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Effects of Physicochemical Properties and Microbial Communities of Fermented Soybean
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Abstract: The study was carried out to evaluate the contents of common biogenic amines, microbial community diversity
and physicochemical indicators of seven samples of fermented liquid soybean products and seven samples of fermented solid
soybean products. The results showed that the total amount of biogenic amines in defatted soy sauce, steamed fish soy sauce
and oyster reduced salt soy sauce were all higher than 8 000 mg/L and significantly higher than those in the other samples
(P < 0.05). The pH and Kjeldahl nitrogen contents of the samples were negatively correlated with the total content of
biogenic amines, while water activity (factor loading 0.413), total acid content (factor loading 0.399) and salinity (factor
loading 0.330) had a greater positive effect on the production of biogenic amines. Pseudomonas spp. and Bacillus spp. were
positively and negatively correlated with the content of biogenic amines, respectively. The results of the study provide a
theoretical basis for the development of relevant standards.
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Fig.1  High performance liquid chromatogram of biogenic amine

standards and representative samples
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Biogenic amine contents in fermented solid soybean products
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Table 5  Physicochemical properties of different fermented soybean products
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Fig.2  Heatmap of the correlation between biogenic amines and

physicochemical indices
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Fig. 3  Structural equation modeling of six environmental factors

affecting the total amount of biogenic amines

WEBHTR, IERIFIREZ (the root mean square
error of approximation, RMSE) 40.00, F NHE

WA, pHE (RTFHA—0.616) « PLKE (HTH A
—0.343) XAV R B AN s K IERE (A
THEAT0.413) « FHE (FTHEA70.330) MR (1
1170.399) X AR 7= A BB IR . AHSRPE R ik
BIK O iG BE  R ShEE AR R R A E S K AL ik
TREIEMEK (B2) o SRR 14 R — b
BOUE T AT R B K S B B, HhES
AW B R A K
23 RIS B SRR YRR AR M S b
EHCHEAAREIER6 FIFedh: BEZH (1-1) . 3
S (1-2) | BEREEn (1-5)  2E (2-4)
YN (2-5)  KEE (2-6) BATHAWBEE M, W
El4fT7R .

w2 R B IR S
L

B s
mOUBHER makiE
e LIS Sy
WMATER

-1 12 15 24 25 26
B

P4 6 FivRES S AR TR BIRE S )
Fig.4  Relative abundance of microbial communities in six samples at

the genus level

P R PR Y RETE L RE — B L AR
RS E. wE4. SHiR, BEREREE R BT
MW (1-1)  BEEZHEW (1-2) . BEXEER
(1-5) FERPRARE, FRMREEZS T (2-4) |
giE (2-5) « KEH (2-6) MEARIE. BFARERE, 1)
AL B BB 43w B E 1 i DT B K R LR, R TCINE 5 Mg
U R KR o R B, BT 1 B A A B ) 7 AR R RS
Bribz b, M B A A T e PR Re
1%, XATRER MR R G (1-5) MRS BB E
T AR (P<0.05) BIJRIA . ZEHAT =4 4l
BRI 2 CBE A R B B B s R DR, E2E
FREMMEERT, BEREE (2-4) . 1= (2-5) .
KEHE (2-6) AV B B R AR T RE S B TE K = %
(1-5) (P<0.05) . BuAh, FEMERE R AT & BUNS L
RE U, HAEKEE (2-6) HARN FER R, KEH
(2-6) gl 5 S AEY R & B AR (35.90%)
(#3) .



XY TR

2023, Vol.44, No.14 77

— BT

e

@ﬁ@lﬁ %gﬁ

I7Ee N -107!
] FrERE
R e
TR FAS T
PRAT B
KAFER
L BRE R

B R Y

E.:J_/ E w:.
it

12 1.1 15 24 25 26
Fls 6 FikEmT L s K F i A

Fig. 5 Heatmap of the microbial communities in six samples at the

genus level

BEAh, AW, AP T A B2 B B S5 AN A
BEAARR Y it PR AR S AR bR
Vil & B B IR AR, X LR 0 A Y S B DR
AR EEHEAT AR R AT, AnBEORT R o XK S
APl i BB LR S A DA = BE AT TU AR
oM, WE TR .

