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Production and Control of Biogenic Amines in Fermented Soybean Products
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2. Zhang Zhongjing School of Chinese Medicine, Nanyang Institute of Technology, Nanyang 473004, Henan,
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Abstract: The fermented soybean products mainly include fermented bean curd, Douchi, soy sauce,soybean
paste and so on. It is easy to produce potentially toxic metabolites in the fermentation process of soybean
products under the action of microorganisms, among which the biogenic amines (BAs) are key risk factors
affecting the quality and safety of fermented soybean products. Excessive consumption of food containing BAs
may cause poisoning. However, there is no uniform limit standard of BAs for fermented soybean products in
China. The producing mechanism, influencing factors, and control methods of BAs in fermented soybean
products were reviewed in this paper. The purpose of this paper was to control the formation of BAs by optimizing
the production technology of fermented soybean products, thereby improving the quality of fermented soybean
products and promoting the healthy and stable development of fermented soybean products in China.
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I VR R AR R AR AR T AN Y M TR
EIfe . A F Al RETE R Wt R b A WA E I 1k
R, i A= % (biogenic amines, BAs)Z5H,

BAs J&— M A LE YIS PR Tt S /A Bl
B AEAE T8 A R A 1 Bl 25 2 AL HL A2 il
Ws A WA A E T e i Yy rh e, AR R IR T 43y
P BAs FISMNEE BAS®, NI TE BAs —fRAF7ET
FEREEE Y AR LR 5 700 78 4 G R 44 4
JHREE RS h AR T 5 AN IR BAs FEAAAE T R IR
mn P o ARAEAE AR ST LK BAs 23 3 287, 4351k i
U 1 O e T Mg K e TR IV ) 07 7 1 (B—AR S i
i ) T I (2 e Wi ) A e B e, l oy
Bl (W A8 e )R Jre (2RI , JES e P i ) o BAs 7E
I AR A rh R A R AR B TS, D A
I RE S 52 BT R AR KT AR AR KR PRI
FELR A (S EE A BAs 3k 2] — % 1 i i 26 B
PRI B, 9 g 1 e 2 7 R Sk R I T v o
2 PR AN Ay 2 M e DR T ), g R 1 2 e 25 5 3K
AR SR IR RO [

I i [ i oA N7 A G R T LT BAs i
(Y FR BRI, — 28 [ SO0 K™ i AE i BAs 1R &
HATHLE B R AR E A S — . RER M

i B A5 P JR) (Food and Drug Administration, FDA )R
JE K R R FE AN I 50 mg/kg , BE I BN
3L 100 mg/kg , 75 H A £ i v 21 M fie g R
50 mgrkg!", BRI i 22 2L (European Food Safety
Authority , EFSA ) HLE B & th 4 B FR 3 100 mg/kg!™,
T [ G AR E T e b 2 N i S A
Zlnnfn A o FyD T a0 4 BR B 400 mg/kg,
M AEHAB K fa 2 v | 21 e BR 5 R0 2 R 200 mg/kg!™
AN, BAs TNV AR ERAF AL 251 T 3k n] REFE AL B 1
() N-LAR M, S I G P i BAs [l hy
JEUR DR MG B — A0 ok e T T 2L ) BAs 1774
2D i v T L A T A

1 REBEZH&EPH BAs
1.1 RS BAs i

R AP EAA KA Dy s B BT
UL A L R IR Rl S S N
DM ENE A ES . RKETSAEENEAR, fEL
P 7 P B 0 R A B POV T KA = AR R T
ZRREEY T, R FE R e R S R R 7 R AR
BAs, ¥ i #As il RE 2 R B i i ), AR [EAY &
B2 il b BAs S A HARE Bk 1 R,

x1 AERBEHGT BAs 2

Table 1 The contents of BAs in different fermented soybean products

S A7 H (mgkg)  FHITIEF (mglkg)  #/(mg/l)  GE/ (mglkg)  SE%/(mg/kg) N5/ (mglkg)  HEETES %/ (mg/kg)
il ND~210.53 52.72~616.28 0~592 ND 33.4~1 402.6 ND~34.40 ND~408.74
ik Jtic ND~28.53 21.93~319.24 0~673 ND 37.2~1 893.0 ND~300.20 ND~451.66
J 1 ND~42.09 10.73~220.42 ND 1.60~4320  203.1~1 781.3 ND~43.10 0.12~476.30
PR ND~49.52 11.05~104.06 0~550 23.00~228.10  87.4~978.9 ND~36.80 ND~268.16
B it ND~45.04 2.80~51.85 ND ND 44.9~534.7 ND~51.50 0.12~562.44
i1 ND ND~48.32 0~145 ND 49.1~164.5 18.80~80.10 ND~20.89
VA ND~57.86 ND~117.18 0~486 ND 53.4~179.4  246.50~478.10 ND~79.05
[ ND~36.99 13.05~139.02 ND ND~28.60 ND~190.3 ND~45.80 2.64~231.98

eI IS dae i

JEFLIRE AR T R Rk, S WIS SR F AT R
i 5 RSN T T 2 i R R i 1O, Liang S8R
% 1T 3L B2k 1 v TR 9 R A ™ 1) A8 AL X
BAs 52N, 45 R, LA LR BAs &, H
YENTEME ORI BAs, 4L B0 210.53 mg/kg, 7 &
i S BAs 1) 40% L) I Li ZE0Sg i 4G [ Py 1l 3 vp
6 KJEFLRESY BAs S AL, T I A & =l
616.28 me/kg, B i i T HAWZERYE FL , B 5 vl RES:
X AR A G 3 R AN B R e S L o

Ty Ve B H W = ierh R AR,
It HAERRE | HASFIRE) 52000, Lu S T 405
ANFIA =T ZRA I, B ARG i i N 97.5% , H
YA (95% ) LHRE(92.5% ) )7 iz (82.5% ) Rk iz

