HaE H3IW &l TR R Vol.41 No.3
2025 4E 2 H Transactions of the Chinese Society of Agricultural Engineering Feb. 2025 301

HlEFLZNELE SMEIE M sERI= N
KA, EIEE . BB, FBE . XE. HARY

Cp AL RFEBERREBE LT, Kb 410205)

B E: APRSEHELESMEURRER R T 228, %P LRG58 P e bR, i ik SR T 7
ER k. IR, EFR AR EN E LB AMBTUEERER . 25 RERY, KM Ganoderma resinaceum R
Bbk. METSERENERER, EEFRAZAN 0.075~2.000 mm. HMEN 7.5% K TS5 T e 645 5450 5
B L E R H 10% FRHEAS B R 458 A F 190.99 kPa, A4 18.0 kg/m® B 2GR RN 1.90 5. %Wt 4%

FT ) A OR T AR 1 22 LR AR LS8, [RIIN X5 P 35 AT AL R S I 5 A R P 2R oA — S (SR 3
KR ERE, RLEFY: £%F: #&ETL, HLELMH

doi: 10.11975/1.issn.1002-6819.202408230
FESES: R318.08 WHAFRERS: A

XERES: 1002-6819(2025)-03-0301-08

Keti, REE, ZEE, F HEILENRLEAMRHEMSENZMI]. Rl TSR, 2025, 41(3): 301-308. doi:

10.11975/j.issn.1002-6819.202408230

http://www.tcsae.org

ZHANG Haoyue, HUANG Chengzi, PENG Yuande, et al. Effects of preparation process on the compressive property of
mycelium composite materials[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE),

2025, 41(3): 301-308. (in Chinese with English abstract)

0 31 &

WE 5 HL T BR o s R R R, AT R
BAR L)% (expandable polystyrene, EPS) 75 >R SUE| 1
K, WHEFR. WonE S . otk ae RIS 55 m & %2
FHBEM. SR1, AE57 EPS 23 K FE A S AN T A Bt
U, AR R S B BOREE CO, = k. BEE I
WEFESHRENK, HEAYHEEHRAS HHENE,
T I R T 96k B8R ] AR i 2R A Y, SR %
BB BIA IS Zy e H 7 2, wrE 2 R R AU,
WERRRARTG Yy, Ja & N M DL AR A, A 5 i i
T KR AR, SECRIEDRE . 1T KRG
YeEIRBE I 8, G e NARSEh M D). BT DL B0,
TERE BT [ EL e 22 i D RE IEAE BN AT AR R
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5 YRR a3k 2 1 S 4R i R 45 DA A,
SR, G AR KR & B35 e RRK BT, B B IR
PIEIMR, FEGEA AT TR, FTERRER
AR, B2 FBUKKEEIR, XK.
B RS E R Hp E RO R FT 45 A AR
PRAR T I 7 R Bk, ok A5 4R i AL AR AT 2 @ AR R 26
HTRIEVFH & G4 R, PA%ER. KRS,
Al B 48 IO AE BB AN A RSO R U, TR ke 4 AR A R
FRER I R EMAEAROL R LB R, & B 285
IR 2 B uRE ML DRTHRL R 7Y
LA FIH%R, BAULG A MAEER IR, BN 4
B AP SRR 78 5 T R I # R

W2 EEMEL (mycelium composite material, MCM)
e M ARV R FY Cnp BT BRAT . BoKAEEE) 1
NEEFRIE, WA N KT R PR 20 AR R WA S E TR
BTy, AR LT 33 RlE DUB U 2R B 28 Sk,
AT s HIC I 8 O 86y — MR s L AR R AR .
G GRS m AR B A R TR AR
FEAR. MBEARF SIS, EERZ Rz RE. Hl,
A4 SRR s . B R, W& L8, JaLt
PN AR REBEAT AL, DA PUE. P, &t
RETEAEM LG A MR B, JONES 251" @ i g #k i
ik, KMAAZSLE (Polyporus brumalis) FVR 2L
ME- (Pleurotus djamor) AR AR S M 22 %
Pemn T WL 2 AR A% . ELSACKER 451 5T
TR 5 A R RLAR R B 22 2 A ARHERE R s, &5
R IRRARR A BHEBE R LR LA R WY R, R
TR ORI BRI B BRR AN @ AR
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WHEH 2 EEMBIRHISTE ERE. KimeE. 2
TEE), A TR TS g rh R RE, 8 F B
HL R Z AR AU . AHMADIU® 38 5% 1 157
JE BROGT 2 2 -TR 22 ARV R MR T2 e, 2 8 3R L N
25 diF, MEIPUESRRE . BE S IOSCRR A SRR E M R
. APPELS U7 X i 22 52 A MBI BEAT BV % J5 AL FE,
98] —{E TP om BB (0.24 MPa) W 24 W AR A I
(0.7%) KIFHEL, H5ARMERRIEE TR AR, At
BHE A B SR AE T8 K .

