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Abstract: With a long tradition of brewing history, Chinese strong-flavour Baijiu (SFB) developed prosperously in the 
southwest, especially in Luzhou, and has existed for more than 300 years building craftwork and brewing techniques. 
As a product of the distillation of fermented grains, its production involves many microbial communities. During this 
time, microbial communities within production have burgeoned and evolved throughout the development history, en-
hancing unique texture and flavour. Meanwhile, environmental factors are critical constituents in the production, which 
provide the optimal conditions for processing procedures and various microorganisms, including externally controlled 
macro-environment and micro-environment of fermentation. By studying the correlation with environmental factors 
from macro and micro perspectives, we illustrated the bond with environmental symbiotic and holistic patterns of the 
intrinsic microbial community and fermentation characteristics. This review is essential to study and control the whole 
ecological conditions of the Baijiu fermentation process, aiming to gain insight into the dynamics of the microorganisms 
and ensure a traditional fermentation environment for quality control.
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Fermented foods often possess specific geographical 
indications, with their uniqueness usually only produced 
in  specific regions. Chinese Baijiu has a  long history 
and rapid progression in the spontaneous fermentation 
beverage (Jin et al. 2017; Wu et al. 2021). Based on char-
acteristic flavour (Wei et al. 2020), Chinese Baijiu is clas-
sified into 12 types, including strong-flavour Baijiu (also 
known as  Luzhou-flavour Baijiu), sauce-flavour Baijiu, 
mild-flavour Baijiu, rice-flavour Baijiu, jian-flavour Bai-
jiu, feng-flavour Baijiu, te-flavour Baijiu,  fuyu-flavour 

Baijiu, sesame-flavour Baijiu, chi-flavour Baijiu, lao-
baigan-flavour Baijiu, and herbal-flavour Baijiu (Zheng 
and Han  2016; Xu  et  al.  2017; Pang et  al.  2018; Wang 
et al. 2018b). The majority of previous research has fo-
cused on the aroma composition of various flavour types 
of Baijiu as well as the precursors to the aroma (Wang 
et al. 2022). Recently, more and more studies have rec-
ognised that the quality of  Baijiu must be  traced back 
to  the dynamically changing conditions of  the overall 
environment (De  Filippis et  al.  2021). Microorganisms 
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Figure 1. Baijiu production in (A) Sichuan Province, (B) Luzhou, and nationwide
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past decade. The unique fermentation technique and soft taste of SFB remained popular among 43 
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Geographically, it can be divided into Northwest, Southwest, North China, and the Jianghuai 45 

region (Hong et al. 2021). As revealed by Fig. 1, the southwest region, particularly Luzhou in 46 

Sichuan, accounts for more than half of the market share in all regional comparisons. In the 47 

Luzhou region, more than 300 distilleries (https://data.luzhou.gov.cn/) produce SFB, serving as 48 

the industrial base for nationwide production.  49 
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are the primary contributors to flavour, and their growth 
is influenced by the local environment (Lax et al. 2014; 
Wang et al. 2018a). There is a close relationship between 
the dynamic transformation of microorganisms with the 
local ecological environment and the co-occurrence pat-
tern that determines the final flavour metabolites (Boku-
lich et  al.  2014; Williams et  al.  2014). Researchers are 
investigating the critical environmental factors for dif-
ferent flavour types of Baijiu, as shown in Table 1.

According to the research data, strong-flavour Baijiu 
(SFB) had occupied more than 70% of the market share 
for the past decade. The unique fermentation technique 
and soft taste of  SFB  remained popular among con-

sumers, allowing SFB to grow quickly and establish sev-
eral central production regions. Geographically, it can 
be  divided into Northwest, Southwest, North China, 
and the Jianghuai region (Hong et al. 2021). As revealed 
by Figure 1, the southwest region, particularly Luzhou 
in Sichuan, accounts for more than half of the market 
share in all regional comparisons. In the Luzhou region, 
more than 300 distilleries (Luzhou Natural Resources 
and Planning Bureau 2022) produce SFB, serving as the 
industrial base for nationwide production.

At  the same time, distinguishing from other re-
gional Baijiu, Luzhou-flavour Baijiu (Luzhou-flavour 
Liquor) (Hong et al. 2021) is produced through a dou-

Table 1. The embodiment of environmental factors in Baijiu

Baijiu flavour Location Sample Environmental factors References

Strong-flavour Sichuan fermented grain, Zaopei
indoor environment

Li et al. 2022outdoor environment
contact surface

Jiang-flavour Guizhou fermented grain, Daqu

temperature
Hao et al. 2021
Zhu et al. 2022

moisture
acidity

reducing sugar

Light-flavour Shanxi fermented grain
tools

Pang et al. 2018staffs
air

Fuyu-flavour Hunan fermented grain
summer

Kang et al. 2022winter
(seasonal temperature)

Rice-flavour Wuhan fermented grain
temperature

Hu et al. 2021
acidity

https://www.agriculturejournals.cz/web/cjfs


325

Czech Journal of Food Sciences, 41, 2023 (5): 323–339	 Review

https://doi.org/10.17221/72/2023-CJFS

ble-round fermentation process with single grain and 
multiple steaming, which necessitates more strin-
gent raw materials and environmental factors (Qian 
et  al.  2021b). As  a  result, there is  significant regional 
variation in  SFB  production. The  environmental per-
turbation in the processing of Baijiu blossom is needed 
for scientific interpretation (García-Ulloa et  al.  2022). 
However, existing data and research are insufficient. 
We obtained and processed meteorological data from 
the National Meteorological Information Center, as well 
as summering local environmental data from Luzhou, 
and conducted regional analysis of  the integrated fer-
mentation environment. In addition, we compared and 
analysed climatic conditions and geographical environ-
ments (Zhao et al. 2017) to address the relationship be-
tween fermentation and environmental factors (Zhao 
et al. 2017). From both macro and micro perspectives, 
we sorted out the national brewing environment and the 
internal environmental changes in brewing, highlight-
ing their totality and differences, to gain a comprehen-
sive understanding of the environmental characteristics 
of  Baijiu fermentation and ultimately provided a  per-
spective that addressed intended construction and re-
gional uniqueness.

MACRO ECOLOGICAL  
ENVIRONMENT ANALYSIS

Comparison of the four production regions. As il-
lustrated in Figure 2A, the environment plays an essen-
tial role in Baijiu fermentation, and Baijiu with different 
flavours are produced in different regions due to their 
various ecological conditions. Wind, precipitation, at-
mospheric pressure, and temperature are all crucial 
factors when controlling the fermentation and storage 

of  Baijiu (Xiao et  al.  2017; Zhang et  al.  2021). China 
is a vast territory with a general topographic trend of el-
evation in the west and declination in the east. Howev-
er, there is a great deal of individual variation between 
regions. Based on the main origins of SFB, we selected 
four major producing areas (Xinjiang, Sichuan, Hebei, 
Jiangsu province) to represent the four regions and fur-
ther take local climate data for comparison (Figure 2B). 
These production areas of SFB exhibit distinct quality 
and flavour, showcasing a unique regional dependency.

The data comparison reveals significant differences 
between the four regions (Figure 3). In  terms of wind, 
precipitation, atmospheric pressure, and temperature, 
the southwest region differs considerably from the oth-
er three regions, with regular variations in air pressure 
due to topography and altitude. Regarding wind speed, 
the North China and Jianghuai regions are in the east-
ern plains and exhibit distinctly strong wind (Yang and 
Sun 2018; Wu et al. 2020). Due to the narrow tube effect 
of the terrain and the monsoon, the wind is fierce in the 
northwest in spring (Cheng 2005). There are significant 
differences in  precipitation across regions. The  annual 
precipitation in the Jianghuai region peaks in the sum-
mer, followed by  the southwest and North China. Be-
cause of  the continental climate, annual precipitation 
in northwest China is low. Temperature in the southwest 
is higher throughout the year, with significant differenc-
es from other regions in spring, autumn, and winter.

Previous research had also shown that the tempera-
ture (Wang et al. 2020a) and wind (Siller et  al. 2021) 
had an impact on the temporal microbial community 
and metabolome changes in Baijiu, so we inferred that 
a  low wind speed and a  warm, humid climate were 
concerned with Baijiu fermentation. Utilising mete-
orological data from four different regions, we  dis-

Figure 2. (A) Environmental factors and (B) major producing areas of Baijiu brewing

Green – macro-ecological environment analysis of major producing areas, including northwest region (Xinjiang); 
blue – southwest region (Sichuan), yellow – the north China region (Hebei); red – Jianghuai region (Jiangsu)
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covered that the southwest has a  markedly different 
climate, with higher temperatures and humidity than 
other regions, particularly in winter, when the average 
temperature remains around ten degrees with frost-
free periods. Moreover, the wind speed is dramatically 
lower in comparison to other regions. The traditional 
fermentation custom of  'winter break and summer 
break' (Pang et al. 2018) demonstrated the importance 
of brewing temperature based on temperature changes. 
Therefore, the climatic characteristics of the southwest 
region may have critical links to the growth of micro-
organisms in  production, providing good production 
conditions for the entire brewing process.

