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Construction of Bacterial Composite Strain with Efficient
Degradation of Corn Straw and Analysis of Degradation Effect
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Abstract: In order to solve the problem of difficult degradation and low efficiency of corn straw, this
study used isolated and preserved cellulose degrading bacteria (Paenibacillus lautus)J1, (Paenibacillus chi-
bensis)J2, (Paenibacillus vini)J3 and lignin degrading potential bacteria (Beijerinckia fluminensis) 6-1H,
(Pseudomonas extremaustralis) 1-2D, (Bacillus subtilis)BS to construct highly efficient degrading bacteria
complex bacteria D (J1:J3:6-1H:BS=1:1:1:1 ). The optimum enzyme production conditions and inter-
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nal degradation mechanism of complex bacterium D were studied. The results show that the optimal
enzyme production conditions are: CMC-Na 10 g/L., peptone 10 g/L., pH 7, inoculation amount 9% and
temperature 35 °C. Under these conditions, the maximum enzyme activity of filter paper is 41. 97 U/mlL.,
which is 2.42 times of the maximum enzyme activity of single bacteria. After 7 days of treatment, the
degradation rates of cellulose, hemicellulose and lignin are 59. 1%, 31.1% and 51. 1%, respectively, and
the degradation rate of straw reaches 46. 2%, which is 1. 95 times of the highest degradation rate of single
bacteria. Scanning electron microscopy, Fourier transform infrared spectroscopy and X-ray diffraction
analysis showes that the surface structure of corn straw is destroyed, the chemical bond strength of ligno-
cellulose is weakened, and the crystallinity decreases from 57.32% to 55.77%. The results show that
the constructed composite bacteria significantly enhances the degradation effect of lignocellulose and has
good application potential.

Key words: bacterial complex strain; filter paper enzyme activity; optimization of enzyme production con-

ditions; corn straw degradation

0 31 B

K EAE M B R E, A
EHRTERMRINIESY, Hrb TRFEF kR
Tk . MCKE Bas, T’ E T KRS FFAE 3 =
AN 2.88X10°t, i BASFFAY43.84%1 . K
FEAE N — P4 & R 4 R 1 T A B
JoT YR, 3 ek R OIS X A A B i, BB AT Rk
SEIE GRS RS KRBT &R 2R
e HEA IR B 454, & S 4ER DL AT 4
REHALL, W TR P S A Y B A4
Fm 2 A, SRS AR E A AR S R [RIE
BEREFE AT T BUW A BE R85 “ ik s | iR Y
H AR B S, 6 A R AR RS A 5 SRRy
[NRESE /1% & 5 NSIEE R 3 L o S| I o N A 1D
IS AU PR A, E AR BE i ) B Ak 2 ik B
B wEN MY i, AR
R F R AE 22 B0 [ 9 SRR A — > FR
WF5ET7 1

WAEE BN LT PR B AL A IR R £
2% 5T AF O Ak — MR M I R B (Trichoderma
harzianum) , [E 75 % W 25 d Jio HoGE K A5 FF 1 %
fif ik 21. 79% , HAE KT 12 d 47 4 Z TG A 3
3.61 U/mL; #—% 417 73 5 i Ve 15 2] — PR Al B
ZEAFT B (Bacillus subtilis) , 14 d Jg HoAf5 #1 1 4
2R R MR LR 4 R B R4 0 o 28,300,
30.80% F153.40% , HUEARHGIHPEAE 5 d ik 5 e
i, M 16.76 U/mL; SR, BT 50— B R ™ B Fh
FE0 Ry BRSO AR T 2R 1 52 % D HR 235 g g LA

FRCEIR , 10 LA TR i 1 5 2 4 25 0 e o 4
filh F F , R A2 TR R R R E AR
S

IR, AR — AR &, ISR &R
R ik TR 52 65 TR 22 T LA 13 21 4 2R Il o) 2T 41 22 1) )
FHE T4 5 1 2 2 A TS M, R SR A SRS
FERE AR SO0 3548 & . EII AR i ey &=
B AR 14 dJR I ERFEFF R IR N 29. 8304, WS
ROR W WG T B — TR MR 5 Zhang S5 "W @ E &
TRl 22 SDP JR 30 H1 %5 5 T T 2 1) o il KRS AT 1) g
I, Hige 20d )5, HEHER | B4R . KRR
W i o0 59k 32.15%, 23.87% 1 7.98%; TF
S E G A, £ KW 26 dJa X EK
i T 1) B A 238 3K 32,96 0, R A BRI 4. 73 4% 5
Chu % E G R 7E 20 d JFXTEF4E %R L F
g4 &R ORI R YRS 50 o 31.29%,
48.3674 H143. 3606, HFFMACR w3 = T8 —
o WK, B A TR R MRS FFRE R0 WAL T —
AN, B, W m AR A T R TSR T RS A R A
YR T T R AR A FEAE

