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Abstract Bacterial populations in fermented grains dur-
ing fermentation may play important roles in Chinese
liquor flavor. PCR-based denaturing gradient gel electro-
phoresis (DGGE) and 16S rRNA gene library analysis were
performed to analyze the bacterial community structure of
two styles of liquor. The results of DGGE profiles showed
that bacterial diversity decreased with the fermentation pro-
cess and Lactobacillus acetotolerans became the predomi-
nant species at the end of the fermentation. But the obvious
differences of bacterial community appeared in the middle
stage of two styles of liquor fermentation, in which the
different upstream production techniques were used. More-
over, 16S rRNA gene libraries of two styles were con-
structed. A total of 125 and 107 clones, chosen from two
libraries, were grouped into 46 and 49 operational taxo-
nomic units (OTUs) by amplified ribosomal DNA restric-
tion analysis. According to sequencing results of clones, the
predominant bacteria in strong aroma style fermented
grains were those from the class Bacilli, Bacteroidetes, and
Clostridia, whereas the predominant bacteria in fermented
grains of roasted sesame aroma style belonged to Bacilli,
Flavobacteria, and Gammaproteobacteria. Molecular analy-
sis of the bacterial diversity of the liquor fermentation will
benefit the analysis of important microorganisms playing
key roles in the formation of liquor flavor components.
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Introduction

As one of the six famous distillates in the world, Chinese
liquor has five main categories, which are: strong aroma
style, light aroma style, soy sauce aroma style, sweet honey
style, and miscellaneous style. The first four styles are the
basal styles [5]. Miscellaneous styles also include several
types and their production processes are improved on the
basis of those of basal styles. For example, roasted sesame
aroma style is one of the miscellaneous styles and its pro-
duction technique is similar to that of strong aroma style
except one additional process [5]. Before fermentation in
the pits, newly steamed grains are mixed with Dagqu,
stacked in the ground, and fermented for 24 h at room tem-
perature. The process of stacking is derived from the pro-
duction technique of soy sauce aroma style and its aim is to
increase the quantity of microorganisms.

Chinese liquor is produced from grains with mixed
microbial fermentation technique in solid form, and meta-
bolic products of the microorganism are important for
liquor quality. Although the principal components of
liquor, alcohol and water, account for 97-98% of liquor,
other micro-components determine the flavor and quality of
liquor. Moreover, the micro-environment in pits changes
during the fermentation process, coupled with utilization of
nutrimental materials and accumulation of metabolic prod-
ucts, such as pH decrease, increase of alcohol concentra-
tion, and so on. These changes will cause the alteration of
quantity and species of microorganisms in fermented
grains. So, the microorganism community structure of fer-
mented grains not only incarnates the micro-environment in
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pits, but also affects the formation of flavor components in
the latter phase of fermentation in pits. Chinese scientists
had researched liquor microorganism from the 1960s and
their work was focused on microorganism in Daqu [8, 16],
pit mud [15, 18], and fermented grains [9, 20] through tra-
ditional culture-dependent methods. However, the majority
of microorganism and primordial microorganism commu-
nity cannot be analyzed through the methods of cultivation,
enrichment, and isolation [1, 6, 19]. The predominant key
microorganism in fermented grains and the effect of their
metabolic products on liquor flavor were difficult to be
identified by traditional methods.

In recent years, many DNA fingerprint methods, such as
denaturing/temperature ~ gradient gel electrophoresis
(DGGE/TGGE) [10, 12], enterobacterial repetitive inter-
genic consensus (ERIC)-PCR [3], and real-time fluorescent
quantitative PCR [2], are widely used to analyze the micro-
organism community of a complex environment. DGGE
overcomes the disadvantages of culture-dependant methods
and analyzes microorganism community structure through
band migration in gels, directly and reliably. In 2005, the
bacterial community in Zaopei of Luzhou-flavor liquor was
analyzed by DGGE, which belonged to strong aroma style
and was produced in Sichuan province [22]. However, there
are obvious differences in liquor flavor of the same style
produced in different regions. It is speculated that produc-
tion techniques and geographic environment will alter
liquor flavor by influencing the microorganism community
of fermented grains. It is an effective method to identify the
actual microorganism diversity of liquor fermentation by
analyzing several liquor styles produced in different regions.

In this study, the bacterial community in fermented
grains of strong aroma style and roasted sesame aroma style
produced in Jiangsu province during the fermentation was
analyzed and compared by PCR-DGGE and their microor-
ganism composition was identified through 16S rRNA gene
library technique.

