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Diversity and succession of lactic acid bacteria during
sesame-flavor liquor fermentation

XING Min-Yu DU Hai XU Yan"

(Key Laboratory of Industrial Biotechnology, Ministry of Education, School of Biotechnology, Jiangnan
University, Center for Brewing Science and Enzyme Technology, Wuxi, Jiangsu 214122, China)

Abstract: [Background] Lactic acid bacteria are important in liquor fermentation, and the diversity
and succession of lactic acid bacteria have important influence on liquor quality. However, the
structure and succession of lactic acid bacteria communities are not clear during sesame-flavor liquor
fermentation. [Objective] We studied the diversity and succession of lactic acid bacteria
communities during sesame-flavor liquor fermentation for better process control and product quality.
[Methods] High-throughput sequencing was used to analyze lactic acid bacteria communities during
sesame-flavor liquor fermentation. Biomass of lactic acid bacteria was quantified by real-time qPCR.
[Results] Lactic acid bacteria in sesame-flavor liquor fermentation included Weissella, Pediococcus,
Lactobacillus, Leuconostoc, and Lactococcus, classified to 43 species. Ten species of lactic acid
bacteria were observed higher than 0.5%, including Weissella paramesenteroides, Weissella cibaria,
Weissella confuse, Pediococcus pentosaceus, Leuconostoc pseudomesenteroides, Lactobacillus
fermentum, Lactobacillus plantarum, Lactobacillus paracasei, Lactobacillus acetotolerans and
Lactobacillus sp.. In heap-fermentation stage, Weissella was more than half of the total bacteria,
followed by Pediococcus and Lactobacillus. Leuconostoc and Lactococcus were present in low
numbers. In pit-fermentation stage, Lactobacillus became the predominant bacteria, and the relative
abundance of Lactobacillus sp. was up to 80% in the mid and later stage of pit-fermentation. During
heap-fermentation and the early stage of pit-fermentation, the biomass of lactic acid bacteria changed
little. After 5 days of pit-fermentation, the biomass of lactic acid bacteria increased fast, and reached
the maximum at 30 days. [Conclusion] The knowledge of diversity and succession of lactic acid
bacteria during sesame-flavor liquor fermentation will help understand the roles of lactic acid
bacteria in liquor production with better process control and product quality.

Keywords: Lactic acid bacteria, Diversity, Succession
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(High-throughput sequencing)
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1.1 HmRARE
I I
50g
18 h
6h 0 6 12
18 h 50d 35
10 15 20 25 30 35 40 50d

—80 °C
1.2 FERFIFEF
10 mmol/L Tris-HC1
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) 300xg 5 min
10 000xg 15 min
DNA Wang 4
16S rRNA V3-v4

338F (5'-ACTCCTACGGGAGGCAGCA-3')
806R (5'-GGACTACHVGGGTWTCTAAT-3")
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DNA 10 ng 20 uL PCR
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G 3 5 104 Shannon
2 BREHE Chaol
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1 095 404 39122
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1 RE%BERT B4 M TR rh L
Figure 1 Rarefaction curve of samples in different fermentation time
A I B II .I-0h I-6h I-12h I-18h 1 0 6
12 18h I-3d 1-5d 1-10d I-15d 1-20d I-25d 1-30d I-35d 1-40d I-50d 1 3 510
15 20 25 30 35 40 50d O-0h [-6h I[-12h 1I-18h I 0 6 12 18h 1I-3d
II-5d 1-10d 1I-15d 11-20d 1I-25d 1I-30d 1I-35d 1I-40d 1I-50d I 3 5 10 15 20 25 30 35
40 50d

Note: A: Rarefaction curve of samples in group I; B: Rarefaction curve of samples in group II. I-0 h, I-6 h, I-12 h, I-18 h: Fermented grains at
0, 6, 12, 18 hours of heap-fermentation in group I, respectively; I-3 d, I-5 d, I-10 d, I-15 d, 1-20 d, 1-25 d, I-30 d, I-35 d, 1-40 d, 1-50 d:
Fermented grains at 3, 5, 10, 15, 20, 25, 30, 35, 40, 50 days of pit-fermentation in group I, respectively; II-0 h, II-6 h, 1I-12 h, 1I-18 h:
Fermented grains at 0, 6, 12, 18 hours of heap-fermentation in group II, respectively; 1I-3 d, 1I-5 d, II-10 d, 1I-15 d, 11-20 d, 1I-25 d, 1I-30 d,
11-35 d, [1-40 d, 11-50 d: Fermented grains at 3, 5, 10, 15, 20, 25, 30, 35, 40, 50 days of pit-fermentation in group II, respectively.
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Figure 2 Shannon index and Chaol index of samples in different fermentation time
A 1 Shannon B 1I Shannon C 1 Chaol D 1I
Chaol .I-0Oh I-6h I-12h I-18h 1 0 6 12 18h I-3d 1-5d 1-10d I-15d
1-20d 1-25d 1-30d 1-35d 1-40d I-50d 1 3 5 10 15 20 25 30 35 40 50d 1I-0 h
II-6h II-12h 1I-18 h 11 0 6 12 18h II-3d I1I-5d 1II-10d 1II-15d 1II-20d 1I-25d 1I-30d

1I-35d 11-40d 1I-50d II 3 5 10 15 20 25 30 35 40 50d

Note: A: Shannon index of samples in group I; B: Shannon index of samples in group II; C: Chaol index of samples in group I; D: Chaol
index of samples in group II. I-0 h, I-6 h, I-12 h, I-18 h: Fermented grains at 0, 6, 12, 18 hours of heap-fermentation in group I, respectively;
I-3 d, I-5 4, I-10 d, I-15 d, 1-20 d, I-25 d, I-30 d, I-35 d, 1-40 d, I-50 d: Fermented grains at 3, 5, 10, 15, 20, 25, 30, 35, 40, 50 days of
pit-fermentation in group I, respectively; 11-0 h, I1-6 h, 1I-12 h, II-18 h : Fermented grains at 0, 6, 12, 18 hours of heap-fermentation in group
11, respectively; I1-3 d, 1I-5 d, 1I-10 d, II-15 d, 1I-20 d, 1I-25 d, [1-30 d, 1I-35 d, 11-40 d, [I-50 d: Fermented grains at 3, 5, 10, 15, 20, 25, 30,
35, 40, 50 days of pit-fermentation in group II, respectively.

