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Laymen	summary	
 
Our	current	ways	of	production,	consumption	and	trade	are	dangerously	unsustainable	and	cause	
environmental	issues.	This	is	why	a	shift	to	a	more	sustainable,	circular	economy	is	necessary.	To	
achieve	 this,	 resource	 use	 needs	 to	 be	more	 efficient	 and	 environmentally	 friendly.	Mycelium	
materials	 are	 very	 versatile	 and	 contribute	 significantly	 to	 this	 shift.	 They	 are	 made	 from	
completely	renewable	resources	and	they	are	biodegradable,	so	they	do	not	cause	pollution.	They	
have	characteristics	that	make	them	very	suitable	replacements	of	plastic	packaging	for	example,	
but	they	can	also	be	used	in	construction	work.	To	protect	them	from	weathering	and	decay,	they	
need	protective	coatings.	Most	conventional	coatings	are	made	 from	non-renewable	resources	
like	petroleum	and	are	toxic	to	the	environment.	In	this	literature	research,	different	bio-based	
coating	materials	to	potentially	shield	the	mycelium	materials	are	looked	into.		

	

Abstract	
 
The	 current	 dominant	 economic	 development	 model,	 “take,	 make	 and	 dispose”,	 is	 not	 only	
jeopardizing	the	economic	stability,	but	also	the	integrity	of	the	natural	ecosystems	upon	which	
humans	 depend	 for	 survival.	 There	 has	 long	 been	 a	 demand	 to	 put	 strategies	 for	 sustainable	
development	into	action	as	resources	are	being	depleted.	The	production	of	synthetic	materials	
depends	heavily	on	nonrenewable	resources	such	as	petroleum	and	handling	these	materials	at	
the	end	of	their	life	cycle	poses	more	waste	issues	every	day.	Reducing	resource	use	and	lowering	
the	ecological	footprint	is	therefore	a	must	and	the	paradigm	shift	to	a	circular	economy	needs	to	
be	made.	Mycelium	materials	contribute	significantly	to	this	paradigm	shift	as	they	obtain	traits	
that	 make	 them	 practicable	 alternatives	 to	 many	 synthetic	 materials	 in	 both	 economic	 and	
environmental	fields.	They	can	even	be	used	in	construction	work.	The	idea	of	using	mycelium	
materials	for	temporary	structures	is	being	explored	by	various	artists	and	designers.	To	protect	
the	 mycelium	 materials	 used	 in	 construction	 from	 decay,	 protective	 coatings	 are	 needed,	
especially	with	the	outlook	on	long-term	use.	As	most	synthetic	polymers	rely	on	nonrenewable	
resources	 and	 are	 not	 sustainable,	 a	 variety	 of	 bio-based	 polymers	 was	 looked	 into	 in	 this	
research.		As	all	of	the	assessed	bio-based	polymers	have	desirable	properties,	their	drawbacks	
and	possible	solutions	have	also	been	discussed.	  
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1. Introduction	
	

The	most	 important	 global	 patterns	 of	 production,	 consumption	 and	 trade	 are	 alarmingly	
unsustainable	 in	 our	 economy	 (Preston,	 2012).	 Petroleum	 reserves	 and	 other	 non-renewable	
resources	are	being	depleted	and	waste	management	is	facing	problems	(Jones	et	al.,	2017).	“Take,	
make,	 and	 dispose”	 is	 the	 current	 dominant	 economic	 development	model,	which	 is	 not	 only	
jeopardizing	the	economic	stability,	but	also	the	integrity	of	the	natural	ecosystems	upon	which	
humans	depend	for	survival	(Ghisellini	et	al.,	2016;	Ness	&	Ness,	2010;	Park	&	Chertow,	2014).	
Industries	have	been	calling	for	guidance	in	putting	strategies	for	sustainable	development	into	
action	for	a	long	time	now	(Murray	et	al.,	2017).		

The	 production	 of	 synthetic	 materials	 requires	 nonrenewable	 resources	 such	 as	
petroleum,	or	they	are	harvested	from	limited	natural	resources	(Jones	et	al.,	2017).	Moreover,	
handling	of	these	materials	at	the	end	of	their	lives	poses	problems	with	respect	to	sustainability.	
For	example,	 in	Australia	only	14%	of	disposed	plastic	 is	 recycled,	because	 from	an	economic	
point	of	view	the	value	of	plastics	is	not	high	enough	to	justify	recycling	(The	Allen	Consulting	
Group,	2009).	Often	synthetic	waste	is	disposed	in	landfill	(depots),	which	releases	toxic	elements	
and	 greenhouse	 gases.	When	 looking	 at	 the	 total	 amount	 of	 greenhouse	 gases	 emitted	due	 to	
waste	management,	75%	originates	from	landfill	disposal.	Of	this	75%,	55%	is	methane,	a	gas	that	
has	a	global	warming	potential	that	is	21-25	times	higher	than	that	of	carbon	dioxide	(Boucher	et	
al.,	2009;	The	Allen	Consulting	Group,	2009).	Another	big	factor	in	both	the	energy	consumption	
and	waste	management	problem	are	building	materials.	In	the	USA	only,	40%	of	the	landfill	can	
be	traced	back	to	construction	and	demolition	(Dougoud	et	al.,	2018).		

The	eventual	goal	is	to	lower	resource	use,	and	thus	to	reduce	the	ecological	footprint,	but	
still	achieve	 the	necessary	economic	growth	(Ness	&	Ness,	2010).	This	 is	why	conversion	 to	a	
circular	 economy	 is	 of	 great	 importance.	 The	 goal	 of	 a	 circular	 economy	 is	 to	 increase	 the	
efficiency	of	resource	use.	By	forming	closed	loops	(creating	circularity)	of	material	and	energy	
use,	the	industry’s	impact	on	the	environment	will	be	curtailed.	As	a	result,	an	improved	balance	
and	harmony	between	economy,	environment	and	society	will	be	achieved	(Ghisellini	et	al.,	2016;	
Posch,	2010).	In	order	to	achieve	this	goal,	resources	have	to	be	substituted	by	renewable,	bio-
based	materials	(Cerimi	et	al.,	2019;	Dahiya	et	al.,	2020).	Bio-based	materials	are	derived	from	
molecules	 or	 structures	 of	 microbes,	 plants,	 macro-algae	 and	 animals	 (Appels	 et	 al.,	 2018).	
Substituting	nonrenewable	and	naturally	limited	resources	by	bio-based	materials	will	benefit	the	
environment.	It	would	reduce	emissions,	virgin	material	use	and	waste	generation	(Posch,	2010).	
Some	 examples	 of	 bio-based	materials	 are	 plant-derived	 thermoplastic	 starch	 (Averous	 et	 al.,	
2000),	 bacterial-derived	 polyhydroxyalkanoic	 acid	 (Babu	 et	 al.,	 2013)	 and	 fungal	 mycelium	
(Cerimi	et	al.,	2019;	Haneef	et	al.,	2017;	Islam	et	al.,	2017;	Jiang	et	al.,	2016).	 	Especially	fungal	
mycelium	materials	 contribute	 significantly	 in	 the	 shift	 to	 a	 circular	 economy	 and	has	 been	 a	
popular	topic	of	research	recently.		

