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Study on the microbial community and its physiccochemical
properties in the process of ultra-high temperature composting

WANG Yancheng' , HUANG Shengri' » DONG Weiwei' , SHEN Pengfei’ , PIAO Chunxiang'
( 1. College of Agriculture, Yanbian University, Yanji 133000, China ;
2. Helong City Federation of Industry and Commerce, Helong 133400, China )

Abstract: In order to study the changes of microorganisms in the process of ultra-high temperature composting
and their effects on the composting, furthermore, polymerase chain reaction-denaturing gradient gel electro-
phoresis (PCR-DGGE) technology was used to analyze the compositional structure of microorganisms from
livestock manure in ultra-high temperature composting, and the changes of physicochemical properties (tem-
perature, moisture content, carbon nitrogen ratio (C/N) and pH) with time were detected. The results
showed that the main microorganisms in different composting stages were different, and the dominant bacteria
were Firmicutes during the ultra-high temperature composting process, the overall trend of temperature,
moisture content and C/N is gradually decreasing, however, their variable trends of pH (greater than 8) have
no great difference with composting time. Last, after 35 days composting become thoroughly decomposed, the
fermentation substrate tended to be stable. In summary. the above results can provide a theoretical foundation
for the screening of fermentation strains from livestock manure in ultra-high-temperature composting and the
preparation of functional bacteria.

Keywords: ultra- high temperature composting; microbial diversity; livestock manure; DGGE

KR E: 2021 -11-12

ELWMEB: SMEAHET T ZH7HFBIE H (JJKH20191131K], JJKH20200518K]) 5 5 45 A% S B H7 51 & 3
RI%E By 111 1 H (D20034)

F—EE . FHOR(1994—), 5 FEEA L AF 52 07 0] R A 0 B R T 2 5 0 .

BIEEE: ANEFEAI79—) L B+, YR, WF 587 10 A 2.



320 3D 2 R CH AR RO

4T

R e T A AL A Sk — b R HE IO AR L DR L T
T H A ML) 4 i 0 2 o M JIES T8 S8 s [ T 32 31 K
G S W R W R W 7 AT o R o
XiF A o5t o LA e R L B 45 b
I B A= W T R S I T K Y5 T A A e T R
280t 15~20 d B iR AP SR R AL B SC B TS
T R UR &5 K F N 80%) 1 W) T 4k A i iR I8
B Peng 45 ) FH B s 14 v AR AR 0 3 R AG T HE
TR G e X8 28 TR 72) H Y N, O . i Tl &
ik 3 AT PR 5% CHE AR 3 B v A0 3R B 78 T 100 °C L HEAE
B R 3t 6 &) 15 3 IR AN [, DR O e T 3 AR
JIE 7= A (s A g R 2 BB B G B R L
pH . & 7K R C/N) 5 %38 5 F 7= A i i A9
P2 B E BB AR oA AR K X . B, X
o T AT 2 R e B A 0 2 R AR A B A O F T R
ARSI DR AR SR FH B A A X R A T A
BB B VK (PCR - DGGE) J5 5 X 94 A= W B % 40 A%
HEATHRIT, IR E T8 e R AT A A PR L pHL
FrK LA S C/N A5 B AL A8 b 1 A2 Ak 17 B0, LA
R AR BT T B A S A SR W R T R AR
S %,

1 MRt 5F*

1.1 HERESHH

H 51 A O NE 2 B 304 R T )2 A8 55 A b4 R I
WAL s, Z A E K R 5.5 mL4.2 m,
2.0 m, & B P UZ BRI E) B Ay &R R 50 mm
F SR AR . A T Aok 2 v SR P RS 3B m 38 L Oy =X
CEXNEEER 0=0.38 m), FHEME&® 5
FIE Ak o S50 bR SR A ML 59 (il 20 3%
e ThAE KB A D R4 K BEHERR , O 4% R L
1 1 RAHF.
1.2 Rt

AU LT iy 52 30 25 B3 T e Ui e S 55 56
ST SR A TR ) T4 L v SR B M
A 3 R Y B KR = 60 % R IR B K C/N
WL 2R 30, I FF A7 5 R AR O A A T 7
0.1 L/min Z240). REE B E R 3N E 1 a,
boc £ R BN K B A 7.14.21.,28d F1 35
d. TEBARAE R BHALR 5 3 FEdh, HORE R
FEIR A5G TR0 % 3 0, D AR TEAE i AR

Ferk. R AE T MY RE & ST BRI AP T ] 52 5
EHPRRAE(—70 T4 H.

