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liquor fermentation. [Objective] To reveal the bacterial community of pit mud of Luzhou-flavor liquor at
different ages and discover organic acid production capacity of anaerobes, and to clarify the correlation
between them. [Methods] The composition of bacteria in pit mud was analyzed by sequencing the 16S
rRNA gene using I[llumina HiSeq high-throughput platform. Anaerobes in the pit mud were isolated by
selective culturing and their metabolic properties were analyzed by comparing the ability of producing
butyrate and caproic acid. [Results] Bacteria in the pit mud of Yanghe liquor were mainly distributed in
Clostridia, Bacteroidia, Synergistia and Bacilli. The abundance of Hydrogenispora and Ruminiclostridium
in 20 years pit mud increased significantly compared with that in 3 or 5 years pit mud. Correlation analysis
showed that Ruminiclostridium was the most influential core microorganism. The mutual promotion
relationship between bacteria associated with Clostridium was also predicted. Twenty anaerobes belonging
to Clostridiales were isolated from the pit mud by traditional culturable methods. Strains of genus
Clostridium produced more acids than others, Clostridium tyrobutyricum showed the most significant
butyrate production capacity, while Clostridium butyricum had the strongest caproic acid production
capacity. Strains with highest capability of producing butyrate were isolated from 5 and 20 years pit mud,
and strains with highest capability in producing caproic acid were isolated from 20 years pit mud.
[Conclusion] Understanding the composition and role of bacteria in pit mud aged for different years could
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help better control of the synthesis of volatiles of Chinese liquor.
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1.1.2 EHEE

SRR RRTFRHERCM) (g/L): FEFE 100, 4-A
243 10.0, BERREHY 3.0, HZ4E 5.0, IVEHER 1.0,
kAN 5.0, L-EadeibmEh 0.5, 3 20.0, pH 6.8,

RN R (g/L): LREN 5.0, BRREL 0.5,
TRBREE 0.2, WERRE 4T 0.4, BFEFE 1.0, BRIRES
10.0, fHFRTINA 2% (KFLEL) 2P

TSN ¥ H(g/L): M 15.00, BEEHEH
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R FHANET 16S rRNA JEH Y V3—V4 I XIS
15 1% 341F (5'-CCTAYGGGRBGCASCASCAG-3')
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FastPfu Buffer 4 pL, dNTPs (2.5 mmol/L) 2 puL,
TransStart® FastPfu DNA Polymerase (2.5 U/uL)
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unit, OTU)!"™™! S 1 Mothur J7%: 5 Silva i SSU
rRNA Ba e TR B TR R Y Chaol |
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Table 1 Comparison of the diversity of bacterial community in pit mud

i 4 Bk on F TR ZRAER R AR
Sample group OTUs Chaol index Shannon index Coverage (%)
N3 393 434.05 4.048 99.97
N5 297 361.90 2.978 99.89
N20 330 366.56 3.940 99.96

Note: N3, N5, N20: Pitmud of 3y, 5y and 20 y.
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Figure 1  Principal component analysis of bacterial
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Figure 2 Distribution of bacterial communities at class level (A) and genus level (B) in pit mud
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Table 2 Isolation and characterization of anaerobes that /% éﬁ ﬂﬁﬁ’q’: ﬁ ﬁs,{jjlﬁ %l EE%E/‘J il ﬁi *@ xR {Xm L 5t

produce organic acids from pit mud

RS Btk iR [ZER7/EZiE riéfuzzdﬁﬁ{mﬂ FRFURDT, BTN
Strain No. Strains Caproic acid AL TS 1B Ak E XEL\ i;}r“»[% Zliﬁﬁﬁ?{ﬁ@*ﬁ@é{ﬂ
N5-10 Clostridium tyrobutyricum  + X e A A I 4 s - . ) R
3 A FA AT Y 3 F 2
iy Gl oo+ AR B AN A ORI -, SV Hoe
N3-t3 Clostridium butyricum i TEJe % EIEREE fL’ﬁz R DL ST bR FE A HLIR
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Figure 4 Comparison of acid production capacity of strains isolated from pit mud

