[ Downloaded from jhre.ir on 2025-09-23 ]

Housing and Rural Environment

Print ISSN: 2008 - 4994 Online ISSN: 2588 - 6215

Homepage: https://jhre.ir

Applications and properties of mycelium-based bio-composites for
sustainable building materials in rural areas

Siamak Salami', Mostafa Gholipour Gashniani®®

1. Master of Architecture, Department of Architecture, Art and Architecture, University of Mazandaran, Babolsar, Iran.
E-mail: siamak.salami@gmail.com

2. Corresponding author, Assistant professor, Department of Architecture, Arts and Architecture, University of Mazandaran,
Babolsar, Iran. E-mail: m.gholipour@umz.ac.ir

Article Info

ABSTRACT

Avrticle type:
Research Article

Article history:

Received 15 May 2023

Received in revised form 31
December 2025

Accepted 21 May 2025

Available online 30 June 2025

Keywords:
bio-composite,
mycelium,
sustainable material,
rural areas.

Objective: In recent decades, rural areas have faced challenges that threaten their survival,
making them increasingly reliant on innovation and new methods. Consequently, rural
development is now more closely tied to entrepreneurship and tourism. Combining these
two activities to create sustainable products is a practical approach that can support rural
growth, raise awareness of sustainability and reduce environmental impact. This paper
introduces the production and application of mycelium bio-composites as a means of
revitalizing rural areas.

Method: This paper is a review study based on open-access sources that examines the
properties, production methods, advantages, and limitations of mycelium bio-composites.
It also evaluates their potential to promote rural tourism and entrepreneurship, and
highlights their applicability in sustainable development initiatives.

Results: Research into mycelium bio-composites is relatively new. While many of their
potential applications remain unexplored and some challenges remain unresolved, existing
studies have provided valuable data on material properties, production processes and
commercial applications, such as in packaging, insulation panels, wall and floor tiles and
furniture. Examining rural entrepreneurship, tourism and agriculture, timber and
mushroom cultivation highlights the potential of using mycelium-based bio-composites for
sustainable rural development.

Conclusions: Mycelium bio-composites are highly promising materials that possess
properties similar to polystyrene foam, MDF boards and particle boards in their basic form.
The main advantages are the use of renewable raw materials, low energy consumption
during production and the absence of environmentally harmful substances such as plastics
and synthetic adhesives. However, challenges such as consumer acceptance, variability in
material properties due to their biological nature and the need for standardized production
guidelines remain.
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Introduction

Over the past few centuries, the industrialisation of materials has undergone three major
revolutions: the steam engine in the 187(th) century; the rise of electricity and mass
production in the late 19”(th) century; and digital technologies in the mid-207(th) century. A
potential fourth industrial revolution, which reintegrates biological processes into industry,
may be right ahead of us. The current linear resource-use model (‘take, make, consume,
dispose’) is unsustainable and leads to issues such as resource depletion, climate change and
desertification.

Growing environmental concerns have shifted material research towards renewable
resources. One promising approach is to use waste from various industries to produce
sustainable materials. The Cradle-to-Cradle design model promotes regenerative product
development that considers the full life cycle and environmental impact of products.
Similarly, the circular economy emphasizes restorative systems in which resources circulate
through biological and technical processes.

Mycelium-based bio-composites are an emerging class of low-cost, eco-friendly materials
that are gaining attention for their potential in sustainable construction. These composites are
produced using low-energy biological growth processes involving fungal mycelium and
lignocellulosic waste, such as agricultural residues. Despite being in the early stages of
research, they show promise due to their thermal and insulating properties. There are ongoing
efforts to improve their mechanical characteristics and standardize production.

This study explores ways of using available capacities in rural areas to produce sustainable
mycelium-based composites, thereby aligning material innovation with rural
entrepreneurship. Given their connection to agriculture and wood by-products, producing
these composites could create jobs, reduce migration and promote rural development.

This research investigates the material properties and influencing factors of producing
mycelium bio-composites, as well as providing measurable data on key performance
indicators for practical applications.

Method

This review-based study was conducted over a period of approximately two years.
Information was systematically gathered and analyzed from reputable open-access sources
using the keyword 'mycelium composites'. The research provides a categorized overview of
the definition, production methods, advantages, disadvantages, and physical properties of
mycelium-based composites. The aim is to establish an initial scientific framework for
individuals interested in bio-based materials. Additionally, the study explores the potential
role of entrepreneurship and tourism in rural areas, examining the feasibility of mycelium
composite production as a strategy for sustainable rural development. The study not only
addresses the physical characteristics of mycelium composites, but also investigates their
practical applications and the feasibility of implementing them in real-world settings.
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Results

Over the past decade, research on mycelium-based materials has accelerated significantly,
resulting in the development of various materials that have been tested using different
techniques. Mycelium composites are lighter than most wood products and can compete with
synthetic foams in terms of weight. They have tensile and bending strengths similar to those
of polystyrene foam, but are weaker than polyurethane and wood in their initial state.
However, they offer a significant fire safety advantage over synthetic foams, establishing
them as a viable alternative for insulation materials. They also perform well acoustically
compared to untreated foams and woods. Their biodegradability enhances their potential to
replace polystyrene in specific applications, thereby aligning with sustainable material
strategies aimed at reducing environmental pollution. The production of natural polymers
requires minimal energy, and the resulting bio-composites fully support these eco-friendly
principles.

These composites offer comparable insulation properties and improved fire safety while
having a minimal environmental impact compared to products such as polystyrene foam and
certain types of industrial wood.

While mycelium-based composites have certain limitations, this study suggests that their
potential in conjunction with rural entrepreneurship, tourism, and the agricultural, wood, and
mushroom cultivation industries presents a promising outlook. Simple production methods
allow waste materials and by-products to be transformed into valuable, biodegradable
products through natural fungal growth. These materials decompose naturally in compost
within months at the end of their life cycle. This process offers a positive vision for the use of
mycelium-based bio-composites in sustainable rural development, where low-cost agricultural
waste, such as wheat husks, can be used as feedstock to create an expanding value chain for
affordable materials.

Conclusions

Research on mycelium-based bio-composites is still in its infancy, with many of their
potential applications yet to be explored and many challenges still to be resolved. This
highlights the importance of further production and accurate testing for a broader range of
applications, particularly in the construction industry. Previous studies have provided valuable
insights into the properties of these composites and the key steps in their production. They
have also shown that these composites can be tailored by selecting appropriate substrates and
fungal species and by controlling growth and post-growth conditions. This enables them to be
used for specific purposes. However, the process is complex due to the numerous variables
involved, including the characteristics of the raw materials, the fungal species and the growth
parameters. Despite these issues, simpler methods for small-scale production exist, offering
potential for sustainable development through bio-based products and the circular economy.
In summary, mycelium-based bio-composites have great potential. They have properties
similar to those of polystyrene foam and MDF, but the advantage of using renewable
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materials, low energy consumption and no harmful additives. The main drawbacks are high
water absorption, weak mechanical properties and instability in their initial form. Addressing
these issues through tailored processing methods is essential for improving their performance
and suitability for specific applications.

Author Contributions

All authors contributed equally to the conceptualization of the article and writing of the
original and subsequent drafts.

Data Availability Statement
Not applicable

Acknowledgements

Not applicable

Ethical considerations

The authors avoided data fabrication, falsification, plagiarism, and misconduct.