(80.0% )0 A" ZK il BAs A Al AT AE S A7
MR A K

A PR LONITES EE ZUEEE S/ NHES G iE £
KR AR 2id Eh AL PEAS Ke e AR AR T A . &2
B A5 SRR S & R e E A
Z2 AR T V) o (0 S T R R 2 S T 55 )
Gong S5 F =808 HH €415 (high performance liquid
chromatography , HPLC )l & &7 55 H BAs, 1£ 5757 A5
INE 3 B BAs, 7351 o (i T A0 iz, Mo 2 i i
R o 38N IR B N TR — R e 2
PR, & R B y— 2 T 1R, BAT i
e BRBUE R AR DI RERY, (EA L BAs 5 B B0 4iiE



TRt

RaftnSRAR

2023 4 3 H
55 44 555 514

21—

T I R B R — e o R SRR 3 St AN
INER A WEAFE 2B B o AR RAEE 2 12 i B 0
W BAs [ i G5 SRR, S R G B- AR L
PB4 A i e i, BAs BMARZE 0N, B I A
FERIL, TR T e A B s 2 W2 h 221 BAs,
i BAs )RR 76.4%.

Y R 2 A R LR AR PR R Y — PR AL SR T R
PEE S EFRME R, DL EL A TR 0 I 0 1 T
BUTE HARESZ G o Kim S5 & B0, 78 21 Fap
T, BRI e S s e AT 9 R
I B, (HE BAs & S BA Bl A K
(1000 mg/kg) 405 R BAs & AMUAZ Y 52,
I 3Z JEURHE SR (R AR 0 B S M B

TH AW e AL G A e ] B AR s
T A - Jeon ZF00T 5 [V 47 % 60 MFEAL Y BAs i
TP, A5 SRR I, B2 U e A e B kA vy, DRI LA
TH A8 Ik o v B s T e R T B o A ) T
A T IR BRI SR R R AR RIE T AR R
A, S8 BAs I F B2 SRR TR, b
B FEAE SN TR), S ORI 9 & 1 51 P BAs
B B e I AN RN, £ e i A I S o b A T RS
A2 BAs T EE, X B B3 DA R & I ]
VA AR AN B Ao el
1.2 BAs JESALHE

BAs TEAE YA PN T2 202 H 2 JE TR MO AR s ] T 1)
JHle ARG ZAE DL U, T i 5 BAs 22
Y Ao BT L TR TR B e RS e RS
Jii¢ , 53 530) Fh B FR TRy S VR T AR (R R
R TR B R 2 R A & R T >, B 7
J IR B BE 1 (T DA 2R AR B BRI TR KA
PRURITVD T T DGR e B J AR, S SETR IR A 2 FhbILI
— PR LA S-WEmR ML A I R S ECY, o — 2R T
T i 355 A1 4l By 2 S P MO SR g, e R v A I PR
JI 2T OGS o A o 2 T BAs TR 3 SRR
VB BAs B 0T A Ui 25 2 S5 1R 3 i 5 7 S JE IR TR
R A B A P e A W R aE B A R A .
fin B AEAE Y BAs AT DL B S AL I (monoamine

oxidase , MAO ) Fl 1t AL i (diamine oxidase , DAO)[&
I BAs X £ i B 3,
1.3 BAs MUK 77k

H AT, BAs ARG 3k £ B4 HPLC ¥ R (i
RS ARG E B A ks 2 gk
T4 . HPLC S A Kb | R B0% = i
Sl RN A 2 I E M E BRI o ZE AR
DAt e VR A A A 590, A HPLC A6 T B 1 L
T BAs S, S5 SR, 8 Fh MY BAs RERLITF4ES
It HERBRTE 0.60 pe/e~1.83 pefg, REUEH . Gil 41
SR HPLC 2545 r A ASH I 75 AG I P RS k) Hh 9 10 A
BAs, Il 5 HERA B Ny 86.4%~109.9% , 1% 77 ¥ ] LAAE
25 min A 10 F' BAs Zhang 2550 BB (435~
JR T B i S T A AL R 6 B BAs AP
Kl 75 v, 45 1], 6 A BAs BYE BN 0.25 mg/kg~
2.50 mgrkg, iZ 7L TCRT A TATAE o Kamankesh 25571
L I AR AT ol A7 B — A 3% — B B P 9 I o o
S BAs, & BRGE | F R 2E R RN Je A H B
514 0.03.0.11.,0.06.,0.29 ng/g, 1% )7 I HER T FE S B A
BT, B T 2B, b T LAVERS | R A
i i BAs, AT T 5 HoAh £ S RE A Y BAs
i, R OTERERERE, AT B S, AT LA
XFZAFE AT/ Kounnoun S5 1 Hisk ik S A
AT TR 8 28 T 4R TR i o A, TS
IR R 93%~105% , K DU FR K 4.4 me/ke, 7€ 1 RN
10.5 mg/kg , 5 = ORI 45 R — 3K

BT TR BHE TR 0T , BAs 2155
B L, AT DU B S A T, Palermo S50
B P T R L ARSIy VA BAs, % 00 3¢
MY BRI, A PR A 23 wa/kg~65 wg/kg, JlbR
25 FRESL O E PR A 65 walkg~198 w/kg, I3 1 X
2R A i R 4 A S A LSRR S I A BT, B E T
O BAT B T AT . AN Rk o0 B R
YRR, 05 HPLC M EL, L AR FR 4% s
Mantoanelli 25| FHFHi#h Bt 56T BAs #4774, Al H
TYNE XA LK BAs AT AE 70 5, 13 BAsHY
Kt BRA 7 we/1~50 pg/Lo BAs KM 732 i 2 Fias .