Mycelium	 is	 a	 network	 of	 hyphae	 that	 is	 formed	 by	 filamentous	 fungi	 when	 colonizing	
substrates	 (Appels	 et	 al.,	 2018;	 Papagianni,	 2004).	Mycelium	 composites	 resort	 to	 biological	
growth	instead	of	production	processes	that	are	both	expensive	and	highly	energy	consuming.	
They	require	macronutrients	(such	as	carbon,	oxygen	and	nitrogen)	and	micronutrients	(such	as	
iron	and	zinc)	to	grow,	which	can	be	found	in	organic	waste	for	example	(Islam	et	al.,	2017;	Jiang	
et	al.,	2016;	Jones	et	al.,	2017).	Moreover,	they	can	grow	in	all	shapes	and	sizes,	and	to	fill	complex	
geometries.	Disposal	of	mycelium	composites	does	not	come	with	any	costs	or	pollution,	because	
they	 are	 innately	 biodegradable	 (Jones	 et	 al.,	 2017).	 These	 traits	 make	 them	 practicable	
alternatives	to	many	synthetic	materials	 in	both	economic	and	environmental	fields.	Mycelium	
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materials	can	also	be	used	in	construction	work.	It	is	a	material	that	performs	well	structurally,	
has	 minimal	 impacts	 on	 the	 environment	 and	 can	 seriously	 increase	 the	 sustainability	 of	 a	
building	 (Cerimi	 et	 al.,	 2019;	 Dougoud	 et	 al.,	 2018;	 Jones	 et	 al.,	 2017).	Mycelium	 bricks	 have	
already	been	brought	to	practice.	For	example	by	David	Benjamin,	who	did	a	project	called	Hy-Fi	
(fig.	1a)	(Peters,	2015),	and	by	Philip	Ross,	who	did	a	project	called	Mycotectural	Alpha	(fig.	1b).	
Hy-Fi	was	a	temporary	summer	pavilion	that	consisted	of	bricks	that	were	a	100%	biodegradable	
and	 compostable,	 made	 from	 farm	 waste,	 mycelium	 and	 corn	 stalks	 (Peters,	 2015).	 The	
Mycotectural	Alpha	was	a	teahouse	that	consisted	of	500	bricks	in	which	mycelium	and	sawdust	
were	used.	It	was	on	display	for	an	exhibition	in	the	Düsseldorf	Kunsthalle	before	the	bricks	were	
taken	to	boil	and	served	as	a	herbal	tea	to	the	guests	(Jones	et	al.,	2017;	McGaw,	2018).	

	

	
Figure	 1.	 Examples	 of	 mycelium-based	 construction	 materials.	 (A)	 Hy-fi	 organic	 compostable	 tower	 (left	 image:	
LafargeHolcim	 Foundation;	 right	 image:	 krisgraves).	 (B)	 Mycotectural	 Alpha	 teahouse	 (courtesy	 of	 Philip	 Ross).	
Obtained	from	Jones	et	al.,	2017.		
	
	 Since	mycelium	bricks	(bio	bricks)	are	entirely	biodegradable,	something	has	to	protect	
the	material	from	being	broken	down	by	microbes,	especially	when	these	materials	become	moist.	
Besides,	insects	can	feed	on	the	mycelium	bricks.	As	an	illustration,	it	is	known	that	honey	bees	
feed	on	mycelia	 to	 reduce	viruses	 in	 the	populations	 (Naeger	et	al.,	2018).	To	avoid	microbial	
growth,	attract	insects	and	reduce	fungal	smell,	the	bricks	have	to	be	coated.	The	aim	of	this	thesis	
is	to	assess	which	bio	coatings	are	available	and	which	of	those	are	the	best	option	to	create	bio	
bricks	with	a	long	lifetime;	only	degrading	when	they	are	shredded.	First	the	subject	of	mycelium	
materials	will	be	touched	upon,	in	particular	which	species	and	substrates	are	used.	This	will	be	
followed	by	describing	the	different	types	of	bio-coatings	that	are	available.	Next,	I	will	discuss	
what	the	best	bio-coating	will	be	for	the	fungal	materials	including	research	recommendations.		
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2. Mycelium	materials		
	

2.1 Mycelial	architecture	
 
Mycelium-based	 composites	 are	 a	 product	 of	 the	 growth	 of	 filamentous	 fungi	 on	 organic	
materials,	such	as	agricultural	waste	streams	(Appels	et	al.,	2019;	Haneef	et	al.,	2017).	Hyphae	are	
composed	of	elongated	cells,	which	are	compartmentalized	by	septa	(Bonfante	&	Genre,	2010;	
Haneef	et	al.,	2017)	(fig.	2).	The	surface	of	hyphae	consists	of	the	cell	wall	(fig.	2C).	The	cell	wall	
protects	the	hyphae	(Papagianni,	2004)	and	contributes	to	strengthening	the	mycelium	as	a	whole	
(Haneef	et	al.,	2017;	 Islam	et	al.,	2018;	Vega	&	Kalkum,	2012).	Moreover,	 it	defines	 the	 fungal	
shape	 (Thomson	 et	 al.,	 2015)	 and	 interacts	 with	 the	 (a)biotic	 environment,	 for	 instance	 by	
adhering	to	a	substrate	(Ehren	et	al.,	2020).		The	cell	wall	comprises	different	components	(fig	2C	
and	3)	as	is	illustrated	by	the	cell	wall	composition	of	the	model	basidiomycete	S.	commune	(Ehren	
et	al.,	2020).	It	consists	of	a	relatively	rigid	and	mobile	layer.	The	rigid	part	contains	chitin	and	β-
(1,3)-(1,6)-glucan	(Ehren	et	al.,	2020;	Sietsma	&	Wessels,	1979,	1981)	as	well	as	α-(1,3)-glucan	
and	polymeric	fucose	(Ehren	et	al.,	2020).	The	mobile	part	of	the	cell	wall	also	contains	β-(1,3)-
(1,6)-glucan,	but	also	β-(1,6)-glucan,	β-(1,3)-glucan,	α-glucan	and	polymeric	mannose	(Ehren	et	
al.,	2020).	A	similar	buildup	of	the	cell	wall	was	shown	for	the	ascomycete	Aspergillus	fumigatus	
(Kang	et	al.,	2018),	suggesting	that	higher	fungi	have	a	similar	cell	wall	architecture.	
	

	
Figure	2.	Schematic	representation	of	mycelium	physiology	at	different	scales.	(A)	Optical	microscopy	image	of	a	
mycelium	film	showing	branched	network	of	micro-filaments	(hyphae).	(B)	Schematic	representation	of	a	hypha	that	
is	formed	by	cells	separated	by	cross	walls	(septa),	all	enclosed	within	a	cell	wall.	(C)	Schematic	representation	of	the	
fungal	cell	wall.	Taken	from	Haneef	et	al.	(2017).		
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Figure	3.	Model	of	the	S.	commune	cell	wall	structure	focusing	on	sugar	composition.	Taken	from	Appels	et	al.	(2019)	
(ref.	(Appels	et	al.,	2019)).		
	

2.2 Factors	determining	composite	architecture	
	
Mycelium	bio	bricks	have	to	meet	certain	standards	to	be	used	for	particular	applications.	The	bio	
bricks	need	for	instance	a	consistent	morphology,	density,	strength,	water-uptake	capability	and	
flexibility.	This	can	be	achieved	by	varying	the	substrate,	the	fungi	used,	environmental	growth	
conditions	and	processing	 techniques	(Appels	et	al.,	2018,	2019;	 Jones	et	al.,	2017;	Xing	et	al.,	
2018).		
	

2.2.1 Fungi	species		
 

Mycelium	 material	 characteristics	 can	 be	 affected	 by	 a	 single	 gene	 (Appels	 et	 al.,	 2018),	
illustrating	that	mycelium	material	properties	can	vary	greatly	 if	 fungi	differing	 in	many	more	
genes	 are	 used.	 The	 different	 properties	 can	 result	 from	 different	 colonization	 speeds	 and	
different	polymer	breakdown	profiles	(Haneef	et	al.,	2017;	Jones	et	al.,	2017;	Xing	et	al.,	2018)	but	
can	also	be	impacted	by	the	interaction	of	the	hyphae	with	the	substrate.	A	higher	growth	speed	
will	bind	the	substrate	particles	more	rapidly.	However,	to	high	colonization	of	the	substrate	may	
also	negatively	impact	the	properties,	for	instance	by	reducing	the	fiber	strength	of	the	substrates	
(Xing	et	al.,	2018).	So	 far,	various	 fungi	have	been	used	to	grow	mycelium	composites	such	as	
Pleurotus	 ostreatus	 (P.	 ostreatus),	 and	Ganoderma	 lucidum	 (G.	 lucidum)	 (Antinori	 et	 al.,	 2020;	
Appels	et	al.,	2019;	Haneef	et	al.,	2017;	Jones	et	al.,	2017;	Joshi	et	al.,	2020).		….	

