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Fermentation characteristics and decay process of
edible fungi and bran composting
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2. College of Agriculture and Biotechnology, China Agricultural University, Beijing 100193, China)

Abstract In order to explore the decomposing process of exogenous lignocellulose degradation bacteria compound
complex during edible fungus chaff composting, a fertilizer treatment technology of edible fungus chaff was developed.
The edible fungus chaff and pig manure were mixed and composted. The compost without adding lignocellulosic
bacteria compound complex was used as a control to explore the effect of lignocellulosic bacteria on the composting
and fermentation characteristics and maturity of edible fungus chaff. The results showed: The stack with lignocellulose
degradation bacteria compound system reached 50 C 3 days earlier than the control treatment; At the end of
composting, the decomposition rates of cellulose, hemicellulose, and lignin in the plant were respectively 17.33% ,
7.26% and 12.02% , which were 1.08, 1.56 and 1.44 times of the control pile; From the comprehensive evaluation of
C/N, pH, EC, and radish seed germination index. the composting time of the composite system of lignocellulosic
bacteria was 56 d and that of control was 66 d. The composite system of lignocellulosic bacteria shortened the
maturation process of edible fungi by 10 d.
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Table 1 Physical and chemical indicators of raw materials
JRL i 26 HHLET/ % 2R/ % 2/ % 280/ % P
o K
Type of raw Organic Total Total Total C/N ’ pH
Moisture
materials matter nitrogen phosphorus potassium
£ FH B T R 74. 20 2.08 0. 26 1.37 35. 60 51. 20 7. 40
Edible fungus chaff
I 28.90 5.16 7.65 0. 28 5.56 65. 80 8. 20

Pig manure
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Temperature changes in lignocellulose-degrading bacteria added and not added treatments during composting
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The values in the figure are the average of 3 replicates of the sample, and different letters indicate has significant differences

within the same treatment at different time points (P<C0. 05). The same below.
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Fig. 2 Changes in pH during composting after lignocellulose degrading bacteria
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Fig. 3 Changes of conductivity during composting after lignocellulose degrading bacteria
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Fig. 4 Changes of organic matter content during composting after lignocellulose degrading bacteria
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Fig. 5 Changes of C/N during composting after lignocellulose degrading bacteria
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Table 2 Changes of total nitrogen content during composting

after lignocellulose degrading bacteria

IR/ d o AR

Time Added No added
0 9.803+0.019 f 9.216+0.669 d
3 12.33040.023 ¢ 11.71940. 223 a
6 13.351£0.113 a 11.0754+0. 203 abc
9 10.920+0. 087 e 11.089+0. 517 abc
21 11.729+0.032 d 10. 259+0. 468 bed
30 12.91140.022 b 10.759+0. 184 abc
45 12.91040.057 b 10.50740. 534 abc
54 11.7324+0.077 d 10.123+0. 217 cd
66 11.880+0.093 d 11.496+0. 232 ab

TE R EE R 3 I I B E A 7 /R85 22 55 3%
Bl P<0. 05, F W,

Note: The values in the table are the average of 3 replicates of the

sample, and different letters indicate significant differences

within the same column, P<C0.05. The same below.
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Fig. 6 Changes of ammonium nitrogen content during composting after lignocellulose degrading bacteria
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Fig. 7 Changes of nitrate nitrogen content during composting after adding lignocellulose degrading bacteria
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M 5 T W EN L IS AN & EAN
W, HENE S SR B R IR R F A R R W 2 A &
{18 3 A 5 6 R HE A A 09 B 15 152, 48 mg/kg.
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2.2.4 MCl & #st¥eddrLsh A4ae 30
A