AL 3 B R BN S 2R HAT B (Paeni-
bacillus lautus) J1™ | T- 2K ZEH0HF B (Paenibacil-
lus chibensis)J2" FN e 25 25 J0 KT 1 (Paenibacillus
vind) I3 BLAT B AT A R R fRBE T 5 I B BT
MK 50 B B (Bedjerinckia fluminensis) 6-1H™ | 3
AR PRI R (Pseudomonas extremaustralis) 1-2D
HUA B 25 F AT B (Bacillus subtilis) BS" HE1% &5 54
REfp AR T2 MR T, I, A5 R 43
B R D TR AR R A S AR IR R G R R,
R A I B IRAL R PR AL R A GER , JFE— AR



G 221 1)

e SR R A S R T 240 T 55 TR 2R )R S e AR S8R e B R R 456D 361

A7 i A LU = R AT AR AR R . BEsE Xt T
TRAAZ A I 00V BE LA KT &2 e R KA AT
I figp 52 R BAT 3 1 RS

1 #MREFE
1.1 #HmFKIE

TR TR R A IR B SRR L
IR K thPeFE AT, Bl 2047 TR A0 3R, B 5 By
R it 40 H (FLAR 245 0. 425 mm) 0 W, 77750 T B
TR ISR, LI e S .

Tl 2% 2 ZF 0 KT 1 (Paenibacillus lautus) J1° |
T 2R ZE AT B (Paenibacillus chibensis)J2' | %5
YL ZEMUAT 8 (Paenibacillus vini) I3 | 3 ¥ B 5
MK 50 B B (Bedjerinckia fluminensis) 6-1H™ | &
BB M B (Pseudomonas extremaustralis) 1-
2DM Al B ZE AT B (Bacillus subtilis) BSMY 45
6 BRI R R AR T At R e Y i e %

1.2 ExFE

R E R IR L CMC-Na B 95 35 | SR &b
PLERIE RS B 5 i 4 T il 4% o

1.3 KA *

1.3.1 BEEWARNLH

1) R JOT 2 Rl R a2k - S = R AE I B
1o R0 i AE RE 0 W TR PR - IR BRI RE AR e [T
(Beijerinckia fluminensis )6-1H" | 1 ¥ {5 5 i B8
(Pseudomonas extremaustralis)1-2D"" A K 435 i
AR LAY AR T 2R B i i T A R 2 AT 1 (Bacil-
lus subtilis) BS"' 43 il & Bl T 28 g i 15 R 0k |,
35 CHIEREFE 3 d, MEHAPR AR .

2) W B . S MR A ST O iR A B
3R A 25 A i AT D 3 AR 2T 4 R A e 22 (8] 1) ¥t
KHo

3 BEWRD MM HE : SH M &1 1k
) £ T 2 W, A H DNS 321 %) 5E 48 i 05 v AN
CMC BEPEFEATI0E , 5E 700 48 2R 0 vk 1) B
o = WS PR BRAR AL A, X RS R T AL
1.3.2 BEAWRD &ML

PN MR pH M 6.5, R A 5%, i
J& 0 35 °Co X AN [A) B U5 94 B2 (5, 10, 15, 20
25 g/L) . AIEMECGEAN. FRE . TR
M R B . PR 3RO IR B vk B (2.5, 5, 7.5,

10A112. 5 g/LO#EAT B ZARAL AL .

Wi LA RE R I AR 2 5, iF—25 R Rl
AR 4y BIBF S 00 4 pH (5.0, 6.0, 7.0, 8.0 Al
9.0) ., HEME Y%, 6%, 9%, 12% F115%) FliE
JE(25, 30, 35, 40 F145 C) X AR EEEME I .
1.3.3  FEFFBEMRBCR P

D) FEFFREAfRR 5 B B

W B — B RR RN A2 6 TR R RV R 9 00 IR I
G FE A 2R A AL ER B R A R R AL
10 g/L FRFEFAE 2o —f IR o RIS, 3557 S A
U KAE 2 x4, Sl &k ®Eh
35°C. 180 r/min, &3 7d, Bigrdim )G, Ik
RIF b PR A aR s, Sl TS K e e DL 2 BR
ZeJ0t, B AE 80 CF T i fHE . RITAL
FF A B A 200, SR G B 0 2 vk iR A7 0 1 0 T

kAR ER N = W) 100%. Hi,

n MRERRER, Yo 5 W, ok X HR S0 v s R 5% 7 1 1
#, g3 WHRREMAISREFFARIEMNTE, g0 XK
8 B A3 4 A 30 e e A o A

2) BEfRRT G FORAEFF ) BRAL M B A

ARG R BEULEE . BL2S 2T ol P O 0 A
XTRE SR IEAT 45 s Y4 b 14 B3 O 10 mA,
FERE S R 5188 [ R RS, R Bl
B X P AR O AR i T S ) TR SR UEA T A,
BRI E R 3KV,

{8 B 0 2T A0S 5% 43 BT+ 8 R O T 8 B T
R, B AERE S e i DL I . AR AL A R
YRR 2s FOM IR, B G MR 4 em ™!, JF
PEAT 32 W, B 3% 400~4 000 em 'Y I B
NG

X-BHERTH 047 DL Cu-Ka £ R X- 52k )
A, B IEEE N 40KV, FHE A 30 mA,
R 5°~80°, FHHH RN 6 °/min, it f
JER 0. 057, RAEWFEH 0.5 s,

P BRI AR, LA RS
YEME A, FaE &~ 50 mL/min, =R T LU
10 °C/min F FHE 5 N 22 800 °C.