The	amount	of	water	taken	up	by	the	fungal	bio	brick	will	strongly	impact	the	application	
performance	on	the	one	hand,	and	the	degradation	on	the	other	hand.	The	more	water	is	taken	up	
by	the	material,	the	easier	it	will	be	broken	down	by	microbes	and	the	higher	the	chance	that	the	
material	will	have	changed	properties	such	as	thickness	due	to	swelling	(Appels	et	al.,	2019).	For	
instance,	 research	 by	 Appels	 et	 al.	 (2019)	 experimented	 with	 materials	 resulting	 from	 T.	
multicolor	 and	P.	 ostreatus	 grown	 on	 different	 substrates	 and	 treated	with	 different	 pressing	
methods:	T.	multicolor	on	sawdust	(TBN)	and	straw	with	(TRH)	or	without	(TRN)	heat	pressing	
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and	growth	of	P.	ostreatus	on	cotton	with	heat	pressing	(PCH),	cold	pressing	(PCC)	and	without	
pressing	(PCN)	and	on	straw	with	heat	pressing	(PRH),	cold	pressing	(PRC)	and	without	pressing	
(PRN)	(Appels	et	al.,	2019).	All	materials	increased	in	weight	after	placing	them	on	top	of	water.	
TRN	and	PCN	demonstrated	the	highest	water	uptake,	whereas	TBN	showed	the	lowest.	This	can	
be	explained	by	the	fact	that	the	it	forms	a	water	repellent	fungal	skin	under	these	conditions.	
Therefore,	 it	was	 shown	 that	 there	was	 no	 relation	 between	 the	 type	 of	 fungus,	 substrate,	 or	
pressing	conditions	used	and	water	absorption.	(Appels	et	al.,	2019).	Research	by	López	Nava	et	
al.	(2016)	showed	that	other	Pleurotus-based	mycelium	materials	grown	on	a	substrate	consisting	
of	grain	fibres	absorbed	up	to	278%	water	over	a	maximum	of	24	hours.	Mycelium	composites	
based	on	cotton	from	an	undocumented	fungus	absorbed	198%	of	water	after	being	immersed	
for	168	hours	(Appels	et	al.,	2019;	López	Nava	et	al.,	2016).		
	

2.2.2 Feeding	substrates	
	
	 Filamentous	fungi	are	capable	to	grow	on	low	quality	lignocellulolytic	waste	streams	like	
sawdust	and	straw	that	cannot	be	used	to	feed	animals	(Appels	et	al.,	2019;	Haneef	et	al.,	2017;	
Xing	et	al.,	2018).	The	main	component	of	lignocellulose	is	cellulose,	which	is	a	polysaccharide.	It	
is	the	most	abundant	organic	polymer	on	earth	and	functions	as	a	structural	component	in	the	cell	
wall	of	plants.	These	polymers	have	to	be	broken	down	into	smaller	monomers	and	oligomers,	
which	can	be	taken	up	to	serve	as	nutrients.	To	do	so,	hyphae	penetrate	the	substrate	by	secreting	
enzymes	and	applying	physical	pressure	(Haneef	et	al.,	2017;	Jones	et	al.,	2017;	Reid	&	Webster,	
2007).		The	morphology	of	the	substrate	(fibers	versus	dust;	and	long	fibers	vs	short	fibers)	will	
strongly	impact	the	bio	brick	properties.	Also,	the	composition	of	the	substrate	has	great	impact		
(Appels	et	al.,	2019;	 Jones	et	al.,	2017).	 	Depending	on	the	right	 feeding	substrates	creates	the	
feasibility	to	adjust	mycelium	materials	to	fit	their	use	in	different	applications	(Antinori	et	al.,	
2020;	Haneef	et	 al.,	 2017;	Manan	et	al.,	 2021).	By	 suitably	 selecting	 the	 feeding	substrate,	 the	
morphology,	growth	rate,	hydrodynamic,	chemical		and	mechanical	properties	of	the	mycelium	
materials	can	be	altered.	(Antinori	et	al.,	2020;	Appels	et	al.,	2019;	Haneef	et	al.,	2017;	Manan	et	
al.,	2021).	For	example,	a	study	by	Haneef	et	al.	(2017)	grew	mycelium	materials	for	which	two	
types	of	fungi,	P.	ostreatus	and	G.	lucidum,	were	used.	The	substrates	chosen	in	this	research	were	
pure	 cellulose	 and	 cellulose-potato	 dextrose	 broth	 (PDB).	 The	 reasons	 these	 substrates	were	
chosen,	are	because	cellulose	is	the	most	abundant	polymer	on	this	planet,	and	because	PDB	is	
known	to	contain	a	lot	of	simple	sugars	which	means	it	is	easy	to	digest	for	mycelium.	Therefore,	
PDB	is	the	most	common	medium	promoting	mycelial	growth	(Antinori	et	al.,	2020;	Haneef	et	al.,	
2017).	Besides	PDB,	there	are	other	commonly	used	substrates.	Examples	are	agricultural	waste	
streams,	saw	dust,	hay,	sugar	cane,	straw,	wood	pulp,	millet	grain,	wheat	bran,	natural	fibers	and	
mixtures	of	these	substates.	Research	showed	that	it	is	even	possible	to	use	banana	fibers,	which	
is	a	waste	product,	infused	with	resin	made	from	banana	sap	as	a	substrate	(Amstislavski	et	al.,	
2017;	Islam	et	al.,	2018;	Paul	et	al.,	2015).		In	this	research	by	Haneef	et	al.	it	is	shown	that	the	
ultimate	 fibrous	 constructions	 of	 the	 mycelial	 materials	 demonstrated	 diverse	 relative	
concentrations	in	polysaccharides,	lipids,	proteins	and	chitin	(Haneef	et	al.,	2017).		These	different	
concentrations	are	expressed	as	modifications	in	the	morphology	and	mechanical	properties	of	
the	mycelium.	For	instance,	it	has	been	shown	that	materials	grown	on	cellulose	substrates	consist	
of	higher	concentrations	of	chitin	and	showed	higher	scores	on	Young’s	modulus	(the	modulus	of	
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elasticity	in	tension	or	compression)1	(Antinori	et	al.,	2020;	Haneef	et	al.,	2017).	The	lower	the	
score	 on	 Young’s	modulus,	 the	more	 elastic	 a	material	 is,	 the	 higher	 the	 score,	 the	 stiffer	 the	
material	is	(Heuberger	et	al.,	1995).	Different	fungi	can	respond	differently	to	(changes	in)	feeding	
substrates.	 When	 comparing	 G.	 lucidum	 to	 P.	 ostreatus,	 both	 grown	 on	 cellulose,	 mycelium	
material	from	G.	lucidum	is	more	elastic	than	mycelium	material	from	P.	ostreatus,	which	is	stiffer	
in	 this	 case.	Nevertheless,	 both	materials	 become	more	 elastic	when	dextrose	 is	 added	 to	 the	
cellulose-based	feeding	substrate	(Antinori	et	al.,	2020;	Appels	et	al.,	2019;	Haneef	et	al.,	2017).	
Significant	 changes	 to	 the	 mycelium	material	 properties	 can	 be	 made	 even	 by	 making	 small	
changes	to	the	structure	of	a	general	fungal	growth	medium	(Antinori	et	al.,	2020).		

	
2.2.3 Environmental	factors	

 
Mechanical	 properties	 of	 mycelium	 materials	 can	 be	 influenced	 by	 manipulating	 the	

