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Screening of efficient lignin-degrading bacteria in citrus waste
compost

LI Jinye, CHENG Hao, XU Qingyun, LIU Xiaoman, WU Songwei, HU Chengxiao"

College of Resources and Environment, Huazhong Agricultural University, Wuhan 430070, Hubei, China

Abstract: [Background] Pruned branches of citrus are rich and renewable biomass resources,
in which the stable and complex lignocellulose structure limits the utilization of the resources.
[Objective] To screening and identify efficient lignin-degrading bacteria from citrus waste
compost and optimize the lignin-degrading conditions of strains, thus providing strain resources
for the utilization of citrus waste. [Methods] We isolated lignin-degrading strains from citrus
waste compost by the aniline blue method and compared the laccase, manganese peroxidase,
and lignin peroxidase activities between different strains. Then, we optimized the lignin
degradation conditions of the target strain (LDB1) by single factor tests, orthogonal test, and
response surface methodology. Finally, we verified the degradation effect of LDB1 on the lignin
derived from three plant species by laboratory experiments. [Results] We isolated eight
lignin-degrading bacterial strains from the citrus waste compost. Among them, strain LDB1 had
the strongest enzyme activity and was identified as Bacillus amyloliquefaciens (GenBank No.
OR244332). The lignin degradation by LDB1 was affected by pH, inoculum amount, and C/N
ratio. The fermentation with LDB1 at pH 6.9, inoculum amount of 2.9%, and C/N ratio of 29.0
achieved the lignin degradation rate of (14.9+0.9)% after 4 days, which increased by 2.0%
compared with the orthogonal test result. After 30 days, the lignin degradation rates of LDB1
for citrus branches, maize straw, and rice straw were 12.0%, 36.8%, and 30.6%, respectively.
[Conclusion] B. amyloliquefaciens LDB1 can simultaneously secrete three lignin-degrading
enzymes to destroy the lignocellulose structure, demonstrating strong lignocellulose-degrading
ability.

Keywords: citrus waste; lignin-degrading; enzyme activity; Bacillus amyloliquefaciens; condition
optimization

A 2 H 5 B A T AR R KR 2 — 1ol B T 3R e TR AR T AR A 10 A A
MG I AL . R SERE ™ T RERAIUER iz
Yy, M RAAE B TR IR 15-18 thall, I HIE W iR 12 AR BRI, — By
9]

A EGEE O HEE | SRR EUEI, AR MABEE . B ERMREERD, Hd A
PR IRIR 22 MR — Pl A ER B 40 98 )5 R OF 4 1A (Phanerochaete
YR F R AR R LG5, Bl TG chrysosporium) . Ht #1 B [ (Ceriporiopsis
FeAR AL FERE Ty . AR R A (] Bk S Nk subver mispora) ZE R i AR T & O BE 1 ARl
2 () Z R B T XK @ B BT RS T 150 W I A S AR il 4N R it (laccase, Lac) | ik
A AR TR R A A AC, 5 RN Sl (manganese peroxidase, MnP)FIA i K
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1 E ALY (lignin peroxidase, LiP), AJ/EH F A
JrER, W LR 5T 2R PN IS Tk B RNk Bk B O 2 BR
MEEN Y PR T AN, — SR B T DL R
AT ZE, T H B s R R Y R
NG EHE . W HEIE . R . TSR
Y AR R G o 2 R OR iR [ R
™D, AT W D Bl B A B R A
(Sphingomonas paucimobilis) SYK-6. F&HUIg I
ZE AT (Bacillus stearothermophilus) L-1214 | fi#
TE By % 14T TH (B. amyloliquefaciens) SL-7 il
HZ1IU g g 28 2F 48 FF 1 (Bacillus
thermoruber) GX5U'7! | 254 £% 25 1 (Streptomyces
viridosporus) T7A il {44 % [ (Streptomyces
albogriseolus)®” . M K. {5 ¥ Jifd 4] (Pseudomonas
putida) mt-2U8F1 KT24401%, D) K ¥ 21 3R 1
(Rhodococcus opacus) PD630 Fll 4 [ 21 Bk
(Rhodococcus jostii)?"45 , Hidr, ¢ T4 25 1 Al
SRR S R 2, AT RO R R R
M B i e ) A A 3 22 e U212 SR AE K
SR IR DG o AR 1 WU 38 i
— FR A S &R 2 /R (Raoultella ornithinolytica)
MP-132, & A% TR 7E M A 5 r A A S5 3% o4 fie
RE AR, pH 8.0 I R AR 205 m1(25.3%); FHE
BRI U8 1R AG FF HE AT v 7 36 4 — Ak v A
FEL2E R HUFT I GX5, 55 CCHT bR X A 5 % 1 [
ffE A% 81.9%; RGP NE AL FLIE R
2 (Ganoderma lucidum) GI-16 ()& B4, #
H Lac BEIETEIRE T 2.06 1755 S ARERNE