1.0
044 —021 039 035 —021 040 —0.21 —0.19

0.5
7 |-032 —0.09 030 —0.16 —0.13 030 —0.12 030 —0.18 021

043 —-020 038 034 —020 039 —0.20 —0.20
—0.5

—1.0

027 —0.15 020 0.6 —0.15 022 —0.15 —0.17 | 0.52
7| 013 =035 —035 —0.34 —032 —035 —0.39 —035 051 —0.08
029 —0.13 024 021 —0.13 024 —0.13 —0.01 | 0.56
%027 020 =044 017 020 =044 0.9 —0.44 —0.15 | 047

i [-044 033 —037 029 029 =037 030 —037 —020 058

038 —021 033 029 —021 034 —021 015_

TIHER R ARRAR K R L
Pl 6 6 RIVRE S0 & ik 15 0 7 R AT G 2]
Fig. 6  Heatmap of the correlation between biogenic amine contents and

relative abundance of microbial communities in six samples

6T, BURIEE . ARRRRFR R AT
& K HEE SIS RE.. FiE. WAslk., Bk, 7
fG JE MG R e IR T AT R R ST F
WS B Y S BRSO, DIBRERE R . ER
R ARG R S A S R R O K. BT R,
I (2-5) T (2-4) KT (2-6) 3 Al EAFE
PR A S & SRS E S A E R R 2
ARG X AT REAE BT 20 AT 1 B T E A e S R & B

R AR, R5ARAEI AR -8

W EME . R IR K S R
WB AR F S S EMARERESRE LMK, HPRE

T (1-1D) L EEZH (1-2)  RIEKEEW (1-5)
Hh R L B AR E R s (4D, HEREEVE A
29.41~31.10 g/100 g (F5) o 2HrMTEE >t AE W45 5 o
B 2 AR A MR R (0.001<P<0.01) . 4
Wi S R R R AR R R IEAE G, AT
J& - DUIBCER B @ AT F B 2 O, X S5 AH o dr 5
R

150
100

L 50 mmamam P
= 0 -} Sk
504 fedh LY g
a —1004 E\%E&??,/
é—m- it
200+ © kg
—250

T T T T 1
=200 — 150 100 50 0 50 100 150 200 250
RDA1 (96.64%)

LI EREE: 2ERERE: 3.2 /RINBRHE; 4.2 0RE
E:i%ﬁ%ﬁ:dﬁﬁﬂuﬁ.lﬁmﬁ%%ﬁo
P76 FIvRE S 10 0 i L5 R R B b 9T A 5 BT
Fig.7  Redundancy analysis of microbial genera versus basic
physicochemical indices in six samples

i Pk, RN R AT RE A RO N T Ak &R
Jig iR & B M A Bk 1 AR ) A, T2 AT e
TR A R D 7 A A R 3 0 1 7 e T v R R A ) T AR
R o A, R R ) 2 AR RE At 2 F AT 1
BAK, BEMEEE (29.41~30.90 g/100 g) I
AR L R T AR o R ) A T R i
SRR Tl A 0 ) A S 50y AT e 2 5 0 0t e AR D Jie £ K
o DR, BRAGTE T AN MR 20 A e A R AT
—E R o it R IR R L i A A R 2 A X
W, E IS ) R ] L R 2 5 R A AR A

3 5 #®

AT Tl 25 o B 5 1) it A7 o [ 25 o I 6 S O A
PG, X8 B WA S B WUEEMRETE 2 R DL K
AHCEALFR bR AT I e o AR K ¥, Z8 ATl . 4t
5 ek 6 R 1 AR R R R A BN 11 209,710 266.7
8 262.5 mg/L, Fm THAMFEM (P<<0.05) . KE5
WARFE S A I & s T A . FE S R p HAE AL I
REESEMELSE R, KSFEE (BT84
0.413) . SRREE (FF#470.399) MEHE (K13
70.330) Fo A= 4 g Ak 52 10 I T SRS e K, o A W e g 7



