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Lignocellulose utilization and changes in lignocellulosic enzyme during
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Abstract King oyster mushroom (Pleurotus eryngii) is a wood rotting mushroom species whose spent substrate
can be utilized in cultivating straw rotting mushroom (e.g. Volvariella volvacea). In this study, we aimed to
investigate the utilization of lignocellulose and the changes occurring in lignocellulose degrading enzymes
during the V. volvacea cultivation using spent mushroom substrate (SMS) of P. eryngii. For this, two formulae
using SMS and SMS with corncob (SMS-C) were prepared for V. volvacea cultivation using the secondary
fermentation technology. Physico-chemical properties, lignocellulose components, lignocellulosic enzyme
activities, and economic performances of the two formulae were determined. During phase | composting,
the utilization rate of cellulose, hemicellulose, and lignin of SMS formula was 17.62%, 18.78%, and 6.39%,
respectively, while that of SMS-C formula was 23.71%, 26.02%, and 6.81%, respectively. During phase I
composting, the utilization rate of cellulose, hemicellulose, and lignin of SMS formula was 14.17%, 11.12%,
and 6.98%, respectively, while that of SMS-C formula was 16.36%, 18.91%, and 4.43%, respectively. During
the cultivation of mushroom, the utilization rate of cellulose, hemicellulose, and lignin of SMS formula was
13.19%, 13.06%, and 12.63%, respectively, while that of SMS-C formula was 11.37%, 11.41%, and 7.31%,
respectively. The change trends of cellulase, xylanase, and laccase in the two formulae at different stages were
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similar. Cellulase activity of SMS-C formula at different stages was higher than that of SMS formula, which
was consistent with the results of cellulose utilization. Xylanase activity of SMC formula was higher than that of
SMS-C formula during mushroom cultivation. Laccase activity of the two formulae increased and maximized
during the pinning stage. The bioconversion rates of SMS and SMS-C formulae were 14.08% and 11.85%,
respectively, and the input-output ratios were 3.71 and 3.12, respectively, which were higher than those of waste
cotton formula under the same conditions. Cellulose and hemicellulose were preferentially utilized during the
cultivation of V. volvacea with P. eryngii mushroom residue, showing higher cellulase and xylanase activities.
These results suggest that spent mushroom substrate of P. eryngii is a reasonable and economical raw material

for V. volvacea cultivation.

Keywords spent mushroom substrate of Pleurotus eryngii; Volvariella volvacea cultivation; lignocellulose;

lignocellulosic enzyme

% 4% (Volvariella volvacea) , X 4 T2 4% . S50k i
i FFHEsE, SRIREY i (Fungd #5717 (Basidiomycota)
A= 40 (Agaricomycetes) > H (Agaricales) 4 # £}
(Pluteaceae) . % g T it 780 () v i 2L £ FHI 1 A A3 A
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IR, R A KRR IS G5 i e B A SR 2 d, 5] E K
#65%-70%- pH 9-10, & N FH5IR 4L, KHES-7 cm, @ id 2
O, REFREFRRHREIA 3165 C. 4EF54-6 h, J5 HARMIE
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By i R A I L, A A v A R B AT B g A A T AR
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T 5 DAAS i 55 2 745 > 3 2 JE0RE, B0 0 5 45 7 (SMS) Ay
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.

1 HRS TS

11 HilE

TEHV6, K H AL 5T 75 A& i A R A A,
1.2 HifgEZE

HTEE . TCiS e A B 5 a5V Sk 5 ) A Ak Ak, Ak
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1.4 EEABEMEERLE

JEARIR AT 5 HER T8 x K x B4 m x 10 m x 1.5 mfg i, 15
AR 24 b, WK BT HE A A, L e WK, KR
KB T0% 2 A7, WK E5 RGN 2% A3 2K 34T TR AR 5 BURH
pH, SRJ5 475 — R X ¥ (phase | compost, PD) . — X K
TR, @M N2.5-3 m , RS2 dF A ZE R e, 49
d. — IR B4 R i 55 97 LS B B 4 )5 3EAT — I K % (phase
Il compost, Pl , 7£1.4 m x 5.6 mJK%2 | HEE 0.2 miEiT—
WO T, B0 B4 s AT B AR K %5 d, ZE6 KM IE A0 Cra
AT K, PRFFS h, HARBEIR. SB7RWIK CEI1 kg/
m”) &R, R E0.3 kg/m?, RN RHE38-40 C, Bkl
T EET0%. A 22 A2 K3 Bt ol 1 2t U O RF 2 30-35 °C, 85
FRHE FE R FFE65% /a1
1.5 B #

() —k K AT (before the phase | compost, Pl-b) :
TERIHER R 0.2 mAbBENLIEH104 5, BN U500 g7
IHRAIE, MWHEL500 gt fh P45 45 1043, —80 ‘CLRA7.