Sﬁcm

a

b

¢ 100 cm

50cm

@ Air pipes @
It— 200 cm —*

¢ 420 cm >

E1 BIaXHERERREATEE

1.3 H&RDW
13,1 HECRBRALF8 b 0 A5 0

FeSCHRL LT IR A 5 ¥ 78 a b e SRAE sURE i
I BE L pHH L & K F C/N.
1.3.2 FESH) DNA 425U PCR 973

HUHERERE i 4 0.3 g, R T ) 13 DNA 42
B £ (35 E . MOBIO) #:HUE [H 40 DNAL IE 4%
PEMCAF ) DNA R 4K 75 B 20 £ )5 dk 229
Hasewy . B GC-341F(5'-CGC-CCG-CCG-
CGC-GCG-GGC-GGG-GCG - GGG - GCA - CGG -
GGG -GCC-TACGGGAGG-CAG-CAG-3") #i
907R(5'-CCG-TCA-ATT -CMT-TTR- AGT-3")
XERE L IS 9 DNA #47 PCR §735. PCR [ i
K& K. 2 X Taq Master Mix 25 pL, 10 umol/L
FEFRHSI4 1 uL.DNA 1 pL, B2EK 22 pL, 4t
TF 50 pL. &84 W R ¥ ke 95 C W) iR A8 M 10
min, 93 “C7AE% 30 s, 65 ‘Cik k 305,60 ‘CiR k 30
s» 55 ‘CiR K 30's, 25 MEX, 72 ‘CLEAH 8 min, T
4 CORAF. P 1 HAR S 7 Be K/l 576 bp.
1.3.3 AR MRS FEBEE B Uk (DGGE) 1) 4 Dl

I 728 PE A B BE I HL UK 43 25 PCR 9734 779
fii 1 DCode™ i FH 28 22 50 & 4t (Bio- Rad, Her-
cules, CA, USA) A DGGE"™', 75 P4 B ¥ e 1
il #5535 R 1E pH 7.4 B 20 mmol/L Tris & ift
WA 0.5 mmol/L & U Z g (EDTA) Al
10 mmol/L B&ER#H . % % 5o 72 B F il 50) o R
I Bk e (R o Bk 8% ~12%) IR E (1.4~4.9
mol /L) FIZS 7] (5t &2 73 %k 30 %6 ~70%0). il &
o A T A R B R L FE L = 4 B 160 mm,
60 mm.1 mm. &K il & 56 W5 . B H O fE 20



543

A A A ¢ R IR R AL S AR rR AR W TV RO R AL R BRI 5 321

mmol/L Tris & i (pH 8.0) Kk 850 min(H,
JEN 100 V., JE A 60 T, & J5 Al J§ SYBR
Green I X BERE YL 4 30 min. 42 452 B )5 , Al FH BE
JBEREAG o At 7R B0 WL SR e i 40 R R A Quantity
One B3 B T 4048 19 KR
1.3.4 2%l e Ko i 5 i

1 8 B — 1) S AT DS VA T 50 pL 8
afizk (4 ‘CHWCE 24 h, SR 54k PCR ¥4 .DGGE
HLUK VDI o B 3 2% 0 O O B —. D) R b AT R
HAC Pl S5 A 1.5 mL B0 P, 9 & SK8131
A7 Y H A9 DNA R B BOE & [ iy
DNA MM IF#E4T PCR 9734 (4 19 5% 4 e 20 98
A 1.3.2 O REH -k E A =BFERBE
Yoz AT M0 ¥ . B DNA BG4 A 2 4k iy
DDB] - Blast 2 /¥ % BT 3 27 #6417 R K & 547
1.4 #iEeE

K H] OriginPro 2021 344 X £ 4f #4731 58
YERE.