REREZFHENARER. T 7 imiEin,
SRR AR RN T 6l = RGPEAN 5k, Ao, MR
WEFAUM 1~2 AN BEXI M R e AT 0k, B Z & gk
HdiE b i, Rk, AWFRET 10 FRERE. 6 Pl &
HAEMMAAHISELE AR, CUEZE R E NN T8,
RSN 7 NN 3 RN VA ol /o == w5 v L 7 AP
b= g R TR — AR, A% e 4 9 I
TP R A B TR 0 22 A A R E 628 4k
TN, AR & 7 26 FF SO R 3590 1 45 A R R
RS,

1 RS

1.1 REHARNS5EE

RIG O 2 A KRS TR R VERR. ZLIRS
FOEERE, G E A E RO R B R AT AT LT AR A
FikFoe. BRI, KB, ik, AT

HARIEA R A, WA RE A L A
WAL I R A .

RIS W% #E TIES, SPX-250BX AEfki:
FrAE, RETH U IR AR A A s BSG-400 5 7% 4,
RN AR A AT 3% s ZQZY-BSES k%
7, G ABR AR GR110DR 4 H 3K # i,
2 EFMA ARG R AT SU-3500 F4t o 1 W iss, Fk
KA HILHIERT; TX350e RS ME:, | e RER
AR AT GFL-70 BRTEAE, REETTSRBRBil ds
WAHRAF; RMDW-5 T /i feikieHl, sl
W& AR AF .

1.2 EFE

FHR MR 30 gL FHIRM . 3 g/L KEE.
15 g/L 35fi5, T2 ERE 1L, 121 °C K@ 15 min.

TFR MR IR 20 g/L Z 2R B 20 g/L #i
HRE. 1 gL BREAM. | gL KEIRIY, WT 780K
HEAEZE 1L, 121 °C KE 15 min'™,

W 22 A MBHE AR 7R 3L DIEEL 80%. %K/ 18%.
LA R R 2% BIELBIN, $5 0.15 glem® 1 TR 5 IR
HRFEEL NG EFGK, MRS KEER 70%, i
5], 121 °C K 2 he
1.3 HZE5MHEIE

SHEBFRAEP R BN, KRk R
TR FRIAE 1, 25 CiEth 7d. KIS LT
R AE R, BT 25 'C. 180 r/min £ 1 T

PG IR 7d, HIFBARE T, DL 6.5% $hh &85 A4
FREENAERKIERT, 28 C FREOGESFE 15d )5, KR
WL, ARG R ] B AE 28 'C N4kSimekigR 2d 5,
BT 60 C AT MK 48 h, 1HEIEHLESMEL
14 REHE
141 HAFHHIL

B M BN 6.5%. H IR AN 15d, kiR N
0.075~2.000 mm [IZLER S HFf 72 (KCS) NE ALK
J5i, JZEHX 10 FhAS [F] 1R B R AT U0 S AR I R 1S, X
Yo B AR 4 A TCWE R 2 ( Ganoderma resinaceum) « F&
KM E- (Pleurotus ostreatus) « JAJB%i (Pleurotus sajor-
caju)~ MAKEE (Trametes sanguinea) 752%E (Pleurotus
geesteranus) ~ %145 (Flammulina filiformis) < 4% B %
(Agrocybe aegerita) . W %< (Pholiota squamosa) -
7 45 (Lentinus edodes) « M3kt ( Hericium erinaceus)
(LA BRIk B o B O R 22 B R D o FIH
JiRe RIS HURT RN HEAT IR 4 M e R AE, ik ) —Fh
PR bk, & E A& R A I L AR
142 ZEEERHik

BUE RN 6.5%. HFRITIJy 15d, LAILF Bk
Ganoderma resinaceum NP, FFURAEN 0.075 ~
2.000 mm, FA 17 FhsURNEEAT & BAE BT 5, A dE
R (noil, N). ZI#R (kenaf, K). F72EFT (reed straw, R).
}i ¥£ 5% Ccotton seed shell, CS) . FE K& (comn cob,
CC). KRJE (sawdust, S) 6 P AL, Mk Bk 5 A kT
7 (NCS) . &5 E KT (NCO . &5 KB
(NS). RS 3 (KR) . RSk 7 (KCS) .
RGO (KCO . RS AE (KS). FHHEFY
MAF 7 (RCS) . MM 5 EKE (RCO . HHEHYE
A (RS fFF7E ERKE (CSCC) 11 F 5 AL HE T
(EECHE T T & L 11 PR R R RO o« R T fE
AU RN AR AT IR 4 PERERAE, ikt —Fhi&E &
FET, M o AT 45 3 i R R ) R 22 AR
143 AFikitkipit

