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Biogenic Amines Formation and Content in Fermented
Soybean Paste (Cheonggukjang)

Gyu-Hong Han*, Tae-Yong Cho, Myung-Sang Yoo, Chun-Soo Kim, Jung-Min Kim, Hyun-Ah Kim, Mi-Ok Kim,
Seong-Cheol-Kim, Sun-Ae Lee, Yong-Suk Ko, So-Hee Kim, and Dae-Byoung Kim
Test and Analysis Center, Busan Regional KFDA

Abstract The potential to produce biogenic amines was investigated in microbial strains isolated from fermented soybean
paste, cheonggukjang. The typical levels of 11 biogenic amines, including putrescine, histamine, and tryptamine, were
analyzed in commercial cheonggukjang. The tyramine and histamine levels in the samples ranged from 4.2 to 483.1 mg
kg™ and 0.2 to 70.3 mg kg™, respectively. A total of 4 microbial strains of Bacillus sp. were isolated from cheonggukjang.
The Bacillus sp. were identified as B. amyloliquefaciens, B. subtilis, and B. licheniformis based on phenotypic
characteristics, which included using the VITEK system. The screening plate method for detecting amino acid
decarboxylase positive microorganisms was performed. The results for amine decarboxylation were positive, and biogenic
amine formation was evaluated by the confirmation of amine-forming capacity.
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Biogenic amine(BA)7F+= A % (putrescine, cadaverine, sper-
mine, spermidine), 3 (tyramine, phenylethylamine), 38222
T-Z(histamine, tryptamine)E 7 )2 Ho 3(D), BE, 4
oA opH|:=Ate] 4 gehal whgo] os) AAETHR). ©]
o Wt AFlA BAY AFL ofvieat R gebEsgAS
7 vBES] {7 wet AR, ngge] HH ezl
2 52 2RNELEEL AF 5 BAY AN F/NAYE).
53] Algel g ofnlicit Feihig-e JYstd oz REG
FANNE dold F A, ol AlFe dehiukg A 2w
AA7E A FFE Fof derate] o HdS JRo|F
A g Q7] WEo|th4). ol AFY Kujd Zgah= Aol
YRR ZES Bote] BAS ANT & doke AL 9ulst
o, dA 4Fe] Foie}l BA9 AHBAC diF ATt BF
HATKS).

AL T & F 9 ol T3 4042°ColA 23U
LEAT SEueEt A% FAAFO 2N Bacillus sp. "IRAES 2
oz Azxddh. A=7 wgo) Hshe vYEEE B sublilis(6),
B. lincheniformis(T), B. pumilus(8), B. amyloliquefaciens(9) 5|
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A7 BEEen, Beld BF protease AAEA0] 45}
o BaHe], fotuite] @gle] HiE BAQ AAldx
#A43EA "t} =, Cho F(10)8 97 BIdAM= 7l FZA
% histamine $+%Fo] 13-543 mg/ke, tyramine o] 0.7-483.1
mghkgl 2 HAEH nl glow, TFAE UEmaro) 39718 =
A3 AFNME histamine O] 51-457 mg/kg® HERITH(ID).
°]#% histamine® tyramine 2 BAS AT A9 AAHA
QAo A= Lol £4)3= mono-diamine oxidase’} F-=3}A1]7)
A gk, $-2% R SA1¢! monoamine oxidase inhibitors(MMAOIs)E
E-831e 3 23 Ajke] Y Aol 8o g o
FolxA] o} AFe] BAS HF SR A {3T FAtol
viebd = 3lohal $th(12-13). ol¢h BEate] o] ATERA
= BAY A& A7 A7) Auld 2AK14), pH, 2% 2
NaCl 5= W& 9315 2 28EE 53 473 d5316)
Sol ¥REH oW ol BT BAS AAsE PAES 79
3, uAE] S AAFTOoZN BAS AR F Je D
WS A7gk Aot

