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Screening, identification, optimization, and application
evaluation of compound bacteria for degradation of diseased
pig carcasses

ZHAI Wei', ZHANG Xigqing', LIU Jijun®, LIANG Xiaojun®, GAO Yunhang'

1 College of Animal Science and Technology, Jilin Agricultural University, Changchun 130118, Jilin, China

2 College of Animal Science and Technology, China Agricultural University, Beijing 100191, China

3 Ningxia Academy of Agricultural and Forestry Sciences, Yinchuan 750002, Ningxia, China

Abstract: [Background] In view of the high mortality of live pigs due to diseases in China, it is
particularly important to establish an efficient harmless method for treating diseased pig carcasses.
[Objective] In order to improve the harmless treatment efficiency of compost on diseased pig
carcasses. [Methods] We screened out the strains with protein and fat degradation functions and
formulated the compound bacterial agents. Single factor experiments and response surface method were
employed to optimize the strain ratio and degradation conditions. The degradation performance of
compound bacterial agents on diseased pig carcasses and sawdust compost were evaluated. [Results]
Strain DB1 was identified as Serratia marcescens with a protease activity of 36.76 U/mL and a
degradation rate of 72.17% for pig carcass. Strain ZF2 was Bacillus velezensis, with a lipase activity of
12.33 U/mL and a degradation rate of 70.83% for pig carcass. The optimal ratio of DB1 to ZF2 in
compound bacterial agent was 2.55:1, and the optimal degradation conditions obtained by response
surface optimization were as follows: temperature at 31.65 °C, inoculation amount of 3.11%, pH 6.0,
salinity of 0.75%, and Mn*" concentration of 1 mmol/L. A degradation test was carried out under the
optimum conditions, which showed a degradation rate of 90.61% after 7 days. The composting test
showed that the peak temperature of compost in the control group and the low-, medium-, and
high-amount inoculation groups could reach 60, 64, 69, and 62 °C, respectively. The group with an
inoculation amount of 3% had the best treatment performance, with the high temperature period lasting
for 19 days and the carcass degradation rate of 98.06%. All the indicators of this group were superior to
those of the control group (P<0.01). [Conclusion] In this study, we designed the degradation test
according to the fat/lean ratio of pig carcass for the first time to evaluate the performance of functional
bacteria, which was superior to the previous methods. Taking the degradation rate as the evaluation
index, we optimized the strain ratio of functional bacteria. Compared with those in previous studies, the
compound bacterial agent designed in this study can well accelerate the temperature rise of composting

and the degradation of pig carcass.

Keywords: diseased pig carcass-degrading bacteria; compound bacterial agent; strain ratio; compost
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JIE UE AR S 4 A ML Rk U Hop, A
R AR HE T PO — B TR, LRI
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DITES e iy A A T 4E R s i D g s (3)
HERE v A WL L 53 55 22 i B TR B R 2RO 4 HL
FE AN BRI, T A2 T i i R A R T A AL
W) 56 4250 it

W9 KRB, R ZFHEHEE . R
1. IR WEITALR RS BA e )y, &
5 E S R R 2 AR R g 2 S, TR R R

52

PEA T FERE TC T AL AL BRI # PR, H Wi AR
KHIWETE 2 4R h T I RERULE M A I e F AL 45
ARG AT LA 2H X S5 T 114 T o B EL B AT 1A
] A R E AR STt
ABIETE AHERE AR b 70 70 3] 16 T — B2 1 B
fige TR LI IS 3 i T A T A R, R
R 2R 0 e 7 TR 5925 R A 52 TR R A A P O S8R
DAL TR BIEC Ho S e 26 4, 3P T st s T
PRHENE HEA T ROR VY, LA D e 0 - 1R 0 3
P FRAL G b B R B2 A

1 #RE5r*

1.1 #&

R 43 B A R U5 T P00 T AR TN R
NEHEAAR, HEAE LTS B S P85 ) IR B A KB
JLRFR5Y, AR AT .

1.2 EFHE

WAL AR TR 10.0 g/L, M
10.0 mL, (NH4),SO,4 1.0 g/L, NaH,PO, 2.0 g/L,
K,HPO, 1.0 g/L, MgS04 1.0 g/L; FE&HE I
F = TR HIMER SRR LB AR IR
(g/L): NaCl 10.0, HHK 10.0, BEEERE 5.0
(AR IR IET ORI 2% B NEH) -

IR IRETE 1x10° Pa KT 30 min,
1.3 EHIFIE
1.3.1 #5%

i FH G TR AR ATRRE 10 g i 585G - (AR
RHEAEAESL A 100 mL 5 3% BBk A4 0 B A FE:
KH, 37 °C. 120 r/min JRFHEEFE 1 h J5iE
0.5 ho WHL 2 mL E3EWRINA SR FREF,
37 °C. 120 r/min #7735 5% 48 ho W4 WA BEIR
A F ERRE R -, BREUAS R A B V5 174
S LR A URTSE 7 IV e N A B e
ST R MER R R, RSV RS EE E
2 FUAB A K W B MR PR AE I T 1EA T 52 0 o
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Fh7e . WHCRh T 1 mL AIA 100 mL Y LB
WRREFREE, 37 °C. 120 r/min 5555 48 h, 5
T 4 °C. 8 000 r/min &.L> 10 min, iR ED
SRR o MR AR AR IE PRI RRASE 3t 77 Ak 7 B2
S FEL A 1) 2B 11 TR i U7 Tt TS T

W R RS0 Fe B AR R S IR Y
LB 2HBRE 10.5 g SN, (0 A AR AR K
R e EOx G BT W e B 4580 N, i
A 100 mL (%) LB ARG SR b 35 . B3R bk
X R ODgoo 4 1.0, F-FI ARG BRI AT 15
WA B M B 1x10% CFU/mL . 525 2H 4% F
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TSR RERBETFRE, RIS R

