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microorganisms of pit mud
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Abstract: Pit mud is a characteristic fermentation carrier of Luzhou flavor liquor, which contains many
kinds of flavor producing microorganisms that have an important influence on the style and quality of
Luzhou flavor liquor. This study summarizes and compares the microbial activities of cellar mud of different
ages, different flavor liquor producing areas and cellar mud microorganisms of different quality, and then
analyzes the function of these microbes in pit mud. The purpose of this study is to provide a new thought for
the research of cellar mud microorganisms, for improving the quality and flavor composition of Luzhou flavor
liquor. It is helpful to promote the research of microbe in pit mud, and deepen the knowledge of pit mud.
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& (Lactobacillus) . PR J& (Petrimonas) . H
3¢ 55 AT 18 J& (Methanobrevibacter) . W 5t %% 1 )&
(Methanoculleus) . BT # J& (Methanobacterium) |
Candidatus_Methanoplasma . Ampullimonas . C R
J& (Caproiciproducens) . 121 J&(Clostridium). 24t
W J& (Aminobacterium) . H & B H )&
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B I AL, KX B AR 2 A 2 s>,
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Table 1 Variation trend and dominant species of microbes in pit mud with different pit ages
G P i A R
Samples Dominate bacteria Changing trend References
PIMNEE 404F . Sporosarcina, 2 4 2 T A e i (S R E AR T, A sy [14-15]
100 F2 2 Thermoplasmatales, — JIll, T EISHEEAG HLBIHLAR R 8 0, HRA0E = B e R ACEBCR S, Fhs
Different aged pit ~ Methanobrevibacter, WA it
muds of Luzhou Methanoculleus With the increase of cellar age, the diversity of bacterial community
Laojiao (40-year Syntrophomonas, decreased, but the relative abundance of archaeal community increased in pit
and 100-year) Sedimentibacter, mud, especially methanogens in abundance and diversity
Ruminococcaceae
BrEe. BEAE  Clostridiales, ERE I AN 2 RS R B B S B AR R TR AR e, # [16]
P B Lactococcus, B RN S AL I 2 s 5 FLER R & (Lactococcus) . FLFTE
New pit mud, Aminobacterium (Lactobacillus). FLER . FLER L Mg &&= 1EAHE
mature pit mud and The bacterial diversity index and uniformity index of old mature pit mud are
old mature pit mud higher than that of new pit mud and mature pit mud. The age of new pit mud
and mature pit mud are positively correlated with the contents of
Lactococcus, Lactobacillus, lactic acid and ethyl lactate
14, 64, Lactobacillus, =I5 53 B (Lactobacillus) 53 J& (Caloramator) AN FE S A [17]
10 MR AL Caloramator, x%, SHE/\BEKE (Methanosarcina) . B J5ekT 7 J& (Methanobacterium)
Different aged Methanosarcina, 1 e 58 AT 18 J8 (Methanobrevibacter) AR XY 3 B IEAH G 6 &R

cellar mud (1-year,
6-year and 10-year)

14E 10 4, 25 41
il 50 SEE LAY
Different aged
cellar mud (1-year,
10-year, 25-year
and 50-year)

54, 254F, 70 4F
B AR

Different aged
cellar mud (5-year,
25-year and
70-year)

6 4. 16 AEE
iR

Different aged
cellar mud (6-year
and 16-year)

6 4. >50 4
Different aged
cellar mud (6-year
and >50-year)

Methanobacterium,
Methanobrevibacter,
Aminobacterium
Lactobacillus,
Petrimonas,
Clostridium 1V,
Methanobrevibacter,
Methanoculleus,
Methanobacterium
Candidatus_
Methanoplasma,
Methanobacterium,
Methanobrevibacter,
Methanoculleus,
Ampullimonas,
Lactobacillus,
Caproiciproducens
Clostridium,
Aminobacterium,
Petrimonas,
Syntrophomonas and
Sedimentibacter
Lactobacillus,
Methanoculleus,
Syntrophomonas,
Fermentimonas,
Proteiniphilum,
Hydrogenispora,
Caldicoprobacter,
Haloplasma and
Lutispora

