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Abstract : The primary objective of this study was to isolate and identify amine oxidase—producing
probiotic Bacillus strains from traditional fermented soybean paste. Biogenic amines (BA)-forming
bacteria isolated from the samples were identified as Bacillus sp. TS09, Bacillus licheniformis TS17,
Bacillus subtilis TS19, Bacillus cereus TS23, Bacillus sp. TS30, Bacillus megaterium TS31, B. subtilis
TS44, Bacillus coagulans TS46 and Bacillus amyloliquefaciens TS59. Meanwhile, B subtilis TSO4 and
TS50 isolated from the same samples exhibited good probiotic properties, including the tolerance to
artificial gastric juice and bile salts, the adhesion to intestinal epithelial cells, and the production of
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bacteriocin(s) active against BA—forming bacteria (Bacillus sp. TS30 and B. subtilis TS44). In addition,
the amine oxidase produced by B. subtilis TS04 and TS50 significantly decreased the formation of BA,

especially cadaverine, putrescine, and tyramine, therefore, these strains could be considered good
potential probiotic candidates to prevent or reduce BA accumulation in food products.

Keywords * Amine oxidase, Bacillus, Biogenic amine, Probiotic, Soybean paste
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AeA Bgoz e obyl ot AT Yot Lzulolod Hpe AR Rel 4 S

Table 1. Identification of Bacillus strains isolated from traditional fermented soy sauce using 16S

rRNA gene sequence analysis

Classification  Isolated strain Related strain in NCBI GenBank .Perc?ntage
access identity (%)
TS09 Bacillus sp. KIGAM418 MW130838 98.6
TS17 Bacillus licheniformis BY65 MN133912 99.2
TS19 Bacillus subtilis SQ33 MT804654 99.9
) TS23 Bacillus cereus BY57 MN133904 99.9
BA-forming TS30 Bacillus sp. RGM1 EF467626 98.0
TS31 Bacillus megaterium SL4 MG333483 100.0
TS44 Bacillus subtilis SBAMUS8 MKB861089 100.0
TS46 Bacillus coagulans 3T27 MN559542 99.6
TS59 Bacillus amyloliquetaciens SA70 MK467609 100.0
TS04 Bacillus subtilis MA—26 KX426626 99.0
BA-degrading TS13 Bacillus coagulans SF1014 MN588276 98.9
probiotic strain TS42 Bacillus licheniformis MA=37 KX426637 99.3

TS50 Bacillus subtilis BY49

MN133896 99.0

=Gt 2t BA Eolledt ZEHlo|QE g
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sp. T FHTORE UETh
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Table 2. Quantity of BA produced by Bacillus strains isolated from traditional fermented soybean

paste
Stain BA production (mg/L)
Cadaverine Histamine Putrescine Tyramine
Bacillus sp. TS09 ND ND 259.1+13.5 ND
Bacillus licheniformis TS17 412.9+20.8 ND 112.4+5.9 ND
Bacillus subtilis TS19 136.4+9.9 309.5+14.2 ND ND
Bacillus cereus TS23 222.5+4.4 ND 462.3+£30.5 241.612.5
Bacillus sp. TS30 ND 162.8+£9.9 606.8+£27.0 ND
Bacillus megaterium TS31 518.3£25.3 85.3+4.1 ND 405.8+11.5
Bacillus subtilis TS44 281.6+13.5 173.5+11.3 ND 691.2+31.4
Bacillus coagulans TS46 ND ND ND 299.6+15.2
Bacillus amyloliquetaciens TS59 ND 375.2+21.2 582.6+19.9 ND

ND, not detected.

Table 3. Probiotic properties of Bacillus strains isolated from traditional fermented soybean paste

Probiotic properties

. Survival in  Survival in . Antibacterial activity against
Stain . . . Adhesion to . . e .
gastric intestinal HT-29(%) BA—formmg strain (Bacteriocin activity,
juice(%) juice(%) AU/mL)

Bacillus subtilis TS04 15.7+£0.8  89.3+2.5 23.1+5.2  Bacillus sp. TS30 (256 AU/mL)

Bacillus coagulans TS13 327+1.6 942441 11.4+8.6 ND

Bacillus licheniformis TS42 29.3+£3.7 98.2+1.6 19.2+29 ND

Bacillus subtilis TS50 457+£3.0 97.2+1.1 33.5+3.5  Bacillus subtilis TS44 (1,024 AU/mL)

ND, not detected.