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



RSO R PRI R A R A 4 S AR BRBE T 0 A

1659

FRR AP LR Y, HAE I e AT
TR o i, Rl IR EE (B
2B). XN JE IR MR A AT e A Y 0 v R
CERIA R IERTIAR, B XT R 2 N E D as ki
FasE A — & otk SR B (Hydrogenispora) kR
W JR ' W 7 & (Ruminiclostridium) 7E YAk o 72
o B E B T R 5 R AE I TR R . R
Spearman FkAHSCME A3 BT T 128 S B9 5 240 R 1] )
YRR, SR E B (Ruminiclostridium) 5 K%
BALH AR 2 IEAH M, B E O
J& o BARTERI e e AR i L O BRI IR,
AHAARERP A FEEZ — B AR
FE MDA RE YR S AL A iz —. 8
BRI RER T YR N A AR R N SR,
A A FHABR A A KA P, R i% 2t Y
Al BB — & MR RSB RE 1. Ik, BERC
PR TN e & i, T BRI A R A%
DAEY . XSRS H PR E RN 20 BRANE
PPRRBE SIS HT AR, Hirp 16 #R(80%)HA 7™ T IR Al
CRRIVEETT o H TR AR R A, B
SRIZLETH R T IR R IVAE 1 5 E AR 7
TEZE S, AMPEIESE T HA BT IR R BE T LA
KRR ] R BE T 0 25 Sk

AMIEFETE it AT T AN [] 252 8 25 Y06 24 TR E 7%
PR AT b, 62 B R AH BOC R AT TR
B, JF R T oRIE T ARl EE IR AN 6] e ik ™ T R N
CRRIIBE ST o IUAHTEES SR IE X o it i vh A i S v
TR FEAVRR(CER . IR . TERMCR)
MHFER(CIR TR AR AR TR OB 2
B ) & A SEPERF e DS I B AN T, X 41T ) 2
AR R B Y Z RS« fR T R
Y AL AT EE s

REFERENCES

[1] Tang XH, Huang R, Wang SS, et al. Advances in research
on microorganisms in pit mud of Luzhou-flavor Baijiu[J].
Liquor Making, 2019, 46(2): 12-14 (in Chinese)

R, B, ERY, S MRS ST R B
JELEIR[T]. RIA, 2019, 46(2): 12-14

[2] Dai JF, Luo Z, Wen CP, et al. Effects of different storage
environment on the quality of strong-flavor Baijiu[J]. China
Brewing, 2019, 38(5): 23-26 (in Chinese)

&R, ZE, SCHF, & A TH IR 50 i & 2 A
W 5 TR SZ IR [T]. H EBRAE, 2019, 38(5): 23-26

[31 Liu F, Zhou XH, Chen X, et al. Microbial community of
fermented grains and its correlation with organic acids
biosynthesis  during  Yanghe  strong-aroma  liquor
manufacturing process[J]. Acta Microbiologica Sinica,
2018, 58(12): 2087-2099 (in Chinese)

XUFL, JET 0, BRFR, 45, Wik A B i A 1 i AR
5 Bl A A 7 5 A i AT B I 5 LR G B AR AR DG P[],
WA 4R, 2018, 58(12): 2087-2099

[4] Du LQ, Rao JQ, Tang C, et al. Application of cellar
functional microbes in Luzhou flavor liquor production[J].
Liquor Making, 2010, 37(6): 43-44 (in Chinese)

FALIR, SR, FEUE, 4. &R YIR8 7 A B
AR R [I]. RYE, 2010, 37(6): 43-44

[51 Wang MY, Zhang WX. Analysis of microbial community
structure in pit mud from two Chinese Luzhou-flavor liquor
producing areas[J]. Microbiology China, 2014, 41(8):
1498-1506 (in Chinese)

ERER, TR0, WA T O P A X e U MR
ZER [T, BB EE iR, 2014, 41(8): 1498-1506

[6] Zhang Q. Study on microbial community of mud in
Luzhou-flavor liquor brewing[J]. Journal of Food Science
and Biotechnology, 2019, 38(5): 160 (in Chinese)

TR, VA B I R Ve R MRS T T )], B
YRR, 2019, 38(5): 160

[7]1 Liu M, Deng J, Xie J, et al. Screening of physicochemical
quality indexes of pit mud based on correlation with
microbial community structure[J]. Food Science, 2018,
39(19): 44-50 (in Chinese)

XUttg, X7, 2, 4. BT RCEMRER A H AR & e a5
AR RIIRED]. BahElEE, 2018, 39(19): 44-50