BERHEMEN 6.5%. IR EN 15d, MR Bk
Ganoderma resinaceum MU M, & BHEG S HH S
Fokits (RCC) MRS . HEERP W%, Xt
4 A [F) 2R R A2 T R i e il 56, KA 3 ZH 0N 0.850~
2.000 mm. 0.250~0.850 mm. 0.075~0.250 mm. 0.075~
2.000 mm. F I3 GER GG HUG A4 A 2 AT 5 46 1 g
fiE, G tH— P R R URLAR O R A R R e )
225G MR
1.44 AR

WE Ky IR I 2 15d, LR 57 B Mk Ganoderma
resinaceum MR, & E I HEHE FAKE (RCO)
NBERREE B, G 2 A0 7 RLAE 0.075~2.000 mm A ff
AT MRPEAT AT 25 R, X 6 dA [ b & AT
PARIG, SRR RN 3.5% 4.5%. 5.5%. 6.5%.
7.5%- 8.5%. FIFH 3 RERIE ML IR AF 47 R 4 1 R
FAE, I — OB, 3 A o S Y T
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AT EREL 1o 4)
1.5 B4EAPEMEETR n [ ode

1.5.1 ARPLZABEAT

MNTE 2252 G A B B> SR LA &, B TR
BRI G b, W H SRR S AL T g R
e, YT RORAS BOM B BR AT AR TE T, RERE i 45 R AR
B 225 A G GLEA T B A IE 3%
1.52 42449 F 2 4% ( scanning electron microscope,
SEM) 441

MR 2255 6 A R A T Ak /D =2 R A o, T X
TR K [ e AR AR A & b, WS 4 1~2 min.
FER BT R 10 kv s o SRR it S5t Gl IR
153 % A&

HR4E APPELS 257 (1y753%, A M7 R PR ER 1
g PR~ RIS R RES SR, tHE
A RN RGERE . KRN (D T ER R

pzé%xlm D)

X p HIRIEERE, giom®s m NIRRT E, g S AR
BEEEA, mm®; TN ELGER, mm.
154 LML

R4 GB/T 8813—2020 (il 5 {8 vk ¥E R} JE 45 14 B )
Mgy Pk A, RGRERIEHLLL (1243) mm/min
{1030V TR 22 2 PR IS B 7 1) EAT IR 4 M e k.
bS5 B AT AR 10% 1) 1R 45 5k FE A1 B 2 O
() -Rify (o) Wk,

(2

F
775
At o NELEN /1, kPa; F NEZEEGT, N
T-T,
o= —— x 100% (3)

X e NIBHENAL, %; T, ARIHR%EE R, mm.
MR R AR EN 077k, Erh RBOTE LR (4.

X CREMRE: n NEEERBORE.

W) (o) -MiAE (o) BhZEEIR NG RE Gp) -
Nty (o) Wk, Zerh REGE/DN, MEHRA AT NI
AMEBE R, M RUR L,

155 WA Kk ERE

RS TAEG S, FITILAREE 2B &ITiL, M
FREGEERR 22 MEA “Fiicrbde, B 3K, KPRET 25C
BRI AR mE G IR . AREe R A A8 ORI E B a2 A K
MR, EEERUEEIR Rk, FRELdit, AR
e umbr i B KA, R KE 3 6d I, fE
W 22N G hRE I E KR, KBRS (5) HEw2E
ISUYiE

r,—=nr

v=— (5
t

A v NEMRIAE KR, mm/d; r O 228 2
BB, mm: nNEK rd R GR KRR N
B 22 A K], do
1.6 HIESH

{81 Origin 2024 1E&; A SPSS 19 #EAT 7 2 5347,
Bt Duncan ti Z K 50347 2 S A, P<<0.05 RoR R
AREWZER.

2 HBRESH

2.1 RREKIFIE
2.1.1  ERGEHEENHT
AT FOXS A R B ) % 1 22 A MR B R4
5 FE RN B /NG RBGHAT T RV SR ER, B
& KW E %2 52 & M BN Ganoderma resinaceum 1
(0.196 g/em’®) , % J& e /NI N Hericium erinaceus 41
(0.161 glem®) , WLMEHHEEHEE (P<0.05) &
F EPS #R.