Funding

This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Conflict of interest

The authors declare no conflict of interest


http://jhre.ir/article-1-2439-en.html

[ Downloaded from jhre.ir on 2025-09-23 ]

Slwg y Gl g1y 3wl Tlao ddgi 99 (o galuano SO ) guolS o 0195 g LS 945

T S 118 e ! M Sl

siamak.salami@gmail.com :asbll) .|yl il )]ya55ke oKl ¢ g jlone 5 i 0aSiild ¢ g lone 09,5 iyl (ol S .)

m.gholipour@umz.ac.ir :asblly .\l ul udsly 505500 olSKils o ghlaro g yiz 0SSN ((g5laro 05,5 )lidbiuw ¢ Jgfumo okinm g .Y

oW o SNt
& di g adlul jlad 4 1) Lmdi Sl pglts &S Whoads S5 b blivg, 4slS claamd o 1dad llio go5
Bgy boliog) dawgs cycnlil Cusl 03,8 atunly min Gbaghg) 5 banld wYgame 35 gyl «s)sles g Al

ohely SVgae alg sll) 3 (L 5 885 el 5 cad 038 Iy B L (g0,
Ol 5 sl dngi 4y G (BT 5558l 3blie dngs 9 05) 4 Wl o & cel (ilale (50,
dlae plyisd (ogbue Gacujorelion (Syme dlie cpl Ban plply bl S5 ej > colo b,
ol liasgy (5 ,553,5 (slbdsgazmo 5 sligy (slacdl 5 byl 5 edlitl 5 455 g5 5 b

b abe > (oshune SCujopelion b laspe SMl o 3 g col y900 Gimgly cul SRR (P9
ol oa aiSlyyy gl (So3d slaShy aalee g Llje g gy LS 4 g odd )y ] Ly
8y lsisdr oy, 5835 5 L ELE anwg )l Glsisar dlge ol 15 bty Gizmen
ol 4855138 () p23y90 35 dlge cnl 35 Gl

O lee 5 4 litl ol o iuilty | ()l & Casl (ogi90 agrlus (lacy ol Biios (AL
wegat d gdte OleMbl 43S Gy ST A sl iash 0 de3gcpll bl cunl otile (Bl onis |
oniman 9 lge cpl 1 1 pre Jelse 5 LaplS osad 1 polio o8 g odol s 4 dlge ol sl S
2 Ol Wi 9 S g 5l Sl jidy sle slady iy 35ko g )5 (S 53 (65l ooliinl bl
Opmen il Slge (ol (65 g 35 0 uslie (laie) Wl oo &S el a8)S )18 o Sitaghy s
J odlil Cuop @B (hygn 9 Srer «SinliS Gl 5 $SB05 (aligy LB )y
jliee dtaz |y (g 3ble )3 b g lp (saslse G jselS 5

psp Wilo Sluogas gl clo > o win Vb iy b (0lge (coprluse slocajgrels 15 S doesld
oo adgl dlge 51 edlil dlge ! 4 o o Lol Cuje g S5 Les g MDF (slaaiss o plil b
Egae Sy § Spiedhy Wil Cajlacee ly (il dlge jlesliil pas g a5 dwgn 3 oS 5]
@5l g () Caple ddagil dlge cpl olsh (SIS £ S Bpan Bk Wil olaille (pizres
2 ooshune scujanelS W gy (gpmle (gl ey (Jlapll ) e Mg 3 lulinl gla fesllygiwd
g odlaiw] Sly9 dlaidl g )l drwes gliwly jd Jlgs oo 4S5l 22 B wlide

VEV/YIVD 18l 0 & U

R ARV AR FCS PP PN
VECE/YIYY 2 iy g,
VE¥/ ¥ A LS g b

o jlgads’

o joenlS o

ol
Ly

9 u&«.‘a u;l:.\»,) d.‘ol.m le)" )lAJl{ EE]LAA A.J,J‘ 2 @9‘31““3“’ dlmc,u“)wlfeﬁ.» uo|5> 9 Lh.))g)lf (\\"\‘) u_ﬂ]a..a.a :@L.m}f )x‘_AE ‘&Luu :uaMm :3Uw!
APV oF (180) FF (g, Lo

S lhwsiS slasiloms g posiue | oabaiils SOB )| pdlas jl (650,00 (Sriw e lais b (oM Soluaw L)l ool )l 4oLl 51 a5 5 allio oyl
sl 04 plosl lhasjle oKy jd SLidS e B8 dlrae jiS5 pleinly b a8 conl € odlls b 3l e (b cas

5

b @I,M, 0.y 1l



mailto:m.gholipour@umz.ac.ir
http://jhre.ir/article-1-2439-en.html

[ Downloaded from jhre.ir on 2025-09-23 ]

VPP 390 o5lois FF 090 Liwgy Lo g ySomn a¥

doddo
S a8 53 )10 y5ige gl CuwsS Jood il 035 68) |y (ol Jpo0 dw dlae (8 mio 3l ()8 x>
S92 w23jg8 (18 ) 098l Mg ) (Sl glaygige ()4 S5 egd )5 walS |y Sl (95 (wile ISl &S
o)ig> 9 Ml Lo 59y ey Cuwyd Nl oo piler ixie MBI pian (18 3 JUemd ()5l 5 ALl b culesyd
b > o Cupte (Hebel & Heisel, 2017) 1S 5)ly Lidlo 5 Linio olan 4 |y oSejdsn sladin
Abj @3 5 gl @lie (e (nl g Conl €Il 193 9 Bpas sl Jao it WL 5958 eloab(golaid]
(Jurgilevich et al., 2016) 5,5 o ,a 3 oo S ad)le zd ok 1) dgamels

8 yorky Slge 51 ool Cuows & 3 Blge U laipo Cliind (635 Crr e jlase o )35 (938l59) oS ad gl
23,59) J (Sl glas Mg cue dlite glio Gluls jl edlitl 5 cunl 485 Gow pphiod plie I ol
o & Y guame b Jhe ] o jlae bl s 40 2T 5l clalis g 039 5 ymS b 3 ol (605,50 &
oy IS 085 5 )3 b b g a3 (¥ puasne siwign (b (sl (g o) JS8) b 52 2 5 ol
9 Ol Bpae «(6y90y0 piobass slags il 5l ooliul bl cubls olge codw (jludiny & Cuwl Jpamo yoe
2 Gla g5k Cute Sl b (SK5ggn dlge i slads iz 2L ol Sl Ban g 2,8 e s 1) elata] Clgine
(Wikipedia, 2021) caul il Casdlos g o jlases o6 ygl3g0

Loy dnols bowg (clad o Opgods @l ol 13 &S Conl Lowoy pianw o US54 Jlyed dlasdl (Ko ele
e dyillan! lans ) g5 ko nnb sladilyd (s, el (GTEYSON, 2007) Lisd o Lbil3y srhesdbon ccloazld
aS (Appels & Wosten, 2021) 1S o Jel 1) (Sigdon a0 9 b5 (6550 plo | odliwwl ¢ g5 5,bjl
oS Klosd (glod s Y95 jlod baliwg) pols pac 13 8pS (o b iy (il 2 58 pasbuse Al 2 oy jorelS s
03,5 dtuly it slagdg) 9 laablb Y game 35 glil (gl g5 4 1y o] 5 cosl alil s 4 1y bl Ol pglas
i Sp 5 o (AZIZI, 2012) sl 03,8 gy B poie b (503,58 Ligy oty dmwgi gzl e
Wlgee 2 BL slacuo b ololid oan a4 cudyls pl ) sy odlisil 5 sl (55)5lsS oliog; blie laced b
55 dyde Jelto 51 (ol 2l dive; 5 (ANbari, 2008) 1il ololisg, & loe Bgy Lials 5 Ll lizdl oy o, Kal,
Aoy Gl )3 g S Joo (oolaidl i) g dlaidl o €dgdke dilod b €o5JlS» lgicds wlgy o 81,8 sl
JSito 95 4 1l 3,5 0 g aliwgy 0 oS Slacld IS sbay (Alhorr et al., 2008) il 38,56 15 o
b ol ool g andls a3 Jlnsl sy (@Y Sy &8 ol (2lleb (68535 9 a3l oSy gl 48 9 o) (gl
(Ghanian et al., 2011) sjls lsen |, obwg, b Ay e Mg o Lo (alp lgea o3l
I8 Silocsybs 5 Gimggy odilé argidy5e S Slucunj g Coddili)l sy (sdlge plgisd (sossluse Sy oS o
Gkl (559l Sasilony wble (s glogiSd (sboyiun 3 £)8 posluce (b A3, I Sopa b dlge pl 4 S
2 0jg cnl > Bpiagg 510035 (0 Cguine (Sgias whae ol (LRl 5 Nedie W G leS gl
(1 S b 39y 0 sl g Cunl Blge pl (ile g (Sl wgllan 3Sles oaimd L gl @bt )l 18 4l Jolye
(Girometta .et al., 2019) Wb d9u0 o oyl g5 s0lys 5 Sle sla S

