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In order to reduce harmful biogenic amines in the traditionally fermented soybean products, five isolates with
biogenic amines-degrading property were obtained from 83 traditionally fermented soybean products. The strains
were found to reduce biogenic amines including histamine, tyramine, putrescine, and cadaverine by 27 to 92% in the
cooked soybean containing 5.3% of each biogenic amine over 10 days of incubation. The morphological and
biochemical tests and the phylogenetic relationships based on 16S rRNA gene sequences indicated that the five
isolates were most closely related to Bacillus subtilis or B. amyloliquefaciens. The use of selected strains would be a
potential control measure in manufacturing traditionally fermented soybean products that are difficult to control
biogenic amine levels.
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ARE B Algto] WAl 24 ARol] o] ] 715E fA5b] 8 Wi BARA vl B BHE 5
FoA o4 YRt BNt R oot HE UE 2L o|RL YA ABoIA FF 4 Aol A4S e
o] AR SEIoIA ABPHS H9ohs 1A £ Witk B9 ofulidlal gl o] £ T EE 94 T AR
A}= Bacillus cereus group®] AASHE A W FLE E4 o A= ka I 5 QA1) o) SH=E J o] A= biogenic amines©]
Aspergillus flavus\} A. parasiticus7} AJAFel= aflatoxin, 2Ha A= 4= it} o]E 5 histamine 2] 79 A3 &= tsiel &

nYEEo] 28] AFE]E biogenic amines 502 @oFET) 0|5
% biogenic amines-2 H|AYE-2] amino acid decarboxylase 2}
.2 ofulicAbo 2 RE AR A2, £AA), EEF 59| W
U A 52] Buflof| 3ddl= Achromonas, Bacillus, Citrobacter,

Ao 73Est 2HEZ Q1 nitrosamines,

H 2715, tyramine-2 @Y Al W 752, cadaverineY} putrescine-2
nitrosopiperidine,
nitrosopyrrolidine-2 A8AJE 4= 1th(Smith, 1980; Shalaby, 1996;

Clostridium, Escherichia, Klebsiella, Lactobacillus, Pediococcus,
Proteus, Pseudomonas &2] N|d-=0°] 71X = A2 A4#HA 9
th(Kawabata et al., 1956; Havelka, 1967; Ferencik, 1970;
Lerke et al., 1978; Omura et al., 1978; Taylor et al., 1979;
Taylor and Speckhard, 1983). Biogenic amines-< 2142} A
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WRE 0113717 %, TuF, 2407 59 48 A% @E
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=9} of] n|BEEY AT ol o LiT} o|Fo|7] o
o] biogenic amines®] AAE7] A3t ZAo|th A2
2006¥ =Y 7= Ua AE =of biogenic amines £E5 AL
3t A3t =29 A5 FZ9] putrescine 2 99.6-1453.7
(B 462.6) mg/kg, histamine2 260.1-952 (H 569.4)
mg/kg, tyramine-S 284.7-1430.7 (B 669.5) mg/kg O & T3
50| F2 3ok 3459 A F7Hed By o2 71 &5
I, A vhgo 2 33 A, @A 2, A 2, ddiA |
A} £20]tH(Cho et al., 2006). 3H=2] ATk 3= biogenic amines
ahaol 1 B AR 7F F 4%0] ARO|T, AT B4 A
2 Agero] AZu} o Wrks AL neeiE, BRAL A}
£ &3l A%l A2 5714 & biogenic amines& A& 4=
Qltt. FA7}A] amino acid decarboxylase 42 X1 biogenic
amines & AT 4= QA= B. amyloliquefaciens, B. subtilis, B.
licheniformis7} A=A oA FA(Han et al., 2007)%1oH,
histamine decarboxylase &A= 2L FHJAX|TE tyrosine
decarboxylase -F-HAZ §-3-3E 235-9] B. subtilis @55 biogenic
amines FreFo] W2 =24of A H2| = $th(Choi ez al., 2012).

