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B A1 K K PR AE 0 5 A R SR 0 b R 5 Ak 1 1]
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B O o R B A A TR M A8 TR N AR
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KT IR, G800 T Bz, Had
Skeas ARG g i EL A B R 9 TR A )
e 3 A 70 B o T e o AT R 9 R G B AR
22 A OB ZE TR IR i AL B AL F BN — 4
g e . [y SNIE ST WY, 0 X 5 0 B & HE AT
AL b BT LR G 10 3 i 35 8 R A, LM AR 3 R v U
Ji B3k 31 60 °C LA L=, G5 20 A% 7600 JE A 4 S B
FAL, R A (0 2E B A b B Y o % g
B A AT A B, O RS TE B A R R AR A (R I 4R
o Rt B o e A, B A R A A X
BT AR A R Ry m Y . A
BERMEIL T N R A REY . T E
B 7 HE I TE R B A R b R S AR
[7) RT3 — P B 0% 02 3k 35 45 7 4 0 L 1 126
T FRH A Bl T 0 v E A B A 7 A T i
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1.1 RKREg&E

7 P A 2 B % L 4E  DNPO1624 A H A fE i
B FRA LR ) 2RV OCK B A i TAE 6 5. MR
TR T B E O HAR 35 em, i 50 em (KR, 43 5]
1E 10,2535 cm /&5 J¥ 435197 10 AN AR 2 em (KL,
B3x10iFE. Kx%xmN1L2mx1.2m x1.2m

(ARG Tt AT 4 A BL S JE 48 (15 em x 10 ¢m, 40
H) M Je 4. Wrks TS5515 Zhd 7 R w i bl &
R 27 r/min.
1.2 #rs

TR0 B R RE A B R R e (N ) 1T AR HE
JEEE 10 d #F i .
1.3 1ExFE
1.3.1 #RAEBEEABFRAKERE (g/L) FHHE
3, AN 10, & 4b8h 5, 28 WK 1 L,pH7.2 -7.4; 4
DAL 1 VR T A R R A R R R 1 At
N 2% [P EENG ;o i 55 97 2 (/L) - EE AR 10, 4+
B3, A ALAh S, 6 Al 10, 1.6% vk 40 K W W
1 mL, 487K 1 L, 588 2% ,pH7.0 7.2,
1.3.2 WEASBEEFRE (/L) (HE AN 10.0,
ZREL 0, U464 0. 1, B (R 0. 1, & AL 885. 0, g &
[15. 0, B fi§ 20. 0, # 48 7K 1 L, pH7. 0 = 7. 2; 7= JI5 i
filg 55 92 5k (g/L) - 2 A ik 20, #E4E S5, (NH,) ,S0, 1,
K,HPO, 1,MgSO,*7H,0 0.5, {£/£ i 20 mL, 248K
1Ly iR A E IR Ak (g/L) <% % 4% 10, 9% BEF 20,
NaCl 5, K,HPO, 1.0, MgSO, 0.4, 2 1 /K 1 L,
pH7.0 -7.2.
1.4 FHERBEHRTEIE
1.4.1 SRR BRI R DY RV BUHE K
R EAE O ) 47 40 HE BB FE 5 o SR FH 4 B % A U
PRI 10 7510 7710 TR B VAR A I [ 3 8
ek B AR 3 ANE S, BT 60 C B R4 N 5
I PRI R VIR 22 1 TR R 1 B Rl 205 AT
SrEdite, T4 COKE MRS
1.4.2 &0 5 ) 575 45 2 00 58 Bk 23 0] 2 N AH 1Y
100 mL K B 7= {55 72 5 b, 60 C BB 92 72 h J5
BB W 6000 x g 50 10 min, 75 S0 By - g 17 iy
SR FH OB b i Al O R ST P AR b v U
SE & BTG o 1 P O S R R R AR AR TR
(L) B PR A =] 2347 16S rDNA %552, H NCBI
Hif) BLAST ;76 2k 4 #T T #k N3 R Y3 1) 168
rDNA J¥ %1, 3£ 5 GenBank {4k 2 v AN W] 18 #K 11 168
rDNA J7 5 JEAT [R5 2 L3R, F MEGA 4.0 3K £ 22 il
NI RGO .
1.4.3 EMEFEEHL: R L G FRRK
Jivk (R 1), R 10 L 4> 1 8l A 1 0 6 00 3 B Ak 1)
MR pH e 3 J ad R HEAT A0 A B 3R RN
24 h, LLAIREH A Fi br o B IR A A AR AL A
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x1. EXRBEARKFER
Table 1. Orthogonal factors table