0, =0T 100%

ny,

K Or: AR (%)s mo: JERAR RS
HBRTE(); mi: RESTFRERNTE()-
14 EHREE

W 2 H0 O TR AR AR AT TRV TR A 2 L B
SERRYe L IR0 AN T SE R A AR U R S AT
DNA $HC, ffif] 16S rRNA FE R 5[4 27F
(5-AGAGTTTGATCCTGGCTCAG-3")Fl 1429R
(5'-GG TTACCTTGTTACGACTT-3")i#47 PCR "
W, PrYIZaifl e EH:E PMDIS-T R I-H1b
ERGFE DHSa b, BHMETERE T8 2 4E T4
W) TR () B A BR 2 /) AT R A I A o
J¥ 45 5 7E GenBank B8 )2 1 1E1 T BLAST HuXT,
JEFIH MEGA 7.0 BAF#E1T 2 &7 4 LX) 43
Mr, F£LL neighbor-joining VEMIE 2245 & B W
JE DRPR I 432527 WO

1.5 E5EFIRHEE
1.51 HERXE

4 100 pL RIS AR AT ARG IR 5L, K5
WA A TR IR PO RS R A
100 pL 55— FFRE W, FHIRZANA 100 uL # LB
WAREFREL, 37 °C IEERGFE 24 h JEdsla Jem
PRI P AR TR Z ) S AR B E
152 REESHENBE

Fie RECEE 11 JoT % T RN R I A fide TR 52 T )i
W, IS5 G HEPUE ST RLA S EE A
(2 L R I o N N RS 7 I )
1x10° CFU/mL, M4 o4 B SR IR A4
WA, IR 132 s & HE S
R TIN A
1.5.3 FHESERRREREM

PR 1.3.2 o)y el AR B, R S 0 it
FEA BN 30, 40, 50, 60, 70, 80 °CJ5illlsE
G 1o B BN E R 100%, HATE A
XTHEE o [, CReRL B 43900 F 30, 40, 50,
60, 70 F1 80 °C ZKVEIRIE 2 h Jm il B Pk
X 4 ek R 1
1.6 EEEMEBEEZHMRL
1.6.1 BEEZERE

FeRE 1.3.2 hr i TR AR S e, B A
HEMEC (71, 5:1, 3:1, 1:1, 1:3, 1:5. 1:7),
Witk pH (3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0).
TREEQO0, 25, 30, 35, 40 °C), HEME1%.
3%. 5%. 7% . 9%). £hJE(0.50% . 0.75% .
1.00% . 1.25% . 1.50% . 1.75%) . & J& & T
(Fe%\ Cu2+\ an+\ Mg2+\ Zn2+\ K+)\ Mn2+‘?ff§
0.5, 1.0, 1.5, 2.0, 2.5 mmol/L), VIK}53
BHEI(L, 3. 5. 7. 9 d)XTRRAR AR
1.6.2 Mz @it 36

R T 2 TR R A e A TR R b RN
Fiie, [FIRFHERR SR R Z RIS BEAEA . 456
BRI A5 A, A A Box-Behnken A
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XTERRECEE . R . B bt T — 3 =K
M TANRES T 2 Ei T, KA Design Expert 8.0 #{4:
BT RTINS gt I 1,
1.6.3 IIEXIE

TERACIS 4500 2 i, L
(RS2 00 {FL DA B0 A TR (0 A 35 e o
1.7 BRI
1.7.1  EREJR#AY

DL B85 AR Ok %) Al R BT RN, D
BIEAEPERTANR 2 s, HENEZE B IRAE (N
£ 390 mm=280 mmx540 mm, JEF 6 mm), K
PRAUE S48 K TR 7 M B 15 A 38 XL o TR AR
FAENEGHA, & BIAE R TR 5
#=Ho
1.7.2 HREAE

YRR T 26 an3k 3 B HENE kL BB B R
10 kg, 45 5 kg #&)714R 5 kg SRk . ks, H
RN FNR KK RN R 65%, Bk A LRy
K 30:1. ARSLEEES AN K. PR
AL 4 A3, RS R E AT
F2 HAEMRIEXRELER

% 1 Box-Behnken i35 [F & 7K F & 4R A3
Table 1 Box-Behnken test factor level and coding
K AR B WHCE C #Efh&E

Level A Temperature B Strain ratio  C Inoculation

(°O amount (%)
-1 25 1:1 1
0 30 3:1 3
1 35 5:1 5

K. . SRR B RREE R 1%, 3%.
5%, FHHBCE 3 ADEE (TR 300 g iR
FARIARB0 B, HAMEE RIS 3 N E
L) o RN HE R Hh O FIFRBE I BE (R4 T Wi
3, BFS dEET LR EHE, BEHERIEN e e ds
Pl A p A B B RIS A K 47
A RN R S RN W

0, =227 4 100%

m,
e Op: WAL IRRER (%) my: JEJE4E
ISR IR R (2); ms: JETEARPRIRE
R fE(g).

Table 2 Basic physical and chemical properties of composting materials

Jke X3 JERA) REES AR

Raw material Total carbon (g/kg) Total nitrogen (g/kg) Moisture content (%) C/N

Vs REVN 194.03 15.09 70.00 12.86

Swine corpse

R 486.69 1.54 0.01 316.03

Sawdust

x3 HWEAR

Table 3 Composting scheme

Item IR PR T K P&
Swine corpse (kg) Sawdust (kg) Bactericide (g) Water (kg) Urea (g)

o HE2H 5.00 5.00 0.00 8.57 65.86

Control group

i iR = 5.00 5.00 185.71 8.38 65.86

1% group

R 2 5.00 5.00 557.14 8.01 65.86

3% group

[ 5.00 5.00 928.57 7.64 65.86

5% group
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1.8 HitHHh

K JH SPSS 22.0 il GraphPad Prism 8.0 17
421153, KM GraphPad Prism 8.0 /E&], %
JH Design Expert 12.0 #4470 Lz 16 4317 o