25 52| biogenic amines A4 EAIRE Aotz
-]+ biogenic aminesS AJ/4J 1A Lo A FEo] Bt
B. licheniformis w55 2|3t v} QItKKim et al., 2012). Biogenic
amines2 monoamine oxidase®} polyamine oxidase®] 2]3f
B = R7HA] o]& B4 AL Micrococcus, Natrinema,
Brevibacterium, Lactobacillus, Staphylococcus, Arthrobacter,
Klebsiella, Pseudomonas, Serratia, Salmonella <o) 4] 2-AE] 11
QthMurooka et al., 1979; Naila et al., 2010). 12} 3=+ A
& AR LaA 7P @A HEE = Bacillus 45:2] biogenic
amines £3f 532 L B9 B. licheniformisE A|¥slE=
W] oA oA elsith. Lo R HE PRE HEH PR F
= 21545 biogenic amines XSS ETF AF YL 5
Alof g 4= glojof gt} o|2fgh HE 13| 2 e Fe A
=o] F g M2l B. subtilis?} B. amyloliquefaciensS 5412
2 f-3)l £212 biogenic amines £35S 7R HA] QEAA FRE
Slol Sk SAALE T S T Helo] BES R,

o+ S AE i of) whak Al 23 83%Y B u2A, A
FAES 7Y F5 g2 F3l 0.3 mM Q4 GFH(PH 7.2) 22
3293193tk Nutrient agar (NA)2} B. cereus A18] B R|[chromogenic
polymyxin B-methoprim agar (CPMA)] £Ho| 345 #9
Z}z} 200 WA Z=3x5k31 30T ol A 24A17F vl F 3, NAOA =}
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< skt

g <4 59 biogenic amines A 73S 93t 73 &%
Q1 3 A H 22 biogenic aminesS AYJAIE1A] GEOHA] FA]
biogenic amines & E3l5l= F-& = Hho|th o] EAE
S Zt= 35 AES 93] histidine, tyrosine @ cresol red7} g
G5 A v X (Kim er al., 2012)E ARE-3] biogenic amines&
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BHe12] = A7 FFE2 1IAHH o2 sty A 45
S histidine X} tyrosine-Z histamine} tyramine 2.2 ZZHA]7]
A Z3f A 7219 A Ikt gIE W, biogenic aminesS
Aste dix 4559 IS FH= Hepos WYY
(Fig. 1). Biogenic amines &3] 532 &RlIs}7] $J8ted], o] &+
FES A 9 ALY O Z 2% histamineT} tyramineRt $H--3F
| 27/ A(Kim et al., 2012)¢] vjFste] 2 A2h= biogenic
amines £-3)| 7 5352 5 ALt o1& #+59] biogenic
amines 23 58S AFH O R EA517| 98] HPLCE 535}
St 57 st 71 0.3 g0l ZF 16 mg <] histamine, tyramine,
putrescine, cadaverine2 ¢l 0.8 ml nutrient broth (NB) HX]
£ et AdE #59] wigd 02 mE FESHh vnE
3l biogenic amines$o] NB #jZ]of] #5:9F HFqh o271,
w8 Z7PHA] 2 RS ARSI 47 CollA v =
10,000xgol| A} 1087 L4 E2J8to] €2 0.1 ml 443, 80
O = &3] 1% dansyl chloride, 50 pl 33} Na,CO;, 4 A| HA}
5 20)7] Y3 50 Wl YF & 8H(1,7-diaminoheptane) S 4 ¢
45CoAlA 1AZF A3 AT A3 A 2-8-Hof| 50 ul
10% proline2 o] o] 9] dansyl chlorideE A A%t F 0.5 ml
etherE ¥ 38 ¥ E2E A45AS Zof 34 F 0.1 ml
acetonitriled] =¢th HPLC EAoz oA} ZEHLe Cl18
(Capcellpak, 4.6 mmx150 mm, 5 pum), ©]5A2 H,00) =21
0.1% formic acid (A)<} acetonitrile®]] =<1 0.1% formic acid
(B), 5% AAF= 0-105, A:B=45:55; 11-155., A:B=35:65; 16
255, A:B=20:80; 26-30%, A:B=10:90, 30 82 1 ml/min

Fig. 1. Color development on the synthetic medium containing
histidine, tyrosine, and cresol red as pH indicator during incubation
of biogenic amine-producing bacterial strains. Strains: A, KACC
10001; B, KACC 11240; H, KACC 13069; I, KACC 13752.
Biogenic amines-nonproducing Bacillus strains isolated in this
study. C, B. subtilis SCS B1106; D, B. amyloliquefaciens SCS
B1307; E, B. subtilis SCK B1108; F, B. subtilis SCK B1109; G, B.
subtilis SCC B1110.
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Table 1. Degradation of biogenic amines by the isolates. Degradation was determined after 10 day fermentation of cooked soybean containing

5.3% of each biogenic amine.