(2) —R K45 (the end of phase | compost, PI-
e) : K FHRIAS I PIHURE, — R R BE R 1% IR RN N6 AN B I
18, 54810 kg, 7 AIBEALS B A HERERIR 0.5 mELT A [E AL
B R A, 36N e IR M AS B 7Rk o B R L, AR
EX500 gis], MHEL500 gff f~FI443 s 104, —80 ‘CLRAE.

(3) R K BELEH (the end of phase I, Pll-e) | JR3E
¥ % (pinning, Pn) Fl— 4 tH 4 25 5 (the end of first
flush, F) 5% 4 2 B MamiroZ5 1) 75 177, Al k5 i k47
HURE, —RORBESE WG, FRINS.0 kgl 37 k5 N\ 3B Rl R 3

(40 cm x 35 cm x 15 cm) H (AR B AR T AR 2 0.14
m*) FNTE R, AT R 3ANEE B, B3 B 9N R
FEILTT 274N, 78 UOR T4 AR TR T Jld R — ] 4 SR 7k 485
I A3 AN I A B AL 3 k85 B vp (1) 85 IR Bl AT BR AN 2 0
HUEE (5312500 @) , 7e/rRA, WHE500 ghe il T3 43 %10
By, =80 CLRAE. BEABIHASHFE fi AL Bl v W s A . AR50
FIF 55 38R LR AL B AR R AT e R A5 & B e
1.6 FRLMEBRNE

53 5900 5 AR AR A [R] I U SR B R R B AL T, AL
FrKES pHE. & A& TIREMK D& &, FRE100 g if
FES, BT HAE105 Cal i, SR A 15 AR 5 vk I £ 5
KEPY. HL5.0 gHi A, 50 mLZE /K Fi B J5 R pH
{X (PHH-7200, OMEGA) liE pH. R H LIk & ZE M & &
B R A R S R A K S
1.7 RKRA%EZ S E REXEENE

MR ARmadiff) 348 7 15 P E 4T 4 R R4 R 5 &
R Jurak ) 5 0 AR R & 0 B MRS ER. I
3.0 gkffh, 30 mLAAEFE EK, 25 C. 220 rimindlz i %2
h, 4225 )5, 12 000 r/min. 4 “CE010 min, 14E &
RSB 23 ) DAJRE 4% R A 58 B 9 S 4 5% FHDN S 37
e AT EEE . JEACLT 4E R EEvS M, M 7ES0 CHIpH 4.8k
1730 min, BEE AL (Unit, U) € SCREEmInBE 1 umoli %
s R ABT S 2 s 3 lig i vk, N AE37 CKIBHEATS
min, BEEFAL (Unit, U 5E SOy EEminfiE 461 umol ABTS: L
F= W T e VT
1.8 2, EMFHEREZFUEST

3G AN L BN 4 D R e, RS

AL RS A ROR B T4 1 O KBS 44 11 = 5 5 7 k)
(CRRBEEEHR ) T HE L.

BE = FWm/DWs x 100%
Horp, BEZ AR (%) : FWmZ 5 75 i f 8 & (@) ;
DWsj2 55 77 B (g) .

PR = Mk 35 LA R

VARFRE A ORI PR SR % SRAL T A F S ie
AT A DA R S 5 4 5 AR A, THE AN TR C 7 465 R as 7 BN
L.

