyloliquefaciens
DB714, Bacillus sp. DB917, B. cereus DB 915, B. subtilis
DB1020, and Bacillus sp. DB1022 were found to be able to
produce biogenic amines. On the other hand, biogenic amine-
degrading strains were identified as Bacillus sp. DB403, Bacillus
sp. DB407, B. subtilis DB517, B. licheniformis DB612, and B.
subtilis DB821. In particular, Bacillus sp. DB407 and B. subtilis
DB821 showed probiotic properties including tolerance to artificial
digestive juices, adherence to intestinal epithelial cells, resistance
to antibiotics, and antibacterial activity against biogenic amine-
producing strains. In conclusion, the two probiotic Bacillus
strains may be considered as the suitable starter for manufacture
of fermented soybean foods with low biogenic amines content.
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Al #] 1tH(Shalaby, 1996). Y=A]
79l 1] 2x(miso) o= 3] ~EFI(462 mg/100 g),
1(1,234 mg/100 g), Z7}ehH| (634 mg/100 g) L €2}
¢/100 g) 5-2] o] 2.4 o}xlo] thek AL 9t
B | 21k(Shalaby, 1996). 3+ Cho 5(2006)-2- <-2]L}
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AE Yo A5 uto] oA ofule] stako] ] ZAE Tk
(Guan et al., 2013; Mah, 2015).
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AP A AS A rFE O A EHA 1052 AT A
30 gof] % QlAkF-8-M(phosphate buffer saline, PBS)
270 ml& 7}8} o2 9F 2 B 7F A Bl (3M Center) 2 £-4 3}
ek A3 A= G2 417 543 % Plate Count Agar
(BD Difco Co.) & AHg-sto] EZSHHAF I FH O 2 B
2 2745190t A, AR G2 80°Col A 15271 7Hd He]
215 WZ}3t k8- Luria-Bertani (BD Difco Co.) 3} 2] Aol
A WA A} A EAE ST, 59 W2 Brain
Heart Infusion agar (BHI, BD Difco Co.) Aol 4] <=4~ £-2] uj
oFgl th2 vjjoFol-E 20% (v/v) glycerol stock & & A % 35}o]
80°Coll A sl A AEshelch AR §o1o] pH 9 Gt
pH meter (Fisher Scientific)2} G =A|(CAS salt-free 2500) 2
242} 24t S, A2 S goll B FRAS Tsha
1% (wiv) =22 Q1 A A1 oF2 347t $-0] 0.1 N NaOH &
o 0 2 2 gato] A HANES AXSICE A 29 vfo] |4
ofql F2-Li 5(2018) 9] {2 A7 1 g st S48t
2 A12(0.5 2)0] 1.5 ml 0.4 M HCIO, 2 7Fat th-&- 1 A7} ek
sho] 23 5 AE2](12,000 x g, 1042, 4°C) A -4
SN (250 pl)ofl 25 pl 2 M NaOHE} 75 ul 3} NaHCO;E 3
7}8}at 500 pl dansyl chloride S 2 o] 50°C, 45 5-7F 9 A) 7
oF. 935225 pl 25% NH4OH 9F E3t5}al 2hE6}= dansyl
chloride& A A35F7] Y&l 50°Coll Al 155 vfjef3t the 1.5 ml
acetonitrile S 75} 1L YA E2](2,500 x g, 5E)5Fo] AL A
oS- membrane filter (0.22 pm, Millipore Corp.) 2 ] 7}5}¢]
dansyl -4 E A %31l ch A& U vlo] @AY o}g1-S High
pressure liquid chromatography (HPLC, Shimadzu) 2] Nova-Pak
Cis Z2(150 x 3.9 mm, Waters)-& AR5} 30°Co| 4] 435191
t}. o]5AFammonium acetate (0.1 M, solvent A)2} acetonitrile
(solvent B)y& A% Tl = 5Fo] f-45-2 1 ml/min Shof| A &3
Q54 ) 2430 2 A2 L ool @AY oful L
Falgick
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(Promega) & genomic DNA-& 5=Z3%} % universal primer 27F
(5-AGAGTTTGATCCTGGCTCAG-3")2} 1492R (5'-GGTTA
CCTTGTTACGACTT-3")& -85} polymerase chain reaction
(PCR)S.Z 16SIRNA F-HAAE FZA| AL PCR 202 =
=% DNA H4J(97°Cof| A 52) AlZ] - 94°CoflA] 142, 56°C
of| A 18, 72°Cof|A] 12 302 5?1 353] W5 4=85lo] DNA
SEAIZAL 2F A 22 72°Co A 5L RESAZIT. PCR 4E
=2 7] GEoer SF o 5SSk, QlAquick PCR
purification kit (Qiagen) = AAF 3 F7| A B2 A5t 16S
rRNA sequencing Z ¥}+= National Center for Biotechnology
Institute (NCBI) 2] Basic Local Alignment Search Tool (BLAST)
analysis (http://blast.ncbi.nlm.nih.gov/Blast.cgi) & ©]-&5}4]
GenBank database 5 -3l 2] 5-2}2] 445/d = H| 15}o]

Ak
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SAE Bl b0 Blo| Ay ofvl A ma
S5 27ZA)717] Y8 ALA] o}v| =AKL-histidine mono-
hydrochloride monohydrate, L-tyrosine disodium salt, L-lysine
monohydrochloride 2! L-ornithine monohydrochloride, Sigma-
Aldrich, 1 g/L)3} 1 mg/L pyridoxal 5-phosphate & %713t &
72 E A3} B Al X|(decarboxylating broth)of| 4] 37°C. 24 A]
259 58] A wl ST 2H2he] o= Aik2%, wiv)ol 7t
| 2725 A A (1 mh)of A viFH(0.5 ml)& HF
3t & & 7] A9l ZZA(Anoxomat 8000 system, MART Co.)o]|
A 37°C, T2A7E FQF u Rt 5 obA] ArgEt ol whet
HPLCE ©|-§-5}0f Hio] 2AY oyl MA-S S5kl