A 2 drdies Sl AT A BAY S-S
ARBlaL, BAS s mAEY 23S 539 A9
TEskEAL gk

o kN

o
R
Aot % A=
AL AR BE, <%, 3FF, SHEE VS, R F

B, AAdE 3F 2 AR A5 1052 50k Biogenic
amine®] FFEOF putrescine(PUT) dihydrochloride, cadaverine
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(CAD), spermidine(SPD), spermine(SPM), tryptamine (TRY), hista-
mine(HIS) dihydrochloride, tyramine(TYR) hydrochloride, B-phe-
nylethylamine(PHE) hydrochloride, serotonin(SER) hydrochloride,
noradrenaline(NOR) hydrochloride, dopamine(DOP) hydrochloride
o} WE-EFEARA AEHE 1,7-diaminoheptane(I.S.) 2 S
AleF dansyl chloridet= Sigma Aldrich Co.(St. Louis, MO, USA)
oflA] 7RlEk] AN, HPLC 559 acetonitrile> Baker(Fair-
lawn, NJ, USA)lA #4314t}

AMNEFE ¥ R=HE

BAY] BEAS ARAAIFGH17)Y EF LA Eololnl By
< sl AT AR 9 2-5g8 FHBt 801N
GA Ee 04M ARt B 5% AEEERAH 20mLE AR 3 7
Aslst, 8,832Xg, 4°ColA 4¥-2](Hanil, Incheon, Korea)Z
o] &3] 2087 At FFAL FH3laL Al A AHdE
8 20mLE TIste] 919 2FAE Wl A2 dEde 4
2889 SomLE T AL FE4%oz )

Dansyl chlorideE ol-&% Al &3 2589 ¢ &4
& Z¥zt 1mLg mpl €9 A3 A3 g8 REFEAS)
(100 mg/L) 100 pLE 713t & 238} eRRIEF 49 0.5mLet 1%
dansyl chloride SFIESY 1mLE 718l £33 T ol s &
o 45°CollA A7 FEASEIET. F2A8 & 10% proline &
A 05mLE 718l Y9 dansyl chloride= AASATH A|@2
of oHlZ SmLE 7}5le] 387 AYsly AEAL FHek] Aa
TE5S H oHEUEY 1mLE 718k 045 um=E o33 AL
A g gt

A HIEN ZEe 22

A= 1059 J= 42 B 93 AR 1g8 das
10mLel @EEt 37°ColA 1AZHESE wkeAI7| 2, o] Whed
100 pLE nutrient agar medium(NA)Y| =28k 30°ColA 244)7F
iFsldnt 458 8371 fsted NA iAol A4E colony
Z}74g LB "iA] B MRS HiA|o| =2et & w7 (HB-102LP,
Hanbaek, Bucheon, Korea)l|A] 30°C, 24X]7F sj¥sle] E21] A4
A3 Fe 58 71FEeE 435S sl

22| @2 53

zZF WA A BEEH #FE 1213 22 Bergey’s manual of
systematic bacteriology (18 2J3le] T, AX e, £
7, catalase H oxidase 59 FENTHA 2L AIETH EHE 2
AR FEE F5e] B4 F a8, J, &% 2 Bacillus
sp-8] colonydll Wl T/ EFEEE 0.6 McF, 2 McFE &
g3ttt 54 ®AoE VITEK 2 COMPACT(BioMerieux,
Marcy-I'Eltoile, Franceys ©]-8-5t] E4319t}h. A|g@d3+= 96-
99%2] FAFE(excellent), 93-95%2] FAFS(very good), 89-92%2]
AR (good), 85-88%<] -AE-(acceptable)o.E F &3] HRH
Z, low discrimination, unidentified® &7} 7PEA|go] H Q&
T2 AEIAC

BIEMM S &M 230l

TAE o3y gt g4 84 238)9dL BoverCid and
Holzapfel(19)2] wilel ofte] 243tk 538 o5& oln
eqto] ArbER) e A OIRT)e} of)iate] AR wiR|(A
el =28l wRek7] Hanbaek)oll Al 30°C, 497F wjdst | o
B E4 84S RIS mixle] 2AL Table 13} Zom,