Comparison of producing areas in southwest Chi-
na. Southwest China is the leading producer of Baijiu, 

and the triangle consisting of Luzhou (Sichuan), Yibin 
(Sichuan), and Zunyi (Guizhou) is known as the Gold-
en Triangle of Chinese Baijiu, with Luzhou and Yibin 
producing the majority of SFB. Regarding terrain and 
climatic conditions, Luzhou has inherent superiority 
in developing Baijiu over other cities in the southwest. 

The average maximum temperature in Luzhou is not 
more than 30 °C, and the average minimum tempera-
ture is not less than 5 °C, as shown in Figure 4A. Data 
show that the average number of  days with monthly 
precipitation of  10.0 mm is  more than 10  days, and 
25.0 mm also exists from April to  October  2022. 
The plentiful precipitation provides sufficient moisture 
and influences the growth conditions of the local Baijiu 
fermentation. In comparison to the same latitude, the 

Figure 3. Macro-ecological environmental data analysis of four major producing areas, including northwest region 
(Xinjiang), southwest region (Sichuan), north China (Hebei), and Jianghuai region (Jiangsu)
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overall climate in Luzhou is warm and moist, with rare 
instances of  extreme weather, providing favourable 
conditions for the stable growth of  microorganisms 
during whole fermentation. Previous research has also 
shown that the appropriate temperature and humidity 
significantly impacted the Daqu-microorganism cul-
ture (Zheng et al. 2014; Ma et al. 2022a) and the final 
Baijiu flavour. Synthesising the different SFB-produc-
ing areas, Luzhou has a  stable climate and provides 
environmental support for the Baijiu fermentation. 
Other environmental conditions, in  addition to  the 
climatic environment, were further investigated below.

ECOLOGICAL ENVIRONMENT  
ANALYSIS IN  LUZHOU REGION

Topography effect. The Luzhou area is located in the 
southeastern part of Sichuan, on the outskirts of the Si-
chuan Basin in the north and the gently sloping Yun-
nan-Guizhou Plateau in the south, and thus has both 

basin and hilly topography. During the study, it  was 
also found that a  paleo uplift trend began to  evolve 
in southeastern Sichuan from the Indo-Chinese period 
onwards (Wang et al. 2021), providing an excellent dy-
namic basis for the subsurface and surface resources 
(Potter 2018) of the later Luzhou region. The Luzhou 
region has developed topographic features of  high 
south and low north, as well as various landform types 
and agrotypes, because of the continuous change and 
coupling of land masses.

Topography is one of the most important conditions 
for the advancement of civilisation. Comparing the dis-
tribution of 300 distilleries in Luzhou, we discovered 
that flat plains and mountainous valleys are the gath-
ering places for Baijiu factories (Figure  5). This illus-
trates a topographic dependence, which may be related 
to  human activities and crop-growing habits at  this 
developmental stage. At  the same time, topography 
influences local soil conditions (Wu et al. 2017a; Zhu 
et al. 2019), plant species (Khuroo et al. 2021), and mi-

Figure 4. Environmental data of Luzhou producing area: (A) temperature, (B) precipitation, (C) air pressure, and 
(D) wind speed
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crobial diversity (Hariharan and Buckley 2022). In gen-
eral, the topography of Luzhou, which includes plains 
and mountains, has affected the local climate and hu-
man conditions. Long-term crustal movements, on the 
other hand, have laid the foundations for soil resources 
and microbial diversity.

Surface runoff. Rivers are the source of recharge for 
an area and are essential for the development of  local 
civilisation and economic industry. The  overall water 
system was extracted according to  Digital Elevation 
Model (DEM) analysis (Geospatial Data Cloud  2023). 
In Luzhou, we observed that a dense regional river net-
work (Figure 6). The Luzhou region has several rivers 
and is located in the upper reaches of the Yangtze River. 
The Tuo River, the Yongning River, and the Chishui Riv-

er are the three major rivers. They are also located in the 
upper Yangtze River Fish Sanctuary (Yu and Xian 2009; 
Kindong et  al.  2020), which has abundant water re-
sources. The  rivers that run through the region are 
vital to  the production of Luzhou-Baijiu, as  they help 
to maintain the quality of the water used for brewing.

More than 90% of  the distilleries in Luzhou are lo-
cated along rivers, particularly near the upper reaches 
of the Yangtze (Figure 5). On the one hand, sufficient 
water resources are available for SFB brewing. Water 
transport, on  the other hand, has historically been 
more convenient for economic trade in  the complex 
terrain of southern Sichuan.

Water is essential in the brewing and production of Lu-
zhou-SFB. Flow velocity plays a key role in the microbial 

Figure 6. The administrative division, hypsography, and distribution of the river network in the Luzhou region
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community and the dissipation of pollutants in the river, 
according to an analysis of the impact of different sec-
tions on river biology (Mu et al. 2021; Song et al. 2022a; 
Song et  al.  2022b). The  upper reaches of  the Yangtze 
River flow from Tibet into Sichuan, and Luzhou is at the 
head of  the upper reaches. The  Luzhou River section 
provides stable microbial growth conditions and a fer-
mentation environment. Coupled with the local rainy 
climatic characteristics of Luzhou, the runoff increases 
significantly. At the same time, the river meanders and 
has many piled plains due to the complexity of the ter-
rain, providing pure yellow sand for a fermentative pit 
mud (Hu et al. 2016; Yi et al. 2021), which aided in the 
completion of  the core fermentation process. Overall, 
the unique hydrological conditions provide a sufficient 
ecological foundation as well as  trade and transporta-
tion channels for the development of Luzhou-SFB.

Soil. In a sense, the soil of Luzhou has nurtured the 
local Baijiu. It  is necessary to contact a  large amount 
of soil for the raw materials and the fermentation pro-
cess, which is critical for plant growth and ecosystem 
circulation (Zhou and Wang 2015). Previous research 
discovered that topography (Cho et al. 2018) and par-
ent material factors (Hu et al. 2021) had a significant 
impact on the soil to obtain a large amount of organic 
matter, which determined the amount and structure 
of  biomass in  the soil (Wang et  al.  2013; Zhou and 
Wang  2015; Tripathi et  al.  2018). Luzhou is  located 
in  southern Sichuan and has various soil types, with 
purple-red and yellow loams predominating, accord-
ing to  palaeogeographical and evolutionary analy-
sis. The soil type chosen for growing sorghum locally 
in Luzhou is red or purple-red loam, which originates 
from the Jurassic purple parent rock and has a  high 
organic matter content and high fertility levels condu-
cive to soil microbial growth with high enzyme activ-
ity (Zhang et al. 2013). The organic matter and humus 
in the soil play an important role in crop growth and 
provide quality raw materials for fermentation.

More importantly, the soil is  rich in  native mi-
croorganisms (Dumbrell et  al.  2010; Li  et  al.  2015; 
Xu et al. 2022a), which have a significant impact on the 
microbiological control of  the entire fermentative 
process. In  a  study of  Daqu, the soil-derived Bacil-
lus licheniformis was inoculated into the Daqu, and 
its specific metabolic activity was used to  alter the 
flavour profile of  Baijiu (Wang et  al.  2017), suggest-
ing that soil microorganisms could influence the fer-
mentation environment. In  the meantime, numerous 
fungi, archaea, and actinomycetes in the soil affect the 
metabolism and volatile compounds produced by mi-

croorganisms in the fermentative pit (Hu et al. 2016). 
Thus, the soil provides energy for the cultivation and 
fermentation, as well as a natural microbial base for the 
brewing of SFB.

Microecology brewing environment analysis. 
The  production process of  SFB  includes raw ingredi-
ent handling, Daqu addition, grain steaming, fermen-
tation, moving into a pit, and re-fermentation. As the 
renowned Baijiu production region in China, the Lu-
zhou region is known for its SFB which has a rich and 
fragrant aroma, a smooth and pure body, and a harmo-
nious and mellow taste. Based on  engineering prac-
tice, it is known that it is not possible to replicate the 
flavour of Luzhou-SFB in other regions solely through 
the transfer of  production techniques. Therefore, the 
unique ecological environment factors in  the Luzhou 
region are the key to forming its characteristic flavour. 
These factors impact raw material cultivation, Daqu 
production and storage, and the fermentation period, 
ultimately resulting in  the distinctive Luzhou-SFB. 
The microecological environment affecting SFB qual-
ity comprises four main components: raw ingredients, 
Daqu, Zaopei, and fermentation pit. These critical mi-
croenvironmental factors will be discussed further be-
low (Figure 7).