Materials and methods
Samples of fermented grains

The sampling was carried in a liquor-production factory in
Jiangsu province, China. Samples were taken from the cen-
ter of the middle layer of three pits of two styles at different
time points in 2006. The fermentation process of the pits
with the numbers of 2217 and 2216 of strong aroma style
started on September 21 and 22, respectively, and lasted 60
days. The fermentation of pit 3 of roasted sesame aroma
style commenced in September 22 and its cycle required
30 days. The samples were transferred to sterile bags,
sealed, and stored at —70 °C.
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DNA extraction

Four grams of sample was suspended in 30 mL of PBS
buffer (57.7 mM Na,HPO,, 42.3 mM NaH,PO,) and vor-
texed for 5 min. The suspension was centrifugated at 200g
for 5 min and the pellet was washed thrice by PBS buffer.
The cells were collected by centrifugation of the whole
supernatant fluid at 9,000g for 5 min and washed thrice by
PBS buffer.

The pretreated cells were centrifugated at 9,000g for
5 min. The resulting pellet was resuspended in 1 mL buffer
Z [10 mM Tris—HCl (pH 8.0), 150 mM NaCl]. The cells
were mixed with 150 pL phenol and 0.3 g glass beads
(diameter, 0.1 mm). The cells were lysed using the Mini-
BeadBeater (Biospec, USA) for 4 min at 3,200 rpm and the
tube was cooled in ice-bath for 1 min, every 80 s. The whole
system was mixed with 110 pL of 10% SDS and ice-bathed
for 10 min with gentle mixing by inverting the tube every
5 min. A volume of 150 pL chloroform—isoamyl alcohol (v/
v, 24:1) was added and the aqueous phase was collected by
centrifugation at 15,000g for 10 min. DNA was then puri-
fied by sequential extraction with equal volume of Tris—
equilibrated phenol, phenol—chloroform (v/v, 25:24), and
chloroform—isoamyl alcohol followed by repeated centrifu-
gation at 15,000g for 10 min at 4 °C. Total nucleic acids
were subsequently precipitated from the extracted aqueous
layer with two volumes of iced ethanol for at least 2 h at
—20 °C followed by centrifugation at 15,000g for 15 min at
4 °C. Then, the collected DNA was air-dried and dissolved
in 30 pL of sterile water. RNA was digested by adding
RNase (0.80 mg/mL) at 37 °C for 30 min. DNA solution
was measured by DyNA quant 200 (Pharmacia Biotech,
USA) and diluted to a final concentration of 10 ng/uL.

PCR—denaturing gradient gel electrophoresis (DGGE)
analysis

A primer pair of P2 (5'-ATTACCGCGGCTGCTGG-3")
and P3-GC (5'-CGCCCG CCGCGCGCGGCGGGCGGGG
CGGGGGCACGGGGGGCCTACGGGAGGCAGCAG-3")
was used to amplify variable region three (V3) of 16S
rRNA bacterial gene [11].

Each 25 pL PCR reaction contained a final concentration
of the following reagents: 10 ng of genomic DNA, 0.5 uM
of each of the primers, 200 uM dNTPs, 1x Taq reaction
buffer, 2 mM MgCl,, and 1 U Taq polymerase (Takara,
Japan). The PCR reaction was performed with the follow-
ing conditions: 94 °C for 4 min; 30 cycles of denaturation
at 94 °C for 45 s, annealing at 55 °C for 45 s, and prolong-
ing at 72 °C for 1 min; final extension at 72 °C for 6 min.
Before DGGE analysis, each PCR product was recondi-
tioned for five cycles to reduce single-stranded and hetero-
duplex DNA [21].
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PCR products were then analyzed by DGGE using the
Bio-Rad DCode apparatus (USA). The reconditioned sam-
ples (approximately 250 ng of DNA) were applied onto 8%
(w/v) polyacrylamide gels in 1x TAE buffer with a dena-
turing gradient ranging from 28 to 52% (100% denaturant
corresponded to 7 M urea and 40% deionized formamide).
The gels were run at a constant voltage of 200 V and a tem-
perature of 60 °C for 240 min, stained with SYBR green I
(Amresco, USA) for 45 min, and documented with the UV
I documentation system (UVItec, UK). Cluster analysis of
data was analyzed by Quantity One, and principal compo-
nent analysis (PCA) was performed using the Matlab
program.