2 HERERH

2.1 HEEBEEMNTLHER

Tl A W A K BB I el IR A 30~60 °CL 24
TR = T 65 “C B, K 2 8 AR W e AR o 2R AR
B A/ 43 1 BT AT LA 4k SR AE I R 2
AL R I I AR A R B R A 2 AN B A
1 BE R He s FHE I (0~7 d) o 3 AR kR S A HE A
TREESTES 7 d IR B IE(E, 7398 91.0 *C104.0
CHN50.0 °C. 5 PR 4 S Ak A W g 8 DLk 4 fi
Yok b i T B A ALY L R R IBORE B L 2 I PR
rEEARIR L. 55 2 B BOh 218 BRI (7~35 d),
2 Wy BOE AT B DA U {1 2218 N B g i T L
L PR HE AR rp i A L 0D AR A
T P AN B T S
2.2 HEMRHY pH THER

K3 b HER AR T pH AR fL. t I 3 AT Rk
Bl AR 0~7 d, MR pH 5 TF B H R
JEAE UG B P AR R AT R A R L Pk R
R 0L PR 3L DR R AE S A BL Y e A D R
fitt I A R BB B PTEL 78 7~ 14 d, HEIK Y
pH 2 TR # L 2 78 1% B Be vg A AE
HEAT AR 2 DR W pl L =2 T K WL T 3K

TE 14~35 d MEURAY pH PR TH i . st
JETEIZ B BEVE AR W A Y o
M A B4 A 5 R TR IR B RS 35 dL AR
FERE pH HE R T 8.0.

140
—k—a
120 —&b
—o—c
O 100
> 80
=
¥ 60
40
20 1
0
0 7 14 21 28 35
He B/ d
B2 HESEPHEETLER
9.0
8.5
8.0
:Ic::. 7.5
7.00 —A—a
6.5 —&b
60 —o—c
5.5 " " L " 3
0 7 14 21 28 35
HEJBET IR/ d

B3 #EERERN pH EHER

2.3 HEEKENTHERL

T AR W L RE R K o A AL AT AR
e AR RN B A L BT DA AC G AR b T R A A A
KR T IKFE 65 YT, B K B2 58 i AL 23
Bt v i) 2 SR R 28 BUR BB ORI T HE
JIE % %) o DR I A 3 6 39 A 1 ok M A 1 5k 3R
PR 60%. & 4 BT LLE . 70 HE AR ) A
TR R HEAR G B K S R BB W R [, o o
JEAE 7~14 d B HEAR B & K 3T B AT e b, O 3=
B R A W e I R h e AR T R,
HEMTNGE T oK o3 19 28 & i 8. MAE 21~35 d i &
KT B AT AR N A Ry A8, HG it P R T O T
K KRR AT, T h0, 3 A RFE S &K

2.4 M C/NHMELBER

C/N 72 Ak 5 T 7 45k o A 20 B S A T
PR HER Y C/N (E # Il FRAE Y AR R C/N A
(A2 24D, BB 5 ATLUE W MR C/N (i B HE
JIES bsf [F) 222 30 3 T B R R AE 0~7 d i R R4S



322 JE 3 R 27 2 4R CRAR B2 RO

4T

e, LM i R R K R R . 2 M AR R A
5535 d B C/NHIEFE] 12 Z2 45, B L AT A HE R
W AR 5E

70 —A—a
60 —&b
50k —&—c
X
~ 40}
3
:\’E 30 t
20
10
O 1 n 1 1
0 7 14 21 28 35
HEART ]/ d
4 HEIEPHRIAKEZTNLER
35
30 —k—a
—=—b
25 —o—c
Z
@]
20
15 &i
10
0 7 14 21 28 35

HeJIt i/ d
5 HWRESEFRHNC/NETKER

2.5 &% F 5 DGGE & B o

WA ¥ 5 DNA B DGGE 3% 18 6 k.
Pl 2Rl (4 B0 o B 22 3R 7 B i R A Y b 2R
R SRS RN R R 2. NI 6 AT L)
Bl AR SR D, & kiovpog HIEA
B A TR 98 B 3K 46 T P T B Oxo M A S OC S A
FH s 25 £oh ko Lom (1952 B2 Bl 2 HE T 4 2 1 4 gk
T B 400 3 o 358 Y s L o A 194 5 e Bl A IS B 1]
MW & s 557 ab.c.e HBLFE 28~35 d, i

Acrylamide

12%

: -
b ]

‘

714 21 28 35 7 14 2128 357 14 21 28 35

X 46 T R AN S L S0 ) R R P ST T 3 S
JE B HE AR IR EE . 55 Ah AN TR] SR 5 TR ZH A
B AP TE 22 % TERME AL a il oo /71 q TE R
W& A B PR B B 2 B A R 0 A A B
AR BEAR G AR FE A b, 7E 7T~14 d JE RN
Al q L.