TN DA J5T 21 24t 22 53 ff% DA M 44 DX M A 4
SR UL 3 R A, AT UL 45 AR 2 A HE 4R
SRy SRR A TEREEES Y

i R 235 TR, 0 K 2T 4k R i T 2 A &R R HE IR
Jo Rt HEHE AR 1 2 & O 4. 951 +0. 027 g/kg Al
4.09840. 019 g/kg, Lbie I HERI G T 2. 417 g/kg
1,595 g/kg; TSI i 41 4 & 00 it 1 2 & & 19 HE
IRTEHENE 25 AR 441 9 7 1R 15. 60040. 040 g/kg,
Fb 3 1 5z 0 B 38 T 9. 080 g/kg; X R HE K
13.33340. 114 g/kg. 4 T 7. 823 g/kg. WA
g R REE S N TS S B TR e ]
o TR RRHEAR R TN A Y E G R ARZ G
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Table 3 Changes of total phosphorus content during composting

after lignocellulose degrading bacteria

i 1] /d o KU
Time Added No added
0 2.534740.048 g 2.50340.084 g
3 4.887=0.013 de 4.31540. 008 b
6 6.3800.022 a 4.61340.015 a
9 4. 41340.007 f 3.896-0. 002 d
21 4,93140.029 d 3.48540.017 f
30 5.06140.001 ¢ 3.81240.009 ¢
45 5.30340.015 b 3.918=40.020 d
54 1.82240.020 e 3.95340. 065 d
66 4.95140.027 d 4,098-40.019 ¢
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Table 4 Changes of total potassium content during composting

after lignocellulose degrading bacteria

i 1) /d am ESII
Time Added No added
0 6.520£0.023 g 5.510£0.051 h
3 10. 56040. 023 e 8.80040.069 g
6 9.720£0.080 f 10. 25340. 035 {
9 10. 440+0. 040 e 10.90740. 035 e
21 11.293+0.061 d 12.187+0.013 d
30 11.76040. 040 ¢ 12.64040.023 ¢
45 12.9474+0.122 b 13.40040. 023 ab
54 13.0134+0.129 b 13.5204+0. 069 a

66 15.60040. 040 a 13.3334+0.114 b
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Fig. 8 Changes of cellulose content during composting after lignocellulose degrading bacteria
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Changes of hemicellulose content during composting after lignocellulose degrading bacteria
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Fig. 10  Changes of lignin content during composting after lignocellulose degrading bacteria

2.3 MCI1 A EXHREEPE MR FHEHEH T M AR B BN B MR A TR EARRL O H
ASINA 2T 24 28 0 fifp T R (A RIX HESEAR A9 0 2F AR50 6—21 RIXT BRI G iR T A IR 27 4k R
FREOLE 11, AT 2 SRR GLAR R el IR A R AR, A b TR A 2 &
Ja N ReRJE EIr RS R B T AL R WA TR I B A T B2 A T
iR AP A A B B/ AHJR A HE IR AR A A, W X SNBSS AT A R B, EHENE 2

100 N
i Added
FKshn No added
80
<
SE o0f
= g )
i ;B
w2 o
5 40+ 2
3 B2
20
0 ]
21
I5Ff]/d
Time

B11 FSMARGHEZSFHLEREIRPRFHEHHTH

Fig. 11 Changes of germination index during composting after lignocellulose degrading bacteria
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HE— 20 i m TROBE B A

AT R 5 2 A HER R AT HL BT & A A
JIr b T AT R M NE e A AU EAT T AR A
A A ML B 0 5 o 10 NI OK T EF 4k R oy
B G RAL B AR T TEME R A 55 6 R MENE h 4
WA 0 5 B BG 0, W RE R H TR AR 00 ORI A 1B 5 i
T AN A W 52 G 2 M A A R R A FRUAR 8 B DN
A BT AN, JF FLAS IR BT 2T 4k R ik T
S5 FR R MEAR LE X BB AR ) ik Y 2 BE 22 U TR
JIt AR IR J53 £F 46 28 00 il B 02 6 AR il 1) &5 i
LT BRHE (A 2w 0 & . HERISS S 2 AR
L R A B S AR BT RN, 5 2 B T DY (1 B
FER—E

PR R LR 4 R R 5 R 2 & T B
F BT, FAH TS5 5 5 AR MERE — i 2R PR
i 2 X HR M AR e R BT B Y B A R AL
8. 33 %0 o M H R 1y 4P IS A T 2T 24 3R 43 fige 14 16 HE N
PRHE B SN T G W RS TE R B B A
T4 2 Ti) S ] DR 86 ARG 7 4 22 1) 1Y 52 45t 40+ £ T
Syl 3 i A N R B 0] o T SRS 1N e
Y- 2R 3k TR S B FR 0 HE A LU X IR M R 1 S A RS R
R U WA T v TR 0T A 0 1) O3 i E D R KL X S R L
e A5 B g A R — B

