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Cultivating acidogenic microbiota from pit mud to rapidly
evaluate the quality of pit mud
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Abstract: [Background] Pit mud quality has a decisive effect on the quality of Chinese strong-aroma type
liguor. Acidogenic microbiota from pit mud significantly influence pit mud quality together with quality of
the liquor. However, the evaluation criteria of pit mud quality are not very clear and accurate so far.
[Objective] We aimed at establishing a quick and accurate method to evaluate pit mud quality in this
study. Meanwhile, we analyzed functional microorganisms possibly participating in caproate production.
[Methods] A cultivation method was developed to culture acidogenic microbiota. The concentration and
ratio of subsequent metabolites were used to evaluate the caproate-producing capability of pit mud
bacteria, as well as the corresponding pit mud quality. High-throughput sequencing technique was used to
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analyze the microbiota composition in the cultivation system. [Results] Compared to lactate and acetate,
using glucose as the carbon source could effectively enrich caproate-producing microbiota in pit mud,
resulting in higher caproate production. Small volume culturing and statistical sampling were determined.
The concentration of caproate and the ratio of caproate to butyrate at the stationary phase of microbiota
fermentation, could be served as accurate and stable indicators to evaluate pit mud quality. 16S rRNA gene
sequencing showed that Uncultured bacterium Caproiciproducens were effectively enriched in the
cultivation system. [Conclusion] Model system based on pit mud cultivation could be used to quickly
evaluate pit mud quality in factories, and provides an approach to analyze caproate formation mechanism

with pit mud microbiota.

Keywords: Pit mud quality, Acidogenic microbiota, Caproate, Strong-aroma type liquor
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Note: AH, SC, SD represent codes of three different liquor
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from that factory; Five sampling points were used from pit bottom

and mixed as one pit mud sample; Fermentation of each sample
was performed in triplicate.
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Table 1 Pit mud information from different liquor
factories and corresponding ratio of caproateto butyratein
acidogenic microbiota cultures

B AT B omTR
Sample name Pit mud information atio of caproate
to butyrate

AH1 Aged pit mud (~20 years) 1.28

AH2 Aged pit mud (~20 years) 1.33

SC1 Aged pit mud (~200 years) 1.27

AH3 New pit mud (~3 years) 0.55

AH4 New pit mud (~3 years) 0.51

AH5 New pit mud (~3 years) 0.67

SD1 Fresh pit mud (~1 year) 0.42
TE: HREL A AP IEE AR ERER; CRIT
RGBT A SEIR Y R T 2R

Note: The pit mud information showed pit mud age with normal
use; The ratios of caproate to butyrate were derived from
fermentation resultsin this study.

W AR ARG R, RIE IR T RIE S IE#
FR) 2 0 2 0y T B R T S B — B X R S R,
UCRAIE T 3T 1] KE R A e AN SRms 1 T 4 54k
24 HMBEMRERFEREFEOMNA. =9%
IR E R A

ARG v R R A A AR R T R
VEM AR IS FNRE R , 7= [ B R X ES 420 0 28 % 1) T
TEREASETE . X R AHL, SCLILRZE M N
TR, UG R DA AR R I AR T AR
BRI T T . KEET2h, PSR AR
HR A O L AR R (K 5). AR AIELE 72 h i)
FEAFER, HFTAC BRTE 3 d 5 )5 H B — R e 3
e 256 TR FAMIG, kb4
BT R AT BBt 2 5 2 T e MR W A O R G
pUd R, IR EEEAER.

R A8 %2 1 T AN [) ) 80 st AR R i, D0 A3
Mritii e AHL, SCL /=R B A& % 0-96 h il 2
FT IR . ORI AR AR LR AE o FF
AH1TERT# 48 h ZJ5, FEih SCLEERE 72 hZ

5, TR S B IEEAR(E 5), RS XS
NEAREE TR, F W R R Z i O R TR AT A
T TR, AHL1 %1% 36-60 h, SC1 %4 48-72 h i
B, CRRA MR, CIR¥AL T X E0Y K
W, R U R A O R AL T A K AR
BHEERBYBE; AW 72 h DUS, CBRARH 17 2%
18, CRREE A C RS g, (HACHHE B
EC LI RIEIN(E 5). 75, 456K 4. 5 ik
dh AHL, SC1 7E/N[R) & B2 [l i O R & B O
WA . AHL FEdh 2-3 d WO IR 394208
WRKF] 2,02 g/(L-d), 3-7 d N ER T4 %
049 g/(L-d); SCLAEMh 2-3d N O3 4E ik
Rk 1.75 g/(L-d), 3-7 d N4 RN
0.93 g/(L-d). iX 2 AMFEdh CERAY T34 B He7E
2-3d NI, ThAE 3-7d NI g

Ry ik — 2 B AY & T L R b O A TR AR
AHL, SC1 X)W & T 7™ IR B R (0 1V 25460 40
I 16S rRNA 3 R Fe X HOR B RE il 0B 1 TRV 21
B E 58T . 5 B RTAAE S K B 3 d S Ok
SR BARK, AMECZAR, XN C R
S A R A AR, DR R R R O R AR
HHAECHIEERE 3d IR . WK 6 FiR, ANEZER
Xof TN B R T 7 B TR R R AN [ A R R A9 A R
it 2 AR AERIACE A AP 53 2 T
f2 1% 18 (Clostridium butyricum) . R4r2ELHEE 1
(Unclassified Clostridium 1), K55 2 B4 #
(Uncultured bacterium Caproiciproducens), A7
B EJE 12 (Unclassified Clostridium 12), AH1,
SC1 & ™ BRI T Hh I S AR 0 AR G 3 3 31 o
| 81.75%F 96.06%, =& AT RAE i o 1 P H Rl
J& . A Uncultured bacterium Caproiciproducens
FE AHL FIl SCL & iy Bk o HH A AR X 2 B 43 )5k
%] 38.8500F1 20.34%, K HH A5 v (7 1 A 4 25 4
e 5 5 % 5 W LA R 5 5 7 O IR A T 14 T
B XTE RN 2R AR KIS )
REFCHIRAE , Y7 ORI