Level T/°C  pH  Rotate speed r/min Throughput/ (L/min)

1 55 6.5 100 3
2 60 7.2 200 4
3 65 8.0 300 5

1.5 fRIEEHEIRE
1.5.1 ERBIRERL: HENEY)RL O 8 R B 2848, P&
1 22 1805a RUBH B 0% I B it 5 X 56 i 0] o A6 4
AT B 0F R PR T, 0 R JOR 1F 5 998 B0 1) 4 ik o oy
W 52.1% F1 57.6% « 3 8 & & 42 Wl ok 0. 12% Al
11.2% 5 K253 5l 4 10. 0% F173. 4% -
1.5.2 MRREF S & FH 10 L4 [ 30K EEE
F AR AR G 10 85 37 4 1R ok b 0 38 20 10 W T AR AT
R P WK BEIA #) 10°CFU /mLe 4 4 7% 5
S 7 R N AR e i [ 5 N B
A o
1.5.3 ERB7A R i s0 0% HE L e 22 ol KB B
K 38T A BRI AT, R B 3R 4 K 3 HE
BT 7 SRR N HEAT HERE . XA RS 1 41
5 2 AN S 3 20 A A R RS I 4 S A TR S )
B K 0% +0.3% 0. 6% 0.9% - #2955 5L 5% Ok
W) FOEE A 1:1 [ EE VR &5 38940, Y B 7K 2 60%
Kt FAE 30 kgo J3AMPRIL 300 g ¥y )5 H) 4
WA RN I g 5, AR 4 48, I TR W %
il H M SE « AR5 KR G S R N Y, O
TSR I R Ry B Je e AR BE LA o B e
BB EAARK x % x&mA 1.2 mx1.2 mx
1.2 m iR 50 it o, A DU &) 06 8 45 78 /) 22 R
AT DRl » TOUH6 1T A7 A BL 78 35 -

5 d N TR B HE — U R BEALECH — A%
I Je Je 4, W e 48 A F8 RO W I & . &R B
9:00 R4~ 15:00 Wl 5 BF 53 & B2 ARG A W R JFad
S P SBE A R 224 R AR
1.6 REHEBREUER

F2 LR A 20 (D) oF 500 584 1 B i 22 (Q) o
Q=M,(1 -N,) =M1 -=N) =M, (1 -=N,) x100%

A (1)

o, My R S A ) 6 (kg) 5 N, o BE 48 I
BRI 7K 25 M 4 B JE e 4% I 3R 4R A IR TR
(kg) s V:$EHUJB b 4% I T8 42 08 1A 1 75 7K %6

L7 BEFRITEIH

X Microsoft Excel #& 14 6 2 33 47 3% 1, %
F SAS 9. 1 # {1 p () ANOVA i £ 247 J5 22 73 #r
HHXE B W2k AT B 2 E R .

2 SR MI

2.1 SiRMBEMBEITIE

I AT 2 20 R (£ 2) , Hoh N £ N0
R E AR, YA B Y0 S RN . R 2
Rl DUF S N3 3 1 1k 5 s 1 B 2. 68 pumol /
(mLemin) ; Y3 JI§ iy g 3% 1k B¢ =, 1A %1 7. 40 wmol/
(mLemin) o 3 B 99 & 23 50l L A 28 o 10 B it 2 0
TG 7 0 66 7 » 50 B 3K P AR B EAT S SR

R2 BEENESER

Table 2. The results of enzyme activity

Proteinase activity / Lipase activity/

Strains Strains
wmol/ (mL*min) wmol/ (mL*min)

N4 1. 44 Y4 -
N2 0.28 Y2 -
N3 2.68 Y3 7.40
N4 1.16 Y4 5.15
N-5 1. 60 Y5 1.42
N-6 1. 64 Y-6 0.45
N7 0.96 Y4 0. 60
N-8 - Y-8 0.20
N9 0. 84 Y9 0.10
N-0 0. 60 Y0 0.35

— : Have no activity.