Raw ingredients. SFB  is  commonly produced 
through multi-grain fermentation of rice, wheat, corn, 
sorghum, and glutinous rice, with different ratios 
used to brew different flavours of Baijiu. Nevertheless, 
a  unique single-grain fermentation technique in  Lu-
zhou uses local glutinous red sorghum for fermenta-
tion (Morais Cardoso et al. 2015). In terms of sorghum 
cultivation, Luzhou-SFB  has a  natural advantage. 
The  high temperature and high humidity climate 
in southern Sichuan are suitable for sorghum growth 
(Singh et al. 2018), and glutinous red sorghum is grown 
in large plain areas, providing sufficient raw materials 
to produce Luzhou-SFB. Geographically, using native 
plants is more conducive to raw ingredients supply and 
environmental adaptation than in other regions (Shelef 
et al. 2017; Wu et al. 2017b).

Glutinous red sorghum has a  higher proportion 
of  branched-chain starch than other sorghum varie-
ties (Xu et al. 2021). Saccharification begin with starch. 
Moreover, it  is  an  essential energy source during the 
fermentation of  Baijiu and is  broken down into sim-
ple sugars that are more easily absorbed by  microor-
ganisms via saccharification (Srichuwong et al. 2017). 
Clostridium is  a  vital microorganism in  SFB  (Tong 
et  al.  2022), serving as  the biological foundation 
to produce ethyl caproate. It has been found that the 
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growth of Clostridium is  related to  the surroundings, 
particularly the starch content provided by  the sor-
ghum (Fang et  al.  2022), which explains the benefits 
of  sorghum fermentation. Furthermore, branched-
chain starch gelatinises more easily than straight-chain 
starch (Li et al. 2021), resulting in a glutinous red sor-
ghum with a  high yield of  alcohol for Luzhou-SFB. 
In  addition to  the starch characteristics, the protein, 
fat, and phenolic compounds of  glutinous sorghum 
all contribute to the pure flavour of Luzhou-SFB (Yan 
et al. 2011). Protein is one of the substrates for microbi-
al growth, and it serves as the growth engine for both 
the fermentation process (Liu et al. 2019) and microbial 
growth. There was a correlation between sorghum tan-
nin content and microbial community quality, particu-
larly with ethyl acetate (Abdelrahman and Osman 2011; 
Han et al. 2017). Similarly, the total phenolic substances 
in sorghum can improve the flavour and human health 
of SFB (Sorour et al. 2017; Sun et al. 2020).

These findings show that the fermentative environ-
ment in Luzhou, where single grains are used to pro-
duce  SFB, especially glutinous red sorghum as  the 
primary raw material, is closely related to the yield and 
exceptional flavour of Luzhou-SFB.

Daqu. The  fermentation of  Baijiu is  inextricably 
linked to  the Daqu, which serves as  the starter for 
Baijiu fermentation. Daqu is mainly composed of low, 

medium, and high-temperature Daqu. To  produce 
Luzhou-SFB, medium-temperature Daqu fermenta-
tion is  generally used. The  entire production process 
involves grinding, pressing, and stacking fermentation 
to control the quality, and various microorganisms are 
enriched from the open environment as the biological 
basis for Baijiu fermentation. The Daqu, a unique fer-
mentation and saccharification agent to  Luzhou-SFB, 
is  mainly made from barley, wheat, peas, and other 
grains (Yang et  al.  2021). The  fermentative environ-
ment of the Daqu is divided into internal and external 
environments during the production and fermenta-
tion stages. During the study, it  was discovered that 
the hydrolytic enzyme activities of  the various types 
of Daqu differed, with the medium-temperature Daqu 
having the highest amylase activity and diversity (Liu 
et al. 2017a; Xia et al. 2022), as well as excellent enzy-
matic and microbial metabolic activity.

The external environment has the greatest impact 
on Daqu production and storage. Because it is an open 
state during the manufacturing process, it  is suscepti-
ble to environmental influences and exhibits environ-
mental sensitivity (Zheng et  al.  2014; Shi et  al.  2022). 
Members of thermophilic Thermoactinomyes metaboli-
cally produced in medium-temperature Daqu are pri-
marily present in soil samples (Shanqimuge et al. 2015). 
Previous research found a significant positive correla-

Figure 7. Micro-ecology brewing environmental factors for Luzhou-SFB, including the different environments at differ-
ent stages, which impact the dynamics of the microbial community in brewing
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tion between environmental factors such as  ambient 
humidity, moisture, and CO2 and microbial communi-
ties during fermentation (Zhu et  al.  2022). Moreover, 
different areas showed diversity in  microbial compo-
sition, volatile matter metabolism, and potential func-
tions (Ma et  al.  2022b). The  microbial profiles of  the 
different temperatures Daqu revealed similarities be-
tween the microorganisms of the medium temperature 
Daqu. It formed a stable dynamic change under differ-
ent environmental conditions (Zhou et  al.  2022), and 
the fact that the fungi in  Daqu were mainly derived 
from the tools and ground of the Daqu production en-
vironment demonstrated the response and expression 
of Daqu to environmental conditions (Du et  al.  2019; 
Li  et  al.  2022). This microbiological profile derived 
from the environment is  ultimately expressed in  the 
final quality of the SFB via the Daqu. The internal mi-
crobial community, in  addition to  the external envi-
ronmental conditions, is  an  important environmental 
factor. The coercive effect of the environment on Daqu 
fermentation is  receiving increasing attention. It  was 
discovered during the research that the fermentation 
processes in Daqu exist in dynamic microbial commu-
nity changes (Li et al. 2016; Deng et al. 2020). The mi-
croorganisms were found to  be  constantly changing 
during fermentation in  a  medium-temperature Daqu 
from Luzhou (Yang et  al.  2021), with an  initial en-
richment of  Lactobacillus, increasing acidity and in-
hibiting fungal growth. Due to  endogenous bioheat, 
thermotolerant genera predominate in  later stages 
(Zou et al. 2018b). Consequently, the internal microbial 
response is an important expression of the role of the 
Daqu fermentation process. The dominant microorgan-
ism composition of Luzhou-Daqu is shown in Table 2.

In  general, the Daqu is  subject to  environmental 
perturbations at various stages, and the metabolic in-
fluence of  microorganisms is  critical to  the flavour 
of Luzhou-SFB.

Zaopei. Zaopei is  the principal component of  fer-
mentation in the solid fermentation of Baijiu. The 'Old 
Five Cauldron' process, which originated in  Luzhou, 
involves adding used old grains to crushed raw materi-
als for re-steaming and cooling. This process is  influ-
enced by its surroundings and the action of the original 
fermented microorganisms (Liu et al. 2021).

The fermentation process of  grain is  in  an  open 
or  semi-open environment and is  highly susceptible 
to  environmental interference. Temperature seasonal 
variation is  an  important consideration affecting the 
SFB  microbiomes (Sun et  al.  2016), and temperature 
changes cause significant differences in  the microbial 
community. The  source tracker technique was used 
to analyse the treatment process, which confirmed the 
influence of  the environment on  the microorganisms 
of Zaopei (Pang et al. 2020; Zhao et al. 2022a). Microor-
ganisms transported from the workplace, the ground, 
the air, and most of the Daqu are growing in the Zaopei. 
In comparing different periods of Zaopei, it was found 
that the use of old Zaopei influenced the new fermen-
tation process and was affected more by  the domi-
nant fermenting microorganisms (Xu  et  al.  2022b). 
Furthermore, this interaction has significant implica-
tions for organic acid synthesis in fermentation (Qian 
et al. 2021a). The dominant microorganism composi-
tion of Luzhou-Zaopei is shown in Table 3.

Zaopei is  involved in the process of converting raw 
materials into liquid Baijiu. It is critical to comprehend 
the double-round fermentation process of  Luzhou-
SFB by examining changes in external environmental 
conditions and the evolution of the internal fermenta-
tion microbial environment.

Fermentation pit. An anaerobic environment is re-
quired for the fermentation of  Luzhou-SFB. The  pit 
is  the most prominent location for fermentation, and 
the mud surrounding it is known as pit mud. The en-
tire pit is a cuboid embedded in the ground, and yellow 

Table 2. Microorganisms isolated from Luzhou-Daqu

Bacteria Fungi Reference

Staphylococcus, Saccharopolyspora, Pseudonocardiaceae,  
Corynebacterium, Lactobacillus – Mao et al. 2022a

Cyanobacteria, Proteobacteria, Lactobacillus,  
Weissella, Staphylococcus – Mao et al. 2022b

Thermoactinomyces, Saccharopolyspora, Streptomyces, Kosakonia,  
Limnobacter, Weissella, Prauserella, Bacillus, Lactobacillus,  
Pediococcus, Rubellimocrobium, Pantoea, Enterococcus

Thermoascus, Diutina,  
Clavispora, Dipodascus Ma et al. 2022a

Weissella, Lactobacillus, Pediococcus Lichtheimia, Pichia Yang et al. 2021b
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mud from the local stream was chosen to build it, es-
tablishing the initial microbial environment in the pit. 
Besides, bamboo chips are inserted obliquely inside 
the cellar pond, which facilitates the adhesion of  the 
pit mud, and on the other hand, increases the contact 
area between the cellar mud and the fermented grain. 
The  cellar, as  the leading fermentation site, provides 
suitable space, temperature, and oxygen conditions, 
as well as a symbiotic environment for internal micro-
bial growth and succession.

