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Dynamics of Eukaryotic Microbial Community Succession during the Traditional Fermentation of Special-Flavor Liquor
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Abstract: High throughput sequencing (HTS) was used to investigate the dynamics of eukaryotic microbial community
succession during the fermentation process of special-flavor liquor. Microbial samples were collected by washing the surface
of fermented grains from the bottom of fermentation cellar (0 and 30 d) and from the top and middle (0, 3, 6, 10, 15, 20, 25,
and 30 d), and their genetic DNA was then extracted. The 18S rRNA regions of fungal rRNA genes were amplified by PCR.
The dominant microbial populations and their succession dynamics were determined by pyrosequencing. The diversity and
abundance index of fungal microbial communities showed a decreasing tendency during the fermentation process. Moreover,
Saccharomycetales was the predominant order and Saccharomyces, Pichia and Galactomyces were the predominant genra
on top and middle fermented grains during the whole fermentation process. The eukaryotic microbial communities identified
from bottom fermented grains were more complicated, with the dominant species being Saccharomycetales, Eurotiales,
Capnodiales and Tremellales. Furthermore, principal coordinate analysis (PCoA) results revealed that no obvious difference
in fungal communities between the top and middle fermented grains was observed during the fermentation process of
special-flavor liquor.
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fermentation periods at genus level

BI2R BT, NI R BE B B RE S (0 d) H E A% fl
BV ZREME RN R 24, OTUSAS28 Fl, [l 5 K Rk
17, R B R RS X 2R T
NI\ 25 (R s i AN & R, & KOk, R,
FESERR JEORE, XL JFR R AR BE A, Bk R
2O AT A R el s o2

KBRS B (0. 3d) , HEEMEY LRI
KW BB, o REJR R AT aa K fe, B TR
a4 S IRAREE, RSB RIEERD, KEL
AWK RG], HEEMEDZ R ERK. MG
BENBRIG U BE (3. 6. 10d) , HEEMAEWE TR
G2, WAFAEPRN TR, X2 TRitir Rk
A7 3G BB 1 25 A A M I BORE R, TR R &
K, FHIFUR R AR S5 S AR ), AR
AR, A DA 2 Ak P SR AT R P s, e
PIHIAN IR A S8, BT DAz B A% S A W TR 2 R
AT A HAR R 2R,

BEE REEMEEAT, EANEEEFE (15, 20, 25,
30d) , WEZFEMEIFEIEDIRIE, BRI E 4
G, BERMARA10 FifEE. XR2HTRBEN T H
JEE, RS B SR RS A AERESR Y, AR AR T
KEARUF=Y), ) W BRI B2 REAE R B R . 2R %
WP EATAR TR, T TR B RN LR B 2 Sl 4 W e AR TR TR . .
BRI R S AR P A B I R A ) A TR pHAE



134 2017, Vol.38, No.22

XY TR

ARG A B, AERRZBIINH], GRS AR
PR AR A B ISR —
2.3 REERE PR S FAL A AR AL DL BT

a

= Ascomycota
=Zygomycota

Basidiomycota
= Others

A H %
£

030 0 361015202530 3 6 1015202530
JEAY RIS
S g A /d

TR

b
100-.. -

A H %

030 0 361015202530 3 61015202530
JEAH FA TR
R Ta)/d
= Saccharomycetales = Leucosporidiales
= Eurotiales = Cystofilobasidiales
= Capnodiales Incertae_Sedis
= Tremellales = Others
= Sordariales
c
100~ T I LLLEE T LI

mE
80-I
60

AR /%

030 0 361015202530 3 6 1015202530

JEERY AN
I F)/d
= Saccharomyces = Cladosporium
= Galactomyces = Saccharomycetales_norank
Pichia = Brettanomyces
= Asporgillus Capnodiales_unclassified
= Incertac_Sedis_incertae_sedis = Cystofilobasidiaceae_unclassified
= Thermoascus = Sordariales_norank
= Saccharomycetaceae _unclassified = Leucosporidiales_unclassified
= Tremllales unclassified = Others

B3 [IKFE (a) . BAFE (b) . BAE () EERRIE
(FERYL: ]

Fig.3  Fungal communities of fermented grain samples at phylum level (a),

TR

order level (b) and genus level (c)

Xof BEAN T W JE A R R AT S T, TR R
WAV RS E3afis, ERBAE (0d) , F
T E AR H Ascomycota (FEE], 72.6%) .
Zygomycota (&[], 24.6%) FBasidiomycota (41
TWIT, 23%) MG BEERBEREFER, MWKEES d
itd, Ascomycota AP oK ME— AL EALTE ). 46
SR Y AEAN S T ) P G T A Tl A W B R A A AE TTOK
F EERE .