x 1 HERMRIEE AR R

AR - 48 v i 1 H — MRS G 5 7 {11 R T (Kl ebsiella
variicola) BJS, @ik B & 0T T
Lac. LiP Hl MnP HYR§IEPE, AFUR MR B
21.6%. HULATAL, DEAb B bR B A 4 244 a0 pH
TR | A A A S T DA RO R R
K B R i

MEFINEMAEY), T EREYE T H&
Ao B PR B A N RN SE G T, HENE R R 4 2
B mT DA et Al R S AR TR DY Rk,
IR A AR PR S (1B B B R 3 ) 1 B JE AL A
FH ARS8 H0LMR A7 P22 7400 M TS vl 5 6 AR I 28
WM AT, T b AS T) 200 T 4 A Joi 25 1) 1 g
SEH BB, it R R . 1E A A
AR Ry I LR BN ORR /N &3 N0k s
okt b — 2B 04k B 0 R AR XA [ R 4 A i
F IR RE S AW 1. AW B 18 A
V% 3400 1R SO AR SR A B R T R AN 52

1 #HRE5rZE

1.1 #&H

TR PR T e A A A rh ol R 2F A el 7
NI 2 e e o R s RN 75X, K M A
K. BRI SRR AR LB (7:1:2) 1R A, HEAE AL
W FERIAE N 0.5-2.0 cm, AN 5%R K JEEE A 1
BRAHL(C/N) . HERERT 7 RAERFIME 1 7k, Y
NEJELRE K 2 50 °CHY (55 5 X)), MHENEAS[FJ7 L
RAE 4 M FERIR G R T 4 cCHLRRE . £k
SR SHOL R 1,

Table 1 Basic properties of compost materials

J Rk pH SKE A HLK BA AL
Material Moisture content (%) Organic carbon (%) Total nitrogen (%) C/N
&AL Citrus branch 5.69+0.01 59.6+0.6 59.2+41.5 1.3+0.2 55.8+£3.1
MR I Citrus leaf 5.54+0.04 65.0£0.6 40.7+1.3 1.940.5 21.4+1.0
BRI Inferior fruit 4.41+0.10 88.5+0.8 47.240.5 1.340.1 36.9+1.5
R A )5 Rl Mixed material 5.41+0.12 65.3+4.1 55.0+3.7 1.7+£0.3 32.3+2.2
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1.2 EHFRE

B BT R IG IR B (g/L): BRTRER 5.2,
Na,HPO4 2.8, KH;PO; 1.0, (NH4).SO4 0.5,
MgCly-6H,0 0.053, Ca(NO;),-4H,0 0.05, fif+
JLE 1.0 mLM, pH 6.8-7.2,

(EWNGENEEUSE S SU T W NG S FINAE S
Ferrasm 35.0 g/L BifE .

LB Fifg- ARl i 37 (/L) : R F1 i 10.0,
MEEER M 5.0, FEAbEH 5.0, Blg 15.0, KLis
0.1, pH 6.8-7.2.

MR KT/ E KRR SR JE . 5.0 g MG
K. IKAFEE K40 B3 IR A BT 3R A S
FRHPTARTR R, MAEEL . KR KT T
g A rp ol KA H .

B R 121 °CK T 30 min.

1.3 EFEMEZRF X

LB Biflg. Bk . LB W7, WA YE
REBRAE . BOARTRER . K, B EwR
FAWRAR; BPEE, 2,6- K | ABTS,
b SR AR R A BR A W s A
AR . FPIEIREN . BERREN . BEIRR . WA .
Frigg, 2548 Bk 2GR A IR A )

i TAES , JER AR A IR AN A il 3 AT PR
YNCIBIRERY) Q7S TP NE S VST I E i e /AP
AN LA R, i e AR A PR A ]
TEIRFEIR, R R ERAARAE; &
FEK S, bl By aama RAE; il
B.0ML, Eppendorf Al AEARIEFRAH, dbai
OGBS AL AR A PR A ) 5 4794 HL B (scanning
electron microscope, SEM), NTC /A& ; fHH I
A5 e 21 4 5t 3% AL (Fourier transform infrared
spectrometer, FTIR), i W/ snl; 4L b
A, bR i A R A BR S
14 KREEBENTGE. £F