Hho] @ Ay ol 352 Lee 5(2015) 2] 1M S U511 ¥
stof S5 5, A9 wt5== BHI brothof| 355}137°C,
24 A7 E b Hl R 3 2 2](7,000 x g, 1042, 4°C) 3l A] K&
M| 325 PBS (pH 7.0) 2 23] Al 253tk A|Z A Ee(1 ml, 1.0
x 10° CFU/ml)-2 v}o] 2 AY o}ul(histamine dihydrochloride,
tyramine hydrochloride, cadaverine dihydrochloride, putrescine
dihydrochloride, 0.1%, w/v)2 75t AA vl ] [glucose 0.1%
(W/v), yeast extract 0.2% (w/v), NaCl 0.5% (w/v), K;HPO,
0.05% (W/v); pH 7.0, 10 ml]o]] AE3}1 Utk 35°C, 527F
Hj gt S-of] -2 i FeH(0.1 ml)2- HEo] @A oFRl(2%, w/v)
gl ] of] =1 35k 30°C, S U v ST B vy

2] Abol] Alet £ wl 2 A el3}o] trypticase soy agar (TSA,
BD Difeo Co.) AoilA] == 2|3t tha- Hhol A4 ol Zalls
= A7) fl8f Blo] @AY oFRI(50 ppm)©] 71 trypticase
soy broth (TSB, BD Difco Co.)o]| &3}3L 35°Cof| 4| 24 A 7F
I wlFslsith. vhol e Ay obl Egk U500 ppm)
9 A 32 i ¥l 1 mlo] 0.4 M perchloric acid (Merck) 9 mlE 7+
331 205 B F AUEG.000 % g, 102)3ke] 2L AF
oS Whatman paper No. 1 2 o 2}5} 9t} A3 2902 dansyl
chloride 2 F-=A| 2}t F-of] 9FA] 1ol 223} o] HPLC
£ o]-&3to] ZEdh= viol @AY ol kS S5k ALt
2{(M = [(A-B)/A] x 100, M: H}o] @AY ofql 28} 5(%), A:
Z7| vpol A ol gH, B: ZHESH= vio] @AY ofwl oF
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A8 Lee 5(2017)9] WS o
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£ vfofelo 2] LA (7,000 < g, 108, 4°C) & o) 1
S A3 A HESPBS (pH 7.0)2 23] Al A & A Z5E1.0 %
10° CFU/ml o] 95| AEtol& A 231 %Ic}. PBS (pH 2.5)0] 125
mM NaCl, 7 mM KCI, 45 mM NaHCO; % 1 mg/ml pepsin
(Sigma-Aldrich)Z 37}t Al 23t Q1 ] olof vpa 2|2t
Ao HEE F37°Col 4 2407k uj oS A
27g3t0] Q13 919 Aol o) BER) S ZASHAT
5+, BHI broth o] 3.0% (w/v) bile salts (Sigma-Aldrich)E &
Stol 15 EEA(10 ml)S Al 23k o2 915 9] ol A &
R 2% ot AE(1 m)& HFEFAL 37°CoA 3
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3Att Korean Cell Line Bank (KCLB) 2 5-&] 2.9F #F-2-Caco-2
A|3EE=56°Co)| A 3087 71 & 2|3t 10% (v/v) fetal bovine
serum (FSB, Gibco), 2 mM L-glutamine, 1 mM sodium pyruvate,
100 U/ml penicillin ¥ 0.1 mg/ml streptomycinS % 713t
Dulbecco’s modified Eagle’s minimal essential medium (DMEM,
Sigma-Aldrich)ol| £3}31 37°C, 5% CO, 27 S}ol|A] vl
3o] monolayer S B 451 S 5k, FBSOL A7 47}
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ER] 92 DMEM H| A& 12-well culture plate (Falcon)©]|
3131 13 ThS Caco-2 A (1.0 x 10° cells/ml) S EFNS- A=
3k $-37°C, 5% CO, 715}ol| A 2417 F<t 7 v s ich
H, BHI brothof| 4] 37°C, 24 A| 7+ 5-¢t vl oF3} ul-Al 2] Aot wjoF
oHo Q1A BE](7,000 x g, 10, 4°C)E E3) A ZTHS mo}
PBS (pH 7.0) 2 A2 5t t}-2- DMEM H| %|(1.6 ml) Wjof] AEFA]|
7 Qb Q13 BE) A HjoReE 5 AES R 25t
Tt Caco-2 A 3E S EFH(0.2 ml)S &3t plate 2] well o] v}
Al A SEFN(0.2 ml)S HE3FL 37°Col| A 241 7F E21 vl
&3t 3 Caco-2 A 3Z o F2HE|R] b2 vHAl | At A A B
o} B2 Aot trypsin-EDTA 8913 %] 2]a}o] ©2FA]7]

= PBS (pH 7.0)= A 2{5}aL BHI agarof| 4] g ¥ ulj s}
HH & w5 57 510] F2H8(%) = UrEhi qich

b ol M

03

Ao i AFA : FHAYA ol digt 432 Jeon 5(2016)
T} Wang} Su (2016)2] HF4-& Q5 Wgato] 24240l
‘&= (minimum inhibitory concentration, MIC) & =43} 31t}
A 3t= BHI brothof| 3E5k0] 37°C, 24 A 7F i 5t
A1E2](7,000 x g, 105, 4°C)3 A 22 A3 =S PBS
(pH 7.0)2 23] M A} th3 M 3245 1.0 x 10’ CFU/ml& %
AsFA ) A EZ FEH(1%, v/v)-= BHI agar (agar 1.0%, w/v)
o %5k7 o 5 BHI k2] 9jo] Z25ko] S 1A 7k

&} A (ampicillin, erythromycin, kanamycin, penicillin G,

3

5
o

streptomycin, tetracycline 2! vancomycin; Sigma-Aldrich) 2]
stock solution (1 mg/ml)& 284 ¥<=% O 2 5| A5} TR paper
disk (¢ 8 mm) o]l loading (50 pl) 3 5 3 @elo] %5 BHI
bl R] $Jo] &30 37°C)A] 242171 vjeFato] disk
o TS AT b SES 2tk

9 v+5== BHI agar AFHul x| of| 4] 3] A|t} s}l &

0] 3 5% (w/v) human blood”} $+-3-% BHI agar 3+
of| A HF 3 37°Col| A 48 A 7F v} &F5t 3 a-haemolysis
ANE] A A]), B-haemolysis(H2F 9 A =