TEIE & AT MENE W5 2 48 0k AR K I [1] 119 % 1
A BE R 2, T3 A re) S AT v AR A0 PR AR W R R R
205 T A TS O TR O R R o AL i R 7 A A HE
JIE TF 7S 00 LA g R A A TR Dy T R ) L
A= MR R bR 25 T DR S O i A A I R A T
33 d. MC1 & 5 Wi i Hb 4K 2 44T B8 (Bacillus
licheni formis) 5t )& T W8 # ZFE fFF B0 L Bl 25 HE R
T BILA) 1Y 35 T I e R R B T T e b AR 2 A
FF0A B B 3 hn . s, o T HE AR A LR Y
Bl /b HEAR Th SR A0 S R G I (A R BB TR Y
He K B DAL WUB B B (Pseudomonas boreo poles ) TEHE

JIE P g TR Y B 17 P 1 5, K 5 5 TE AR A (i 5 4%
—B, U] 7R HE L JE 2T A M A ZF R A (B
licheni formis) ZAE WAL IR BB (P, boreopoles) )
Az DT A e 91 2 v M AT b A HLA R B A .
A, ZEAFT T JE 1 2 BRI T DL A AR R T ) ok A2
HEA 5T LT 2 25 0 B A L T L) 2E AT P R 2
SRR . EANGEDTNE S G R I i B A 2
FEATHERE b, AT LU A= 265 FF HEAE $2 10 20 d 3k 21
JE R TR AL P K BT 2T A R A T TR
T K E A HE AL I K L R A L T LA I s
INA 5T 2T 248 38 73 i 181 525 2 AR E DR LEXof B ME 1R 42 iy
110 d IR BN

4 #& g

DAL 4 R 5 6 W & 5 0 AR I, i
AR R M, HRr S m) A 45 50 8 d;

)il C/N.pH A WL & & & IR EE R
FREEE VR G5 IR I £F 4k 2 4 T8 2 2 1 o S
PR IE]) A 56 d. i X A A 66 d. Mk AR S Bk AR 45 0
10 d;

DI IMA AR R MW E S R UA
AR R AR MMATE ., R0 0k
7.26% .17, 33% F1 12. 02% , 43 5 Ay XF BE M {K B
1.56.1.08 il 1. 44 fi%;

DWMABLF YR G TH R 50 A, A
T o w0 A UL .

S %Lk  References

(1] fL, kR, B30, Runte, Eifs, 200, W&, T E
BB BUR BB LT ], B AR 2440, 2016, 23(2): 104~
109
Kong L., Zhang L., Hu W H, Zhu L Y, Wang H L, Li Y ],
Jia Y S. The Chinese edible fungi industry-current status and
future predictions[ J]. Acta Edulis Fungi, 2016, 23(2);: 104-
109 (in Chinese)

(2] ®/hz, WM, #iR, e, Pk, wFH. SR>
M 7 4 9 AR P1 A A 2 o R R S o s (). T
B S . 2019, 21(10) . 125-132
Huang X Y, Shen H W, Han H D, Zhong Z M, Luo T,
Huang X S. Research progress and countermeasures on
recycling utilization model of edible fungi industry by-products
[1]. Journal of Agricultural Science and Technology, 2019,
21(10): 125-132 (in Chinese)

(3] #hibadt, BRme &, VERGE. L4 & 1 1 1 i 03 AL A R
(1. #7740k 2020, 14(5) : 108-109



192

hOE R R R

2022 4F 55 27 %

[4]

(5]

L6]

(7]

(8]

9]

[10]

[11]

(12]

Sun H D, Chen P F, Wang H J. Resource utilization of edible
fungus Shandong Province [ ] .
Agriculture , 2020, 14(5): 108-109 (in Chinese)
BRI, BAR, B, B R AES R Rl ] g
FHB, 2020, 28(1): 9-16

Gong Z Y, Han J D, Yang P. Reutilization methods of spent

residue in Southern

substrate of mushroom[]]. Edible and Medicinal Mushrooms ,
2020, 28(1): 9-16 (in Chinese)