HC10 g HEAEREHJUIAE AL A 90 mL oA 7K

Ja¥R% 1 h, # 8 15 min, £ FIEHAE 10°-107°
o B B, WIS [R) 6 B B R & R T R
A 55 38, WA B AR T 35 °CHE R4
B B G IR . YRR B N M Y TR R S PR
TEARF AT, MR ST 045
F%, HERGA R KoL bk EF T LB
TR - P o B R A T A 0, ke i R A
ORI, WEAC R ERIE A o 8 52 T i R s
B EH 50% MRS T, T80 °C
VKA o AL I IR AR AR W TR W) S A T bR
) 16S rRNA JERJFHI(E 1) (FRamERA
https://bioicons.com),

FH NCBI BLAST #8744 )7 912k 7 Xt 15
2 5 FPF H AR R KRS R,
Y25 5 A% %] GenBank 0¥ 8 , 45 H K 16S
rRNA BP9 B9 &5, I MEGA 11.0 #4 ¢
HI R RGE LB
1.5 BEHRMENAR
1.5.1 B~ EEE S1xTLE

WPRTE LB ARG TR B b 15 5% 24 h /RN FH
T, RN 40 mL LB AR 1%
FhFk, 35°C. 180 r/min ¥53% 4 d, 1AM 4
PR LUKTE G R Pl - E 2 1, L
523 UK. BEBR 24 h BUEE 14K, 4 °C., 50 000 r/min
B0 10 min J5 IS WRCARIEE IR, A6 BT Ak ik
5, BETE e BACP IR,

LiP A5 2% 78 3.0 mL SR Z o
A 1.6 mL A R ENZE sl (pH 3.0). 0.3 mL %2
FEEA 1 mL B, 30 °C/KR 4R - I 3 min,
A 0.1 mL H,0,, F 310 nm & 1 min K AY
W B AR AR

MnP BTG E R 78 3.0 mL AR &R i
A 2.4 mL B FR-BE PR M 2% h i (pH 4.5). 0.1 mL
2,6-DMP F1 0.4 mL B, 30 °CKif 5 ik
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Strain identification
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Enzyme activity

@
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Preliminary screening

Microbial isolation

Strain purification Double screening

detection

1 KRERRREBEEIGERRE
Figure 1

3 min, A 0.1 mL H,0,, T 469 nm J5E 1 min
A A I O BE AR A

Lac B0 I0E": #8 3 mL e iR R din A
0.2 mL ABTS %Al 2.7 mL ¥ R-Fr B2 FR EN
ZZ b (pH 4.5), 30 °CoKAEH T 3 min, I
A 0.1 mL %, T 420 nm ME 1 min N AT
SRR

DL ESZR I LLRTE(121 °C, 20 min)fY R
AR, HAE 3 W FRALIFRIN 1 mL P A
F AR BRI SEEERG TN 0.01 5 R 1 AN F1 80
BL(U), BEETEA N

10° V, AOD

C (U/L)=——x ol x 2= 1
( ) 2 sample At ( )

HX(DOH: e HHIEFEE, mol/(L-cm); Lac, MnP
M LiP 1 e {H4 510 3.6x10*. 4.96x10* FlI
9.3x10%; Vo FIEFE S EAFL, mL; Viample
KRB E WA, mL; AOD: WGk
{65 At Ry [B] BBt ], min.
1.5.2 ERESTELEM

¥ H AR ¥k LDB1 7£ LB K5 #= 3 27 °C

Screening process of lignin degrading bacteria.