environmental	 growth	 factors	 (Appels	 et	 al.,	 2018).	 Examples	 of	 such	 environmental	 growth	
factors	are	temperature,	light,	pH,	water	potential	and	nitrogen	and	carbon	sources	(Appels	et	al.,	
2018,	2019;	Domingues	et	al.,	2016;	Fu	et	al.,	2013;	Haneef	et	al.,	2017).	Depending	on	the	species	
of	 interest,	 there	 are	 optimal	 growth	 conditions.	 However,	 by	 altering	 certain	 environmental	
growth	factors,	properties	like	morphology,	density,	radial	growth,	Young’s	modulus	(elasticity	or	
elongation),	and	strength	can	be	adjusted	(Appels	et	al.,	2018,	2019;	Fu	et	al.,	2013;	Haneef	et	al.,	
2017;	 Zhao	 et	 al.,	 2010).	 For	 instance,	 Fu	 et	 al.	 (2013)	 examined	 the	 effects	 of	 various	
environmental	 factors	 on	mycelial	 growth,	 such	 as	 how	 increasing	 temperature	 affects	 radial	
growth	of	two	isolates	of	Villosiclava	virens	(V.	virens),	namely	SC09	and	SC32.	V.	virens	causes	rice	
false	smut,	which	is	a	fungal	disease	that	is	found	worldwide	(Fu	et	al.,	2013).	As	can	be	seen	below	
in	figure	3	(obtained	from	Fu	et	al.,	(2013)),	both	isolates	responded	very	similarly	to	temperature	
in	terms	of	radial	growth	(figure	4).	Active	mycelial	growth	took	place	in	temperatures	between	
12	and	32	degrees	Celsius.	The	inclining	trend	shows	that	the	radial	growth	rate	of	both	isolate	
SC09	and	SC32	increased	with	the	increasing	temperature	up	to	28	or	30	degrees	Celsius.	This	is	
where	the	optimal	growth	rate	lies.	As	the	temperature	increased	further,	the	mycelial	growth	
decreased	relatively	rapidly	and	was	arrested	at	34	degrees	Celsius.	After	this	event,	the	isolates	
did	not	resume	growth,	despite	the	fact	that	they	were	incubated	at	the	optimal	temperature	of	
28	degrees	Celsius	for	another	10	days.	Therefore,	it	was	assumed	that	the	fungi	had	died	(Fu	et	
al.,	2013).	This	data	shows	that	temperature	is	a	critical	factor	in	mycelial	growth.		
	

 
1 Young’s	modulus	is	expressed	in	Pa,	which	is	a	unit	of	pressure	(Newton	per	square	meter).	The	lower	the	
score	on	Young’s	modulus,	the	more	elastic	a	material	 is,	 the	higher	the	score,	the	stiffer	the	material	 is	
(Heuberger	et	al.,	1995). 
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Figure	4.	Effect	of	temperature	on	the	radial	mycelial	growth	rate	(mm	d-1)	of	two	isolates	(SC09	and	SC32)	of	
V.	virens	on	potato	sucrose	agar.	The	values	are	the	means	of	pooled	data	of	two	experimental	replicates	(six	repeat	
plates	for	each	isolate	at	each	temperature).	Bars	=	standard	errors.	(Adapted	from	Fu	et	al.	(2013)).		
	
	

2.2.4 Pressing	conditions	
	

Besides	 manipulating	 mycelial	 composites	 during	 growth	 by	 using	 certain	 species,	
substrates	and	environmental	factors,	mycelium	materials	can	also	be	manipulated	after	growth.	
Applying	heat	or	cold	pressing	is	a	way	to	adequately	improve	structural	features	of	mycelium	
materials	 (Appels	 et	 al.,	 2019;	 Liu	 et	 al.,	 2019;	 Manan	 et	 al.,	 2021).	 Generally,	 by	 pressing	 a	
material	its	density	is	increased	and	its	porosity	is	reduced,	which	causes	mycelial	composites	to	
become	 a	 more	 cork-like	 material,	 compared	 to	 a	 foam-like	 material	 when	 it	 is	 not	 pressed	
(Adamatzky	et	al.,	2022;	Appels	et	al.,	2019;	Manan	et	al.,	2021;	Thoemen	&	Humphrey,	2005).	
Figure	5,	retrieved	from	Appels	et	al.	(2019)	shows	a	material	chart	of	the	different	composite	
materials	after	applying	different	pressing	conditions	and	the	 impact	on	their	 tensile	strength,	
flexibility	and	density.	Pressing	also	aids	 in	horizontal	 rearrangement	of	 fibers	while	reducing	
their	thickness.	This	results	in	more	contact	between	the	fibers	where	they	overlap	(Thoemen	&	
Humphrey,	2005).	Heat-pressing	in	particular	plays	a	vital	role	in	enhancing	tensile	strength	and	
modulus	of	the	mycelial	composites,	compared	to	cold-pressing	or	no	pressing	at	all	(Adamatzky	
et	al.,	2022;	Appels	et	al.,	2019).	Research	conducted	by	Adamatzky	et	al.	(2022)	presented	that	
however	tensile	properties	can	change	depending	on	the	feeding	substrate,	the	experiments	in	
this	particular	research	resulted	in	a	tensile	strength	that	was	averagely	six	times	higher	when	
heat-pressed	compared	to	cold-pressed	and	non-pressed	materials	(Adamatzky	et	al.,	2022).		
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Figure	5.	Material	chart	of	different	composite	materials	after	applying	different	pressing	conditions	and	the	impact	
on	their	tensile	strength,	flexibility	and	density.		Retrieved	from	Appels	et	al.	(2019).		
	
	

3. Coating	materials		
 

3.1 Why	are	coatings	necessary?	
 

Because	 mycelium-based	 composites	 are	 bio-composites	 that	 have	 biodegradable	
characteristics	and	therefore	susceptible	to	(bio)degradation	and	decay	(Brabcová	et	al.,	2016;	
Rafiee	et	al.,	2021;	Vandelook	et	al.,	2021),	factors	like	microbial	growth,	insects	feeding	on	the	
material	 and	 weathering	 conditions	 could	 negatively	 impact	 the	 quality	 of	 the	 materials	
(Brabcová	et	al.,	2016;	Chan	et	al.,	2021;	Elsacker	et	al.,	2020).	Therefore,	protective	coatings	are	
necessary	 to	prevent	 the	mycelium	materials	 from	degrading	 (Elsacker	 et	 al.,	 2020;	 Schaak	&	
Lucht,	2016).	Another	factor	that	could	come	into	play	as	to	why	protective	coatings	are	necessary	
is	smell,	as	mycelium	materials	could	emit	an	odor	that	could	be	experienced	as	unpleasant	(Parisi	
et	al.,	2016;	Vasquez	&	Vega,	2019).	Applying	a	protective	layer	would	inhibit	the	dispersion	of	
unwanted	odors.		
 

3.2 Coating	materials	
 

As	 the	 aim	 of	 using	 mycelium-based	 composites	 is	 to	 increase	 circularity	 and	 reduce	
environmental	 impact,	 the	 coatings	 used	 on	 these	 materials	 should	 also	 fit	 the	 narrative	 of	
sustainable	protection.	 	Considering	 the	 fact	 that	 the	current	day	coating	 industries	are	 facing	
ecological	as	well	as	economic	issues	using	and	producing	their	conventional	materials,	such	as	
petroleum-based	polymers	and	other	forms	of	chemicals	and	synthetic	polymers,	the	need	for	a	
paradigm	shift	to	bio-based,	sustainable	approach	is	high	(Balgude	&	Sabnis,	2014;	Paraskar	et	al.,	
2021;	Thombare	et	al.,	2022).	There	are	various	natural	and	sustainable	materials	available	that	
have	the	potential	to	be	applied	to	mycelium	composite	materials	as	coating	and	therefore	protect	
them	from	decay.	
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3.2.1 Vegetable	oils	
 

Vegetable	oil-based	coatings	are	a	great	alternative	 to	 conventional	petroleum-derived	
fuel-based	 polymeric	 materials.	 Not	 only	 is	 it	 a	 non-depletable	 raw	 material	 and	 therefore	
renewable	source,	other	important	requirements	to	create	a	viable,	sustainable	coating	are	also	
covered.	For	example,	vegetable	oils	are	readily	and	easily	available.	Moreover,	vegetable	oils	are	
biodegradable,	non-toxic	to	both	humans	and	the	environment,	have	a	low	viscosity	and	are	low-
cost	(Alam	et	al.,	2014;	Samyn	et	al.,	n.d.;	Thakur	et	al.,	2019).	Research	has	shown	that	because	
of	 their	 exceptional	 chemical	 structure	 vegetable	 oils	 are	 extremely	 versatile.	 By	 sustaining	
different	 chemical	 transformations,	 they	 can	 produce	 polymeric	 materials	 of	 low	 molecular	
weight	which	can	be	used	in	a	variety	of	applications,	especially	as	a	main	ingredient	in	paintings	
and	coatings	(Alam	et	al.,	2014;	Lligadas	et	al.,	2013;	Paraskar	et	al.,	2021;	Thakur	et	al.,	2019).		