Sequencing of DGGE fragments

DGGE fragments, marking the main structural characteris-
tics of the pits and fermentation process in the DGGE pro-
file, were cut out with a sterile scalpel. The DNA of each
fragment was eluted in 200 pL sterile water overnight at
4 °C. A volume of 1 pL of the eluted DNA of each DGGE
band was re-amplified using the same conditions as
described above. For further sequencing analysis, every
PCR product was ligated into pGEM-T easy vector
(Promega, USA) and the corresponding clone library was
constructed subsequently. From each library, plasmid DNA
was extracted from randomly selected clones and screened
for inserts of the expected size and correct DGGE migra-
tion properties. For each band, three clones that yielded a
single band co-migrating with the original band were
sequenced with an automatic sequencer (ABI PRISM 377
DNA Sequencer, PE Biosystems, USA) by Shanghai Gen-
eray Biotech Co., Ltd.

To determine the closest known relatives of the partial
16S rRNA sequences obtained, searches were performed in
GenBank  (http://www.ncbi.nlm.nih.gov/BLAST/)  and
RDP II (http://rdp.cme.msu.edu/, Release 9.55) with the
BLAST and RDP programs. The GenBank accession num-
bers for the 16S rRNA partial sequences of DGGE bands in
this study were EU195444 through EU195448.

16S rRNA gene cloning library

16S rRNA gene libraries were constructed to examine
microbial diversity in the initial fermentation (B1 and Z1
samples). PCR was performed to obtain the near-full-length
16S rRNA gene using primers of 27f (5-AGA-
GTTTGATCCTGGCTCAG-3’') and 1391r (5'-GAC-
GGGCGGTGWGTRCA-3") [13]. The PCR reaction was
performed with the following conditions: 95°C for
1.5 min; 25 cycles of denaturation of 95 °C for 30s,
annealing for 30 s at 60 °C (five cycles), 55 °C (five cycles)
and 50 °C (15 cycles) orderly and prolonging at 72 °C for

4 min; extension at 72 °C and 60 °C for 10 min, respec-
tively; final cooling to 4 °C. The PCR products were puri-
fied with Axyprep PCR clean-up kit (Promega, USA),
ligated into a pGEM-T easy vector and transformed into
competent E.coli DH5a cells according to the manufac-
ture’s instructions and the laboratory manual [14]. Plasmid
DNA was extracted from positive clones and the insert
fragments were amplified using a primer pair of T7 and
SP6. PCR products were digested with Hinf I and Csp6 1,
respectively. According to amplified ribosomal DNA
restriction analysis (ARDRA) profiles, all clones in the B1
and Z1 libraries were grouped into operational taxonomic
unit (OTUs) [4, 17]. A representative clone from each OTU
was sequenced with ABI 377 DNA sequencer by Shanghai
Generay Biotech Co., Ltd. The check-chimera command of
the RDP facilities was used to detect chimeric sequences.
In order to determine whether the constructed libraries were
large enough to provide stable phylotype richness, the pro-
gressive sampling approach described by Kemp and Aller
was utilized [7]. Pseudolibraries of varying sizes were con-
structed by randomly subsampling clones from the two
libraries. Two nonparametric estimators, Scy,,,; and Scg,
were calculated for each subset using an online program
(http://www.aslo.org/lomethods/free/2004/0114a.html).

Results
DGGE analysis of fermented grains of strong aroma style

DGGE profiles and clustering analysis of samples collected
from two pits of strong aroma style are shown in Fig. 1.
The microorganism diversity of samples decreased during
the whole fermentation process. There was high diversity in
fermented grains at the original stage of fermentation. After
about 20 days of fermentation, a special bright band
appeared, and the corresponding species became the pre-
dominant microbe ultimately. Other bands disappeared
slowly during the process. But the samples collected from
different pits in the middle of fermentation exhibited little
difference in the bacterial community.