[8] Liu F, Qiu YY, Zhou XH, et al. The correlation between
organic acid producing bacteria and organic acids
biosynthesis in fermented grains of Yanghe strong-aroma
spirit[J]. Food and Fermentation Industries, 2018, 44(12):
22-29 (in Chinese)

XUFL, DUEERE, JRBIER, . VIR & B B il e s op
PR A0 5 AL 5 LR AR G HEIE ST (0], B 5 R T T
Wk, 2018, 44(12): 22-29

[97 Hu XL, Du H, Ren C, et al. Illuminating anaerobic
microbial community and cooccurrence patterns across a
quality gradient in Chinese liquor fermentation pit muds[J].
Applied and Environmental Microbiology, 2016, 82(8):
2506-2515

[10] Luo W, Zhang QY, Liao ZM, et al. Research on microbial

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1660

TEY I8

Microbiol. China

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

composition of pit mud with different traits
high-throughput sequencing[J]. Food and Fermentation
Industries, 2017, 43(9): 9-14 (in Chinese)

B, kb, BYER, S ST Rl TR AR R
P EAUSATGRT]. B S AT Tk, 2017, 439): 9-14
Hu C, Ying H, Xu DF, et al. Research on microflora in pit
mud and its application[J]. Liquor-Making Science &
Technology, 2005(3): 34-38 (in Chinese)

IR, RO, R, . EIRMA Y REE TR RO
BEFA[I]. ERIERLEL, 2005(3): 34-38

Li FL. Analysis of microbial communities and its effect on
flavor substance of raw in Chinese Strong-flavor Liquor pit
mud[D]. Zhengzhou: Master’s Thesis of Zhengzhou
University of Light Industry, 2017 (in Chinese)

AEIFR. VAT T 0 B VR MR W K 45 H 43 A B R TR
T RUR ) 5T ) 52 0 [D]. K5 = R 2 Tl 27 B A o
gL, 2017

Tao Y, Rui JP, Li JB, et al. Microbial community
compositions and diversity in pit mud of Chinese
Luzhou-flavor liquor[J]. CIESC Journal, 2014, 65(5):
1800-1807 (in Chinese)

VB, PIERMG, BRE, S WRE R A TR A A
MILLRL S ZREET]. fL T 244, 2014, 65(5): 1800-1807

Xie SC, Li L, Chen ZJ, et al. Investigation on the separation
in Luzhou-flavor fermented grains
Luzhou-flavor distiller’s grains[J]. Liquor-Making Science
& Technology, 2009(1): 55-57 (in Chinese)

W, T, RIEE, & OWER OB UEY
BT RIERT]. BRI R, 2009(1): 55-57

Wang P, Wu Q, Jiang XJ, et al. Bacillus licheniformis
affects the microbial community and metabolic profile in
the spontaneous fermentation of Daqu starter for Chinese
of Food

using

of microbes and

liquor making[J]. International Journal
Microbiology, 2017, 250: 59-67

Li LH. Diversity and metabolic characteristics of lactic acid
bacteria and lactate-degrading bacteria in fermented grains
of Luzhou-flavor liquor[D]. Wuxi: Master’s Thesis of
Jiangnan University, 2016 (in Chinese)

S S YR I R v LR AL IR S T 1 A 1
FCBHHEPE[D]. JoB: VIR R L2283, 2016

Mao YF, Yu WZ, Wang ZH, et al. Effects of applying
vitamin Bg to soil on soil microbial diversity of apple
orchard[J]. Journal of Plant Nutrition and Fertilizers, 2018,
24(2): 394-403 (in Chinese)

B K, TR, EHOE, F. LE4HER Be XA
SR ) 2 R B R W (). R RS IR A AR,
2018, 24(2): 394-403

Youssef N, Sheik CS, Krumholz LR, et al. Comparison of
species richness estimates obtained using nearly complete
and  simulated

fragments pyrosequencing-generated

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

fragments in 16S rRNA gene-based environmental
surveys[J]. Applied and Environmental Microbiology, 2009,
75(16): 5227-5236

Li J, Hu HW, Ma YB, et al. Long-term nickel exposure
altered the bacterial community composition but not
soils[J].
Environmental Science and Pollution Research, 2015,
22(14): 10496-10505

Wang N, Liu T, Jin YZ, et al. Effects of Trichoderma on
soil diversity and strawberry growth and
pathogenesis[J]. Jiangsu Agricultural Sciences, 2018,
46(18): 108-112 (in Chinese)