Aow SRt A7t B, coagulans DB311
2 oS|AEIY ZEHAS AR ¥ B
coagulans TSA62 E|etHITH-E AJAtsto] mRde]
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e el LSk, B, subrilis DB821
B. subtilis DB203 (64 AU/mL), Bacillus sp.
DB209 (128 AU/mL) ¥ Bacillus sp. DB1022
(32 AU/mL) 59 BA 4wl tis &+ &4
< Uehd HEE oAl Aitehs Aoz iy
AJ=dl B subtilis TS04 E B subtilis TS509]
g ed 42 olgET =4 =AU
Lee 5[25]2 Bacillus sp. MKSK-M1, E1 ¥ J1
2 AFE 9 A9y 5 HgdTl i &+

Mo ™ & Ju K

A DgoRE opl 45t 45 Aishs ZaHboled widAde] £ F

o
-

g4e vEtiY shdA, B o] B
subtilis TS04€} TS50%= BA AAT<] Aeolo) &
& o] it

g

ot

B

>

3.4, HHA2{AFO| ofol A5t S4
=dlls

i@ Agte] ofl 48} 54 g4 9 BA &
s AT ZAie Table 48t Zrh B
subtilis TS049] ofgl Arsl @4 AL 175+
1.2 U/mLe|glem 7oA (24.3+£1.5%)7 FE
HA@®.5£0.7%) Edllsel EJ=ENH. B
coagulans TS139] oyl 4tsh @4 F4J(13.5+
0.9%)2 7P wA SA=New o™
(30.5£4.8%)°l it Eelswt UEHTE B
licheniformis TS42 (20.4+£5.1%)St B subtilis
TS50 (22.5+3.7%)2 TS04 = TS139] H|s] =
2 opql 4Hgt &34 ZA4E UL, TS42&=
S| 2AEH(29.1£5.4%) 3 El2t(18.6+4.2%),
TS50 S|AEMHE A9t BAE &Eafid 4= A%
o}, o)ike] A}, ofgl A5t &4 g4 9 BA
e HHAHA HFo wEt Zfolrt &S &
T ATk

Heo 5[18]2 wlFet HgolA E2H HAy
AwtF F B osubtilise 12.4 U/mLe] ofql Ars}
B4 F4E U stletll B subrilis
TS049F TS50 olHTE =2 a4 o] el
Ay, AV B lichenitormis 38dF  FolA
14BML13 #3(31.8 U/mL)7t 7V =2 4L
74zl §HH, 14BDL20 #5& 7FF W2 8474
U/mL)& Yelligl=dl B. licheniformis TS42+&
20.4 U/mLolgleng 5o wat a4 Ao
217t g & 4 ATk 2, Heo 5(18]
S BA Hol5E 7V B subtlis®t  Bacillus
idriensis 5= ot B3] §4 yobN A=
H{stgow, 71 w2 ofdl A5t 4 248

Ml
¥

Mo

Mo

Table 4. Amine oxidase activity and BA-degradation ability of Bacillus strains isolated from

traditional fermented soybean paste

Amine oxidase

BA-degradation ability (%)

Stain activity (U/mL)  Cadaverine Histamine Putrescine Tyramine
Bacillus subtilis TS04 17.5£1.2 243+£1.5 ND 8.5+0.7 ND
Bacillus coagulans TS13 13.5+0.9 30.5+4.8 ND ND ND
Bacillus licheniformis TS42 20.4+£5.1 ND 29.1+£54 ND 18.6+4.2
Bacillus subtilis TS50 22.5+3.7 16.416.0 ND 12.9+1.6 35.7£5.3

ND, not detected.
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