Pit mud is pivotal in fermentation because it enrich-
es many microorganisms in  long-term fermentation 
(Fu et al. 2021). As a result, the diversity of microorgan-
isms is one of the most notable characteristics of pit mud. 
The diversity and stability of the microbial community 
improve and ensure the flavour of  Luzhou-SFB  (Chai 
et  al.  2021). Firmicutes, Proteobacteria, Bacteroidetes, 
and Actinobacteria dominated the microorganisms of pit 

mud, according to the polymerase chain reaction/dena-
turing gradient gel electrophoresis (PCR-DGGE) meth-
od (Ding et al. 2013; Liang et al. 2014; Ding et al. 2015). 
Aside from microbial diversity, unique strains were 
isolated from the pit mud of  Luzhou. Lentilactobacil-
lus (Zhao et  al.  2022b), Clostridium (Xu  et  al.  2019), 
and Novisyntrophococcus (Xu et al. 2019) were discov-
ered in an aged pit used for more than 30 years in Lu-
zhou, and the function of the strains remain unknown. 
The  metabolism of  ethyl caproate, the primary aroma 
component of  Luzhou-SFB, was found to  be  mainly 
derived from Clostridium bacillus (Zou et  al.  2018a), 
which exists in the pit mud. The presence of these domi-
nant microorganisms ultimately alters the flavour of Lu-
zhou-SFB. The  dominant microorganism composition 
of Luzhou-pit mud is shown in Table 4.

In the study of the pit of Luzhou-SFB, the two main 
dimensions of analysis are spatial and temporal. Under 

Table 4. Microorganisms isolated from pit mud

Bacteria Fungi Reference

Methanobrevibacter, Caproiciproducens,  
Petrimonas, Lactobacillus, Sedimentibacter,  
Proteiniphilum, Syntrophomonas, Aminobacterium,  
Christensenellaceae R-7, Caldicoprobacter, Olsenella

– Liu et al. 2017c

–

Penicillium, Wallemia,  
Galactomyces, Pestalotiopsis,  
Bjerkandera, Trichosporon,  
Aspergillus, Cladosporium,  

Candida, Nigrospora,  
Clavispora, Chaetomium

Liu et al. 2017b

Clostridium – Liu et al. 2014

Lactobacillus, Caloramator, Clostridium,  
Sedimentibacter, Butyrivibrio, Ruminococcus – Zheng et al. 2015

Table 3. Microorganisms isolated from Zaopei

Bacteria Fungi Reference

Weissella, Saccharopolyspora, Lactobacillus,  
Aquabacterium, Halomonas, Pseudomonas, Kroppenstedtia

Thermoascus, Aspergillus,  
Thermomyces Yang et al. 2021b

Hydrogenispora, Sedimentibacter, Proteinphilum,  
Acetobacter, Lactobacillus, Bacillus, Weissella

Thermoascus, Aspergillus,  
Thermomyces Qian et al. 2021a

Lactobacillus, Aquabacterium, Weissella,  
Thermoactinomyces, Azospirillum,  
Novosphingobium, Caulobacter, Flavobacterium,  
Pseudomonas, Pelomonas, Bacillus, Pantoea,  
Acinetobacter, Sedimentibacter

Aspergillus, Thermoascus,  
Rasamsonia, Malassezia,  

Penicillium, Russula, Pichia,  
Thermomyces, Mycosphaerella,  

Apiotrichum, Fusarium,  
Kazachstania, Hizomuco

Jiao et al. 2022
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different conditions, the internal spatial environment 
of the cellar has different effects on fermentation and 
microbial growth. From a material standpoint, the re-
search can be divided into studies on time-of-use pits 
and ageing pit. The pit in Luzhou has been in use for 
over 300 years, and both internal conditions and mi-
crobial communities of  pit mud have changed over 
time (Zhang et al. 2017). Mud moisture, total acidity, 
and pH  gradually increased with maturity, which are 
necessary conditions for microbial growth, demon-
strating the inevitable trend of microbial changes be-
tween new and aged pit mud. Moreover, the microbial 
community trends were compared, revealing that while 
the total number of  prokaryotes increased, the mi-
crobial diversity index decreased, reflecting the effect 
of the time shift on dominant functional strains (Wang 
et  al.  2020b). Secondly, different positions in  the pit 
were studied from the space perspective to investigate 
the impact of  the multi-dimensional space environ-
ment on microorganisms. The microbial communities 
differed at different pit positions (Zhou et al. 2021) and 
covering depths (Tao et  al.  2014), indicating a  verti-
cal depth discrepancy and forming a  stable gradient 
structure. The  Luzhou pit has been preserved and 
used to produce the unique flavour of Luzhou-SFB due 
to the accumulation of microbial environment and in-
ternal conditions accumulated through continuous do-
mestication, as well as the unique ecological condition.

Pit mud is crucial for the fermentation process of Lu-
zhou-SFB, and the unique brewing environment and 
rich microbial community resulted in a widely popular 
fermentation beverage. Therefore, understanding the 
internal environmental conditions aids in  regulating 
the quality artificially.

FLAVOUR CHARACTERISTICS 
OF  LUZHOU-SFB

The solid-state fermentation of SFB is typically spon-
taneous and driven by  microorganisms from Daqu, 
pit mud, raw materials, and the environment (such 
as air, ground, and tools) (Wu et al. 2021). Due to the 
open operational environment, environmental micro-
bial communities may colonise the fermenting grains 
through diffusion and settling, thereby influencing the 
succession of  microbial communities during fermen-
tation and the flavour characteristics (Pang et al. 2018; 
Wang et al. 2018b). Based on the environmental micro-
bial communities, especially those in the air and on the 
ground, the Luzhou-SFB exhibits its characteristic fla-
vour. Relevant studies have confirmed the significant 

contribution of  the fermentation microenvironment 
in  the Luzhou region to  the flavour of  Luzhou-SFB. 
It has been reported that the dominant bacteria in fer-
mented grains, such as  Clostridium, were the main 
contributors to  representative flavour compounds 
in Luzhou-SFB, such as ethyl caproate, ethyl butyrate, 
and ethyl acetate (Zou et al. 2018a). Sun et al.  (2016) 
found that lactic acid bacteria were the main microbial 
group in Luzhou-SFB. Lactic acid bacteria could pro-
duce organic acids such as  lactic acid and acetic acid 
by utilising fermentable sugars, which were also impor-
tant substances that affect the flavour of Luzhou-SFB. 
Additionally, there were significant differences in  the 
flavour of  SFB  brewed from different raw materials. 
SFB fermented with Luzhou glutinous sorghum dem-
onstrated superior sensory characteristics compared 
to  glutinous hybrid Jinnuoliang and non-glutinous 
Dongzajiao (Liu et al. 2023).

Furthermore, researchers conducted quantitative 
analysis on  the trace components in  Luzhou Laojiao 
Daqu jiu and found that the concentration and pro-
portion of  volatile flavour compounds had a  signifi-
cant impact on  the flavour quality of  Baijiu (Huang 
et  al.  1996). Specifically, within a  certain concentra-
tion range, higher concentrations of  acids and esters 
resulted in better-quality of Baijiu. In a study by Wang 
et al. (2022), a combination of liquid-liquid extraction 
and solid-phase extraction coupled with comprehen-
sive two-dimensional gas chromatography/time-of-
flight mass spectrometry (GC×GC/TOF-MS) was used 
to analyse the volatile compounds in 18 samples of Lu-
zhou Laojiao. A total of 320 compounds were detected, 
among which 24  compounds exhibited biological ac-
tivity. The highest concentrations were found in ethyl 
hexanoate, ethyl lactate, and ethyl acetate, while butyl 
pentanoate, ethyl sorbate, and phenethyl butyrate were 
identified as  distinctive markers. At  the same time, 
research on the flavour compounds in the base Baijiu 
of  Luzhou-SFB  indicated that ethyl hexanoate, ethyl 
butyrate, caproic acid, ethyl acetate, and acetic acid 
were the five main volatile components. Ethyl valerate, 
pentanoic acid, 1-butanol, 1-hexanol, 3-methyl-1-bu-
tanol, ethyl caprylate, isovaleric acid, ethyl 3-phenyl-
propanoate, γ-decalactone, and dimethyl trisulfide 
were also important aromatic compounds, with es-
ters being the main source of fruity aroma in Luzhou-
SFB (Dong et al. 2019). Compared to the SFB from the 
Jianghuai region, Luzhou-SFB had higher levels of main 
esters and main acids, which may be an important fac-
tor contributing to its characteristic flavour formation 
(Wang et al. 2022).
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CONCLUSION

The production of Baijiu is the outcome of environ-
mental factors, influencing the ultimate flavour profiles. 
The co-occurring influence of the environment changes 
the core microbial community during the brewing pro-
cess. The various geographical and location conditions, 
which provide native microbial communities and fer-
mentation conditions, are crucial for the production 
areas. Current research, however, is primarily focused 
on core microorganisms and flavour metabolism. There 
is no systematic summary of the relationship between 
the ecological environment and Baijiu production, 
which limits high-quality development to a great extent.