&2 BAsHEFE
Table 2 The analytical methods for the determination of BAs

5 i BAs JEYTHIES Pesi ERPY
PR €T T i RO JE R 7 A EEN FABERER , S B BOR LA R CR RLAF [34]
T A I A
[l NN LR VALY /RN (NN, /R S VN1 RSB} R PRI R B [35]
Rl M AL T SR i A
RO - @k R M B 7 R A S R R T TEAATAE BRI R o [36]

ik Tif e
AR - BRI I JE T M EHL )

FLIF i R
)

TR R PR | DR R [37]
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Continue table 2  The analytical methods for the determinationof BAs
R WIRES BAs ik Mor 275 3K
A R R7S Yk 8 KK b R I AR [N 23 A [38]
[ R 7S Fbe LM W =2 8 I W ek i fAT B R B PRV R SR LT [40]
i JICT Mg SIS M 1 B
SELI[EEERTISTS U A B G TR Whiks FRY IR ARE kR | R R BT 4 [41]

2 BN BAs X AIEE
2.1 RIFEF

] A R B R BAs ) BT 54
AR O, BA P R IERE ) TR Y ml LUESEBAS
(R, Gardini S FL /085 M 59 B HEHTAE
AP EGHT ZEHUFF B (Bacillus tropicus ) F % 7= H: 4
il G A | BRI 5 2 AT R ( Bacillus subtilis )
PEAT R E B B A . Kung S99 72 T 40 Al
BRI A 2R e & BRI E 1 A . BIESY
KL, T BAs frim/NT 21.6 mgkg, I H—RE 2
K& (Bacillus pa.steuri) PR B SR AT IE (Bacillus
sp ) WIRRARUE R 2E 0T 8 (Bacillus amyloliquefaciens ) |
IR 5 2 F0T 1 (Bacillus subtilis ) WK R 27T 1
( Bacillus megaterium ) 7™ B T8 #k o Tsai S50 & T
26 FITTES B RS Y BAs IR T PG R AR, 45
REW], b RZ B N S 7K T 50 mg/kg,
HEH FDA BBR R, A 5 28 AT 18 (Bacillus sub—
tilis) 2 &%%f*%(&aphﬂococcm pasteuri ) Ay ¢ R P
AT AR T TS A SR Y BAs, R
T oy B 64 MRIBAE BAs P AETERE, Hoth 6 MRl B
AR B (Bacillus subtilis )RERS A2 IEH I , Foeie 7 FE ik
1 16.23 mg/Lo Rl AE RN ELA 35 7 B RE T 1 TRk T
RE B Z 1) BAs, N R BE G lhrh BAs AR A
T 1A o AN RIS A T i ot v P R A A L3R 3

F3 AEMEEEEHGPREMEY
Table 3 The different types of amine—producing

microorganisms in fermented soybean products

frhAR R BAs o
JEFL Bacillus tropicus R R R [29)
Bacillus subtilis i e e
/S Bacillus pasteuri \Bacillus sp . 2 i [43]
Bacillus amyloliquefaciens .
Bacillus subtilis \Bacillus
megaterium
G157 Bacillus subtilis . 2 fi [44]
Staphylococcus pasteurt
R Bacillus subtilis U [45]
22 pH{E

pH LR 52 0 K % S it b BAs Y E 2R, pH

(AT A3 35 M A A 0 A A 0 o R P e A B g
BAs [ AR, FE—E Ju [N, pH {E &5 a2 M 2k
K AR E LR R B E R N R YR pH
EEFEHI & T BAs YA ISR E ik . 7 & RES
FErb AR BT RE AR pH (AR, Bl 2R A R T
INBE A A R E T T B LA BASH,
Yang SFIFSE T R f rh ik 27 ke 5 7 B v Ak 1)
LR ZREVE RN pH (X R R 15200 , 45 1% W], 7€ pH
{ER 6.0 B, JE e = i F5eAI% , A e 7™ ik d5c 55, 76 pHL (BN
4.5 WF, 2 Fofr B — A0 100 JE e S i o TR 5 U 1
St pH (B AT LAE 5 5% e oA 9 A R R o R
A4 16 M SRR R BAs BOZEBEIFIRE . PRIt 76
FRYERREE th 2 A 50701 BAs,
2.3 IRE

L 25 BAs FUR A OCHEDR 22, ThLEE X FL
BAs &t A7 B s, I S B s e e
KA RBEAY TR M BAs ROALE . 7EMGIR T, KB
S REARR 1 2B i (I i G e )~ Rl S LR X
/AT RE SR R TR ol O R Bl TR MR AR (R AT 0 i
Bl TR A T v TR IS0, Li AU RIFSE K B, 7E 4.25
37 CHHEAFIEFL , BAs 54 29.17 mg/kg~49.32 mg/ke |
47.10 mg/kg~49.32 mg/kg .49.32 mg/kg~52.68 mg/ke, fifi
TS 2 TS T REE T s R L
F R R R 20 i A BAs o Sun ZE2WIF 58 ] K I %o
KRBT MTE 4 CHI 20 CIEAE T BAs & 5%
W], 2% R 2% T i v 2 BAs A I, IR 30 i) v J3E
418.02 mg/kg~229.88 me/kg, W F B 7E 4 CIVH &2
TR ARAETELEE Sy 20 CCH Fifi 25 150 ) (14 K 2
SN N, 20 CIVE R T 4 CIT BAs i,
T RS A, B R R A I I R Z
2.4 IR HRE