Wy sly aliwgy 3blie )3 39250yl Sl Glgiee 498e» &S Cunl Jlaw cpl 4 Gl (8L s 4 asgerme
9 opbuse Gaujoelon cals 4 ¥ JSB b 3l > (S €02 ekl egdins Jlul Elas
orped g ol 2 HS,8E Jalge il (sl Shy 5 Lolss Lol ol ) g Casl 00 4y ol (2,08 (sla sl
oodly Cygods SleMbl (558 d)lse p 0gMe Cunl 0l Byme dlgo pl (655 K g gilwodlel can ol )Kal,

1. Cradle-to-cradle design


http://jhre.ir/article-1-2439-en.html

[ Downloaded from jhre.ir on 2025-09-23 ]

40

S 593 B g (o | liwgy Gblio sl Sl plao ddyi 40 (cogilinio (sOCY 910l 0lo5 g 100,015

ol 00 03laiol 35 dlge pl Sluogad yipy Syd Cas (5501l LG

P

N

oﬂ,@f “ e)‘xj

solel :;; Sy s A s —
st - S ¢ ole -l o jsealan
AR sl tgelonss
P Ko S Caglia G e eiseelS st
S =S Caagike S il b
o e > laa Py S ol
Fmt B 535 00 S i SR Fels
ol ois Slalea
' o) ye plheas
25T i 5 3,SLes
Wlgy9a e 5 Sunglia
& 4

Girometta ) (iagsy (2l j3 oiwd o) Ologdge ¥ S Uoylod (H1hb o2 )lea 13 (59 (Rjglan glrasa ) UK
(etal., 2019 0,15

&32 ‘":.m:
o9abn (SBCG j9r0l g CE U (gl e
ordgite yoak b ) yosk S g 3 85 S o by 390 i ) BCG joralSTgm (Y4 F) o))lKan 5 TS0
o jaselS opl 13 )50 eouan linl 3959 o yw i ¢(Dicker et al., 2014) 54 Cogs anb B bwg us)
D)1 3929 (SS39lam dlge Cil g 0 slaeuaslS )l (65 5w Lol Coje aw (LU etal, 2014) 1S o Litus o 1,
Sl 5l & b 8l (slaanls (] ) 36 (Sogll Jrals ammys 5 JBgJes 4 i pas 5 os: dlge I ool
Spas o) bl Gl Slge (KPS a4 eadasle blge cudSiL ol 5wl ©xSsle Y
.(Zolotovsky, 2017)

P Gl S Qg 8 ) (S S g wliscsn, 0 0b) g95 & wn | gy Shyzge big
g oS WSl o3l gyldle glapendy I plsass b xie SO g (lbrar et al., 2020) k)l 1) xwy bl
S Cngli by 8ISl (closle o (ZOIOtoVSKy, 2017) an LS Jsko o)l )5 ¢gbe asile & st lj5S
(¥ JS.3) (Bamba et al., 2017) cuul JbIES -/¥-5/1) Y
lolgss el b S lgnasT § b jaso o bz, dan Jledle doly a5 cunl K& gldlg) (glas, s LS o
3 s s 45 Sy Jald g i3 n S5, (4556 (sl o o) pashie 45 23 3529 4636 > a6 ol
2e g 3ol b Sig)sSolS (ol (o ljgiS egile (slayiig dagSslS ale Sod (slany Bludy g Sl edmy
0oles b podice 45T Wad o el dlgo oyl (Bartnicki Garcia, 1968) cuwl b 59 0sSlS 5 uap (8 eS
o2 3] g5 Aawgas poslume (ApPEls et al., 2018) wib aisgs 9 Lo dile (g ghwgiSd dlge wlie Jgere Sl
I8 oolailyyge oz, B (gly (gdse dlao lgicds Wil o &S WS o bas (gpoole gl 4 1y calise A5 gl puw
Vldal') RV R uu.:‘).‘)l u] a9 & .)9.0; 9y Csz $9y ¥ A.\.o) l: 1) .)9> o.)yu.wu) c)‘y: d’] )l odlawl lJ l.mc)lB 9 .b)..f
P izt auss 93 obly 45 cowl jgeswl] poslune sl ;I s S .(Diez de Ulzurrun et al., 2017
loaSes S o wal 1) S)j (slaaSid sl Sl &l pode g Ay iy A Rl 5 o0 4 e
Wit e st |y IS Fan Ay el ol g Sgd e calisee sblis e Ailsts (cdie dlgo 4 3ad e el 53
CrnS) e o3le Nlatwgn wb 4 aaisy den aSxljl g w8 o Sl (65698 poslune 4 Cunl ! jeeginl] Cute 500

2. Dicker
] latun (b (g)d 065 dun pl a5 g ysbody 039y diwd (gl)b linle Johe 45T W] Slrgnge Y


https://fa.wikipedia.org/wiki/%D8%B3%D9%84%D9%88%D9%84
http://jhre.ir/article-1-2439-en.html

[ Downloaded from jhre.ir on 2025-09-23 ]

VFF A o bl FF 0,90 liwg bauzxo g (Ko A4

.(Ghosh, 2019 as cited in Carlile et al., 2001) 1] o 3935 4

Mycelium Hypha Cell wall

(Haneef et al., 2017) aliseo (b wlde ;5 @orne Suilowd (yilod ¥ JKS

509U (05)leS ladilony g (b (LS Jold g st (nj 59y 32 () @lie Pyt 3 1 o Jshogi S
o o.\...S)., 9 4\.5..\:0 s ulﬁ‘-c‘\-’ )]9.a d‘ "\"9‘*’@ LS)L’X, dl.h).i))9.) 9 )&uu ey ‘U)) ul:ul..o )A.'a.t (D 9
5 by a3l Carge &S D)l (St (Liidg: (530 oliee 41 Udes dag] (i85 5 Kigy0 ) 41 oslae SlocajselS s
(Jones et al., 2019) cul (5558 (SlSe olsd dome Can sl slo 53938 9 (1))

ol 3l G e oS canl opl cusal Bl SS9 Canl i old L ¥ SS 0 cegrlune sy jeelSen Mg alye
Shsy Slosly plol a5 Sligios g o) Sen 5 Sl usl plogl LB caliee oSS 5 b ySs, jloslizal L sl
ilodges Ao 5 ol (Do |y oyiwd > mleo )3 de350 cdle S