1T O
-haemolysis(F] 2} =1 & B/ 15)E ALt

-<J}r

A4l %Hg% Savitha $(2016)2] ¥+
Xé HI brotho]] &3}
1% (wiv) ZEgo] H

_?L
gacs
FI[‘
filo JlN
S @

7}l BHI brothAfof| 4] 35°C, 22 A17F 591 150 rpm ©. &2 Z&k
ujjoFa}GITh. Hlj kel o 9141 ELa|(7,000 x g, 10, 4°C)d| 4] &
2 HjoF A 6 N NaOHE 0|85} pH 6.52 A3} 1
mg/ml catalase (Sigma-Aldrich) & ] 23t T}-2- 40% (w/v) &+
A EE-S 3 7F8to] 4°Coll A overnight 5-QF 1 Rbs| 4] Thal
A& AR FAE2(12,000 x g, 302, 4°C) A 2
A 5220 mM PBS (pH 6.5)0]] AEFA] 7] 3L 4°Cof| 4] 24 A|1 7t
525 Y3t buffer Ujof| 4] F4=H(molecular weight cut-off =
,000 Da; Spectrum Medical Industries, Inc.) 0. &2 =4 A Zi T}
1% &H(100m) o] ERREZZI e 19 vl &= W=
2 -8 H(100 ml)= 7Fske] A-FSHA A& A7 $-4°Cof|
A TAIZEERPIAAIZ] TR 2 Z) 7| 2 A 37 1771
Ato] v 2] @ 4lo] fH-H AU S-S Bl 2 SRR
T AL A g7 2 A Aste] £ v 2] 241 8-
-2 microtiter plate method (Holo ez al., 1991) 2 3+t
Aok el 2ol g A4 B B4
25k vl @Al oty A4 HhAlels FEEA of5S
brotho]| 74£3}0] 37°Col| 4] 24 A| 7F vl kgt & A1 2-2{(7,000
x g, 104, 4°C)5Fo] A2 1.0 11 PBS (pH 7.0) 8 23] A X3t
S M ESE 1.0 x 10° CFU/mIZ 243}t Plate wello]

BHI brothS B335}112%] |40 & = 5 dk= vy 2] @
Al 8-S H7Lal TS XAl #55(1.0 x 10° CFU/mI) 2] A2 &
ehol(1%) & HE5Hrt 37°Col ] 24 X7F et 3 micro-
plate reader (BioTek, Inc.)& ©]-8-3}0] T34 =(600 nm)E =
ZJstar vte| 2] @Al 8- thA4l PBS (pH 7.0)& ] 2|3k 2=+
o v ato] wjpele] EEHE 7L 50% A5 2 o) 5] 4uje]
A5 v 2] 2 Al A (arbitrary units, AU) 2. 2 YE] AT

>~.—-

Ad rb{'
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=
o X

A, G 9 Hlo] @AY ofql o] Fhs Z4gh
Table 13} 2}, AuF A F4=8.8+ 1.7 x 10~5.4 + 1.6 x 10°
CFU/g, WP B AF4=4.0+2.9 x 10°~1.8+2.0 x 10’ CFU/g
© & Uebgth Lee 5(2009)-2 Al Egah Al g o 2 5
B AukF Al 6.02 £ 0.57~7.96 + 0.03 Log CFU/g 2] 23&
£ Rol Al ik gt A EAel A o5l =
257 AEE QAL RSt 2 A it A= o]
B ohds 52 F7F S E Lo, AR o] Zo 7t
U 22 9=, Az s 9 g o] ZfooflA] 7]1gchar 1
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Table 1. Microbiological and physicochemical characteristics of traditional fermented soybean paste

Sample  Viable cell counts (CFU/g) o Titratable

No. Aerobic Bacillus sp. acidity (%)
1 5.040.3x10°  3.540.1x10°  6.30+0.08  0.35+0.01
2 8.8+1.7x107  4.042.9x10*  5.94+0.13  0.50+0.01
3 6.2+0.4x10°  3.7£1.9x10°  6.112027  0.47+0.03
4 1.6£1.1x10°  1.842.0x107  5.12+0.05  0.84:0.02
5 4.7+0.8x10°  6.2+1.1x10°  5.29+0.07  0.70+0.07
6 5.542.0x10°  7.6£0.5x10°  6.00+0.18  0.40+0.05
7 1.0+2.6x10°  5.4+09x10°  4.91+0.22  0.88+0.01
8 23+1.7x10°  8.1%1.7x10"  5.6240.04  0.66+0.04
9 7.140.9x10°  33+0.1x10°  537+£0.17  0.72+0.03
10 54+1.6x10°  9.140.8x10°  5.08+0.26  0.79+0.03

Salinity Biogenic amine contents (mg/kg)

(%) Cadaverine Histamine Putrescine Tyramine
14.240.1  1,616.3+12.0 525.8+10.7 ND 130.5+11.5
13.740.1 451.1£22.5  1,123.320.2 ND 1,008.3+26.9
14.9+0.3 221.5+18.2 870.2+20.4 1,128.0+15.8 367.2+17.7
16.4+0.0 58.8+8.6 414.5+15.0 89.2+14.7 224.9+16.0
17.0+0.0 103.5+5.8 ND 205.4+10.6 329.1+9.9
15.4+0.1 519.2422.9 ND 90.1+5.9 657.0+13.3
12.7+0.0 125.7417.2 389.2422.3 806.9+24.8 41.8+2.8
17.2+0.2 ND 127.746.6 152.3+8.7 ND
16.9+0.0 440.2+5.2 678.9+14.1 225.7+12.0 763.2+24.7
14.540.0  1,951.4+13.7 208.0+11.5 56.1+3.3 1,156.3+0.3

ND, not detected (biogenic amine level less than 1 ppm).

o] Wl gwel o NGFE o
Micrococcus sp. 53} -2 2V Alat=0] 8 ©]1FL, ¢
T YA FREL FE w59 WA Bl AR
Yoy dha g o2 RE o gH Ao g A=kl
1(Lee et al., 2009)=] 1t} Shim 5(2016)2 EHAF A= 2]
BR8] Ak 427}7.59 + 0.10~9.36 = 0.59 log CFU/go] o] 2
a7 AE s Fas A A Sk 94 717
Fof| thA] Fhadhs 73RS WP Sk ar 3ot i 1ol
A Axo] AR oA H|Sgt =0 F7t HEE Sk

