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Abstract
Background: Light-�avor liquor, with ethyl acetate as the main aroma component, is regarded as one of
the four basic types in china. The traditional solid-state fermentation has a long period and a
complicated process, but the content of esters and acids in liquid fermentation is not as good as that in
solid-state fermentation. In this study, according to the methods of solid fermentation and liquid
fermentation, the semi-solid fermentation of light-�avor liquor was simulated with optimized
fermentation conditions, using corn and sorghum as brewing materials (corn: sorghum=7: 3).
Furthermore, the bacterial and fungal community were investigated by high-throughput sequencing.

Results: The physical and chemical results showed that the content of reducing sugar, alcohol and ethyl
acetate �rst increased and then decreased, while the contents of reducing sugar, alcohol and ethyl
acetate reached the peak at 1 d, 11 d and 20 d, respectively. The Illumina MiSeq Sequencing results
showed that Lactobacillaceae and Leuconostocaceae were the dominant bacteria on the family level.
Moreover, Pediococcus and Weissella were the main bacteria on the genera level. Meanwhile, 4 fungal
phyla were identi�ed with Ascomycota (83.6-99.99%) as the dominant phyla. There were 5 species of
fungi with the relative abundance over 1.00%, with Saccharomyces cerevisiae and Saccharomycopsis
�buligera were the main species. From the 3rd day, the relative abundance of Saccharomycopsis
�buligera decreased rapidly to 2.4%, while Saccharomyces cerevisiae (up to 99.2%) became the absolute
dominant fungus species. The results of Redundancy analysis (RDA) showed that starch and reducing
sugar had a signi�cant in�uence on Pediococcus. Saccharomycopsis �buligera was most affected by
starch. In addition, Saccharomyces cerevisiae was most affected by alcohol.

Conclusions: Saccharomycopsis �buligera and Pediococcus were positively correlated to starch and
reducing sugar, highlighting their important roles in the starch sacchari�cation. Saccharomyces
cerevisiae contributed to the glycolysis and esteri�cation because they were positively correlated to
alcohol and total acid. Nevertheless, Saccharomyces cerevisiae, as the dominant fungus, had maintained
a high abundance during the whole fermentation. This study could provide new insights to design new
processes for semi-solid fermentation and improve the quality and controllability of liquor production.

1. Background
Chinese liquor is a traditional fermented food in China. With a history over 5,000 years, it has become one
of the oldest liquor in the world. Chinese liquor enjoys a high reputation worldwide and plays an
indispensable role in the history, culture and daily life of China [1]. In the long process of development,
Chinese liquor has formed its unique brewing technology and style quality. Together with English whiskey,
French brandy, Indian rum, Russian vodka and Dutch gin, they are known as " six distilled spirits of the
world" [2, 3].

Chinese liquor is traditionally fermented by grains such as sorghum, corn, wheat, glutinous rice as
fermenting materials, added with culture starters, and fermented by complex fermentation processes in
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the form of solid, semi-solid or liquid [4]. Chen et al. [5] studied the effects of different kinds of brewing
materials of light-�avor liquor, and concluded that fermentation methods and raw materials had a great
in�uence on the �avor of liquor. Compared with traditional liquid liquor of fermentation, the content of
esters and acids in high-quality solid liquor is higher, which is an important factor of strong �avor of solid
liquor [6]. However, solid fermentation has a long period and a complicated process. Semi-solid
fermentation is more e�cient than solid fermentation in mass and heat transfer, as well as easier to
utilize the nutrients in fermented grains. Ma et al. [7] innovatively optimized the semi-solid fermentation
process of light-�avor liquor, with the raw materials of corn and sorghum.

Good liquor comes from good starter. Daqu is an essential fermentation starter of traditional oriental
fermented foods, such as soy sauce [8], vinegar [9] and rice wine [10]. Generally, Daqu is mainly divided
into three different types in Chinese traditional liquor manufacturing: light �avor, strong �avor and soy
sauce �avor [11]. Daqu plays a signi�cant role in the brewing process of liquor [12]. At present, the
microbial community structure of three types of Daqu has been reported [6, 13–15]. Fen Chiew Group,
Luzhou laojiao group and Moutai Group are famous manufacturers of the representative light �avor
liquor (Fen �avor), strong �avor liquor (Luzhou �avor) and soy sauce �avor liquor (Moutai �avor)
respectively in China. The compound aroma with ethyl acetate mainly is the typical characteristic of light-
�avor liquor [16]. Microbial community structure in fermented grains directly determined the quality and
�avor of the liquor. Bacteria, yeasts, and molds play an irreplaceable role in the fermentation process [17,
18]. Symbiosis, competition, and inhibition among strains of microorganisms occurred in fermented
grains, which resulted in the diversity and complexity of microorganisms [19]. At present, there are many
kinds of researches on the microbial dynamics of traditional light-�avor liquor [20, 21].