BRI, SRAEAR, BLATAR, MR, TEK. LMK, .
& B A DL AE Il 3 B B AR L], b E A,
2012, 31(5): 42-44

Gong Z Y, Han ] D, Wei J L, CuiRZ, Wan L C, RenP F,
Ren H X. Application effect of organic fertilizer made by spent
Flammulina velutipes substrate on oilseed rape [ J]. Edible
Fungi of China, 2012, 31(5): 42-44 (in Chinese)

B0 TR A X - SR B AONE 5 e W5 (D, HE S a1 A
A KA, 2009

Luo T. Study on the effect of residue on soil environmental
effects[ D]. Yaan: Sichuan Agricultural University, 2009 (in
Chinese)

YA, B, ARBL, AN, 22078, RDEE, . R
AR H TR AR 5 AR 2R [ FC Lo X HE AT 55 43 PR B & 25 48 B R
(0. RAbA M BLa% . 2021, 46(1): 52-56, 93

Lei WY, Li MN, He DR, Sheng BH, Li F H, ZhouC Y,
Wang N. Effects of different ratios of spent mushroom
substrate to cattle manure on nutrient property and
germination index of composting [ J]. Journal of Northeast
Agricultural Sciences, 2021, 46(1): 52-56, 93 (in Chinese)

EI, R, XA, SRR, SRR, e AR, RAER. ARHE
TR R 2R A AT e R e 3 AR AT AR () . h R 2l
fiz s 2020, 36(26) . 77-82

Wang Y, LiuZ S, LiuQ, Xu HN, Yuan R Z, Li C W, Song
F Q. Co-composting of agaric fungus chaff and chicken

manure: Improving effect on the saline-alkali soil[J]. Chinese

Agricultural Science Bulletin, 2020, 36 (26): 77-82 (in
Chinese)
Purnomo A S, Mori T, Kamei I, Nishii T, Kondo R.

Application of mushroom waste medium from Pleurotus
ostreatus for bioremediation of DDT-contaminated soil [ ] ].
International Biodeterioration & Biodegradation, 2010, 64
(5): 397-402

Herrero-Hernandez E, Andrades M S,

Sanchez-Martin M ],

Marin-Benito J M.
Rodriguez-Cruz M S. Field-scale
dissipation of tebuconazole in a vineyard soil amended with
spent mushroom substrate and its potential environmental
impact[ J]. Ecotoxicology and Environmental Safety, 2011,
74(6) . 1480-1488

Bronikowski A, Hagedoorn P L., Koschorreck K, Urlacher V
B. Expression of a new laccase from Moniliophthora roreri at
high levels in Pichia pastoris and its potential application in
micropollutant degradation[ J]. AMB Express, 2017, 7(1):
1-13

TiKEE, REW, ¥R, 2200, SFER. & M A Wik s A A

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

FIMEBLER ], LRk 5@ . 2011, 17(14): 247-248

Wan S X, Zhu H F, Jiang G Y, Li F, Guo X S.
Comprehensive utilization of edible fungi residue[ J]. Anhui
Agricultural Science Bulletin, 2011, 17 (14). 247-248 (in
Chinese)

Zang X Y, Liu M T, Fan Y H, XuJ, Xu X H, Li H T. The
structural and functional contributions of B-glucosidase-
producing microbial communities to cellulose degradation in
composting[ ] ]. Biotechnology for Biofuels, 2018, 11 51
AR, /NI, R, XA, 208, #5358, E4%
WSC-6 14 T il 2HL J 45 14 e AR I £ 4 38 43 gk g 0 [0 . ARl T
FE2Ediz, 2007, 23(10): 210-215

Wang W D, Wang X F, LiY H, LiuC L, Li W Z, Cui Z J.
Microbial component diversity and capacity of lignocellulose
bacterial system WSC-6 [ ] 1.

degradation of composite

Transactions of the Chinese of Agricultural
Engineering » 2007, 23(10): 210-215 (in Chinese)

Haruta S, Cui Z, Huang Z., Li M, Ishii M, Igarashi Y.