180 r/min Ki3% 7 d, KM TR BE A9 IO B
(ODsoo) A B R 1) A= B AR B o BB 20 B Yk
P2 Y, BT B T WS R RTE
Ao [FIEF, SR 4 L5 TR 44 4 i 11 44
47 W8 2 2% SRR [28-29] 0 1 6T T Ak A 7 T e |
iy 5 . FER KRR . AR ER IR . B AL
ZT 2 3R O3 i A0 R 07 ok i 2 A PR A A, e
WEIHEL.
1.6 [PEREFRHITEHRRIS M

DA 5T 28 W AA 85 3% BAE A Ak 52 50 i 15 57
S, W R R ®ihn pH R C/N fE
NARACAS B, ARG TR AR IR BT R i RE

4V R 10,20, 40, 60, 80 F1 100 mg/L
PR BT RARER W, S5 NaOH K AR it &R
W pH EHRT R 12.0 LA AR R, Ri5H
HCL B pH PR 15 bl S840 AT L4t
JEREHHINE WA ODaso B . S2HGZH IERN B AR
LDB1, XfBEZH RN KTE bk, DIt RO E 5300
SCEETE, B IR S 0 2 O R B WY
ODaso f, sRAFEEFRMM P IIARTRZR ik, RITE
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S5y W RN W (I

B f# 2. (%)=(C1—C,)/C1x 100 )
K@): Ci xR Th AR BT & AR B2 (mg/L)
Co NS g 2H R it R Y (mg/L)
1.6.1 BREFRRAK

IR R B3 4845, 40 BT BE (30, 35,
40, 45,50, 55°C), R (0.1%. 0.5%. 2.0%.
4.0%. 10.0%). ¥ (120, 160, 200, 240,
280 r/min) ., ¥J 4 pH {E(4.0. 5.5, 7.0, 8.5, 10.0)
FIC/N (15, 20, 25, 30, 35, 40)%fH#k LDB1
R AR AR BT 2R 52, IS TE 38 °CHY &1 T 5 5%
9d, # 3. 0.5 mol/L EE LA 1%Eh
BRI pH, FIJRZ R4 A5 C/N,
1.6.2 IEXIRAIE

MRERZRREHE T 5 MEEGRE . pH.
C/N B SR 151 ) 5 W) 1 ke 6 i K Jo 2% 1) e
FEYE I . B FAE 35 °CHI 40 °CHY, B #k A9 A5
R RIEAR -3, M TER, ARk
5 38 CCHIF LA, it E A3 2)i
— A1y 7 LA AR X AR JBT R R R R A S
Pk LDB1 7E55 88 h (Wl & M fe s, i LAIE 283
I VEPEAE 38 CCARIF T HEFR 4d, EE 31K,

*2 EXRERITRER

Table 2 Orthogonal experimental design and result

No. pH #%if YUY AR KRR
Rotational Inoculum C/N g
speed amount Lignin
(r/min) (%) degradation

rate (%)

1 5.5 160 0.5 25 12.1

2 5.5 200 2.0 30 12.9

3 5.5 240 4.0 35 10.4

4 7.0 160 2.0 35 11.2

5 7.0 200 4.0 25 11.9

6 7.0 240 0.5 30 12.5

7 8.5 160 4.0 30 9.9

8 8.5 200 0.5 35 9.3

9 8.5 240 2.0 25 9.5

1.6.3 Mo Rz it 36

B PR 20 AN O A2 I A T B R R R
Jo R W e R A A R R G s i [ 7, e — A
B KOF A e oz T 3k 56 A A o A RS R AR
Box-Behnken design (BBD)i{4 1% 115 4150 A%
SIRE AR BRI ICR, FTLA%R: BBD ik
FREESTARL, 43 AL AL B, CIUFE pH (5.5, 7.0,
8.5). HEFIE(1.0%. 2.5%. 4.0%). C/N (25, 30,
35), —1. 0. 1 fRELKICEREAE . FIME . &
KAE, IRIRTE 38 CCRIZR I TR 4d, EH 3 IR,
1.7 SR PRI IS

R A7 A it 55 35 ik Pl 2. 9% 1 BRI VR
pH {H A C/N 43587k 6.9 A1 29, F 38 °C,
200 r/min 5% 30 d, £k 10d BUEE 19k, FEGHE
BRI TG PRAE . —3R 5 FEM ] Van Soest
PR R AT O E R AR A e R R4
RFARB RS & —f e &im A TRk
PEAT T8, BRGNS TR S 3 SR 7E S v ey
LHiI/E SEM KA, mi4abPR)S BT SEM b
A PR LI R A A5 2 B A I TR RO B B ARk s —
A HE b 5 TR IR AL BT 2R (1:200) 1R & WS 2
2 um 24, FHERF VUK 1-2 mg IREF: AR
JEZ00 1 mm B, O E AR LT A1
AL, FHETEEIN 500-4 000 cm™, Z» Mt
R S5 A IS I 25 M R Be AR 1k . B34 LUK
15 RR A X B
1.8 1EYIREFT PRI