2 HER59H
2.1 AR RNEE

2. 1.1 ARJHER A B (1 5 1 25
P E AR S50 3 DR A7 ) 3 BRI AT RAFAY



362 b R A s CASRBREROD

2025 45 3 )

KT REARTE ST, T AR I TR AR e i i e 45
WE T R BERE6-TH R RE 1-2D nlEE R 1
MUt AT, T BTR BS X 5 5 (R
XPELES, BARORHET R : 6-1H>1-2D>BS,

S 6-1H 1-2D BS
B el I s R
Fig. 1 Decolorization results of aniline blue

2.1.2 S R

W0k Y 6 BR TR (J1. J2, I3, 6-1H, 1-2D,
BS) 5 ¥ AH 52 %I 28 T CMC-Na [ f& 55 35 58 |, H
WU ZE R 1 iR, WK 1-2D 5 6-1H, Ftk
1-2D 5 BS, Wbk BS 5 J2 e SUm/E A, HAh
R T8 2 JC 0
#1 HRLRG R

Tab.1 Results of antagonism experiments

B

[LE7S 6-1H 12D  BS n 12 13
6-1H + - + + + +
1-2D + — + + +
BS + + — +
11 + + +
12 + +
J3 +
W T FORWRARZ BIRNAESAE R ;s 7 RN
MR Z I AEAE SRR H

2.1.3 mMAEEAWRE

BT B Rk i S WUnR R 45 R, M AR
FEGWAR, WL A T1:J2:J3=1:1:1;
B: J1:J2:J3: 6-1H=1:1:1:1 ; C: J1:J2:]3:
1-2D=1:1:1:1; D: J1:J3:6-1H:BS=1:1:1:1
SUHEBRWRABREBEEIWNE 2, P E 5K
Z D BT I L A R S TR R R, AR
FRIA: 5dJ5EH CMC BiG A #] 65. 45 U/mlL,
Sl E A H A A B, CAY2.59, 1.88 Al
2. 41455 JEACI TG EIA R 41. 97 U/mL, S5 &
GWAA.B.CH2.18, 1.54 F11. 66 4%, [FIH},
HA AR DB & TR — W kk, Hh CMC
BEEYE A AR T1, J2, 73, 6-1H. 1-2D . BSHY
1.85, 5.61, 3.33, 7.02, 8. 41 1 2. 124%; UE4KHH
TEPEA N B J1, J2, I3, 6-1H. 1-2D, BS K
2.96, 2.08, 2.86, 5.26, 3. 44 F1 2. 424% .

HAKEi G I E G WA F, 3d/5
H CMC E#5 M4 5. 145 U/mL, 5d J5 Hug4CRE S 1

8.201 U/mL, 351 B Y 1. 19 %5 F0 3. 07 4% 5
SRR SE AR T B AW R GF-Z, ¥i9E30d 5%
2 AT A EARERGPE R 14. 59 U/mL, MR
L2145 FREPHENE AR R CH3 D JFHCMC
Tl M AT S AR S 1530k 20. 82 1113, 68 U/ml.,
FEBER) 1. 295 RN 1. 4445 . AR E AT
F D SRR ) 25 R R B T, DRI,
VEBEZ IR AR I 22 Wi S5 A 58 RS R A
BRI I AR

70

[ UEAREETE /(U - mL) =)
[ CMCHES /(U - mL)

92 D
(=] (=]
T T

N
=)
[

LR ME/(U - mL)
B8 08

—_
(=]

ﬂmmmﬂm

JU J2 J3 6-1H1-2D BS A
HESE M ARA
K2 RS54 G R R A Rk

Fig. 2 Cellulase activity of single bacteria and complex bacterial strain

2.2 ERHERFBEHANL

2.2.1 PRHRRGH RS FLE RS ES
P 7 D 7™ Bl i 52 ]

Bifi 25 ME — 5% CMC-Na 5 ¥ 198 4
T&, AT Z D TR B0 U8 4R S 1 S B S8
J5 U 1 H, CMC-Na (9 5 5 v B8 59 &=
10 g/L B, UEACHE I MR 20 (A , 41,97 U/mL
(WL 3. Hik, PL10 g/L B CMC-NafE Rl fk
R5 7% BB IR TRV

50

B C D

(=]

[\S] 1 P
(=] = =]
T T T

JELRHEHS /(U - mL)