FT, XV, B, S ORERN IR A
HE AR YLLK, 2018, 46(18): 108-112
Deng Y, Jiang YH, Yang YF, et al. Molecular ecological
network analyses[J]. BMC Bioinformatics, 2012, 13(1): 113
Yang JJ. Genetic diversity, phylogeny and acid ester
production analysis of acid forming bacteria in different
aged Luzhou Laojiao pit mud[D]. Chengdu: Master’s Thesis
of Sichuan Agricultural University, 2017 (in Chinese)
B, NN R IR e TR AN 1 43 B 4 E 57T
TPBRRETTAMTD]. JUER: D)1 KR40, 2017
Wen M, Wang KG. Comparison of different culture media

diversity in two contrasting agricultural

microbial

for isolating Clostridium perfringens[J]. Chinese Journal of
Veterinary Medicine, 2002, 38(12): 16-17 (in Chinese)
SCHE, ETVI. JURR I3 88 7 R AR B % AR kY HE L
[J]. "B, 2002, 38(12): 16-17

Xie B, Zhou CB, Li F, et al. Study on the fermentation
conditions of caproic acid[J]. Food and Fermentation
Technology, 2016, 52(3): 56-59,80 (in Chinese)

W, MER, g, % CRABAMRIDL. ]
5 RBERHE, 2016, 52(3): 56-59,80

Yuan HW, Yang ZG, Lan ZX, et al. Determination of
caproic acid and other organic acids in fermented liquid of
caproic acid bacteria by GC[J]. Liquor-Making Science &
Technology, 2018(3): 102-105 (in Chinese)

AR, MR, A, SR SR ISR E O R K R
RO RS A VIR &[], BERHE, 2018(3): 102-105
Liao QJ, Guo Y, Zhou HL, et al. Determination method of
caproic acid in caproic acid fermented liquid[J].
Liquor-Making Science & Technology, 2017(2): 118-119
(in Chinese)

B, FH, M, % CBRA R C R MR
FT]. BRERME, 2017(2): 118-119

Zhang YG, Deng Y. Microbial structure and diversity of
cellar mud at different winery cellar age based on
high-throughput sequencing[J]. China Biogas, 2019, 37(3):
3-8 (in Chinese)

FRMLRI, XBSE. T v w0y i A () 25 0 e SR )
L5 ZREME AT ). R ENVAR, 2019, 37(3): 3-8

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



RSO R PRI R A R A 4 S AR BRBE T 0 A

1661

[28]

[29]

[30]

(31]

[32]

(33]

[34]

[35]

[36]

Huang YN, Xiong XM, Hu YL, et al. Bacterial community
and diversity in pit mud of Baiyunbian liquor analyzed by
PCR-DGGE and high-throughput sequencing[J].
Microbiology China, 2017, 44(2): 375-383 (in Chinese)
WAL, RE/NE, WS, %, SLT PCR-DGGE il
SR 0071 2 0T 85 T2 B R 5610 5 2 REELT). B
YR, 2017, 44(2): 375-383

Jiang XT, Peng X, Deng GH, et al. [llumina sequencing of
16S rRNA tag revealed spatial variations of bacterial
communities in a mangrove wetland[J]. Microbial
Ecology, 2013, 66(1): 96-104

Kim BC, Seung Jeon B, Kim S, et al. Caproiciproducens
galactitolivorans gen. nov., sp. nov., a bacterium capable
of producing caproic acid from galactitol, isolated from a
wastewater treatment plant[J]. International Journal of
Systematic and Evolutionary Microbiology, 2015, 65(12):
4902-4908

Du LQ, Luo HB, Huang ZG, et al. Application of microbial
communities technology to research on microorganism in pit
mud[J]. Liquor Making, 2014, 41(4): 42-49 (in Chinese)
AL, B, MR E, . BUEMREE M OCHORTE
PR ST P R R[], BRI, 2014, 41(4): 42-49
Zhuang MY. The production mechanism of the fragrance in
the Chinese spirit & the operation of the spirit brewing[J].
Sichuan Food and Fermentation, 2007, 43(2): 1-6 (in Chinese)
FEA 7. P I B A R BT L P e R 2 A
P[], WU a5 & B, 2007, 43(2): 1-6