S, pH (4.91 + 0.22~6.30 + 0.08), 2] AFE(0.35+ 0.01~
0.88+0.01), B=(12.7£0.0~17.2£0.2%) S& A &ujr} 3
Fo] theFstA| Lrebtet. Shukla 5(2010) 2] uhe} 215
2352 pHE &3 27H4.8-6.0 Y= 2 U7} 71
FEAETFzobRth 519 o) fAkte] F4]of u)

|2k Bkl & AtollA = olet f-ARgt pHEke| &

. Kim £(2003a) = E7-2] W2 pH (3.0~6.0)7} &et
A ZAJE S7HA A Hlo] QA ol o] A TS FTHA]
ST IA K =

Fhch| -2 Al 2 8o A= AEE A ehokout 1 9] AR oA
-58.8+8.6~1,951.4+13.7 mg/kg, 3] 2EFTIL A & 59} 60]]
A EAESE O, YHR] AR A =127.7+£6.6~1,123.3 £
0.8 mg/kg, FEH A2 A& 13} 20| A= HEE A §Fokont,
719 A|Rof|A=56.1 +3.3~1,128.0 + 15.8 mg/kg, E]2}71-2
A& 8 0] 2|0 A] 41.8+2.8~1,008.3 +26.9 mg/kg O. & A] &u}
th/dolsHA 57 = JTh Lee 5(2009)2 A2 4] B 7iwk4]
o 25 E HEH vlo] o AlY oyl o] g Al R R {9
3l 2Jo|(FZEH AL 28.8 + 9.6~1,076.6 + 9.5 mg/kg, E]E}l:

2
1

oLk ok EAol A Hel i
[e]

_.l

N
oo o oo

T o

i e oy

i)
%
o)

P~ o

o

12.5 £ 4.1~967.6 + 7.4 mg/kg, 45F2] 3| AEMT 1} 7o)
7} Qe A4 Bk AR Bakel 4 FEA4L €
eal, 5] 2ehgle] Gepol B4 7 Lhehdeha stgict. Cho
52006) 24 8 A B4 A2 Hrol 24 of
§lo 2 A, shchi|, 528k, Eetl, Asavd
ul 2ol 21 o] ¢l gl ZA)(180-295.5 me/kg) Bk
Aef4] E34.1-1,453.7 mgkg)olA] B B o) ofslo]

AZEATT 5] o] 58 & AT Avje} vl 2 ) Y,
Az ) 9 AR )R] ol npeh 2 U ulo] 9.4]

[ ‘;l< /2)

Y oprl o] Fhegol] & 2o 7} Qe & = AT ESEHA Al
= vto] Ay ol gHeFo] Alol= ¢ W T A 9] vlg,
Az (T2 A Aol U 7FE 25) Y u] & @ ¢l eo
7]0l8k= A o & ke # 9lrh(Shukla ef al., 2010). 3+, Lee
5(2009)2 A= W Lyt At} vto] @AY oyl Fhegah=
Fgol AR eorar, vh A% W opyl o] dhek-2 WA H v
29| ofn|ieAl o] 8, ohu|leAl GebAE A4S Ak
e, Ha 9 717 AR 34, A9 W Y 5
o] 7|et Y& AR o ol whet Zfo] 7} U= A o= 3125}
thKim et al., 2003b). At}7} WE(natto) 2] pH (4.9~7.3), &
7173 Ml5#4(7.8~11.2 Log CFU/g) @ 3] AEb o] gtk Afo] o]
= AL gloka gRlE gl o, 2 At Ak oot &
AVSHA 3717 Alat4e, vHA 8 Aqt 4, pH, AMe 9 A e o) v}
o] @AY ofql gFe Tholli= TR A wATE gle Ao R
SISt} TP, Eo|u WEe -2 B a AE
= 53| vel-md o dotyl, Elahnl W 3] AR O] geFo]

S 3l obdlEol Hls Erhar g glew, Eepile
100~800 mg/kg, HEf-#'d o & o}l 30 mg/kg A&

3| 2~EFT2- 100 mg/kg o4 A5 Al 54 2!

o 1o E

o
Jo
ik
=L
ul
=
e
=
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QA Ao A= Sl utet s

u
AT Ea AE FHe 54 A& HlellAe Ad =2 of

Hial2 AR 22| SH H HI0|2AH] o2l Adu} Eolis
FR ]y o 2 HE Fa|E vy Adtol 5 A=
Table 22} 2+l DB102 (99.9%), DB203 (99.0%), DB206
(99.8%), DB311 (100.0%), DB313 (99.7%), DB513 (99.2%),
DB517 (98.7%), DB605 (99.0%), DB612 (100.0%), DB618
(98.9%), DB714 (99.9%), DB804 (99.1%), DB809 (99.6%),
DB821 (100.0%), DB1019 (99.9%), DB1020 (100.0%) 5-2- A+
=)o) &=A e} 22} Bacillus (B.) licheniformis, B. subtilis,

B. stearothermophilus, B. coagulans, B. cereus, B. thuringiensis,

g)
o

B. subtilis, B. thermoamylovorans, B. licheniformis, B. pumilus,

B. amyloliquefaciens, B. circulans, B. amyloliquefaciens, B.
subtilis, B. cereus % B. subtilis 2 =7 =3t} 3}X|9F DB108
(98.2%), DB209 (98.1%), DB310 (96.3%), DB403 (95.1%),
DB407 (97.0%), DB520 (96.0%), DB730 (97.0%), DB814
(96.8%), DB915 (97.2%), DB917 (98.0%), DB1022 (98.4%)
52 A% o Ko et 71591 98.65% (Kim et al., 2014) Bk AF
579 ot o5 Bacillus sp. =2 " g ST o2 Aufel
o] Almujrh Hajel Hh Al AL tesl .o n, B. subilis
7HASE A&7 B AS5S U Sh= B. cereus

= we AR 2eEech
gh, 2 Aol AbgE B U oblo] gl
—La‘—o

> Moo
=2
N
5
o
Ir
2
o
H
>
Al
)
u
il
)
ol

Table 2. Identification of Bacillus sp. isolated from traditional fermented soybean paste