5l eddy claadid (cdie dlge (gols BEilejl (slacd b uSle cowlio 4335 s 5 Sb oo balyd 55 posline
O o ) Glp g odlel @Blbas, JB l (Red e S L g csdie mlo slagke (glie sladly
3 85UsS sla gy 5l eslaiwl b 0)la 1y pasluse 44385 auio 5 008y i S (g olwaiS s o ytre (slpunslS s Seo
odlol Jgl sy )3 45" poglae L 3l (hume Jlaie 095 (455l A5) 339y (o ) (So9I] 51 35 00 Sy il oM o8
@ Sl odid Cobo po oM gl Alewsds 3,5 byl 51 8 s (ST 00,5 o a8l] onds byl (oo S s 4 ol
29 08y (glan )3 SeB BB idey o b e 9 25650 1) i g0 JSB U 3580 0 il GBS 5> ondigmdls
lol ol wiy dlsyo 93 50 lov o 1y oole (pl S o by 0db S baso )0 yiaw (950 podune 055 0 58 Sb lae
N Sl aBlad) dlge Sy g b SeSome lp (B )l 0)90 Ko (o e 9 S Ll B (9
Slaogas 3y sl 295 05 ol Gl (i g 1l GbL 43y Ll b Nsde Sl (il e led 3 celo
auJl [(Elsacker et al., 2020) 55" oolatwl 35 (535380 slgo b o jijloy eleil b g aiidigy sy 5l olg5 oo iy jamels
MF ol dxd Yo B YY) o g Conl Golite (K00 465 & (laisS 5l dag )b Cgllas wdy baylyds a5 Cowl S5 & p3Y
(Appels et al., 2019; Haneef et al., 2017) cuol jop> Voo BVe oy Coghb,

Slyr @esie 00 g g lp @peyie Vo 2gas Colua (s So S plie g claolliylojl g g 1) bl
Y. ‘P?f-‘l"‘“f doyd O L)m P?‘J‘W P (e .)19,0 J.Jy LS‘)" RUVOVE-) J.Jy )‘ o LSLQ.L.:')B 9 u.))f S W ‘d)b‘{i’
(Bruin, 2018) el jLisyg0 aislyd Jobo 5 Ol o yd £0 ¢ yud oy

g 5 3,5 3,8 hindin slapsd Mg Biaes pils Jb 3 oghune sy sl sm 3,5 Logas

4. Elsacker


http://jhre.ir/article-1-2439-en.html

[ Downloaded from jhre.ir on 2025-09-23 ]

v S 593 B g (o | liwgy Gblio sl Sl plao ddyi 40 (cogilinio (sOCY 910l 0lo5 g 100,015

&Mk pszen 2blie el Sl e 29000 Glabio o o bl daggle Al (dlojluyt g JoSo slaodlisl 4 1) Lo
Jones ) A.Z)b )L\:{Lﬁ d}bol&;&b o.\:.ﬂ 5 u“)-"]w‘“ dl).g u.:\/b J.uul:; .)]9.0 L'):gl 0dlw .\J}» Ol&o] 9 u»l.» A 3 ¢ S
.(etal., 2020

‘55Lwe¢b|5¢$)gﬂé,3+ 2, + =l
b o b s s adyl ot sela 539380 s o5 esbal
e 23l o S5 e el STV (B
poeke 035 038 S lana F— O
31 Sasme sl ~ol82s 31 aslizt Pyas 53 48,
= S 5 sl
Saz g olye 5 o8l wle pla o) dlge Jlasit 9,8 wusb) adylas, )
o Sy
Al 2l Sew e Gl n 3B @ il @ Vb sl Th paele e
Slga 53,5 oolal o 9ol LS sy Slakad 3l ooliz JRY PP VR J lase 5 calie %2 o > -
958l
slass & Loss Sest Slge 5 SaS ey S Lolewss s st ’A e
stband 3lse ol & dry
a>g b il Sy S o) S oS ST g g = 5
A 3590 38 Sdge A3y o ki

soghmrs SBCG 590 g dlgi ol oty £ UKW

sogtbme (L0 5000 S S 59 9 ol (o)
g ool 9 35 o Ay 55,508 (5 phog S Sl 5 il N game 53 (opss slacujonals i 41 sl
gl calo )3 g)cnlil ciiun 5) 8L 5 oI5 G959 ale o3l (slosid aloxjl bag )8 sl sllas (sdne Slge 356 Logas
Elsacker et al., 2019; ) 5445 oo ookl S o 56 |y (18 5 Jolo a5 Mt Sauwgy slog)B 5l Joomo sy
ol o] oaimd oS5 sl dacyjguels  SlSe Slusgas p posbuss wib joguad 1 vae 4SS (Haneef et al., 2017
oels " Sl g "oy Jlail (alge o 255 glyil ) plate 5 aw Jols 2l e Cs i g st slaeSis
LBl s (8 Colie g 08y oSy 9 B Sl (Jole o)lgd el 3 cwlul glacglis gl g Ngd e
(2l Age slaaiss sl oad S layl g9 aw ya b g Wge slaaiss 5l ks Wil . 45 (Jones et al., 2017)
odle Cuoglio Hhosge snad Jlail sladiss Wi (g9 (Sl 3 Sles (gl 5 diwd puwdbgiow (g9 o JBo5
o o A5y a5 5,5 by Wb pardune A3y lime (ogas > (Bayer & Gavin, 2016; Jones et al., 2017) siws
bl wbse Rl S8 5 5issd gl wgm domiiys g oad SUI g JB (glad (ials g dlge cuoglie iul38l &) poxie
oS (o )by Rl g (Sl (B dgug 4 g AL oIS gl (BB oS g ol o5 4 e d I A3
(Yang et al., 2017) .i salgs S o

@l ol o9 glie 13 0lge ] Slaoguad p lacy ol (ol olss 2 solagiS st b Al o)Ll 45 oo lon
S sbdwiin 458 )0 oadus (slacyjemelS  chad Coglio p 6yl wlyd wiin JS5 wsle Lolgs sl 1)
Wi o dgut 1) (shed Oluogad ) g glaw (LiiS Cluogad wb IS Caa > (M guer Sjge
Mo HB1 45 345 0 yud oo 3T 55 g ool 4 yoxie dgn (5 y%0 40 gglaw 4 3L A3, Lol (Parikh & Gohil, 2015)
.(Jones et al., 2020 as cited in A.K. Roy, 2017) »;lsl o jlas & 1) 39550 SLUJI

ool (JPS Il & Gige 4 o)l g8 blo)l e ojlul 5 S Glise b (dsite Slge o)l ol
9 s Slasgnsd 4 3 asbid, glbcojeels o)lis >,Slee 4 (Ashby et al.,, 2018) s> o ials 1) Sl
Jones et al,, ) o)l (S auly b > ol Jdso Liulisl g gyl bwgd yiaw o )59 43 )3 i oSy dlge S5

5. Basidiomycetes
6. Generative

7. Binding

8. Skeletal


http://jhre.ir/article-1-2439-en.html

[ Downloaded from jhre.ir on 2025-09-23 ]

VPP 390 o5lois FF 090 Liwgy Lo g ySomn aA

(2020

2B cov yuiy aSl 58 (b)) ja 398 olss b oS 3 wdbad; egbune (slacujamsls aiS olys
a5 w51t osshuse 45 S dbxl gy Lolul ol 1 0S5y odle Cangliio 1 sl Stasg 3l 5> posdune Sl
Wl ol 42 dlge I (B sl bgyB lp gdie Blge (gols bl oSy iy (oIS oled (Sley ST
555'5,3) g6 e (siho Slge 186 Vgann citun Cli (33 4 jaeS’ L 4 45 (5l Clali 5 (oile Y gaes
(Faruk et al., 2012) situn (i 5 Jsbo) 5 o oo (53l s (295 > 5 At (55 555l5

