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R, BARAILZAFIETRGAELZSZHORNE A 4 WG IKE (Vibrio vulnificus) . & RN HHKA
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Abstract: To understand the microbial differences in traditional and industrial production of Northeast soybean paste and
identify potential risk microorganisms, this study analyzed the microbial communities in Northeast soybean paste that are

produced traditionally and commercially. The bacterial 16S rDNA V3-V4 region (338F/806R) and fungal ITSI region
(ITS1F/ITS2R) were amplified and sequenced using Illumina PE300 sequencer followed by bioinformatics analysis. The
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results revealed that in the traditionally produced soybean paste, the abundance of bacteria such as Lactobacillus,
Tetragenococcus, and Bacillus, and fungi such as Aspergillus, Penicillium, Candida, and Trichosporon were relatively high.
Among these, potential risk microorganisms such as Enterobacteriaceae and Staphylococcus were present. There were
significant differences in the abundance of high-abundance bacteria like Leuconostoc and fungi like Sterigmatomyces and
Fusarium between different soybean pastes that are family-produced. In commercially produced soybean paste, the high-
abundance bacteria were Lactobacillus, while the predominant fungus was Aspergillus, albeit with a less diverse microbiota.
The differences in microbial community and metabolic functions between traditional and commercial production processes
were evident. Functional prediction analysis using PICRUSt2 revealed that traditional soybean paste had higher gene
expressions in functions related to glycolysis, gluconeogenesis, glycerol metabolism, organic acid conversion, protein
phosphorylation, purine metabolism, and acetaldehyde acid cycle. In contrast, commercial soybean pastes showed higher
expressions in protein degradation and amino acid metabolism, which explains why traditional soybean paste has a better
flavor, while industrial soybean paste has more stable flavor and shorter production cycle. Comparison with a self-
constructed full-length 16S rDNA gene database of pathogens revealed that the biosafety of commercially produced
soybean paste is better, while traditional soybean paste may contain more pathogens such as Vibrio vulnificus,
Staphylococcus aureus, and Clostridium perfringens. This indicates that during the fermentation of traditional soybean
paste, there may be a risk of insufficient control for anaerobic environment, raw material, or hygiene level in the processing
stages, leading to the proliferation of toxin-producing strains. Commercial production have a significant advantage in
controlling potential risk bacteria. This study provides scientific evidence for optimizing soybean paste production
processes, improving product quality, and ensuring food safety.
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Fig.l Traditional sauce making process in a farmer
in Suihua area
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Fig.2 Industrial sauce making process of a certain enterprise

FIRFEA S 22 CRAE L I — MBS 4 C
17, J5 BT —80 °C VKFEIRAFIEARE S a5 o
1.2.2 FE[HZH DNA $2H B gRAEAR 7 2L R 20
DNA 4%, 5t K20 fif $& 4% B FastDNA Spin Kit For
Soil WG & UL AT, J5 R 1% AR BEEE K FL UK
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SEBG i 5E 16S tDNA §7 34 5% JH 20 uL /2 W
A& Z29). 5xFastPfu Buffer 4 pL. 2.5 mmol/L dNTPs
2 puL. Forward Primer(5 pmol/L) 0.8 pL. Reverse
Primer(5 umol/L)0.8 puL . FastPfu Polymerase 0.4 uL .
BSA 0.2 pL. Template DNA 10 ng. % ddH,O %
20 pL; ITS JF 44 3 % JH 20 pL S B AR £ : 10x
Buffer 2 pL. 2.5 mmol/L dNTPs 2 uL. 1F [ 514
(5 pmol/L) 0.8 pL. K[ 514 (5 pmol/L) 0.8 uL.
TaKaRa rTaq DNA Polymerase 0.2 pL. BSA 0.2 pL.
Template DNA 10 ng. %+ ddH,O % 20 uL, PCR /%
RNZHCR: 95 °C.| 3min; 35 PEHF: 95 °C 30 s, iRk
75 (338F-806R & 55 °C.. ITSIF-ITS2R N 55 C)
30s.72 °C 45s;72 °C. 10 min. 4 °C 1%4%o
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DNA i, P st ug.
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Table 1 Sample genome extraction information
A
TINE|
CT-1 CT-2 CT-3 CT-4 GY-1
0D260/280 1.52 1.61 1.58 1.55 1.56
HeJE (ng/uL) 12.77 9.61 10.53 10.40 11.63

2 1 %1, OD260/280=1.5 H ¥ ~10 ng/uL
Tt B £ BCJE [ 40 BT B A Ay . MR BEAE Y, W) DL g
1.2.3 #47 PCR ¥ 34, ¥ W= i47 2% BriEhiEe ke
HLvk, WL 3.

