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Microbial diversity and itsrelationships with stressfactorsin
sesame-flavor liquor fermentation process
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Abstract: [Background] In recent years, the production technology of sesame-flavor liquor is becoming
more and more mature. But the corresponding scientific research has not developed synchronously.
High-throughput sequencing technology is increasingly used in the study of species diversity, but it
focuses on the relative abundance of species rather than the microbial number of species. [Objective] The
changes of microbial community structure and its correlation with stress factors during the fermentation of
sesame-flavor liquor were analyzed, and the correlation between main yeasts and bacteria was aso
studied, to provide theoretical support for revealing the fermentation mechanism and controlling
fermentation quality of sesame-flavor liquor. [Methods] The microbial community structure during the
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fermentation of sesame-flavor liquor was determined by traditional quantification of microorganisms and
sequencing the bacterial 16S rDNA gene and the fungal ITS rDNA gene using Thermofisher’s lon S5™XL
sequencing platform. The contents of lactic acid, acetic acid and ethanol during the fermentation process
were monitored. The microbial community and its relationship with stress factors during fermentation
were analyzed by complexity analysis of samples, comparative analysis of samples and correlation
analysis of environmental factors. The correlation between yeasts and bacteria was analyzed by Pearson
correlation. [Results] Cellulose bacteria, Westermania and Bacillus were dominant in the early
fermentation stage, and Lactobacillus was dominant in the middle and late fermentation stages, followed
by cellulose bacteria, Westermania and Bacillus. Issatchenkia was the dominant yeast in the whole
fermentation process, followed by Wickerhamomyces, Saccharomyces cerevisiae and Candida. Most
microorganisms were negatively correlated with stress factors, and only Lactobacillus showed a significant
positive correlation with acetic acid. Yeasts were positively correlated with some bacteria. [Conclusion]
The interaction of stress factors and microbes in liquor fermentation process promoted the succession
process of the community. The organic acids produced by Lactobacillus and Bacillus during the late stage
of fermentation inhibited most of the acid-nonresistant microorganisms, and organic acids were the main
stress factors affecting community structure. The combination of microbial quantity and relative
abundance revealed more information about the succession of community structure and its correlation with
environmental factors during fermentation.

Keywords: Sesame-flavor liquor, Microbial diversity, Stress factors, High throughput sequencing
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Table 1  Concentration of stress factors during the
fermentation
. . L a7 LR
SR [i47d)3 E&#&E }Lﬁg/&fg
. Ethanol Acetic acid Lactic acid
Fermentation . . .
) concentration ~ concentration  concentration
(%) (mg/g) (mg/g)
0 0.66+0.21 0.42+0.34 10.17+0.37
4 5.51+0.16 0.49+0.28 9.28+0.26
15 6.25+0.21 4.52+0.19 20.21+0.23
30 4.08+£0.24 2.94+0.36 29.02+0.41

*2 KRBEIREMEYHE
Table2 Microbial quantity during the fermentation

R T B [EaBTE e
Samples Number of bacteria Number of yeasts
Log(CFU/qg) Log(CFU/g)
FG1 8.7+0.1 8.2+0.3
FG2 8.9+0.3 7.0£0.1
FG3 9.2+0.2 4.7+0.1
FG4 8.5+0.1 2.1+0.2
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Figure 1 The temperature curve of the fermentation
process
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Note: The temperature of the sampling point is marked by a black
circle.
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ViES F i RIFEL I R FARIGE Chaol 5%k PD F8%k
Class Samples Observed-species Goods-coverage Shannon index Chaol index PD index
g2} FG1 162 1.000 2.691 167.571 11.308
Bacteria FG2 227 0.999 3.786 332.857 14.460
FG3 132 1.000 1.799 145.000 9.366
FG4 177 1.000 2.686 187.969 13.853
FLIR FG1 110 1.000 3.822 111.867 17.743
Fungus FG2 109 1.000 3.708 114.500 16.991
FG3 115 1.000 3.314 120.000 21.234
FG4 135 0.999 3.689 152.250 23.212
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Figure2 TheVenn diagram of operational taxonomic unit
T A IEFERE; B: EEFHRK.

Note: A: The Venn diagram of bacteria; B: The Venn diagram of fungus.
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Figure3 Thebar graph of bacterial relative abundance of species at genus level
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Figure4 Thebar graph of fungal relative abundance of species at genus level
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Note: A: B diversity index thermogram of bacteria; B: p diversity index thermogram of fungus.
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x4 WEREFEMEMEXIFERE Pearson XIS

Table4 Pearson correlation analysis of stress factorsand microbial relative abundance

WFh Ethanol Acetic acid Lactic acid
Species Correlation Significance Correlation Significance  Correlation  Significance