Sample No. Isolated strain Related strain in NCBI GenBank access Percentage identity (%)
| DB102 Bacillus licheniformis PB1 MH470474 99.9
DB108 Bacillus megaterium DS-4 MF802485 98.2
DB203 Bacillus subtilis PSO1 MG496015 99.0
2 DB206 Bacillus stearothermophilus N1233 KY433303 99.8
DB209 Bacillus pumilus PM2 KX350055 98.1
DB310 Bacillus subtilis GS1 MG273747 96.3
3 DB311 Bacillus coagulans 1LA204 KM096994 100.0
DB313 Bacillus cereus B4 KM391942 99.7
4 DB403 Bacillus licheniformis SMR6 KU239975 95.1
DB407 Bacillus subtilis N3 KU973548 97.0
DB513 Bacillus thuringiensis B17 JQ579628 99.2
5 DB517 Bacillus subtilis J1 KT957305 98.7
DB520 Bacillus cereus 16L KF591117 96.0
DB605 Bacillus thermoamylovorans INTUH16 FR863635 99.0
6 DB612 Bacillus licheniformis SCTB104 IN650270 100.0
DB618 Bacillus pumilus A586 AF447806 98.9
; DB714 Bacillus amyloliquefaciens PB3 MH470473 99.9
DB730 Bacillus circulans EGK6 MGO016504 97.0
DB804 Bacillus circulans AMJ245 KY027177 99.1
DB809 Bacillus amyloliquefaciens LH23 JQ917764 99.6
§ DBg14 Bacillus licheniformis LZ049 1Q023627 96.8
DB821 Bacillus subtilis DMS KR709231 100.0
0 DB915 Bacillus amyloliquefaciens SML1161 MG937586 97.2
DB917 Bacillus licheniformis KKR2017 MF040751 98.0
DB1019 Bacillus cereus WS-1 MF964937 99.9
10 DB1020 Bacillus subtilis SPB18 KY082729 100.0
DB1022 Bacillus megaterium SAK KM369985 98.4
u] =32l A Alssd Al2E
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+ Table 33} 2ok, A7 5= Foll Al 7 W2 o Hiol 2.4
Y old] AT A A1), 71 YL B. licheniformis
DB102 (1,051.0 +33.5 mg/L), 3| 2~EM-2 Bacillus sp. DB310
(1,345.5 +37.2 mg/L), FEH A2 B. amyloliquefaciens DB714
(1,069.5 % 31.1 mg/L), E]2F1-S B. subrilis DB203 (2,018.4 =
45.3 mg/L)o| &J3]] WAL= ITY. o] Ll = B. stearothermophilus
DB206-2- 7}c}#|21(804.2 = 25.1 mg/L), B. coagulans DB311
S 3| AEMN(778.2 £ 10.2 mg/L) 1} EE ) A1(809.1 £ 40.5 mg/L),
Bacillus sp. DB915+= 7}52] E]2171(925.4 +£22.5 mg/L)= XY
ek Ao R BhIElgr). oo Arjol A 2 ], U T

QX eke 370 mret QAL vo] @ A obale] £57}
TP E 2 Fol7} 9182 BHelsklrt

1, Bacillus sp. DB403-2 7FChH| 21(33 4 + 0.7%) & E-)ja}
31, Bacillus sp. DB407-2 FE ] 41(9.8 + 0.9%) 7} E]2}71(26.7
+1.3%)2 E3l|5h= A S 2 F2I %I th w35 B. licheniformis
DB612%= 3] A~EF(30.4 £0.9%), B. subtilis DB821-2 3] A~E}
1(29.6 + 1.1%) 2} EE | A1(55.0 + 0.2%) ]| T3t E-3fj50] U+
ERte). ShAIE L o] o] FRERIE L ofyl Rl 2
Q1)) @9k @50l ke haisol AFoISHATK Table 4). Kim
F(2012)% 7 Wf - v =< vhA 2l gt & Fof| whef of

=
=

Lo

Table 3. Biogenic amine-production ability of Bacillus sp. isolated from traditional fermented soybean paste

Strain Cadaverine (mg/L) Histamine (mg/L) Putrescine (mg/L) Tyramine (mg/L)
Bacillus licheniformis DB102 1,051.0+£33.5 ND ND ND
Bacillus subtilis DB203 ND ND ND 2,018.44+45.3
Bacillus stearothermophilus DB206 804.2+£25.1 339.2+19.5 ND ND
Bacillus sp. DB209 552.4+13.4 ND ND ND
Bacillus sp. DB310 ND 1,345.5+37.2 ND ND
Bacillus coagulans DB311 ND 778.2+10.2 809.1+40.5 ND
Bacillus cereus DB313 628.6+30.2 ND 462.0+5.9 ND
Bacillus amyloliquefaciens DB714 ND ND 1,069.5+31.1 ND
Bacillus sp. DB915 441.2411.5 ND ND 925.4422.5
Bacillus sp. DB917 ND 582.3+29.6 ND ND
Bacillus cereus DB1019 ND ND ND 391.2+11.3
Bacillus subtilis DB1020 550.8+8.9 ND ND 489.1421.5
Bacillus sp. DB1022 104.7£2.3 ND ND ND
ND, not detected.
Table 4. Biogenic amine-degradation ability of Bacillus sp. isolated from traditional fermented soybean paste

Strain Cadaverine (%) Histamine (%) Putrescine (%) Tyramine (%)
Bacillus sp. DB108 ND ND ND ND
Bacillus sp. DB403 33.4+0.7 ND ND ND
Bacillus sp. DB407 ND ND 9.8+0.9 26.7+1.3
Bacillus thuringiensis DB513 ND ND ND ND
Bacillus subtilis DB517 ND 44.1£3.0 19.5£2.7 ND
Bacillus sp. DB520 ND ND ND ND
Bacillus thermoamylovorans DB605 ND ND ND ND
Bacillus licheniformis DB612 ND 30.4+0.9 ND ND
Bacillus pumilus DB618 ND ND ND ND
Bacillus sp. DB730 ND ND ND ND
Bacillus circulans DB804 ND ND ND ND
Bacillus amyloliquefaciens DB809 ND ND ND ND
Bacillus sp. DB814 ND ND ND ND
Bacillus subtilis DB821 ND 29.6+1.1 55.0+0.2 ND