Besides, the traditional culture techniques have been used to analyze the community composition and
quantity changes of microbes such as starters, fermented grains and pit mud in soy sauce �avor, strong
�avor and light-�avor,, but there are still certain limitations [15, 22–25]. Liu et al. [26] used the polymerase
chain reaction-denaturing gradient gel electrophoresis (PCR-DGGE) and single strand conformation
polymorphism (SSCP) technology to study the main functional microorganisms of light-�avor liquor and
isolated and identi�ed of Saccharomycopsis �buligera. Zhang et al. [11] studied the characterization of
microbial community in Chinese liquor fermentation starters Daqu using nested PCR-DGGE. Lei [27]
conducted a preliminary analysis on the microbial community structure of light-�avor liquor by Illumina
Miseq sequencing and found that the dominant microorganisms were shared by Acetobacteraceae and
Candida in Daqu and fermented grains, but most dominant microorganisms were different.

High-throughput sequencing technology has signi�cantly increased the throughput and sensitivity
compared to other sequencing technologies [28, 29]. Hu et al. [30] analyzed different qualities of pit mud
by high-throughput sequencing method and found that the quality of pit mud was related to
Lactobacillus, Clostridium, and Methanobacterium. Hong et al. [31] researched the microbiota
composition of Chinese Rice Wine by both metagenomic sequencing and 16S rDNA sequencing, and
found that the results obtained by the two methods were different. The results of 16S rDNA sequencing
demonstrated that the quality of yeast starter and liquor correlated with microbial taxonomic
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composition, which was exempli�ed by our �nding that liquor spoilage resulted from a high proportion of
genus Lactobacillus. However, the results of metagenomic sequencing revealed that liquor spoilage was
due to rapid growth of Lactobacillus brevis at the early stage of fermentation, and metabolisms of
microbes in�uence the liquor quality. Li et al. [21] studied the microorganisms of light-�avor liquor based
on ribosome high-throughput sequencing analysis, concluded that the bacterial population in the
fermentation process was mainly Lactobacillaceae, and the fungal population was mainly
Saccharomycetaceae and Saccharomycopsidaceae. Also, more realistic microbial population information
could be detected by high-throughput sequencing methods compared to denaturing gradient gel
electrophoresis (DGGE) [24]. Furthermore, high-throughput sequencing technology has been widely
applied in other aspects, such as the microbial diversity of strong �avor liquor, the bacterial succession of
cheese products [32], and the diversity of fungi in soy sauce �avor liquor.

This study endeavored to combine the advantages of traditional solid fermentation and liquid
fermentation, using corn and sorghum as brewing materials, to brew light-�avor liquor by a semi-solid
method. In addition, combined with high-throughput sequencing to study the microorganisms of
fermented grains in the fermentation process, thereby optimizing the semi-solid brewing process,
improving the controllability and quality of light-�avor liquor.

2. Methods

2.1. Sampling
Semi-solid fermentation of light-�avor liquor was simulated with sacchari�cation and fermentation, using
corn and sorghum as brewing materials (corn: sorghum = 7: 3) and Daqu (from Taiyuan Shanxi) and
�avoring strain (from Angel Yeast Co., Ltd.) as sacchari�cation starters. The corn �our and sorghum �our
(corn: sorghum = 7: 3, corn = 3000 g, sorghum = 750 g) were weighed, respectively, and mixed uniformly
with 60% water (measured as dry material, 2250 g). The mixture was moistened for 0.5-3 h at room
temperature, steamed for about 1 h by water vapor, and cooled to room temperature, then well-mixed with
20%(750 g) Daqu, 3% (112.5 g) �avoring strain and 300% water of dry material. The mixture was evenly
mixed and divided into 30 parts for further fermentation. The fermentation temperature was 27 ℃ on the
�rst day, 32 ℃ on the second day, 26 ℃ on the 3–7 days, and 25 ℃ on the 8–20 days. Moreover, during
different fermentation stages of 0, 1, 3, 5, 7, 9, 11, 14, 17 and 20 days, three paralleled fermented grains
were selected for sampling each time, respectively. All the samples were stored at -80 ℃ for the further
analysis.

2.2. Chemical and physical property analysis
The Daqu, used in this experiment, was purchased from Taiyuan Shanxi, and was determined after
analysis of six kinds of Daqu after pre-process optimization experiments. The physical and chemical
properties of Daqu were determined, including water, starch, acidity, fermentation power, liquefaction
power, sacchari�cation power, esteri�cation power, protease activity, etc. Besides, bacteria, bacilli, yeast,
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molds in Daqu were also counted [14]. Analysis of the microbial community in fermented grains on the
0 day by high-throughput sequencing could indicate the initial inoculation.