Jie (2bloy Gasbojl slge 13 Lo)S 1 j cuwsl o5 ()l (2bloy oGyl @l dlge (ol Slo Sl ol pogad
) 3 Sy ol s Cwl WIMK /YA 5 ¥V i 5 4y adind BUI g Shw iy )l (2bloy Jlolgiods 9 00
Jones et al., 2020 as cited in Collet & Pretot, ) cuwl ol cusb, i «ieS Hliie 4 g dlge S 3L cov Jo
S (ol Colin & Cunl SUid slgn Sl ook polie dg2g s 4 ()l (2Bley 5 3lge 5515 (o 558 bl (2014
Slaal (gl dlge opl b amd o o)l podune (slacsjamels Collas )l > Glusgas (Kadoya et al., 1985) 5)b ol
b g lul Sl el 5 SYeb ise 4 adlad, dlge (Elsacker et al., 2019) Lo oolitwl 5yl s le
(Yang et al., 2017) s wolio Bole g)cpljl 5 it (g8 oo

o b ol s gl gpd g Jdse Camle 4y (g 55 1) ogbune slacyonsls e Gpo wln (olss
b s 3 0 (o o 20> VOV 5l (e Ao (6)ygliS labilony (ol (cogalume (slacyjonels caalllan
Clo yials el (0903 03 pid &S Canl ol ppo a5 lge £45 ol p> (Pelletier et al., 2013) asl awsly 5y Voee
Dl Glgieds & olacy jemelS i pla (Castagnéde et al., 2000) cul cwlius jinls (] s 9 34 00 (Sgeo
(Jones etal., 2020) 55,.5 ;1,8 oy cov Bl Wb o odlitnl Sgo

ogie > oSS Tor b5+ o o815 (ol Ysono orduslital yiu g5 aptagil aBlis, lacujssls JS
We=rFe) S oSy b aiin oS asle (65,0liS” sls OV game jl 0aiS y i (gols &S oladiges i
N (aSiogin > S FooAY) 0S5 sile g (ol S puane (55l gl 4 Copns (olasie > S5k
odbo oyl o Lasuie J&s bas ils p ale ¢ oslune slapsd Mg 0 whe SIS I S 4 (JOnes et al., 2020)
(Abhijith et al., 2018) caul

S 350> 393 g Jlesnl cpl g iyl |y aibyge ply Canglio c0rS gygl fos 293 OV gamo Sl sogudume (slac jomelS
ol iyt 93 5 Oyl s ale (e gian (slapgd 45 cudly argr Wb e Jle el 395 Sl ISt ailyyge (sl sblis
plie 008y ytuw Bl )bl Gl S Dygo )3 g A sl WS oo ol b 19) 45 oY g w0
o3l b &l y90 b abliie (sl ol cnyie 2903 pli8l JSutie (] &) sl 635 b (b b jg0 02228 dlge Sl oxlitul
(Bajwa et al., 2017) sol cuws 4 GUaYUIE 435, g y955 b 49, 5

OB ()8 Do Byl5 535 oo )8 e 59y 2 g @B Lo oyme 3 Sl ul By wlge (pl jes sk (ogas
olS (sly (gdse dlge (laicds o (Karimjee, 2014) $gs o CangeaS & bl 0l (5l y 5 sgs dliv win
raiges b pbxl eglue (SajoelS (§pdicn PoCuwn) () solaieds &5 (RS ) )5 e eS| &
559 oiblS (S g0 dtan VF Cde 4y Al 080 1 Ly ¢ dixio Sl BUI iy g Lo pgils z)B padine I odbaisle
Age g5 Jed jl b yiel)l 4 55 (liee andl sl slge cpl (6 i PO j oaind LS &S wizdly duoyd T jlade &
Van Wylick et al., ) s)ls (Siww 55 Sgd o0 4355 o)) )0 bcojomlS cpl a5 oo g9 g Mg g, corimd oSt
SrSope dloxil olss dgmte Sy gl Rl dacajorels (ol (92 (Bge 5 Sy Om I e 8y ol (2022
(Bruin, 2018) » 5" oS la oyl plod ialdl 4 cluogas yuii b ooy U dges oaliwl 09331 dlge ;|

e o1 GoytaS ol G ae gl Ol (s3Loalil 5 T i 5 agplue (Slacojgpals 3 ,Slas (ogas 5


http://jhre.ir/article-1-2439-en.html

[ Downloaded from jhre.ir on 2025-09-23 ]

9 S 593 B g (o | liwgy Gblio sl Sl plao ddyi 40 (cogilinio (sOCY 910l 0lo5 g 100,015

il ol ol oy iy (Babrauskas & Peacock, 1992) sei e 43,5 Jas p3 i1 blae p3 iiSTly cols
Jones et al., 2020 as cited in ) ol o)l 4 baye Jolge plo b ogee slacamnl ( S gw (o laj5 > @
el PPM VA« +) Syo g (Sad el o5 sl pdlie )0 &S cusl slodle )8 uS'g350 (Babrauskas et al., 1992
sLasl (Hirschler, 1987) 54 0 Ggmixe (s5gmisl @blge ;3 Hlad p 55,5 ¢ 33,5 o (dgd o0 cslo 5 > Sho
YY) Gz 033 45 4 s & Cal ()5 +/0Y) @S Aoy ol (ogubiue SCujorelS )3 (CO) ()5 S gige
Cools gb polass 35 .(JONES et al., 2018) 3,15 ¢S Yoy CO JLisil (5,5 +/FA) 03 39,2S] oy plil S s ()5
Jyere (isSly alte (sl po d Sl 058 Wl o (Gl Jgameygbar g 2)5 (85T ply 50 (2B o)L
sl 5T i )3 () lae il 5 g5k dlge

sl 345 O Gl a bl Jiled S e dg0me |y sossluse sl jopels’ 1 ooliul oS SMKEe 5SS
Wb iall 2opn OAF+ ol ojg wslo VAY-FA Gto &y T b (oled 55 5 35l (oYU T Gls Ygane dlgo (]
Appels et al., 2019; Asdrubali et al., 2015; Elsacker et al., 2019; Holt et al., 2012; Lopez Nava et al., )
sl Sl g8l e bl gy 5 a4y bl Ko S @Vl O Gl iy Cusl (Sas 425 (2016
sl i it g (2ym0 )3 o St b (B (laplSe sy )l b (Gge Gl dble (oagdlune (slacyjonslS
1o ¥ 4y ol o8 Ol L oled sl ¥ )5 (355 20 VY (559 Gal3E1 L o3l o)) ST 00iiS s (g5l (sladiges
o)) S g 1,50l ol s 5 (Appels et al., 2019) cul (268 T Gl s aiboo Galél celo VAY (5 S
(Bodirlau et al., 2008) cusl xS (Sj5 20> Y8 5 Jolo J59 2o )d YA (g5l> &S sl il

2Uwgy (§503,5 9 (a8 2 cosplume SLCG 59008 Jemudlly

4 gl > gy 65805 Ll ansg 5o belss G (lsis b oS ) (YV0) ohlSen 5 (ol
Jol B8 1uled S8 sliwsy blio )0 dlge £53 ol 5l ooliinl 5 adgr cud b Spd 4y Wilgh o 48T WS o 0Ll pro pB dus
g e Laulpd d 93 5 JSiite g aztly 1y Jae 3 by polie (18 &5 jludine) g jluyien Slush(Jaxe Jelge 4 2245
Abbasi et al., 2020, as cited in Isenberg, 2011; Stevenson & ) cul sl 6l 31,5 xes g (63,8 slo Sio
aly 318 cJld wuly pow o5 (Ziaei et al., 2017) (ol 9 S96 ,idle & a5g pg> pI5 .(Lundstorm, 2005
als o ol g cunl (3L 51 sl aB S S lesd g bkl da S g saimd s a5 el oliwg, (¢)53,5