FE S R BERT A B R A5 R Rk X % 1 2 1
T BAs A — TR TR A VAR AT DL A i ) =
PR AR A ) A A R R A 2 5 1 O R I ) T P e il 2
BAs L2, Lee S5 76 & W G AR AL T2
FEFE B B I LAS 2 R AAAT SR B X BAs 152
Wi, 25 SRR FE R WERTUS N 3 o/kg JLASE  BAs & 4t
W T 29% , IF HAEW RIS I 300 mg/kg 4G Hkf £
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By, TR 40 d 5 BAs Mt TR 5%, il fE
SRR AR ] T R R I TG © Qiu S
W & B, A6 8 FL 5 B AR R 7 £ B 93 3R 41 BAs
BN AR T ARSI C B R, 2B B 1 BT
K figE RV A 0 1 P oV 2 08 BAs 7= A (Y I
o Li SEOWF5E T 7 3L R BRI S A AR R PRk
BT BAs U520, 45 5 R I 7RSS BERT A 2% 1) = 22
WXL 2E e ST S BAs HAG B A R
Mah ZEBOR 5 T Az 22 | R S A Ak X i ] A T 2 £
BAs M52, 45 R B, KGR % BAs 7= A (41
A PSR, S e 7 Wi 2R T e R IV g 1) 5 43
WIFEAR T 11.2%.18.4% 11.7% .30.9% 1 17.4%. Li 27
ST T AR R v o o 3 i B i 1ok A ) BAs & i A
S, 45 BRI IR 16% . 19%F1 22%NaCl (135
W BE NaCl v BE R3S IN , 5 b B e AR g 1)
] R, W NaCl 2 1 50 & B () 28 18
JE VA 7 PR i A 4 V) A K B, A R A0 20 B |
IR IR o Chin SR & B B PN 175%
F110%EE , % B & A SR ER A8 b BAs 2 I 2
Frashmkd . FI, A FERTR G P MR a] LU i
FEREUE R A AT/ BAs IR R, 7EE T 5
il i A TR B PR A3 E TR A TR R . TR A TR
Tt BAs T RGm UL 3% 4.
F4 RAEREEFMI BAs AN

Table 4 The effect of mixture on BAs formation

2%

2
o

anER YR WOR

ik
T LEE WHERRR BAs SXHBEESAIE (53]
7R v LT 29%
[ikayvagss I 40 d 5 BAs it
By TFE 5%
JEEL LI MY B BAs IR [54]
iSRS

L IR0 W 2909 32k X 4 [55)
AR e BRI BAs AO0
(e S53ie
Kl EZE SR, MHIBUEY KGRI BAs 77 [56]

fRfh L ZTHUEL GENIS A AR £ A
TR Jo Mg 7 i (2L T T
IR 14 2 st B AT
gl # =R B NaCLYREERYIEIM  [57]
AREEC T P AL
S IR R iR
LR R
IS i MRy RN 3.5%~  [58]

HR 5.5% 2L A
B ESTEs

3 BAs By=Hl
RS BAs F=AE R Z 0] LU LLF 3 /N7 i

K DB ST BAs B DS REEY , R
B Y A TR 5 2 )48 il BRI I PR 1t P 5 2 DA e e
SRAFRAINGE 5 1) B S S TIN5 5 3 ) REAR BAs , TE AT
FERP A
3.1 BEHIAST M A T T Pk

TRPEA 7 2 2 0 2 Tt 114 4 e 0 SR iR A T A I8, )
IR E4500] BAs 975 . Tan SF9B5E T 6 PO
R PR e I O, 2 R AR W TR i Y LB
o LS TS G , FL BAs 0 22.47 mg/ke~
40.95 mg/kg, HAFEBUIUN B E BAs 50, Lan 55
WFFE T B — BRI RR A A 5 BRI RR X0 L BAs HURZ , 45
R INERE LR T BRAL SN BAs % 5,3 BRI
R A T A 20 2 e N2 e 1 et A Tk in, (H b BAs
B AR, R RS R RS I , DRI A b B BAs Y
HFEAK, Yang SFOUIESE 3 FhaliRh K BRI HESOSU B &
(Actinomucor elegans ) LB M B & (Mucor wutunkiao )
FLEVIRERE (Mucor racemosus ) KIFEREFLH BAs 7254k,
S5 AN [F] 1 A B AR TN R B T 20 FLh BAs
DA R F R, SRR B L A ) e T
i e RS Bl 20 e 0 T e 7K T 2 I T A B A
WRIRA B BEF= 1K) BAs. Fong Z59% F 2B FLA I
(Lactobacillus rhamnosus GG) . T EEFLAT  (Lactobacil—
lus casei Shirota) Fl K ¥R 75 1 (Escherichia coli Nissle
1917) % FREL AT K, SR o 78 ELBRE Rl R 24 oK
G 0 30 % i, A B T e A e A P 1% TR AR A R A T
Bahth BAs I OCHH D 2, B ) ) O RN AR
MIAATERT BAs AR BUR 2 T2, Sun S5 K&
B A FLAT B (Staphylococcus xylosus ) FIRE 9 FLAT
W (Lactobacillus plantarum ){R-& P&, 7 e &
JHie e B—A LM AT I 6 Tt BAs (R S8/,
Horb 2 R BOIR A R T BAs 7725t/ H BAs W 5
kT RO AT RAFIIAH G C R, 70 BAs 5 FLIR %L
SEHAASC, PRI, 008 A P Ak ) B i e v ok
TP JE HEA T4 R0 K T, BeE A BAs 1974, AT LA
MIESK X BAs (95 A T4
3.2 I R R i