WME3bATR, fEBANKESIFET, Saccharomycetales
(F#REH ) SEurotiales (BUHER H ) MR T 32 2110 %
HAZMAEY W L. Saccharomycetales )\ & 20 dI1152.9%,
3 dWIRE TR E97.1% HA4ERF B R BE S A 5 I R I
Eurotiales Hi & B¢ TP 4R 1919.2%30H 4 512.1%, FFBi%E K
TRE A [B) P ZE A b 82 N B . fHBE AT L, Saccharomycetales &
BB AR R4 LA TE, AT RE A B TR A R
AT BIIAEE, AT DR KW, HOR I S R R A 5
WE, AATEMENE, BRFEAMH AL AR A A
A T 2

WE3cHiw, 7EJE/KF ESaccharomyces (FEHk
J&)  Galactomyces (THEIFEE) FlPichia (HEFREFEE)
SR R P LA E R Saccharomyces BA K% g
B, R SRE R T, S BRI AR A 32 A D RE B bk
Pichia & B I 72 o 8 B P BE A" Galactomyces
(k2 EE)  Aspergillus (M J&) FlThermoascus
(AT B BE RIS (8] RE K 2 0B 2 R R, 2
KRGS HG FEAF2.9% 0.3%F10.1% /47 5 H
WA AR A R b 5 A A I - 9] W Brettanomyces
(EFEEED , KRR (0~10d) Ki&H, TREZE
BB (15~25d) AEkilF]; AEFwREE — K/ B
B, e E AR B A R E AR E e — AR
R TR & B IS PO — 8 B AR A R AT DL
RUH e TR P A R R R B, AN 20 T i R
PEAEATAIAFIRE M, S B R A R
24 JEREAZAD

X M SRR AT R BRI R o A, RPN R A
A B S ERAEHENER, (ER
LERAEYI L RS, 455K B Ascomycota (F
EWI1) - Zygomycota (5B 1) FlBasidiomycota
EFETD 2 EERRHBETT (E3a) ; Ascomycota
79 =IE90% LA |, Hk /& Basidiomycota. 254>
H B YR E] (F3b) , HASaccharomycetales
(I EEHD | Eurotiales (H(3ER H) . Capnodiales (R
H) FiTremellales (RE-H) ZMARH. Sid—HEER
1%, CapnodialesF=J& FAAHE S, i Saccharomycetalesig A
TRE, FHARWE R KRR,

Kl3az2 8], Toit RlEHE 2K, Ascomycotal?) &
Hh EEMEM ST, ERAMEER S, R
b &5 T = = B ) Basidiomycota, - 2 5 IA A JEORE K 3
AT EWRZE, HEATRERE, KiydEem, LHT
HPE KA K™, WE3bfiR, Saccharomycetales F7E
JEC AR i v A A v R T RE, (T I T A Y A
b AT &5 EE s EurotialesfCapnodialesfE JEEAEFE b H 4>
RIEFN21.2%M6.2%, ALV b T & el Hig
2 AL AAE DD AEAAE RS h B Al , - 45 i Capnodiales



XY TR

E6mill=

2017, Vol.38, No.22 135

Cystofilobasidiales. Leucosporidiales. Liliopsida.
Malasseziales.

EEAKF L (KE3c) , Aspergillus (HFEE) .
Brettanomyces (‘E&BEEER) « Cladosporium (R %
J&) + Galactomyces (TiEEEEE) . Thermoascus (i
TREE) SW R 5 BBt sl BT R
WA R ST, B8 KERRE, HAMDIE
DRRER TR T R R A, R LA A e e T
PR, (ARG, EE DN, SRR
2.5 PCoA%k

o K * {0 d
04 @  JEWEE () = FEHER (b
§ 02
o™
=00
o
&) hy
£ —02
J— 4 1 1 1 1
0 —2 —1 0 1
PC1 (71.66%)
L EETINGEIIE

4 BARGEBEMEYRITHIPCoA
Fig.4 PCoA of fungal communities in all samples obtained by using

high throughput sequencing

PCoA T it P 4E 4R HH 5 i o AR TV 2H R 72 5 IR TS TE
FRGr, TR FURE AL 4 A AR BA I B 22 S 1
AT 5 L PCo AR B AN Fp A B Il i I A b 3R 2
B LT R P A A A 0 R 2 ) [ R ARl
TVPAl, WE4PTR, AR EPCoA I F5r A3 ME
B WEE (0d) . VR (3~30d) SR =#H & ES
F—i%, RUHPRMES: EBEANES KBRS,
3~30 dRJEH T2 RS 1 AL A R 25 A %A B B
(22 5, 3R WIHRE A Y T VP T A T 2 ) A A AN B
BRI SR A AR B R, B R

3 & #®

AT TR H ml ST IR R G A TR A
PRI S R R RS N AR v ) A A
A2 AEPE A S AR A R R B A . A R IAE
ANREESFEF, Ascomycotars 9% EAZ Sl A= 20 1 35
I'], HiSaccharomycetales 5 Eurotialest4 ik, A a7 & 1E N
B AEE, EEQHEPichia. Galactomyces
MSaccharomyces; HFEANRIELFEH, REWHS TR
AR H AR g EAFEREZE R .