[ Issatchenkia 0.163 0.837 0.472 0.527 -0.171 0.828
Yeasts Candida —0.288 0.712 -0.331 0.668 —0.819 0.181
Pichia —0.382 0.618 —0.929 0.071 -0.931 0.069
Saccharomyces 0.489 0.511 —0.397 0.602 —0.330 0.669
Saccharomycopsis —0.887 0.113 —0.566 0.434 -0.578 0.421
i) Lactobacillus 0.502 0.497 0.956* 0.044 0.908 0.091
Bacteria  \\eissdlla —0.680 0.319 -0.934 0.066 —0.866 0.134
Bacillus —0.545 0.454 —0.946 0.053 —0.913 0.086
Cellulosimicrobium -0.191 0.808 —0.903 0.097 —-0.825 0.174
Citrobacter 0.364 0.635 -0.541 0.458 —0.558 0.441
Leuconostoc —0.545 0.454 —0.953* 0.046 —0.906 0.093
Acetobacter 0.346 0.653 0.668 0.331 0.039 0.960
Enterobacteriaceae 0.056 0.943 0.217 0.782 0.796 0.203
Yersinia 0.385 0.614 —0.521 0.478 —-0.523 0.477
Pediococcus —0.309 0.690 —0.929 0.071 —0.898 0.102

e *: WEAX(P<0.05).
Note: *: Significance at 0.05 level.

*5 MERETFSHMEYE Pearson XM

Table5 Pearson correlation analysis of stress factorsand microbial biomass

e Ethanol Acetic acid Lactic acid

Species Correlation  Significance Correlation Significance Correlation  Significance
[ia53 Issatchenkia -0.421 0.579 -0.643 0.356 ~0.955* 0.045
Yeasts Candida —0.550 0.449 —0.623 0.376 —0.895 0.104
Pichia -0.477 0.522 —-0.914 0.086 —0.951* 0.049
Saccharomyces 0.419 0.581 —0.491 0.508 —0.534 0.465
Saccharomycopsis —0.895 0.104 —0.596 0.403 —-0.589 0.410
il Lactobacillus 0.508 0.492 0.961* 0.039 0.902 0.097
Bacteria  \pgissalla -0.655 0.345 -0.942 0.057 -0.875 0.124
Bacillus —0.513 0.486 —0.948 0.051 —0.917 0.082
Cellulosimicrobium —0.156 0.843 —0.888 0.111 —0.812 0.187
Citrobacter 0.366 0.633 —0.540 0.459 —0.556 0.443
Leuconostoc —0.513 0.486 —0.955* 0.045 —0.909 0.090
Acetobacter 0.370 0.629 0.682 0.317 0.054 0.945
Enterobacteriaceae 0.055 0.944 0.218 0.781 0.797 0.202
Yersinia 0.385 0.614 —0.520 0.479 —0.522 0.477
Pediococcus —0.273 0.726 —0.919 0.080 0.890 0.109

e *: BEAIX(P<0.05).
Note: *: Significance at 0.05 level.
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Table6 Pearson correlation analysis of main yeasts and bacterias

Wl Issatchenkia Saccharomyces Pichia Candida
Species Correlation Significance Correlation Significance Correlation  Significance  Correlation  Significance
Citrobacter 0.268 0.731 0.998** 0.002 0.467 0.532 0.245 0.754
Yersinia 0.228 0.771 0.998** 0.002 0.434 0.565 0.211 0.788
Pseudomonas 0.270 0.729 0.999** 0.000 0.457 0.542 0.231 0.768
Providencia 0.191 0.808 0.997** 0.003 0.402 0.597 0.177 0.822
Lutei bacter 0.237 0.762 0.998** 0.002 0.443 0.556 0.221 0.778
Carnimonas 0.386 0.613 0.983* 0.018 0.582 0.417 0.373 0.626
Flexivirga 0.376 0.623 0.985* 0.015 0.572 0.427 0.362 0.637
Vagococcus 0.344 0.655 0.957* 0.043 0.600 0.399 0.411 0.588
Lactobacillus —-0.818 0.182 —0.525 0.474 —0.984* 0.016 -0.934 0.065
Weissella 0.851 0.148 0.338 0.661 0.987* 0.013 0.987* 0.013
Bacillus 0.846 0.153 0.498 0.501 0.992** 0.008 0.947 0.052
Leuconostoc 0.833 0.166 0.505 0.494 0.989* 0.011 0.943 0.056
Kurthia 0.808 0.191 0.526 0.473 0.981* 0.019 0.932 0.067
Sreptococcus 0.831 0.168 0.543 0.456 0.986* 0.014 0.928 0.071
Rhodococcus 0.748 0.251 0.587 0.412 0.956* 0.044 0.894 0.105
Spohingobacterium 0.781 0.218 0.675 0.324 0.951* 0.049 0.855 0.144
Enterococcus 0.853 0.146 0.131 0.868 0.946 0.053 0.997** 0.003

TE: % BEMSE(P<0.05); **. M FH M (P<0.01).
Note: *: Significance at 0.05 level; **: Significance at 0.01 level.
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