2 BRGS0

21 [ERIBME RS

A0 7 457 (SMS) AT K (C) JEURFFE Ak M J57 i 1
TN A g g A R R KR N 62.11% F135.17 %, iX
AT T T D B EURE, T R KON E AR AT A B 20 i
BB 5 E T R K0, AT TE D G KEm
T PRER 1, L 00 g o B G 7 H I ON 145 3 DA R KR BT R
JLEGIE. A 00 45 55 pHIE N4.52, BT T KEM7.32,
X T B 2 AR R e T R IR T B 7 A
WHRAYER, LARR. KRR S E55520.38%. 14.33%
F121.01%, EKSEHF =H 5 &5 5 828.83%. 29.51% Al
7.07%, LRGP EERENTHERGLAER, KA =5
B, NI B KON, IS I T A AR S AR
AR, AN v 8 77

F1 EM BRI R

Table 1 The physicochemical properties of raw materials

LR Spantmushioom o LK

Physicochemical property substrate (SMS) Cornob (C)
%7Kk Moisture (w/%) 6211+ 1.84 35.17 £ 2.06
ks Carbon content (w/%) 48.45+2.48 51.37 £+ 0.26
% % &= Nitrogen content (w/%) 1.77 £ 0.06 0.68 + 0.01
k% tk C/N ratio (r/%) 27.28 +1.34 76.46 +0.16
K5 Ash (/%) 12.77 + 4.47 7.53 +0.48
pH 4.52 +0.07 7.32+0.15
#f 4 % Cellulose (W/%) 20.38 +0.06 28.83 +0.05
2274 R Hemicellulose (w/%) 14.33 £ 0.01 29.51 +0.06
A Lignin (W/%) 21.01+1.58 7.07 +1.68

2.2 AEIRTEALE SRR (M FRAY T 1L
M 5E SMSFISMS-C 24NL 77 5 3= R FE— I K BERT (PI-
b) . —RREELEH (Pl-e) « R REELE I (Pll-e) | J5iJETE
B (Pn) F1— W45 5% i 45 o (F) L5 1340 1tk T, 485 3
W 2P, (EREAF T fEdh, 85573 pH{E 1 7£8.5-9.5,
T A FH T g A B 22 dE AR K pH 8.0-9.0. FREMOR A4 i iE
pH 7.5-8.0. — ¥ KEERT (Pl-b) , SMSHE /7 B AT 5 i 1 2 &
B (1.75%) RUEARIER & EL (27.05:1) , X H T KO
INIMBEAR TSMS-CRL 7 1 & &, $Emn T H AL, mSMS
FC 5 A SRR R L R R — A R 38— 3 s R T A R
(F) . ZWRRF#EEH I, SMSHISMS-CHRE 7 £ 78 BHiR & 4
7121.61:14124.30:1, & /KE 5 5 862.70%F161.71%, pHIE
53 5718.9818.78. A AR, Bk 7R R & ik & oy 20:1-
30:1, FidE & K& N65%-70%, fii&pHIH ~8.0-8.5 . £
PR T HE A 5 BRI, 3% 9% R R Ak 1 R A ik 38 g T 42 2k
KIS IR TR, A IR R LS I, 24N 5 5k %0 b 2 1 4
AN, 43 EIN21.61:1F124.30:1, R EH T EKEHEEEEN



ot

g 05 S AR A i A O 2T 4 2 A % L R e AR

Vol. 26 No. 3 June 2020

523/

BB, TR W AR R P e R 24N TS O R L 4k
BB R, KR T R R L KA R ERAED T
2.3 TRIFEEARNARKRAEZSENT K

FNHE FIE T 46 1) HH 75 45 R B Ik R v, 24N S 5 R R £F 4
o & BRI EN TR, TEES IR R IR a2 4K
HH gk R b, PN 5 AR BT 4 AN S B R A TR R
MARML. 5RBERTARLL, Ok B 45 R SMSHISMS-CHL 77
YR M B N17.72%F116.97%, 73 5 FE1%3.16%
F5.00%; Y4 4R & w0 5N10.15%F19.61%, 45 i P& A
1.54%H13.94%. E IR BET B 2T 24 35 A0 27 4 3 A X 5 12
NFESMS-CK T-SMS, #iHATE K I BESMS-CHi#E T 3 £ 11
YRR, KT R ARG 5 A w44 R A
Frfdi g, O TS, (R R BRI TR B, £ 4k R
J AR Y ARG & AR IR B 3. SMSFISMS-CRL 7 £ 4
FAX BN IR R IR TR 917.72%F116.97 %, T F# 3
H 7 5 TR 1915.98%81115.54%, 4351 F % 171.24%F11.43%;
e 1 Ak ZAH R 8 2 N IO B S5 R 110.15%419.6 1%
PR R 5 S5 R 9 9.48% F18.61%, 43 ) R % 7 0.37 %A1
1.00%. 17 53 —7J7 T, P BC 7 AC 0 25 A 0 & i AR TE R BRI B
H/NIEEE L TF, (HAE A R 8 1 FE 75 18.26%-21.64% 2 [H {1 RF