Society

Construction of a stable microbial community with high
cellulose-degradation ability [ J]. Applied Microbiology and
Biotechnology , 2002, 59(4-5): 529-534

R, PhEINE, R, A% AR DR B 5 Ay A
AR AR BT[] B A R 2, 2001, 24(3) ¢ 19-22
Cheng F, Sun Z H, Zhao Y G. Li S J. Analysis of physical
and chemical properties of reed residue substrate[ J]. Journal
of Nanjing Agricultural University » 2001, 24(3); 19-22 (in
Chinese)

S+ B, R B LML 3 MR b T, P E AR Al AR A
2000 12-21

Bao S D. Soil and Agricultural Chemistry Analysis [ M].
Beijing: Chinese Agriculture Press, 2000: 12-21 (in Chinese)
FERERE, L, HE, RE, BHE. 28da. XETEM
FR I HEAC v e U AL 2 i LT ], 3R Bavs e 5 By ia . 2020, 42
(11): 1368-1374

Wang D M, Mai L. W, Yang X, Lin R, Chen X F, Li Q F.
Effect of animal manures on the conversion of carbon and
nitrogen in edible fungi residue compost[ J]. Environmental
Pollution & Control, 2020, 42(11); 1368-1374 (in Chinese)
AHIET, AU, EAE. A HLE R 0 HEIE 04 A SR
KA bRl SEERL, 1999, 20(2): 99-104

LiY X, Wang M J, Wang ] S. The maturity indexes and
standards of organic solid waste composting [ J]. Chinese
Journal of Enviromental Science, 1999, 20(2). 99-104 (in
Chinese)

2SR, SERAE . RIS, W FE T UM A ] Y A
HEACTF AN $6 b5 AR AL B 52 [T ], v B 43 5 A8 R, 2020 (3) .
182-188

LiS M, Dang Y Q, Tang F B, Meng Y J. Optimization
research on evaluation index of aerobic compost based on
ventilation frequency control[ J]. Soil and Fertilizer Sciences
in China, 2020(3): 182-188 (in Chinese)

WH e, SCRZE, BRfE, JTIRIE, B, A BRA LX)
F =0 AN Z2 R ATHEAC YR 352w [T . va el 2= 4l . 2018,



%3

TR E S A . TR R R A A e e 1 I AR

193

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

27(9): 1322-1327

Fan X L, Wen S Y, Chen J, Wan Y Y, Cheng Y Y, Kou J C.
Effects of C/N ratios on fertility of composting white clover
and wheat straw[ ] ]. Acta Agriculturae Boreali-Occidentalis
Sinica, 2018, 27(9): 1322-1327 (in Chinese)

JRAkEE, ANAR, TRV DA, AR, Sk, ZIEE. T
SEHENE (A BIL IS B2 4 e AL BIF Sk Je () ). b 2F S AR TR
2017, 34(2): 13-18

Zhou J H, Shen X D, Zhang P, Shi J, Zhao Z W, Zhang S,
Mai Z J. Research progress on recycling of organic solid wastes
based on aerobic compost[ J]. Chemistry and Bioengineering ,
2017, 34(2): 13-18 (in Chinese)

Puter, BEREE, IR, 2800, TREE & I0E T g X IR 2 =
SR REMBHI]. FEEFR:, 2013, 34(7): 2766-2774

Qiu H G, Liao SP, Jing Y, Luan J. Regional differences and
development tendency of livestock manure pollution in China
[J]. Environmental Science. 2013, 34 (7). 2766-2774 (in
Chinese)

Bishop P L, Godfrey C.
sludge composting[ ] ]. Biocycle. 1983, 24 34-39

B, Zehse, 205, Tk E . shakit, kX, SET,
B . AN TR R X 2 HE AT R A R s e [ ). e
#, 2003(3): 29-33

Yang G Y, XiaZ W, Li F B, Wan H F, Zhong ] H, Zhang T
B, Gao Y X, Huang G F. Effect of different bulking agents on

Nitrogen transformations during

the maturity of pig manure composting [ J ]. Soils and
Fertilizers, 2003(3): 29-33 (in Chinese)

B gE, RBUATHRG ISR OMRAARTR 4R IR
S AL[D]. G EREBAR K, 2019

Bi Z H. Green method disassembly of lignocellulose for
cellulose and lignin and their conversion[ DJ. Hefei: University
of Science and Technology of China, 2019 (in Chinese)