2 X504

Be 148 81 4K 1Y) 07 3k
i e AL ARAS 6 PR BAT 4 Bl IR I A e
JIBE R, XX 6 ARG AT RS 0D A A
Fefscys . Hp DB1, DB2. ZF1. ZF2iX 4
TR %% % 4 TR e ) ik HL LAY — 8 7 Bl RE T
1M FL1D #l DQ2 fig J1 425, AT (K 4.
Bl 1),
22 HFKRETE
itk DB A= EE 4 R WKl 2A. 2B
F7n, LB Bigedt ERFEIEZL A6, RIEDLH,
MBI, F2 YL BAYE, R REFRIR,
bR ZF2 BB S5 E S RNE 2C. 2D iR,
LB HigRdk DR AR, hao A, s
REEA IR, 2 [RYeaBatE, TIREFRIR,
B P45 55 NCBI_EE A FR Y 16S rRNA
LN A HE T BLAST Hext, F08F MEGA 7.0 #F
1T neighbor-joining R4t & AW AIHEE, 45 AN

2.1

x4 BEWRIFRER
Table 4 Screening results of strains

3 MK 4 Fi7n. DBL Y5 Serratia marcescens strain
AA380 MIIMEILF] 98.00%, HILHfE#itk DBI
SRSV AR . BFERR 16S rRNA JER P51
f& GenBank, FRISE 5N MZ683274, ZF2 &5
Bacillus velezensis strain LZH-Z23 AH M ik )
98.00%, HERMK ZF2 A DI SER ZEHIFT B . KB
Pk 16S tRNA JLH)751) % GenBank, #Kf5% 5%
50 MZ683385,
23 ESEMWE
23.1 HEZXW

XF O AR B A 4 PR B HEAT AR HERR X IRp 52
B, WLEEAN T B A 15 0 DA K I TR R TR) A TG4
PifER . 53K 5 FR, & WA RIS A
FEPiPE . 456 081075 & E 5T i A I Y
ny, wET 5 A8 AW: A 4(DB1. ZF1,
ZF2). B #1(DB1. DB2. ZFl). C 41 (DBI.
ZF1), D 4i(DB1. ZF2)Fl E 41(DB2. ZF1),
232 HEESEHHBE

SrieE 5 HEGREIEMRHNEET], 45
RAE 6 FR. A5 A BRI R IR 55
A A4 57.63% . B4 63.68%., C#469.93%,
D # 75.33%. E 41 65.00%. E4&H D 58—
PRAH Lo ELAA SR 0 R R ff e 70, I HAERT#Y

RS 5 HEH N i 7 R fif R
Strain No. Protease activity (U/mL) Lipase activity (U/mL) Pork degradation rate (%)
DB1 36.76+2.20a 3.33+0.42a 72.17+2.50a
DB2 33.77+1.50b 6.32+0.66b 68.88+3.30a
ZF1 7.57£1.10c 11.33+£0.33a 54.644+2.60b
ZF2 3.83+0.80d 12.33+0.33a 70.8343.10a
FL1D 7.56+0.75¢ 5.62+0.66b 43.36+4.40c
DQ2 6.80+1.23¢ 6.32+0.42b 42.26+3.20c

TE: ARG FRARAE BEE] 22 5 2. 35 (P<0.05),  PAR I AHTH

Note: Different lowercase letters represent significant differences between treatments (P<0.05), the following figures and charts

are the same.

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



930

(PG E ST

Microbiol. China

# 5 AE AR RO R . BIES: D 41E
R A R T S ST .

mE 7A FR ¥R AR R G AR T
DBI1 FENiEGE = A ZF2 = B e SO I
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£ 70%LL E ARG . NIET 7B R, PR
PR B AR IR G T 50 °C M B R IR KRR E
60 °C It DB1 F1 ZF2 Iy KRR 7351l 457 40.58 %o+
5.92%F1 50.36%+4.34% B FH X B IG 1. B AT
W, %AW EA R T ARSI 7 T
24 ESHMEBREHGRK
241 BEZRE

W AN RAC L . pH . IR . bR
R A m B SOk B RUR IR [RD N B2 T R
RGNS, 2550 ANl 8 FToR o

H & 8 I%1, AW DBl 5 ZF2 (i fEm

2 EMEEREERES

100 -

& (o) x®
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(==}

Pork degradation rate (%)

CK DBI DB2 ZF1

ZF2 FLID DQ2

1 BEMEAMERE

Figure 1 Pork degradation rate of each bacterium.

FIBCEE R 3:1, UL RREARRIAE] 84.42%, B
AT 9.09%. HHERLERER, EEHEE
F A TR B B 25 IR 30 °C, 4R 3%, pH
6.0, EhEE 0.75%. Mn* ¥k 1.0 mmol/L, & 7 d

A 1R B b TR
B . , ‘o
=3 ‘ S '
XY ) * F : . ;3
‘ -~
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R Gl . A
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" <t
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A. B: DBl W& MERIEAS; C. D: ZF2 W& R EIEES

Figure 2 Strain morphology and Gram staining phenotype. A, B: Colony and cell morphology of DB1; C, D:

Colony and cell morphology of ZF2.
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7 | Strain DBI (MZ683274)

60 | Serratia marcescens strain AA380 (MN540108.1)

Xenorhabdus nematophila strain PDBC SCX1 (DQ026511.1)

Serratia ureilytica strain LSA (GQ404683.1)

52 ||Serratia nematodiphila strain DZ0503SBSH1-2 (EU914257.1 )

561 pseudomonas Sfluorescens strain ost5 (DQ439976.1)

Pectobacterium carotovorum strain KNU28210 (GU936993.1)

Klebsiella pneumoniae strain RSN19 (HM751200.1)

92 Enterobacter asburiae strain M16 (HQ455820.1)

3 DBl MIRFREER S PP SFRINERE GenBank B 5k5; 703 BT R AR L
TEREAL S ERIPEGOR R BE BRI P 47 0] 22 53 000 Y B A 8

Figure 3 Phylogenetic tree of DB1. The serial number in parentheses represents the GenBank accession
number of the corresponding strains; The number on the branch point represents the phylogenetic relationship
of different branches; The distance scale represents the unit length of the difference between sequences.