Table 1. Composition of decarboxylase media according to the

literatures? (unit: %)
Component Media A Media B
Tryptone 0.5 0.5
Yeast extract 04 0.5
Meat exiract 0.8 0.5
Sodium chloride - 0.25
Glucose - 0.05
Tween 80 0.05 0.1
MgSO, 0.02 0.02
MnSO, 0.005 0.005
FeSO, 0.004 0.004
Ammonium citrate - 0.2
Thiamine - 0.001
K,PO, - 02
CaCoO, 0.01 0.01
Pyridoxal-5-phosphate - 0.005
Amino acid 2.0 1.0
Bromcresol purple 0.006 0.006
Cresol red
Agar 2 2
pH 5.3 53
Application LAB from LAB and .
meat products enterobacteria

YBover-Cid and Holzapfel (19).

gekt 52 84 F5o v WACA colonyt BAH T, F
Slol Ajo) xSl ol AT,

SHE TF9| biogenic amine MM &ol|

52E FF9 amine AL ofnte] S WA #+
S F%E3% T TYR, HIS, PUT, CADS] A4 ¥ AF AL F
3lo] Felaint. MRS 2 NA brotho] agarE 94 943, 0.005%
pyridoxal-5-phosphate, 0.5% tyrosine, 0.25% histidine, 0.25%
omithine®} 025% lysineS A718IL, 30°CoIA] 497 vkt
BAY &Aool %" broth 2mLE YA EE]7](Union 55R,
Hani)S ]88} 12,696 x golM 5&2b A& st s
AH&-aH4ATh

dnt ¥ nE

HIAF0M2| biogenic amine EHEF

AL FL a2 F 3l Zol gigdl &ol A= Bacillus
& u|Eo| oa waAA Az F2 P2 isoflavone,
phytic acid, saponin, trypsin inhibitor, tocopherol, E3XZ8}2] ¥4,
2o, &g o ZE AHEAERS dNEEED 1 E
83 EAE o AL 7] Wil 715 HELEM I
F840] AZWEIL JQrh20). AT F=g-2 LE FF BA
o2 Wg"E sM5Ao] 9+ serine, proline, histidine, glutamic
acid, aspartic acid, phenylalanine 5¢] 2ol =A4Hg AAFgT=
AAIrE B 9loj(2l) Al H=el Wigk BAY T
ZAFETH(Table 2). 24 A3 F=-gex= PUT, HIS, TYR &
& X3 1159 BAol AEEHALH, o] F TYRO] 42+09-
483.1+284 mgkge] HHE HoFo] ThE amined] H|SlY =7
VERGTE TYRS 79 A8AA ] 2§31 @53 Aug
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Table 2. The levels of biogenic amines in tested fermented soy paste (cheonggukjang)

Samples  No.

Biogenic amines (mg/kg)

PUT* CAD SPD SPM TRY

HIS TYR PHE SER NOR DOP

83£1.2° 4.7+0.3
121.3+8.4 14.6+2.9
8.0+12 93+48
48409 4.6+0.5
47+1.1 53+19
1124492 9.6+2.2
21.9+42 13.3+0.9
78.8£6.9 7.0£0.4
148.5+0.7 70.6+4.4
10  54+12 89+18

54.3+5.7

cheonggukjang 60.7£3.6 22.4+5.6

1
2
3
4
Commercial 5
6
7 39.6+7.6
8
9

57.44+4.9

67.749.2 22.8+44 31.1+63
65.9=11.7 23.1+5.4 224438
575437 125424 18.0£5.1

8.4+0.7 30.8+74

7219 16.8+0.5

9.4+1.4 769+152 3.6+09 483.1£28432.6£54 87427 ND’ 1.5+0.2

44589 13.5+5.2 192419 543427 164.9423.4 122433 52409 14202 2.5+0.6
0.4+0.1 92.7+18.517.1x1.9 8.9+1.0 N.D. 1.5+0.2