The pit age is negatively correlated with the relative abundance of
Lactobacillus and Caloramator, and is positively correlated with the relative
abundance of Methanosarcina, Methanobacterium, and Methanobrevibacter
EPEMEE M Z R 1-5 AR IR B B G A a4 i 2 7w i e, 7E
25=50 AF [ RAFAH X B AE

The diversity of microbial community increased with cellar age from
1-year-old to 5-year-old pit mud, and it became constant in the 25-year-old
to 50-year-old pit mud

fEE =R BN, EEREYIN Ampullimonas FIFATFE (Lactobacillus)
AR R B TR O R EE I E @%E(Capmiczproducens)o e i AR A
FAHy, WL, FEER H et

With the increase of cellar age, the dominant microorganisms have changed
from Ampullimonas and Lactobacillus to Caproiciproducens with the ability
to produce caproic acid. The dominant microbiota in pit mud was archaea
that was mainly to produce methane by using hydrogen, formic acid and methanol

WREE . PR R & (Petrimonas) MR AT 2 J& (Aminobacterium) | 2 ffi % 2
W IEAMSE, S5FAT 8 (Lactobacillus) 5 1A%

The succession of Clostridium, Petrimonas and Aminobacterium are
positively correlated with pit age and negatively correlated with
Lactobacillus succession

6 4EFRZ 2R P FUITHE (Lactobacillus) & i B 5 (12.80%—42.72%) , FHk Ky
Clostridium_sensu_stricto 1. S4B (Cupriavidus)3; >50 4E3R)Z 2R F
FF & (Lactobacillus) KA (1.0%), PEHARR AL K C BRI &
(Caproiciproducens)(34.79%) . H %% 15 J& (Methanoculleus) F H & F I b
J& (Syntrophomonas)%s

Genera Lactobacillus, Clostridium_sensu_stricto_1 and Cupriavidus were
dominant bacteria in the surface of 6-year-old pit mud, and the relative
abundance of Lactobacillus were the highest (12.80%—42.72%); however,
the relative abundance of Lactobacillus dramatically decreased to 1.0%, and
the dominant genera were Caproiciproducens, Methanoculleus and
Syntrophomonas in the surface of pit mud that the age were over 50 years

[18]

[19]

[20]

(21]
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(Methanogenium) . ¥ W& 4 (Bacilli) . 12 W N
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W) o e T A R P ) R A RO SR T A [ X
LI R I A= Py b 28 T [ A ELA ) 8 19 2 Sk
Pu I = X i BR 1 I (Sporosarcina) . Ampullimonas |
Curvibacter FIALF= X /) Caloramator . 17577 X
M B W 8 (Eubacterium) KX ‘% B 5= X 19
Haloplasma . Lutispora. Fastidiosipila #fJ2&H.5" X
S L7 NIk e G o 7/ RN € < G B/ LN i
A BB X I AR 3RS AR 7™ T2 S L R iy 25
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Table 2 Composition of dominant microbial community structure in pit mud from different regions

FEIX PR Fil 25 3k
Regions Dominate bacteria References
Y 1 23 BH Ruminococcaceae, Lactobacillaceae, Clostridiaceae, Lachnospiraceae, Syntrophomonadaceae, [15]
Mianyang, Peptococcaceae, Enterococcaceae, Gracilibacteraceae, Porphyromonadaceae, Marinilabiaceae,
Sichuan Synergistaceae, Methanobacterium, Methanocorpusculum, Thermoplasmatales
Plps %Y Caproiciproducens, Ampullimonas, Petrimonas, Lactobacillus, Anaerocella, Proteiniphilum, [19]
Chengdu, Curvibacter, Thermoactinomyces, Methanobacterium, Methanobrevibacter, Methanosarcina,
Sichuan Methanoculleus, Methanocorpusculum, Methanosaeta and Methanocella
o i35 Methanobrevibacter, Bacilli, Clostridia, Sporosarcina, Thermoplasmatales, Methanoculleus, [22-24]
Luzhou, Syntrophomonas, Sedimentibacter, Ruminococcaceae
Sichuan
Pl N Methanobacterium, Methanoculleus, Methanocorpusculum Methanobrevibacter, Ruminococcus, [25-26]
Yibin, Sichuan  Lactobacillus, Pediococcus, Petrimonas, Syntrophomonas, Caloramater, Clostridium,
Caloribacterium, Garciella, Eubacterium, Sedimentbacter, Sporanaerobacter, Tissierella,
Methanosarcina
[ Henan Clostridium, Aminobacterium, Petrimonas, Syntrophomonas, Sedimentibacter and Lactobacillus [20]
YL Jiangsu Clostridiaceae, Anaerobrancaceae, Tissierellaceae, Lachnospiraceae, Mogibacteriaceae, [27]
Sedimentibacter, Clostridium, Caloramator, Syntrophomonas and Eubacterium
1t Hubei Clostridium 1V, Caloramator, Syntrophomonas, Petrimonas, Actobacillus, Aminobacterium, [31]
Sedimentibacter
0 Anhui Caproiciproducens, Caldicoprobacter, Haloplasma, Sporanaerobacter, Lutispora, [39]