SFB has a long history in China's Baijiu culture, with 
the most famous being produced in the Luzhou region. 
Based on  the characteristics of  environmental influ-
ence on SFB, this review took a comparative approach 
to macro and micro environments to illustrate the dis-
tinctive features of the Luzhou region. The warm, hu-
mid, and breezy climate, as well as the abundant soil and 
water resources, are the macro-environmental factors 
for the development of  Luzhou-SFB. In  addition, the 
intramural micro-environmental factors, in  conjunc-
tion with the flavour profile, were used to summarise 
the local traditional brewing process, particularly the 
long-term accumulation of  microbial community en-
vironment. The development of Luzhou-SFB is inextri-
cably linked to the preponderance of the environment, 
which plays a  pioneering role in  providing sufficient 
raw materials and environmental support in the fore-
part of production on the one hand, and an appropriate 
environment for the stable growth of microbial com-
munities in the later stages on the other.

The review of the environment should be used not only 
for comparison, but also for production adjustments, 
compounding multiple advantageous fermentation 
conditions, improving macro-environmental deficien-
cies, and controlling micro-environmental conditions. 
Hopefully, summarising environmental factors will pro-
vide environmental control and optimise the SFB  de-
velopment. The ultimate goal is to collaborate with the 
production environment to  provide a  locally adapted 
brewing environment for the development of Baijiu.

REFERENCES

Abdelrahman I., Osman M. (2011): Effect of sorghum type 
(Sorghum bicolor) and traditional fermentation on tannins 
and phytic acid contents and trypsin inhibitor activity. 
Journal of Food, Agriculture and Environment, 9: 163–166.

Bokulich N.A., Thorngate J.H., Richardson P.M., Mills D.A. 
(2014): Microbial biogeography of  wine grapes is  con-
ditioned by  cultivar, vintage, and climate. Proceedings 
of  the National Academy of  Sciences of  the United 
States of America, 111: E139–E148.

Chai L., Qian W., Zhong X., Zhang X., Lu Z.M., Zhang S.Y., 
Wang S.T., Shen C.H., Shi J.S., Xu Z. (2021): Mining the 
factors driving the evolution of the pit mud microbiome 
under the impact of  long-term production of  strong-
flavour Baijiu. Applied and Environmental Microbiol-
ogy, 87: e00885-21.

Cheng Y.C. (2005): Numerical simulation of a winter case low-
level wind, temperature and humidity fields in Zhungaer 
Basin. Plateau Meteorology, 24: 160–166.

Cho H., Tripathi B., Moroenyane I., Takahashi K., Kerfahi D., 
Dong K., Adams J. (2018): Soil pH rather than elevation 
determines bacterial phylogenetic community assembly 
on Mt. Norikura, Japan. FEMS Microbiology Ecology, 95: 3.

De Filippis F., Valentino V., Alvarez-Ordóñez A., Cotter P.D., 
Ercolini D. (2021): Environmental microbiome mapping 
as  a  strategy to  improve quality and safety in  the food 
industry. Current Opinion in Food Science, 38: 168–176.

Deng L., Mao X., Liu D., Ning X. Q., Shen Y., Chen  B., 
Nie H.F., Huang D., Luo H.B. (2020): Comparative analysis 
of  physicochemical properties and microbial composi-
tion  in  high-temperature daqu with different colors. 
Frontiers in Microbiology, 11: 588117.

Ding X.F., Wu C.D., Zhang L.Q., Zheng J., Zhou R.Q. (2013): 
Characterization of eubacterial and archaeal community 
diversity in the pit mud of Chinese Luzhou-flavor liquor 
by  nested PCR-DGGE. World Journal of  Microbiology 
& Biotechnology, 30: 2.

Ding X.F., Wu C.D., Huang J., Zhou R.Q. (2015): Interphase mi-
crobial community characteristics in the fermentation cellar 
of Chinese Luzhou-flavor liquor determined by PLFA and 
DGGE profiles. Food Research International, 72: 16–24.

Dong W., Guo R.N., Liu M., Shen C.H., Sun X.T., Zhao M.M., 
Sun J.Y., Li H.H., Zheng F.P., Huang M.Q., Wu J.H. (2019): 
Characterization of key odorants causing the roasted and 
mud-like aromas in strong-aroma types of base Baijiu. Food 
Research International, 125: 108546.

Du H., Wang X.S., Zhang Y.H., Xu Y. (2019): Exploring the 
impacts of raw materials and environments on the micro-
biota in Chinese Daqu starter. International Journal of Food 
Microbiology, 297: 32–40.

Dumbrell A., Nelson M., Helgason T., Dytham C., Fit-
ter A. (2010): Relative roles of niche and neutral process 
in structuring a soil microbial community. The ISME Jour-
nal, 4: 337–345.

Fang G.Y., Chai L.J., Zhong X.Z., Lu Z.M., Zhang  X.J., 
Wu L.H., Wang S.T., Shen C.H., Shi J.S., Xu Z.H. (2022): 

https://www.agriculturejournals.cz/web/cjfs


335

Czech Journal of Food Sciences, 41, 2023 (5): 323–339	 Review

https://doi.org/10.17221/72/2023-CJFS

Comparative genomics unveils the habitat adaptation and 
metabolic profiles of Clostridium in an artificial ecosystem 
for liquor production. mSystems, 7: e0029722.

Fu J.X., Chen L., Yang S.Z., Li Y.Z., Jin L., He X.P., He L., 
Ao  X.L., Liu S.L., Liu A.P., Yang Y., Ma B.C., Cui  X.W., 
Chen  S.J., Zou L.K. (2021): Metagenome and analysis 
of metabolic potential of the microbial community in pit 
mud used for Chinese strong-flavor liquor production. 
Food Research International, 143: 110294.

García-Ulloa M., Souza V., Esquivel Hernández D., Sánchez-
Pérez  J., Espinosa Asuar L., Viladomat M., Marroquín-
Rodríguez  M., Navarro-Miranda M., Ruiz-Padilla  J., 
Monroy-Guzmán C., Madrigal-Trejo D., Rosas-Barrera M., 
Vázquez-Rosas-Landa M., Eguiarte L. (2022): Recent dif-
ferentiation of aquatic bacterial communities in a hydro-
logical system in the Cuatro Ciénegas basin, after a natural 
perturbation. Frontiers in Microbiology, 13: 825167.

Geospatial Data Cloud (2023): GDEMV2 30M resolution digi-
tal elevation data. Geospatial Data Cloud, China. Available 
at https://www.gscloud.cn/sources/accessdata/421?pid=302 
(accessed Jan 30, 2023).

Han X.L., Wang D.L., Zhang W.J., Jia S.R. (2017): The produc-
tion of the Chinese baijiu from sorghum and other cereals. 
Journal of the Institute of Brewing, 123: 600–604.

Hao F, Tan Y.W., Lv X.B., Chen L.Q., Yang F., Wang H.Y., 
Du H., Wang L., Xu Y. (2021): Microbial community suc-
cession and its environment driving factors during initial 
fermentation of Maotai-flavor Baijiu. Frontiers in Micro-
biology, 12: 669201.

Hariharan J., Buckley D. (2022): Elevational gradients impose 
dispersal limitation on Streptomyces. Frontiers in Micro-
biology, 13: 856263.

Hong J.X., Wang J.S., Zhang C.S., Zhao Z.G., Tian  W.J., 
Wu Y.S., Chen H., Zhao D.R., Sun J.Y. (2021): Unraveling 
variation on the profile aroma compounds of strong aroma 
type of Baijiu in different regions by molecular matrix analy-
sis and olfactory analysis. RSC Advances, 11: 33511–33521.

Hu W., Shen Q.S., Zhai X.Y., Du S.L., Zhang X.Y. (2021): 
Impact of  environmental factors on  the spatiotemporal 
variability of soil organic matter: A case study in a typi-
cal small Mollisol watershed of Northeast China. Journal 
of Soils and Sediments, 21: 1–12.

Hu X.L., Du H., Ren C., Xu Y. (2016): Illuminating anaero-
bic microbial community and co-occurrence patterns 
across a quality gradient in Chinese liquor fermentation 
pit muds. Applied and Environmental Microbiology, 
82: AEM.03409-15.

