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The characteristics of fungal-mycelium-based composite materials
using spent mushroom substrates of Flammulina velutipes

Gi-Hong An*, Du-Ho Choi, Jae-Gu Han, and Kang-Hyo Lee

Mushroom Research Division, National Institute of Horticultural and Herbal Science, RDA Eumseong 27709, Chungbuk, Korea

ABSTRACT: This study was conducted to develop a renewable and sustainable bio-material to replace polystyrene (EPS) in
fungal-mycelium-based composite using agricultural by-products. Four mushrooms (Ganoderma lucidum, Fomitella fraxinea,
Phellinus linteus, and Schizophyllum commune) were cultured in an oak sawdust plus rice bran substrate to select the mushroom
with the best growth. The mycelia of C. lucidum showed the best growth. To investigate the optimal mixing ratio with spent
mushroom substrate (SM) and oak sawdust (OS), samples were prepared by mixing SM and OS at ratios of 50%:50%, 60%:40%,
and 80%:20% (w/w). Each substrate was then inoculated with G. lucidum. G. lucidum showed the best mycelial growth of 140.0
mm in the substrate with SM and OS mixed at a 60%:40% ratio. It was also found that the substrate with SM and OS mixed at a
60%:40% ratio had the best handling properties. The compressive strength of mycelial materials inoculated with G. lucidum was
in the range of 300-302 kgf mm™, and the materials were four times stronger than polystyrene materials. These results indicate
that substrates comprising spent mushroom substrate mixed with oak sawdust can be successfully upcycled to mycelium-based
composite materials using G. lucidum. This represents a sustainable approach.
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w2kt 22 4dE AYA =™ (Apples er al, 2019,
Jones et al., 2018), FAHE o] &3t B3 4] FollA
HZAOo 7 XE|ZE (Expendable polystyrene)?] 7ITA|
A, F71SEA AA, A2 Fol At

S WA A2 HAAE Ass) 71e3t BlEo] WA
H WpAjo] o ArleR Aejon e, E=EH,
ol T3 2 AL ko] A A&HA Ak
o] 88% oS ARSI 2lom, 1 o]Q]of ko], Fol
T Egste] A7 of 1437 & F=rt AL ok
2 ¢4#A dok(Kang, 2019; Ministry of agriculture,
food and rural affairs, 2021). T=3F %% JakAlel ®
e 2018 oF 2,57 £ At AAkE o w Ak F
e flste] 7150 A=A BelA F3 55 o8¢
BAANE Aoz F43 WL vk(Kang, 2019;
Korea Rural Economic Institute, 2019). WAl #jx]o]
2 AREHe FHAEE v, A, 2259 5ol A
v 2 o]9o AR FAH, WAu vEIYE F
o] ARE-Ft}. 8%l 2] (spent mushroom substrate)i=
A AL T e WA JAES AR 58 2
Hizlol WAL Al 4 F wiA] D8] 20% F=T
o]-gstal U A|= szl Holglon, MAl 1 kg
< Aatsk=d 5 kg X9 TSR] 7F B gk (Kang
et al., 2019; Moon et al., 2015a; Williams et al., 2001).
oA WEE TPl dF= G AYoR
712 4] (Ehaliotis et al., 2005), E%7) 24l (Stamets,
2001), 7F& ALEAMA (Bae et al, 2006; Moon et al.,
2015a; Moon et al, 2012b)C.& &&= F7Hs0] 7}
skal Q. sHA|RE FEkgu)R| o] wiE ko] 0.3% oY
ZAgolls A71EAEE A oAt AT Al A8 AAl
A E e 9 Ak ol st Hof ofF A= W
A A E7E A TR o] MEe Az AL
9l 9] sholth.
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AE i sl FAHARE A9 Aledt SHe
Al wole] LA E Fg-sto] FFo] #AH 7Rk &
A T ZEEER A 55 Atete] AlEFstelr] flst
o 71221 AFE T8I

B AFoA ALEE B o (Flammulina velutipes) 35
A= FHEE 47 A=A Ao o] A w712
T A st ARttt WMol el = A
Hj o] ZHAA 8k £ 279 B AYS AAH MEE L
uom, wixje] FogREoRE FIH u|G, WL,
HEHZ WAy FozM WA Al 57 2k =] A
Z el et A=A