Christensenellaceae_R-7_group, Syntrophomonas, Sedimentibacter, Fastidiosipila, Pseudomonas

and Aminobacterium
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(Planococcus) (22.63%) . #f 1 ¥F % J& (Bacillus)

(12.95%) . % .l & B} (Porphyromonadaceae)
(12.45%) . £ /\EERE & (Sporosarcina) (10.60%) .
FH ot 2 AT 25 J& (Methanobrevibacter) (35.66%) . H ¢
FF 1 J& (Methanobacterium) (10.25%). Hi/\&FEk
I J& (Methanosarcina) (3.27%)% 7546 H 251\ &
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(Psychrophile) (10.42%). KHKFIE(5.45%). T
FHTR R (5.02%) . 77 I BE4S TR & (Methanoculleus)
(38.18%) . H4ehT 1 J@ (Methanobacterium) (34.21%)
AU Rl AR R R AR, MRV RETE
Shannon ZHEMEAE R Chaol = REHE R 2 1™
U8 R R 3 I KT TS (Clostridium) . 28 #F
(Prevolla) . WA AL (Methanobacteriaceae) . .
MR . T I & (Sporobacter) . Coriobacterineae
FEZENRB YR T RS EREEAEIE
MR FR, MFATEE Lactobacillus) . 21T
W& (Bacillus) . 75 /K KT & (Ralstonia) Flig R [GE
J& (Nocardia) S FHACH 7= A i ZLIR A1 4R 5 2508 S
U S B ) SRR DG R U A B Ak
pH . NH, FIA A0 | VA HLER K | 5
R BESE S R A BOR AR — E YA S,
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Table 3 Physicochemical information of pit mud quality and variation trend of microorganism in pit mud

FEAD

Samples

A H ESPTN

Changing trend References

N [vl Jo i g
Pit mud of
different quality

NG VNN
Artificial pit
mud-starter
cultures of
different
qualities

bt A i Y i, MR EZFHIFTF I (Clostridium) . Kluyveri AR ZEAEFF 1R (Clostridium kluyveri) . 25 [38]
F B A AT 3 (Methanobacteriaceae) (T & B | AW ZAREMERIAINT 2 B &30, pH. NH,'
A ARRIE I, RIS FLAFR . A PLEREKCE, FLIRE AR

The pit mud microbial community was correlated with its quality and environmental factors. Species

richness, biodiversity, and relative and/or absolute abundances of Clostridia, Clostridium kluyveri,

Bacteroidia, and Methanobacteria significantly increased, with corresponding increases in levels of pH,

NH,", and available phosphorus, from degraded to high-quality pit muds, while levels of Lactobacillus,
dissolved organic carbon, and lactate significantly decreased, with normal samples in between

BN S 2 PR AN T A DGR R, B0 R X B YR AN T SR AP AE —E Y U O [39]
The amount of bacteria showed strong negative correlation with the content of calcium and iron, and it

also showed negative correlation with the content of magnesium

B AR AR R (Clostridium) . Syntrophaceticus . 5.8 ¥ & (Syntrophomonas) . % )& [40]
(Petrimonas) . JUFE & (Sedimentibacter), RN & (Aminobacterium) AR & & 8 & 5 T1EH

=

The relative contents of Clostridium, Syntrophaceticus, Syntrophomonas, Petrimonas, Sedimentibacter

and Aminobacterium in degenerated pit mud were significantly higher than those in normal pit mud
T2 8 (Sporobacter) . Coriobacterineae 51 & It i Ho M) 5 258 i i S B H — 7 U TEAHDC 6 &R [41]
The proportion of Sporobacter, Coriobacterineae and other genera showed a positive correlation with the
quality of pit mud

