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Isolation and Identification of High—Temperature Tolerant Spoilage Microbes
during Vinegar Brewing and Growth Characterization of the Bacterial
Consortium TYF-LIM-L09 with A Srong Gas—Producing Ability

LI Min', LI Yao', ZHAO Kui*, WANG He*, HE Yongi’, FAN Xiaojun™
(1. College of Chemistry and Chemical Engineering, Taiyuan University of Technology, Taiyuan 030024, China;
2.Taiyuan Ninghuafu Yiyuanqing Vinegar Industry Co. Ltd., Taiyuan 030000, China;3. Institute of Agricultural
Products Processing, Shanxi Academy of Agricultural Sciences, Taiyuan 030006, China )

Abstract. Vinegar makers in China have suffered from brewing spoilage during high temperature
seasons that seriously affects the nutritional composition and quality of vinegar. In order to
thoroughly study the high temperature tolerant spoilage microbes, our research team selected five
batches of spoilage vinegar samples for microbe isolation and identification and the composition of
the gas producing bacterial consortium TYF-LIM-L09 was analyzed by microbial metagenomic
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sequencing. The TYF-LIM-L09 was then characterized for pH and ethanol tolerance, gas production
capacity and activities of core enzymes in glucose metabolism. The results showed that 4 stable
bacterial consortium and 46 strains were separated from spoilage vinegar samples, 44 strains of them
belonged to the genera Rummelitbacillus, Enterococcus, Vagococcus, Lactobacillus, Bacillus,
Staphylococcus, Brevundimonas, Paenibacillus, and the other two isolated strains came from
unknown genera. The bacterial consortium TYF-LIM-L09, which had a strong gas-producing ability,
could grow well at 50 ‘Cand had a high ethanol tolerance of 8% (v/v), was composed of more than 6
genera. The produced gas was CO, and the highest concentration could reach 71.43% (v/v). The
pyruvate kinase and pyruvate decarboxylase of TYF-LIM-L09 had relatively high activities. In
summary, TYF-LIM-L09 was presumed to be the key microbial contaminant causing vinegar to
swell.

Keywords: vinegar, brewing spoilage, high temperature seasons, gas producing bacterial consortium

TYF-LIM-L09, growth characteristic
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Table 1 16S rDNA PCR amplification primers of bacteria

27F AGAGTTTGATCCTGGCTCAG
" 533R TTACCGCGGCTGCTGGCAC
| 6é DNA 1492R GGTTACCTTGTTACGACTT
338F ACTCCTACGGGAGGCAGCA

806R GGACTACHVGGGTWTCTAAT
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Fig. 1 Physicochemical indicators of normal and spoiled

vinegar samples

F2 BMEESSBEEKRLN 16S rDNA BLAST F3I 454 R
Table 2 BLAST results of 16S rDNA sequences of selected bacteria from spoiled vinegar

LY T

TYF-01 Rummelitbacillus A A
TYF-02 Enterococcus 7B}
TYF-03 Bacillus AL
TYF-04 Vagococcus 18 JiF 2R 1A
TYF-05 Lactobacillus FLBR AT
TYF-06 Lactobacillus LR AT

R A BT i 4, 168 31 4 ol 1

w suwonensis 99%
w casseliflavus 99%
w ginsengthumi 100%
= Sluvialis 98%
§ uncultured —
w uncultured =
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F OB, FRAHBREI R PSR AN S B SR AR T AW TYF- ﬁjl:':""'i/l,_\'jz
LIM-L09 # % % 4 42

gk 2

TYF-07 Staphyloc occus % BR1E i hominis 100%
TYF-08 Rummelitbacillus AT P ™ stabekisii 99%

TYF-LIM-L09 Lactobacillus FLERAT B Je — -
TYF-10 Rummeliibacillus A FIFT P i stabekisii 100%
TYF-11 Bacillus ZEAUAT A i ginsengihumi 100%
TYH-01 Staphylococeus 4 R A w5 hominis 100%
TYH-02 Rummelitbacillus A AT P ™ stabekisii 99%
TYH-03 Brevundimonas R 1B P A E uncultured =
TYH-04 Rummeliibacillus A FIFT B i stabekisii 99%
TYH-05 Lactobacillus LR AT A w uncultured =
TYH-06 Vagococcus 2 Y R & Suwvialis 99%
TYH-07 Bacillus 2 AT R = — —
TYH-08 Rummeliibacillus B HEFIFT B 5 stabekisii 99%
TYH-09 Bacillus AT 7 coagulans 94%
TYH-10 Rummeliibacillus A FIAT P ™ stabekisii 99%
TYJ-01 Bacillus ZE LA A i ginsengihumi 99%
TYJ-02 Lactobacillus LR T R w uncultured =
TYJ-03 Bacillus ZEAUAT A @ shackletonii 100%
TYJ-04 Rummeliibacillus BT iR i stabekisii 99%
TYJ-05 Bacillus R ™ ginsengihumi 99%
TYJ-06 Bacillus AT R & ginsengihumi 100%
TYJ-07 Uncultured RN w uncultured =
TYJ-08 Uncultured KHE w uncultured =
TYJ-09 Bacillus ZETRAT A & ginsengihumi 99%
TYJ-10 Paenibacillus R AAT A ™ relictisesami 95%
TYJ-11 Bacillus 2 FAT Je - -
TYJ-12 Lactobacillus LR T R w uncultured =
TYK-01 Bacillus ZEALAT A w coagulans 97%
TYK-02 Rummeliibacillus B MR i stabekisii 100%
TYK-03 Bacillus R ™ coagulans 95%
TYK-04 Bacillus ZEAFF P i coagulans 94%
TYK-05 Lactobacillus LR T R w uncultured =
TYK-06 Bacillus ZEALAT A w coagulans 97%
TYK-07 Bacillus AT A % licheniformis 99%
TYK-08 Lactobacillus L B2 T TR w uncultured =
TYK-09 Bacillus ZEAFF P i licheniformis 97%
TYM-01 Bacillus ZEAFF A & licheniformis 95%
TYM-02 Staphylococcus ] 4 BR AT = uncultured —
TYM-03 Bacillus ZEAFF A i licheniformis 98%
TYM-04 Rummelitbacillus A AT P = stabekisii 99%
TYM-05 Bacillus 2 AT B Je — —
TYM-06 Lactobacillus FLRR AT i uncultured =
TYM-07 Bacillus AT i cereus 99%
TYM-08 Bacillus ZF AT i cereus 99%
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Fig. 2 Gas production of TYF -LIM -L09 during the

cultivation process
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Table 3 Metagenomic analysis of bacterial consortium

TYF-LIM-L09
Lactobacillus FLER 1 A 45.77
Brevundimonas LB PP T U 10.46
Pseudomonas (CE ) 4.13
TYFIT()I;)IM_ Sphingomonas ¥ %2 BE HL L I B 2.98
Bacillus AR 2.59
Staphylococcus 43 ¥ 0,4 % PR 14 & 2.04
He 32.03
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Fig. 3 Growth characteristics of TYF-LIM -L09 under
different temperatures,alcohol concentrations and

pH values
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Fig. 4 Gas production by TYF-LIM-L09 under different

alcohol concentrations and pH values

% 4 TYF-LIM-L09 HEs %00 R ERER BB, ™8 A i B
FNE R S A
Table 4 Activities of pyruvate kinase,pyruvate decar —
boxylase,alcohol dehydrogenase in the cell —free
supernatant of TYF-LIM-L09
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