GAFEIR R S UAE W77 A BAs LB &2
5 e R R Tl 1 P 1 PR 3R LA pH (B URLEE
ER AR LA S pH R 5 ) 2 BE R 0 R RS 1 1) B 2 A
3, pH (AR, Z MR IR B A TG Mt 2552 B
FIETR PRI Bl pH {EN 4.0~5.5%1, Kim 2 CHF5Y
b HH T P ARV () X6} 3 R KPS BAs RS2, 45 3
TE 4 CHAF IR 30 d AU Hh A M , T 20 “CIE
P 3.5.7 d kI A R O B I R
Ao Kim ORGSO e SRR BE N 237 AR 3
DI BAs, AR H T H TR mE IR T BAA S RS
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JE AR AR SZ I . R, RTE A A O
1, BRAR 2 IR IR IS L U2 BAs (9774
3.3 FEFPREAR BAs KPR

Zaman S5\ 055 b o3 55 B AT P Y
A 45 2 BR A FS19 (Staphylococcus carnosus FS19) I i
TEAD ZE AT B FSO05 (Bacillus amyloliquefaciens FS05),
JERG LA BIE Jy K R A T 0 (1) A I, 45 SRR
7 il L IR B S AR T 27.70% H1 15.40% 0 Kim
ST A T R T A A TR AR T 4 B AL AT
& (Bacillus licheniformis ), 45 SRRl ) A 2 A
BRI AL 7 B BAs 193 i AR, OF HL
Ve TR AR A 28 AU B T A R 2 B, P o s
N 2 BRAE S % R b B B BAs B iR R T 19 T AR
Wickerhamomyces anomalus FlMiller—ozyma farinosa 1
N R BERV A T A T, S5 SRR, 2 BREETXS BAs A2
Y B — & W SR Wickerhamomyces anomalus
TE2H e | 1% fiig R0 VK g 1 [ i 7 TG T Millerozyma
farinosa. B FEEAECN 44 FihEE iz rh oG E 6 Bk
HA BAs S A BE TG R B B RE , 23 30 0 B AT A
(Lactobacillus rhamnosus ) i ¥ 2T & ( Bacillus sub—
tilis) \Fgﬁi?ﬁ%fﬁ%(&aphﬂococcus saprophyticus ) R
MR AT BR 1 (Staphylococcus xylosus ) M BRI (Pe—
diococcus pentosaceus ) FEHYIFLIT (Lactobacillus plan—
tarum ) , FEHFEAE A A R I B gy vh S i R e g
T3, AR ik BETR R I S FRAIC 1 AL I e J T F
J R & i, AT 6 BRERAR T T IRt ) K e v B
WA R BAs FERI A9, I8 00 TR A
ZJEPEHIE i BAs B9 R AR B i BAs
R A RO R s R T LR i BRI A B
AEEE L  AFERAEYIXBAs FEfRIE I 5.

x5 TEBEDIT BAs BFEER
Table 5 The degradation of biogenic amines by different

microorganisms
i R BA ot
ES L R s Scik
1113% Staphylococcus carnosus 21 [66]

FS19, Bacillus
amyloliquefaciens FS05

i [ Bacillus licheniformis e B-AR M. [67)
“i JE I M R

RIZ i3
N M SEAERE  (68]

¥ Wickerhamomyces anomalus ,

Millerozyma farinosa

Eo Lactobacillus rhamnosus , AV I eI . [69]
Bacillus subtilis , J i
Staphylococcus saprophyticus ,
Pediococcus pentosaceus ,
Lactobacillus plantarum

4 R

T 1) it AR TR R A 3 R T A O s R A
R RS AE R SR A AN R WA P o P R AR5 4
KA SR B S L R VR F R AT 00, i
R =4 BAs, AT BB SR & 5 B e f U . B T A
A BAs M ECA BREERRIE , T EAR Y A &
il i H A B A AN TR S A & e 2 BAs
TrEIE R, W KBS BAs (R ERRE, —
SERIEE T BAs (45 35 B e AR A T TR , Al
FH—BEOR 7 e a5 RE R 7 BAs (0 TE AR AL AL & 182 551
7T, XA TR A S R BAs TR RO R LR
YITRIFEF] BAs P & 22 [0 SR & B FE b BAs A8
A TR Z 29T . TR R e h R 2% 18
RIS ] pH (BRI 2 S5 P05 DR 2R R S i), s A T
T R AR PR R TR AL , 1K B K B
W BAs FAEIVERT, B R I S A A,
I 50y e o A L e o R R R

SR

[1] LIULB, CHEN X Q, HAO L L, et al. Traditional fermented soybean
products: Processing, flavor formation, nutritional and biological ac—
tivities[J]. Critical Reviews in Food Science and Nutrition, 2022,
62(7): 1971-1989.

[2] CAOZH, GREEN-JOHNSON J M, BUCKLEY N D, et al. Bioactiv—
ity of soy—based fermented foods: A review|[]]. Biotechnology Advan—
ces, 2019, 37(1): 223-238.

[3] BAHE, PREL, MR, 5. AL GE A mr Sl i B TR I RE T T HE ).
FRERE, 2019, 38(4): 1-6.

JIA Fan, GUO Xia, HE Chen, et al. Research progress in nutritional
and functional ingredients of the traditional fermented soybean
products|J]. China Brewing, 2019, 38(4): 1-6.

[4] LIU B, CAO Z N, QIN L H, et al. Investigation of the synthesis of
biogenic amines and quality during high—salt liquid—state soy sauce
fermentation[J]. LWT-Food Science and Technology, 2020, 133:
109835.

[5] ONAL A, TEKKELI S E K, ONAL C. A review of the liquid chro—
matographic methods for the determination of biogenic amines in
foods[J]. Food Chemistry, 2013, 138(1): 509-515.

(6] TEBrEE. A L b b Az W g 5 B W 50k R[], v TR R R i,
2019, 44(9): 188-190.

WANG Xinnan. Research progress of biogenic amines in fermented
soybean products[J]. China Condiment, 2019, 44(9): 188-190.