Oil-based	coatings	can	be	derived	from	oil	from	different	plant	species,	such	as	linseed,	
soybean,	coconut,	palm,	rapeseed,	corn,	cotton	and	castor.	Depending	on	which	oil	and	chemically	
altering	process	is	applied,	different	polymeric	materials	are	produced.	Some	of	the	commonly	
produced	polymeric	 coating	materials	 are	 polyesteramides	 (PEA),	which	 can	 be	 derived	 from	
linseed	or	coconut	oil	for	example,	polyurethanes	(PU),	which	can	be	derived	from	oils	such	as	
soybean	oil	and	rapeseed	oil,	and	epoxies	(Alam	et	al.,	2014;	Lligadas	et	al.,	2013;	Stemmelen	et	
al.,	2015).	Many	oils	have	been	successfully	epoxidized	in	past	research,	among	which	are	linseed	
oil,	soybean	oil,	rapeseed	oil	and	maize	oils.	PEA	has	an	advantage	when	it	comes	to	resistance	to	
chemicals,	 water	 vapor	 resistance	 and	 speed	 of	 drying.	 However,	 50%	 of	 	 PEA	 is	 non-
biodegradable,	 which	 could	 be	 considered	 an	 unfavorable	 characteristic	 (Alam	 et	 al.,	 2014;	
Mahapatra	&	Karak,	2004).	PU	also	 	has	a	good	set	of	 features	 like	elasticity,	hardness,	 sound	
storage	 stability	 (up	 to	 6	 months)	 and	 mechanical	 resistance	 (Alam	 et	 al.,	 2014;	 Datta	 &	
Głowińska,	2012).		

	
	
Figure	6.	Different	plant	seeds	
that	are	commonly	used	to	make	
vegetable	oils	from.	In	the	pictures	
are	depicted:	A)	linseeds,	B)	
soybeans,	C)	rapeseeds,	D)	
cottonseeds.		 	
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3.2.2 Xylho	biofinish	
	

Xylho	 biofinish	 is	 a	method	 of	 protective	wood	 coating,	 especially	 applicable	 to	 and	most	
effective	 on	wood	 that	 is	 used	 in	 outdoor	 applications.	 It	 is	 entirely	 eco-friendly,	 circular	 and	
based	on	natural	and	local	resources.	The	principle	of	xylho	coating	rests	on	creating	a	natural	
protective	 biofilm	 based	 on	 linseed	 oil	 and	 functional	 micro-organisms.	 Most	 research	 about	
biofilms	in	construction	in	the	past	has	been	focused	on	the	prevention	of	biofilms,	as	discoloring	
biofilms	are	usually	considered	to	be	negative	(van	Nieuwenhuijzen	et	al.,	2018;	Williams	&	Feist,	
1999).	For	example,	microbial	growth	on	biofilms	are	commonly	associated	with	health	hazards	
due	 to	mycotoxins	 (Görs	 et	 al.,	 2007),	 possible	biodeterioration	 and	degradation	of	 aesthetics	
(Gorbushina	 et	 al.,	 2004;	 Kemmling	 et	 al.,	 2004).	 However,	 biofilms	 are	 also	 known	 to	 have	
positive	functional	characteristics	when	it	comes	to	using	them	in	construction,	of	which	xylho	
coating	provides	such	examples.		

With	xylho	coating,	wood	is	impregnated	with	linseed	oil,	after	which	the	naturally	occurring	
and	harmless	fungus	Aureobasidium	pullulans	is	grown	on	it.	This	results	in	a	functional,	living,	
water-repellent	layer	(figure	7)	(M.	F.	Sailer,	2022).	Not	only	does	it	protect	against	weathering,	
it	also	protects	against	UV-light	and	degradation	caused	by	other	microbes.	(Michael	F.	Sailer	et	
al.,	 2010).	 Moreover,	 this	 form	 of	 coating	 has	 several	 advantages	 over	 conventional	 wood	
protection.	Firstly,	one	of	the	major	advantages	is	the	fact	that	it	has	the	capability	to	heal	itself	if	
damage	occurs.	The	biofilm	is	based	on	living	cells,	and	the	wood	it	is	grown	on	functions	as	a	
nutrition	reservoir.	Under	the	right	circumstances,	oil	secretion	is	triggered	and	the	damages	will	
be	repaired	by	fungal	growth.	This	self-healing	principle	is	displayed	in	figure	8.		

	
	

	
	
Figure	7.	Profile	of	linseed	
impregnated	pine	wood	
finished	with	the	A.	
pullulans	protective	
fungus	layer.	Retrieved	
from	Xylho	Biofinish,	
2022.		
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Figure	8.	Self-healing	principle	of	the	biofilm	(black)	demonstrated	on	pine	wood	treated	with	linseed	oil	(red).	
Retrieved	from	Xylho	Biofinish,	2022.	 
 
Another	 huge	 advantage	 the	 xylho	 biofilm	 coating	 has	 over	 conventional	 coatings,	 is	 that	 the	
fungal	colonies	constructing	the	biofilm	move	along	with	the	wood	as	soon	as	it	swells	or	shrinks,	
whereas	other	coatings	are	known	to	frequently	crack	(M.	F.	Sailer,	2022;	Michael	F.	Sailer	et	al.,	
2010).	Where	the	surface	of	conventional	coatings	is	completely	sealed	off,	the	biofilm	coating	is	
not.	This	is	why	it	can	move	with	the	wood	without	damaging	the	biofilm.	These	advantages	over	
conventional	coatings	is	what	makes	this	method	of	coating	extremely	durable	and	sustainable.		
	

3.2.3 Shellac		
 
 Lac	is	a	natural	resin	that	originates	and	is	obtained	from	lac	insects.	These	insects	settle	
on	the	fragile	shoots	of	particular	host	trees,	get	nourishment	from	their	sap	and	conclude	their	
life	cycle.	During	their	life	cycle,	the	female	insects	secrete	a	protective	coating	around	their	body	
which	is	of	resinous	character	(figure	9).	This	is	then	harvested	as	a	lac	crop.	(K.	Sharma,	2016;	
Thombare	et	al.,	2022).	After	being	harvested,	 lac	goes	through	a	series	of	processing	steps	to	
produce	its	more	refined	versions,	as	is	visualized	in	figure	10.	Shellac	is	such	a	physically	polished	
version	of	lac	resin.	It	has	long	been	utilized	in	numerous	industries,	including	surface	coating,	
because	of	its	excellent	qualities,	including	the	forming	of	films,	water-resistance,	adhering	and	
bonding.	 Next	 to	 these	 properties,	 shellac	 is	 also	 a	 biodegradable	 material,	 non-toxic	 and	
environmentally	safe		(Chauhan	et	al.,	2013;	Musa	et	al.,	2011;	K.	K.	Sharma	et	al.,	2020;	Thombare	
et	al.,	2022;	Yuan	et	al.,	2021).		
	 To	get	to	the	refined	form	of	lac	that	is	shellac,	several	processing	steps	need	to	be	walked	
through	 (fig	 10).	 Firstly,	 the	 twigs	 are	 trimmed	 from	 the	 lac	 host	 tree	 after	 which	 the	 lac	
encrustation	is	scraped	off	of	them	using	tools	like	a	knife	or	a	sickle.	Therefore,	the	product	that		
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Figure	9.	Lac	growth	on	a	host	plant.	A	shows	the	insect	settlement,	B	the	intermediate	stage	and	C	the	mature	crop.	
Obtained	from	Thombare	et	al.,	2022.		
	