IME ., R IR R, AR, KRV, WU, AR, 38
. T ) TR AR X R A 3 B A v R I A AR R Y
)] ZROR B, 2016, 44(27): 167-171

Sun X, Hao Y M, Su L H, Zhao Z Q, Zhang L J, Dai C C,
Huang C Y, Cai J B. Effect of microbial agents on composting
process and product quality of rice straw-pig-manure-
mushroom residue[ J]. Anhui Agricultural Science, 2016, 44
(27): 167-171 (in Chinese)

Pt . A o Ak B R FE AT AL AT R LD]. K& ARk
4, 2014

Yang M Y. Mechanism of vermicomposting of maize stover by
earthworm [ D ]. Changchun: Jilin University, 2014 (in
Chinese)

X, BIRE, BAF. JE B T 4 R 75 Y BUIR B B O 7E
BT R R B2, 2018, 46(3) ¢ 21-27

Liu C, Jia F A, Lu R. The current status of heavy metal

pollution in cultivated land in my country and the role of

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

nitrogen-fixing bacteria in its restoration [ J ]. Jiangsu
Agricultural Sciences, 2018, 46(3): 21-27 (in Chinese)
ZEET, B, Wedn, EBBE, REZE, A, X T, X E
M, SRS, RS, AR T R M A A v M I A
PEBTRE S a0 R B vE B g e L) 1. A48 3 5 IR R4 i, 2020,
26(9): 1600-1611

LiCN, SuM, Yao T, Han Q Q, Liang J J, RanF, LiuZ Y,
Liu Y Z, Chai S J, Gun S B. Effects of microbial inoculation
on compost physical and chemical properties and dominant
bacterial communities during composting of pig manure[ ] ].
Journal of Plant Nutrition and Fertilizers, 2020, 26 (9):
1600-1611 (in Chinese)

Wushke S, Levin D B, Cicek N, Sparling R. Facultative
anaerobe Caldibacillus debilis GB1:. Characterization and use
in a designed aerotolerant, cellulose-degrading coculture with
Clostridium thermocellum [[J]. Applied and Environmental
Microbiology » 2015, 81(16) : 5567-5573

VEIE, SEdar, B, mIE, 2E, EHR. RRFHRR
B E LT ). A2 TRE 224, 2019, 35(11) ¢ 2081-2091
XuCF, Ai S Q.Shen G N, Yuan Y, Yan L., Wang W D.
Microbial degradation of lignocellulose[ J]. Chinese Journal of
Biotechnology» 2019, 35(11): 2081-2091 (in Chinese)

Kttt Ad, AR, VLREVE . ZEOm, SRULUE . RUREL SR T
TE PR 245 i HE MR AL 2 rb g i L) . i B &, 2018, 40(12)
14-19

Zheng S Z, Cao R B, Jiang ST, Cai Y, Guo H T, Yu S Z.
Application of exogenous bacteria in waste tea slag composting
[J]. China Tea, 2018, 40(12): 14-19 (in Chinese)

PRALRT. 5B 0 5 A0 HE AT Jo R R ik R I e Ak O 1 T 5
[DJ. 77 PR, 2019

Xu J Q. Study on inoculation-enhanced composting process and
conversion of carbon and nitrogen containing matter [ D].
Nanning: Guangxi University, 2019 (in Chinese)

FIEMY, AW, AR, U], R Y TE HE T AL i i B TR
FE[T]. IR FIR A, 2005, 27(1D): 92-96

WuZS, Peng X Y, Cai HS, Li M. Study on application of
microorganism in composting [ J ]. Journal of Chongqing
Architecture University, 2005, 27(1): 92-96 (in Chinese)
Zhao H' Y, LiJ, LiuJ J, Lu Y C, Wang X F, Cui Z ]J.
Microbial community dynamics during biogas slurry and cow
manure compost [ J]. Journal of Integrative Agriculture,
2013, 12(6): 1087-97

RN, MRk, B WY, U0, AL, k& RFEBUEY
B A A A R p R [T, T R IR IR 5 R B, 2014, 28
(2): 109-113

LiJ, Yu] H, Feng Z, Xie ] M, Xie X, Jiang L., Zhang J.
Effect of different microbial inoculants on aerobic composting
of cow manure[J]. Journal of Arid Land Resources and

Environment , 2014, 28(2): 109-113 (in Chinese)
TAEG . & A