2 HEFFRIEMME R

Table 2 The physicochemical properties of compost

AR RS, SRR, B AR K R R TR
FArYEER, AR & BAE R B FEah R B A B BUR AL
B

B FRRE R T A 4 3 4 0] 2 B 1R AN R SR e L S bR A
T, W — PO BERT G F2 BT E B 81 000 g, il & /K&
HHET YR AL, @ 4e R, a4 RARTRE Y
FHFRE S & BRI ERETN, SRR3R, K
RWEH Bx, SMSFISMS-CHC /543 Al FI H 1711.68%F111.51%
P20, b 2 2 3R B 32 53 9 17.62% M123.71%, - 4F
o 25 R FH 2253 51 9 18.78% H126.02%, 7K 5 2 F1) FH 245 51l
6.39%7F16.81%. £ X KM B, SMSHISMS-CHL 7543 7
FIFH T 7.59%F110.90% K1 T- ¥ 57, Horb 27 4 2 F) FH 253 5l 9
14.17%7F116.36%, - 21 4 3 Fl FH 2653 5l 9 11.12% F118.91%,
KRR FH 24 IR 6.98% F14.43%. 45 0, HEARBY B
TR AL HERMPA 4R, AR FHREK, X2
5 A HE AR R RO . SR B AR,
SMS-CHC 7 AT 4L % R H %348 T SMSHEL )7, X2H T %
K E R R (76.46:1, £ . IHF&HE DR HCEDF)
PR, FCHERE AR = P o vy, BT A o 25 R T 3 B
5 35 JFREE 75 I 2 T RE T I R R PR R B TR R R

FE AR TE TRE ¥ix oH TKE TRAELL
Sample Carbon content (w/%) Nitrogen content (w/%) Ash (W/%) Moisture (w/%) C/N ratio (/%)
Pl-b SMS 47.53 £ 1.70 1.75+0.28 14.43 £ 2.07 9.47 £ 0.21 71.53 £ 1.31 27.05+1.11
SMS-C 48.45 +2.48 1.43 £ 0.02 12.97 + 1.47 9.06 £ 0.16 69.21 + 1.19 33.88+0.19
Pl-e SMS 45.65+ 1.32 1.83+£0.07 17.36 £ 1.36 8.57 £ 0.07 66.35+ 1.85 24.94 +0.84
SMS-C 46.35+ 1.32 1.53 £ 0.02 16.56 + 0.36 8.76 £ 0.05 65.31 £ 1.91 30.29+0.14
Pll-e SMS 43.44 +0.92 2.01+£0.10 19.64 + 1.65 8.98 £ 0.09 62.70 £ 1.70 21.61+0.70
SMS-C 42.54 +0.92 1.75 £ 0.01 23.37 £ 1.65 8.78 £ 0.33 61.71 £ 1.65 24.30 + 1.46
Pn SMS 4213 +1.55 218 +0.06 2417 £0.73 8.69+0.18 61.94 + 1.67 19.32 £ 0.87
SMS-C 41.78 £ 1.55 1.81£0.06 2478 +1.73 8.65+0.25 62.24 + 1.53 23.08 £ 0.56
F SMS 40.65+1.74 2.22+0.03 26.83 +0.96 8.65+0.06 55.41 +0.93 18.31£0.78
SMS-C 39.35+ 1.74 1.87 £ 0.05 29.17 £ 1.96 8.96 + 0.07 55.21 + 3.01 21.04 £0.72

SMS: %t ; SMS-C: i s Il K K ts; Pl-b: — R EFEAT; Pl-e: — IR KL Pll-e: JIRRFESE A Pn: JREE MG Fe — %5 K 45 45

SMS: Spent mushroom substrate; SMS-C: Spent mushroom substrate-corncob; Pl-b: Before the phase | compost; Pl-e: The end of phase |
compost; Pll-e: The end of phase Il compost; Pn: Pinning; F: The end of the flush.