2.2 HMEE

Z2M0E R N3 1) 16S xDNA JE DA 42 7 41 i K
1450 bp 5 ZF fl AT W& (19 2 A Bk B A [ R
Bacillus aestuarii JP1 ) [7] Y5 14 1k 3] 99. 5% , i BH 1% £
N3 K HHIHFF 5 (Bacillus aestuarii) « 3% [7 P52 55 1
TR K () JE B Tl ) TR R A R R B (B 1) o
kY3 ) 16S rDNA Bt B 42 /7 %1 il < 1463 bp, 5
Geobacillus J& 1) 2 4> Bk B A FIWEVE, 5 Geobacillus
sp. SY-9 [RIETE K 99. 2% , i W] B Ak Y3 by g Hulit A 2
TEAT B (Geobacillus thermodenitrificans) « Fk3d [7] P52 ¢
o (R R A% ) e M R AR A i R e A (1 2)
2.3 BHEFHMNL
2.3.1 Y3#EFRFHML: WHEIBRESIIER
(% 3) £ 1 RA >RC >RB > RD, % 1 % 5% i 5 K (19
Je B IR I UL e, AR5 pH R A& 5
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ZE T E R (3R 4) R, 55320 B Gl A =
pH {H X5 B 2 52w ¥ 08 2 T M B 3 K P (P<
0.01) , i# id Duncan % 5 L4 (3 4) it — D i 15
PR &K REE SHENAEN
A,B,C,D, , Bl 5 F2 3 FE 60 °C, pHT. 2, it $ 5 5 300
r/min, S & 3 L/mins

2.3.2 N3 BEFFHML: mBRMEDILER
(% 5) KW RASRC>RD>RB, X B 4 5% W) 45 K1) 2
B IR B, FC O B, AR a2 Jl AR pH TS 2
oHTaE R (3R 6) R W, B 37 1% Vi 14 B A< & M pH
{F 6 K0 B W 9 3 B TR K (P<0.01) 4
it Duncan 2 T L4 (3R 6) #F— 25 ff e 4 Al 8] 2
KT ) M A5 B & A B,C,D,, |
IR 55 °C, pHT. 2, i FE#43H 200 r/min, il S &
4 L/mino

Bacillus pumilus (HPS 1)

59| ' Bacillus pumilus (CMMB)

2.4 [EEERR

2,41 BREMT: ML R RAED A KA
5 HE JIEL S R 35 D) AH O, A HE I O 72 b &% A1
AR 3 Froc. MR AT BUE 44N HE IS i
FEMERIRE S T BT e frim G PR SRR, &
B 611 Fl 16 IR T DA Ay ) M 10 s ol — o Wl 2 1)
TR I BE A L 4 R DL AT L) T R T
A AR AR 95 A R T 2 5 T AR B R
A1) BE 2 M AE S 14 R FIER 16 K B [ 2] 50 °C LA
T M ARS: TS 40 °C 2idio oAb, HE R 72
X T2 RN B2 T A% AL e v i BE i A 58.3.69. 0.
68.9.66.3 C, %4l [0 L B # %= 5% (P>0.05) ,
AR 3 T 21 (P<0.01) , H & 4% i 241 M
B BEIE 2] 60 C LA E R4 5k 8,109 K, i i
FE TR 0 K (P<0.01) »

Bacillus pumilus (AJ550463.1)

100

100 Bacillus aestuarii (JP2)

Bacillus aestuarii (JP1)

66| N3

35| Bacillus cereus (ISU-02)
561 acillus cereus (BB613)

Bacillus pumilus (B5)

Bacillus licheniformis (VPS50.2)

1001 gacittus licheniformis (R-13646)
68 Bacillus thuringiensis (DNB-Bt4)
L Bacillus cereus (BCsd)