Huang, X.Y., Chen Z.P., Yin L., Cai D.Y. (1996): Relation-
ship between the content of trace components in Luzhou 
Laojiao liquor and its brewing water and liquor quality. 
Liquor-Making Science & Technology. 2: 31–33.

Jiao W., Xie F., Gao L., Du L.Q., Wei Y.X., Zhou J., He G.Q. 
(2022): Identification of core microbiota in the fermented 
grains of  a  Chinese strong-flavor liquor from Sichuan. 
LWT – Food Science and Technology, 158: 113140.

Jin G.Y., Zhu Y., Xu Y. (2017): Mystery behind Chinese 
liquor fermentation. Trends in Food Science & Technol-
ogy, 63: 18–28.

Kang J.M., Zheng X.W., Yang X., Li H.R., Cheng J., Fan L., 
Zhao H., Xue Y.S., Ding Z.Y., Han B.Z. (2022): Contrasting 
summer versus winter dynamic microbial communities and 
their environmental driving factors in the solid-state sac-
charification process of Fuyu-flavor Baijiu. Food Research 
International, 154: 111008.

Khuroo A., Hamid M., Malik A. (2021): Elevation and aspect 
determine the differences in soil properties and plant spe-
cies diversity on Himalayan mountain summits. Ecological 
Research, 36: 340–352.

Kindong R., Wu J.H., Gao C.X., Dai L.B., Tian S.Q., Dai X.J., 
Chen J.H. (2020): Seasonal changes in fish diversity, density, 
biomass, and assemblage alongside environmental vari-
ables in the Yangtze River Estuary. Environmental Science 
and Pollution Research, 27: 25461–25474.

Lax S., Smith D., Hampton-Marcell J., Owens S., Handley K., 
Scott N., Gibbons S., Larsen P., Shogan B., Weiss S., Met-
calf J., Ursell L., Vázquez-Baeza Y., Treuren W., Hasan N., 
Gibson  M., Colwell R., Dantas G., Knight R., Jack  G. 
(2014): Longitudinal analysis of  microbial interaction 
between humans and the indoor environment. Science, 
345: 1048–1052.

Li P., Liang H.B., Lin W.T., Feng F., Luo L.X. (2015): Microbio-
ta dynamics associated with environmental conditions and 
potential roles of cellulolytic communities in traditional 
Chinese cereal starter solid-state fermentation. Applied 
and Environmental Microbiology, 81: 26002897.

Li P., Lin W.F., Liu X., Wang X.W., Luo L.X. (2016): Envi-
ronmental factors affecting microbiota dynamics during 
traditional solid-state fermentation of Chinese daqu starter. 
Frontiers in Microbiology, 7: 1237.

Li E.P., Yang C.T., Wang J.P., Sun A.D., Lv P., Li C. (2021): 
Leached starch content and molecular size during sorghum 
steaming for baijiu production is not determined by starch 
fine molecular structures. International Journal of Biologi-
cal Macromolecules, 184: 50–56.

Li Y.L., Liu S.P., Zhang S.Y., Liu T.T., Qin H., Shen  C.H., 
Liu H.P., Yang F., Yang C., Yin Q.Q., Mao J. (2022): Spa-
tiotemporal distribution of  environmental microbiota 
in spontaneous fermentation workshop: The case of Chi-
nese Baijiu. Food Research International, 156: 111126.

Liang H.P., Li W.F., Luo Q.C., Liu C.L., Wu Z.Y., Zhang W.X. 
(2014): Analysis of the bacterial community in aged and 
ageing pit mud of Chinese Luzhou-flavour liquor by com-

https://www.agriculturejournals.cz/web/cjfs
https://www.agriculturejournals.cz/web/cjfs


336

Review	 Czech Journal of Food Sciences, 41, 2023 (5): 323–339

https://doi.org/10.17221/72/2023-CJFS

bined PCR-DGGE  and quantitative PCR  assay. Journal 
of the Science of Food and Agriculture, 95: 2729–2735.

Liu J.J., Chen J.Y., Fan Y., Huang X.N., Han B.Z. (2017a): 
Biochemical characterization and dominance of different 
hydrolases in different types of Daqu-a Chinese industrial 
fermentation starter. Journal of the Science of Food and 
Agriculture, 98: 113–121.

Liu M.K., Tang Y.M., Zhao K., Liu Y., Guo X.J., Ren D.Q., 
Yao W.C., Tian X.H., Gu Y.F., Yi B., Zhang X.P. (2017b): 
Determination of the fungal community of pit mud in fer-
mentation cellars for Chinese strong-flavor liquor, using 
DGGE  and Illumina MiSeq sequencing. Food Research 
International, 91: 80–87.

Liu M.K., Tang Y.M., Guo X.J., Zhao K., Tian X.H., Liu Y., 
Yao W.C., Deng B., Ren D.Q., Zhang X.P. (2017c): Deep 
sequencing reveals high bacterial diversity and phylo-
genetic novelty in  pit mud from Luzhou Laojiao cellars 
for Chinese strong-flavor Baijiu. Food Research Interna-
tional, 102: 68–76.

Liu G., Gilding E.K., Kerr E.D., Schulz B.L., Tabet B., Ham-
aker B.R., Godwin I.D. (2019): Increasing protein content 
and digestibility in sorghum grain with a synthetic biology 
approach. Journal of Cereal Science, 85: 27–34.

Liu H.M., Tan G.X., Chen Q.T., Dong W.W., Chen P., Cai K.Y., 
Hu Y.L., Zhang W.Y., Peng N., Liang Y.X., Zhao S.M. (2021): 
Detection of viable and total fungal community in Zaopei 
of Chinese strong-flavor baijiu using PMA combined with 
qPCR and HTS based on  ITS2 region. BMC Microbiol-
ogy, 21: 274.

Liu M.K., Tang Y.M., Liu C.Y., Tian X.H., Zhang J.W., Fan X.L., 
Jiang K.F., Ni X.L., Zhang X.Y. (2023): Variation in micro-
biological heterogeneity in  Chinese strong-flavor Baijiu 
fermentation for four representative varieties of sorghum. 
International Journal of Food Microbiology, 397: 110212.

Luzhou Natural Resources and Planning Bureau (2022): 
Luzhou Municipal Natural Resources and Planning Bu-
reau 2022  Annual Report on  Government Information 
Disclosure Work. Luzhou Natural Resources and Planning 
Bureau, Luzhou, Sichuan. Available at  https://zrzyhghj.
luzhou.gov.cn/zwgk/sgtzyjxxgkndbg/content_961412 (ac-
cessed Oct 1, 2022).

Ma S.Y., Luo H.B., Zhao D., Qiao Z.W., Zheng J., An M.Z., 
Huang  D. (2022a): Environmental factors and interac-
tions among microorganisms drive microbial community 
succession during fermentation of Nongxiangxing daqu. 
Bioresource Technology, 345: 126549.

Ma S.Y., Shang Z.C., Chen J., Shen Y.J., Li Z.J., Huang  D., 
Luo H.B. (2022b): Differences in structure, volatile metabo-
lites, and functions of microbial communities in Nongxi-
angxing daqu from different production areas. LWT – Food, 
Science and Technology, 166: 113784.

Mao F.J., Huang J, Zhou R.Q., Qin H., Zhang S.Y., Cai X.B., 
Qiu  C.F. (2022a): Effects of  different daqu on  microbial 
community domestication and metabolites in Nongxiang 
Baijiu brewing microecosystem. Frontiers in  Microbiol-
ogy, 13: 939904.

Mao J.J., Liu X.L., Gao T, Gu S.B., Wu Y., Zhao L.N., Ma J.L., 
Li  X., Zhang J. (2022b): Unraveling the correlations be-
tween bacterial diversity, physicochemical properties and 
bacterial community succession during the fermentation 
of traditional Chinese strong-flavor Daqu. LWT – Food, 
Science and Technology, 154: 112764. 

Morais Cardoso L., Pinheiro S., Martino H., Pinheiro-
Sant'ana H. (2015): Sorghum (Sorghum bicolor L.): Nutrients, 
bioactive compounds, and potential impact on human health. 
Critical Reviews in Food Science and Nutrition, 57: 372–390.

Mu X.Y., Zhang S.H., Lv X., Ma Y., Zhang Z.Q., Han B. (2021): 
Water flow and temperature drove epiphytic microbial 
community shift: Insight into nutrient removal in  con-
structed wetlands from microbial assemblage and co-oc-
currence patterns. Bioresource Technology, 332: 125–134.

Pang X.N., Han B.Z., Huang X.N., Zhang X., Hou L.F., Cao M., 
Gao L.J., Hu G.H., Chen J.Y. (2018): Effect of the environ-
ment microbiota on the flavour of light-flavour Baijiu dur-
ing spontaneous fermentation. Scientific Reports, 8: 3396.