The fermented grains were ultrasonically treated at 0 ℃ for 30 min, then centrifuged at 4 ℃ for 5 min,
the obtained supernatant was used to determine the content of reducing sugar, ethanol and ethyl acetate.
Reducing sugar was analyzed by using the 3, 5-dinitrosalicylic acid (DNS) method. Alcohol was
measured by alcohol meter according to Chinese national food safety standards. Starch was extracted
from the fermented grains by acid hydrolysis (20% HCl, v/v) for 30 min. After the pH value of the
hydrolysate was adjusted to 7.0 with 20% (w/v) NaOH, the total reducing sugar was determined. Starch
content was estimated by calculating the difference between total reducing sugar and the original
reducing sugar. All the samples were analyzed in triplicate.

2.3. DNA extraction
All samples were stored at -80 ℃ before deoxyribonucleic acid (DNA) extraction. Moreover, the three
copies of the samples were well mixed as one sample. The genomic DNA was extracted from samples
taken from the different fermentation stages using Soil DNA Kit (MoBio Laboratories Inc.) following the
manufacturer’s protocol. Total DNAs were precipitated with isopropyl alcohol, then they were washed with
95% ethanol and �nally dissolved in water. The DNA quality and quantity were determined by agarose gel
electrophoresis (1% w/v agarose in 0.5 × TAE buffer) (Bio-Rad, USA) [10, 33, 34].

2.4. PCR ampli�cation and Illumina MiSeq sequencing
analysis
For prokaryotes, universal primer 338F (5'-ACT CCT ACG GGA GGC AGC AG-3') and 806R (5'- GGA CTA
CHV GGG TWT CTA AT-3') were used to amplify the V3-V4 hypervariable region of the 16S rRNA genes.
For eukaryotes, the ITS2 region of fungal rRNA gene was ampli�ed by using universal primer ITS2(5'- GCT
GCG TTC TTC ATC GAT GC-3') and ITS1 (5'- GAA CCW GCG GAR GGA TCA- 3'). Primer 338F and ITS2
were added with barcodes.

Polymerase chain reaction (PCR) ampli�cation and sequencing were described in detail previously [20].
The ampli�ed PCR products were analyzed through a 2%(w/v) agarose gel and puri�ed by QIAquick Gel
Extraction Kit (Qiagen, Germany). The concentrations of PCR puri�ed products were quanti�ed by
NanoDrop 2000 spectrophotometer (Thermo, USA). Subsequently, the PCR products of all puri�ed
samples were constructed for a PCR amplicon library, and then sequenced by the Illumina MiSeq
Platform of Majorbio I-Sanger.

2.5. Sequencing data analysis
Sequencing data analysis was performed using the free online platform of the Majorbio I-Sanger Cloud
Platform (www.i-sanger.com). MiSeq sequencing obtained double-ended sequence data. The original
data was optimized with software of FLASH and Trimmomatic based on overlap relationship between PE
reads and barcode and primer sequences at both ends of the sequence. The optimized sequences (Tags)

http://www.i-sanger.com/


Page 6/28

were clustered at 97% similarity level by the software of Usearch (vsesion 7.0 http: //drive5.com/uparse/),
and the operational taxonomic units (OTUs) were divided. Then the species classi�cation was obtained
according to the sequence composition of operational taxonomic unit (OTU) for subsequent analysis.
Community composition analysis was plotted using the R Programming Language.

3. Results

3.1. Chemical and physical properties during fermentation
Ethyl acetate is the characteristic substance of light-�avor liquor. Fermented grains with different
fermentation days were distilled, and the content of ethyl acetate in distilled liquor was detected (Fig. 1).
With the extension of fermentation time, the content of ethyl acetate gradually increased, and reached the
peak value after fermentation for 20 days. Subsequently, the content of ethyl acetate showed a
decreasing trend.

The starch content in fermented grains decreased with the fermentation (Fig. 2), and the starch content
decreased the fastest (0–7 days) in the early stage of fermentation, and then decreased moderately in the
middle and late stage (7–20 days). The change of reducing sugar concentration in fermented grains
re�ected the balance and coordination of sacchari�cation and fermentation speed to some extent. The
amount of residual sugar in fermented grains determined whether the fermentation of the fermented
grains is natural. As shown in Fig. 2, with the fermentation, the content of reducing sugar in the fermented
grains increased �rst and then decreased, but it remained relatively less and stable. Alcohol was the main
product of fermented grains fermentation, which was mainly produced during the main fermentation
period. The amount of production was also the main indicator for identifying the quality of fermented
grains, which was also an important data to decide whether the fermentation is natural. As can be seen
from Fig. 2, the alcohol content gradually increased with the progress of fermentation, which increased
signi�cantly in 0–5 days until it reached the maximum on the 11th day and then continued to decline.
During the fermentation, ethanol was mainly produced by yeast metabolism, and secondly, lactic acid
bacteria also produced a certain of ethanol when performing lactic acid fermentation [35]. 