02+0.1 59415 84+1.1 9.8+2.8 2204 16.5+34

1.3+0.1 42409 64+0.1 57+1.9 N.D. 6.2+1.3

6.7£0.9 1.6£02 3542+189 03+0.1 10.1£2.7 19+05 0.8+0.2

5705 227464 263+44 7422 12401 2.0+0.1

404+7.5 142+15 17.6+49 382487 153.1£164 ND. 32406 04+0.1 12+04
33.4+0.8 157468 66.3+9.7 70.3+12.6 457.4+152 23.849.2 11.3+0.6 ND. 11.3+£13
1.0£0.1 10.5£34 9.0£02 27405 0401 N.D.

PUT (putrescine), CAD (cadaverine), SPD (spermidine), SPM (spermine), TRY (tryptamine), HIS (histamine), TYR (tyramine), PHE (2-
phenylethylamine), SER (serotonin), NOR (noradrenaline), and DOP (dopamine).

"Each value represents mean = SD of triplicate.
‘Not detected.

e TR EA YA E LT 5 W] "),
monoamine oxidase inhibitorsMAOQIs) 2]FE-g B8} 3ajo
Ae TYRO| Bol $-f¥ Ao H37F 8L 7E op7|A
4 7 3U0& Aoz AgHnh

TYR =4 9ol $5 53¢ 71 & e HIsS Z% 02+
0.1-70.3£12.6 mg/kee] THE HAETHTable 2). Tsai S(11)y
A3 FAEA L& - AZHDE nanred) A HISE Faksis A
AL E B subtilis 253 S. pastewi 255 BEld U2 olE #
o] HISE ATt 3=, FFolMe F8 #o2 B
subtilis7t WAL O TN A7l HISe AAYE wEd 5= )
it 28y F9 QR Bl B subrilis®lo] AT B
licheniformis(7), B. pumilus(8), B. amyloliquefaciens(9) =] H=
oA 229 vl 92, ©1&F Bacillus sp2 B40] T2 gt
A EAE AY F UL F W) dFe) AR FFg e vA
E9 2 - B4 2 g2 84 g4 23898 39

o3 22 ¥ 53

Nutrient agar plate’dollx B=7dule] #58 Mdst v colony
o g, 7] ¢ HEE A4 A= T wel LB ¥iA, MRS
Aol A EAA 55 Besidn. e oFe 18es
Bergey’s manual of systematic bacteriology X (18)°] ¢]3led =2
g, AEZ Pe), 254, catalase, oxidase 5 FENTH @ A
sl BAL A1 §, 2384, 3% U Bocillus sp.o) 25
2 W, 47 SR @8 § VITEK 2 COMPACTS &
a3 42 A9

AgNA Belg & a8 P9 7o E, 3740
spore= BAJESL, catalase testoll A o= R 647 A
slek4 Wk Axs AWE A} B amyloliquefacienss 92%2)
FARE, B subtilise: 3% TANE, B. lichenijformise 95%2]
AMEE FAREHAJY A=A JdE dFE B sublilis(23), B.
pumilus(24), B. amyloliquefaciens(25) 5°] BRI HYOH, Lee S
26y A=A B. circulans, Brevibacillus brevis, B. lichenifor-
mis, B. coagulans, B. subtilis, B. stearothermophillus & 6 o