Degraded biogenic amines (%)

Strain - - - - -
Histamine Tyramine Putrescine Cadaverine
B. amyloliquefaciens SCS B1307 71 70 78 73
B. subtilis SCC B1110 45 59 85 78
B. subtilis SCK B1108 27 44 88 78
B. subtilis SCK B1109 36 42 92 86
B. subtilis SCS B1106 46 51 88 93

*Percentage of weight per weight

olgem 10 ul A BE FUstech. B4 Az o] e} 27-
92% 9] biogenic amines= £3f 3.2 ™(Table 1), B. subtilis
T552 7% diamine?l putrescine™} cadaverine?] £3&-2
78-92%, monoamine?] histamineX} tyramine-2 27-59% 2 A]
diamine £33} &°] § E9ton, Z+& B. subtilis To|t = 5]
w2l 11 B A== 2po|E Bk 13y B. amyloliquefaciens
SCS B13079] 7% monoamine} diamine 2] £3)-&-2 70-78%
HAR vttt A5 AR Axe 42 3= 435k v
E ASYeE gEE AEAA w5 EEE 51, o] 52t 34
HuF Y s STl da Y AR S oz ad=
& Az R ATHKIm ef al., 2011). wEkA] HS
A% A] biogenic amines E3)| #FE2] FFFS 58 4T
HAE 285 Ta 9 s S o u|AESel ol
A A El+= biogenic amines 2 G 02 A AT o2 Bt}
Biogenic amines &3] #5352 NAo] vljoF A] @jAio] X2k
Zol= whEe] e e AP OH, 1500% H&e] Yot &
u|Zstol| A BESFEE o F& Qo] ul-¢- S g G
= kXS Ve 0|5 #F 5 B. subtilis SCS B11061} B.
amyloliquefaciens SCS B13079] FALARE 0| S ¢3)
30°ColA 21A17F v kst +F B FA-E 1,000 rpmoflA 357
Al B8] S ASHS A ASE 0.9% NaClZ2 21 pellet-2 Al 2 gt
% 2.5% glutaraldehyde 12} 324, 1% osmium tetroxide 22} 117,

ethanol &1}42 A H . 100% ethanolo] <% 2 cover
glass 9o Hol=d T 80TColA 1247t AXAZ|ZL, ion
sputter 2 207t osmium& ZHA|A FAF XA 0] (SUPRA
40 VP, Carl Zeiss, Germany)ol|A] Z&3}4ct 5,000 vj&2
shoje AT A o 2 B 23 nE A el 1 e
20.8-0.9 um x 2.0-3.0 pm®] 2712 B HFig. 2).

Rel 5] YSRLA L 9J5) WL NA vipelo] 514
46% Az vljA] U Ay3}s}t H-2-E-2 A= Bacillus identification
card (BCL ID card; bioMérieux Vitek Inc., USA)o] U35} ch
AEL 158 7 © 2 VITEK 2 Compact™ software (bioMérieux
Vitek)oll 382 22 A7 EAE o] 14417 3 o] A= FH 3Tk
BCL ID cardE ©|-&3t 46579 A3stdy A A B
amyloliquefaciens (‘53 85 99%) =2 5% SCS B1307 (GenBank
accession no. JX041905)2 A&t #== SCC B1110 (JX041908),
SCK B1108 (JX041906), SCK B1109 (JX041907), SCS B1106
(JX041904)5-2 U5 B. subtilis2 2522 98%, 97%, 97%,
99%) =] r}. 16S IRNA F-ARF9] G714 Fof o3t + THL ¢
3} universal primer24] 27F (5'-AGAGTTTGATCCTGGCTCAG-
372} 1,492R (5'-GGTTACC TTGTTACGACTT-3)S ©|&,
16S IRNA 445 PCRE $EZ3t &, 54 23714 4
7] 949& E35H= 1,528 bpE BigDye Terminator v3.1 Cycle
Sequencing kit (Applied Biosystems Inc., USA)E AME-5lo] 3=

Fig. 2. Scanning electron micrographs of B. subtilis SCS B1106 and B. amyloliquefaciens SCS B1307 with biogenic amine-degrading activities.
(A) B. subtilis SCS B1106, (B) B. amyloliquefaciens SCS B1307. Bar, 10 pm.