3.2. Microbial community structure and diversity
After sequencing, the raw reads were �ltered to remove potential erroneous sequences. A total of 509409
sequences were obtained after optimization of bacterial community, and the average length of optimized
sequences was 449. Meanwhile, a total of 553063 sequences were obtained after optimization of fungal
community, and the average length of optimized sequences was 435 for further study. OTU is the
operational taxonomic unit (OTU). The sequences were clustered into an OTU based on 97% similarity.
140 OTUs and 105 OTUs were detected in bacterial and fungal community, respectively. In addition, there
was a large difference in the OTU number between the pre- and post-fermentation period, indicating that
the community composition of fermented grains was also changing with the content changes of starch,
reducing sugar and alcohol during the fermentation. This trend was basically consistent with the change
of physical and chemical properties. In the early stage of fermentation, a large amount of starch was
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consumed and alcohol was produced. The Coverage index of all samples was greater than 0.999,
indicating good community coverage. 

According to the rarefaction curves, the Sobs curves did not reach a plateau, but the Shannon curves were
approaching a parallel orientation to the horizontal axis (Fig. 3). The diversity of samples did not increase
with the increase of sample sequencing depth. The results showed that the sequencing data could re�ect
the diversity of community microorganisms in different fermentation days, and demonstrated that the
sequencing data was su�cient to evaluate the whole population.

3.3. Microbial community compositions
The bacterial community structure and succession during the semi-solid fermentation of the light-�avor
liquor were measured by high-throughput sequencing technology. The results were shown in Fig. 4 and
Fig. 5. The results of Fig. 4 showed that Firmicutes and Proteobacteria dominated in fermented grains.
The results of Fig. 5 showed that there were 19 bacterial genera in the fermented grains with relative
abundance over 1% in different fermentation stages. In addition, the main bacteria included Pediococcus,
Weissella, Enterobacter, Cronobacter, and unclassi�ed Lactobacillaceae with the relative abundance of
94.23–99.21%. The remaining genera, namely Vogesella, Novosphingobium, Microbacterium, Curvibacter,
Chryseobacterium, Acinetobacter and other bacterial genera accounted for about 4.80%. The main
bacterial genera of the fermented grains at different stages of the whole fermentation process were
generally similar, but the relative abundance of each fungus showed �uctuating changes. Lactic acid
bacteria were the dominant bacterias, mainly including Pediococcus, Weissella, Lactobacillus, etc. Among
that, Pediococcus were the dominant genera of the fermentation system, and its relative abundance
always maintained at a high level throughout the fermentation process. 

Obviously, the genera Pediococcus had always occupied a relatively high abundance and showed
�uctuating changes throughout the fermentation process. The relative abundance was 50.73% on the
0 day, and then increased to 74% on the 3 day. It also fell to 50.78% on the 7 day, rose to 63.45%, and then
decreased by 41.75%. The relative abundance at the �nal fermentation was 54.40%. In particular, the
relative content of Acinetobacter increased sharply, standing at 32.90% and 12.12% on the 7 day and
17 day, respectively. The relative content of Novosphingobium was the highest on the 11 day (5.77%). 

Meanwhile, the relative abundance on family level was identi�ed during different fermentation stages.
The results suggested that 14 families were detected on family level, including Lactobacillaceae,
Leuconostocaceae, Enterobacteriaceae, Sphingobacteriaceae, Microbacteriaceae, Methylobacteriaceae,
Caulobacteraceae, Flavobacteriacere, Sphingomonadaceae, Moraxellaceae, Neisseriaceae. The dominant
microorganisms in fermented grains were Lactobacillaceae and Leuconostocaceae throughout the whole
fermentation process, but their relative abundance kept constantly changing. The relative abundance of
the Leuconostocaceae �uctuated, reaching 7.98% on the 7 day and 34.32% on the 11 day. At the end of
the fermentation, the relative abundance of Neisseriaceae was the largest, and that of Moraxellaceae was
the highest on the 7 day. 
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The results showed that on the phylum level Ascomycota and Basidiomycota were the main fungi in
fermented grains during the fermentation (Fig. 7). Among them, Ascomycota was the dominant fungal
phyla, accounting for 83.62–99.98% of the total abundance. On the 0 day of fermentation, 83.62% of the
fungi in fermented grains belonged to Ascomycota, and the rest belonged to the Basidiomycota. As the
fermentation progressed, the relative abundance of Basidiomycota decreased, and fell to 1.24% on the
1 day of fermentation. From the 3 day to the end of fermentation, the relative abundance of Ascomycota
was more than 99%, which became the dominant fungal phyla in fermented grains. 