—_
=)
T

5 10 15 20 25
BRUF(CMC-Na) i BTEER /(g - 171

3 BRIEBTRER X AT R D 7 RERY R

Fig.3 Effect of carbon source mass concentration on enzyme

production by complex bacterial strain D



G 221 1)

e SR R A S R T 240 T 55 TR 2R )R S e AR S8R e B R R 456D 363

N T IR AT 5245 T 2R D 0 4 T A S22 i o
Bl A Fiw, Y LAER FUPRE N 85 3R L AR, 18
YT R e v, A3 54. 83 U/mL. I, desE s
A RE A R 3 P A R . [FIRE, M
i & & o8 10 g/L BF, U8 4K 3G ) e, ik 2
58.70 U/mL (WL 4(b)) . R, W E 1k 55
FEr i R f AR R R 10 g/ L AR 1 R o

60

EAM R BRSO RR

(a) FUIRBNIEXS S5 T R D FE A2

il
(%)
(=]

1

0 1 - 1 1 L
215 5.0 7.5 10.0 12.5

FUIR(HE A ) BB R /(g - 1)
(b) VT i 46 S0 A 5 B 2R D 1 52
P4 GERPZE R Bk BE S2 45 T 2 D 7 B Y R0

Fig.4 Effect of nitrogen source and mass concentration on enzyme

production by complex bacterial strain D

TR R WA 58 e BURR AR Y

25 5 R PEACHEE ) — DN EE N R,
RS A B BRSNS, AT DL Y
M) G A= 40 ) A ORI R AR, 1T O 2 Tl 1

B N3 o
2.2.2 HARZBRBEEERIMEMNEZAHAD
7= T 52

TRl W 9 A A R ™ Il R 52 pHL Y 32
W FERD R pH BHTE m pid R, 2R EAD

() U8 ACHE S MR IR 2 BT N RE. 41 ih pH
Bl 2 P IR EE () pH="7) I}, MiEy% P ik B {1,
967,20 U/mLOLIE 5Ca)), 2B HAE kA= K3
B8 v F B L B ) AR A v R e
PERE N ENZE G W R iR 1. L,
FE ARG pH N 7,

68 \
;/
5 6 7 8 9 1

4

PEACHERE /(U - mLY)
(=) [*) D
[\S) N N

o))
S

91
o]

0
wiHpH
(a) WIAGEPHXT A A5 T 2R D7 B 52 )

3 3 5 12 15 18
R /%
(b) $EFp X B A B R D= R R

[=)) =N [=)) [=))
[=] S - N
T T T

WELEET /(U - mL)

wn
o0
T

L
30 35 40 45 50
HREE/C
(c) T BEXT 52 A5 TR 2R D™ Y 52 1)
K5 RIS IR &0 2 AT R D =R 20

Fig.5 Effect of different culture conditions on enzyme production

W
[
S
N}
W

by complex bacterial strain D

T Hig i AR b, HERh R X IR AR TG AT 3
R, R <N MM T, ESRADK
TEACHE TG PR S BLZ AP KR e, RITEX —IX
(A1) 3 >4 i e 2 ol b ] L o T MR A S K, AT HE
SR 7 LT s YRR 906 I, JEARAEE



364 b R A s CASRBREROD

2025 4£5 3 1

IRFWELE , Sk 66.30 U/mL; 4R > 9% )5,
U8 AR TR 1A DU T 46 1 B (I 5Ch) ), R B v 1
Aol - BEAN I A6 P, B Al BE PR A T A R
i 22 S EOR AOR AL, BE TR W A AR 2R
b, B R 9%

SAATE R DUBARRHE YRR 5 IR I 5
TR TR OCHRAR (B 5Ce)) , TRBERARES, 40
TR A A2 B A, FE—2D 50 1 ) Ay ik s
Sz, W i ] B2 S A E M A S BT T
Or, SO RE T . IR RE 35 °C
I, S AREE I B G 1, 1% 65. 05 U/mL,
I, B 35 CRIZFM TR RAEREBE o

2.3 SEHRMBEXREHBIRNOIN

2.3.1  FEFFREAR 3 K8y 53 bt

&l 6 Z5 RN, A BRIP—RRAE G R DA
R IORAEFFRIRE S, HAR A1 &R D AR R
TR, 7dE, EAH R DX FKFEFRERR
IKFN46. 2%, 43I EARE T1, 13, 6-1H, BS#3.53,
2.75, 4. 41 F11. 954, HIZME &R B & WAL T H4F 4
PR RMARRM SR, BIERNS, F48%
() 42. 3% b 2 17. 3%, FEf#R M 59.1%,
SRR I, I3, 6-1H, BSAY2.19, 1.56, 2. 55 Al
2. 0448 ; LR Mtk 32. 5% FRAIKE 22. 4%,
WEfR o 31 1%, 2 il e T, I3, 6-1H . BSHY
6.22, 15.55, 4. 44 F1 1. 83 4% ; K& & &0 H
22.7% FRER 11 1%, FEMEFN 51 1%, 43 3R
B 6-1H, BSH 1. 46 F11. 97 1%