Abbasi et al., 2020, as cited in ) wS o I e d905 (Olosd g Y game ;5 (6,553,508 dawg tely
((Abbasi et al., 2020) sy I8 asginyge |y o clasoly S5 s > oy e 9 (Ahmad & Hoffman., 2007
8550 dnas) 5 16y 5 GEFUSE Cunp Yt gy 5K dipe) > 48 USE SN g s gly )
tilane (Sl ¥t G335 & Cand Sl 4 ol & slaihate 5 ore o 5K b
ol ((Bpae pb- dlge woe> AL (b (55 Bpas ile ol adlE )bl g5 e o 485 USS sl g
S ooliiw] daslony Cupde (o M Coley o cbls iy plcuddSy clblB ulhnasg dlge
2 elonl g ool (3l a5 F 0l )5 b5yl 2)9e 1y o] e b JS3le (slacaluy; g sme slacsygld
iy (65835 e

ikte (5)8al; Wlgi oo ogilune (Slacy ool g 15 «5ysliS LB 1 S5e belse posas 0 @ USG5k
ol bl adly opej )3 cale by (ol 5 Lol drwg 4 Cund (BB SyiuS (oliwg) 3ble L) Saa L
S ohnsle pliwl il dblie )3 Sog8 ool 5 g)B (hygn (0y1S oeimed 5 5l Hiu b by jeels
Sjselon Mo Cax wlie adgl yiu s (g Oygoh cuwlie ()8 (LS 5 Jlb cpog Caie gl
bl a5 xS Dbl 3 et Jole Wl o g 03905 ol 1y adgl dlge 4y o yiiwd 4 ol 039l 399 4 ogulume
Do oo anD y cogrliue Y guae gl 0ol (sla yogy jl diged ¥ gu i 4y ju deldl > al a0


http://jhre.ir/article-1-2439-en.html

[ Downloaded from jhre.ir on 2025-09-23 ]

VFF A o bl FF 0,90 liwg bauzxo g (Ko Voo

Ay e
g e Juizd -
e, ko g

b I

(Izadi & Ghanbari, 2021) (5;,9WeS 52,31, 1 50 Jolgs .0 JSUS

CuliS i 5 08le Bl b sl 3l (ylist s MDF 4ils s slaaiss coln Bua b Giagh S )
Cavgy Wle Slols b o] cuS )5 g Lopgll )6 s 5l (pSope b ass ol b odlin] b s loicas g,
Sl g 0ad oy DS Sl as 3 VEe glod g JKWLKe Ve jlid cov B B udgi 5l e Bl yiuy olyen
3k eolil el i aeS o (5 JSS) ool gy cpl sl g Kopel (slasluilinl 5l 5ls S 5g JSwbIKe
(Khoo et al., 2020) .5 o wl 3 |y 2,6 £)l50 Sluls

Sl S0 dugy 5 0SS @y (g ) SB G5z lge 5 agrlse prw S5 L 2ol (Sod s )
oMo L1y ol g eals 1y g 83 SB 5 bS5 JS,6 BUI g (ugus 1) (doxe slagyB ep oo ool autg sl 05
09 g e hyld £55 90 53 e Bl YoxAXE dlal 13 dlge I calisee slacuS 5 L eyl e 53,8 LS 5 S
LS‘)'.’ \\\’—ﬂ“s ‘_;’.ub .>|9.o prom L Ltbd.’w d‘).g WOV slales 0 CJ)‘)} 4.1.».«»94.’ 9) YO )‘ U9 L;/S;Jls Py
Ol gl S Jobo 39y T colo aiald S 0505 (610655 1505 oy ¥ o 4y g 6 St sy S gl sla ]
Lo 1S1077 5 ukil Gubo cenglio J5lis pizmod g s 9k (Sladiged & Canss oy gyl (sloyn] (g lid Canglio I
ONgpeNng ) s o (53,555 y pials g jiw cplucdllas] cel ppw 3958) (il p ogMe canl yuiw (JSwbKe Y/0)
[etal., 2020

® oot

Wl - o
(ﬁ et VAN § ) — BYEo M
.. 2w board

Sawdust Mycelium of Lingzhi Thermal Sawdust
@ -
P \/‘ M n \
— — MV s R
F
cdens Mycelium of Lingzhi n- Thermal degradation Food waste MyBioboard

(Khoo et al., 2020) gy j 455 dgi Jonlpo 1 JSd


http://jhre.ir/article-1-2439-en.html

[ Downloaded from jhre.ir on 2025-09-23 ]

Vo SS90 A8 9 (oM |t Liwy ) GbLo (sl sl lao tdsi 40 (pogilunso (SO jorolTans ols5 5 L0yl

o9 B wlwisig y
03l9alS” grtun Boboil (Jlo g3 oyl Do (b edbisyslaen SleMbl ] > &5 casl (5950 g5 5l ptmeRy
EMpsid dgae Sy Sygods g 0d)S Jelodgn o (gyglaen ST o yied b yiine qilie )3 (pasrue (slaCajopels
2 gl (oole Coylea B sl o 4By oo ol cnl (Sjed o Sy coulae g Llje cddgs b9y «c U 4 o
Jodliy 9 olog) 3ble ) 65535 5 (8L oadlie uizmen x5 )8 i dlge 0j> 4 luiedidle LS
S Shy p oM b cunl 485 8 oy p3j9e 55 (liwgy Bblie Jlub dmwgs ly )] plgisd dlge ul Wy

255 )8 giyse 55 ol 63,0 lademily 5 (H8ly slolame 3 5 0 Glos sl ), (S5
SRy slasl
goite sbasby) bdlge ol jl (dliss glgil g 4Bl (505 (a2 g hB CLS b (cogdluse dlge 59y p Dlidiod bl and 5
Eoan slopgd b g o0 gy SV game (led I S (g i) aglane lacy ol blord (hlefl § 1)y
S )3 Cgr 5 sl b dmalie ) 3z m el kol psd bt bl (phed 5 (8IS Cunglie ain e,
iRl (@le o)l ) 5 Byl (egian lapd 4 Cuns sy 3,Slas (i3l plp el ]l XSS 4y
islbe @l 0alisslJos slacgy o bpgd b auslis 1 55 (Jso 3)Slos LIl (pizmen Sigd o guime (puilio
b g iojSols )3 oote Ui Slgo cpl 6 v 5 daSig ol » ogdle (JONes et al., 2020) wlosls ol
sl Cagjlagme (o9l (1l el She )Ly sl slge 5l edlisiel 15 a8 o ] bl Sy a5le (0lgo

Wb pob b 53 poris b 5 lacajsels 42,5 cutly plo wl (iagh cnl  eldgslae Jlgw 4 Gl
Syl (55835 o (AL slaadlpe )y wda gl Lol WS o JJsdd g dgame |y lag] )8 & sts placas
ol Mg ) ool slahyy (B 2929 wimen g (aliwgy Bble 3 )8 (hion 9 Groe «inldS Ui 32
sl )3 dlge ol Jomiliy Sl odlisiel g e 3l plgicee dagl mecan; bl 35 5 )3 L olge
28 5 xSose b (sl SV gaze 9 (BL3L dlge gt Anl)8 )3 & G Finla 90 S 2liwg) Gble Jlub dsug
gL > (ol ole dix (b )3 395 (b jee (L )3 g Wadee b plicn SO g BRI dge 4 @B (b
.(Jones et al., 2020) 1l slgo oyl (slo s 0458l pa Klg5 o g 005 CawguaS

S 5 4o

Olzmer alyld sy o bewd )b Sl gilaw oo «B3LIL s 4 egilure sloCujoelS gy p Glegk
g5 35 3 5e slse 5 dlge ) slaiS 325 05leyd (siedy) Ml o plogl 59155 & Slallas ] drusgi Jlo 3
B 655 bl sty 5] bl e |y s £95 cpl Lolg 45 amd e s lag el g Wled S ) lay]
oy cnl adgs doyial)ly obj g5 a2 )5 0)5 el cilizie (63 )5 L Guliie bl I ey S35y 95 9 A5, bl
ool 008 Doy (25 2 SlaiBl g ol dnwgs liwly )3 9 (2B A5 gl 5 g esle slasty) Lol ©35lo e oy
Spae phyiod @lie jl ookl Jod 5l oblje | MDF (laaiss 5 o plisl dy psd alie ola Shy b bcajsels oyl
&S Cul glacodgize ddgl )Ll 5 (Sl cars YU ol wls (blio 13 9 51,55 pie dlge Bl g ol (65,
Al (8l S9uk 5 (3855 e jls


http://jhre.ir/article-1-2439-en.html

[ Downloaded from jhre.ir on 2025-09-23 ]

VPP 390 o5lois FF 090 Liwgy Lo g ySomn VoY

References

A.K. Roy. (2017). Principles of Textile Finishing. Woodhead Publishing, Cambridge, U.K.