TE KRG TN KRG AT 55 72 56 e 2.9% 19 B
W, DA TG RAR R BE TR X IR, K59 30 d
R EREFF R 2R | PR R AR & i,
gr SRR A B LA 1.7,
1.9 HIFESH

ffi FH] Excel 2016 #4H3 B , SPSS 143
S 25 R S E bR AEDR . (L Ry 22
53 M (one-way ANOVA)HfIAE s 1) 7428 5 Pk A2
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REARNE, IEACIKEH SPSS 18 3 #r, Wi
T 56 1 Design Expert 12 8047 . fir A 5
H Excel 2016, Origin 2017 F1 Design Expert 12
HATLEE

2 ER594

2.1 HREREIAKRRRBERE

LTRSS, DR AR I 55 40 HENEAE
R T 8 REA AR RIEMERE AR, &
IT7E LB Bii-A i il 55 3 5L b g € S i n 4] 2
Fros, WA 95 LDB1. LDB2, LDB3,
LDB4. LDB5. LDB6. LDB7 F1 LDBS.
2.2 EREYEEEE

Lac  LiP 1 MnP J2& 23 A Y 3 fff A0 3 fc
B =5, 5] Eab 8 MR AT AT AR BE
TR BERRIG , SR I SRS, ok 7 i EE
. AERIE VR R B TS SR bR R A
FIHERE 1 o

HiEl 3A-3H AIAl, 7€ 8 PRANTE T, Bk
LDB1. LDB2. LDB4, LDB6 #il LDB7 R&[w]H}
FE4E LiP, MnP Al Lac, ‘B REH &40 1A

R e, ¥55% 64 h 5, TEFE LDB1 774 1%
3 PR RE 1 ek, A A B T (175.62427.09)
(1.59+0.11)F1(5.83£0.39) U/mL (& 3A). Ktk
LDB1 {54, 0-36 h 4bFAKF8%50Y,
48-84 h b FAKR G, Bigk 84 h ik ALK
FT WA 3D, MR R MRS E A1, ik
B 0-88 h 1 Jy S JR A EA 7 5 22 52 3 o
2.3 EF LDB1 Bt rEfEE

PPk LDB1 758 B s M s N i
EAME 4 PR, 2 RYSEIHME, FEERKDN,
SR 5 A A AR HE S o TR 9 A A b R 2
R 3,

¥tk LDB1 W45 7 NCBI L ikqy
BLAST [AlM4r 07, &Ik LDB1 51# 1€k
ZE 04T (Bacillus amyloliquefaciens) i) 3 2% 5%
I, AYE R 99.7%, A LU SE Bk LDBI
R R TEN ZE AT I 3L T BLAST MM He X 25
B, WPk LDBI MRS K EWILE 5. Kiakk
LDB1 M 745K 1% 5] GenBank £0HE %, 345
H R 5 55 OR244332, #tk LDBI1 1E
CCTCC MRS M20231897,

2 YAE7E LB IRAE-

RERIEIEF R PR E R
Figure 2 Fading reaction of bacteria in LB agar aniline blue medium. CK: The control; A—H: Strains
LDBI-LDBS.

CK: XfH; A-H 75| hHtk LDB1-LDBS.
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¢

15 116 24} ! el
4 E
14 20 - =
112 -~
13 16 - 3§
I 8 12p D
st g
11 14,0 11
0 0 0 0
16 16 2nlLF 14

S 24} i 40 e
2 ] 12
£ 18} ) S
& | _ :
12} 2 20p 'IE
6r 1110} i
0 0 - 0

= 40 30° 10 & 0s
20 12 4r i 0.5 = :
o= 0 0 0.0 : : : 0.0
24 48 72 96 24 48 72 96 0 24 48 7 9%
Time (h) Time (h) Time (h)

3 J\BRHER B AE OFNE KR LDB1 B KEh4  A-H: 1Atk LDB1-LDBS8 (W& 1:; 1. LDBI
fl 4 K Tk

Figure 3 Enzyme-producing capacity of bacteria and growth curve of strain LDB1. A—H: Enzyme activity
of strains LDB1-LDB8; I: Growth curve of strain LDB1.