100 |———— Bacillus thuringiensis (HF545006.1)

Bacillus aestuarii (NBK30)

Bacillus aestuarii (NBRC 103107)

Bacillus aestuarii (AB062696.1)

Escherichia coli (ECSD9)

86 Paenibacillus polymyxa (DSM)

0.01

Paenibacillus polymyxa (OCOB18)

100 Paenibacillus polymyxa (KCTC 3627)

E 1. N3 REREM
Figure 1. The phylogenetic tree of N3 and related strains. The tree rooted was constructed by NeighborJoining method with bootstrap values
calculated from 1000 resampling. The numbers at each node that indicated the percentage of bootstrap supporting. The numbers in the brackets

after each bacterial name are 16S rRNA gene sequence accession numbers in GenBank (0. 01 mean 1% differences between two sequences) .
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94

Y3
76

66

44

94

Geobacillus thermodenitrificans (R-32619)
Geobacillus thermodenitrificans G4
Geobacillus thermodenitrificans (R-32615)

Bacillus thermodenitrificans (AB028234.1)

Geobacillus thermodenitrificans (R-35647)

Geobacillus thermodenitrificans (HRO10)

Bacillus aestuarii (JP2)

Bacillus cereus BCsd
100 «{
86| - Bacillus thuringiensis (HF545006.1)

Bacillus licheniformis (R-13646)
64{

Bacillus pumilus B5

74

0.2

90 |

B2 Y3 RFEREN

Geobacillus thermodenitrificans LMG
Geobacillus thermodenitrificans (ACCC 10254)

Geobacillus thermodenitrificans JK1

Geobacillus thermodenitrificans T2

Escherichia coli (ECSD9)

Geobacillus thermodenitrificans LH8

Figure 2. The phylogenetic tree of Y3 and related strains. The tree rooted was constructed by Neighbor-Joining method with bootstrap values calculated

from 1000 resampling. The numbers at each node that indicated the percentage of bootstrap supporting. The numbers in the brackets after each bacterial

name are 16S rRNA gene sequence accession numbers in GenBank (0.2 mean 20% differences between two sequences) .

R3. EXRBLERS A

Table 3. Results and analysis of orthogonal test

No. A(C) B (pH) C (r/min) D (L/min) (x) (* 108CFU/mL)
1 1(55) 1(6.5) 1(100) 1(3) 1.47 £0. 31
2 1 2(7.2) 2(200) 2(4) 2.27+0.21
3 1 3(8.0) 3(300) 3(5) 2.97 0. 49
4 2 (60) 1 2 3 2.07 +0.21
5 2 2 3 1 6.53 0. 81
6 2 3 1 2 3.50 £1.10
7 3(65) 1 3 2 2.10 +0. 36
8 3 2 1 3 0.87 0. 15
9 3 3 2 1 1.70 £0. 30
K, 2.24 x10® 1.88 x 10* 1.95 x 10* 3.23 x10°

K, 4.03 x 10® 3.22 %108 2.01 x10® 2.62 x10°

K, 1.56 x 10® 2.72 x 10* 3.87 x 10* 1.97 x 10*

R 2.48 x 10® 1.34 x10* 1.92 x 10* 1.26 x10®

K :the average of bacterial count; R:the range of bacterial count.
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% 4. Duncan Z LI E R

Table 4. Results of Duncan multiple comparison

Source of bariation Significance 5 Level 3

T/C * % 2.23" 4.03° 1.58¢
pH * %k 1.90" 3.22° 2.72°
rotate speed (r/min) * % 1.940 2.01" 3.89°
throughput (L/min) * x 3.23* 2. 64" 1.97°

% % means the significance level at 1% (P <0.01) , the letters represent the significance leve at 5% (P <0.05) .