W VR RAR R, EYRE Y Shannon ZHEEFEEC: Chaol F= AU E AR, i [42]
JEAZARAE D REE A N B—I¥) Firmicutes #1754 Firmicutes . Euryarchaeota Fll Bacteroidetes

B 3ANT; EIRHRZOEECE N 2 ARSI E 15 NE, FEELETTF Clostridia. Bacteroidia
Methanobacteria . Methanomicrobia % 4 ™4, JLHIE Clostridia (7 &)

Microbial community alpha diversity showed that Shannon and Chao 1 indices were significantly

correlated with fermentation pit mud quality. The dominant phyla Firmicutes was replaced by Firmicutes,
Euryarchaeota and Bacteroidetes with fermentation pit mud quality-improving, and the number of core

genera increased from 2 to 15 genera, which were mainly assigned into four classes including Clostridia,
Bacteroidia, Methanobacteria, Methanomicrobia, especially Clostridia (7 genera)

AR EERER T, WREE(Clostridium) N EEH . SRR fiE  [43]
BENHE . e Ee. EbaEie PR R &R

The predominant genus in maturing and matured pit mud was Clostridium, while that was

Pseudomonas in fresh, degenerated pit muds

PEHNEIRR Kt 7Rk, MBHERE B (Planococcus) (22.63%) . - HIFF &)@ (Bacillus) (12.95%) . [44]
LA IBERL(Porphyromonadaceae) (12.45%) . 24/ \ & ERHH )& (Sporosarcina) (10.60%) . F B AT

T4 )@ (Methanobrevibacter) (35.66%) . HUBEAT 14 & (Methanobacterium) (10.25%) . Hke/\ & BRI &
(Methanosarcina) (3.27%)% 75 R ZE4 )\ BER )& (Sporosarcina) (61.34%) . W&V ATH J& (Psychrophile)
(10.42%) . RP2EEE(5.45%) . T-HMIFEIE(5.02%) . 7= H Eidsw)E

(Methanoculleus) (38.18%) . F%ikT 1 )& (Methanobacterium) (34.21%)%F

With the degeneration of pit mud, the dominant species were changed significantly, genera Planococcus
(22.63%), Bacillus (12.95%), Prophyromonadaceae (12.45%), Sporosarcina (10.60%),

Methanobrevibacter (35.66%), Methanobacterium (10.25%), Methanosarcina (3.27%) were replaced by

genera Sporosarcina (61.34%), Psychrobacter (10.42 %), unclassified bacteria (5.45%), Proteiniphilum
(5.02%), Methanoculleus (38.18%), and Methanobacterium (34.21%)

TEH N T2 fh AN 80 246 (Shannon $80F1 Chao )2 = F45 AN L& RFEN:, IEH [45]
N TR 5 3 & 10 2 B B AR B (Clostridium), S BRI T BRI &b . SR 1M 45 i A T2

U rh ) SRR B AN 2 AT 1R (Bacillus), FLRRAI LR & it 8 1=

A significant higher bacterial species diversity (Shannon index and Chaol) was detected in the normal
compared to the inferior artificial pit mud samples. The normal artificial pit mud was characterized by

abundant Caproiciproducens and Clostridium and high caproic and butyric acid contents. In contrast, the
inferior artificial pit mud was overrepresented by Lactobacillus and Bacillus and lactic and acetic acids
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Figure 1 Anaerobic microbial metabolism of pit mud
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SRR

T B PRI W T A A AT 0T, Kk
BUAN [) 25 0 v ) Bl A 0 BAT B s AR P (B o A B
WS, MANFEIEVR ) LA E R
PEATE PR 4), HH Lactobacillus . Clostridium .
Caproiciproducens . Bacillus F1 Methanogens &4
[F] 257 00 v A B IS A0 TR LR T A 119 R T i A
RO ) E A EE e i S A R T
I, TERESER A W BE Y iy 5 AT LA ] 80% LA
RO S FL R T A A A AL IR T A Y P
) E R IR N 2 — , FLBR TR B A R B A e
W LRGSR A, R R B ST A A EE A S
RHE— BEHOA NS E e h F g SRy , 2
SN 2 e o i 1) EL S DR TR, 78 & B R AR XS B
Wl R R TRER T Ea, R AEnem)R. T
PR TN £, TR 45 i e 7 1 X e 8 28 P 1) 8 AR ol 53
AEWELFEYTRY . RS MY
RGIII R A WO E N HT i w . H
FITEER PRI T RKENCREE, FEE R
AR R 40%", AR h A R E R