78

2023, Vol.44, No.14

E6miltl =

XY TR

AR FGE RIAR B AE

PR R, HEE

filts WA K L R ORI S R A )

&QE%EW%QﬁﬁﬂﬁE%ﬁﬁx

QP\]E\ IKEH T

LA BTN, 5 e S b AR Yl B 2 AR R .
SE R
[1 BRINK B T, DAMINK C, JOOSTEN H M L J, et al. Occurrence

(2]

(31

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

and formation of biologically active amines in foods[J]. International
Journal of Food Microbiology, 1990, 11: 73-84. DOI:10.1016/0168-
1605(90)90040-C.

TAYLOR S L, EITENMILLER R R. Histamine food poisoning:
toxicology and clinical aspects[J]. Critical Reviews in Toxicology,
1986, 17(2): 91-128. DOI:10.3109/10408448609023767.

GONG X, WANG X X, QI N L, et al. Determination of biogenic
amines in traditional Chinese fermented foods by reversed-phase high-
J]. Food Additives &
Contaminants. Part A, Chemistry, Analysis, Control, Exposure & Risk
Assessment, 2014, 31(8): 1431-1437. DOI:10.1080/19440049.2014.926402.
JEON A R, LEE ] H, MAH J H. Biogenic amine formation and

bacterial contribution in Cheonggukjang, a Korean traditional

performance liquid chromatography (RP-HPLC)][.

fermented soybean food[J]. LWT-Food Science and Technology,
2018, 92: 282-289. DOI:10.1016/j.1wt.2018.02.047.

GUAN R F, LIU Z F, ZHANG ] J, et al. Investigation of biogenic
amines in sufu (furu): a Chinese traditional fermented soybean
food product[J]. Food Control, 2013, 31: 345-352. DOI:10.1016/
j.foodcont.2012.10.033.

FONG F L Y, EL-NEZAMI H, SZE E T P. Biogenic amines-
precursors of carcinogens in traditional Chinese fermented food[J].
NFS Journal, 2021, 23: 52-57.

ZAMAN M Z, ABU BAKAR F, JINAP S, et al. Novel starter
cultures to inhibit biogenic amines accumulation during fish sauce
fermentation[J]. International Journal of Food Microbiology, 2011,
145: 84-91. DOI:10.1016/j.ijfoodmicro.2010.11.031.

DABADE D S, JACXSENS L, MICLOTTE L, et al. Survey of
multiple biogenic amines and correlation to microbiological quality
and free amino acids in foods[J]. Food Control, 2021, 120: 107497.
DOI:10.1016/j.foodcont.2020.107497.

B PAA A & by . B pHAE K NE: GB 5009.237—
2016[S]. Jb3t: H E bRt AR AL, 2016: 1-4.

AR PAEMTMETRERS. TP RAERSENNE: GB
5009.235—2016[S]. db5T: H E bRk H R AL, 2016: 1-5.

[ 55 i B R SR A B R, B AR AL B A 4. Bl AL
A ¥ 5E : GB/T 12457—2008([S]. AL3t: h [EARHE H 4L, 2008: 1-6.
[ R AR RIAE B & D 2. & /K5 FE (¥ 5E : GB 5009.238—
2016[S]. AL5T: P bRk RRAE, 2016: 1-7.
ERTAEMTNATZERS. BXECRAHBEEEELE. €&
H AR I E: GB 5009.208—2016[S]. Ab5T: v E bxifk i AR At
2016: 1-9.

QI Q, HUANG J, ZHOU R Q, et al. Exploring a degradation strategy
for biogenic amines based on the Cantonese soy sauce production
method[J]. Food Control, 2021, 130: 108281. DOI:10.1016/
J.FOODCONT.2021.108281.

