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Fig.1 Propionic acid content in stinky tofu from different manufacturers and brines in different regions
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Fig.2 Microbial composition in brine
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Table 1 The changes in the abundance of propionic acid-producing strains in No. 1 stinky tofu brine compared

with other brines

W Ak 4 AR AT L L TAAE 2L
Propionibacterium_sp._JV5 RERAFHA _sp._JV5 o (L% $4%)
Propionibacteriaceae_bacterium_NML_160184 RERAFE A _ A _NML_160184 7.6
Acidipropionibacterium_acidipropionici JE R R R AT 4.7
Propionibacteriales_bacterium AERATH _ @A 3.8
unclassified_{__Propionibacteriaceae kok  ABRAAA 3.1
Pseudopropionibacterium_propionicum BRBATH _ "R 3.1
Propionibacteriaceae_bacterium_ES.041 REBEATEA @ ES.041 2.1
Pseudopropionibacterium_massiliense B R B AT _massiliense 2.0
Propionibacteriaceae_bacterium_NML,_130396 AAFEA  mH  NML 130396 2.0
Propionibacterium_sp. AERAT A B 1.9
Propionibacteriaceae_bacterium_P6A17 REBEATEA _@H _P6AL1T 1.8
Propionibacterium_freudenreichii AEBAFE _ K 1.8
Propionibacterium_cyclohexanicum AERATH 1.8
Propionibacterium_australiense AR _ mAA T 1.6
Propionibacteriaceae_bacterium AEBEAFRA _@H 0.6
Propionibacterium_sp._4572_24 BEATH _sp._4572_24 0.4
Acidipropionibacterium_virtanenii B% M R BR AT virtanenii 0.3
Propionibacteriaceae_bacterium_NML_150081 ABRAAA _ @H  NML_150081 0.1

2222 525 RGEML, 15 REE TR
WHRFEAAO Z25) NER20H, 52 %
BRI E ,1 5 B R R R Y R 1 TN R AT
B PSRN B B, R 1 S R

GG ROE R T AT R R _ 41 _NML_130396 15
FRAT R _ 4B _NML_160184 . K432 o IR
FER AR AT 3L 4 ATk, TR AT 5
ZA%, FE LR 2 AR FEERA TR, 25800
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Table 2 Compared with No. 2 stinky tofu, changes in the abundance of propionic acid—producing strains

in No. 1 stinky tofu

Tt & AR

AP X B T AAE B

Propionibacteriaceae_bacterium_NML_130396
Propionibacteriaceae_bacterium_NML_160184

unclassified_g_Propionibacterium

AAFE A _ 4 _NML_130396
AEATE A _ i _NML_160184
Aok ¢ RRAHA

o (L% %45)
o (X% $45)

(K% )

Propionibacterium_cyclohexanicum AR AT A (X% 54)
Propionibacteriaceae_bacterium_P6A17 REBEATBA _@H _P6ALT 59.4
unclassified_f_Propionibacteriaceae kak  ABATEA 54.9
Propionibacteriales_bacterium REBATE @@ 47.0
Pseudopropionibacterium_massiliense R ABRAT 1 _massiliense 29.7
Propionibacterium_{freudenreichii A EEATE _freudenreichii 4.8
Pseudopropionibacterium_propionicum B BRAT ) _ AR 2.5
Propionibacterium_sp. A B AT 1.7
Propionibacteriaceae_bacterium ARAFAA _ WH 0.8
Acidipropionibacterium_acidipropionict BRME ) BR AT 0.2

T2 AT A0 3 R 2R BE O, DY R T R R _ A
_P6A17 (FEJE ETF 59.4 £%, K402 £ BRI
PHEY L B E 54.9 £ N BRFTBA _ Al TR 0 5
T+ 47 1%, B BRFF B _massiliense 1 F & - F+
29.7 f5 4%
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b il LRI, R I A 2 R T A AU A I TR
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BRI IR K %, BON R A R0 5 BEREAR N IR AT
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R W BRI v A SR I R R IR
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Fig.6 Metabolic function comparison of microbial composition in brine
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The Mechanisms of Propionic Acid Formation in the Fermentation of Stinky Tofu

Ji Chen', Zhou Su',
('College of Biosystems Engineering and Food Science, Zhejiang University, Hangzhou 310012
*Zu Ming Bean Products Co. Lid., Hangzhou 310051)

Han Xiaohua®?, Tu Pengcheng', Ye Xiang', Yan Fujie”

Abstract The content of propionic acid in No. 1 stinky tofu detected by HPLC was about 1.32 mg/g, which was higher
than the content of propionic acid in No. 2 stinky tofu from different manufacturers (0.56 mg/g), and the content of pro-
pionic acid in tofu embryos before fermentation was very low, about 0.026 mg/g, but the content of propionic acid in
brine was as high as 6.35 mg/mL. As a food additive, propionic acid must be marked on the packaging if it is added
during the production process, but the No. 1 stinky tofu manufacturer did not artificially add propionic acid. Therefore,
this experiment aimd to explore the causes and mechanisms of production of propionic acid during the fermentation of
stinky tofu. Using metagenomics to analyze and identify the microbial composition in brine and stinky tofu, it was found
that compared with the ‘control brine” with very low propionic acid content, the species and abundance of Propionibac-
tertum that produced propionic acid in No. 1 stinky tofu brine increased overall. Among them, the abundance of Propi-
ontbacteriaceae_bacterium_NML_160184 had increased by 7.6 times, the abundance of Acidipropionibacterium_acidipropi-
onici acidigenes has increased by 4.7 times, and the abundance of Propionibacterium_bacteria has increased by 3.8
times. Compared with No. 2 stinky tofu, the species and abundance of Propionibacterium producing propionic acid in
No. 1 finished tofu also increased significantly. The abundance of Propionibacteriaceae_bacterium P6A17 increased by
59.4 times, and the abundance of unclassified_{_Propionibacteriaceae increased by 54.9 times. The abundance of Propi-
ontbacteriales_bacterium increased by 47 times, and the abundance of Pseudopropionibacterium_massiliense increased by
29.7 times. Non —targeted metabolomics analysis of the microbial metabolites and functions in brine found that the
metabolic activities of different brine microbial compositions were significantly different. The difference in propionic acid
levels in stinky tofu was most likely due to the types and metabolic activities of the microorganisms in the brine. In
summary, the detection of propionic acid in stinky tofu was due to the natural production of microorganisms during the
fermentation process rather than artificial addition. Due to the different types and abundance of propionic acid—producing
bacteria in brines from different sources, the propionic acid content of the final product will also showed significant dif-
ferences.

Keywords stinky tofu; propionic acid; high performance liquid chromatography (HPLC); metagenomics; non-—targeted

metabolomics