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



ARG AERE: PR BR R THE R R-BORAE e o PR AN v ) 0 957

A B
20 48 20 .8
—s—Glucose —2— Butyrate —o— Caproate } —=—Glucose —2—Butyrate —o— Caproate
18% 17 18— 47
16 | °
| 16
R 6 _ ot /
: SR 153
% {4 ;u:: g 10p 14 {:’
g 8 13 2 8¢ _‘\ lsg
O 4 — C 6l
12 — 12
4 4
TN I 2} ]!
0 St ——a 0 0
0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96

t (h) £ (h)
&5 HEAMRER AHL(A), SC1(B)FTEAEEAE: 06 h TRETEERERELTER. CBRSETHIER
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Note: Species whose relative abundances were less than 0.1% were classified as others.

3 WikEH® HEVEA AR AR T PSR 3 AT RS T

DAPEF S % B AL 2 MO SOV BRI AR IO BRI O R T ORIk A
PSS R s SV = R TN A L LN e JE 2 VAPS SRR RS A A RN I
SERRVEA OB YU R PR U2 e RROE (SR AR R A R TR )R A
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TR TR . 3 2 AR A5 5 0 Y
YT VR T HEAT T, T A
P A U8 0T PR A, T R A Y AR )
K120 DNA | 7 S8 s 4 i, #ERE 14 H A 47,
HRAE & o ASCRBEL M) 10 d, B Ul
FH BT AT LA SRy st | 5 R o e e AN 5 U
FERR s A W ARG S DA AR N B R R,
AR AR B AT

AR, Zhu SFE45GE TR ZLER AR,
o DRAR I i Sk 55 3R AT DL R AR R R O R TR
FE, EARE 7 CRR W BE I ARAS 4 7 T K i [
(30 Ay Yk AR AW LB, BT LA
MR BRIE , FEEVE T IR i A AR FE v
A BB 0T LA Ak S A T T R A
FEPe A B LR . AR P ) TR 1) R T
Jer BIEA AN, AT DA o b EU AN [ o A U
X g L TR A AR I LR ™ e A IR RRE T o
DUAS [ o o ) 2200, DRLHCA) 0 O 1R 1 = 1 2™ T
P BRSE Y BORTR) A 28 TR A R AR = 1 ik 2
FRUEMLRT, CRENFEMCRKREG MG Id
SRS W 2 A E R TC IO &
ARG IR A T O R = S LR/ T BRI — 3L,
K25 B —E ek, RlEE, BTl EsR

%2 TREREETNFEOLE

RBERFR , kAR B T ) 25 X 1% 2 e
o AN SR MG AT IR, R I T IR A R R I
B O R R O R T RS PR
Vet S A B — Btk . B, i E R R
o ms Al bR | e HbAE 52 PR AR P o AR H

Xof T Ao DI o 2 R A T 4% 3 kT T ) A 7 W T
FE. WIE TR ST, R IE e IR
BHERT AP A b, HAAMETE 3 d JRAHE
R w2 E Y T WA R (Clostridium butyricum) |
RAFARE)E 1 (Unclassified Clostridium 1), Aki3:
7= E R4 I (Uncultured bacterium Caproiciproducens)
BAEESMFE, B3 7TRIFNE S, Hi
Uncultured bacterium Caproiciproducens 7 AH1 #l1
SC1 VR BRAE i v A X 3 43 )35 ) 38.85% 1
20.34%, M2 O BRI 1 & R FR Y 2 BRI
th B AR

A A ST B 08 7 IR T R R 9 U ik B AR
WO PR ST DU T . MRS . & TR HIT
WrEen SR w RIS, IR E—ERE B
WA e . 1 ] o e S e U AE Y O R
A BACEALE TR 22, DAE— 20 I B ik
BRI E Ve AE W ™ O R LI N 5 5
HINKR

Table2 Comparison of different approachesfor pit mud quality evaluation

WA IT X LA AR TIIERE R
Evaluation approach Corresponding evaluation index Characteristics
Traditional sensory Color, aroma Convenient, not accurate, with subjectivity
evaluation
Evaluation based on chemical Moisture, humic matter, pH, mineral The correlation between pit mud quality and chemical

properties of pit mud®?" substances, organic acids

Microbia community
structure®”

sequencing
Multi-indexes combined

evaluation*®19%! microbial indexes combined

Acidogenic microbiota

cultivating (This study ) butyrate

Caproate-producing microbes and
methanogens detection by high-throughput

Sensory indexes, chemical properties and

Caproate production, the ratio of caproate to

properties was not well established

Relatively accurate, high cost, time-consuming
(~1 month)

Accurate but complicated (20-30 d)

Quick (~10 d), convenient, accurate, low cost, can be
used to evaluate metabolic activity of
caproate-producing microbes
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