HU M, DONG J, TAN G L, et al. Metagenomic insights into the
bacteria responsible for producing biogenic amines in sufu[J]. Food
Microbiology, 2021, 98: 103762. DOI:10.1016/J.FM.2021.103762.

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

JOEL E C. Applied structural equation modeling using AMOS: basic
to advanced techniques[M]. New York: Taylor & Francis, 2020: 17-
323. DOI:10.4324/9781003018414.

TR, SR, Rouik, 5 R WY, 48, SEPEAR
SRR, BHEIERL, 2014(20): 69. DOI:10.19694/j.cnki.issn2095-
2457.2014.20.048.

HALASZ A, BARATH A, SIMON-SARKADI L, et al. Biogenic
amines and their production by microorganisms in food[J]. Trends
in Food Science & Technology, 1994, 5: 42-49. DOI:10.1016/0924-
2244(94)90070-1.

T2, RE WEEM LA R T A A A [Clh
B fr AR AROR 2 2 3 T IR 2 SO . B T R

SRS, 2014: 93-94.
[t AR Hg . RT3 P AR R S P (D). B T B Rt K 2,
2008.

AR, AR 2 R B
KHABHORE, 2019.

LIL, WEN X X, WEN Z Y, et al. Evaluation of the biogenic amines
formation and degradation abilities of Lactobacillus curvatus from
Chinese bacon[J]. Front in Microbiology, 2018, 9: 1-9. DOI:10.3389/
fmicb.2018.01015.

BIGEAE, BRI, BAKIR, &5. RO AT R A P R B
FEIARIN. ﬁuu'ﬁ?iﬁﬁLJk, 2020, 46(23): 286-292. DOI:10.13995/
j.enki.11-1802/t5.024436.

AR, RLLEE, RO, & G LR EE I T2 AR ke A=
B[], 65 KB Tk, 2020, 46(9): 78-82. DOI:10.13995/
j.enki.11-1802/ts.023174.

RRM, XA, L4, 5. BB I i prEED). i 5K
10k, 2017, 43(10): 220-227. DOI:10.13995/j.cnki.11-1802/ts.013852.

QI Q, HUANG J, ZHOU R Q, et al. Characterising the mechanism

of abating biogenic amines accumulation by cocultures of

T e 2L W O S E S (D], R

Zygosaccharomyces rouxii and Tetragenococcus halophilus[J]. LWT-
Food Science and Technology, 2022, 164: 113672. DOI:10.1016/
JLWT.2022.113672.

CHANDER H, BATISH V K, BABU S, et al. Factors affecting amine
production by a selected strain of Lactobacillus bulgaricus[J]. Journal
of Food Science, 1989, 54: 940-942. DOI:10.1111/§.1365-2621.1989.
tb07917.x.

CAPODIFOGLIO E, VIDAL A M C, LIMA J A S, et al. Lipolytic and
proteolytic activity of Pseudomonas spp. isolated during milking and
storage of refrigerated raw milk[J]. Journal of Dairy Science, 2016, 99:
5214-5223. DOI:10.3168/jds.2015-10453.

TREVINO E, BEIL D, STEINHART H. Formation of biogenic amines
during the maturity process of raw meat products, for example of
cervelat sausage[J]. Food Chemistry, 1997, 60: 521-526. DOI:10.1016/
S0308-8146(97)00021-6.

LIM E S. Influence of bacteriocin-producing Bacillus strains on
quality characteristics of fermented soybean product with biogenic
amine-forming lactic acid bacteria[J]. Applied Biological Chemistry,
2022, 65: 5. DOI:10.1186/S13765-021-00664-9.

ARRA, TR, INARMS, . R R R AR ARG B AT
HI% T R SRR AL D). £ i Lol R, 2017, 38(17): 130-134.
DOI:10.13386/j.issn11002-0306.2017.17.025.

A, R, TEM, & SRS . R R
FE AR IR [T]. R A SRR, 2021, 21(10): 125-132.
DOI:10.16429/j.1009-7848.2021.10.014.