	
comes	from	this	is	called	scrapedlac	or	sticklac	and	is	depicted	in	figure	10b.	Sticklac	comprises	
between	30	and	40	percent	impurities,	which	are	eliminated	during	the	first	lac	processing	step,		
which	contains	five	unit	processes	in	itself,	including	crushing	and	washing	(fig.	10)	(K.	K.	Sharma	
et	al.,	2020;	Thombare	et	al.,	2022).	This	outcome	of	this	step	is	seedlac	(fig.	10d),	which	is	a	semi-
purified	 product	 processed	 to	 create	 shellac	 with.	 One	 of	 three	 techniques	 can	 be	 used	 to	
accomplish	this	(K.	K.	Sharma	et	al.,	2020;	Thombare	et	al.,	2022).	The	first	method	is	by	using	
heat.	The	steam	heat	used	in	this	production	process	melts	the	seedlac.	In	a	hydraulic	press,	the	
then	molten	lac	is	forced	through	a	filter	by	applying	hydraulic	force.	With	the	aid	of	a	sheeting	
roller,	this	filtered	lac	is	next	stretched	into	long	sheets,	after	which	the	sheets	are	broken	up	into	
tiny	flakes	known	as	machine-made	shellac	(Dhiraj	Kumar	&	Shahid,	2020;	Thombare	et	al.,	2022).	
The	second	method	is	based	on	solvent	extraction.	Here,	the	seedlac	is	dissolved	in	a	cold	or	hot	
solvent,	 oftentimes	 alcohol.	 The	 insoluble	 residue	 is	 put	 aside	 to	 settle	 before	 being	 filtered	
(Mandal	&	Sarkhel,	2014). Following	the	distillation	of	the	solvents,	a	sheeting	roller	is	used	to	
stretch	the	leftover	molten	shellac.	After	amendments,	the	solvent	can	be	used	again.	As	can	be	
seen	in	figure	10(e),	the	natural	color	of	the	lac	resin	and	therefore	the	shellac	looks	somewhat		
	

	
Figure	10.	Processing	of	lac:	(a)	Lac	on	host	plant,	(b)	Scraped	lac,	(c)	Lac	dye,	(d)	Seedlac,	(e)	Shellac	and	(f)	Button	lac	
and	other	products	(value-added)	obtained	from	lac.	Retrieved	from	Thombare	et	al.,	2022.		
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brown	or	yellow,	caused	by	pigments	secreted	by	the	lac	insects	during	their	lives	(K.	K.	Sharma,	
2017).		As	this	can	be	an	undesired	aspect,	the	alcoholic	extract	can	be	treated	with	an	appropriate	
decolorizing	agent	if	necessary.	The	third	method	is	called	the	country	process,	also	known	as		
the	 “Bhatta	 process”.	 It	 is	 a	 traditional	 method	 and	 is	 executed	 completely	 by	manual	 labor,	
therefore	it	takes	qualified	people	with	a	very	specific	skillset	to	do	this	(Brydson,	1999;	Derry,	
2012).	A	cloth	bag	of	roughly	10	meters	in	length	and	5	to	7,5	centimeters	wide	is	used	to	put	the	
seedlac	in.	Then,	the	filled	bag	gets	warmed	up	in	sections,	in	a	charcoal	fire	oven	(Derry,	2012).	
While	one	side	of	the	bag	is	kept	close	to	the	oven,	the	other	end	is	manually	twisted	repeatedly.	
As	the	heat	causes	the	lac	resin	and	its	accompanying	wax	to	melt,	the	twisting	motions	force	it	to	
be	pushed	through	the	cloth.	Using	a	spatula,	the	squeezed	out	molten	lac	is	then	removed	from	
the	 cloth’s	 surface	 and	 combined	with	water	 to	 counteract	 thermal	 effects	 of	 the	 fused	 resin	
(Mandal	&	Sarkhel,	2014;	Thombare	et	al.,	2022).	Once	enough	of	the	thoroughly	mixed,	molten	
lac	 resin	 is	 collected,	 it	 is	 spread	out	 into	 a	 sheet	 and	 carefully	 stretched	by	hand	 to	obtain	 a	
uniform	thickness	and	shine.	After	cooling	down,	the	sheet	will	be	brittle	and	broken	into	tiny	
shellac	flakes	(Derry,	2012;	Mandal	&	Sarkhel,	2014;	Thombare	et	al.,	2022).		
	
	 Because	of	its	excellent	properties,	shellac	has	been	used	in	the	coating	industry	for	ages,	
for	example	as	a	varnish	or	sealant.	The	solvent	is	applied,	and	once	it	evaporates,	it	leaves	a	solid,	
hard	film	on	the	surface	of	the	material	it	was	applied	to	(Licchelli	et	al.,	2013;	Sen	&	Venugopalan,	
1948).	Moreover,	halfway	through	the	twentieth	century	shellac	varnishes	were	developed	that	
were	airdrying	and	quick	and	easy	to	apply	by	brush	or	spray	(Bhattacharya,	1947).	 	Over	the	
years	 through	 addition	 of	 certain	 elements,	 properties	 of	 shellac-based	 varnishes	 like	water-,	
heat-	and	solvent	resistance	increased	(Renfrew	et	al.,	1954;	Thombare	et	al.,	2022).		
	 As	has	been	mentioned	before,	shellac	is	non-toxic,	biodegradable	and	environmentally	
safe	(Chauhan	et	al.,	2013;	Musa	et	al.,	2011;	Yuan	et	al.,	2021).	It	is	a	fantastic	choice	as	a	coating	
agent	due	to	its	superb	film-forming	and	binding	qualities	as	well	as	its	biocompatibility	and	easy	
applicability	(Farag	&	Leopold,	2011)	and	would	therefore	be	a	possible	contender	as	a	bio-finish	
for	mycelium	construction	material.		
	

3.2.4 Nanocellulose	
 
 Because	of	their	sustainable	qualities	and	their	usefulness	in	a	wide	range	of	industries,	
including	 composites,	 filtering,	 membranes,	 packaging,	 medical,	 industrial,	 construction,	
cosmetics,	and	foods,	cellulose	nanofibers	and	nanocrystals	have	been	widely	studied	over	the	
recent	years	(Abdul	Khalil	et	al.,	2016;	Silva	et	al.,	2020).	 Examples	 of	 cellulose-rich	 sources	
nanocellulose	can	be	extracted	from	are	banana,	oil	palm,	cotton,	wheat,	bamboo,	hemp,	corn	and	
rice,	all	of	which	are	renewable	sources	(Abdul	Khalil	et	al.,	2014;	Kalia	et	al.,	2011).	Aside	from	
their	highly	beneficial	properties	concerning	sustainability	and	biodegradability,	nanocellulose-
based	films	and	coatings	demonstrate	outstanding	resistance	against	oxygen,	grease	and	mineral	
oils	(Gicquel	et	al.,	2017a;	Koppolu	et	al.,	2019;	Shimizu	et	al.,	2016).	However,	there	are	some	
disadvantages	that	are	to	be	taken	into	account	when	looking	into	using	nanocellulose-based	films	
and	coatings.		
	 One	 of	 the	 major	 weaknesses	 of	 nanocellulose-based	 coatings,	 is	 that	 they	 are	
inappropriate	for	use	in	environments	with	high	relative	humidity	(RH)	due	to	their	sensitivity	to	
moisture	(Koppolu	et	al.,	2019;	Spence	et	al.,	2011).	The	majority	of	the	barrier	characteristics	of	
nanocellulose	 deteriorate	 as	 the	 RH	 approaches	 90%	 (Spence	 et	 al.,	 2011).	 Furthermore,	 the	
viscosity	of	most	nanocellulose	suspensions	is	very	high	(Gicquel	et	al.,	2017b;	Nazari	et	al.,	2016).	
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Research	by	Nazari	et	al.	(2016)	and	Kumar	et	al.	(2017)	shows	that	suspensions	containing	low	
solid	content	(typically	below	5%)	already	yield	stress	(V.	Kumar	et	al.,	2017;	Nazari	et	al.,	2016).	
Additionally,	 nanocellulose	 suspensions	 are	 known	 to	 have	 difficulties	 adhering	 to	 certain	
substrates	which	poses	issues	concerning	the	processing	speed	(V.	Kumar	et	al.,	2017).	Also,	the	
mechanical	processing	of	nanocellulose	requires	a	lot	of	energy,	which	has	so	far	made	it	difficult	
for	them	to	enter	a	larger	commercial	market	(Bharimalla	et	al.,	2015).		
	 Although	 nanocellulose	 shows	 great	 possibilities	 as	 a	 sustainable,	 environmentally	
friendly	and	biodegradable	coating	material,	 it	also	shows	some	unfavorable	properties.	These	
drawbacks	could	weaken	the	coating.	Therefore,	when	applied	onto	mycelium	materials	could	
this	negatively	affect	them	leave	them	less	protected.	In	order	to	improve	these	properties,	more	
research	is	necessary.	
	