[7] DABADE D S, JACXSENS L, MICLOTTE L, et al. Survey of multi
ple biogenic amines and correlation to microbiological quality and
free amino acids in foods[J]. Food Control, 2021, 120: 107497.

(8] & LR, AN T2 R S R AR WM PR I E (D). R
RHFHEA, 2019.

CAO Zhongna. Biogenic amines in different process of the soy sauce
fermentation process control research[D]. Tianjin: Tianjin University
of Science & Technology, 2019.

[9] YILMAZ C, GOKMEN V. Neuroactive compounds in foods: Occur—
rence, mechanism and potential health effects[J]. Food Research In—
ternational, 2020, 128: 108744.

[10] DALA-PAULA B M, DEUS V I, TAVANO O L, et al. In vitro bioac—

cessibility of amino acids and bioactive amines in 70% cocoa dark



TRt

RaftnSRAR

2023 4 3 H
55 44 555 514

chocolate: What you eat and what you get[J]. Food Chemistry, 2021,
343: 128397.

[11] Food and Drug Administration (FDA).Fish and fishery products haz—
ards and controls: Chapter 7 scombrotoxin (histamine) formation[ EB/
OL]. [2021-11-30].https://www.fda.gov/food/seafood —guidance —
documents —regulatory —information/fish —and —fishery —products —
hazards—and—controls.

[12] EFSA Panel on Biological Hazards (BIOHAZ). Scientific opinion on
risk based control of biogenic amine formation in fermented foods|J].
EFSA Journal, 2011, 9(10): 2393.

[13] e N RANE AR, o [ AR AL A B 2 2. e VRl

I S DA RRUE: GB 2733—2005(S]. dbat: AR H R
#t, 2005.
Ministry of Health of the People’s Republic of China, Standardiza—
tion Administration of the People’s Republic of China. Hygienic
standard for fresh and frozen marine products of animal origin: GB
2733—2005[S]. Beijing: Standards Press of China, 2005.

[14] PARK Y K, LEE J H, MAH J H. Occurrence and reduction of bio—
genic amines in traditional Asian fermented soybean foods: A re-—
view|[J]. Food Chemistry, 2019, 278: 1-9.

[15] ZEMEMs, TRIE, AU, 55 B AR W e 3% 40 S A= W i 8 AL il
HIRIFSE HE ()], Bt F27, 2019, 40(1): 341-347.

LI Binbin, XU Ye, NIU Shuhui, et al. Recent progress in biogenic
amines and bioamine oxidases in foods|J]. Food Science, 2019, 40(1):
341-347.

[16] EhHaAT, X3, H5, 4. IR 270 g FLI AL P B K S Bk R

BRI RIS PEOFE]. P24, 2017, 17(6): 60-66.
MA Yanli, LIU Yaqiong, XIA Yanan, et al. Studies on the physico—
chemical properties and acetylcholinesterase inhibition activity of
different types of sufu[J]. Journal of Chinese Institute of Food Sci—
ence and Technology, 2017, 17(6): 60-66.

[17] LIANG J J, LID W, SHI R Q, et al. Effects of microbial community
succession on volatile profiles and biogenic amine during sufu ferme—
ntation[J]. LWT-Food Science and Technology, 2019, 114: 108379.

[18] LI D W, LIANG J J, SHI R Q, et al. Occurrence of biogenic amines
in sufu obtained from Chinese market|]J]. Food Science and Biotech—
nology, 2018, 28(2): 319-327.

[19] LU Y M, CHEN X H, JIANG M, et al. Biogenic amines in Chinese
soy saucelJ]. Food Control, 2009, 20(6): 593-597.

[20] GONG X, WANG X X, QI N L, et al. Determination of biogenic
amines in traditional Chinese fermented foods by reversed —phase
high—performance liquid chromatography (RP-HPLC)[J]. Food Ad-
ditives & Contaminants Part A, Chemistry, Analysis, Control, Expo—
sure & Risk Assessment, 2014, 31(8): 1431-1437.

[21] Z=4E, W REE, TRAr 2R, 45 IR BB bk 1 2 R K

AT RVEIL. B i 5 &0k, 2011, 37(1): 1-6.
LI Hua, FENG Fengqin, SHEN Lirong, et al. Identification of pre—
dominant strains from Dandouchi and their effects on decomposition
of soybean protein[J]. Food and Fermentation Industries, 2011, 37(1):
1-6.

[22] R XUFRIR, i, 5. [ P27t P (0 A W (D). £
5% Talk, 2017, 43(10): 220-227.

ZHU Tianao, LIU Chunfeng, WANG Jinjing, et al. Biogenic amines
in commercial sauce products in China[J]. Food and Fermentation
Industries, 2017, 43(10): 220-227.

[23] B4 5. SR R I A v 2R W e K PRA S AR 9B DFE D).
P PIRIRAE, 2020
ZENG Xueqing. Changes of biogenic amines and physicochemical
indexes of chili-horsebean paste during fermentation[D]. Chongqing:
Southwest University, 2020.

[24] KIM B, BYUN B Y, MAH ] H. Biogenic amine formation and bacte—
rial contribution in Natto products[J]. Food Chemistry, 2012, 135(3):
2005-2011.

215——

[25] JEON A R, LEE J H, MAH ] H. Biogenic amine formation and bac—
terial contribution in Cheonggukjang, a Korean traditional ferment—
ed soybean food[J]. LWT-Food Science and Technology, 2018, 92:
282-289.

[26] AU, PN, XIIH, 25, J8ER X AR AL A 58 P AR MR 1t 52
WD) £ ARk, 2021, 42(3): 92-97.

XIE Shuangyu, SUN Bo, LIU Li, et al. Effect of salt reduction on
biogenic amine formation in farmhouse fermented soybean paste in
northeast ChinalJ]. Food Science, 2021, 42(3): 92-97.