x5 EXHABRERS AN

Table 5. Results and analysis of orthogonal test

No A(C) B (pH) C (r/min) D (L/min) (x) (* 10°CFU/mL)
1 1(55) 1(6.5) 1(100) 1(3) 2.93 0. 60
2 1 2(7.2) 2(200) 2(4) 5.87 £0.59
3 1 3(8.0) 3(300) 3(5) 4.67 £0.49
4 2(60) 1 2 3 1.97 £0.47
5 5 2 3 ’ 1.20 £0. 44
6 2 3 1 2 0.87 0. 12
7 3(65) 1 3 2 1.00£0.10
3 3 2 | 3 1.17 £0. 15
9 3 3 2 1 0.67 0. 21
K, 4.49 x 10* 1.97 x 10* 1.66 x 10* 1. 60 x 10*
K, 1.35 x10® 2.75 x 10* 2.84 x 10* 2.58 x 10*
K, 0.95 x 10* 2.07 x 10* 2.29 x 10* 2.60 x 10*
R 3.54 x 10* 0.78 x 10* 1.18 x 10* 1.00 x 10*
K: the average of bacterial count; R: the range of bacterial count.
% 6. Duncan Z ELLIE R
Table 6. Results of Duncan multiple comparison
Level
Source of bariation Significance 5 3
T/C * x 4. 49" 1.34" 0.94"
pH * % 1.97" 2.74° 2.07"
rotate speed (r/min) * x 1.66" 2.83" 2.28*"
throughput (L/min) * % 1.60" 2.58° 2.60°

% % means the significance level at 1% (P<0.01) , the letters represent the significance leve at 5% (P<0.05) .

2.4.2 HRESEPHREEEBENST L LT
T2 v - 003 AU A e 16 4 7 » B A A I B 1) 1)
A, 5 AL SN T I e A HEIE & R X TR A
FBE TR 25 21 1) BB AR R 3 A 71 2% 75. 1% 96. 7%
97 1% . B2 % 41 (0. 3% H: 3 4L 46) 18 B4 it %
YoM 5 T R 2 (P<0.01) ,0. 3% 32 18 41 5 % 1R
ML ZES (P>0.05) « 18 & 411,0. 6% B H
AL 0. 9% 2 B s 410 G W % % 5 (P>0.05) , {13
B 2 T 0. 3% e i i 41 (P<0.01) .

3 itie

I 110 = AT PR 700 I G v i B8R AR A AT 7 AT A
Wl AN R AR 2 E BTz N, HORE
BIF TR B 75 S T v 2 b sy U P 7 P i e M O 2
M JE 28 iy O T v U AR AR R AE A S AR HEJIE U i
N BE 98 & & /b, H X} Bacillus  aestuarii Fl
Geobacillus thermodenitrificans P4 [ #£ #E JE 75 10 1) B
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—e—ambient

) B8e P —a— control

S RS =S ——0.30%

/, VA % ——0.60%

o/ . = xR p ——0090%
J*;-é

t/d

3. R REPHEMEETL
Figure 3. Changes of the temperature of composted material during

composting.

—e— control
1004 —=—0.30%

90 —& 0.60%
——0.90%

Degradation/%

4. HRRIRZPIEMETL

Figure 4. Degradation rate changes in the compost process.

GO A WARE o R A 06 B 1 A HE R A
HEAT /N FURSAR I » 6 o L B Ak 2 850, AT B 4 b 7 2F
PR .

S (30 AR A 2 S R I A A O R LB
o U i b > b A2 W R R B R A
i IR E G H A0 PR kR (GB 79592012) #i5& » HE R
TP B v MEVRL Y 0K 2 50 C L b, /b FESE 10 d, Bl
HEik =60 C, 2D FFLES 4, FREIN AL 2] T 8
Ak " o IR R A A R AR ) AR )
B 5, RIS S B 0 UG B AR 5 T o E AR
I R S N 7 I TV OO Y G S P I |
(0.3% 0. 6% 0.9% ) 1) il £ i GE T 7 I3k 60 C
A b 3 DR A 8 N T AR S o il R RO B AR T
DR AR, DT A ME R T e EME R R R, B2
B %415 0 41 60 °C LB m i R #0433 oA 841019
O d, 2 1 25 21 due s il BE L 70 °C, LG X 4 e ey
U (58.3 °C) 5 11,7 °C o i B HERE e N i