100 Bacillus velezensis strain LZH-J23 (MW474844.1)

100 Strain ZF2 (MZ683385)

75 Bacillus aerophilus strain 28K (AJ831844.2)
39 Bacillus aquaemaris strain TF-12 (AF483625.1)
72 Bacillus acidiceler strain CBD 119 (DQ374637.1)
99 Bacillus butanolivorans strain K9 (EF206294.1)

Bacillus fusiformis strain (AB271743.1)

Paenibacillus selenitireducens strain ES3-24 (KC815539.1)

Thermoanaerobacter pseudethanolicus strain 39E (NR121591.1)

0.050

4 ZF2 MRFAEW TSP SFTARM N ERA GenBank RS ; 7030 m ERECFRRA
Al SCAEEA 7 EIRGOC AR BB IR JORS Fy 91 a) 22 5 B (EL ) BT R 8

Figure 4 Phylogenetic tree of ZF2. The serial number in parentheses represents the GenBank accession
number of the corresponding strains; The number on the branch point represents the phylogenetic
relationship of different branches; The distance scale represents the unit length of the difference between

sequences.
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gk 6 s,
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1.88B+1.70C+1.454B-3.56 AC+0.59BC—10.104>—
3.07B°>-3.61C%,
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—_

N

(=]
[

—o-DB1 protease

—
(=]
(=]

——ZF2 lipase

80

Relative enzyme activity (%)
N
S

| | | |
30 40 50 60 70 80

Temperature (°C)

0. |

7 REXEEE A REETRE BRI R

5 EHRERSKE
Figure 5 Strain antagonism test.
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Figure 6 Pork degradation rate of compound bacteria.
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Figure 7 Effect of temperature on enzyme activity (A) and stability (B).
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Figure 8 Effect of single factor on the degradation of pork by composite bacteria. A: Strain ratio; B: Initial pH;
C: Temperature; D: Inoculation amount; E: Salinity; F: Metal ions; G: Metal ion concentration; H: Fermentation time.

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



934 (P ES Gk Microbiol. China

UL AR RE AR RS 93.89% MM NAfE A fk, B =5 ZEFEM=ZKFHE
TR 5 R A B R W, MR A Table 5 Three level data of three factors

N A F A BHWMECLL C i

WAL 11 25 0 D 4 BT AT AL or SURRRCLL AL
KR 1 5 T4 W 37 T I 2 2 Level A Temperature B Strain ratio C Inoculation
D A 2 1) i) o/ N4k A, 25 (°0) amount (%)
ﬂm?é—] 9 flfR. EB & 9 ﬂ]%‘:{ 7 m‘%n/ﬂ%gxd.%%,;i% -1 65.89+1.21 78.58+1.91  73.41+1.28
Sy / 0 86.50+1.89 84.42+1.66  77.33+1.13
CLE SNBSS AR E S ZLEST i i -

1 76.75+1.09 75.33+0.29  74.31%1.60

Dt 2> B M RE FE > A i R TR A A R A%

Fo6 MEEERITH 17T HREARERER

Table 6 The response surface method was used to design 17 experimental schemes and results

M5 AR B WARIC LY C #efhit ek fifg 3¢
No. A Temperature (°C) B Strain ratio C Inoculation amount (%) Degradation rate (%)
1 0 -1 1 85.55

2 -1 0 -1 61.65

3 0 0 91.85
4 1 0 -1 87.90

5 -1 -1 0 77.10
6 0 -1 -1 84.50
7 0 1 1 84.85

8 1 0 1 85.35

9 0 0 0 89.45
10 0 0 0 91.45
11 0 0 0 92.95
12 1 1 0 81.00
13 1 -1 0 83.75
14 0 1 -1 81.45
15 -1 1 0 68.55
16 -1 0 1 73.35
17 0 0 0 88.15

F7 HEEASHR

Table 7 Model regression analysis

T 2R -5 A H ¥y F1{H PH
Source Sum of squares df Mean square F value P value
Model 1087.10 9 120.79 11.96 0.001 8
A 411.13 1 411.13 40.70 0.000 4
B 28.31 1 28.31 2.80 0.138 0
C 23.12 1 23.12 2.29 0.174 1
AB 8.41 1 8.41 0.83 0.3919
AC 50.77 1 50.77 5.03 0.059 9
BC 1.38 1 1.38 0.14 0.722'5
A 429.30 1 429.30 42.50 0.000 3
B? 39.75 1 39.75 3.93 0.087 7
c 54.87 1 54.87 5.43 0.052 6
5% 7= Residual 70.71 7 10.10

48 Lack of fit 55.73 3 18.58 4.96 0.078 0
4% 2% Pure error 14.99 4 3.75

S Cor total 1157.81 16
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Figure 9 Response surface plot and the corresponding contour plot.
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B 31.65 °C, AL EL 2.55, 8 i 3.11%,
WA REIRR A 92.21%, FEILAME F T 3 I
TR, BT AS4E A SEBRREIR N 90.61%,
SPSEIA AR 98.26%. 2 W18 1 nfg )/ T
DT R AR R A5 E DAL B 3A 4, JF A
A LPRE
2.5 HERELIGER
251 BE

AR FHSFEEMNRRFLE T 25 d, WK
25 L HERIRLE B s [E] AR fE ] 10 s, A5 4
NERBE 2 TR . dERRARE R R AR, 5
XTREZHAR L, 1%, 3%F1 5% diit A &k
WICKT 55 cO)MBFlal il a1 1. 2. 2d, Ff
HEEWHaneEERK T 8. 13, 8 d
(P<0.05). 4w fb AR ML it B R 1
P R HE AR TR A R P SRR IR R A
AT LA e dE M R . Ak, SRR AR
1% 3%FI 5% R i 41 WEAE I B2 43 3110 64.0 .
69.0 Fl1 62.0 °C, ¥4I 2 155 T XF B 4 i) 0 i 3k B
60 °C (P<0.05). 7EfrAAbHEH 3% 4 1
o T U R 2 s [ i 4 FLOG (R Bt fee iy, IR
FEARWFFE T 3% MR i s A A FHEE L. Bl

N
=
I

L N
[« )

Temperature (°C)
=~
[w]
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Figure 10 Temperature changes of external
environment and pile during composting.
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Figure 11  Change of degradation rate during
composting.