4. Discussion	
 

As	stated	by	previous	research,	there	is	a	high	necessity	to	make	the	paradigm	shift	from	the	
current	way	of	production	and	consumption,	based	on	disposal	and	depletion	of	non-renewable	
resources,	to	a	sustainable	and	circular	system,	increasing	the	efficiency	of	resource	use	(Jones	et	
al.,	2017;	Murray	et	al.,	2017;	Preston,	2012).	As	the	production	of	synthetic	materials	depends	
heavily	on	non-renewable	 resources	 like	petroleum,	 shifting	 to	bio-based	materials,	 especially	
fungal	mycelium	materials,	contributes	massively	to	the	shift	to	a	circular	economy.		

	
Research	 has	 shown	 it	 is	 possible	 to	 use	mycelium	materials	 in	 construction	 by	 creating	

mycelium	composite	bricks.	In	order	for	these	bricks	to	be	successful	in	construction,	they	need	
to	meet	certain	 requirements	when	 it	 comes	 to	 their	properties	 like	a	 consistent	morphology,	
density,	 and	 strength	 (Jones	 et	 al.,	 2017;	 Xing	 et	 al.,	 2018).	 Being	 able	 to	 tune	 the	 mycelial	
properties	by	adjusting	 the	growth	 circumstances	provides	mycelium	composites	with	a	huge	
advantage.	 Adjusting	 the	 different	 growth	 factors	 makes	 it	 possible	 to	 create	 mycelium	
composites	that	hold	the	properties	most	favorable	for	their	particular	application	(Appels	et	al.,	
2019).	For	example,	feeding	substrates	impact	mycelial	properties.	As	mycelium	can	grow	on	low	
quality	lignocellulolytic	waste	streams,	this	seems	like	a	good	way	to	increase	circularity	and	use	
said	readily	available	waste	streams	to	grow	mycelium	composites	on.	However,	particular	waste	
streams	 that	 are	 available	 at	 that	 time	 might	 not	 give	 the	 mycelium	 composites	 the	 desired	
properties	 that	another	 feeding	substrate	would.	The	quality	and	chemical	 composition	of	 the	
feeding	substrate	is	also	of	 importance.	Even	slight	changes	to	the	feeding	substrate	can	cause	
significant	changes	to	the	morphology	and	mechanical	properties	of	the	mycelium	(Antinori	et	al.,	
2020;	Appels	et	al.,	2019;	Haneef	et	al.,	2017).		

Aside	 from	 manipulating	 mycelial	 growth,	 there	 is	 also	 the	 possibility	 to	 alter	 the	
characteristics	 of	mycelium	materials	 after	 growing	 them.	Research	 by	Appels	 and	 colleagues	
(2018)	has	shown	that	applying	different	pressing	conditions	reveals	a	wide	range	of	variations	
in	 density,	 tensile	 strength,	 material	 flexibility,	 and	 water	 absorption,	 opening	 the	 door	 to	 a	
variety	 of	 mycelium-based	 composite	 materials.	 Important	 findings	 were	 that	 heat	 pressing	
produced	materials	with	qualities	similar	to	those	of	wood	and	cork	(Appels	et	al.,	2019),	which	
can	be	of	great	use	in	the	area	of	construction.	An	increasing	number	of	artists	and	designers	are	
exploring	the	idea	of	building	with	mycelium,	like	the	structures	shown	in	figure	1.	The	idea	to	
use	mycelium	materials	for	temporary	buildings	for	temporary	activities	and	events	is	especially	
popular.	 For	 example,	 in	 Kerala	 (India)	 a	 pavilion	 was	 built	 using	 mycelium	 materials	 to	
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demonstrate	 this	 (fig.	 11)	 (Frearson,	 2017).	 Because	 the	 mycelium	 materials	 are	 easily	
biodegradable	 and	 can	 therefore	 be	 put	 back	 into	 the	 natural	 system	 after	 use,	 it	 is	 ideal	 for	
temporary	 events	 (Morby,	 2017).	 However,	more	 research	 on	 creating	 long	 lasting	mycelium	
constructions	is	needed.			

	

	
	
Figure	11.	The	“Shell	Mycelium	Installation”	by	Asif	Rahman	of	the	Indian	studio	Beetles	3.3,	and	Giombattista	Arredia	
and	Mohamad	Yassin	of	an	Italian	architecture	studio.	The	pavilion	was	meant	for	temporary	use.		

	
	
Protective	 coatings	 are	 necessary	 to	 protect	 mycelial	 bricks	 and	 structures	 from	 decay	

(Elsacker	et	 al.,	 2020;	Schaak	&	Lucht,	2016).	Not	only	 is	 this	 important	 for	use	 in	 temporary	
structures,	 but	 particularly	 for	 potential	 durable	 use.	 As	 the	 production	 of	 synthetic	 coating	
materials	relies	heavily	on	depletable	resources	like	petroleum,	there	is	a	high	demand	for	bio-
based	 alternatives	 (Balgude	 &	 Sabnis,	 2014;	 Paraskar	 et	 al.,	 2021;	 Thombare	 et	 al.,	 2022).	
However,	 when	 it	 comes	 to	 their	 properties,	 the	 bio-based	 alternatives	 usually	 have	 some	
disadvantages	compared	to	their	synthetic	counterparts.	Therefore,	more	research	on	bio-based	
coatings	applied	to	and	on	mycelium	materials	is	necessary.	Even	though	they	might	have	some	
drawbacks	compared	to	synthetic	polymers,	environmentally	they	propose	huge	advantages	as	
they	are	derived	from	natural	and	renewable	resources.	

	
Bio-polymers	derived	from	vegetable	oils	like	polyesteramides	(PEA)	and	polyurethanes	

(PU)	 are	 great	 possibilities	 as	 bio-based	 finishes	 for	mycelium	materials	 	 (Alam	 et	 al.,	 2014;	
Lligadas	et	al.,	2013;	Stemmelen	et	al.,	2015).	PEA	has	an	advantage	over	PU	when	it	comes	to	
resistance	to	chemicals,	moisture	resistance	and	speed	of	drying.	However,	50%	of		PEA	is	non-
biodegradable,	which	could	be	considered	an	unfavorable	characteristic,	looking	at	sustainability	
and	environmental	impact	(Alam	et	al.,	2014;	Mahapatra	&	Karak,	2004).	PU	shows	to	perform	
well	in	terms	of	elasticity,	hardness,	storage	stability		and	mechanical	resistance	(Alam	et	al.,	2014;	
Datta	&	Głowińska,	2012).	Some	problems	concerning	the	production	of	oil-based	polymers	are	
reduced	yield	due	to	formation	of	side	products,	extended	curing	times	and	drying	time	(Alam	et	
al.,	2014).	Altogether,	they	compete	well	with	their	synthetic	counterparts.		More	research	on	how	
best	to	apply	oil-based	coatings	to	mycelium	materials	(e.g.,	brushing,	 impregnating)	and	their	
performance	on	those	particular	materials	needs	to	be	done.		
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Vegetable	oils	are	products	that	are	widely	used	and	therefore	also	part	of	waste	streams.	
This	does	not	only	include	waste	cooking	oil,	but	also	waste	on	an	industrial	scale.	To	illustrate,	
corn	is	the	major	component	in	the	bioethanol	industry	in	the	United	States	of	America	(Deepak	
Kumar	&	Singh,	2018).	The	Renewable	Fuels	Association	 reported	 in	2017	 that	 close	 to	3575	
million	pounds	of	corn	oil	was	produced	by	the	bioethanol	industry	as	a	byproduct	in	the	USA	
alone	(RFA,	2017;	Thakur	et	al.,	2019).	As	it	is	a	waste	product	produced	in	such	high	amounts,	
there	is	a	necessity	to	find	an	application	that	would	add	value	to	this	downstream	corn	oil	(DCO).		
Therefore,	this	DCO	would	be	a	possible	starting	material	to	produce	vegetable-oil	based	coatings	
with	 (Thakur	 et	 al.,	 2019).	 As	 this	 adds	 value	 to	 a	waste	 product	 that	 can	 then	 be	 reapplied,	
circularity	of	the	process	would	be	increased.		