*1 TREHFIENELEAMRESEERE KRR

Table 1 Compressive property and growth rate of mycelium composite materials produced from different fungi strains
Ll ZiES B R4 5 B/NRIT R AR
Species of fungi strains Density/(g-cm ) Compressive strength/kPa Minimum buffer factor Growth rate/(mm-d ")
EPS 0.013+0.000" 73.01+6.53° 4.85+0.18¢ j
TARRE Ganoderma resinaceum 0.196+0.011* 88.59+2.19™ 9.06+1.35" 7.9420.43"
& B2 N B: Pleurotus ostreatus 0.188+0.003% 38.77+3.18° 8.92+0.12% 5.69+0.19°
R %E Pleurotus sajor-caju 0.192+0.005% 48.8+11.39% 8.93+0.18" 5.11+0.31%
MATAE T Trametes sanguinea 0.190+0.002 96.43+4.03" 9.55+0.4° 6.33£0.15"
FHI 1 Pleurotus geesteranus 0.169+0.004° 41.76+6.62° 8.88+0.39™ 6.51£0.59"
&5EuE Flammulina filiformis 0.183+0.005" 75.21+4.31% 8.13+0.29° 5.33+0.38°
ZEWTE Agrocybe aegerita 0.181+0.001% 57.65+11.04¢ 9.3+0.05" 4.65+0.16°
& T k<= Pholiota squamosa 0.180+0.016"¢ 16.19+2.088 10.69+0.95° 2.47+0.35"
1 Lentinus edodes 0.169+0.008* 36.34+14.83°" 8.77+0.68™ 3.0120.02¢
WL %% Hericium erinaceus 0.1610.005° 23.53+1.87% 9.23+0.3 3.03+0.03¢

i EPS NARIERIK LM . A BUESIRZRZ N PIESAr R W3 AR RN F RN BA BB ZE R (P<0.05): B4R ATEALRR 10%, FIE.
Note: EPS is expandable polystyrene; all values are expressed as mean + standard deviation; different lowercase letters in the same column represents significant difference
(P<<0.05); compressive strength are 10% of deformation quantity, the same as below.

Ganoderma resinaceum 1 Trametes sanguinea 878 (88.59 #196.43 kPa), 7}IPAEPS AR 1.21 F11.32 f%. EPS
XPTEAE 10% B R4 58 FE B (P<0.05) i T~ Ho At & i B R /ING e AR O AR T Tl A s 2284 K (P<<0.05),
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MAEASF B AR E] ELELINS s BR Flammulina filiformis 21 8/
Zerh ZER E KT Pholiota squamosa~ Agrocybe aegerita
Mo, HREHRN 28 SR /NGt R A
. DLESRKRY, AFEEEM N2 E SR
R RARREE . ZihtEReEAEREN ER . XATRER
RN R AR R A ARARR A4 REEER RS, AR
JRAFYHEZR I S AR AR FE I 22 5, 3T o) A ) 35 B R ) 2%
P eI RO B 22 A K P S S AR R
KRR —, R 14ERELYH, Ganoderma resinaceum Tt
MEA P ERAE K B2 (P<0.05) & T HAR .
ARKEER R R, X HEERZ R Z,
TESE R A ST R A B 22 M 2% 25 1), 1S R 22 550
PIRGZEPERG g, MR 2 R R &R m bR mE, =
Wk T 22 AR KGR SRR RE R IE AR R . R
PR AL, ERE. HE2w. Fi. B, DR
Wi 7 PR MR & W 2 EGMBE,  FEXEAS R B AR AR KT
B AT W e, A R ER O AR KO R A R A 6 g

(1.21 em/d) XF REMPEHO PR ERE B fE, %45 R 5 AT
MM, 25 L, 3T Ganoderma resinaceum ‘AN Trametes
sanguinea T8 22 5 &M BHE R M R 458 BE, 170 Trametes
sanguinea WJZL 0B 22 A1 5 0P B A8 7 AR AN RS,
KL Ganoderma resinaceum AR AR 1 I 1 25 3
HHT R85 .
2.1.2  SIUEAEIT HF

MRIER | ZR Mt as &, a8 8 EAE a~b.
c~dv e~fMEHKENE . . MK 3DKF, E#F
Ganoderma resinaceum~ Pleurotus sajor-caju~ Hericium
erinaceus NiF~ 1. KRR E K, X% 3 Fibhk
RIS . A B EE R . SEM W 45 /3647 2081, DL
B BE AW SO S5 74 5 R 4 PR RE R 6 R o B 0 #T i
mANRIER (B 1) "%, Ganoderma resinaceum A%
HwESE. BELHw®, BARKERK A5
ERHTE, T BE-5 L B 5 TR 41 B R AR A R R R S R
FUR A R N A K Pleurotus sajor-caju 3R 1H
JUPAEUER RS A AR Z, RIS RR, 2R,
Hericium erinaceus MM KL 0 22 275 HA 523, #REE
A B BT . MR B AR, 2R B 2 B T
RREA, TR Z 80 R R 2 220, MR
JEgg i R, X PR B JE A AR A R 8RR A T
= AT, Kt Ganoderma resinaceum 1 Pleurotus sajor-
caju B AAB A ERKF I R4 8 L . R, Hericium
erinaceus PRI R B 22 |2 A 568, FABLI) 5L T RORL 5
R, TeRF e R, ARERE IS .
sl 1A R T A5 R R SEM BOML 45 R AT