Pang X.N., Huang X.N., Chen J.Y., Yu H.X., Wang  X.Y., 
Han B.Z. (2020): Exploring the diversity and role of micro-
biota during material pretreatment of light-flavor Baijiu. 
Food Microbiology, 91: 103514.

Potter C. (2018): Paleozoic shale gas resources in the Sichuan 
Basin, China. AAPG Bulletin, 102: 987–1009.

Qian W., Lu Z. M., Chai L.J., Zhang X.J., Li Q., Wang S.T., 
Shen C.H., Shi J.S., Xu Z.H. (2021a): Cooperation within the 
microbial consortia of fermented grains and pit mud drives 
organic acid synthesis in strong-flavor Baijiu production. 
Food Research International, 147: 110449.

Qian Y., Zhang L., Sun Y., Tang Y.Q., Li D., Zhang H.S., 
Yuan S.Q., Li J.S. (2021b): Differentiation and classification 
of Chinese Luzhou-flavor liquors with different geographi-
cal origins based on fingerprint and chemometric analysis. 
Journal of Food Science, 86: 1861–1877.

Shanqimuge., Liang H.Z., Zhang C.X., Shao C.F., Peng X.P., 
Liang L.Q., Su J., Li C.W. (2015): A DGGE marker-mediated 
fast monitoring of bacterial diversity and comprehensive 
identification of  high-temperature daqu starter. Journal 
of Food Science, 80: M1519–M1525.

Shelef O., Weisberg P., Provenza F. (2017): The value of native 
plants and local production in an era of global agriculture. 
Frontiers in Plant Science, 8: 2069.

Shi W., Chai L.J., Fang G.Y., Mei J.L., Lu Z.M., Zhang X.J., 
Xiao C., Wang S.T., Shen C.H., Shi J.S., Xu Z.H. (2022): 
Spatial heterogeneity of the microbiome and metabolome 

https://www.agriculturejournals.cz/web/cjfs


337

Czech Journal of Food Sciences, 41, 2023 (5): 323–339	 Review

https://doi.org/10.17221/72/2023-CJFS

profiles of high-temperature Daqu in the same workshop. 
Food Research International, 156: 111298.

Siller P., Dähre K., Rosen K., Muench S., Bartel A., Funk R., 
Nübel U., Amon T., Rösler U. (2021): Low airborne tenac-
ity and spread of  ESBL-/AmpC-producing Escherichia 
coli from fertilized soil by  wind erosion. Environmental 
Microbiology, 23: 7497–7511.

Singh G., Muker H.S., Sing G., Singh A., Singh A. (2018): 
Effect of chemical weed management on growth and yield 
attributes of kharif sorghum (Sorghum bicolor L.). Inter-
national Journal of  Current Microbiology and Applied 
Sciences, 7: 2072–2077.

Song T., Tu W.G., Luo X. M., Fan M., Chen S., Wang  B., 
Yang Y.K., Li S. (2022a): Performance of ecological floating 
beds and microbial communities under different flow ve-
locities. Journal of Water Process Engineering, 48: 102876.

Song W.W., Zhang L.Y., Li Y., Zhang W.L., Wang  L.F., 
Niu L.H., Zhang H.J., Ji Y., Liao Z.Y. (2022b): Hydrodynamic 
zones and the influence of  microorganisms on  nitrogen 
transformation in the diverging area of branched rivers. 
Environmental Research, 208: 112778.

Sorour M.A., Mehanni A.H., Taha E., Rashwan A. (2017): 
Changes of total phenolics, tannins, phytate and antioxi-
dant activity of two sorghum cultivars as affected by pro-
cessing. Journal of Food and Dairy Sciences, 8: 267–274.

Srichuwong S., Curti D., Austin S., King R., Lamothe  L., 
Gloria-Hernandez H. (2017): Physicochemical properties 
and starch digestibility of whole grain sorghums, millet, 
quinoa and amaranth flours, as affected by starch and non-
starch constituents. Food Chemistry, 233: 1–10.

Sun W.N., Xiao H.Z., Peng Q., Zhang Q.G., Li X.X., Han Y. 
(2016): Analysis of bacterial diversity of Chinese Luzhou-
flavor liquor brewed in different seasons by Illumina Miseq 
sequencing. Annals of Microbiology, 66: 1293–1301.

Sun H.Y., Wang H.X., Zhang P.Z., Ajlouni S., Fang Z.X. (2020): 
Changes in phenolic content, antioxidant activity and vola-
tile compounds during processing of fermented sorghum 
grain tea. Cereal Chemistry, 97: 612–625.

Tao Y., Li J.B., Rui J.P., Xu Z.C., Zhou Y., Hu X.H., Wang X., 
Liu M.H., Li D.P., Li X.Z. (2014): Prokaryotic communi-
ties in  pit mud from different-aged cellars used for the 
production of Chinese strong-flavored liquor. Applied and 
Environmental Microbiology, 80: 7.

Tong W.H., He P., Yang Y., Qiao Z.W., Huang D., Luo H.B., 
Feng  X.J. (2022): Occurrence, diversity, and character 
of Bacillaceae in the solid fermentation process of strong 
aromatic liquors. Frontiers in Microbiology, 12: 811788.

Tripathi B., Stegen J., Kim M., Dong K., Adams J., Lee Y.K. 
(2018): Soil pH mediates the balance between stochastic 
and deterministic assembly of bacteria. The  ISME  Jour-
nal, 12: 1072–1083.

Wang J.J., Shen J., Wu Y.C., Tu C., Soininen J., Stegen  J., 
He J.Z., Liu X.Q., Zhang L., Zhang E.L. (2013): Phylogenetic 
beta diversity in bacterial assemblages across ecosystems: 
Deterministic versus stochastic processes. The ISME Jour-
nal, 7: 1310–1321.

Wang P., Wu Q., Jiang X.W., Wang Z.Q., Tang J.L., Xu  Y. 
(2017): Bacillus licheniformis affects the microbial commu-
nity and metabolic profile in the spontaneous fermentation 
of Daqu starter for Chinese liquor making. International 
Journal of Food Microbiology, 250: 59–67.

Wang X.S., Du H., Zhang Y., Xu Y. (2018a): Environmental 
microbiota drives microbial succession and metabolic 
profiles during Chinese liquor fermentation. Applied and 
Environmental Microbiology, 84: e02369–02317.

Wang M.Y., Yang J.G., Zhao Q.S., Zhang K.Z., Su C. (2018b): 
Research progress on  flavor compounds and microor-
ganisms of  Maotai flavor Baijiu. Journal of  Food Sci-
ence, 84: 6–18.

Wang S.L., Xiong W., Wang Y.Q., Nie Y., Wu Q., Xu  Y., 
Geisen  S. (2020a): Temperature-induced annual vari-
ation in  microbial community changes and resulting 
metabolome shifts in  a  controlled fermentation system. 
mSystems, 5: 00555-20.

Wang X.J., Zhu H.M., Ren Z.Q., Huang Z.G., Wei  C.H., 
Deng J. (2020b): Characterization of microbial diversity and 
community structure in fermentation pit mud of different 
ages for production of strong-aroma baijiu. Polish Journal 
of Microbiology, 69: 1–14.

Wang Y., Qiu N.S., Xie X.M., Ma Z.L., Li L.L., Feng Q.Q., 
Yang L., Shen B.J., Borjigin T., Tao N. (2021): Maturity and 
thermal evolution differences between two sets of Lower 
Palaeozoic shales and its significance for shale gas forma-
tion in  south-western Sichuan Basin, China. Geological 
Journal, 56: 3698–3719.

Wang J.S., Chen H., Wu Y.S., Zhao D. (2022): Uncover the 
flavor code of  strong-aroma baijiu: Research progress 
on  the  revelation of  aroma compounds in  strong-aroma 
baijiu by  means of  modern separation technology and 
molecular sensory evaluation. Journal of Food Composition 
and Analysis, 109: 104499.

Wei Y., Zou W., Shen C.H., Yang J.G., Yang J.G. (2020): 
Basic flavor types and component characteristics of Chi-
nese traditional liquors: A  review. Journal of  Food Sci-
ence, 85: 4096–4107.

Williams R., Howe A., Hofmockel K. (2014): Demonstrat-
ing microbial co-occurrence pattern analyses within and 
between ecosystems. Frontiers in Microbiology, 5: 358.

Wu J.Y., Anderson B., Buckley H.L., Lewis G., Lear G. (2017a): 
Aspect has a greater impact on alpine soil bacterial com-
munity structure than elevation. FEMS Microbiology Ecol-
ogy, 93: fiw253.

https://www.agriculturejournals.cz/web/cjfs
https://www.agriculturejournals.cz/web/cjfs


338

Review	 Czech Journal of Food Sciences, 41, 2023 (5): 323–339

https://doi.org/10.17221/72/2023-CJFS

Wu Q., Cao S., Xu Y. (2017b): Effects of glutinous and nonglu-
tinous sorghums on Saccharomyces cerevisiae fermentation 
for Chinese liquor making. International Journal of Food 
Science & Technology, 52: 1348–1357.