Hu XL. Illuminating the correlation between anaerobic
clostridial community diversity and quality of pit mud used
for the production of Chinese strong-flavor liquor[D]. Wuxi:
Master’s Thesis of Jiangnan University, 2015 (in Chinese)
WL, e R N e R AR TR R 2R S E e
FIEPEFFEID]. T TIHIAE R 1% i 3, 2015
Yang ZM, Guo RB, Shi XS, et al. Bioaugmentation of
LX-B affects
production through altering indigenous bacterial community
structure[J]. Bioresource Technology, 2016, 211: 319-326

Li CC. Diversity of Clostridia community and fermentation
characteristics of Clostridia with high yield of butyric acid

Hydrogenispora ethanolica hydrogen

in Chinese Strong-flavor Liquor pit mud[D]. Zhengzhou:
Master’s Thesis of Zhengzhou University of Light Industry,
2018 (in Chinese)

RURIE. AR U YRR B TR R S 7 T IR R
PR TR YA SE (D] A BN R Tl 2 B A 1 2= £
B3, 2018

Shi S, Wang HY, Zhang WX, et al. Analysis of microbial

communities characteristics in different pit mud of
Luzhou-flavor liquor[J]. Liquor-Making Science &

Technology, 2011(5): 38-41 (in Chinese)
JiE, FETE, KO0, SF WA R S [ -2 R 1

[37]

[38]

[39]

[40

=

[41]

[42]

[43]

[44]

AR FRIE A BT [I]. BRI, 2011(5): 38-41

Zhu XJ, Gu Y, Ren C, et al. Cultivating acidogenic
microbiota from pit mud to rapidly evaluate the quality of
pit mud[J]. Microbiology China, 2019, 46(4): 950-959 (in
Chinese)

RIEZE, 524, ATHE, 55 REVSTRATES S HORTE S e i ht
HEHAIN R NI, AR, 2019, 46(4): 950-959
Guo Z, Ge DY, Shang XJ, et al. Comparative analysis on the
diversity of bacterial microflora in degenerated and normal
pit mud[J]. Science and Technology of Food Industry, 2018,
39(22): 93-98,106 (in Chinese)

SPIL, BARH, WS, & IRLFIE R SRR
AT ik TR, 2018, 39(22): 93-98,106

Ren C, Gu Y, Du H, Predicting dominant
caproate-producing microbes by comparing the microbiotas

et al.

between new-and aged- pit muds[J]. Food and Fermentation
Industries, 2018, 44(12): 8-14 (in Chinese)

1EIE, 45, Fi, 55 JEF 38R N HUuE Y 4
R AT P A () BT R[], Bin S R
Tk, 2018, 44(12): 8-14

Liu QQ, Zheng JT, Liu HC. Isolation and characterization of
a Bacteroides strain from tideland of east China sea[J].
China Biogas, 2013, 31(6): 3-8 (in Chinese)

X &4, Haeat, XS, —RBAT B 0458 % At
WRHEAT BT [0]. H EIVE R, 2013, 31(6): 3-8

Yuan HW, Zhao M, Jiang J,
identification of a butyric acid-producing strain from pit

et al. Isolation and
mud and study on its growth performance[J]. Liquor-
Making Science & Technology, 2017(5): 35-40 (in Chinese)
R, B, EE, & BRTTTREMNR L, S
JeAd KRB ZE ). ERIERNE, 2017(5): 35-40

Ji X, Xu'Y, Mu XQ, et al. Improvement of caproic acid
production in the mixed culture of Clostridium kluyveri and

Saccharomyces cerevisiae[J]. Journal of Food Science and
Biotechnology, 2017, 36(9): 922-926 (in Chinese)

REH, fn, RlEs, 5. 5w DM I AR By AR 5 5
FRE OB R B S5EWHEARZER, 2017, 36(9):
922-926

Zhao DY, Cao JQ, Liu X, et al. Study on the key technology
of the cultivation process of caproic acid bacteria[J]. Liquor
Making, 2019, 46(2): 47-50 (in Chinese)

RS, Wae, N, & CREBRY KRS R
Kt T EHFSE[I]. BRI, 2019, 46(2): 47-50

Yang AH, Liu X, Zhang XM, et al. Improvement of the
culture of functional bacteria in pit mud of Nongxiang
Baijiu[J]. Liquor-Making Science & Technology, 2018(10):
120-125 (in Chinese)

W, XL, K, & ORERIE IR R M5
T2 itRae[I]. ARE RN, 2018(10): 120-125

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