100——
KFHE
erf o
80 I
=
3 60f
&
¥
5 40F [T
fale
20} ﬁ

0
JEREF 1 13 6-1H

HES5EAHAD

E 6 H—PHRAE G R D XREFF I R AR

Fig. 6 Degradation of straw by single bacterial and complex

BS D

bacterial strain D
REFECERNE G E R P12 d X E KR
FF BB R R 23, 65% , MEATHIK 1. 1045 ; T 4k5%
ZEVE VAN FE K B A T 2R B AL 10 d KRS FF Y R

fift 2RIk 24. 5% ; AR IR G R &R C b
B 20 d XS FEFF A BEAR R R 31, 8%, MHLEE Y 1. 51
. RFRUEAEHZRD WS, LA
52 A 0 R, e RS R I A O T R B R A K
A, W HLE RS R A SRR R v T
2.3.2 HHEBIE

Kl 7 WA T &R DR TS FRFE R RIIE
I RS FF R T S B IS A RRE, HLEF
YR HES SN 7. LW A7 d)5, FEFFZNI
BT WA, it I RS, A
H/INFLIR T AL AR ZE 4L, A2 40 21 2 2540 2 0
AFRMHED] , Fp2s 82815 B g 2 5L, Arik
FIRA LT Y 22 JFA S A=A 0t 1A 2R ) T 3% BL
fi#t, SREFE R b 4 SR — B

5 pm”
] EHT=300kV SignalA=SE2  WD=99mm  Meg=2.00KX

(a) FEATT EARFEFF AR ML A

5 um’
f—— EHT=3.00kV Signal A=SE2 ~ WD=102mm Meg=2.00KX

(b) B IS FRFEFT B AIIE &
7 EARTTS ERFEAT IR S

Fig.7 Apparent morphology of corn straw before and after degradation
2.3.3 ML

K8, 3430 cm A TGRS AL O—H
A IR M Ae R sl iy, 2 G WA DS,
T, R HER 7 i A A MR, T
W TR HER I FE AL . 2 919 em AR A
W ph i 7 CC-HD I H 6 LA Ky — CH, 4 R 3
FIEHY, 2R AR A P X — BRSO I S 52 2 A



G 221 1)

e SR R A S R T 240 T 55 TR 2R )R S e AR S8R e B R R 456D 365

BEAK, SO BRBESS A ZA0 . 1 730 em ' AbAYIG(E X
N T BE B BRI C=0 R IIR 3l , 12 Ab W E 7 %
fif SRR, RIUIAR TR AR, 1635 cm !
Qb Ay 2 £F 4 2 R AE I 004, 1604, 1515,
1426 e 'YW SR LR Hh O R IR | C=C 5=
BIAHSGE, AT B AR W0, AT Aot J g i e
SRIE AL, LKL A T AR DR REAS AT o AR
. 898 e Ab AW IAIE Sy f-D- i AR
W, LT 4282 th 5-(1,4) - BT gAY B-D- IR
RIS TR LY , FEFFREAR S 898 cm ' Ab Y I
W BE A, UEIARSFF R AR A E GHAD
A B A A R AR

104

— it
102r — eI
100

98
96
94F
92F
90F
88|
86
84F

) . . N N . N
4000 3500 3000 2500 2000 1500 1000 500
WK /em™!

B8 BRARHEDG FRFEAT A 2181 ]
Fig.8 Fourier infrared spectra of corn straw before and after
degradation

2. 3. 4 X-IHEATH

P9 N5 T AR D BT R TSRS XRD 3%
Pl B HTR 9 XRD S PEIEIAE 20 2 1671 22748 /i
H MR AT A 2R TRVRHIENG , REARE I REIR 1
OPETHERIEA 1 AR EEHE , B MU RE AT 4 R
Pl MR IR CrlfE e TR F Y
SPUERGWIE RO . JBURE AR CrlfH
57.32 %, MEfJE R 55. 77 %, o CrTEEREREFF Y
CrIfA FFE1.55 6, RUILFHER 1045 X2 3 1
SN
2.3.5 HREIIHT

(PR AT SO S5 T AR D RaEfige s R AT 1)
PEEVEIEAT AT LI 10) 0 FEFFIREAR IS A FAR T
MR 84. 6690, HURRRATTER T 9. 34 H bRl
FEAT AR T A R I R 32 0 g =B B : WG B
B AR 50~166 °C, iRtk A 4. 9400, I e
DTG gk EEERIS— R ; 5 BBl 166~
400°C, i TG RhZRT A, FEFFIE S Al S %R B

REIE, BRI AR 56. 56 %, KEftS
R 79.72%, HLREMFRITE S T 23, 16 A B =Y
BEA 400~800 °C, EEMNAFER KA stk , Fiarit
FHAXFHIN, TG HHZRINEE B A1 V2% , FEFFIA
fift R AT TR

—
—
i
il
&
0 10 20 30 40 50 60

20/(°)
P9 BTG ERFSFTAY XRD 1 4]
Fig. 9 XRD spectra of corn straw before and after degradation

120
— RS
100} — [ I
S0F
5
IH 60
=
40f
20F

0 100 200 300 400 500 600 700 800 900
I
(a) FERRTITR FRFEFFAI TGN

— Ve fifAT
— Wi

-1 1 1 1 1 1 ' 1 1

&)
0 100 200 300 400 500 600 700 800 900
L/ C
(b) RIS FRFEFTBIDTG I
K10 BEMRATR FORFEFTI TGRDTG kK
Fig. 10 TG and DTG curves of corn straw before and after

degradation



366 b R A s CASRBREROD

2025 45 3 )