BEANIAWIR, RS EAAT, HEAR)E
BB RHIEAL, WAL 45 2R
252 FERREE

e A 3 A A SRR ) AR R A R AR Ak
B 11w, SSRaR (A GE R 2R i . 5% el
FH L, B2 B A5 AL 7E HE B0 0 R i 2 5 4 g
X2 R Ry 52 A TR PR A ™ A R g I RN R
FIREIE0E T P R 20 MEARSS B, X a4
1% . 3% . 5%+ Fl i 4 09 JE i 3200 5 o
78.44%F1 92.89% . 98.06%. 94.22%, HEHIKH
K A R 35 (B 3 v T X BR4H (P<0.05) . &3,
1% 3%FN 5% Ff izt 21 B A 2560 31 EL X BE A 42
BT 13.86%. 19.06%H115.22%., 5 521 2% FHASE
F14) A6 ik ST 36 R L HE TS R TR R A R AR, 3X
SN HENE IREE I R B A i 22 . S5 R M,
AN G AT DU i S A R A, bR e A
PERE . ST AR PR 3% i 2 5 AU M P i o i
L, RIS T NS S SR T AR HE NE Ak
P, AT LB RN R S R R AR, X
Y5 Duan %5 B98I 78 45 A0 1] PO,

3 Wi
I SESE A HE A S B Ak W LR T AR Oy 32
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AR, DIMERIL R (REFF . K. BB N E
BRI T R e, WX A AL HEA T 50 A o TR
BF, A 4 I Ao A v R B A i T A T LR K
I, TS B S C E AR B B, e
SN W TR AR MR B VR F 250, T A4 AR
WL AR R A T s H, IR
B BT AR AR TR I8 v P sh eI DY, i
— AR A B T RE T, S AR SR
FEERE FT AT, el T R M I e A A )
e, TEPUHEE A ALK R,
o T PR 1V ) — PR UEME A HL it — 2
SRR IR R HEAR A M (ETEL R . Ak, RIR]
RGN 3R oy SR ] o IR AR R i B
Z T HE R B0 U8 0 AR SE TR, bR s e it
B B 2 R 7 E T i U B
R, AT DA R A G A 1RO SR SE S
RN, B 2 R S I i R R T
5 3 B R i . 2R B H IR, AFRIE T
HA B RU% A A fEGE T BRI B R, T HERE A
R TH RPN O N R

HERE R WL R 2R 2 4%, B — P 7 il AR 2R
e/ 3 3O T HE N J5 A8 HILA I A 2 AT D AR B
MRS, E6WmHWAEEE, 2 e
W A E S AT R A 52 G R i A T
AR 31,65 °C, 1 HA JH AT 7R R AL A HA &5 350
W o S5 T T Y O A Ol T ARE S, I TE
50 °C Bf HA o K PE, X500 B kR BURE S IR
S A MO TE<S0 °C U] P il 1 it 2 T T
M4, HAE 30-50 °C L Rl N B P 84
FaE o HEARSZIG Y, A e T A S 0 2 4
JIES 305 R K R I i 8 23 8 1 X B
A, S48 WEA IR, $EEoE
TR 2R

HATEF RIS B iR 2 A TR, 202
Tl B8 e 163 0 T3/ R PP AR A, A o A

PEAT A A LAE SR & A 1R G s R o
2 I R WS TR IR, SR
SERPERTREARTR, 52 S8 Relm 2z . AR E
YRR B8 25 5 0 N80 B A TS FL R i S 5, LU
I A R A R P B TR PR AR o AT
T, EHIRTRS R EWAT R, HA — e
B, W R, AR T A
AR AERZRESS, srA TS, TEUZ
AEEE TR AT ROR PR, B IRIE bR 2 2 EL
AR TAES P, SFuh, ARUF5ELE
PR B A S B — TN R bR, X B 1 SRR
R o O C EL B AT T IRk . SOLtERTAR L, %4
PR 2 4R 5 9.09%, AT UL B R E HL 1Y)
AbS B HA R .

TR E & EA A AR, e AR
FEWIA I : (1) HENERE S RR2: e 55 w5 DA R
R (2) WAt sh P R & o bR 2=
Vi e A P 22 W T R CE AT A T 2 A T
FERNHENE S IR 4EEE 0 d, HERRSS R I sEsE
BAR R 97.10%M ., R/ 2 R s A 26 1
- AE R ERE AR R, ST 7d, 40d
J G PR WA 2GR 98.00% %) AS BT 5 Hh 4 Fif
3% 52 G TR AT A HEAE =il EA 19.d, (X 25 d ik
FESE BV AT FEAR 98.06%. AHELTIw , AHFFTAE
M AT AR THEEAE, iR gzt
FE LA [T ERE B) P 95 SE R e o B vy, T L
WSS T AU 1 G E AL AL HE

SRR, WIS RN ENE SR
A AE $ v S TSR EE 1 ) IR 1 A R R it . AE
SEER A, ST PR B A7 R,
EARAFRLE ™, b2 | P BLAL B 5
PR ) 25 5 A T AR e T R A AR PR AR T
I AE 5 22 506 o AT 220K 2 A R AT I E AL,
I 55y Bl Ak 2 Ak PRI F LA 8 57 4 4 ek
(s AERE ) R G AL AR B 28
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4 G

AWFFEE IR T =80 N R R 8 DB1 Al
ZF2, Y55, DBl WKV EIKE, - &E
M1 710 36.76 U/mL, ZF2 13T ZEfudT
. Fir= RGBS J1oh 12.33 U/mL, %A Ak
FARIR 72.17%F1 70.83%

HAE® Y DBl 5 ZF2 mAEHEB LN
2.55:1, Fidi FEAR SRR 31.65 °C, R
3.11%. pH 6.0, EhJF 0.75%, KEEmtE] 7d, ¥
PR K0T 1% 90.61%, #: DB1 K ZF2 BBk
Ve B4 18.44%F1 19.78%.