Ganoderma resinaceum 4 [¥) B 22 W B R FE fe vy, 22 o 1)
FRLF-45 B TR 22 3 7, e 22 I 28 5 R e HLAth P 4 o
W% ER)TEE 4% Pleurotus sajor-caju 4.1 22 W FE ¢
i, 75 50 2 JE 5 TR) T RSOME (P B 22 W 4 s Hericium
erinaceus A D E 213 TH P b, R IVERSS 2
TIURE PR X 28 25 48 . 3X W] BB H X T~ Ganoderma resinaceum

PRI AEAC TR S, 75 AR [R] 35 77 B 18] P 1R 22 ) 4% & SE 05 [
BT, WasXHEES . WK R B,
TETT ALK S E—2, PG LA RELY, B
R =Z4EMIRGEN .. FET Ganoderma resinaceum 5
T ) T 22 D) 8% & A RT v () PR A 5 P KT, U PR 4 45
Fo) )25 P T 5 PR 4 5 5 A LE A BT

AR
Appearance

PRV B
Stereoscopic
microstructure

SEMOUMZ5 4
SEM microstructure

Hericium erinaceus

Ganoderma resinaceum Pleurotus sajor-caju

Bl AR Z. RELEBME KRR, AR BARLE A
SEM W45 4 B
Fig.1 Appearance, stereoscopic microstructure and SEM(scanning
electron microscope) microstructure diagram of Ganoderma
resinaceum, Pleurotus sajor-caju and Hericium erinaceus test
samples

22 EEEREE
221 RV E L 5 AAPHFHESGE A AT

AT SR AN [F] JE o7 1) 45 B 22 A MR B TR G
RPN NG R BT T . K 2E4RER, BE
RKIE2E MBI NCS 4 (0262 glem®), 2 JF 5
NI K4 (0.114 glem®) , T 22 K1 RL 1 55 1 35 BB 3
(P<0.05) & 7T EPS #. RCC AL7EMAT AL 10% &
YR (P<<0.05) T AR (140.56 kPa) ,
N EPS 111 5.97 fi5. EPS M 15 /Ngh R A F AR T A
WEIE 2 MR (P<0.05), 47EAS[RJ: 7 (0] L, B
NS. KS. CC A fm/MErt REEZE{LT NCS. NCC. S
WAk, FRFETN B 22 5 A MBI B /NG R ERE AN
B, LEgRRY, AFEZEFEMIELE ST
B RS ZrhtERe AR R ENE S . X ARE R
RN A) 6 R R IR . 2RAL. A RRFIZE . VR AE
AR, XERRSEMEFT AR, LAERAKR
JRE I R ), FOEd R 2R AR,
AP PUE M e R DL 22 710, PENG 20 F i f5
FFo HEE . MERCEE. ARJE. TKRFEFF S MR LR FY)
il & B 2 AR AN [R5 5 A k) 1 25 TP R kAT
RAE, Z5HRIAM B S R 48088 ROEA SRR, K
JB A EHRPUE TR (456.70 kPa) 3w T E K FEAT4
(27031 kPa), ZER AWM T 2R, HETHH
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AR ZKHARE. AR, fikrie. FKFRA. e, i
TR SV R B AT G e R AT 21207, e R
FATH A 2 2 EPPRH B, 5 0 T R A R
Wer SR SEEHAE ARSI DL m X
SV R ARRIER. &b, 3T RCCHRLE A
BH B A 9R E, E HONHE BRI 45 R, M T a4k
TS
*x2 TRIERFENELEAMRIERE R
Table 2 Compressive property of mycelium composite materials
produced from different substrates

U YiPUEN P R4 /NG R B
Categories of Density/ Compressive Minimum buffer
substrates (g-em™) strength/kPa factor