R4 TRERABHEMHEREENFE

7R, P RE AT Y 10 DL OB LR AR
FERFIE Y 3 2 5P ZF AT TR R 7 R S g e rh
AT 20%, AR EAEBITA YR R AR
AL T 1%, I HZFRTFREREE L, AW
PSS A 7 Pt S T A 2 1 7 XU 22 A
MR R 22—, ZF AT R R e g o & 2 e v AT 4 B8
R0 FEEGE D o th T 77 F e i D4R R TR R
il AR, PRI, YRR G e TR AR B IR
AMERAR TR AK . BT, 2005
TR P S ARE R B B 3E E
7R R ACHNE R, AR A S B = P19 E A 25
X T AR I %) RUA 7 A 2 i ), {FHE 5 A
A 0 1 B3 O 2R AT R NV A 28 1 VG A9 o £ 7 A
RN , I A G T 25U 1) 7 kDR A 2 T o ok
2 2E A A R X — W ER R T o
21 FHERE

FLIR A TE AR PR oA )z, WAAE 1873 AR5
B LR ALK (Lactococeus lactis)P”, FFR T
FLRAE RIS, HRTC 2158 T 23 NE M FLRH .
WA Y I 2R 7 R R RARAE  R LR T AN

Table 4 Dominant microbial species and relative abundance in different pit mud

F i DEFAGIAE Wy B AR 2 E = BTN

Samples Dominant microorganisms and relative abundance References

7238 Pitmud  Lactobacillus (6.97%), Clostridium (1.84%), Syntrophomonas (2.52%), Methanosarcina (3.5%), [17]
Methanobacterium (3.37%)

7238 Pitmud  Clostridium (12.15%), Lactobacillus (3.49), Bacillus (1.23%), Methanogens (19%) [18]

7238 Pit mud  Caproiciproducens (40.40%), Petrimonas (12.70%), Lactobacillus (1.17%), Anaerocella (3.97%), [19]
Proteiniphilum (5.06%)

7238 Pit mud  Clostridium IV (47.4%), Caloramator (4.2%), Lactobacillus (1.1%), Aminobacterium (4.4%) [31]

7238 Pit mud  Lactobacillus (55.79%), Ruminococcus (9.88%), Caloramator (2.26%), Clostridium (2.01%), [36]
Aminobacterium (1.66%), Klebsiella (1.23%), Syntrophomonas (1.22%), Methanoculleus (1.22%),
Sedimentibacter (1.14%)

7238 Pit mud  Lactobacillus (85.59%), Caproiciproducens (5.63%) [46]

228 Pit mud  Bacillus (22.74%), Clostridium IV (12.12%), Petrimonas (12.08%), Proteiniphilum (5.15%), [47]
Syntrophomonas (3.21%)

228 Pitmud  Lactobacillus (6.45%), Caloramator (2.74%), Clostridium (2.23%), Methanobrevibacter (25.68%), [48]
Methanosarcina (19.89%)

22J¢ Pitmud  Lactobacillus (77.16%), Clostridium (3.70%), Bacillus (1.64%) [49]