HENE S FBH , 7RG S0RE T ARHERE th e F &
A B AT DA AR T | K R 4R S A
W IRIREfRR . ARSI, 3%
WIS G T /N U T AR HE NI b 2

REFERENCES

(11 BRiB K, R&EW, XA, =08, s, FilE, 2
S P DR AR W R I i 2 JE AR B S A
USRS, Shi B BEE, 2015, 36(5): 81-85
Chen TF, Wu ZM, Liu YL, Yan RQ, Xie CH, Wang SJ, Li
QN. Evaluation of effect on harmless treatment of dead
pig carcass by process of rapid biological fermentation
decomposition[J]. Progress in Veterinary Medicine, 2015,
36(5): 81-85 (in Chinese)

[2] E2F. WAL R B AR S BRI, HR
BIHER, 2011, 41(6): 26-29
Wang XP. Discussion on technology and policy of dead
animal carcass treatment[J]. Gansu Animal and Veterinary
Sciences, 2011, 41(6): 26-29 (in Chinese)

(31 sK4R¥E, PN, ML, fRiC MEE T T LA FAE RN
R[] Bl EEE, 2017, 34(4): 98-99
Zhang ZL, Sun P, Xue Z, Xu HF. Summary of harmless
treatment of dead pigs by composting[J]. Swine Industry
Science, 2017, 34(4): 98-99 (in Chinese)

[4] Di Teodoro G, Valleriani F, Puglia I, Monaco F, Di
Pancrazio C, Luciani M, Krasteva I, Petrini A, Marcacci
M, D’Alterio N, et al. SARS-CoV-2 replicates in
respiratory ex vivo organ cultures of domestic ruminant
species[J]. Veterinary Microbiology, 2021, 252: 108933

[5] sk#R¥%, FMLL, MY, Bl FET- S e AR Ab B

AR B R SERE AR B S [T]. 8 A2, 2018,
39(9): 83-86

Zhang ZL, Dong SH, Sun P, Xue Z. Review of harmless
disposal technology of animal carcasses and current
strategies on disposing dead swine in China[J]. Journal of
Domestic Animal Ecology, 2018, 39(9): 83-86 (in
Chinese)

[6] Yang XC, Hu QQ, Han ZZ, Ruan XY, Jiang SW, Chai J,
Zheng R. Effects of exogenous microbial inoculum on the
structure and dynamics of bacterial communities in swine
carcass composting[J]. Canadian Journal of Microbiology,
2018, 64(12): 1042-1053

(71 Aie, BEOR, BRI, VPR AL AL i e A
WA 8 . %0 MORNEROR ], BUEY =4, 2015,
55(9): 1117-1125
Li HL, Li LM, Qian K, Xu FZ. Isolation and identification
of thermophilic bacteria for efficient dead-pig
composting[J]. Acta Microbiologica Sinica, 2015, 55(9):
1117-1125 (in Chinese)

[8] Senne DA, Panigrahy B, Morgan RL. Effect of
composting poultry carcasses on survival of exotic avian
viruses: highly pathogenic avian influenza (HPAI) virus
and adenovirus of egg drop syndrome-76[J]. Avian
Diseases, 1994, 38(4): 733-737

(9] ZeZe, Ewimn, SRk, AR, 0, R, U

&, WRACE. HENEEETCH LA SR L s S R AR 7Y
HERE[T]. FAHCSEEE, 2015, 47(4): 138-141
Xu YL, Wang LL, Gong GL, Wan LB, Li JB, Li SY, You
JS, Xu YP. Research progress on harmless treatment of
infected animal carcasses by composting[J]. Animal
Husbandry & Veterinary Medicine, 2015, 47(4): 138-141
(in Chinese)

[10] Guan J, Chan M, Grenier C, Brooks BW, Spencer JL,
Kranendonk C, Copps J, Clavijo A. Degradation of
foot-and-mouth disease virus during composting of
infected pig carcasses[J]. Canadian Journal of Veterinary
Research, 2010, 74(1): 40-44

[11] FBtE, #rose, BRitth, Fteg, £k, £2%, 30F
3, XER, FET . HENE R EAL P A S IR KA A
R ORAFFE ). VU R ROGOR A E R (A AR B IR,
2013, 39(3): 307-310
Wang HZ, Yang KM, Chen SZ, Zhong HD, Wang Y, Wang
AH, Wen YL, Liu LS, Cai ZJ. Investigation of livestock
and poultry manure composting treatment to eliminate
parasites and eggs[J]. Journal of Southwest University for
Nationalities: Natural Science Edition, 2013, 39(3):
307-310 (in Chinese)

[12] Zeng GM, Yu M, Chen YN, Huang DL, Zhang JC, Huang

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



B LR TR R S WL B AR BN RICR VR

939

HL, Jiang RO, Yu Z. Effects of inoculation with
Phanerochaete chrysosporium at various time points on
enzyme activities during agricultural waste composting[J].
Bioresource Technology, 2010, 101(1): 222-227

[13] Xi BD, He XS, Wei ZM, Jiang YH, Li MX, Li D, Li Y,

Dang QL. Effect the
composting efficiency of municipal solid wastes[J].
Chemosphere, 2012, 88(6): 744-750

of inoculation methods on

[14] 5KFE. SQ E A UM BRI B IER P IABCRDISE[D].

Kb I A R LA A8, 2017

Zhang D. Study on the effect of SQ compound microbial
agent on the treatment of dead pig carcass[D]. Changsha:
Master’s Thesis of Hunan Agricultural University, 2017
(in Chinese)

[15] FES. R Bl SR PR IE N 13 52 2 37 4y PR o JE 52 5 1751

14 il 7 5 00 FH BRI SE (D] 4R FH: PO R R R AR
AR, 2018

Tian H. Research on the preparation and application of
rapid composting compound bacteria for slaughtered
waste under low temperature and hypoxia conditions[D].
Mianyang: Master’s Thesis of Southwest University of
Science and Technology, 2018 (in Chinese)

R, EERREREMATRAUIFRD] M 5
TR 2083, 2014

Song WZ. Biodegradation of lignin by composite flora[D].
Guangzhou: Master’s Thesis of South China University of
Technology, 2014 (in Chinese)