£ #2 4% & A4 Ak

Bel 25 e g4 #4 A7y
duH oz BAE £ otuliitelA wAEe) gkt a4zt

|02 gt AAHER, TEE +F9 gt g4 84
Z35le] BAY A0S AWEgIt o33 gekit g4z
bromocresol purpledt 2= pH X|ZEAEL THelL A=
e #58 udste] wslEe ol wel B0 4 e
(19,27), FA(H) ¥H3-& viR A colony”t FAH L, FH ol A
o] Yz=e Fo] A7l Agolt) B gl Eelgt 459 ¥
B g4 848 EE A BE ) S HAFeE
A gt g4 B4E ¥ 4 ek Bover-Cidel Holza-
pfel(19)= 56719 FlAE F50 tste] 4249 straind] St
EA €48 S, AAE aiAE ARSEE AS By
B R Ea B4S S3T F A9 S, ol- T
ekl @4 #Ado] biogenic amined AT 4 AT B3}
Aot B3 Rice 5(28)9) A% Bacillus, Citrobacter, Clostridium,
Klebsiella, Escherichia, Proteus, Pseudomonas, Salmonella, Shi-
gella, Photobacterium, Lactobacillus, Pediococcus, Streptococcus
5o) @ /) FL ole) olulmitowyE WEA EA BHL 7)
At 3t 25 AE F oF AR A EA Q5 &
9153, amine FFo) THa EADF BLF Ao ARH

ol

=

I

E2| 23F29| biogenic amine MM slol

Table 39} 4 #&]¥® =2 histidine, tyrosine, ornithine =
lysine®] EFHE brothell H7lslar, sl ofm|mitel] ik gehat
A5 @57 AT HIS, TYR, PUT ¥ CAD?) 38 =
At ekl Aatolth 10719 brothell FFE F7Fsl 100%
positivedt B4 2ol AL + 70% o] L B AL +
- 70% °]&e] 4L Bl AL -2 BAENE o, AAFe
2 RE ofuiale] Qo @ekit B8 RS, Z g5

Table 3. Amino acid decaboxylase capability of microorganisms
isolated in fermented soy paste(cheonggukjang)

Amino acids

Species — - — .
Histidine Tyrosine Ornithine Lysine

B. subtilis + +- +/- +-

B. amyloliquefaciens + + + +

B. licheniformis - + - +

Data are the average of 10 assays; N.D., not determined; +, 100%
positive; +/-, 70% positive; -, less than 70% positive.
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Table 4. Quantified biogenic amine production by isolated bacteria strains: determination was made after cultivation at 30 for 4 days in
decarboxylation broth*
. Biogenic amine (mg/L broth)
Species —
Histamine Tyramine Putrescine Cadaverine

B. subtilis 204.7-2326 .4 151.6-1927.7 122.9-1831.3 111.0-1838.4

B. amyloliquefaciens 227.7-2305.5 229.4-2122.1 98.5-1908.7 285.9-1927.0

B. licheniformis 22.4-1308.7 335.4-2524.5 27.5-1218.8 186.7-2242.3

“Decarboxylation broth contained 0.5% tyrosine, 0.25% of histidine, ornithine and lysine, respectively (19).

ek 2495 amine AQYFE AHERA, B subrilis?] HA$ B
ofu)imibel] 70%9] BAL HAFUI, histidined] 3k B4 o)
=7 vepdth o) W&ol brothe) amineg £4313S W HIST}
204.7-2326 A mg/LE 7F EA JERITH(Table 4). B. amylolique-
Jaciens®] 73 BE obu|iitell A 100%2] Bert AL JHRE
ul, ol8 &3k AHE o), AN B, amyloliquefaciens®) A
E& gAIske Z°] amined] FHE EY Rog AZ4HL B
licheniformis®] 73 tyrosine¥} lysine®] #4& 1o TRYO|
335.4-2524.5 mg/L,, CAD®] 186.7-2242.3 mg/LE A& Th.

fn

2 o

2 d7oM e B0 biogenic amine®) TS AT,
ol& AA4shke WAEY 232]'d 2 biogenic amine FH T
Tote] AEEAE #HE2A stk 2 A FU AR B
el putrescine, histamine, tryptamine & 1152 biogenic
amine°] HEH2H, o] F tyramine®] 4.2+0.9-483.1£28.4 mg/
kgo| WS BT T2 amined ¥13K] EA et 3=
W #5E B amyloliquefaciens, B. subtilis, B. licheniformis S
o] £ - FHHNAL, ol& TFol T gl F4 G4 A3
gdE ANE A3 BE FH+) IS BAFT. FFHo
8 A7) e biogenic amine A& 1AL W, FFZU
TAske 457t @R B4 842 3l biogenic amine A
Ak AL g0 £ ok
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