WAL FARA O] ASEHETT iE 455 Adal7] 915t
YA 5L WA BHE 1 HAFEAAY
(KMCC) 7,700 415 Z-ellA g1 H A (Polyporaceae)
o] oRHAF 46 ok AHAR 13 S 13 Al
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S TH(Table 1). AE 7+ 745 PDA (Potato Dextrose
Agar) #jA|el] HFg 5°CollA 797 e Fe st
R, Higo] A5E & 7F #o] HAR AA S SH e

k-4
g
A #F59] FHiAoM 8] A BSS Lol
of ZMR Fubst vt 80% : 20% (w/iw) HIE=2
H Z39, 27 140 mme] HE T4
2 A #FE HESloh 47 HEE
‘CollA 1447k wigFsld om, vjfo] S5 E
21738 AP, Hgh ko] ghsE A
Tafo| QA 6AI7F 71Z A F Eo
2 S o FAHY H=E YeRd= #FH1E (handling
rating) =M ZAFSFA T (Schritt e al., 2021).

AHE 95 #5 FA(G lucidum)E ©]-§3to] o] 5
3130 %] (SM, Spent mushroom substrate)2} T F9F
(0S, Oak Sawdust)®] S3H|&S AR st A 59
Aol 7142 &gar] flste] o] FEFuiA] (SM)S}
- F9H0S)E 27 120°ColA 2087 Hts 5738
Sttt #o] 5] (SM)eF - F9H(0S)2] £%
HIE-S 50% : 50% (W/iw), 60% : 40% (w/w), 80% :
20% (w/w)Z Azsted 27 140 mm FEZ|T)H ] SF
stolom, 7k EqHEo] viAlol FAN(G lucidum)TtTE
HES T 25°ColA 15~30€7F S =335kt vl
Fol ¢kuE = 7 A 919 AR S aAlE
©] #54H]&(handling rating)S FAFSIATH

ol FEFHiA (SM)et - FRHO0S)E 60%
40% (ww)ZE 93 vjAE Axzstal AdE FA (G
lucidum)7#T5 HEsto] Mgt F FAR A AFIA|
H(IL 145cm x W 7cm x D 3cm)d 4EHEE s
O1A1$ 7] (UTM-2020, MYUNGIJI TECH, Seoul,
Korea)& 243ttt Al@<4%E 30 mm min'o]H, 7]
473852 0.5 kg2 2 AlAete] Hd 300 kg7HA FAIE
AU 5 WY olFATE tx AEE A
2E|2F 71Fo2 F7 23 mme] AWl 10 mmE 2%
sto] AT APS T