[17] £X, ki, Bz, REI, W5, KRR, Hinrgk

Ty RE B i 6 K FC AL R M NE J SARIOCR B ST ], Aolk PR45%
R4, 2020, 39(7): 1633-1642

Wang Y, Zhang J, Cao Y, Wu HS, Huang HY, Liu AM.
Screening of functional extreme thermophiles and their
effects on improving the maturation of composting[J].
Journal of Agro-Environment Science, 2020, 39(7):
1633-1642 (in Chinese)

(18] Tor4r, AL, ff5E, 48, FR5k, W3 LT Witk

PRI &2 5 TRT A B3 R S K RSO IR [T]. KB A Y
5%, 2019, 38(4): 105-109

Bian LH, Ren GL, He W, Li Y, Wang YQ, Yang S.
Evaluation of the treated effect of oilfield produced water
by the compound bacterium based on two bacteria[J].
Petroleum Geology & Oilfield Development in Daqing,
2019, 38(4): 105-109 (in Chinese)

[19] Wer, £54H, Fi07, F/ME, mibrh, RAD5, k.

TR B 1R A T O e % Tl R O ) 2B AUE S (0],
B Y AR, 2019, 38(2): 93-100

Cao H, Wang XJ, Weng PF, Zhou XM, Gao ZZ, Wu ZF,
Zhang X. Preliminary study on screening of high protease

production strain from marine and its enzymology
characteristics[J]. Journal of Food Science and

Biotechnology, 2019, 38(2): 93-100 (in Chinese)

[20] BHEE. N ™ A TR R T M A2 7 AR I S i

[21

[22

[23

[24

—_

—_—

]

[

SAPEBWESED]. BB WAL Tk R 4 2 138 3,
2017

Hu J. Screening and identification of lipase producing
bacteria, optimization of lipase producing conditions and
Wuhan: Master’s Thesis of
Hubei University of Technology, 2017 (in Chinese)

[l 8 o o M B AL B A ), v ] T R b v A B
2x. AW GB/T 23527—2009[S]. dbst: HE
PR L, 2009

General Administration of Quality Supervision, Inspection

enzymatic properties[D].

and Quarantine of the People’s Republic of China,
Standardization Administration of the People’s Republic
of China. Proteinase preparations: GB/T 23527—2009[S].
Beijing: Standards Press of China, 2009 (in Chinese)

5 ok B A A S R, R R R AR A
2. elimEHIF GB/T 23535—2009[S]. Jbat: FE
R A, 2009

General Administration of Quality Supervision, Inspection
and Quarantine of the People’s Republic of China,
Standardization Administration of the People’s Republic
of China. Lipase preparations: GB/T 23535—2009[S].
Beijing: Standards Press of China, 2009 (in Chinese)
POTHl, AR, DIUK, ARE, B, AL, K,
BHIZE. MFASCH BN T LA, AR RE,
2020, 47(5): 80-86

Li ZM, Yu M, Ma XY, Rong T, Meng FM, Li BH, Zhang J,
Li JH. Comparison of pork quality between two hybrid
combinations[J]. Guangdong Agricultural Sciences, 2020,
47(5): 80-86 (in Chinese)

A, GRERTE, GRUUK, XUBA, MUK, HITHE, SRR,
AR, BOGIEL NTPERE CR B PR B AR B
T A [T]. 3748, 2016(6): 65-68

Li R, Wu LY, Hou GF, Liu M, He CQ, Tian KS, Yao YL,
Li NF, Huang XG. Carcass and meat quality assay of
Xiangxi black pig[J]. Swine Production, 2016(6): 65-68
(in Chinese)

[25] EW%, ZE3CIR, Bkoboh, £H, K3, BRIHE, BTy

— AT 3% i AT ) 9 16 S LR 2R AR 1], AR SR
%A, 2020, 29(5): 1031-1038

Wang YJ, Cai WJ, Geng CC, Wang H, Zhang R, Chen TJ,
Li JS. Screening of a oil-degrading strain and optimization

of its degradation conditions[J]. Ecology and
Environmental Sciences, 2020, 29(5): 1031-1038 (in
Chinese)

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



940 WA

FiERk

Microbiol. China

[26] Zhang J, Qin XJ, Guo YP, Zhang QQ, Ma QG, Ji C, Zhao
LH. Enzymatic degradation of deoxynivalenol by a novel
bacterium, Pelagibacterium halotolerans ANSP101[J].
Food and Chemical Toxicology, 2020, 140: 111276

[27] Rossmann MG, Blow DM. The detection of sub-units
within the crystallographic asymmetric unit[J]. Acta
Crystallographica, 1962, 15(1): 24-31

[28] Bernal MP, Alburquerque JA, Moral R. Composting of
animal manures and chemical criteria for compost
maturity assessment: a review[J]. Bioresource Technology,
2009, 100(22): 5444-5453

[29] Haselroth KJ, Wilke P, Dalla Costa IM, Lustoza Rotta VM,
Rosado AF, Hermes E. Effectiveness of Aeromonas
hydrophila for the removal of oil and grease from cattle
slaughterhouse effluent[J]. Journal of Cleaner Production,
2021, 287: 125533

[30] Duan ML, Zhang YH, Zhou BB, Qin ZL, Wu JH, Wang
QJ, Yiu YN. Effects of Bacillus subtilis on carbon
components and microbial functional metabolism during
cow manure-straw composting[J]. Bioresource Technology,
2020, 303: 122868

[31] Chung WJ, Chang SW, Chaudhary DK, Shin J, Kim H,
Karmegam N, Govarthanan M, Chandrasekaran M,
Ravindran B. Effect of biochar amendment on compost
quality, gaseous emissions and pathogen reduction during
in-vessel composting of chicken manure[J]. Chemosphere,
2021, 283: 131129

[32] BfEids, o, sk MR ERE L SOl A [T].
HRALRM A= 244H7, 2015, 46(6): 40-46
Shan DX, Wang Y, Zhang Y. Screening of low temperature
fermentation bacteria and effect of temperature[J]. Journal
of Northeast Agricultural University, 2015, 46(6): 40-46
(in Chinese)