Wu H.Y., Zeng M.J., Mei H.X., Zhang B. (2020): Study 
on sensitivity of wind field variation to structure and de-
velopment of convective storms. Journal of Tropical Me-
teorology, 26: 57–70.

Wu Q., Zhu Y., Fang C., Wijffels R.H., Xu Y. (2021): Can 
we control microbiota in spontaneous food fermentation? 
– Chinese liquor as a case example. Trends in Food Science 
& Technology, 110: 321–331.

Xia Y., Zhou W., Du Y.K., Wang Y., Zhu M., Zhao Y.J., Wu Z.Y., 
Zhang W.X. (2022): Difference of microbial community and 
gene composition with saccharification function between 
Chinese nongxiangxing daqu and jiangxiangxing daqu. Jour-
nal of the Science of Food and Agriculture, 103: 637–647.

Xiao C., Lu Z. M., Zhang X., Wang S.T., Ao L., Shen C.H., 
Shi  J.S., Xu Z. (2017): Bio-heat is  a  key environmental 
driver shaping microbial community of medium-temper-
ature Daqu. Applied and Environmental Microbiology, 
83: AEM.01550-17.

Xu Y.Q., Sun B.G., Fan G.S., Teng C., Xiong K., Zhu  Y.P., 
Li J.L., Li X.T. (2017): The brewing process and microbial 
diversity of strong flavour Chinese spirits: A review. Journal 
of the Institute of Brewing, 123: 5–12.

Xu P.X., Chai L., Qiu T., Zhang X., Lu Z. M., Xiao  C., 
Wang S.T., Shen C.H., Shi J.S., Xu Z. (2019): Clostridium 
fermenticellae  sp.  nov., isolated from the mud in  a  fer-
mentation cellar for the production of the Chinese liquor, 
baijiu. International Journal of Systematic and Evolutionary 
Microbiology, 69: 859–865.

Xu X.M., Waters D., Blanchard C., Tan S.H. (2021): A study 
on Australian sorghum grain fermentation performance 
and the changes in Zaopei major composition during solid-
state fermentation. Journal of Cereal Science, 98: 103160.

Xu Q.C., Ling N., Quaiser A., Guo J.J., Ruan J.Y., Guo S.W., 
Shen Q.R., Vandenkoornhuyse P. (2022a): Rare bacteria as-
sembly in soils is mainly driven by deterministic processes. 
Microbial Ecology, 83: 137–150.

Xu S.S, Zhang M.Z., Xu B.Y., Liu L.H., Sun W., Mu  D.D., 
Wu X.F., Li X.J. (2022b): Microbial communities and fla-
vor formation in the fermentation of Chinese strong-flavor 
Baijiu produced from old and new Zaopei. Food Research 
International, 156: 111162.

Yan S.P., Wu X.R., Bean S.R., Pedersen J.F., Tesso T. (2011): 
Evaluation of waxy grain sorghum for ethanol production. 
Cereal Chemistry, 88: 589–595.

Yang X.L., Sun J.H. (2018): Organizational modes of severe 
wind-producing convective systems over North China. 
Advances in Atmospheric Sciences, 35: 540–549.

Yang Y., Wang S.T., Lu Z.M., Zhang X.J., Chai L.J., Shen C.H., 
Shi J.S., Xu Z.H. (2021): Metagenomics unveils microbial 
roles involved in metabolic network of flavor development 
in medium-temperature daqu starter. Food Research In-
ternational, 140: 110037.

Yi Y.J., Liu Q., Zhang J., Zhang S. (2021): How the variations 
of water and sediment fluxes into the estuary influencing 
the ecosystem? Journal of Hydrology, 600: 126523.

Yu H.C., Xian W.W. (2009): The environment effect on fish 
assemblage structure in waters adjacent to the Changjiang 
(Yangtze) River Estuary (1998–2001). Chinese Journal 
of Oceanology and Limnology, 27: 443–456.

Zhang J., Gao Y.H., Zhang C., Zhou B., Li J.J., Yang  X.X., 
Xu H., Dai J. (2013): Biological properties of lateritic red 
soil and their relationships with soil fertility in Southern 
China under different land use types. Ying Yong Sheng Tai 
Xue Bao, 24: 3423–2430.

Zhang Q.Y., Yuan Y.J., Liao Z.M., Zhang W.X. (2017): Use 
of  microbial indicators combined with environmental 
factors coupled to metrology tools for discrimination and 
classification of Luzhou-flavored pit muds. Journal of Ap-
plied Microbiology, 123: 933–943.

Zhang H.X., Wang L., Wang H.Y., Yang F., Chen L.Q., Hao F., 
Lv X.B., Du H., Xu Y. (2021): Effects of initial temperature 
on microbial community succession rate and volatile fla-
vors during Baijiu fermentation process. Food Research 
International, 141: 109887.

Zhao X.L., Tang Y., Zhang C.S. (2017): The  geographical 
patterns of  Chinese liquors during  1995–2004. Journal 
of Maps, 13: 107–116.

Zhao L., Wang Y., Xing J.L., Gu S.B., Wu Y., Li X., Ma J.L., 
Mao J.J. (2022a): Distinct succession of abundant and rare 
fungi in  fermented grains during Chinese strong-flavor 
liquor fermentation. LWT – Food Science and Technol-
ogy, 163: 113502.

Zhao Q.W., Yang S.P., Bao G.H., Wang W.Z., Miao  L.T., 
Wang S.T., Shen C.H., Li Y. (2022b): Lentilactobacillus laoji-
aonis sp. nov., isolated from the mud in a fermentation cellar 
for the production of Chinese liquor. International Journal 
of Systematic and Evolutionary Microbiology, 72: 005349.

Zheng X.W., Yan Z., Nout M.J.R., Smid E.J., Zwietering M.H., 
Boekhout  T., Han J.S., Han B.Z. (2014): Microbiota dy-
namics related to  environmental conditions during the 
fermentative production of  Fen-Daqu, a  Chinese indus-
trial  fermentation starter. International Journal of  Food 
Microbiology, 182–183: 57–62.

Zheng X.W., Han B.Z. (2016): Baijiu, Chinese liquor: His-
tory, classification and manufacture. Journal of  Ethnic 
Foods, 3: 19–25.

Zhou Z.H., Wang C.K. (2015): Reviews and syntheses: Soil 
resources and climate jointly drive variations in microbial 

https://www.agriculturejournals.cz/web/cjfs


339

Czech Journal of Food Sciences, 41, 2023 (5): 323–339	 Review

https://doi.org/10.17221/72/2023-CJFS

biomass carbon and nitrogen in China's forest ecosystems. 
Biogeosciences, 12: 6751–6760.

Zhou W., Liao Z.M., Wu Z.Y., Suyama T., Zhang W.X. (2021): 
Analysis of the difference between aged and degenerated 
pit mud microbiome in fermentation cellars for Chinese 
Luzhou-flavor baijiu by  metatranscriptomics. Journal 
of the Science of Food and Agriculture, 101: 4621–4631.

Zhou Q.F., Ma K., Song Y., Wang Z.W., Fu Z.J., Wang  Y.H., 
Zhang X.Y., Cui M.F., Tang N., Xing X.L. (2022): Exploring 
the diversity of the fungal community in Chinese traditional 
Baijiu daqu starters made at low-, medium- and high-temper-
atures. LWT – Food Science and Technology, 162: 113408.

Zhu M., Feng Q, Qin Y.Y., Cao J.J., Zhang M.X., Liu  W., 
Deo  R.C., Zhang C.Q., Li R.L., Li B.F. (2019): The  role 

of topography in shaping the spatial patterns of soil organic 
carbon. Catena, 176: 296–305.

Zhu M., Zheng J., Xie J., Zhao D., Qiao Z.W., Huang  D., 
Luo H.B. (2022): Effects of environmental factors on the 
microbial community changes during medium-high tem-
perature Daqu manufacturing. Food Research International, 
153: 110955.

Zou W., Ye G.B., Zhang K.Z. (2018a): Diversity, function, and 
application of clostridium in Chinese strong flavor baijiu eco-
system: A review. Journal of Food Science, 83: 1193–1199.

Zou W., Zhao C.Q., Luo H.B. (2018b): Diversity and function 
of  microbial community in  Chinese strong-flavor baijiu 
ecosystem: A review. Frontiers in Microbiology, 9: 671.

Received: May 20, 2023
Accepted: October 2, 2023

Published online: October 23, 2023

https://www.agriculturejournals.cz/web/cjfs
https://www.agriculturejournals.cz/web/cjfs