Abbasi, M. J., Sajadi, Zh., Abdollahi, A., & Razavian, M. T. (2020). Explaining the factors affecting
the development of rural tourism entrepreneurship in Iran. Tourism Management Studies, 15(52),
1-26. (in Persian)

Abhijith, R., Ashok, A., & Rejeesh, C. R. (2018). Sustainable packaging applications from mycelium
to substitute polystyrene: A review. Materials Today: Proceedings, 5(1), 2139-2145.
https://doi.org/10.1016/j.matpr.2017.09.211

Ahmad, N., & Hoffman, H. (2007). A Framework Addressing and Measuring Entrepreneurship. Paris:
OECD Entrepreneurship Indicarors Steering Group

Alhorr, H. S., Moore, C. B., & Payne, G. T. (2008). The impact of economic integration on cross—
border venture capital investments: evidence from the European Union. Entrepreneurship Theory
and Practice, 32(5), 897-917.

Anbari, M. (2008). Analysis of new issues and shortcomings in the sociology of rural development in
Iran. Village and Development, 11(1), 1-33. (in Persian)

Appels, F. V. W., Camere, S., Montalti, M., Karana, E., Jansen, K. M. B., Dijksterhuis, J., Krijgsheld,
P., & Wosten, H. A. B. (2019). Fabrication factors influencing mechanical, moisture- and water-
related properties of mycelium-based composites. Materials and Design, 161, 64-71.
https://doi.org/10.1016/j.matdes.2018.11.027

Appels, F. V. W., Dijksterhuis, J., Lukasiewicz, C. E., Jansen, K. M. B., Wosten, H. A. B., &
Krijgsheld, P. (2018). Hydrophobin gene deletion and environmental growth conditions impact
mechanical properties of mycelium by affecting the density of the material. Scientific Reports, 8(1),
1-8. https://doi.org/10.1038/s41598-018-23171-2

Appels, F. V. W., & Wosten, H. A. B. (2021). Mycelium Materials. Encyclopedia of Mycology,
January, 710-718. https://doi.org/10.1016/b978-0-12-809633-8.21131-x

Asdrubali, F., D’Alessandro, F., & Schiavoni, S. (2015). A review of unconventional sustainable
building insulation materials.  Sustainable Materials and Technologies, 4, 1-17.
https://doi.org/10.1016/j.susmat.2015.05.002

Ashby, M., Shercliff, H., & Cebon, D. (2018). Materials Engineering, Science, Processing and Design
(4th ed.). Elsevier Science.

Azizi Damircheloo, A. (2012). Modern rural management: A strategy for achieving rural
entrepreneurship. National Conference on Rural Development. (in Persian)

Babrauskas, V., Levin, B. C., Gann, R. G., Paabo, M., Harris, R. H., Peacock, R. D., & Yusa, S.
(1992). Toxic potency measurement for fire hazard analysis. Fire Technology, 28(2), 163-167.
https://doi.org/10.1007/BF01857942

Babrauskas, V., & Peacock, D. R. (1992). Heat release rate: the single most important parameter in
fire hazard. Fire Safety Journal, 18, 255-272.

Bajwa, D. S., Holt, G. A., Bajwa, S. G., Duke, S. E., & Mclntyre, G. (2017). Enhancement of termite
(Reticulitermes flavipes L.) resistance in mycelium reinforced biofiber-composites. Industrial
Crops and Products, 107(June), 420-426. https://doi.org/10.1016/j.indcrop.2017.06.032

Bamba, Y., Ogawa, Y., Saito, T., Berglund, L. A., & Isogai, A. (2017). Estimating the Strength of
Single Chitin Nanofibrils via Sonication-Induced Fragmentation. Biomacromolecules, 18(12),
4405-4410. https://doi.org/10.1021/acs.biomac.7b01467

Bartnicki Garcia, S. (1968). Cell Wall Chemistry , Morphogenesis ,. Annual Review of Microbiology,
87-108.

Bayer, E., & Gavin, R. (2016). Method for growing mycological materials (Patent No.
US20150247115A1). https://patents.google.com/patent/US20150247115A1/en

Bodirlau, R., Teaca, C. A., & Spiridon, 1. (2008). Chemical modification of beech wood: Effect on
thermal stability. BioResources, 3(3), 789-800. https://doi.org/10.15376/biores.3.3.789-800

Bruin, S. De. (2018). Faculty of Architecture & the Built Environment , Delft University of
Technology, Netherlands. 2008, 1-30.

Carlile, M. J., Watkinson, S. C., & Gooday, G. W. (2001). The Fungi (2nd ed). Academic.

Castagnéde, B., Aknine, A., Brouard, B., & Tarnow, V. (2000). Effects of compression on the sound


http://jhre.ir/article-1-2439-en.html

[ Downloaded from jhre.ir on 2025-09-23 ]

\oy SS90 A8 9 (oM |t Liwy ) GbLo (sl sl lao tdsi 40 (pogilunso (SO jorolTans ols5 5 L0yl

absorption of fibrous materials. Applied Acoustics, 61(2), 173-182. https://doi.org/10.1016/S0003-
682X(00)00003-7

Collet, F., & Pretot, S. (2014). Thermal conductivity of hemp concretes: Variation with formulation,
density and water content. Construction and Building Materials, 65, 612-619.
https://doi.org/10.1016/j.conbuildmat.2014.05.039

Dicker, M. P. M., Duckworth, P. F., Baker, A. B., Francois, G., Hazzard, M. K., & Weaver, P. M.
(2014). Green composites: A review of material attributes and complementary applications.
Composites  Part A:  Applied Science and  Manufacturing, 56,  280-289.
https://doi.org/10.1016/j.compositesa.2013.10.014

Elsacker, E., Brussel, V. U., Vandelook, S., Brussel, V. U., Brussel, V. U., Ruytinx, J., & Brussel, V.
U. (2020). A comprehensive framework for the production of mycelium-based lignocellulosic
composites. Science of The Total Environment, 725(4).
https://doi.org/10.1016/j.scitotenv.2020.138431

Elsacker, E., Vandelook, S., Brancart, J., Peeters, E., & De Laet, L. (2019). Mechanical, physical and
chemical characterisation of mycelium-based composites with different types of lignocellulosic
substrates. PLoS ONE, 14(7), 1-20. https://doi.org/10.1371/journal.pone.0213954

Faruk, O., Bledzki, A. K., Fink, H. P., & Sain, M. (2012). Biocomposites reinforced with natural
fibers: 2000-2010. Progress in Polymer Science, 37(11), 1552-1596.
https://doi.org/10.1016/j.progpolymsci.2012.04.003

Ghanian, M., Khani, F., & Baghaei, L. (2011). Evaluating the entrepreneurial environment in rural
tourism (Case study: Uraman region). Rural Research Quarterly, 2(3) (Issue 7), 99-123. (in Persian)

Ghosh, T. (2019). Developing a composite mycelium-glass brick unit. University of Oklahoma, United
States.