ND, not detected.
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=

S A8 = SR Wt A B. subtilis, B. amyloliquefaciens
B. licheniformis 5-& 9}o] £ 4] o}7le] ek 74417
Ao B e o olize] 1 Ao} An gEold g
7k Lpepsie,
T A 5 Bl W AT ol 8sto] EaA vl =
o] = dRo|BR FofA HejH Fa nEES T2 Y
T 0E 2 S0 Fdwtol 71Q1ek= A o= A A Qlck vl
A Y AHF O 2= B citreus, B. circulans,
B. licheniformis, B. megaterium, B. mesentricus, B. subtilis, B.
pumilus 5-°] 1Tl 2 31(Shin and Jeong, 2015) ¥ v} {l+=1|
olo} T U7} HAIA AEEAT. e 0w 4]
F U $RFA A 5L 0l chepsle ol 5o o] 2
A of7l s R e Fgol vzl Aola Ao et
Tk Han 5(2007)0] wp2H A=A o\ A B2]% B. subtilis,
B. amyloliquefaciens, B. licheniformis 50| v}o] @AY o7l
2 AASFE A, Choi 5(2012) = A= Wra AL O 2 HE B
subtilis, B. amyloliquefaciens, B. licheniformis 5-0] S€tAF &
25 AY/dsto] ol e Ay opvl AAd gl B alstl =]
# A7) W W THOIAE 0|9} fAlG FEEo] o]
@AY olnlE AsH Ao vl Atk
AEAm 2 BE B2)% B. subtilis SCC B1110, SCK B1108,
SCK B1109, SCS B11061} B. amyloliquefaciens SCB B1307
2 27~92%9] vio] @AY oblg Za5t =t o] FolA=
B. subtilis- 3| ~EFR1 T} Bl 2R E ks FEH AT} 7o =
o] Eaf&ol o & yehton, ofil o] 8 A= Ut
WFolE tFof| et Aoldk Ao = W HThKim er al,
2012). =3F HE Ha WA 0 2 A 23 =g o 2R E 1
3} B. subtilis subsp. subtilis NCIB 36103} 454 ©] 99% o] A4}
2] YD-6,KJ-21,2RL2-3, PJ-7,KJ-10 2 Mpul-4 59| 455
o v £ Eetu Bakss 1ol 9l t(Moon ef dl.
2015) oo} o] opul Faff HlAUZ o == ofdl AkS} G4
(amines oxidase)]] 2§t AFS}A] Eotu| -5} vl-S-o|uf, St &

e owe

[¢]

A2 AR 2 3 obyl AFE] S SIS A
BAA ol AT Al 7]= A 0.2 B A tH Tabanelli
etal.,2014).

=]

Hl0IAI-] 0fl Ealiso0| Sk uaiATo] maHl0|oE!
2

uho] o A4 ofyl Balo] Qi mrutol 08 uh el Ayt
& A 2 o] g3 91 Aslolo] ok v, kAL
)4 0] ot H2s 9 89l S AR A TR Table 59} 2
th Al8] o5~ 20\ A B. subtilis DB517 (4.5 + 1.4%) 3} Bacillus
sp. DB403 (2.7 + 0.2%)-> Q1 o] thgt A ak/d o] =3ts vt
Y, Bacillus sp. DB407, B. licheniformis DB612 X B. subtilis
DBS21 &) 282 1% w]gke 2 A5hgo] A et 3
H, 3% bile salts7} A 7}E Q1F DM Wol| A B. licheniformis
DB612 (90.7+4.0%) @} B. subtilis DBS21 (93.8 +0.7%)-&- 912
H5Holl gk AgAd ol A UERE W, Bacillus sp. DB403,
Bacillus sp. DB407 9 B. subtilis DB517-2 o] Xt} W2 A
&5 UEHSH AW R F-A 8 Alte] B Atae7t
ol gt 3 A A amof] FARE U 7|54 S Wl sflopet
SHE 2 AHE 7} 2 QA T} 5o of et A 22 Hfo]
Q8 #5771 =7] Yot "4 el @ AolthJena et al., 2013).
Hanifi 5(2015)°] W2 B. subtilis R0179= 93-S E 3}
Sh= o 2 AE RS ek gl 11ef Falste] choyer
FHI 2 o] & 7Fsshrhar Arg sk leh Argyri 5(2014)0] wh=
H pH 2.59] Q13 $JH Yol A 3A17tF 52t Lactobacillus <51
CF A} A wt 2l vl el gt o] Q15 3l of] TRk A 3H/g o]
kAl RSF AL B. amyloliquefaciens AMS1-2-0.3% pepsin
(pH2.0)°] A 7He v FeH ol A 3AI7E 591 70.07% 2] &=
HItiManhar et al., 2015). A= 7o 2 HE Ba|w vl
el g Slohol oo 91% ol o) - A4S Lieh
31, E3] 3%9] bile salts 5Fof| A1 &= 90.31~99.31%0] o] 23]
S1KLeeeral.,2017), 2 Ao A Ee|H v g AFE2] A

Table 5. Probiotic characteristics of Bacillus sp. isolated from traditional fermented soybean paste

) Survival (%)
Strain
Gastric juice Intestinal juice
Bacillus sp. DB403 2.7+0.2 82.5+2.4
Bacillus sp. DB407 0.2+0.5 76.4+5.7
Bacillus subtilis DB517 45+1.4 80.5+1.3
Bacillus licheniformis DB612 0.1+0.0 90.7+4.0
Bacillus subtilis DB821 0.1+0.0 93.8+0.7

Adhesion

Antibiotics resistance (MIC, pg/ml) )
o Haemolysis
(%) A E K P S T
20.5+1.1 32 128 256 16 128 4 16 a
9.8+0.7 128 32 128 256 8 512 4 a
22402 256 128 64 32 32 256 16 a
11.8+1.8 16 8 8 4 256 512 4 Y
30.5+3.5 16 256 4 256 8 8 128 a

A, ampicillin; E, erythromycin; K, kanamycin; P, penicillin; S, streptomycin; T, tetracycline; V, vancomycin.