EPS 0.0060.000" 23.54+10.09' 5.53+0.04°
NCS 0.262+0.012* 65.20+11.71¢ 8.65+0.45"
NCC 0.209+0.035%4  76.34+5.39% 8.58+1.55"
NS 0.222+0.009"  109.38+14.85" 7.17£0.57°
KR 0.157+0.042° 80.39+8.12% 8.12+0.23%
KCS 0.183+0.017°%"  82.92+5.04% 7.9+0.53%
KCC 0.166+0.006°*"  73.37+7.41% 7.6+1.28"
KS 0.175£0.008°*"®  85.66+13.70% 7.07£0.49°
RCS 0.232+0.027%¢ 66.99+6.91°" 7.66+0.28%
RCC 0.232+0.026™  140.56+20.59* 8.21£0.42%
RS 0.202+0.017"%  81.07+£9.57% 8.17+0.59™
Ccsce 0.246+0.016™ 96.96+7.08% 8.04+0.66™
N 0.132+0.070" 65.49+9.43°" 7.9+0.98"

K 0.114+0.0498 43.77+7.92¢" 8+0.59®

R 0.134+0.071" 37.88+7.41" 8.03+1.17%

cs 0.186+0.115"%"  45.55+6.098" 8.01£0.19®
cc 0.156£0.087%  73.43+1.61% 7.16£0.56"

S 0.147+0.086° 52.99+4.07' 8.55+1.03"

W NCS NP SHIAF 72, NCC AKMEEKLE, NS AHEMEARNE, KRN
LIRS AT, KCS NS IFF 7, KCC NS EAKE, KS HLAMY
AJE, RCS MM EHIFF %, RCC HMHEHE KL, RS HMEFER
J&, CSCC AMH 7S EKLE, NAEMK, KALMK, RFMER, CSHE
Kils, CCNEKL, S HAE, FH.

Note: NCS is noil and cotton seed shell, NCC is noil and corn cob, NS is noil and
sawdust, KR is kenaf and reed straw, KCS is kenaf and cotton seed shell, KCC is
kenaf and corn cob, KS is kenaf and sawdust, RCS is reed straw and cotton seed
shell, RCC is reed straw and corn cob, RS is reed straw and sawdust, CSCC is
cotton seed shell and corn cob, N is noil, K is kenaf, R is reed straw, CS is corn cob,
CC is corn cob, S is sawdust, the same as below.
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Fig.2 Appearance, stereoscopic microstructure and SEM
microstructure diagram of RCC, CC and R group test samples

Wik 2 SEM &9 m &, RCC AR R T
S PE R I B L I R SR, R AR SE Ry k2, CC
Y [ 2% 5 ¥ 3 B ARG . R CC 4L LT BB 25 1) 19X 4%
ik, (HIAEMBI R K T REN W2, W EXK
CRRMEEEFEME YR, RERLRGEK, RE
R ZH 3R 2 B0 W, HILRE v T 22 il 5 IE 45 $ (L
L, DIMRRE 2R 2 2k 450 . I, B AT (RD
AEKE (CCO WIFERER S, Wik RKIES AT,
A 45 P 35 o 100 TS 4 08 P A 2 R BRI JSAT T R R T T
2.3 EFNETFE

KM FEIS AR FRAR I % B 22 S A MBI TR
AR SE A NEPh REGHAT T 0, R 3 ERER, BE
BRI E ARE A 0.075~2.000 mm 20 (0.239 g/em®),
2 B /NN 0.850~2.000 mm 4 (0.175 g/em®); 0.075~
2.000 mm ZH /) B 22 2 G PP RHE A X TEAE 10% 1) 76 4 5
¥ (189.44 kPa) TE (P<<0.05) T HAKZH, &
NG R H KT 0.850~2.000. 0.250~ 0.850 mm
. DL EgERR, AN FOR AR B 22 2 A AR
B EARE s N R RS E R, WA
BRI B FE . R 48 iR R B o 2 TR A 1) /N T 4 K
FFAE 0.075~2.000 mm ZH Hik B i = K, MR R
A S EAE R 2 IEA KK R, X EPS % 541
JE 38 P e RAAUCOY, 1 22 AR /N 2 v R B
ORI BN TR, FEALE 0.075~2.000 mm 2H 1
5B BRI, BBRFE 0.075~2.000 mm ZH #1485t 4k 71
HIZE PR R et . SR BRI R R T AE &, 4
BARRRET, B BURL A BB, A 22 78 AR Ko 72 v v
DL A AR X SeALBR, S BRI SN A TR .
MRLAR IR, FE ) R 2 /N, ORE b SR TR K,
XA B 22 A 28 IR, A R IE R R 2 ALBR,
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MR PR M Re SR . SR, BEAE B2 AW A,
BUNK AL B IA 78, AR S AR TR,
22 K BERE R B 2. 11T 0.075~2.000 mm ZH 5 )
WA G [ BE R A o 22 3R IR 8 5 7, O 22 52 it T
EAE, HE 2B PR AL, AR
PR RE R B — DR R . pE R o b R i e ik
5 R BL 0.250~0.850 mm EKAEAT T (2 FL 1A L AR E
AR R ER (93.02kPa), TTAHEFLH 0.075~2.000 mm
KL T LB SRR A R R R T 51%. 4L,
0.075~2.000 mm ZH [AI HL 50 sy 14 Js 44 9 52 B 10 e Y 4 o 2
fE, S NIEPTRARIFERAR, T a8,