A EdA] Alzdl Age +FE Awalr] 918t
o] Frdo|W A2 (Polyporaceae)e] FIWHAIF 46 TF
oF AIHAR 13 #79] dAR] ASEEE AN A3
= Fig. 13} 22t} PDA ¥iA] atellA] wieF 748l A
273 80 mm oS YR oRHAF e d8ETE
WA (No. 1, Coriolus pubescens), T-5H (No. 4, Coriolus
hirsutus), XPFA (No. 7, Schizophyllum commune), Y
G AlE (No. 22, Cerrena sp.), A (No. 29,
Phellinus linteus), 7-5<AMA] (No. 31, Trametes versicolor),
OIA A E WM AE: (No. 39, Fomitella fraxinea)2-& % 7
oo, AuHAlE FolMe FANo. 52, G
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Table 1. List of the wild and cultivation mushrooms used in this study
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No Scientific name Common name No Scientific name Common name
1 Coriolus pubescens sgaTEmA 31 Trametes versicolor TFEEHHA
2 Coriolus brevis ) FEWA 32 Kretzschmaria deusta 72 oA
3 Coriolus hirsutus ITEHA 33 Hymenochaete intricata YEIESBARE RS ER)
4 Polyporus varius Ao siAl 34 Volvariella bombycina FuEA
5 Cerrena sp. =R 35 Abundisporus pubertatis BRI AL
6 Ganoderma applanatum PALB Pl 36 Phlebia acerina ol ohHAl
7 Schizophyllum commune XAl 37 Tyromyces chioneus Al
8 Phellinus igniarius & 38 Trametes hirsuta e
9 Phellinus laevigatus ZRFERIA 39 Fomitella fraxinea OTAIA AL
10 Porodaedalea pini ==mAl 40 Daedalea dickinsii ST E Al
11 Lenzites betulina ZIWaEHA 41 Phellinus gilvus nEZ1EHA]
12 Favolus alveolarius HRWA 42 Laetiporus sulphureus oAl
13 Mycoacia uda ZOo43TA) 43 Fistulina hepatica AEHAL
14 Pycnoporus coccineus Al 44 Trametes gibbosa T
15 Inonotus mikadoi SLARA] 2 A 45 Piptoporus soloniensis AR AL
16 Inonotus hispida S A 46 Onnia orientalis ti7uiAl
17 Inonotus xeranticus FEAFH AL 47 Pleurotus eryngii Hu
18 Inonotus obliquus PAEGBARARS USR] 48 P. eryngii var. ferulae ol el
19 Oligoporus balsameus AzEEHA 49 Lyophyllum ulmarium Al
20 Daedaleopsis rubescens E=AHAL 50 Flammulina velutipes o)
21 Peniophora incarnata LARGR AL 51 Ganoderma applanatum RS2
22 Cerrena sp. ges 52 Ganoderma lucidum =]
23 Fomitopsis pinicola AR AL 53 Hericium erinaceus EEgdouiAl
24 Schizophyllum commune XA 54 Paecilomyces japonica TEEEIR
25 Irpex lacteus 71AIEHA 55 Sparassis crispa ZxouiAl
26 Neofavolus alveolaris BRI A 56 Lentinula edodes v
27 Inonotus cuticularis A AL 57 Cordyceps militaris W7 1553
28 Trametopsis cervina 2R AL 58 Pleurotus ostreatus =)
29 Phellinus linteus AFHAL 59 Agaricus bisporus OFEo]
30 Coriolopsis strumosa 71EATEEA
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Fig. 1. Mycelium growth of selected mushroom strains used in this study. The result obtained from three replications (n=3). No

1 ~ 59 indicated the number of mushroom strains that shown by Table 1.
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broken

Fig. 2. Growth of four mushrooms (1, Ganoderma lucidum;
2, Fomitella fraxinea; 3, Schizophyllum commune; 4, Phellinus
linteus) on oak sawdust + rice bran substrate for 21 days (A
is a front-side, and B is a back-side of substrate).

Table 2. Growth of mycelium and handling ratings of four
mushrooms on oak sawdust + rice bran substrate by mixing
ration of 80% : 20% (w/w).

Growth of mycelium

Mushroom (mm) Handling rating”
Ganoderma lucidum 140 + 2.89 ++++
Fomitella fraxinea 125 + 1.16 +++
Schizophyllum commune 140 + 1.53 ++
Phellinus linteus 123 £ 0.71 0

The results are represented by the mean £ S.D. of values obtained
from three replications (n=3).

20, sample broken; +, large damage; ++, medium-sized damaged;
+++, Slight damage; ++++, undamaged

A7t dgaiA & ASsheAodl tete] doprr] 9t
P B mRS 80% : 20% (w/w) HI&E AR
stal 7142 g3t JEE 475 9A (No. 52), of
TIAEHA (No. 39), XPFHA (No. 7), “d5H A (No.
29) 4t ol om, v 149K FAM S-S AR
AFHE= FANo. 52)2F A (No. 7)°] 3RS
), T2 oA EH A (No. 39), &34 (No. 29)9]
<=0] I tH(Fig. 2, Table 2). T3k vi<F 21LA ol 4 &5 &
T Y 2¥o] AR 9 w7kx] Ak ml
o] 5 ¥ 7+ &A= 80°ColA 6A1ZF AR § ZF 4]
HAFHES AR FAF S A 02 A
S o) B AEE YePH O (Schritt er al, 2021),
PR #FNo. 52)7F HEE A7 7P HFHE0] =
oteh, WA | A A (No. 29)2] A €07 wgs
AA FAAE 54E veiH 7P B HEPEE o
ERTh. ohdst AR Al AT T 2Tlde 2 5%
AR A Fgel] o] st on, FE JARF,
el et 22 WARgto] 2 AREY 23 Qlth
(Vandelook er al, 2021). Schritt er al.(2021)°] <3}
TAR] ASg el gARe] Hrels Azt flod,
e 2 We] #ArL el HEh)ee e AdaA

R=A

Fig. 3. Growth of mycelium of Ganoderma lucidum (No. 52)
in each substrates (A; spent mushroom substrate 50% + oak
sawdust 50%, B; spent mushroom substrate 60% + oak
sawdust 40%, C; spent mushroom substrate 80% + oak
sawdust 20%).