u] =32l A Alssd Al2E
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AL olSHET AR o Wk, AR EeldtE& Aol
U&= A HollA dda AEF Ao s 4=k

Caco-2 A|zzof| i3t #-2s= 5747 4
(2.2+0.2%)°] 7} kA1, Bacillus sp. DB403 (20.5 £ 1.1%)
1} B. licheniformis DB612 (11.8 + 1.8%)2] }. 2= H] 1. %]
=3%Eo W, B. subtilis DB821 (30.5 £ 3.5%)2 7P =2 K2k
2 B 7P A B2 % Bacillus sp. MKSK-MI, E1 2 J1
WFES AR 2 A7) SRS UERYgle B R
A Bztglo] =2 71 o & eyt o(Lee er al., 2017), B.
amyloliquefaciens SRCM 1007302] Q14| Ars] A 3Zof] Th gt F
8- 72.2%0] o]2Y thal B 5t =H|(Ryu et al., 2017),
2 AtollA EelH v Y Aadt e ol g e Tt W
Hasg BoEQith AHddl, S22 2 E 52 oY ofAlE|

EQL 72 GA| & QT A| 3L 22 At o] A2 ks
A|3ko] oG, FAb5o] 245 A5 ol g A=
o grehs ual Auj A aof| RAfet e & sho] A 2H4 o o
B HWH 7158 A Hohar Barskgich(Pedersen
and Tannock, 1989; Alander et al., 1997). A U] A1) Z A o] T
oF R2 e S Bl Z2Ake| @ E nAES Al
BA ol YA A o at-golut Sol A g4l olsf HHt ] &
£& 22 4= QJti(Otero et al., 2004).

Bacillus sp. DB403-2 erythromycin (128 pg/ml), kanamycin
(256 ug/ml) L streptomycin (128 pg/ml), Bacillus sp. DB407

ot
o

o]

2 ampicillin (128 pg/ml), kanamycin (128 pg/ml), penicillin G
(256 pg/ml) 9 tetracycline (512 pg/ml), B. subtilis DB517-2
ampicillin (256 pg/ml), erythromycin (128 pug/ml) 2 tetracycline
(256 pg/ml), B. licheniformis DB612-2- streptomycin (256 pig/ml)
9 tetracycline (512 pg/ml), B. subtilis DB821-2 erythromycin
(256 pg/ml), penicillin G (256 pg/ml) 2 vancomycin (128 pg/ml)
o] gAyA|o] sk At ado) 49 A2 et i) A
T = A Y SR TR MICER AJo|sk ATt B,
subtilis DET6-2 B. megaterium JHT3 ¥} B. thuringiensis DET9
w51t} erythromycin®} novobiocin®]] T3l ZF=Ado] =3k
t}. Wb JHT3-& DET63} DETY w5=¢f H|3 tetracycline}
lincomycin®f )3 4l+= 74243 o] =A) e S Y, ampicillin
¥} penicillinof] A= Fdo] W2 Aoz SRI= AL
(Patel et al., 2009), B. amyloliquefaciens AMS1-2 ampicillin
T} penicillino]] T3] 735t #1832 1 It Manhar ef al., 2015).
o 25 E 22 MKSK-EL J1 SIMI1 BR 2 2 w5== Al
S A3A]7]= FAYA| Q1 ampicillin, cephalexin, penicillin
G % vancomycin 52} @ & SHA] %] 5 A]| 21 chloramphenicol,

erythromycin, gentamicin 9 tetracyclin S-of ZFAd o] =9t}

(Lee et al., 2017).

B. licheniformis DB6129F0] y-haemolysis& LEFY 1 O LY,
1 0]9)9] #5523 X5 o-haemolysis & AJ4Akst= A0 =2 &
Q1= 1t}. B. megaterium JHT3-2 y-haemolysing- AJAFSH b
M, B. subtilis DET63} B. thuringiensis DET9+= B-haemolysin
2 ALK tHPatel et al., 2009). B. cereus+ B-haemolysin &
ARSI e ol Alge] A EA 17 Hol ol
ofsinl, §8 AR £55 i B} FHU S
2310] 9 744171 ck(Seker, 2010). oo 311 Ak}

o = off upA e 2qt o] Ao tht A &84S

ol
ool ufel Hol7} 9 & 4= ek

Koo

o

Hlol oAy ol A/4d50] A vl Lat o] digh 2
o] 2.8 ZAJo] Sl vl Aat ] et EAE S Ak

Table 63} Zrt}. Bacillus sp. DB407-2 B. subtilis DB203 (256
AU/ml), Bacillus sp. DB310 (128 AU/ml), B. cereus DB313 (128
AU/ml), B. cereus DB1019 (64 AU/ml), B. subtilis DB1020 (64
AU/ml)o|| t 3l Gt B3 Yeb It B. subtilis DB821-2-
B. subtilis DB203 (64 AU/ml), Bacillus sp. DB209 (128 AU/ml)
9} Bacillus sp. DB1022 (32 AU/ml) 2] Z4] o14] E1}7} 9l
Ao g golEglong o5& F A AFtE = o] g3ttt
w9 ofulel PEg e mabHel A0 BeEh
A9t Bacillus sp. DB4033} B. licheniformis DB612 X B.
subtilis DB517-& Z|A| ot72] S-415 A 4= Q1= HlH| 2]
@418 AAIELA Fake Ao et

2ol Beel el Al A MKSK-MIL B 9101 g5

S. aureus, B. cereus, E. coli, Shigella sonnei, Shigella flexneri,

Pseudomonase fluorescens X Klebsiella pneumoniae©]| tj| 3}
Pt S HEt sleT 58] A8 A AR A oHd
@St HEAQ B. cereus &) F-415 718 Z8HA AAIsH=
o] A2 1S gHolsl gl th(Lee et al., 2017). HFA B A2 o)
AL o] 7] wizoll 1A gt WollA Fagt