R3 TEERNZHENELESMEES ERE
Table 3 Compressive property of mycelium composite materials

produced from different partical sizes of substrate

B kiR B TR NG RE
Partical sizes of Densi tl;/ é ; Cm—g) Compressive Minimum buffer
substrate/mm strength/kPa factor
0.850~2.000 0.175+0.007¢ 61.01+7.47° 9.78+0.58"
0.250~0.850 0.176+0.005° 84.26£16.37° 9.48+0.47%
0.075~0.250 0.197+0.008° 129.12+37.04° 8.99+1.10%
0.075~2.000 0.239+0.005% 189.44+31.54% 8.15+0.36°

24 EMEML

KA FERT AR B R S L R A MR EE . TR
Ao JE 5 R NEIR RBGEAT T b, RAGRER, B
FE B KA 7.5% 4 (0248 g/lem®) , & /NN 5.5% 4H
(0.210 g/em’®) , R} P 6 12 b o 18 K 5 38 0 T
A, FEMIHEAE 10% I, ERE 7.5% AR
JEARRPE (185.22 kPa) fimy, MHRLE 4 o F bl 422 o £ 4
KELT &G R = R R, EfE
7.5% MR B /NGt REUS B EAR, BR 3.5% 7.5%-
8.5% MR/ NEM REEZE (P<0.05) KT 4.5% 44t,
HedHEZRAEE (P>0.05).

R4 TEEMETEHLESHRBELEEEE
Table 4 Density and compressive strength of mycelium composite
materials at different inoculation amounts

B wefir FEZE 5% /NG R
Inoculation Den im/(y‘_ m—3) Compressive Minimum buffer
amounts/% cnsity/(g-c strength/kPa factor

3.5 0.222+0.005" 146.08+26.91% 8.52+1.08°
45 0.222+0.009" 161.80+£13.96" 11.75+2.43
55 0.210£0.016° 116.30421.74° 9.55+1.22%
6.5 0.217+0.006™ 123.86+16.32° 9.3242.7%
75 0.248+0.022° 185.22420.09* 8.41£0.94°
8.5 0.233+0.017% 143.76+23.66 8.81+1.66"

LR R (3.5%), £5 R 1B R UR BB F
B (A TE 22 2%, DRI 38 ke R EHURAE A, MR 46 o
FERHG: HEEMETEN (4.5%. 7.5%), WAL
iR 2y RAEKTEHE., Hag2EmIL, &% m
P 22 PR 28 45 1), LG 32 B p R 22 RN B TR K A R AT
AR AR B A AR, e E BT A 8.5% i,
I 2 B P A B 22 A L TR AN S R R, W
WA K2 B — e FE R PR, TR 22 W 2 S5 0 2% T BE
SEE R PR AR . RS B T AR R
BIKF (5%, 10%. 15%) X1 2244600k B8 1) 52,

g5 IR ADRL I S 5 R B 2% ik R B e e 2 G K R O
TR TN, HEREDY 10% N AR e R I A
i, XEARBF IR

gi b, 7.5% EeAhE RILE S A RIE, e N
RS R, T a2k
25 HEAEEMES EPS ML

Wi B SRR, B8 -EhSRaeRs
MBI R T E S8 Ganoderma resinaceum LR B
PR, FEETORES (RCC) AEREYR, FiiEEA 0.075~
2.000 mm, EFEN 7.5%. ATHLIZLZSHTRHL
HAHMEE EPSIRPUE MR X 7, ¥ Ganoderma
resinaceum #FP A RCC i b, Z&K:9%. TIREHRIAES]
R LEERRL, WE 4 MRS R EPS SO IRA,
HIHIT BERIG LN B 22 55 44 BHA EPS BUBEAT Hs 46 1 €
FAE. RSERER, WLEEMEERE ., K450,
RANEM BB EE (P<0.05) &1 4 FASF % FE 1
EPS #t, AN[E% & EPSIAZZ i PE e 2 = AW .