XoF JEORE AR i EAT IR e A, SRR AR
WM, KETERMEDRBEEAEE. B4,
FEAWFE Ascomycota. Basidiomycota M 25 5 [ 1
Saccharomycetales. Eurotiales. Capnodiales. Tremellales

4 AR H o JEME TR 1 9 7 2R 7 i 7 £
WRF, SEEAREM AR, RIS R R, X
FHEATRE— 20 7 A R e 2 2 i ) KU AR A T
XA e R P T R o R R Bl 2 D ) R T A A
DL 3D SR BATHETC, R R 7 2 1 97 A L
HLRFAWAE . e R R EE AR AN
SCERHME . FEJESESCIRMT T, G AT U A TR 1 B
AL AN R R it — 28 A, G5 GG A E P
BB, MR A T I A LR R S

EEPEN

[1] ZHENG X W, HAN B Z. Baijiu ([1i#), Chinese liquor: history,
classification and manufacture[J]. Journal of Ethnic Foods, 2016, 3(1):
19-25. DOI:10.1016/j.jef.2016.03.001.

[2] A, W AREE, SEh. A b R G T TR S D). o [ AR,
2012, 31(4): 5-10.

[3] ™, RS, XS, 45 RRE BRI & ORI IR, BRI
+i,2013(8): 54-57.

[4]  EHEE, RAESC RE R QWG L2, TEERE, 2012,
31(5): 164-167.

[5] LI X R, MA E B, YAN L Z, et al. Bacterial and fungal diversity in
the traditional Chinese liquor fermentation process[J]. International
Journal of Food Microbiology, 2011, 146(1): 31-37. DOI:10.1016/
j-jfoodmicro.2011.01.030.

[6] WANG L, WANG Y Y, WANG D Q, et al. Dynamic changes in
the bacterial community in Moutai liquor fermentation process
characterized by deep sequencing[J]. Journal of the Institute of
Brewing, 2015, 121(4): 603-608. DOI:10.1002/jib.259.

[7] SUN W, XIAO H, PENG Q, et al. Analysis of bacterial diversity of
Chinese Luzhou-flavor liquor brewed in different seasons by Illumina
Miseq sequencing[J]. Annals of Microbiology, 2016, 66(3): 1-9.
DOI:10.1007/s13213-016-1223-5.

[8] LI K, ZHANG Q, ZHONG X T, et al. Microbial diversity and
succession in the Chinese Luzhou-flavor liquor fermenting cover lees
as evaluated by SSU rRNA profiles[J]. Indian Journal of Microbiology,
2013, 53(4): 425-431. DOI:10.1007/s12088-013-0382-3.

[9] XIONG X, HU Y, YAN N, et al. PCR-DGGE analysis of the
microbial communities in three different Chinese “Baiyunbian” liquor
fermentation starters[J]. Journal of Microbiology & Biotechnology,
2014, 24(8): 1088. DOI:10.4014/jmb.1401.01043.

[10] HURJ M, PARK D H. Making soy sauce from defatted soybean meal
without the mejus process by submerged cultivation using thermophilic
bacteria[J]. Journal of Food Science and Technology, 2015, 52(8):
5030-5038. DOI:10.1007/s13197-014-1536-y.

[11] LI P, LIN W, LIU X, et al. Effect of bioaugmented inoculation on
microbiota dynamics during solid-state fermentation of Daqu starter
using autochthonous of Bacillus, Pediococcus, Wickerhamomyces
and Saccharomycopsis[J]. Food Microbiology, 2017, 61: 83-92.
DOI:10.1016/j.fm.2016.09.004.

[12] METZGER J, TONDA R, BELTRAN S, et al. Next generation
sequencing gives an insight into the characteristics of highly selected
breeds versus non-breed horses in the course of domestication[J].
BMC Genomics, 2014, 15(1): 1-13. DOI:10.1186/1471-2164-15-562.

[13] ZHOU X, LI S, LI W, et al. Myxobacterial community is a
predominant and highly diverse bacterial group in soil niches[J].
Environmental Microbiology Reports, 2014, 6(1): 45-56.
DOI:10.1111/1758-2229.12107.



136 2017, Vol.38, No.22

E6oil

V]

A

|

XY TR

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

LI S, ZHOU X, LI P, et al. The existence and diversity of
myxobacteria in lake mud-a previously unexplored myxobacteria
habitat[J]. Environmental Microbiology Reports, 2012, 4(6): 587-595.
DOI:10.1111/j.1758-2229.2012.00373..x.