4 E#k LDB1 HE =R EE(A)MPIAMEBIRE(B)

Figure 4 Gram staining (A) and scanning electron microscopy (B) of strain LDBI1.
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%3 Etk LDB1 BV IR (K4S(E 2.4 [F#kLDB1 BEEARRZENZHMHL

Table 3 Physiological and biochemical characteristics 2.4.1 ‘b A gk
of strain LDB1 A %.?ﬁtgu FR

— o LEE I pH 3 B 9 I (A 65
Experiment Result X, e ArTad A AR S AR A A s
Zigi:ggﬁﬁ(;elaﬂn liquefaction - “{EJ},“F%] 35 °CHll 40 OCH;J-(@ 6A), *Eﬁ‘%‘fﬁ%%%
2 EZ [ % Cellulose decomposition + _ -
VMK Starch hydrolysis + FEAHI , 53 5174(59.5£2.7)%H(59.541.2)%, AT
g iy K% f#% Fat degradation + IR )Gl B R R IR G IV AE 3540 °CZ
f;?éi?ffifate reduction * il FFE 6B AL, 4 pH 7.0 I, AR FEfE
ndole production - . o . N
IR Urease . KRB, H(45.842.2)%, FTLLIZH L
40 °CTit #4440 °C hot tolerant +++ W75 RV ) 5 il ™ i pH (N 7.0,
20 “CHIFAFE 30 °C hot tolerant o U 6C B , AT bR R A A, AR
60 °CTif #4460 °C hot tolerant + N N R
2%ifi £ PE 2% salt tolerant o REEfRR I EIR R R, D AR — 5 0 A
4%l £: P 4% salt tolerant ++ IR RS IR AE ) B, PR R R R
OVIHITE 6% salt toleran ' MR R ] 2.0%0) , A WA 4 51
8% #h ¥k 8% salt tolerant + o . . g " —
W, B R KA . DIt AR, 9(45.9+5.6)%, ik — 4R T A
+: Positive, the more, the better the growth; —: Negative. E'Fﬁ(j(}:ﬁ? F%%%F%ﬂi , ﬂﬁ%%ﬂ%} 0] ifiﬁ‘i

® Bacillus amyloliquefaciens LDB1 (OR_244332)

Bacillus amyloliquefaciens strain MPA 1034 (NR_117946.1)
Bacillus amyloliquefaciens strain NBRC 15535 (NR_041455.1)
Bacillus velezensis strain FZB42 (NR_075005.2)

Bacillus vallismortis strain DSM 11031 (NR_024696.1)
Bacillussubtilis subsp. subtilis strain 168 (NR_102783.2)
Bacillus subtilis strain IAM 12118 (NR_112116.2)

Bacillus subtilis strain NCDO 1769 (NR_118972.1)

Bacillus subtilis strain SBMP4 (NR_118383.1)

Bacillus subtilis strain DSM 10 (NR_027552.1)

Bacillus acidicola strain 105-2 (NR_041942.1)
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5 ZT 16S rRNA EEFIEENK LDB1 RELER 70308 EREeT oy A RME, USRI
WY SCAME R A0 EE s B R 0.01 o8 1% PS50 8 165 NN ARIE Y GenBank 855

Figure 5 Phylogenetic tree of strain LDB1 constructed based on 16S rRNA gene sequence. The numbers at
the branch points are the self-spread values representing the percentage of the evolutionary tree branch

confidence; The scale 0.01 indicates 1% of sequence divergence; The corresponding GenBank serial number
is in parentheses.
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Figure 6 Lignin degradation rate of strain LDB1 under different conditions. Different lowercase letters on the
bar chart at the same time indicate significant differences among different conditions (P<0.05). The same below.
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x4 EXREARREEMBRREDSH
Table 4 Range analysis of lignin degradation rate by orthogonal test

Fe i K- pH L3 b it AL
Source Level Rotational speed Inoculum amount C/N
K {H 1 35.43 34.34 33.90 32.54
K value 2 35.74 33.20 34.71 35.32
3 28.74 32.38 31.30 32.05
K #11E 1 11.81 11.45 11.30 10.85
Kavg 2 11.92 11.07 11.57 11.77
3 9.58 10.79 10.43 10.68
R 2.34 0.65 1.14 1.09
T i K Optimum level 2 1 2 2
¥ Order pH>Inoculum amount>C/N>Rotational speed
H & Replicates 3 3 3 3

R FRIRAF XG5 R IR, 2 ERENANCR. [FWIH 17.754 2>4, il
PRI AR A A T 2R B i 25 (0 2 pHL, O SERh WAL T T &, W A2 Ay R 10 i
I C/N, BdsEmnt/N, %53 200 r/min BcfE HEARRRBEMLM.
KA T, HERE 2 i KA (pH . i
M ONE SRR R T TEx 4, foepe 20 MNERITRSNE