The results of fungi in fermented grains during semi-solid fermentation showed that there were mainly
�ve species of fungi with relative abundance of more than 1.00% on species level, namely
Saccharomyces cerevisiae, Saccharomycopsis �buligera, Cryptococcus di�uens, Rhodosporidium
�uviale and Cryptococcus albidus. The fungal community structure was signi�cantly different from the
other stages in the initial stage of fermentation. On the 0 day of fermentation, �ve fungal species were
identi�ed, of which the dominant fungal species were Saccharomycopsis �buligera, followed by
Cryptococcus di�uens, and the relative abundance was 80.02% and 11.44%, respectively. While the
relative abundance of Saccharomyces cerevisiae was relatively small, accounting for only 0.29%. With
the fermentation, the relative abundance of Saccharomycopsis �buligera decreased rapidly to 2.38% on
the 3 day, while that of Saccharomyces cerevisiae rapidly increased to 96.94%. Saccharomyces cerevisiae
had become the dominant fungal species in fermented grains and remained an absolute dominant
position until the end of fermentation.

3.4. Effects of environmental factors on microbial
community structure 
In this study, RDA analysis was used to study the relationship between environmental factors and
microbial community. The results showed that the ethanol, total acid, starch and reducing sugar had
obvious effects on bacterial community, and starch had the strongest effect, followed by reducing sugar
(Fig. 9). The relative abundance of Weissella and Acinetobacter was positively correlated with alcohol
and total acid. When the alcohol content was high or total acid was increased, the contents of Weissella
and Acinetobacter would rise. Enterobacter and Pediococcus were positively correlated with starch and
reducing sugar in environment, but negatively correlated with alcohol and total acid. 

The results showed that the ethanol, total acid, starch and reducing sugar also had signi�cant effects on
fungal community (Fig. 10). However, the effect of environmental factors on fungal community was
different from that of bacterial community. The starch had the strongest in�uence and alcohol was the
second. Among them, reducing sugar had a great in�uence on bacterial community, but it had the least
impact on fungal community, which may be caused by the utilization of reducing sugar by fungi and
bacteria. The relative abundance of Saccharomycopsis �buligera and Rhodotorula mucilaginosa was
positively correlated with starch and reducing sugar. Among them, starch had a greater effect on
Saccharomycopsis �buligera, while starch and reducing sugar had less effect on Rhodotorula
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mucilaginosa. Saccharomyces cerevisiae was positively correlated with alcohol or total acid in the
environment, where the effect of alcohol was slightly greater than the effect of total acid.

4. Discussion

4.1. Chemical and physical properties
In this study, combined with the methods of solid fermentation and liquid fermentation, semi-solid
fermentation of light-�avor liquor was simulated with corn and sorghum as raw materials. The dynamics
of microbial community in fermented grains during fermentation were studied by high-throughput
sequencing.

The volatile compounds in fermented grains mainly include alcohols, aldehydes, acids and esters, etc.,
but ethyl acetate is the main the volatile components in the light �avor liquor. Among them, there are
mainly two ways to form esters: the esteri�cation of alcohol and acetic acid and the metabolism of ester
yeasts. Due to acetic acid and ethanol are the precursor substances of esteri�cation, a lot of ethanol and
acetic acid are consumed during the esteri�cation. As the fermentation progressed, the content of ethyl
acetate in fermented grains increased continuously, reaching a maximum of 20 days, and then decreased
continuously. It was speculated that in the early stage of fermentation, nutrients were abundant, and
dominant microorganisms multiplied continuously, thereby continuously producing metabolites such as
esters. In the late fermentation process, nutrients in the fermentation system were insu�cient (Fig. 2), the
microbial structure changes, while some of the microbials consume ethyl acetate in the system for
survival [1, 30].