3 & it

AR SRR R AR B4 68 R S S A T 4 2R
FERER A A R, DAL TG M 0 BE T8 b v H 1
MEAHEZD UK I1:13:6-1H:BS=1:1:1:1),
5dJE % R UEACHHG A ) T 41,97 U/mL, R
PRI 2. 4245 FERA =B T, 7d5
FEF KA BRI RN TN 46. 200 , A PTH fit e e i
RI1. 9545, BLAh, SRR G KRS FEAY B L E
JEHEAT T 08T, S5 RRIE A R D R EE B
FWOR T FTRREAT RIS, AR T Hb
YR R EAEA4E R DRSS R RNE
A &R D TERE AR TORFSFE O a7 B Uk

B3k
L1 ERG . PESGOHEEIM]L dist: hESEH
JiL, 2023.

[ 2 ]BSCa, BN, AWas , 48 . — ks a2 iR

JBT 2 TR R 1 5 6 S RCREIT A [T ], L AR ARl R 2724
CHARRIERD , 2022, 53(3): 386-392.
ZHAO Wenxuan, JU Zhigang, ZHENG Yeqiang,
et al. Sereening and efficacy evaluation on a strain eff-
ciently degrading wheat straw lignin [J]. Journal of
Shandong Agricultural University (Natural Science
Edition), 2022, 53(3): 386-392. (in Chinese)

[ 3]ZHAO L., SUN Z F, ZHANG C C, et al. Advances
in pretreatment of lignocellulosic biomass for bioenergy
production: Challenges and perspectives [J]. Biore-
source Technology, 2022, 343: 126123.

[ 4 ]RE, FLLIE, SR, 5. FATET 2 R IRl T 0 2

[N BN R Y b 9 a5 S U R AR S E

i, 2023, 42(2): 108-114.

SONG Yu, BAI Hongjuan, HU Jinjun, et al. Isola-

tion and screening of straw cellulose degrading bacte-

ria, construction of composite strains and optimization
of enzyme production conditions [J]. China Brewing,

2023, 42(2): 108-114. (in Chinese)

AT, T, RS, SF L A4 (RO AR RUE T

FARFEF AW BEMAE DT [T/OL]. B stk R

27 42 (2024-05-08) [ 2024-06-26 1. https://link. cnki.

net/urlid/32. 1148. S. 20240506. 1627. 002.

YU Ting, HUANG Yue, LI Wuhan, et al. Study on the

biodegradation of corn straw by symbiotic microorganisms

—
ul
[

of Odontotermes formosanus[J/OL]. Journal of Nanjing
Agricultural University (2024-05-08) [2024-06-26].
https: //link. cnki. net/urlid/32. 1148. S. 20240506. 1627.

002. (in Chinese)

[ 6 ]2k, (M4, SR . RIS K IE T 2 Fh A P W it

FORFEFFBOER AR LEHETE[T]. R BRI R 274
2017, 36(10): 2136-2142.
LI Libo, REN Xiaodong, DOU Sen. Comparative
study of the degradation efficieney of 2 types of micro-
organisms on the degrdation of corn stalks in solid-
state fermentation [J].
Seience, 2017, 36(10): 2136-2142. (in Chinese)

(7 15, MMk, Db, 45 —BRRS TR i ik
V1 8 K R AR S [T ], BN A2 C AR BR 2
M, 2024, 41(5): 118-124.

RAN Yizhi, LINGHU Meilin, MA Shijin, et al.

Screening of a straw degradation strain and study on its

Jounal of Agro-Environment

degradation effect [J]. Journal of Guizhou University
(Natural Science) , 2024, 41 (5) : 118-124. (in
Chinese)

B, TAYE, &, 5 AFRIE SRR X R
Al N AR [T ], Rl FRBER 22 4], 2022,
41(10): 2298-2306.

GUAN Hao, WANG Liyan, JIN Mengcan, et al.

Impacts of different forms of nitrogen on the decompo-

—
o}
[

sition of wheat straw by aspergillus niger[J]. Journal
of Agro-Environment Science, 2022, 41(10) : 2298-
2306. (in Chinese)

[ 9 ]ZHANG S, SHAN D, LIU X, et al. Cellulose-
degrading strains: Their screening and application to
corn straw in low-temperature environments[J]. Pol-
ish Journal of Environmental Studies, 2018, 27 (5) :
2349-2355.

(10] EMM, &85, Bl mAERBEHEHREZSGHA
AsiELT]. PRIBTTAOLRLY, 2016(4): 39-41.
WANG Shanshan, JIN Yuyan, ZHAO Kai. Screen-
ing of composite microbial system for efficient degrada-
tion of maize straw[J]. Heilongjiang Agricultural Sci-
ences, 2016(4): 39-41. (in Chinese)

[11]ZHANG E H, WANG M, PAN X L, et al. Estab-
lishment of a highly efficient corn stock-degrading
microbial consortium and its degradation effect [J].
Advances in Agriculture, 2022, 2022 8034553.