PCA analysis of Fig. 1 is presented in Fig. 2. The per-
centage of variance explained by PC1 was 53.91%, while
PC2 explained 21.50% of the variance. The samples col-
lected from the same pit migrated to the positive direction
along the PC1 axis with the fermentation time and PCl1
symbolized the influence of the fermentation process.
Moreover, the samples of different pits were distinguished
along the PC2 direction and PC2 represented the differ-
ences of pits. Since production materials used in the two
pits were uniform, the differences of bacterial community
were caused by influence of other factors such as micro-
environment and pit mud of the pits.
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Fig. 1 a DGGE profiles of 16S
rRNA V3 regions of the samples
collected at different time from
two pits of strong aroma style; b
clustering analysis of DGGE
profiles. Samples A, B were col-
lected from pits 2217 and 2216,
respectively. A/ and BI 6 days
of fermentation, A2 and B2 12
days of fermentation, A3 and B3
22 days of fermentation, A4 and
B4 42 days of fermentation, A5
and B5 60 days of fermentation

025

£ 2216pit A5
024 A A
a4 &

015

005 - b

PC2 (21.50% )

A2

o1t 4 B2 |
*B1 B5 ¥B3

_D_ 1 5 1 1 1
04 03 02 01 0 0.1 02 03

PC1(53.91%)

Fig. 2 PCA analysis of the 16S rRNA V3-DGGE band patterns in the
gel

DGGE analysis of fermented grains of two styles

The microorganism diversity of strong aroma style and
roasted sesame aroma style is compared in Fig. 3. It was
found that the bacterial community of the end of fermenta-
tion was similar and only one bright band became the main
band. Because of the different upstream production tech-
niques, some relatively preponderant species appeared at
the beginning of fermentation of roasted sesame aroma
style. In the samples of roasted sesame aroma style, the
brightness of the two bands increased suddenly after 5 days
of fermentation and decreased slowly.

PC1 and PC2 explained 47.84 and 28.32% of the varia-
tion, respectively (Fig.4). This result of PCA accorded
with that of clustering analysis. The spots of samples of
roasted sesame aroma style collected from 5 to 21 days
of fermentation were gathered into one group. At the end of
fermentation, the bacterial community in fermented grains
of roasted sesame aroma style had a similarity with that of
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strong aroma style. Microorganism fingerprint profiles of
fermented grains of the two styles can be distinguished
through DGGE and PCA.

Molecular identification of the main bands in DGGE
profiles

Five dominant bands (a—e) in the DGGE profile were
sequenced and identified. Their closest relatives found in
the GenBank database are listed in Table 1. The most dom-
inant bands (bands b and e) in samples of two different
styles were related most closely to Lactobacillus acetotol-
erans (M58801) with a sequence similarity of 99 and
100%, respectively. This result indicated that the majority
of microorganisms died because of the decrease of oxygen
content and increase of acidity and alcohol concentration
during the fermentation, and only L. acetotolerans could
endure the extreme environment and became the most pre-
dominant species. This result agrees with that of the
research of Zaopei of Luzhou-flavor liquor in Sichuan prov-
ince [22]. From the samples of roasted sesame aroma style,
it was determined that both bands c and d were related to L.
panis. Band a of the sample in pit 2216 was affiliated with
L. manihotivorans (AB289202). The brightness and vanish-
ing process of band a were dissimilar in pits 2216 and 2217,
probably due to the influence of the micro-environment in
pits.

Sequence analysis of 16S rRNA gene cloning library

In order to identify microorganisms contained in fermented
grains of the two styles, 16S rRNA gene libraries of B1 and
Z1 were constructed. A total of 125 and 107 positive clones
selected in B1 and Z1 libraries were grouped into 46 and 49
OTUs by ARDRA, respectively. The numbers of phylo-
types were input into the online program and evaluation
data files were generated for the B1 and Z1 libraries. For
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Fig. 3 a DGGE profiles of 16S rRNA V3 regions of the samples col-
lected at different time from two pits of strong aroma style and roasted
sesame aroma style; b clustering analysis of DGGE profiles. Samples
B, Z were collected from pits 2216 and 3, respectively. BI 6 days of
fermentation, B2 12 days of fermentation, B3 22 days of fermentation,
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Fig. 4 PCA analysis of the 16S rRNA V3-DGGE band patterns in the
gel

Table 1 The results of the sequence analysis of bands obtained from
DGGE gel

Bands® Related bacterial sequences Similarity ~ Accession
(%) number

a Lactobacillus manihotivorans 100 EU195444
(AB289202)

b Lactobacillus acetotolerans 99 EU195445
(M58801)

c Lactobacillus panis (EF412978) 99 EU195446

d Lactobacillus panis (AB289208) 99 EU195447

e Lactobacillus acetotolerans 100 EU195448
(M58801)

# Bands were excised from DGGE gel shown in Fig. 3

the two libraries, Scp,o; and Sacg, all reached an asymptote
(Fig. 5). This indicated that the libraries were large enough
to yield stable phylotype richness estimates.