Girometta, C., Picco, A. M., Baiguera, R. M., Dondi, D., Babbini, S., Cartabia, M., Pellegrini, M., &
Savino, E. (2019). Physico-mechanical and thermodynamic properties of mycelium-based
biocomposites: A review. Sustainability (Switzerland), 11(2). https://doi.org/10.3390/su11010281

Greyson, J. (2007). An economic instrument for zero waste, economic growth and sustainability.
Journal of Cleaner Production, 15(13-14), 1382-1390.
https://doi.org/10.1016/j.jclepro.2006.07.019

Haneef, M., Ceseracciu, L., Canale, C., Bayer, |. S., Heredia-Guerrero, J. A., & Athanassiou, A.
(2017). Advanced Materials from Fungal Mycelium: Fabrication and Tuning of Physical
Properties. Scientific Reports, 7(December 2016), 1-11. https://doi.org/10.1038/srep41292

Hebel, D. E., & Heisel, F. (2017). CULTIVATED BUILDING MATERIALS Industrialized Natural
Resources for Architecture and Construction. Journal of Chemical Information and Modeling,
53(9), 1689-1699. https://doi.org/10.1515/9783035608922-CITATIONS

Hirschler, M. M. (1987). Fire Hazard and Toxic Potency of the Smoke from Burning Materials.
Journal of Fire Sciences, 5(5), 289-307. https://doi.org/10.1177/073490418700500501

Holt, G. A., Mcintyre, G., Flagg, D., Bayer, E., Wanjura, J. D., & Pelletier, M. G. (2012). Fungal
mycelium and cotton plant materials in the manufacture of biodegradable molded packaging
material: Evaluation study of select blends of cotton byproducts. Journal of Biobased Materials
and Bioenergy, 6(4), 431-439. https://doi.org/10.1166/jbmb.2012.1241

Ibrar, M., Ullah, M. W., Manan, S., Farooq, U., Rafig, M., & Hasan, F. (2020). Fungi from the
extremes of life: an untapped treasure for bioactive compounds. Applied Microbiology and
Biotechnology, 104(7), 2777-2801. https://doi.org/10.1007/s00253-020-10399-0

Isenberg, D. (2011).The entrepreneurship ecosystem Use of partial least squares (PLS) in strategic
management research: A review of four sandwich-structure biocomposites: Resin transfer molding
(RTM) process, flexural properties, and simulation. Journal of Cleaner Production, 207, 123-135.
https://doi.org/10.1016/j.jclepro.2018.09.255

Izadi, A., & Ghanbari, S. (2021). Agricultural entrepreneurship and rural development (Case study:
Rashtkhar rural district). Village and Space Sustainable Development, 2(1) (Issue 5), 19-38. (in
Persian)

Jones, M., Bhat, T., Huynh, T., Kandare, E., Yuen, R., Wang, C. H., & John, S. (2018). Waste-derived
low-cost mycelium composite construction materials with improved fire safety. Fire and Materials,



http://jhre.ir/article-1-2439-en.html

[ Downloaded from jhre.ir on 2025-09-23 ]

VPP 390 o5lois FF 090 Liwgy Lo g ySomn VoF

42(7), 816-825. https://doi.org/10.1002/fam.2637

Jones, M., Huynh, T., Dekiwadia, C., Daver, F., & John, S. (2017). Mycelium composites: A review
of engineering characteristics and growth kinetics. Journal of Bionanoscience, 11(4), 241-257.
https://doi.org/10.1166/jbns.2017.1440

Jones, Mitchell Peter. (2019). Waste-derived Mycelium Materials for Non-structural and Semi-
structural Applications. RMIT University.

Jones, M., Mautner, A., Luenco, S., Bismarck, A., & John, S. (2020). Engineered mycelium composite
construction materials from fungal biorefineries: A critical review. Materials and Design,
187(December). https://doi.org/10.1016/j.matdes.2019.108397

Jurgilevich, A., Birge, T., Kentala-Lehtonen, J., Korhonen-Kurki, K., Pietikédinen, J., Saikku, L., &
Schosler, H. (2016). Transition towards circular economy in the food system. Sustainability
(Switzerland), 8(1), 1-14. https://doi.org/10.3390/su8010069

Kadoya, K., Matsunaga, N., & Nagashima, A. (1985). Viscosity and Thermal Conductivity of Dry Air
in the Gaseous Phase. Journal of Physical and Chemical Reference Data, 14(4), 947-970.
https://doi.org/10.1063/1.555744

Karimjee, M. Z. (2014). Biodegradable Architecture. Carleton University, Canada.

Khoo, S. C., Peng, W. X., Yang, Y., Ge, S. B., Soon, C. F.,, Sonne, C., Ma, N. L., & Sonne, C. (2020).
Development of formaldehyde-free bio-board produced from mushroom mycelium and substrate
waste. Journal of Hazardous Materials, April, 123296.
https://doi.org/10.1016/j.jhazmat.2020.123296

Lopez Nava, J. A., Méndez Gonzélez, J., Ruelas Chacén, X., & N4jera Luna, J. A. (2016). Assessment
of Edible Fungi and Films Bio-Based Material Simulating Expanded Polystyrene. Materials and
Manufacturing Processes, 31(8), 1085-1090. https://doi.org/10.1080/10426914.2015.1070420

Lu, T., Liu, S., Jiang, M., Xu, X., Wang, Y., Wang, Z., Gou, J., Hui, D., & Zhou, Z. (2014). Effects of
modifications of bamboo cellulose fibers on the improved mechanical properties of cellulose
reinforced poly(lactic acid) composites. Composites Part B: Engineering, 62, 191-197.
https://doi.org/10.1016/j.compositesh.2014.02.030

Ongpeng, J. M. C., Inciong, E., Sendo, V., Soliman, C., & Siggaoat, A. (2020). Using waste in
producing bio-composite mycelium bricks. Applied Sciences

Parikh, H. H., & Gohil, P. P. (2015). Tribology of fiber reinforced polymer matrix composites - A
review. Journal of Reinforced Plastics and Composites, 34(16), 1340-1346.
https://doi.org/10.1177/0731684415591199

Pelletier, M. G., Holt, G. A., Wanjura, J. D., Bayer, E., & Mclintyre, G. (2013). An evaluation study of
mycelium based acoustic absorbers grown on agricultural by-product substrates. Industrial Crops
and Products, 51, 480-485. https://doi.org/10.1016/j.indcrop.2013.09.008

Stevenson, L., & Lundstorm, A. (2005).Entrepreneurship policy, Theory and practice”, International
studies in Entrepreneurship series,9, New YORK: Springer.

Van Wylick, A., Elsacker, E., Yap, L. L., Peeters, E., & de Laet, L. (2022). Mycelium Composites and
their Biodegradability: An Exploration on the Disintegration of Mycelium-Based Materials in Soil.
Bio-Based Building Materials, 1(November 2021), 652-659.
https://doi.org/10.4028/www.scientific.net/cta.1.652

Vidal-Diez de Ulzurrun, G., Baetens, J. M., Van den Bulcke, J., & De Baets, B. (2017). Modelling
three-dimensional fungal growth in response to environmental stimuli. Journal of Theoretical
Biology, 414, 35-49. https://doi.org/10.1016/j.jtbi.2016.11.020

Wikipedia. (2021). Cradle-to-cradle design. https://en.wikipedia.org/wiki/Cradle-to-cradle_design

Yang, Z. (Joey), Zhang, F., Still, B., White, M., & Amstislavski, P. (2017). Physical and Mechanical
Properties of Fungal Mycelium-Based Biofoam. Journal of Materials in Civil Engineering, 29(7),
04017030. https://doi.org/10.1061/(asce)mt.1943-5533.0001866

Ziaei, M., Mahmoudzadeh, S. M., & Shahi, T. (2017). Prioritizing factors influencing the
implementation of green supply chain management in the tourism industry. Geography and
Development, 15(46), 19-34. (in Persian)

Zolotovsky, K. (2017). Guided Growth: Design and Computation of Biologically Active Materials.
135. http://insights.ovid.com/crossref?an=01241398-201709001-00008.



http://insights.ovid.com/crossref?an=01241398-201709001-00008
http://jhre.ir/article-1-2439-en.html
http://www.tcpdf.org