POLKA J, REBECCHI A, PISACANE V, et al. Bacterial diversity
in typical Italian salami at different ripening stages as revealed
by high-throughput sequencing of 16S rRNA amplicons[J]. Food
Microbiology, 2015, 46: 342-356. DOI:10.1016/j.fm.2014.08.023.
WANG P, MAO J, MENG X, et al. Changes in flavour characteristics
and bacterial diversity during the traditional fermentation of Chinese
rice wines from Shaoxing region[J]. Food Control, 2014, 44: 58-63.
DOI:10.1016/j.foodcont.2014.03.018.

NIE Z, ZHENG Y, WANG M, et al. Exploring microbial succession
and diversity during solid-state fermentation of Tianjin duliu
mature vinegar[J]. Bioresource Technology, 2013, 148(8): 325-333.
DOI:10.1016/j.biortech.2013.08.152.

LV X C, HUANG Z Q, ZHANG W, et al. Identification and
characterization of filamentous fungi isolated from fermentation
starters for Hong Qu glutinous rice wine brewing[J]. The Journal of
General and Applied Microbiology, 2012, 58(1): 33-42. DOI:10.2323/
jgam.58.33.

LV X C, CAI Q Q, KE X X, et al. Characterization of fungal
community and dynamics during the traditional brewing of Wuyi
Hong Qu glutinous rice wine by means of multiple culture-independent
methods[J]. Food Control, 2015, 54: 231-239. DOI:10.1016/
j-foodcont.2015.01.046.

WU Q, CHEN L, XU Y. Yeast community associated with the solid
state fermentation of traditional Chinese Maotai-flavor liquor[J].
International Journal of Food Microbiology, 2013, 166(2): 323-330.
DOI:10.1016/j.ijfoodmicro.2013.07.003.

ROUSK J, BAATH E, BROOKES P C, et al. Soil bacterial and fungal
communities across a pH gradient in an arable soil[J]. Isme Journal
Multidisciplinary Journal of Microbial Ecology, 2010, 4(10): 1340-
1351. DOI:10.1038/isme;j.2010.58.

[22]

(23]

[24]

(25]

[26]

[27]

(28]

[29]

LIU W J, ZHENG Y, KWOK L Y, et al. High-throughput sequencing
for the detection of the bacterial and fungal diversity in Mongolian
naturally fermented cow’s milk in Russia[J]. BMC Microbiology,
2015, 15(1): 1-12. DOI:10.1186/s12866-015-0385-9.

LI P, LIN W, LIU X, et al. Environmental factors affecting microbiota
dynamics during traditional solid-state fermentation of Chinese Daqu
starter[J]. Frontiers in Microbiology, 2016, 7: 1-12. DOI:10.3389/
fmicb.2016.01237.

HU X, DU H, REN C, et al. Illuminating anaerobic microbial
community and co-occurrence patterns across a quality gradient in
Chinese liquor fermentation Pit muds[J]. Applied & Environmental
Microbiology, 2016, 82(8): 2506-2515. DOI:10.1128/AEM.03409-15.
DING X, WU C, HUANG J, et al. Characterization of interphase
volatile compounds in Chinese Luzhou-flavor liquor fermentation
cellar analyzed by head space-solid phase micro extraction coupled
with gas chromatography mass spectrometry (HS-SPME/GC/MS)[J].
LWT-Food Science and Technology, 2016, 66: 124-133. DOI:10.1016/
j1wt.2015.10.024.

CHEN B, WU Q, XU Y. Filamentous fungal diversity and community
structure associated with the solid state fermentation of Chinese
Maotai-flavor liquor[J]. International Journal of Food Microbiology,
2014, 179(2): 80-84. DOI:10.1016/j.ijfoodmicro.2014.03.011.

WU Q, ZHU W, WANG W, et al. Effect of yeast species on the
terpenoids profile of Chinese light-style liquor[J]. Food Chemistry,
2015, 168(1): 390-395. DOI:10.1016/j.foodchem.2014.07.069.
BB, TR/, AR, S5 AR T I RO RE A B 17 XU AU 1 S
WHFELI]. BRABRHE, 2012(1): 24-27.

ZHOU L W, VLASAK J, DECOCK C, et al. Global diversity and
taxonomy of the Inonotus linteus complex (Hymenochaetales,
Basidiomycota): Sanghuangporus gen. nov. Tropicoporus
excentrodendri and T. guanacastensis gen. et spp. nov. and 17
new combinations[J]. Fungal Diversity, 2016, 77(1): 335-347.
DOI:10.1007/s13225-015-0335-8.