[27] SHAO X F, XU B C, CHEN C G, et al. The function and mechanism
of lactic acid bacteria in the reduction of toxic substances in food: A
review[]J]. Critical Reviews in Food Science and Nutrition, 2022,
62(21): 5950-5963.

28] ZHUANG S, LIU X C, LI Y, et al. Biochemical changes and amino
acid deamination & decarboxylation activities of spoilage microbiota
in chill-stored grass carp (Ctenopharyngodon idella) fillets[J]. Food
Chemistry, 2021, 336: 127683.

[29] GARDINI F, 0ZOGUL Y, SUZZI G, et al. Technological factors af—
fecting biogenic amine content in foods: A review[]]. Frontiers in
Microbiology, 2016, 7: 1218.

[30] OZOGUL F, TOY N, OZOGUL Y, et al. Function of cell-free super—
natants of Leuconostoc, Lactococcus, Streptococcus, Pediococcus
strains on histamine formation by foodborne pathogens in histidine
decarboxylase broth[]]. Journal of Food Processing and Preservation,
2017, 41(5): e13208.

[31] ff—Je, XUMEH, Blhs, 55 K e o A= Wi 0 A e H il
o). b E R, 2020, 39(9): 37-41.

HE Yilong, LIU Xiaoyan, QIAN Min, et al. Research progress on the
production and control of biogenic amines in fermented soy saucelJ].
China Brewing, 2020, 39(9): 37-41.

[32] LI B B, LU S L. The importance of amine—degrading enzymes on the
biogenic amine degradation in fermented foods: A review[J]. Process
Biochemistry, 2020, 99: 331-339.

[33] 2, AOAEEE, T, 45, SR A W eI S RS ). v
I, 2019, 44(3): 180-184.

LI Xiongho, DENG Weiqin, WAN Ping, et al. Research progress of
biogenic amines in broad bean paste[J]. China Condiment, 2019,
44(3): 180-184.

[34] ZEKA, A5 1Y, SR, 5. 0RO 3k U E T IR L
IR B (). B EE 5T, 2018, 39(16): 120-124,129.
LI Dawet, LI Dandan, LIANG Jingjing, et al. Determination of bio—
genic amines in commercially sufu by high performance liquid chro—
matography|J]. Food Research and Development, 2018, 39(16): 120—
124, 129.

[35] GIL R L, AMORIM C G, MONTENEGRO M C B S M, et al. HPLC—
potentiometric method for determination of biogenic amines in alco—
holic beverages: A reliable approach for food quality control[J]. Food
Chemistry, 2022, 372: 131288.

[36] ZHANG X, HUI Y H, JIANG M, et al. Determination of 6 biogenic
amines in food using high —performance liquid chromatography —
tandem mass spectrometry without derivatization[J]. Journal of Chro—
matography A, 2021, 1653: 462415.

[37] KAMANKESH M, MOHAMMADI A, MOLLAHOSSEINI A, et al.
Application of a novel electromembrane extraction and microex—
traction method followed by gas chromatography—mass spectrometry
to determine biogenic amines in canned fish[J]. Analytical Methods,
2019, 11(14): 1898-1907.

[38] KOUNNOUN A, LOUAJRI A, CACCIOLA F, et al. Development
and validation of a TLC—densitometry method for histamine monitor—
ing in fish and fishery products[J]. Molecules (Basel, Switzerland),
2020, 25(16): 3611.

[39] WU JEFL AR A J A i AR e AR D). Kb W
Aol KeF, 2013.



[40]

[41]

[42]

[43]

[44]

202343 H
55 44 55 511

RaftnSAR

Tt

216

TU Ting. Research on biogenic amines in fermented tofu and their
variation during production procedure[D]. Changsha: Hunan Agri—
cultural University, 2013.

PALERMO C, MUSCARELLA M, NARDIELLO D, et al. A multi—
residual method based on ion—exchange chromatography with con—
ductivity detection for the determination of biogenic amines in food
and beverages[J]. Analytical and Bioanalytical Chemistry, 2013,
405(2/3): 1015-1023.

MANTOANELLI J O F, GONCALVES L. M, PEREIRA E A. Dansyl
chloride as a derivatizing agent for the analysis of biogenic amines
by CZE-UV[J]. Chromatographia, 2020, 83(6): 767-778.

WANG H, LUO Y K, HUANG H P, et al. Microbial succession of
grass carp (Ctenopharyngodon idellus) filets during storage at 4 °C
and its contribution to biogenic amines” formation[]]. International
Journal of Food Microbiology, 2014, 190: 66-71.

KUNG H F, TSAI Y H, WEI C I. Histamine and other biogenic
amines and histamine —forming bacteria in miso products[J]. Food
Chemistry, 2007, 101(1): 351-356.

TSAT'Y H, KUNG H F, CHANG S C, et al. Histamine formation by
histamine—forming bacteria in douchi, a Chinese traditional ferment—

ed soybean product[]]. Food Chemistry, 2007, 103(4): 1305-1311.

[45] AT il ity o A= e L e 2 SR B A5 D]. o8 TR

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

R, 2017.

ZHU Tianao. Biogenic amines and amines—forming Bacillus species
in paste products|D]. Wuxi: Jiangnan University, 2017.

TR, BAE, DAL, S WA b R WA PR R 2 R B
HRFEBEE]. o E 52247, 2021, 21(7): 291-299.

ZHANG Liming, ZHANG Yi, ZHAO Yunsong, et al. Screening, i—
dentification and characteristics of biogenic amines producing
strains in salted fish[J]. Journal of Chinese Institute of Food Science
and Technology, 2021, 21(7): 291-299.