B 6 b i OR [R) 458 U S i O X
DNA HEATIN . P 5 B e Br s R WLk 1. thk 1
AL HENE o i I AG I Y 6 AN ] .8 A
(B B 17 FhAS [ 09 4, Hoh 78 2500 by
m. o, p Al q FA I Y AR TR S R B R HE T 4 T
J& (Uncultured compost bacterium) , B # &k F @
(Rhodothermus sp.) KPR J& (Thermaerobacter
composti) \WEIRNGINGE JB (Thermus thermophilus)
FOWg BRI #1 B (Sphaerobacter thermophilus)
HYARALPE IS 2] 100 %6, AR A abocid.e f g i,
inkolon 23 90 5 85 IR AT B (Sphingobacteriaceae
bacterium) 25 % M FT B (Paenibacillus sp.) .
W & ( Thermoactinomycetaceae bacterium) .
Alviniconchahessleri gill endosymbiont | 5 3
EHLFE B (Ornithinibacillus sp.) . 1 28 # FF B
(Geobacillus sp.). B 1 B (Acidimicrobiaceae
bacterium) . Plani filum fimeticola . Plani filum
yunnanense . % [QELE K (Rhodothermus mari-
nus strain ) A 85 F5 09 Y IE 48 7 (Uncultured
compost bacterium) K il H {4 13 A= A7 0L P ¥ 3k
90 %0 LA b BT RL BRI DA Y e il AT o R b i A
Y& 2k, HA U 0 22 5 sl A8 O k. AR 3K
I ER Y 34 A= W 5 SR [ 14-15 ] v AGs 0 381 ) £k
A YIRS AL, e — 20 R B AR RN R A AR
Xof . i B 5 H AT 50 58 4 T 52 1P

AUENN
. Denaturant
| ‘ 70%
-
| B
e "
- )+
- =
Ll

30%

-

714212835714212835 714212835

a b c

a b [¢

6 MHERRIE R4 5 DNA B DGGE B it



9543 O, S R IR ME N S R A W R B OB A ST 5 323
® 1 DGGE £ 4 16S rDNA #4> 5 F F 51 bk 3¢ 4 47

Band Identification Accession No,  Similarit/ % Phylum Order or Class
a Sphingobacteriaceae bacterium gsoil 524 EU370954 99 Bacteroidetes Sphingobacteriales
b Paenibacillus sp. SH-55 AB162693 94 Firmicutes Bacillales
c Paenibacillus sp. SBK-15 AB366356 95 Firmicutes Bacillales
d Thermoactinomycetaceae bacterium CNR873 PL04 DQ448805 92 Firmicutes Bacillales
e Alviniconchahessleri gill endosymbiont AB214932 93 Proteobacteria ~ Gammaproteobacteria
f Ornithinibacillus sp. XJSL10-7 GQI903476 90 Firmicutes Bacillales
g Geobacillus sp. TC-W7 GQ866911 97 Firmicutes Bacillales
h Uncultured compost bacterium AB437982 100 — —
i Acidimicrobiaceae bacterium 1C-180 AB517669 91 Actinobacteria Acidimicrobiales
j Plani filum fimeticola AB088364 99 Firmicutes Bacillales
k Plani filum yunnanense DQ119659 99 Firmicutes Bacillales
1 Rhodothermus marinus strain yb43 EU214605 99 Bacteroidetes Sphingobacteria
m  Rhodothermus sp. AB252420 100 Bacteroidetes Sphingobacteria
n Uncultured compost bacterium FN667400 98 — —
0 Thermaerobacter com posti AB454087 100 Firmicutes Clostridiales
p Sphaerobacter thermophilus DSM 20745 CP001824 100 Chloroflexi Sphaerobacteria
q Thermus thermophilus DQ119659 100 Deinococcus-thermus Deinococci
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