B4 42 days of fermentation, B5 60 days of fermentation. Z/ 0 day of
fermentation, Z2 5 days of fermentation, Z3 11 days of fermentation,
Z4 16 days of fermentation, Z5 21 days of fermentation, Z6 30 days of
fermentation
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Fig. 5 Predicted numbers of phylotypes based on values of S,cg
(filled triangle) and Scy,,; (open square) versus library size. The li-
brary reached an asymptotic maximum, indicating that this library was
large enough to yield stable estimates of phylotype richness. a B1
clone library, b Z1 clone library

A representative clone from each OTU was sequenced
and the nearest neighbor taxonomy was determined in RDP
II. The class distribution of clones in B1 and Z1 libraries is
shown in Fig. 6. The main bacteria in fermented grains of
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Fig. 6 Phylogenetic distribution of clones in 16S rRNA clone libraries
of B1 and Z1. I Bacteroidetes, 2 Flavobacteria, 3 Sphingobacteria, 4
Alphaproteobacteria, 5 Betaproteobacteria, 6 Gammaproteobacteria, 7
Actinobacteria, 8 Bacilli, 9 Clostridia, /0 Deferribacteres, /1 others

strong aroma style belonged to Bacilli, Bacteroidetes, and
Clostridia and the clones of Bacteroidetes, Clostridia, and
Deferribacteres were tested only in the B1 library. However,
the main bacteria in fermented grains of roasted sesame
aroma style included the class Bacilli, Flavobacteria, and
Gammaproteobacteria, and the clones of Flavobacteria,
Sphingobacteria, Betaproteobacteria, Actinobacteria, and
Gammaproteobacteria were detected only in the Z1 library.
Although B1 and Z1 libraries contained the clones of Bacilli,
the composition of Bacilli was different. In B1 library, the
percentage of clones of Lactobacillus was 32.8% and that of
clones of Bacillus was only 2.4%. Nevertheless, in Z1
library, the clones of Bacillus occupied 24.3% and the clones
of Lactobacillus accounted for just 2.4%. The first sample of
strong aroma style was collected after 6 days of fermentation
and that of roasted sesame aroma style was sampled just at
the beginning of fermentation. At the initial stage, Lactoba-
cillus sp. propagated quickly and became the main bacteria.

Discussion

The liquor quality is correlated not only with production
techniques, but also with grains and the local geographic
environment around liquor-production factories, such as
climate, air, water, and soil. Although the same style liquor
contains uniform key flavor components, production tech-
niques and geographic environment will result in the differ-
ent evolvement of microorganism community in fermented
grains. After solid-form distillation, the different types and
concentration of micro-components in the distillate influ-
ence liquor quality.

The structure and diversification course of microorgan-
ism community in fermented grains of strong aroma style
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and roasted sesame aroma style during the fermentation
process produced in Jiangsu were analyzed through two
methods of PCR-DGGE and 16S rRNA gene library analy-
sis. At the beginning of fermentation, there was high diver-
sity of microorganisms in fermented grains. With the
fermentation time, many microorganisms could not endure
the changes of micro-environment in pits and were led to
death. At the end of fermentation, L. acetotolerans became
the major predominant species. However, the results of
DGGE profile of Zaopei sampled from Sichuan province
showed that microorganism diversity decreased quickly
and only one band could be detected in the gel during 1-
10 weeks of fermentation [22]. This phenomenon appeared
in fermented grains of strong aroma style in Jiangsu after
about 1 month of fermentation and this difference may be
induced by fermentation temperature in pits. In Sichan, the
original temperature of fermentation is about 18 °C and that
of fermentation in Jiangsu is only 12 °C. The higher tem-
perature accelerates oxygen utilization, propagation, and
death of microorganisms. Moreover, the results of library
identification revealed that great genera differences existed
in fermented grains of the different styles produced in
different regions and the clones of only three genuses
including Acetobacter, Bacillus and Lactobacillus were all
detected in two libraries (data of sequencing and identifica-
tion not shown). Some microorganism genuses detected
were not reported in the previous researches and their func-
tions in the fermentation need further investigation.

The combined analysis of microorganism community
structure in Daqu and fermented grains obtained by DNA
fingerprint methods with interrelated results using other
experiment means, such as traditional microbial identifica-
tion based on culture and separation, detection of liquor
solid-form fermentation and analysis of aroma components
in liquor, will help to isolate and identify important
microbes corresponding to the formation of characteristic
key flavor components, and direct improvement of produc-
tion techniques.
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