The fermentation process is a process in which starch macromolecules undergo three stages of
sacchari�cation, glycolysis, and esteri�cation to produce aroma components such as alcohol and
organic acids. Starch is the material basis for alcohol fermentation during fermentation. Starch is
converted into other sugars, organic substances, etc. by sacchari�cation of amylase and glucoamylase,
thereby providing a material basis and energy source for the growth and metabolism of microorganisms,
so that the fermentation process can be carried out normally. The change of starch content may be due
to the rich nutrition in the early stage of fermentation, microorganisms in fermented grains made full use
of the products of starch decomposition for metabolism, resulting in a rapid decline of starch. With the
development of fermentation, the change of environmental factors, the increase of acids and esters, and
the aggravation of anaerobic environment would affect the metabolism of microorganisms. Therefore,
the rate of decrease of starch content in the late stage of fermentation decreased. During fermentation,
sacchari�cation proceeded simultaneously with fermentation, maintaining a state of relative dynamic
equilibrium. Reducing sugar was obtained by amylase degradation of starch, which could provide energy
to microorganisms while being used by yeast to produce alcohol. The trend of reducing sugar could be
explained by the fact that the amylase hydrolyzed the starch to produce a large amount of reducing sugar
due to the pre-fermentation period. Reducing sugar could not only provide energy for the growth of
microorganisms, but also could be used by yeast for alcohol fermentation. In the early stage of
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fermentation, microorganisms were mainly in the stage of growth and reproduction, mainly using
reducing sugar to provide energy, instead of yeast using reducing sugar for alcohol fermentation (Fig. 2
showed the low alcohol content in the early fermentation stage). At the time, the hydrolysis rate was
greater than the utilization rate of reducing sugar, and therefore, the reducing sugar was in an
accumulated rising state. After the yeast grew and reproduced rapidly, the alcohol fermentation rate was
signi�cantly accelerated, and the reducing sugar content was continuously decreased, then �nally
stabilized. During the early stage of fermentation, the starch was rapidly degraded, and the nutrition was
extremely rich. Therefore, the yeast grew and multiplied, and the amount of ethanol began to increase. In
the late stage of fermentation, it entered the esteri�cation stage and consumed a part of alcohol for
synthesizing aroma substances. In addition, in the middle and late stages of fermentation, when the
amount of ethanol was accumulated to a certain extent, the diversi�cation of the nutritional relationship
would affect the growth and reproduction of the yeast to some degree, which would affect the convene of
ethanol.

4.2. microbial community
Alpha values can be used to estimate the species diversity of microbial community species in the sample
through several indices, including Observed Species, Chao1, ACE, Shannon and Simpson. The Chao1
index is used to measure the abundance index of the community. With the value increases, the
abundance of the microbial community is correspondingly higher. The Simpson and Coverage indices
re�ect the diversity of the community [36]. The Alpha results indicated that the Coverage index of all
samples was greater than 0.999, showing a good community diversity. In the analysis of high-throughput
sequencing data, Shannon plots and Sobs plots characterize the microbial diversity detected by samples
at different sequencing depths. When the rarefaction curves �atten out, it indicates that the sequencing
depth is su�cient and the microbial diversity in the sample can be detected substantially. When the slope
of the rarefaction curves is high, it indicates that the sequencing depth is not enough [37, 38]. If the
sequencing depth continues to increase, more microbial diversity can still be detected. Moreover, the
Shannon plots and Sobs plots also proved that the sequencing depth was enough to cover the entire
microbial community.

RDA analysis is mainly used to re�ect the relationship between microbial community and environmental
factors. Microbial community in the environment was affected by physical and chemical factors, which
was an important reason for the variation of microbial abundance in fermented grains. The physical and
chemical properties of fermented grains would change signi�cantly during the fermentation process.
Therefore, studying the interaction between microbial community structure and environmental factors
could help to change the fermentation conditions to control the growth of bene�cial microorganisms and
inhibit the proliferation of harmful microorganisms. Wang studied the changes in physical and chemical
properties of fermented grains during the fermentation process, but there is little research on the
relationship between environmental factors and microbial community changes in the existing literature
[16, 39].
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Wang [40] conducted high-throughput sequencing of microorganisms in fermented grains of light-�avor
liquor, and the research results showed that a total of 22 phyla were detected in bacterial community,
mainly including Firmicutes, Proteobacteria, Actinobacteria and Bacteroidetes. The results were
completely consistent with this study (Fig. 4). Among them, Firmicutes and Proteobacteria took the
dominated places in fermented grains. However, Wang [41] believed that the relative abundance of
Firmicutes (91.73–99.73%) in the late stage of fermentation was due to the decrease of bacterial
population diversity and the succession of a single Firmicutes fermentation model. Li et al. [20] also
thought that Firmicutes and Proteobacteria were the main bacterial populations after analyzing
fermented grains in the fermentation process of light-�avor liquor through pyrosequencing. In addition, a
large number of studies showed that Firmicutes and Proteobacteria were also the main bacterial
community in the fermentation of strong �avor liquor [42], Moutai �avor liquor [33] and sesame �avor
liquor [43], indicating that these bacterial community were the key microorganisms in the fermentation of
Chinese liquor.