Bl REMBEFNARAERNE B

ST Fe R 45

60 O 4743 Cellulose
0 4f 4 2 Hemicellulose
£ 504 B A Jfi % Lignin
S5
k<
$ 40
C
8
2 304
T
()
o
i 204
& n
=<
= 104
0 T »
SMS SMS-C SMS SMS-C SMS SMS-C SMS SMS-C SMS SMS-C
! 1 J . T J \_T_J
Pl-b Pl-e Pll-e Pn F
1141 Phase

. SMS: %Ei#; SMS-C: 5 I E KA Pl-b: —UCKEERT; Pl-e: —IXK KB Pll-e: ZIXOKTFLEH; Pn: J5

Fig. 1 The lignocellulose contents of compost in different phases. SMS: Spent mushroom substrate; SMS-C: Spent mushroom substrate-corncob;
Raw: Raw materials; Pl-b: Before of phase | compost; Pl-e: The end of phase | compost; Pll-e: The end of phase Il compost; Pn: Pinning; F: The end of the

flush.
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AR IS 7 ) AN i R, SMSAISMS-CIE J5 73 B A T
10.34%H18.93%[11F W57, Ho A 27 4k 2 F FH #5593 9 13.19%
F11.37%, A4 R FIHZE 5 512913.06%H111.41%, KJiiE
FIFHZR 5 N12.63%M17.31%. #5507 B 22 4 K i R E B
SMSHISMS-CHL 7543 % I 176.90%A17.31% 1 T4, L
A 2 2R R 93 598 8.22%R11 7.60%, 2 £F 4k 25 I I 3R 43
910.59%F110.17%, A 2 2= F FH %55 5118 9.13%516.12%.
16 H 3 B B, SMSHISMS-CHL J5 % T4 5 Al F 2 3 541G
I3 N 3.44%1.62%, Frp 27 4k 2 R 2 4 51 N 4.97 % M
3.77%;, Y474 3 R H 2535 8 2.47 % F11.24%, A7 2 F
F o 03.50%F1.19%. 1E K B H i 2, SMSHEL 7RI
HEEIRRAF 4R FITAR. L2 A DM R, TEE M IEN
ST 2 FORN - 27 4 3 R F 3 2 Bk AR TR R T SRR S
WA D AR RAE AR R R AR A, K
T 28 JiR S AN R R AR RS 22, A 30 R R AT AR D
2.4 AEREARRAH ZEBEEFENT L

FERRII HA, AN 7 85 % k) 10 47 4 R K 5K B g An
S AR A AR — B E2AFT R, NIk B BT UG
21 Yt 2 Wi vE PR R IUE T A, 7R R TR RO S B oK
8, SRIGHLE NI, 11 SMS-CHL 5 £F 4k R Bis P 75T SMS. K
RVH B B 4T e R ) DR B, LIS VAR AT 4 R PR
A871. WE2BHT /R, SMSHL J5 75 b K R T 5 R Bt 2 Ak 3
44 B BEIS, AT MBS P s T SMS-CRL 7. 75— IR R BEMY
BER TG AR, ZIROR B 25 AR IT 46 7. SMS-C
15 R M B 2 RS IR RS — E T — A R S
R, 7£4.74-4.79 Ulg2 7], SMSTE 5 FE I i i 15 21 i {H
5.52 Ulg, HEEFr B NI, (B4 3 5 T SMS-C. B2 [ it
KRFE WG L0 3 B, anRI2CHT R, 16—k R BT 0
H20-50 U/gitiBEd i, 1% ] B B 76 v P bk B 1) A B 705 i 42
K, — PR IR R I 65 R T80 BRI e, R 91 22 IR
JE R B I R A KA, SMISTR U5 g v T SMS-CRgE , ik
£1160.61 U/g, i Hr BewiANAC 7 4 B A0 1 B
25 FE EMERESZFUE