[33] 5k}, MR, BpHis, =Mk, BIHAR, FR, HE
BET ERITE AR W BT R DR AL T B S IR e O L
EREFII. BAEYFR, 2021, 61(10): 3199-3210
Zhang D, Yue H, Yang HL, Lan SH, Li XD, Wang C, Xie
YF. Fast-preparation of compost effective microorganisms
(EM) for perishable garbage based environmental
microbial repository[J]. Acta Microbiologica Sinica, 2021,
61(10): 3199-3210 (in Chinese)

[34] Wan LB, Wang XT, Cong C, Li JB, Xu YP, Li XY, Hou
FQ, Wu YY, Wang LL. Effect of inoculating
microorganisms in chicken manure composting with
maize straw[J].
122730

[35] sKAFIK, fE#E, DR, ARAkHE. AR RR XA S
JNE RS PR SZN[T]. HR AR R A2, 2016, 513):

Bioresource Technology, 2020, 301:

65-71

Zhang XY, Ren J, Ma YX, Yu JH. Effects of microbial
agents on enzymes activities during cow manure
composting[J]. Journal of Gansu Agricultural University,
2016, 51(3): 65-71 (in Chinese)

[36] B A, FNIERT, BifR, 2. TR WITEAT BILIN I o
A e i 4 5 0 R[] AR s 4, 2021, 48(1):
223-240
Zhao BH, Sun XY, Huang J, Li SJ. Application and effects
of microbial additives in aerobic composting of organic
solid wastes: a review[J]. Microbiology China, 2021,
48(1): 223-240 (in Chinese)

[37] Hemati A, Aliasgharzad N, Khakvar R, Khoshmanzar E,
Asgari Lajayer B, Van Hullebusch ED. Role of lignin and
thermophilic lignocellulolytic bacteria in the evolution of
humification indices and enzymatic activities during
compost production[J]. Waste Management, 2021, 119:
122-134

[38] I i fH, &G, XU, X7, 2258, bR, s R
T LT YR AR S5 TR R PEHEHENE T BTSR[], 123, 2020,
52(4): 728-735
He ZY, Xu X, Liu C, Liu HJ, Li R, Shen B, Shen QR.
Using wood fiber degrading compound microbial agents
to promote maturity of composting[J]. Soils, 2020, 52(4):
728-735 (in Chinese)

[39] FHEH. A AN AR W (LR BTFE D). L
Herhy R AL 3, 2017
Hu QQ. Study on biodegradating technology for aerobic
composting of pig carcass[D]. Wuhan: Master’s Thesis of
Huazhong Agricultural University, 2017 (in Chinese)

[40] Sun FD, Sun QX, Zhang H, Kong BH, Xia XF.
Purification and biochemical characteristics of the
microbial extracellular protease from Lactobacillus
curvatus isolated from Harbin dry sausages[J].
International Journal of Biological Macromolecules, 2019,
133: 987-997

[41] 21T o HEE HE L 3 2R Ak 1T PO L 8 5 B L
FABFFED]. AHE: LB AR 120083, 2015
Li HL. Isolation and identification of thermophilic
bacterium strains with high degradation and the effects on
dead pig composting[D]. Hefei: Master’s Thesis of Anhui
Agricultural University, 2015 (in Chinese)

[42] B, 2K, skE R, EH, HEEL, 2R, X487,
v e L. T L v Ak A A5 TR AR A S o
HORD]. NS PR AR, 2020, 26(3): 528-533
Ji SZ, Gou CL, Zhang XQ, Wang Y, Tian JQ, Li C, Liu JJ,
Gao YH. Construction and application of a highly efficient
complex microbial system to degrade dead-pig carcass in

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



B LR TR R S WL B AR BN RICR VR 941

[44]

[45]

compost and assessment of its efficiency[J]. Chinese
Journal of Applied and Environmental Biology, 2020,
26(3): 528-533 (in Chinese)

B, FREME EWE, BN, FIIL, R, #
SRR ARIKCY-. 2 F8 52 2 300 ) vo A58 e TR ok 70 5 M
SNSRIV )], BIETLEBUE R, 2021(5): 58-63,
158

Li XY, Wang SJ, Wang LL, Li JB, Li SY, Xu JB, Wei BD,
Xu YP. Isolation and identification of highly efficient
strains in cattle slaughter waste and assessment of its
composting effect[J]. Heilongjiang Animal Science and
Veterinary Medicine, 2021(5): 58-63, 158 (in Chinese)
WA, VHBR, T8, RS, B4, B, Rz,
NEW. B EIEHEIE P THR R R 2 D e & W
LA SRR, 2019(5): 200-206

Xu J, Xu XH, Men MQ, Xing GR, Gu M, Yang Y, Yang
RY, Bian XY. Research and application of multifunctional
agent for warming and deodorizing in livestock manure
composting[J]. Soil and Fertilizer Sciences in China,
2019(5): 200-206 (in Chinese)

BUNRT, Bobal, skE, B, XIEF, A, E

B, VR . £ R R S A e T ) O R A 29 T
R SFAFRACLT]. PU IR R 22241, 2020, 38(3):
311-318

Duan XY, Duan SQ, Zhang HL, Li C, Liu AP, Yang W],
Dong YP, Liu YT. Screening of mango waste degrading
bacteria and optimization of fermentation conditions of
Lentinus edodes mixed bacteria[J]. Journal of Sichuan
Agricultural University, 2020, 38(3): 311-318 (in Chinese)

[46] ~J fbk, SELLH, BURIE, BT, wom. A EDE K

PEF HERE Ak PRAEXS BRI SE(D]. BREER 7274k, 2013,
33(5): 1314-1320

Xi JL, Dong HM, He AG, Tao XP, Shang B. The effect of
different ventilation rates on composting of dead hens[J].
Acta Scientiae Circumstantiae, 2013, 33(5): 1314-1320 (in
Chinese)

[47] Liu Y, Ma RN, Li DY, Qi CR, Han LN, Chen M, Fu F,

Yuan J, Li GX. Effects of calcium magnesium phosphate
fertilizer, biochar and spent mushroom substrate on
compost maturity and gaseous emissions during pig
manure composting[J]. Journal of Environmental

Management, 2020, 267: 110649

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