[12] E7 4L, HEE, SPEIT, 5. SRBORTLF4ER /i

TR AR 9 106 % 52 T AR R R AP S8R WP [T ] vl 4]
A, 2024(15): 19-26.
WAGN Ziyuan, JI Yuyu, SHU lJianhong, et al.
Screening of high-efficiency lignocellulosic degrading
bacteria and study on the degradation effect of straw by
complex microbial systems [J]. China Feed, 2024
(15): 19-26. (in Chinese)



G 221 1)

[y (Co R S TR N BN af S A &y A i ) 367

[13]CHU X D, AWASTHIM K, LIU Y N, et al. Stud-

ies on the degradation of corn straw by combined bacte-
rial cultures[J]. Bioresource Technology, 2021, 320:
124174.

(141 5K0G, FLLER, PhEEL, 45 — BRI R )

B E ML bR ELT]. AR T, 2020, 49(7) -
1720-1726.

ZHANG Qing, BAI Hongjuan, SUN Huimin, et al.
Isolation and identification of an efficient phenanthrene-
degrading strain and removal characteristics [J].
Applied Chemical Industry, 2020, 49 (7) . 1720-
1726. (in Chinese)

[15] 5K, FEZLI, Fhats, 4. FERBIFEM# 1-2D i b

VEUEE B LR PELT ). R AL T li4c, 2019, 49
(5): 59-65.

ZHANG Qing, BAI Hongjuan, SUN Huimin, et al.
Screening and identification of phenanthrene-degrading
bacteria 1-2D and its degradation characteristics[ J]. Fine
Chemical Intermediates, 2019, 49 (5) : 59-65. (in
Chinese)

(161 FI£00H, Taear, 2, 45 . ZRRIIAEm iR & 5 5%

S B0 e LT AR AL B AR O R [T Ao A
&, 2022, 42(3): 27-35.

BAI Hongjuan, WEI Yanhong, LI Bin, et al. Optimi-
zation of mixed cultivation conditions with response
surface methodology and growth relationships of mul-
tiple functional strains [J]. Journal of Microbiology,
2022, 42(3): 27-35. (in Chinese)

(171 R, AR e, SKBE IR, S o SR I s 20 e At

AR SRR [T]. S 3R A 27
i, 2020, 26(3): 528-533.

JI Shaoze, GOU Changlong, ZHANG Xiqing, et al.
Construction and application of a highly efficient com-
plex microbial system to degrade dead-pig carcass in
compost and assessment of its efficiency [J]. Chinese
Journal of Applied and Environmental Biology, 2020,
26(3): 528-533. (in Chinese)

(181 HBIG , skeE X, M=, &5 . PUERXTE AW &R

173-ME RS2 R [T ], W5 BRE A W22 41, 2021,
27(5): 1274-1280.

HAO Peng, ZHANG Xiqging, GAO Yunhang, et al.
Effect of antibiotics on degradation of 173 -estradiol by
compound bacteria[J]. Chinese Journal of Applied and
Environmental Biology, 2021, 27 (5) : 1274-1280.

(in Chinese)

[}

MAO Ting, WEI Yagin, YANG Hongjian, et al.
Screening of celluloytic bacterium from yak faeces and
the optimization of cellulase production conditions [J].
Journal of China Agricultural University, 2019, 24
(11): 106-116. (in Chinese)

[20] WANG Y X, LIU Q, YAN L, et al. A novel lignin

degradation bacterial consortium for efficient pulping
[J]. Bioresource Technology, 2013, 139: 113-119.

(21 Fskal, Jhpeds, S0, &5 /Nl RERs AT AR A2 &

T AR B 0 28 55 7 Wl R R Oe AR LT ). v AR RE, 2024
(9): 65-71.

BAI Dichun, HONG Zimeng, GUO Juanjuan, et al.
Screening and optimization of enzyme-producing condi-
tions of Xiaozhan rice straw degradation composite
microbial system [J]. China Feed, 2024 (9) : 65-71.

(in Chinese)

(22 5kab ], FHEAR, WK, 2 . (RIELA IO 2 0 £oK

FAT A B Rr e B R HELT ). AR AR 20AE, 2022, 41
(3): 487-494.

ZHANG Bizhou, QING Geer, GAO Julin, et al.
Degradation characteristics and adaptability of corn sto-
ver by composite microbial system at low temperature
[J]. Chinese Journal of Ecology, 2022, 41(3) : 487-
494. (in Chinese)

(23] TRE . RIS FF I Ak 51 A0 0 18 S A2 45 78 2R

FEEE AR D], YRR WAL KA, 2019.

[24] EHOL, W&, TR, 5. FTOKRFAT mEmRE

Y55 R B B KRR R RCR VAN [T ], A HoR
e, 2022, 38(4): 217-229.