In this study, high-throughput sequencing results of bacteria showed that there were 19 genera of bacteria
with the relative abundance of more than 1.00%, among which Pediococcus, Weissella and Lactobacillus
(a total of 91%) were the dominant genera (Fig. 5). Pediococcus was the dominant bacteria in the
fermentation system, which kept the relative abundance at a high level during the whole fermentation
process. This was signi�cantly different from the composition and structure of Lactobacillus in the solid
fermentation of light-�avor liquor. Wu et al. [44] analyzed the evolution of Lactobacillus in the solid
fermentation of light-�avor liquor, and the DGGE analysis indicated that Lactobacillus was the dominant
genus in fermented grains. The results of Wang [41] also con�rmed that both the old and new factories
were dominated by Lactobacillus (68.89–97.72%) in the middle and late stages of fermentation.
Nevertheless, the results were not consistent with the results of this study. Correspondingly, the results in
this study mainly included Pediococcus and Weissella. Among them, the Weissella could metabolize
organic acids such as lactic acid and acetic acid to provide a synthetic precursor for �avor substances in
Chinese liquor. The separation results of Ma [4] showed that the fermented grains were mainly composed
of Pediococcus acidilactici, which showed 10% alcohol tolerance. Whereas, RDA results indicated that
Pediococcus acidilactici might not contribute signi�cantly to aroma components during the fermentation.
Furthermore, it is also considered that most dominant lactobacillus in the fermentation process were
lactobacillus of hetero fermentation, which could produce metabolic production of lactic acid, acetic acid,
ethanol, etc. [29, 45, 46].

Moreover, Li [47] analyzed microorganisms in the fermentation process of Fen liquor based on high-
throughput sequencing of ribosome and considered that the major bacteria were mainly
Lactobacillaceae. Lei [27] showed that Leuconostocaceae, Lactobacillaceae and Acetobacteraceae were
absolute dominant bacteria. Among them, Leuconostocaceae, Lactobacillaceae were also dominant
bacteria in this study. This result was con�rmed in this experiment (Fig. 6).

Ascomycota generally predominates in many fermented foods. Wang et al. [40] showed that there were 8
fungal types on phylum level in the fermented grains of light �avor liquor by high-throughput sequencing,
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among which Ascomycota was the dominant fungal phyla in fermented grains (85.94–99.04%).
According to previous studies, Ascomycota was not only the dominant fungal community in fermented
grains of light �avor liquor, but also the major fungus in a variety of fermented foods such as yellow wine
[48], strong �avor liquor [43], Moutai-�avor liquor [22], vinegar [49], bread [50], etc. In addition, Li et al.
believed that the structure of eukaryotic community in fermented grains was relatively stable on phylum
level during the whole fermentation period. Since fermentation 3d, Ascomycota became the only
dominant eukaryotic fungus in fermented grains [51], which was consistent with the results of this study
(Fig. 6).

Li et al. [47] studied the microorganisms in the fermentation process of light-�avor liquor based on
ribosome high-throughput sequencing analysis, concluded that the fungal population was mainly
Saccharomycetaceae and Saccharomycopsidaceae, and the results were consistent with this study.

Saccharomycopsis �buligera can hydrolyze starch [52], because of the property of secreting amylase,
acid protease, and β-glucosidase, which is considered as the main amylolytic yeast during the
fermentations of indigenous food involving cereals (like rice or sorghum) [53, 54]. Therefore,
Saccharomycopsis �buligera usually dominates as the main amylolytic microorganisms and plays a
crucial role at the beginning of the alcoholic fermentation, mainly helping to reduce the starch or
polysaccharides into fermentable, low molecular weight sugars, such as maltotriose, dextrin, and
maltose, and these could be subsequently hydrolyzed to glucose, which is the precursor of ethanol and
other �avor compounds [55]. Wang et al. [56] studied the fermentation capacity and �avor components of
the species isolated from a Moutai-�avor Daqu. Furthermore, the results also demonstrated that
Saccharomycopsis �buligera was bene�cial to produce high contents of ethyl acetate, ethyl palmitate
and other aroma components.

It had been reported that Saccharomycopsis �buligera was widely present in various starters. At present,
the research on the Saccharomycopsis �buligera in the domestic brewing industry is mainly concentrated
in the �elds of brewing liquor such as yellow rice wine, rice wine and light �avor liquor. In these studies,
the Saccharomycopsis �buligera was usually expressed in the form of dominant fungi in starters [57].
Among them, the Saccharomycopsis �buligera occupied the dominant position of the fungus in Fen
Daqu, while Saccharomycopsis cerevisiae is less [58]. Saccharomycopsis �buligera could secrete α-
amylase, glucoamylase, etc., which was the main starch-degrading bacteria in the fermentation process
of starch as the main raw material [59].Therefore, we can speculate that the importance of
Saccharomycopsis �buligera in the brewing process of Chinese liquor is not the conversion of sugars into
alcohol, but as the sacchari�cation yeast involved in the hydrolysis of macromolecules such as starch in
sorghum and other brewing materials. Thus, enough glucose is accumulated for growth and metabolism
by other microorganisms, providing su�cient precursor material for ethanol production [20].