SMSHISMS-CFL /7 P A 5 45 SR ST 57—l 2, 0 502 B A7 T
7 B FTAE ) 25 OR W R AT k. SMSTL J5 1) B Az T AR 77
N2.27 kg/m?, T SMS-CHL 7 ) #4717~ & (2.01 kg/
m®) . SMSHL 7 AW 3% 5 T SMS-CHL 77, 43 51°814.08%
F111.85%. HR 4 120 56 25 Hh i) R AT 45 L, 801270 /kg (K
4360% 747, e THR80.378/kg) » KK 0.376/kg (K 4)
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Table 3 The mass balance of composts at different phases
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El2 HEFi SRR 4 RIEMBIEXEEE M. SMS: hiHi; SMS-C:
AN TR A AFYERTG: B: AERNER; C: REF: Pl-b: —UCREBET;
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Fig. 2 The activities of lignocellulosic enzymes in compost. SMS:
Spent mushroom substrate; SMS-C: Spent mushroom substrate-corncob;
A: Cellulose enzyme; B: Xylanase; C: Laccase; Pl-b: Before the phase
| compost; Pl-e: The end of phase | compost; Pll-e: The end of phase Il
compost; Pn: Pinning; F: The end of the flush.

35% L A7, Jie THREN0.460/kg) » ERI1IG/KG, B 58T
A PERELI1270Im?, 551 £550/m%. b 5T T 20194E F g

- S5 Total mass 44 % Cellulose - 454k % Hemicellulose AJfiZ Lignin
Phase TR b % i it e i it k% i it e
Dry weight (m/g) Loss rate (r/%) Weight (m/g) Loss rate (r/%) Weight (m/g) Loss rate (r/%) Weight (m/g) Loss rate (/%)
Pl-b SMS 1000.00 - 203.80 - 116.90 - 196.80 -
SMS-C 1000.00 - 219.70 - 135.40 - 182.60 -
Pl-e SMS 883.19 11.68 167.89 17.62 94.94 18.78 184.23 6.39
SMS-C 884.89 11.51 167.60 23.71 100.17 26.02 170.16 6.81
Pll-e SMS 807.29 7.59 139.02 1417 81.94 1112 170.50 6.98
SMS-C 775.87 10.90 131.67 16.36 74.56 18.91 162.08 4.43
Pn SMS 738.26 6.90 122.26 8.22 69.62 10.59 152.52 9.13
SMS-C 702.76 7.31 114.97 7.60 60.79 10.17 150.74 6.21
F SMS 703.91 3.44 112.48 4.79 66.73 2.47 145.64 3.50
SMS-C 686.54 1.62 106.69 3.77 59.11 1.24 148.57 1.19

SMS: #ift; SMS-C: i il K K5 Pl-b: — K KR Pl-e: —IK KFELH; Pll-e: ZIRRBESE A Pn: JREEIE G Fr Rus 45
SMS: Spent mushroom substrate; SMS-C: Spent mushroom substrate-corncob; Raw: Raw materials; Pl-b: Before the phase | compost; Pl-e: The
end of phase | compost; Pll-e: The end of phase Il compost; Pn: Pinning; F: The end of the flush.
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Table 4 The yield and biological efficiency (BE) of mushroom
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(CNY/kg) (mlkg m™) (CNY/m?) (Y/kg m?) (r1%) (CNY/kg) (CNY/m?) P P

SMS 0.30 16 5 2.27£0.20 14.08 16 26.52 3.71

SMS-C 0.33 16 5 2.01+0.02 11.85 16 21.88 3.12

Mrkg1670/kg, KRIK—W¥ #5150, SMSHISMS-CRL /7 4t A
539 926.52H121.8876/m?, 77 B A EL4 BN 3.71R13.12. 5
A, KR b T 2 AR A A B 2 ] 7 5 b R A AT
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FHFR AL 1 356 Flt 5 40 R S 2 A4 9

SMSHISMS-CHE Jj 7F — I & B 45 3 )5 ik & 2 )
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JFF) e 5 4 M A 7 A e R P SR R A T AR
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ARG ER . RGEHTE T, (E AT K XU BE T 1 5 ) M I AR
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BT EHE IR L FE PR, F BRI AT R AR 4R, KD B
T AT Y 2 RN R SR R T s R R — R BT B UK
PR M S 1T — UROR A R R P S R Y e R S, X
P T A £ 3 40 A VAR IR A T 265 7 v 2% T HE VAR VS 2, o HE
T3 R rb R B A T v I T, R A TR AT, oK
AT A0 4 BOREFE O 32 ) 0 SFIAS [ i 5 HEAT B0 0L HH I 7 1% 9%
BLE IO e b, 3/NC 7 HE I 4T i 2R 2T 4k R AR 5
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