5}G tH(Chakravorty et al., 2007). ©] &7] A <€5S BLASTN
search (Zhang er al., 2000)2] Reference RNA Sequences
Database?} Ribosomal Database Project (RDP)2] Seqmatch
program (version 3)o| A A8 LR =7} =& EFE #59] 16S
IRNA §87 @711 25S AL, o5 97 A el 45
v 2E €5 CLUSTALW (Thompson et al., 1994)5 A5}
o ABE RS 2R 165 IRNA $H4 @71 HLEL 4
ol A17H BT S 02 gapo] HaslE|Es wAT S
Kimura’s two-parameter method (Kimura, 1980)2} maximum
parsimony method (Fitch, 1971)& ARE3}e] 25T A=
3t 24210 AlgpollAl ZF ERof tigt TAEE A= 4
517] 913l Bootstrap 241 1,0003] AYstH o™ AF 41}
bootstrap £43-2 PAUP (version 4.0b)S A5t Swofford,
1998). 1 A3} SCS B1307-2 B. amyloliquefaciens ATCC 145892}
V& 7W7hE =8 BAE 16S iDNA F-8% A E A54d-2 99%
%31, SCC B1110, SCK B1108, SCK B1109, SCS B11065-&
ZY7F 99% o)A Md A 5A O 2 B. subtilis DSM103} 7H4F 7}
7hE 4d TAE B4k A 43 AFEE B A0E
v}eko 2 SCS B1307-& B. amyloliquefaciens2, YH A 435
L B subtilis2 A3}k

AE ARG FRE 93t o] FFEO| B. cereus®] At
524 82K (nheABC, hbIACD, cytK), T-E 542 cereulide T
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d B TR cesA D cesB), AAt 54 T Az 47
(plcR-papRy& ZE=7] 1 918 PCRE =353t o€ =
2§23 FELS Y3t primer A/ EE-2 Kim er al. (2012)0] 4
At Adt Zgkom, o]F HES 9% PCR-2 94 C oA 287F
Z7] A 3, 94C 1E7HHALL 56C 187 2%, 72C 12 &
Z 24L& 303] ¥HESkAL 72°C of| A 5E7F upR| e FE-5 A A5}
Frh I A} o5 #FE BF B cereus S2FANES A
FH5HA] gEtThFig. 3).

A qa FRY gt FulE FAISHHEA Al Y4849
EARE s 2stes g2 A Ao Fojsts a2 nAES
of tha} Rloje} 4 7t A3 B2 ofshafof k7] W] 27
otk o5 QASo] M BHAH SHHo Sshor
g A= AF 5 ga 9 biogenic amines?] A4 A olt).
13} HACCP (Hazard Analysis & Critical Control Points) A
H] 71&& Z257] ol GA A5 AR 3HES A9 dd
sjoh Az o] HAHe) AF glol= AUHOR biogenic
amines ZHAE 93t v|AE Alo7F E7Fssith AF AR AE
o]| A H1¥ 3t biogenic amines A4 EA|E | A3}17] Y8l $2l=
biogenic amines2 AYAFSIA] O HA] o] 50| 5l =2 B3l 5
o& Holt S AE FRoIN Bt Sheln, AR WA
9 LXo]] JoSh= F= Mt B. subtilis®}; B. amyloliquefaciens
7} biogenic amines& GI}& 02 Bajgh 4= Q22 A2 02 3
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Fig. 3. Gel electrophoresis of PCR products for the detection of B. cereus toxins. Strains: (A) SCS B1106; (B) SCS B1307; (C) SCK B1108; (D)
SCK B1109; (E) SCC B1110; (F) B. cereus KACC 10097. Lanes: 1, nhed; 2, nheB; 3, nheC; 4, hbl4; 5, hblC; 6, hblD; 7, cytK; 8, plcR-papR; 9,

cesd; 10, cesB; 11, partial 16S rRNA gene (282 bp) as control.
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At o] dE2 wigste] LA AlF DA A starter= 5
F3h= 7% biogenic amines& A3 & = 917] W20l HF
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