Studies had con�rmed that during the period of Fen liquor brewing, the Saccharomycopsis �buligera was
more abundant in the early stage, and then gradually decreased. The result was also proved by this study
(Fig. 8). The results could also be con�rmed by RDA analysis (Fig. 10). In the late stage of fermentation,
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the alcohol content increased continuously, but the starch content continued to decrease. As a result, the
Saccharomycopsis �buligera was continuously decreased, but Saccharomyces cerevisiae became the
dominant fungus in fermented grains and maintained the dominant position until the end of
fermentation. This was similar to the change of yeast community in the brewing process of Fen liquor. In
addition, studies had shown that Saccharomycopsis �buligera had the property of producing highly
active β-glucosidase, which could be applied to the liquor-making industry to improve the liquor quality
[60].

Saccharomyces cerevisiae generally predominates during the alcoholic fermentations as it has a good
capacity to grow in strict anaerobic conditions, whereas it is not an abundant yeast species in Daqu [61,
62]. Zheng et al. [6] studied the microbial diversity in Fen-Daqu by through PCR-DGGE analysis, but
Saccharomyces cerevisiae was not detected. However, only one isolate of Saccharomyces cerevisiae was
observed by culture-dependent approach. RDA analysis results showed a negative correlation between
Saccharomyces cerevisiae and starch content and a little negative correlation with the content of
reducing sugar. Due to the degradation of a large amount of starch in the early fermentation, the
degradation products of reducing sugars such as glucose and fructose were produced. Chen [63] thought
that excessive reducing sugar content would inhibit the proliferation of yeast. However, in the mixed
fermentation process of molds and yeasts, the starch degraded to produce reducing sugar, and at the
same time reducing sugar provided energy for the growth of the microorganisms and was continuously
consumed, which would reduce the activity inhibition of reducing sugar on Saccharomyces cerevisiae
and promote continuous fermentation. Furthermore, the research by Ma et al. [4] had demonstrated that
Saccharomyces cerevisiae fermented despite low initial concentration, particularly because of the
presence of competitive growth with fermentable sugars and higher alcohol tolerance.

In general, Saccharomyces cerevisiae is considered as the most critical microorganisms in the
fermentation process because of its strong ability to competitively utilize fermentable glycogen and its
alcohol tolerance and plays an important role in improving fermentation e�ciency and promoting alcohol
production. It also has the ability to replace the dominant position in the fermentation process [64]. In
addition, compared with solid-state fermentation, the fungal diversity in the semi-solid fermentation
process was less, especially some aroma-producing yeasts such as Pichia pastoris were not found in the
fermentation process. Saccharomyces cerevisiae had a dominant position during the fermentation
process. In addition, Ma et al. [4] also suggested that Saccharomyces cerevisiae was associated with
some high alcohols and acids.

5. Conclusions
Based on the traditional solid-state fermentation of light-�avor liquor, this study simulated innovatively
the semi-solid fermentation of light-�avor liquor with corn and sorghum as raw materials and optimized
technological conditions. Combined with high-throughput sequencing technology, the bacterial and
fungal community structure and diversity of fermented grains in semi-solid fermentation process of light-
�avor liquor were detected, and the relationship between environmental factors and microbial dynamics
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was analyzed through RDA analysis. Similar to many studies, we found that during the whole
fermentation process, the bacterial community was dominated by Firmicutes and Proteobacteria, while
the fungal community was dominated by Ascomycota. On genera level, Pediococcus and Weissella were
the main bacteria genera in the fermentation process. Besides, in terms of fungi, Saccharomyces
cerevisiae and Saccharomycopsis �buligera were the main fungal species on species level. In addition,
microbial community structure and environmental factors interacted during fermentation.

In this study, some aromatic and ester producing yeasts such as pichia pastoris were not found.
Furthermore, this paper provided new ideas for semi-solid fermentation that could shorten the
fermentation period. In the future, pure strains such as Pichia pastoris could be added for strong
fermentation or mixed fermentation could be conducted with superior strains to improve the quality of
Chinese liquor.
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Figures

Figure 1
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Concentration of ethyl acetate in distilled base liquor during fermentation

Figure 2

The content of starch, reducing sugar and ethanol of the fermented grains during fermentation process.
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Figure 3

Rarefaction curves for samples of different days, based on the Sobs index and Shannon index. (a) Sobs
index of bacterial, (b) Shannon index of bacterial, (c) Sobs index of fungal, (d) Shannon index of fungal.
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Figure 4

Relative abundance plots of bacterial community composition during the fermentation on Phylum level.
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Figure 5

Relative abundance plots of bacterial community composition during the fermentation on genus level.
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Figure 6

Relative abundance plots of bacterial community composition during the fermentation on family level.
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Figure 7

Relative abundance plots of fungal community composition during the fermentation on phylum level.
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Figure 8

Relative abundance plots of fungal community composition during the fermentation at family level.
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Figure 9

RDA analysis of bacterial community
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Figure 10

RDA analysis of fungal community