DLZ000

Marker CT-1 CT-2 CT-3 CT-4 GY-1 CT-1 CT-2 CT-3 CT-4 GY-1 X}

€13 PCR 4 14 Wy B IR i vk
Fig.3 PCR amplification product agarose gel electrophoresis
FE: BIP5 1~5 4300 kES CT-1, CT-2, CT-3, CT-4, GY-1
) 16S rDNA PCR #"#4 4, 6~10 4351} CT-1, CT-2, CT-
3. CT-4, GY-1 f¥J ITSIF-2RPCR ¥ #4 ;= ¥, Marker &) DNA
marker 2000, CK A X} R4 .

JLKZH PCR §HYJ51Y 16S rDNA $7 15774 DNA
25 K BE 400~500 bp ZE 47, ITS ¥4 7= 4 DNA 2%
WS 700~800 bp ZEAT, S5 K BE S5 WUIHAHAT, Mk
BEIE T (ULIEL 3), AT LA 2 e S0 7 S50 1 2R
2.2 Illumina PE300 SZAEMEMFEIES
2.2.1 ZFEVEINFFLE SR K Alpha ZFREVEMT FEAR
47 338F_806R PCR 14, F-ill 7 f 147 AL 13 471)
Jor s PR, H 3R 15 265915 45 )7 %1 ( Sequences) ,
114055742 bp(base pair), FHH Ky 428.92 bp, £
4t 1T 2220 (A~D)FEASIN 7 3RAT 7 9 B 22 540k, H.
Yoy i AR (B ) REASI P A RA%) P A s, ¥
A 88 A~ OTU, #iEREZE 6 11, 11 . 24 4
H.39 PEL, 58 4N J&. 86 I Fh. FEA ITSIf 2R P~
G JEINT, ARAF PN AT 7 s s Pz, HkAs
359277 45JF%1, 86982558 bp, “F-IHH Ky 242.10 bp,
(LGP REAN I P HRA TN H 25 550k, B e T
Tl Ak i e AR A I R AR T AN B . DT 3R A
105 4~ OTU, #FERH 4 41~11. 14 4944 . 22 1~ H .
35 4Bk 53 M. 81 Fb,

I HIXIREAS 16S rDNA Fl ITS P44 )5 21 ) J ¥ 45
SRPEFT Alpha ZREVESIHT, LAPEASAEAS 2 B AN EL B
PEERIZRENE, DLER 2 sk 3.

# 2 FEA 16S rDNA I Alpha ZREHESMHTES
Table 2 Alpha diversity analysis results of sample 16S rDNA

sequencing
FEM%5  sobs  Shannon Simpson ACE Chaol Coverage
CT-1 33 0.637563 0.706892 37.71922 37.2  0.999888
CT-2 53 1.84714  0.236719 56.19261 54.875 0.999859
CT-3 48 0.291604 0.9079 53.29703  52.5  0.999809
CT-4 56  1.953972  0.27899 60.44167 59.5  0.999861
GY-1 29  0.167022 0.949135 30.32052 29.75 0.999937

3 FEAITS T Alpha ZHEMEIIHTES
Table 3  Alpha diversity analysis results of sample ITS

sequencing
%S sobs  Shannon Simpson ACE Chaol  Coverage
CT-1 26 0.222776 0.927159 27.79434 29 0.99996
CT-2 39  1.718913 0.229681 39.93609 39.33333 0.999973
CT-3 46 1202287 0.45793 47.71062  46.75  0.999958
CT-4 55 1.628349 0.286077 57.37072 56.42857 0.999932
GY-1 51 1.728865 0.24343 51 51 1
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Fig.4 Sample sequencing Shannon index curve
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Fig.5 Venn diagram of genera from different sources
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Fig.7 Heatmap of fungi at the genus level in different samples
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FEPERYFEIE, XURAE S, (E S A= )22 4 RS TR AIR .

AR, AT T 2 4H(CT-1~CT-4) FEAS BB
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BN Ah s T

f& 48 T. 540 (CT-1~CT-4) v 32 %L 1) FL 1 A7 -
Aspergillus (MEER ) r- B (AN 0. TEMTHE . £F4E3R
fiff) , 43 B B AR K A G40, A BOXBR R4 o,
TE H SR & & 22 S HUALPO 2 Penicillium (755508
FRST Rk T (AN Vi) , BT HE TTHRXUBR A BT (CUnfE
28), WA FA TR ER, e N E MR P
Candida({R£2 7 EEIE ) K BRHEZE T CBEFNAT HLIR, BT
BRIV AP Trichosporon (227l RE)E ) = 5%
BRI, FTRETTHRIRURE . AR P S 1 XU
B Fusarium (B D] B &) T80 B AR = filg (AN£T 4 2
i), B4R (AN F. graminearum) 7= 55 06 755 2< (U
67T ) G A L DOND 07 Wi i 3 JiE 9
Alternaria (BEASFLJER ) F8 53 Fh = A 75 0 1 2= (AN AC %
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