Pediococcus Lactobacillus Leuconostoc Lactococcus LC071852.1 92%
5 43 (1 (Lactobacillus sp.)
83.25% Lactobacillus 10
31 DGGE [19] Weissella paramesenteroides — Weissella
0.5% cibaria Weissella  confuse Pediococcus
OTU NCBI 16S rRNA pentosaceus  Leuconostoc pseudomesenteroides
(Neighbor-Joining) Lactobacillus fermentum Lactobacillus plantarum
( 3 denovo2114 Lactobacillus paracasei Lactobacillus acetotolerans
NCBI Lactobacillus suebicus Lactobacillus sp.
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Table 1 Lactic acid bacteria species during sesame-flavor liquor fermentation process

Lactic acid bacteria (genus)

(

)

Similar strains

GenBank

GenBank accession number

Similarity degree (%)

Lactobacillus

Weissella

Pediococcus

Leuconostoc

Lactococcus

Lactobacillus suebicus
Lactobacillus acetotolerans
Lactobacillus pontis
Lactobacillus paralimentarius
Lactobacillus plantarum
Lactobacillus rhamnosus
Lactobacillus curvatus
Lactobacillus brevis
Lactobacillus concavus
Lactobacillus buchneri
Lactobacillus reuteri
Lactobacillus sanfranciscensis
Lactobacillus acidipiscis
Lactobacillus xiangfangensis
Lactobacillus intestinalis
Lactobacillus fermentum
Lactobacillus vaccinostercus
Lactobacillus paracasei
Lactobacillus taiwanensis
Lactobacillus agilis
Lactobacillus delbrueckii
Lactobacillus panis
Lactobacillus coryniformis
Lactobacillus pantheris
Lactobacillus oryzae
Lactobacillus mucosae
Lactobacillus rossiae
Lactobacillus pentosus
Lactobacillus pobuzihii
Lactobacillus amylovorus
Lactobacillus dextrinicus
Weissella paramesenteroides
Weissella confuse

Weissella hellenica
Weissella cibaria
Pediococcus pentosaceus

Pediococcus acidilactici

Leuconostoc pseudomesenteroides

Leuconostoc mesenteroides
Leuconostoc citreum
Leuconostoc lactis
Lactococcus taiwanensis

Lactococcus garvieae

LC071852.1
LC071813.1
LC145562.1
LC096230.1
LC064896.1
LC145553.1
LC063167.1
LC062897.1
NR_043105.1
LC064887.1
LC145550.1
NR_117814.1
LC145575.1
AB907194.1
LC096206.1
LC065036.1
LC071823.1
L.C096209.1
NR_044507.1
LC065041.1
NR_113387.1
LC145560.1
LC065033.1
NR_025189.1
NR_114339.1
NR_024994.1
LC071853.1
LC071808.1
NR_112694.1
LC064891.1
LC071836.1
LC096224.1
LC063164.1
LC096226.1
LC096236.1
LC071837.1
NR_042057.1
LC096220.1
LC097081.1
LC096222.1
LC071838.1
NR_114327.1
LC145570.1

92
100
99
99
100
96
100
100
92
100
100
100
100
97
100
100
96
100
100
100
100
99
100
100
100
100
100
99
97
100
100
99
99
97
100
100
97
99
91
99
100
99
100
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100 Lactobacillus plantarum (LC064896.1)
26 denovo909
denovo2114
301 49 Lactobacillus suebicus (LC071852.1)
Pediococcus pentosaceus (LC071837.1)
100 ' denovo990
30 Lactobacillus fermentum (LC065036.1)
1 100’ denovo963
74 | Lactobacillus paracasei (LC096209.1)
100! AB1 81950 _S000319968
| Lactobacillus acetotolerans (LC071813.1)
1001 denovo536
100 Leuconostoc pseudomesenteroides (1.C096220.1)
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100 Weissella paramesenteroides (1L.C096224.1)
denovol774
AB023236_S000382659
Weissella confuse (LC063164.1)
AB022920_S000382652
Weissella cibaria (1.C096236.1)
Escherichia coli (1.C069032.1)

49

86

P
0.05

B3 ZHREMABELBIREPIRANRELEN
Figure 3 Phylogenetic tree of lactic acid bacteria during sesame-flavor liquor fermentation process
GenBank 1 000 100 5
Note: Numbers in parentheses are GenBank accession numbers; Numbers at the branches are bootstrap values obtained after 1 000 replicates;
The scale bar represent 5 substitutions per 100 nucleotide positions.
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pentosaceus fermentum (8.70%) Lactobacillus plantarum (1.85%)
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(15.07%) Weissella confuse (10.95%) Lactobacillus
fermentum (4.93%) ( 4
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5d
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Lactobacillus acetotolerans ( 4)
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Figure 4 The proportion of lactic acid bacteria in bacteria during sesame-flavor liquor fermentation process
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Figure 5 The standard curve for quantitative analyzing lactic acid bacteria (A) and the quantitative results during
sesame-flavor liquor fermentation process (B)
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