	
Whereas	 past	 research	 mostly	 looked	 to	 prevent	 biofilms	 from	 growing	 on	 construction	

materials,	xylho	coating	is	a	way	to	use	this	naturally	occurring	biofilm	to	benefit	from	it.	It	has	
several	advantages	over	conventional	coating	methods	(M.	F.	Sailer,	2022;	van	Nieuwenhuijzen	et	
al.,	 2018).	 It	 is	 completely	 based	 on	 locally	 sourced,	 renewable	 resources,	 sustainable,	 and	
environmentally	friendly.	One	of	the	most	significant	benefits	of	xylho	coating,	is	the	fact	that	is	
way	less	susceptible	to	damaging	due	to	swelling	and	shrinking	of	the	wood,	as	the	living	biofilm	
moves	along	with	 it	where	conventional	 coatings	are	 likely	 to	 tear.	This	 is	highly	beneficial	 in	
(quickly)	changing	weather	conditions.	Applying	xylho	bio-finish	to	mycelium	materials	would	
mean	that	they	would	have	to	be	impregnated	with	linseed	oil	as	a	nutrition	source	for	the	fungus	
creating	 the	 biofilm.	 As	 long	 as	 there	 is	 oil,	 the	 coating	 layer	 will	 stay	 intact.	 For	 temporary	
structures,	this	would	pose	no	problems.		However,	for	potential	use	of	mycelium	bricks	in	long-
term	structures,	this	would	mean	that	they	would	have	to	be	reimpregnated	every	now	and	again	
to	maintain	the	fungal	biofilm.	Future	research	on	how	exactly	these	type	of	living	biofilms	would	
work	on	mycelium	composites	would	be	necessary.	Another	possible	drawback	concerning	this	
type	of	coating	is	the	fact	that	many	people	still	have	negative	associations	with	fungi	and	think	of	
them	as	health	hazards	and	not	aesthetically	pleasing	(Görs	et	al.,	2007;	Nalewicki,	2017;	Michael	
F.	Sailer	et	al.,	2010)	and	would	therefore	possibly	not	want	it	as	a	living	surface	coating.	More	
education	regarding	fungi	would	be	necessary	to	change	these	general	ideas.		

	
Shellac	has	long	been	utilized	in	numerous	industries,	including	surface	coating,	because	of	its	

excellent	qualities,	including	the	forming	of	films,	water-resistance,	adhering	and	bonding.	Next	
to	these	properties,	shellac	is	also	a	biodegradable	material,	non-toxic	and	environmentally	safe		
(Chauhan	et	al.,	2013;	Musa	et	al.,	2011;	K.	K.	Sharma	et	al.,	2020;	Thombare	et	al.,	2022;	Yuan	et	
al.,	2021).	However,	the	production	process	is	relatively	extensive	and	happens	mostly	in	Asia,	as	
this	is	where	the	lac	insects	and	host	trees	naturally	occur	(Thombare	et	al.,	2022).	Focusing	on	
western	 Europe	 as	 one	 of	 the	 main	 importers	 of	 lac	 and	 the	 accompanying	 intercontinental	
transportation,	 this	 could	be	 considered	 less	 sustainable.	Furthermore,	 the	 lac	 insects	need	 to	
complete	their	life	cycle	before	being	harvested	as	a	lac	crop	(K.	K.	Sharma,	2015;	Thombare	et	al.,	
2022).	Depending	on	the	host	tree	and	strain	of	lac	insects,	their	life	cycle	can	take	3	to	8	months	
to	complete	(K.	K.	Sharma,	2015).	Adding	this	to	the	relatively	extensive	production	process	after	
harvesting,	 this	 is	 a	 quite	 time-consuming	method.	 Aside	 from	 that,	with	 its	 good	 properties,	
scoring	high	on	sustainability	and	renewability	scale	and	being	easy	to	apply,	shellac	is	a	good	
contender	as	a	bio-based	coating	for	mycelium	bricks.		
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Nanocellulose-based	coatings	provide	great	potential	as	a	bio-based	coating.	However,	there	
are	some	weaknesses	to	take	 into	account,	 like	their	sensitivity	to	moisture	and	high	viscosity	
(Gicquel	et	al.,	2017a;	Koppolu	et	al.,	2019;	Nazari	et	al.,	2016;	Spence	et	al.,	2011).	A	possibility	
to	counteract	these	drawbacks,	is	to	create	a	multilayer	barrier	coating	combining	nanocellulose	
with	polylactic	acid	(PLA)	(Koppolu	et	al.,	2019).	For	example,	where	nanocellulose	shows	low	
tolerance	to	water	vapor,	but	high	tolerance	to	oxygen,	PLA	has	a	high	tolerance	to	water	vapor,	
but	a	low	tolerance	to	oxygen	(Koppolu	et	al.,	2019).	Research	by	Koppolu	and	colleagues	(2019)	
explores	the	possibility	of	combining	these	two	into	multilayer	barriers.	For	instance,	 it	shows	
that	 in	comparison	to	nanocellulose	alone,	 the	grease	barrier	 for	nanocellulose	+	PLA	coatings	
increased	5-fold,	and	comparing	to	PLA	alone,	it	increased	2-fold.	It	also	proved	that	the	oxygen	
transmission	rate	was	reduced	by	98	percent,	and	the	vapor	transmission	rate	was	reduced	by	99	
percent	with	the	multilayer	coating	compared	to	the	PLA	coating	alone	(Koppolu	et	al.,	2019).	
Hence,	combining	these	two	bio-based	coatings	into	one	multilayered	coating	could	strengthen	
its	qualities	and	make	for	a	more	resistant	coating	material.		
	

It	is	clear	that	bio-based	polymers	as	coating	materials	show	great	potential	in	the	field.	Using	
waste	streams	and	other	renewable	sources	to	derive	them	from,	huge	strides	are	made	in	the	
paradigm	shift	towards	a	more	sustainable,	circular	economy.	However,	as	little	is	known	about	
the	performances	of	these	coating	materials	on	mycelium-based	materials	and	how	to	best	apply	
them,	more	research	still	needs	to	be	done.	

Using	mycelium	materials	 for	 temporary	 constructions	 is	 a	 great	 first	 step	 in	 normalizing	
these	 materials	 among	 the	 public.	 To	 get	 rid	 of	 the	 stigma	 fungi	 carry	 as	 hazardous,	 more	
education	on	the	subject,	also	in	context	with	the	importance	and	necessity	to	shift	to	a	circular	
economy,	is	necessary.	

	

5. Conclusion	
	

This	research	was	carried	out	to	gain	insight	in	the	possibility	of	using	bio-based	polymers	
as	 coating	materials	 to	 protect	mycelium	 composites	 from	 decay,	 as	 the	 idea	 to	 use	 them	 in	
construction	is	being	explored.	Mycelium	composites	can	already	be	manipulated	into	having	the	
desired	 properties	 during	 their	 growth	 process,	 which	 is	 advantageous.	 Various	 artists	 and	
designers	have	already	used	mycelium	bricks	in	structures	for	temporary	events,	but	protection	
against	 decay	 is	 especially	 important	 for	 structures	 that	 need	 to	 last	 longer.	 Different	 bio-
polymers	 were	 looked	 into,	 considering	 their	 production	 process,	 properties	 and	 potential	
drawbacks.	Vegetable	oil-based	bio-polymers	have	been	widely	researched	and	have	desirable	
properties	such	as	great	resistance	 to	chemicals	and	moisture.	Xylho	coating	also	shows	great	
possibility	as	 it	 is	very	resilient	to	environmental	changes.	However,	as	 living	biofilms	are	still	
often	thought	of	negatively,	this	might	pose	some	issues	as	for	using	it	in	common	places.	Shellac	
has	been	used	in	the	coating	industry	for	a	long	time.	Aside	from	the	production	process	being	
relatively	 extensive,	 it	 also	 only	 takes	 place	 in	 Asia,	making	 intercontinental	 transportation	 a	
must.	This	could	be	considered	a	drawback	within	the	sustainability	scope.	Nanocellulose	coatings	
would	work	best	when	 combined	with	polylactic	 acid	 to	 a	multilayer	barrier	 coating,	 as	 their	
performance	 then	 significantly	 improves.	 Altogether,	 currently	 still	 little	 is	 known	 about	 the	
performance	 and	 effectiveness	 of	 these	 bio-polymers	 in	 coating	 applications	 on	 mycelium	
materials.	Therefore,	more	research	on	this	topic	is	needed	to	take	the	paradigm	shift	to	a	circular	
economy	to	the	next	level.	
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