B N3 AT Y 3 ol 4 £ 1 A0 T DL v M IO P % U
Ok 7 IR 0] 5 38 70 T LA 20 2% 2 A I ol B0 S 4

T TG T A BT RT 2 T 5 B AR 2 D2 5 17 8 2 M JE ¢k
S ELEER bR o B U, AR AR A R R T ALY
B A B I B R A 2 o AR, X
AT TR TR AR, T A A Bl 3o 7 o 4
VAT S N4 5T, A5 R TR e B AR A o 3 4k
i B BE g (i) MR B PR e 7E R B 6 JA S
TEAE W 2 (LR ) 3K 51 95% /244, AT F K3
S . AR 45 R R W) 7E A 20 R, 0.6% A
0. 9% 4 Fir 41 % 4% I B % (T4 ) e ik 31 7
95% LA Fo FT UL, B2 N IR A RIS 5 e U T A e A
K BB 1 [ IE 3 A T K BRI AR T A5 LA 5
o TR I I B R I S WA R O B
SR I TR Sk R R IR AR e A ek
BRI B BRI o TR SR T AT X e = R %
SEE G, AT AR T SR s e BRI, VR I TR
5 L B N3 R Y3 A% F B AR 7E 4R M
£ 60 T L e L4 5% 1 A% o

BEAh, HE I 7E AR TR AT ol TR AR A A 1
LV A5 AN 5 3, M L BE 5% B B 5 W AR, 7E M T S
S M U U S o LA HIF A5 LA 8 0 o i R 4
F 0T v U BT P N AT T 5, A R SR
T N3 Y3 b A S P 4 RS (HE R A T
5 5 BEAT 5520 £ M ISR 3 O E— S W A

4 sk

AT I B B Y BRI R A R B 7R R 0 X
T PR LR IR 75 0 N R R0 AE R Ok 80 e 4 HE JE
FE ity v 75 226 2R 45 1 PR B8 23 ol e 2% R A B RN I I
) el AR N3 A Y3 20 M0 KB IR A LA 1
€ N3 K ZEAF B (Bacillus aestuarii) » B i& A2 K00
55 °C,pH7. 2, #:3# 200 r/min, < & 4 L/min; Y3
g B i 5 2 AT B (Geobacillus thermodenitrificans)
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Isolation and identification of thermophilic bacteria for
efficient dead—pig composting

. .1 R .o . 1

Hailong Li', Lvmu Li* , Kun Qian® , Fazhi Xu

'College of Life Science, Anhui Agriculture University, Hefei 230036, Anhui Province, China

*Anhui Animal Biological Engineering Technology Research Center, Hefei 230031, Anhui Province, China

Abstract: [Objective] To isolate thermophilic bacteria to degrade organic substances of dead-pig. [Methods] Primary
screening was done by using diluted plate count and selective medium, and then enzyme activity was measured for
secondary screening. Two thermophilic bacterial strains N3 and Y-3 were isolated, and could degrade protein and lipids.
To test their effect, the isolates were mixed (V:V =1:1, the number of bacteria was 10° CFU/mL) and inoculated in
dead-pigs and sawdust composting with different doses (0% , 0.3% , 0.6% and 0.9% of the wet weight of fermentation
materials) . [Results] Strain N3 was identified as Bacillus aestuarii and Y3 as Geobacillus thermodenitrificans, based on
their 16S rDNA gene sequences. The composting temperature of the 0.3% , 0.6% and 0. 9% inoculation group could
reach 60 °C and maintain at the high temperature for about 10 d, which is higher than control (P<0.01). At the end of
composting, the dead—-pig degradation rate of the (0%, 0.3% , 0.6% and 0.9% inoculation groups were 71.2% ,
75.7% , 96.7% and 97. 1% , respectively. The groups of 0. 6% and 0. 9% were significantly higher than the control (P
<0.01). [Conclusion] Sufficient amount inoculation of thermophilic bacteria ( > 0.6% ) could effectively increase
composting temperature, maintain thermophilic stage for longer time, and accelerate degradation of dead—pig by
composting.

Keywords: dead pig, thermophilic bacteria, isolation, identification, composting effect
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