WANG Xinguang, TIAN Lei, WANG Enze, et al.
Construction of microbial consortium for efficient deg-
radation of corn straw and evaluation of its degradation
effect[J]. Biotechnology Bulletin, 2022, 38(4): 217-
229. (in Chinese)

SR, WA, R, . 2T 2 R A A0 T A
TE M K SRR LT] SR AR, 2023, 41
(4): 41-45.

PENG Yongyan, YANG Binbin, LI Zhixi, et al
Screening, identification and enzyme-producing condi-
tions optimization of cellulose-degrading bacterial
strains [J]. Guizhou Science, 2023, 41 (4) : 41-45.

(in Chinese)

[26] GONG X J, YU Y, HAO Y B, et al. Characterizing

corn-straw-degrading actinomycetes and evaluating

application efficiency in straw-returning experiments

(19] BI, BWE, LU, 5. FE4 60 o7 4 R i
B A O B MR ARAR LT ). o R ARl R 244, 2019,
24(11): 106-116.

[J]. Frontiers in Microbiology, 2022, 13: 1003157.
(27] 3O, XVRF, BHREA, 5. FIMEEPFRERE
RO fifk AT 0 O 8 5 B AR AR AR LT ). B o



368 b R A s CASRBREROD

2025 45 3 )

iz, 2023, 50(11): 4796-4811.
WANG Wenfan, LIU Yinxiu, XIE Xiaojie, et al.
Screening of efficient cellulose degrading bacteria in
cow manure compost and optimization of enzyme pro-
duction conditions [J]. Microbiology China, 2023, 50
(11): 4796-4811. (in Chinese)

(28] pioak, P SCEe, URREE, 45 . — WRET 2k SRR 1A 114 07

e B M SR RAR LT ] VLR R ML R 4k,
2021, 43(5): 1167-1177.
ZHONG Bin, TAO Wenling, NI Siyi, et al. Screen-
ing and identification of a cellulose-degrading bacte-
rium in the aerobic composting of biogas residues and
optimization of enzyme production conditions[J]. Acta
agriculturae universitatis Jiangxiensis, 2021, 43 (5) :
1167-1177. (in Chinese)

(29] EdksE, 2=, PG, 55 . MEAC P 2f 4E R Y

i 1 M A2 e AR RERIF ST LT ). R4l , 2023, 37
(1): 180-187.
WANG Jilian, LI Mingyuan, ZHOU Qian, et al.
Screening of cellulose degrading microorganisms in
composting process and study on degrading perfor-
mances of composite strains [J]. Journal of Nuclear
Agricultural Sciences, 2023, 37 (1) : 180-187. (in
Chinese)

[30] 2=, TKERE, W0, 25 v A LT i R IR Ak 1T 0 10 O

e G T AR RS AT R AR RCR AT (T ). NS
WY, 2016, 22(4) ; 689-696.
LI Jing, ZHANG Hanneng, ZHAO Chong, et al. Iso-
lation and screening of cellulose decomposing microbe
and the straw decomposing effect of complex microbial
system [J]. Chinese Journal of Applied and Environ-
mental Biology, 2016, 22(4): 689-696. (in Chinese)

[31] skuffli, Blox2x, FIX, 5. TiO/ UV LB £
KAGAT B [T]. & 5k iE, 2021, 34(9) .

52-56.

ZHANG Jingnan, MING Huihui, YAN Ge, et al.
Study on TiO,/UV photocatalytic degradation of corn
straw [J]. Cereals &. Oils, 2021, 34(9): 52-56. (in
Chinese)

[32] SUNJF, DING R, YIN J. Pretreatment corn ingredi-
ent biomass with high pressure CO, for conversion to
fermentable sugars via enzymatic hydrolysis of cellulose
[J]. Industrial Crops and Products, 2022, 177:
114518.

[33] WEI W, ZHANG H, JIN'Y. Comparison of microwave-
assisted zinc chloride hydrate and alkali pretreatments for
enhancing eucalyptus enzymatic saccharification [J].
Energy Conversion and Management, 2019, 186: 42-50.

[34] WANG Z N, HOU X F, SUN J, et al. Comparison
of ultrasound-assisted ionic liquid and alkaline pretreat-
ment of Eucalyptus for enhancing enzymatic saccharifi-
cation [J]. Bioresource Technology, 2018, 254:
145-150.

[35] FRAEBL, #2000, KT . BB S KRR AT 2L e A

7 e L BB g (). e e A, 2023, 46 (D) -
39-45.
CHENG Jiagi, GUO Hongguang, ZHANG Zizhong.
Study on mechanism of lignite and rice straw to
increase methane production by co-degradation [J].
Coal Conversion, 2023, 46(1): 39-45. (in Chinese)

(36 ] Bmy iy, XM, Ha¥e, 55 . NIEARJE 28 A 4 o it

g1 5T ST T]. M Tl 2022, 59
(7): 30-37.
LANG Panpan, LIU Peng, LI Yanling, et al. Study on
kinetics and thermodynamic parameters for pyrolysis of
different sawdust biomass [J]. China Forest Products
Industry, 2022, 59(7): 30-37. (in Chinese)