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



SRS PRV S AL S I e I T i

4335

[ElEREZ S A G NG W & i & R D 2 S w e
PSR VR A R P TG PR o R ) TR, s
BHF TAEH SRR Eurhdl 6 B
16 @AW, & GME R 5% AR, I HAFLER
2 SR, FUBR T A A A LR A 2 R AN
& I KUK ) B 2 —, W& R (i v
VO K i 2 — (4 LR £ T ) EE BRI BT . T AF R
VP FLIR TR 1Y 43 2 55 78 AR O ST AR LS TR
Kk g, SBEFLAF I (Lactobacillus pentosus) .
E K FFF & (Lactobacillus zeae) . FLFR A ER
(Pediococcus acidilactici) . 125 - ER 8 (Pediococcus
cellicola sp. nov.) Fl it £ B i BK B (Pediococcus
ethanoltolerans sp. nov.)% Z R FLIR A M 25 Je H pk
O3 EARE], Al UKL 25X I b LR A
P50, R BGE Y 5 i 0 FLRR 2 W AR 1 I Hh i)
HEEFEST, I HILRR T I W] LA RS A al
CWECRTT) . 3-F3E-2-T W (Whih . Ag i 4 iR ) Fi
2,3- 1 U (I R ) S e ke g 5 Y LR TR O %
P gl A v (0 S KR D BB TR, AMAE T & e v
TRSEFER, M HE AT RELEE U8 AR R AR
MR AR, dERpE i RAF3REE; Higew]
FIE A 725 ol 0 R B 9 ), R e PR ) Ok
R, A TR R R R mERE 1Y H AT,
T I A 7 Ak K 22 #R T I B FLIR LR i
ORI W W A PR I S 9 T L 2
SEPRB B R GG Y SR R, H R
ok 20 2 R0 53 25 35 5% 00 5 VR X 2 U8 v FL IR TR kAT
G3HT, TR LR T A A SIS RN SR RE A A AL
PR XU rh FLRR A 2% 1 T, AT ELER I
T, FFMATER M HATI ), BRI R
A HB,
22 RER

HR & (Clostridium) A5 )12, FE e+
HECH i VA 2 1 SR EREE R R AR B O
FER R, TR ) 15 AR i 2 R

PECT SN ok S BREE A 5 A ) A e
IR TEFEPRISE D, REE(Clostridium)— EHAA
o EER SR, W H ETRFR AR e 2 i R
Z—, W& (Clostridium)F) FTE W A VL1 it
PERCIR . IR T RRAF MR B I Y AR
R 705 = N1 W 1) B 7 N8 s S
B2 T ZMBE, B Clostridium celerecrescens .
C. cochlearium . C. sporogenes. C. sartagoforme.
C. kluyveri® | C. aurantibutyricum* F 3 1% ¥
C. liguoris® | sp. BPY5' |
C. swellfunianum'®! | C. fermenticellae®"4% . 25
PR RA ZR DY), Il iR, TR, CR
SRS . WL M. B AT, W
e o I PR ) AR C. kluyveri N6 #1471
ARG, C. kluyveri N6 RO & HEACHI Y b5
AREWIREA G, ¥R, THKR). FEEE
PQA-TEE, 1-CBE, 1-FR)FCERRIEYI(T IR
TR, CROTR, TR TR . AWM, C. kluyveri
N6 U™ 4 O RS A, XATRe S A E SR
() B AT AR B DG R0, (A R H
HIRFGERM, C. butyricum TEACHHS R R RE £ £
Pl HRKE PRIE rh 2B o o0 ik AR, JF 77 A T R
BREZEGUHEIR) . TR, LRMYEARFZFRK
R4, BB AT F R AT ER PR
RBAURE O . T R R HEN A
R P A SR, I B RS T R R Re e A AR
—BER A W) AR TR S AR - ) 2 e v
(R AE AR A W AR ELAE FH DG 2R RIS 1R T, 2 T
WA Y I ) 7 S0 7 A 5 M e e Hh AR T
JR AT I A B T o3 B e i Wy ) A1 AN
WAV A EAERIDC AR , A dE % v 5 2L 1 i XU A
TE= A B PLER BT, RERE N TR A LR . IR o
TSI 2 07 SR BE RS SR AN R S
23 CERERE

O\ 2 & (Caproiciproducens) &= t2 WA T )

Clostridium
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KIWAEMWEE , I Hd k) 2 AF7E T8
o AR EY, CIREE &L EFRAEA TR
FEARHF TR, AR B BE A A W i 1S i Tt
AL DR, A A Ak e i
SESEARIE ), AR CER S, WAL R
Wi . BRI TE R R 3 SR B T R T T RE TS
F0.11 g/L Y EE, 0.58 g/L LR, 0.39 g/L 1Y
TR 0.69 g/L KR, HA MR MW™CmRE
A, Gao %5l % PR CL IR T @ 2 75 Ve A K P iy
R, 5O A BB R,
LR T RN C R4 Ry e ) I 1) B A U0
FIUAH G B AR 5 o O R B PR L 32 B A i
PR, R ESZ B R TS N E AL, AR RE e
TEE DB SE I — A E AT
24 FRAFEE