FERRARIO C, BORGO F, DE LAS RIVAS B, et al. Sequencing,
characterization, and gene expression analysis of the histidine de-
carboxylase gene cluster of Morganella morganii|]]. Current Micro—
biology, 2014, 68(3): 404-411.

YANG Q, MENG J, ZHANG W, et al. Effects of amino acid decar—
boxylase genes and pH on the amine formation of enteric bacteria
from Chinese traditional fermented fish (Suan yu)[J]. Frontiers in Mi—
crobiology, 2020, 11: 1130.

LINARES D M, DEL RIO B, LADERO V, et al. Factors influencing
biogenic amines accumulation in dairy products|J]. Frontiers in Mi—
crobiology, 2012, 3: 180.

CALLES-ENRIQUEZ M, ERIKSEN B H, ANDERSEN P S, et al.
Sequencing and transcriptional analysis of the Streptococcus ther—
mophilus histamine biosynthesis gene cluster: Factors that affect
differential hdcA expression[J]. Applied and Environmental Micro—
biology, 2010, 76(18): 6231-6238.

LIXY,MENG J H, ZENG Q Z, et al. Biogenic amines content changes
during storage and establishment of shelf life prediction model of
red bean curd[J]. Journal of Food Safety, 2021, 41(2): ¢12885.

SUN X Y, DU B, ZHAO L H, et al. The effect of different starter cul—
tures on biogenic amines and quality of fermented mutton sausages
stored at 4 and 20 °C temperatures[J]. Food Science & Nutrition,
2020, 8(8): 4472-4483.

LEE J Y, KIM Y G, HER J Y, et al. Reduction of biogenic amine
contents in fermented soybean paste using food additives[J]. LWT-
Food Science and Technology, 2018, 98: 470-476.

QIU S, WANG Y, CHENG Y Q, et al. Reduction of biogenic amines
in sufu by ethanol addition during ripening stage[J]. Food Chemistry,

2018, 239: 1244-1252.

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

LID W, MA Y L, LIANG ] J, et al. Effects of different production
technologies (fermented strains and spices) on biogenic amines in

sufu fermentation[J]. Journal of Food Processing and Preservation,

2020, 44(8): €14597.

MAH J H, KIM Y J, HWANG H J. Inhibitory effects of garlic and
other spices on biogenic amine production in Myeolchi—jeot, Korean
salted and fermented anchovy product[J]. Food Control, 2009, 20(5):
449-454.

LL J, JIANG K, HUANG H Z, et al. Process improvement to prevent
the formation of biogenic amines during soy sauce brewing[J]. Food
Chemistry, 2020, 331: 127347.

CHIN K H, KOEHLER P E. Effect of salt concentration and incuba—
tion temperature on formation of histamine, phenethylamine, trypt—
amine and tyramine during miso fermentation[J]. Journal of Food Pr—
otection, 1986, 49(6): 423-427.

TAN Y, ZHANG R F, CHEN G ], et al. Effect of different starter

cultures on the control of biogenic amines and quality change of
Douchi by rapid fermentation[J]. LWT-Food Science and Technolo—
gy, 2019, 109: 395-405.

LAN G Q, LI C Q, HE L P, et al. Effects of different strains and fer—

mentation method on nattokinase activity, biogenic amines, and sen—
sory characteristics of natto[J]. Journal of Food Science and Tech—
nology, 2020, 57(12): 4414-4423.

YANG B, TAN Y, KAN J Q. Regulation of quality and biogenic

amine production during sufu fermentation by pure Mucor strains|J].
LWT=Food Science and Technology, 2020, 117: 108637.

FONG F L 'Y, LAM K Y, SAN LAU C, et al. Reduction in bio—
genic amines in Douchi fermented by probiotic bacterialJ]. PLoS One,
2020, 15(3): €0230916.

SUN Q X, CHEN Q, LI F F, et al. Biogenic amine inhibition and

quality protection of Harbin dry sausages by inoculation with Sta—
phylococcus xylosus and Lactobacillus plantarum|]]. Food Control,
2016, 68: 358-366.

KIM J Y, KIM D, PARK P, et al. Effects of storage temperature and
time on the biogenic amine content and microflora in Korean turbid
rice wine, Makgeolli[J]. Food Chemistry, 2011, 128(1): 87-92.

KIM J H, KIM D H, AHN H J, et al. Reduction of the biogenic
amine contents in low salt—fermented soybean paste by gamma irra—
diation[J]. Food Control, 2005, 16(1): 43-49.

ZAMAN M Z, ABU BAKAR F, JINAP S, et al. Novel starter cultures
to inhibit biogenic amines accumulation during fish sauce fermenta—
tion[J]. International Journal of Food Microbiology, 2011, 145(1):

84-91.

KIM SY, KIM H E, KIM Y S. The potentials of Bacillus licheni—
Jformis strains for inhibition of B. cereus growth and reduction of
biogenic amines in cheonggukjang (Korean fermented unsalted soy—
bean paste)[J]. Food Control, 2017, 79: 87-93.

PRI, B0, TR A, 55 A WA T e e il P ). &

5RBETA, 2019, 45(4): 129-134.

CHENG Shumin, LAN Xiang, XU Ying, et al. Biogenic amine de—
grading bacteria within soy sauce fermentation[J]. Food and Fermen—
tation Industries, 2019, 45(4): 129-134.

L, 3, Z5IPME, A5 L b AR i UL T A R 1Y O
PESHERE()). BURET AR RHE, 2014, 30(5): 49-55.

MA Yuxia, LU Shiling, LI Kaixiong, et al. Screening and identifica—
tion of amine oxidase productive strains from smoked horse intes—

tine[J]. Modern Food Science and Technology, 2014, 30(5): 49-55.

N T 4w45 : ‘D5
i HHA:2021-12-30