% 200 t/mi Table 5 Response surface design and experimental
r/min,

results

243 MR EIREER No. pH  HEFRE  BEN R
U O T 45 LG S 3 TE A moculum N Degradation

WAB B T AR A B, ClIETE  —
TWREARE A Y=13.66-0.502 3A+0.961 4B—  , 0 | | 107
0.351 4C+0.396 9AB+1.58AC+1.58BC+10.29A>+ 3 0 - -1 9.3
13.61B*+6.01C°, Miffi R 6 ZICmIA T ZHM 4 0 0 0 13.9
WOEM AT R AT A, BRI R B S ~1 -1 0 103
(P<0.000 1<0.01), RN (EM A R, — % ¢ ¢ O 0 ta4
(A, B Al C). —WRIF(A>, B2l CA)FIZE 517 ; _; 71 (1) i;f
(AC. BO)#B L) & % K F(P<0.05), 1 AB o | 0 84
(P>0.05)% AR A B2 . BRI 10 1 0 1 9.4
(0.17)KF 0.05, FHIRR KB AFEE 5, 1 ! ! 0 1.0
BRI AT B R R=0997 1, B 2 L0 b o
HIGHERUAF, TSI R o, . X o
[ Rore®=0.933 7, HZIE Ru™=0.952 8, — 15 0 0 0 13.4
H2ZME/NT 0.2, FRoREM LDBI BEfEARRERR 16 -1 0 -1 1.1

17 0 1 -1 12.5

TR B R, AR R R AR (LA
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Table 6 Analysis of response surface regression
equation

R F1{E P& 2
Source F value P value Significance
I Model 36.85  <0.0001  **

A 14.15 0.0071  **

B 51.86 0.0002  **

C 6.93 0.0338  *

AB 2.78 0.1392 ns
AC 11.10 00126 *

BC 11.09 00126 *

A2 72.16  <0.0001  **
B2 95.67  <0.0001  **

c? 42.16 0.0003  **
44T Missing fit ~ 0.17 09103 /

*: P<0.05; **: P<0.01; ns: P>0.05; /: Not exist.
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C/N BN, 7R J5T 3% % fiff 2 522 B S8 R s )
ke B9 AR R B O IR, e T
P, FRERMER S CO/N BISEHAE X AR R R
FEfsm B, B MRS C/N B, AR5k
E g ST N N D R N A
M, FEpH N 7.0, HEFIEN 3%. C/N H 30 4
', Wtk LDBI AR FEAE 205 T 13%.
245 T ZEMHIWIE

R TE S i o TR ASE 7R 43 AR i v 1 19
ISR, AT LR E bk LDB1 A T R il e fd:
T RIREE 38 °C ., #%3# 200 r/min., pH 6.86,
RN 2.94%, C/N29.0, AR B R 1k 5

Degradation rate (%)

B: Inoculum amount (%)

X2

% 0.5 0.0 1.0
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Figure 7 Response surface and contour map of pH and inoculum amount to lignin degradation by strains.
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Figure 8 Response surfaces and contours of pH and C/N to lignin degradation by strains.

B Degradation rate (%)

0.5
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0.0 0.5
X1=B: Inoculum amount (%)

1.0

9 EHMEM C/N X EREEMA BRI N B FSL%E

Figure 9 Response surface and contour map of inoculum amount and C/N to lignin degradation by strains.

(14.2+1.1)%. NEIELS R 5ErE, R Bk 5. 4 d J5HEFEM LiP. MnP F1 Lac 8§65 5 0
SAELE A S BRE O AE R R SR S pH (214.5+22.41) . (2.03+0.15)F1(7.88+0.22) U/mL,
6.9, FEFE 2.9%, C/N29.0, #1715 A VA7 ARITRFEMREF(14.920.9)%, 50w ) 1 R
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Figure 10

Lignocellulosic degradation capacity of strain LDBI1. A: Change of citrus branches’

lignocellulose content; B: Change of citrus branches’ lignocellulose rate; C: Lignocellulosic content of rice
and corn straws; D: Lignocellulosic degradation rate of rice and corn straws. *: P<0.05; **: P<0.01.
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Figure 12 FTIR of strain LDB1 degradation of
citrus branches.
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