SR B & (Bacillus)1E B SR A 0 Aa iz,
Bacillus Kit 1T RKEER Y, 7T KB SR
S5 JEOR T AR B AR s 7 AR KR B KU AL A
YU e R K BRI R U P, Bacillus [
R DAy Ve A TR I 1) XU AL B 0 1 7 A TR B R Y
J1i o EURAE R AR T 11T K I sl A 0 1 S A
B, EUe b oy A3 ) T RN 2T I (Bacillus
pumilus) . Tt B % 2 BR 25 # #F B (Lysinibacillus
boronitolerans). S ZF KR (B. badius). BEASEF
HUFFRI(B. coagulans). HiHZEAIFF IR (B. subtilis) .
HAK ZEHIFFIRI(B. licheniformis) . JSERIE i 2 R 2F
HFF & (Lysinibacillus sphaericus) . 22328 ZE AT 1
(B. pulvifaciens) . % /N2FHIF I (B. pumilus)3& ZFh
ZERUT Y. B A A ZE AT AR RE AR
3-FRHE-2- T 2,3-T W, Cofb &Y. MLEAIE
R TR A e A B G v B P A R A, R AR B 1
T B AT R A F ) 2R TR A o
oAV S WIAETEA BRSO, A PR S B, AT RE X A
T IR 32 Sh ik A TR AN B S 4 R
HRAR] T ZF AT X B T 0 A R R A

BRI TTH, 25 AR R 1 R A ik vl e

P AL A YA M EAE DGR, B & I h
BRI AR R RE

2.5 FRER

TEDRAEUR TR B vh 7 AR 18 v 8] 7 e LR A
JgE I i 5 2 e A TR 1T ) E B R 4y A SR R
P A )R e RS A 3o R R sk A B U7
— H i BE R RIS, W23k R A A
WA, PREERY pH REAK, K EEALAE AR 2
FUPPHIT, SCRRIRAE A A B A
SRR RIREIH R G IR R 2R F 4
JERUO, e AR R, 7 B BT S R el
Ul AR B ) R A A 4t Y R T A o R e
b AR, B IS P T o — NIRRT AR Y
oA, RPEUR ) BRI
I R 22 B 0 A AT ) 5 3 2Rl 12
pH M2k 2 T 3E e b I A ) 52 BN [ AR FE 1Y)
SO, TS TR A TR I %) KU R B o, 285
P oA w0 BT, T ELE e b i H e 1A
5 RN R T AT, s e T A A7 A
SEE T 4ERE pH AR e R DA IR RS E 1)
FERZR B EZEM 7 e o R e A T s
(Methanobrevibacter) . W ki 5 J& (Methanoculleus) .
FH ot )\ & BRI J& (Methanosarcina) #1 H 3¢ 7T T &
(Methanobacterium), PRI B ILFE 5. XLey=H
Jot TR FE 6 A1 Ji-th 1) FH A 2 280 240 B Al ™ AR LS
ARG, RS RIAR R, IR DR 4 R
FH Be KT 1 JB (Methanobacterium)ik VL TR AE R IRH)
R LR GE . i T HVBERVE R, IR 1 2 en
BRSO &, 4R T B IR i
WA pH PREE, ek 1 A& BY il i) A IR B
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FIFFE R A, HE R T A O IR TR e 6% R R 2L
iR F1 BRI ™ A 0 v E A IR Y B O R AN
TR 3 A FH 2 it S 2l 25 e i A E W itk A 7 o3 B
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x5 BRPEEFRREMEEER

Table 5 Physical and chemical information of main methanogens in pit mud

7 H B R i HIEY

REARKEEGEGE) pHAREREERE) NaCl A K HE (o)