Table 3. Growth of mycelium and handling ratings of
Ganoderma lucidum strain (No. 52) in each substrate by
mixing with spent mushroom substrate (SM) and oak
sawdust (OS) in a ratio of 50% : 50%, 60% : 40%, and 80% :
20% (w/w).

SM (50) : OS (50) SM (60) : OS (40) SM (80) : OS (20)

Mycelium growth (mm)

7 days 55.6 £ 1.00 71.7 £ 2.65 56.7 + 2.89
14 days 108.3 + 0.58 140.0 + 1.16 103.3 +2.31
Handling

. a) +++ ++++ +++
rating’

The results are represented by the mean + S.D. of values obtained
from three replications (n=3).

2 0, sample broken; +, large damage; ++, medium-sized damaged;
+++, Slight damage; ++++, undamaged
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o] dist Al8e] AXFTH HEE AT A, IR &+
F7F =2 A 95 E YERH AL JATH(Schritt e al.

TEFMAE FAHA BdaA] 71E =2 &8-ah] 9t
TR (SM)9} FH FRH(0S)S 50% : 50% (w/
w), 60% : 40% (w/w), 80% : 20% (w/w)2] E3H]&=
Azate] A #5720 A No. 52) #FE HES §
25°CollA 15~3097F e 33t A3= Fig. 3 %
Table 33 7T}, vj<ko] k5 ¥ - FAA| O ASAAHS
FEFHIA] (SM) : U FHH0S) = 60% : 40% (wW/w)
SRl A 71 o] 3 Ao R YEsiTE B
a2 W gs F Axg ] HEPEE MY w2
2o & LErsttt

T A (SM)9F FhHE FHHOS)S 60% : 40% (w/
w) &2 sk vixE Alzsta AdE 93 (No. 52)
T2 HEslo] wjkst AR 24 AlzbA | gk oF
T2 243 A7 Table 49 2th. A 2419
Aee A s5elA 300 - 302 kgelRow, A
A= 533 — 6.53 mm (Breaking point)Z UEPIT}.
g A7)0k T SEEE A dFYES
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Table 4. Comparison of a compressive strength of mycelium materials (MM) and styrofoam materials (SM).

Sample 1 kgf 2 kgf 3 kgf 4 kgf 5 kgf Max_Ld" Brk P”
(mm) (mm) (mm) (mm) (mm) (kgf) (mm)
MM 0.2 £0.01 0.4 £ 011 0.6 £0.21 0.7 £0.21 0.8 £0.20 301.3 £ 0.95 6.1 £ 0.67
SM 0.2 +£0.10 0.4 +0.17 0.5+ 0.20 0.6 £ 0.23 0.8 £0.27 74.1 +7.93 9.9 £ 0.01

¥ Maximum load
® breaking point

9l Ao tEh} A% oA 10.0 mm P F
N R SRS o]} e AR o)

HollM = S| 23500 H]
o

ORIl & AHAE Tl o] S a5
Akstz] f1ste] PDA HiA] ZgollA] Al&o] wE 9 75
Abstdct. iRl . FAR e A o
®7] ste] Ty F83 v 80% 1 20% (wiw) Bl&
2 EFS wixelA At X whA (No. 7), A
(No. 29), oI AEHA (No. 39), 9A (No. 52) 4F5
HEer 1447 migst A, A (No. 52) #+72] #A
A Aol 7MY st Ao® Yepgen, 71d Ax &
AFHEE FAMA FAAE B Fet iR A 7S 5
oA, FEFHIA (SM)SF Fhr F9H0S) SIS
50% : 50% (Wiw), 60% : 40% (w/w), 80% : 20% (w/w)
2 A& Azt AT #52 A No. 52) +55 &
Fato] Wit A, A A73e FEFEA (SM) ¢
R ERH0S) = 60% : 40% (wiw) TR oA A}
A S FHAFHEo] e 2 o= YERT YA (No.
52) #E FEshe] mget FAR A ARAES] QF
2715 300.7 — 302.4 kgf2 2E]|EEo| Blato] o 4u)
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