Fet o= -4 Aito uhE Aol g A
e 3} o TR PR vh S cheyslet. B3, B. subrilis

(S. aureus, L. monocytogenes, B. cereus,

g ot

O
e
ok
o
N

Streptococcus pyogenes, Candida albicans 5] tj 3} £-0]4]
o3l A&SHA| AFEAI 4= Al et EES AASFAL, o
EAE A A E ) o] Al YR A5t
2 st o] Wik B2 A 7HsAd o] 58] Hrkar skl
THOlmos and Paniagua-Michel, 2014). B. subtilis7} AJ A3} 3}
52 2 = subtilin, ericin, mersacidin, subtilosin, bacillocin,
surfactin, bacilysin 5 v-$- ChaFshu] 0] 5-2 A Eate] 78-S
HolA Al f 28-S FEA71L, Al22d S AslskaL

i
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Table 6. Antibacterial activity of probiotic Bacillus strain against biogenic amine-producing Bacillus sp. isolated from traditional fermented soybean paste

Indicator

Bacillus licheniformis DB102
Bacillus subtilis DB203

Bacillus stearothermophilus DB206
Bacillus sp. DB209

Bacillus sp. DB310

Bacillus coagulans DB311
Bacillus cereus DB313

Bacillus amyloliquefaciens DB714
Bacillus sp. DB915

Bacillus sp. DB917

Bacillus cereus DB1019

Bacillus subtilis DB1020

Bacillus sp. DB1022

Bacteriocin activity (AU/ml)

Bacillus sp.

DB403
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

Bacillus sp.

DB407
ND
256
ND
ND
128
ND
128
ND
ND
ND

64
64
ND

Bacillus subtilis  Bacillus licheniformis ~ Bacillus subtilis
DB517 DB612 DB821
ND ND ND
ND ND 64
ND ND ND
ND ND 128
ND ND ND
ND ND ND
ND ND ND
ND ND ND
ND ND ND
ND ND ND
ND ND ND
ND ND ND
ND ND 32

ND, not detected.

8l obal AASHE 8l AR Z/\} x_]% —“E;g', 19} #] ]

W T} 28 AFEORS o] 83k 7o) Bane ul glout
(Dapkevicius et al., 2000), o] E2] 4 2] FHES 4]E9]
A Zhout GOt 71K 4 9 BAS R Eshe TRdol 9
© 0 Hlo] 9 A|Y ohyl A L0] AL Bajl 0] 9l u]A)
5 o183k B Alo) WS o83 A7 2] of
501731 9}t Mah, 2015). B E3L4] 12A]Q) vhE|2) 2.410]
LSRR S 0 B B AR fANES U
e o] §ol 71t E 8 FFo.RA W A ] ot 21 &

a

AAA 7= a4 9l Ao 2 B 1%t Herrero-Fresco et
al., 2012). TE2H}O) Q8 {52 = F& Lactobacillus <5 2
Bifidobacterium <32°) 0|9 3G == A0 &2 wol Aej A ¢
O}, 322 A}l vRA B Ak T g o] HarE|al gl
o] o] 52 | Hof| thet et AeHd B 7 A F w42
WE 2Hdo] e Wt ofy 2k AU A Al aze] gt
—T—]—A _‘f_xl— CHX—" b‘]—A]—p} Dj—/H U] D:] o }_7% 7]‘_6- %o] §_']-
I AcHElshaghabee et al., 2017). P 2 A2 EXLE
Fo =) of3 g0l g g o] Zetm e vl
O 2 X 9] o] & 72| 7} = o E=A] Sulo|L) 9)5) WY

o] Foug oz AJo| Sk E|of generally recognized
as safe (GRAS)Q] @7 Z AL =3t Ao Foly Qi)

rl

o 091 O ok _?ﬂ fin)
a0 ox it r*o
O_L. IELI Eq' jag O

—TF

u] =32l A Alssd Al2E

(Patel et al., 2009). ZZH}o] @ E] BAJS LJeh = BiAl 2] A4
T2 B. coagulans, B. subtilis, B. licheniformis, B. cereus,
B. cereus var. toyoi, B. natto (subtilis), B. clausii, B. pumilus, B.
clausii, B. amyloliquefaciens L B. polyfermenticus 5] 2.1l
= v} )=d|(Manhar ef al., 2015; Suva et al., 2018), & A+ 2
et FA o A 2] % Bacillus sp. DB4072 DB821 &= 232
OIS Y3 B2 5 Bf i3 kol A oh
shol|glon e ol e @
é&ﬁiﬂ%@d%%gwéﬂémwumw
9 chobet 2] B4 A0 T AT A
G, o] 2.4 o}pl o] Fao] Lol
J%Er AlFEol thet 818 7Hs3k f-3lf obdl 71
A grot axn|AE2] A2 st Jle e
i_ﬁ_ﬁH o]-l:l]o oAl = 4] A]ﬁ&i—sﬂlol/‘j ok =}

9]
7

LS 1 O 1 O = O =2 ;%Oﬁ;gsl-
ol obl A= 2l asheh o= Al a2 Aol vRt

M 9

B A AE Sefuke} A% wa Tk U vl 944 of

§ G S35 0|5 ol ZH L R 4 Y xE
o] 9.8 upAlel A& Helslgik

= Ul Alat=m, pH, 2%
=

Al A g uto] @AY ofyl gk Al multh (-5t o]
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7F A Bl A E2l | vhd 2l 2qt Foll A Bacillus (B.)
licheniformis DB102, B. subtilis DB203, B. stearothermophilus
DB206, Bacillus sp. DB209, Bacillus sp. DB310, B. coagulans
DB311, B. cereus DB313, B. amyloliquefaciens DB714, Bacillus
sp. DB917, B. cereus DB 915, B. subtilis DB1020 X Bacillus
sp. DB1022+= Hfo] Al opql A /d-50] Qliz 21 o= el w]
gich Hhd, vlo] @AY ol Bt Bacillus sp. DB403,
Bacillus sp. DB407, B. subtilis DB517, B. licheniformis DB612
9 B. subtilis DB821 2 5 A |1 th. £3], Bacillus sp. DB407
3} B. subtilis DB821-2- Q15 a3}l of] gt 2|34, 7k 3wl
R3] dhg 22, Aol g v 2 vl 2414 oyl
Aol ek B4 5o Z2rto] 08 S-S gl
th AEA O o5 Litio] 08 ubAle] At e vho] 04
Y ofylo] he o= i A Ao Mgha AekE| 2 ALR

=g
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