Types of Common substrates Temperature growth ~ pH growth range NaCl growth range
Methanogens range (optimum) (°C) (optimum) (optimum) (%)
Methanobrevibacter &<, H R Hy, formic acid 30-39 (36) 6.0-7.8 (7.1) 0.45—0.50 (0.48)
Methanoculleus AR, HlR. A/ =g 23-55 (39) 6.5-8.1 (7.0) 0.54—1.50 (1.06)
H,, formic acid, CO/secondary alcohol
Methanobacterium &S —% bk, HEE. ZHALGERE . 28-65 (38) 5.6-8.6 (7.1) 0.25-1.40 (0.69)
THIRE . =HRE . B NERRR . 212
H,, CO, methanol, dimethyl sulfide,
dimethylamine, trimethylamine,
methylamine, pyruvic acid, acetic acid
Methanosarcina g, aR. FiR. FEE 25-50 (35) 6.5-7.9 (6.9) 0.35-1.20 (0.85)

Acetic acid, H,, formic acid, methanol

R, HRPEARELTOREGMAER, I
Lk B AR 2 P IR P R TR BR SRR Y o X Gt
CRRIAHICHE R T T I A= Wi, Lkl st
FE I BRI TR E M R & (Lachnoclostridium) Fil
W W& (Clostridium) . 12 4 J& (Clostridium)F C FR &
J& (Caproiciproducens)FE DA FNAH G ¥ 4E T 4G
WA LR AR AR BN R A RS
—EMHHEIE . Tao SEHTEE TR, RER S
7 e AT BEAFTEA AR I OGAR , dln F a] 5% 7%
R, S TR AL e RO O R & it A rh o A
ARSI RS, et T R A R ST E A
W 7 FR B TR 5 R T =2 ] A B AR R T A
i, SEEL TR AR IR AR R, e T A B
SR UL B TR TS

5 137 R U7V S o 2 9 ) 2 S [R] H R
Mo, INENe R be i S Ho A D Re il Ak
WHEFEWHEAAENXR, gleh IS mtk
HE FTE & (Syntrophomonas) & — 25 SR () H &
W, dE S R T EE AR R R DT R Y R A
Syntrophomonas'*1 5 & 5 37 T 7= W b ol B AL 4 55
REfE A CRRFNTN R , RERE LA T R AN Z ik g i
TR AE Ay v b AR ) o7 kAT RE A, O Hid Rk
W IR SENR IR . AL Syntrophomonas™ ik v]
DL SRR AT S OB, T ORI R
LAY 5T Bl v e BRI £5 Fh i A g T R 1)

Jol 3 DAL 3 DA 7 Y g - A ol A 0 1) A A P 9
T Ik

3 BEMEE

BEE I e B AR B R R TR, R A P 4
P RAR Gy Mg b ok, JF HLgE s TR PR | 7L
MRTA . SFAUFFE . FRBE I 0 A st
T X AN [+ 25 0 ) Bl A DR I 45 F % T2 B RE T Y
22 SRS IR TN TRL B R A TR R R
W22 . XERRIESE B A A R Y
ZRCTRAL T BRI AR S R . AT XA E
TR F A P 1) 22 S ARGy s g e 1 AT 7= IX e A
TR PP XU AR it 9 2 5 o T B o0 8 0 v S B
AT ANBITIE , A7 BT D 25 e A Qs W S A
AR TR K2 )T N A A AN TR B 2 e
AR 225 A T ARSI BRI R T A
TRV EFR AL TR FRI, W N TR &
JE AN YR A R4 SR A TR S

LRI 2 I AR WD BB 32 A R e A= 1
ZREVE T R BN A o b I T P i 2
Rl A o0 e 15 7, RV A e ol P 248 X S
F¥ 53 A g 3 A ) ) R v 4 A (L el T 50k SR AR
MBI, FRECA T IZ N T3 R AR R 58 4
L FRTBRZ XS R e R | B E Y
FHEAEH O 38 S il RURRIR A 858 BR2E 9 A9 AR ™
P o A RIS T B BE A il T IR RUE Y AR K
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EEUE I F e R 0 B R AR e At A
Yy B9 A LA B W S8R 5 i

e AT B I A D v R A ST SR Y A
W8I, FEHT AR R AN KR TR T I A By
(0 LA O A B i (0 A 7= T2 B 2K F (Y
B = M 938 X dh R R IE R, A R AR IR 2D 32
BEIT . R A P AR P A R AR,
AR 57 AT 5T 9% BOR A A 2 T , e A
FEHE R 3 TR ASRS A A W) HAR | R3] 2 BRAE e
RIEMIL | B TR RS, A e rh o
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