*k5 BREIZSETELEAMRIK EPS HELEMEAE
Table 5 Compressive property of mycelium composite materials

and EPS at optimal process parameters

el g FEAE 8 /N RS
Experimental Densit‘;/(z om™) Compressive Minimum buffer
groups strength/kPa factor
W 22 AR 0.218+0.008" 190.99+40.49° 7.85+0.65"
7.5 kg'm™ EPS 0.008+0.000° 33.5440.75° 5.53+0.04°
10.0kg'm> EPS  0.010£0.000™ 52.18+0.85° 5.12+0.05"
12.0kg'm > EPS  0.012+0.000™ 65.8+2.42" 5.15£0.29"
18.0kg'm>EPS  0.018+0.000 100.77+1.79° 5.01+0.21°

PAEXS LRI 45 R Y], WL E SRR % EPS
ERHE AR, Sa AR . 4™ REAEIK.
IR ENS, BA BN EPS i 7). SR, iz
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PR IR AR, AR, R RO 4,
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resinaceum APERE M. P HEM 5 EKE (RCC) NE;
FIR, fEIF RN 0.075~2.000 mm. % Fh &N
7.5% B LZZH N el L 48 i B R 2P ke R 4F
w222 ek, iU ERETZSHH S WL E 5
BEY TR 45 58 B 15 5] 190.99 kPa, N 18.0 kg/m® K LR %
)% (expandable polystyrene, EPS) ] 1.90 £i5; #1 Kl %
JE R NG h REUE % (P<0.05) @ TR ¥ EPS
W, Tmit— DA AR 2 B S MR 5, FF5ert
HgmERe.
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Effects of preparation process on the compressive property of mycelium
composite materials

ZHANG Haoyue , HUANG Chengzi , PENG Yuande , ZHOU Yingjun , GONG Wenbing , XIE Chunliang™
(Institute of Bast Fiber Crops, Chinese Academy of Agricultural Sciences, Changsha 410205, China)

Abstract: Agricultural straw (such as reed straw) has been underutilized to result in wasted resources and environmental
pollution in recent years. A novel biodegradable packaging material, mycelium composite material can be expected to replace
the foamed plastics. Fungi strains are also used to degrade agricultural straw, in order to improve the utilization rate of
agricultural straw. This study aims to optimize the preparation process of mycelium composite materials with high compressive
properties. A systematic investigation was implemented on the effects of fungi strains, inoculum amounts, substrate types, and
particle sizes on the compressive property of mycelium composite material using compressive strength as the evaluation index.
A total of ten fungi strains were selected, including Ganoderma resinaceum, Pleurotus ostreatus, Pleurotus sajor-caju,
Trametes sanguinea, Pleurotus geesteranus, Flammulina filiformis, Agrocybe aegerita, Pholiota squamosa, Lentinus edodes,
and Hericium erinaceus. The fungi strains were inoculated into kenaf and cottonseed hull compound substrate, in order to
cultivate mycelium composite material. Results showed that the compressive strength of Ganoderma resinaceum group was
significantly higher than the rest strains, due mainly to the compact external mycelial layer and tight hyphal network. The high
growth rate was also attributed to a more compact mycelium network structure. Ganoderma resinaceum was inoculated into 17
substrates, including noil, kenaf, reed straw, cottonseed hull, corn cob, sawdust, and eleven compound substrates composed of
the above six raw materials. The best compressive strength was achieved in the RCC group (reed straw and corn cob). The
reason was that the reed straw and corn cob were provided the appropriate void structure and sufficient nutrients, which was
conducive to the dense hyphal network. Then Ganoderma resinaceum was inoculated into RCC for the particle sizes and
inoculum amounts. The highest compressive strength was achieved in the substrate with a wide range of particle sizes (0.075-
2.000 mm). The substrate was combined with the large and small particle sizes, in order to provide the suitable nutrition and
growth space, thus promoting the formation of a dense network structure of mycelia. The highest compressive strength was
achieved in the 7.5% of inoculum amount. The mycelium colonization was weak in the case of low inoculum amount, thus
resulting in the lower compressive strength of the material. Meanwhile, the excessive inoculation amount also caused the
mycelia to compete for nutrients and space, thus reducing the density of the mycelium network structure for the low
compressive strength of the material. An optimal combination of parameters was then achieved to produce the mycelium
composite material: Ganoderma resinaceum as the tested strain, reed straw, and corn cob as the compound matrix, 0.075-2.000 mm
of particle size, and 7.5% of inoculum amount. The high compressive strength and excellent buffering performance were
obtained under the conditions. The compressive strength of the mycelium composite material reached 190.99 kPa at 10%
relative deformation, which was 1.9 times that of 18.0 kg/m’ EPS. The findings can provide a strong reference to optimize the
parameters and compressive properties of mycelium composite material. The positive significance was offered to improve the
utilization of agricultural by-products, such as reed straw.

Keywords: compressive strength; agricultural wastes; biomass; preparation process; mycelium composite material
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