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Abstract

The ever more apparent unsustainable and unethical effects of the garment in-
dustry have caused consumers to face the dilemma of reconciling their interest
in consumption with acting responsibly. The use of new materials in produc-
tion, for example garments made from fungi, offers one way for consumers
to resolve this. Fungi are being imbued with almost mythical attributes as a
beneficial organism with transformative powers in many narratives — includ-
ing ones from the fashion industry. Products are being promoted as if they
were already widely available. However, the available information is ambiva-
lent and might raise some doubt as to the material’s market readiness and/
or its overall sustainable effect. For this paper, I will analyse the information
economy, celebratory narratives and mushroom materials from experimental
fungus-growing experiments. [ will examine closely the range of materialities
around the phenomenon of fungus ‘leather’.
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Introduction

Fashion provides exciting potential for many consumers, facilitating the explo-
ration of aesthetics, materials and visuals and the investigation of socio-cul-
tural positionings in the world. But there is another side of it that is exploit-
ative, polluting and socially irresponsible. Furthermore, by its principle of
making looks obsolete sooner or later after having once been en vogue, it can
be described as a waste production machine (see, e.g. Nayak et al. 2021; Remy
etal. 2016). At a time of growing awareness of the mess the fashion industry
leaves in its wake, fashion enthusiasts are increasingly facing up to ethical
questions and are keen to reconcile their consumption with the knowledge
that the products they buy have been made in a responsible, sustainable man-
ner and do not produce excess refuse (e.g. Gazzola et al. 2020).

Principally, fashion products are made from a broad range of materials
classified as either ‘synthetic’ or ‘natural’ materials. Synthetic materials are
mineral-oil-based materials, meaning they draw on a non-renewable resource
and produce long-lasting waste when disposed of, due to their resistance to
decay. ‘Natural material’ does not, in the first place, refer to a material’s per-
formance in terms of sustainability. It refers to a material that is based on or-
ganic substances and fibres as raw materials. They could even be compostable
were they not routinely finished or mixed with mineral-oil-based materials or
other non-bio-degradable matter. In scaled industries, they have, nonetheless,
an exploitative effect both socially and environmentally and an unfavoura-
ble climate balance. Some natural materials are ethically questionable, if not
downright cruel, like animal hide, which is made into leather. Leather - al-
lowing for differences in quality — lends itself quite well for use in garments.
It can easily be sewn and used in garment or accessory production; it is gen-
erally malleable while still being very durable. The issues causing concern have
to do with a lack of animal welfare, CO2 output and the pollution caused by
animal husbandry. Another point of concern is that leather is a processed ar-
tefact: conventional tanning is not only extremely polluting, but also leaves
toxic residue in the material (Lofrano et al. 2013).

Given the numerous harmful impacts of conventional materials, one of the
strategies for conscientious fashion consumers is to look to the invention of
new materials (e.g. Oki 2021; Preuss 2017; van der Haak 2018; Morby 2016).
They are not alone in hoping new solutions will emerge from laboratories and
the (material) experiments done by scientists and engineers. Many feel a pal-
pable sense of excitement that the fashion industry is on the cusp of address-
ing the above-mentioned issues, actively countering resource-draining and
refuse-accumulation practices. In this article, I concentrate on the possible
use of alternatives to conventional leather for fashion materials. One of the
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raw materials that is currently exciting the imagination of many and receiv-
ing quite positive discursive treatment (e.g. Garcia-Pardo 2016; Schwartzberg
2019; BBC Ideas 2022) is that of fungi. As an alternative to leather, garments
made from mushrooms are thought to be a humane, environmentally friendly
and easily re-growable alternative for providing an abundant supply of mate-
rial: it is widely known in public discourse as ‘mushroom leather’.

The generic description ‘mushroom leather’ is technically imprecise. [ am
still going to make use of it at times in this article, though, because of its in-
stant recognisability and because it is already deeply rooted in the popular
imagination. But the term is mainly imprecise because the word leather re-
fers quite specifically only to products made from animal skins and hides (e.g.
Encyclopaedia Britannica 2023). In fact, the CEO of one of the best-known
enterprises in this field, Matthew L. Scullin of MycoWorks, has attempted to
curb expectations by stressing that his company’s product is not a substitute
for leather, but rather a new material quite in its own right (e.g. Scullin, inter-
viewed by Menkes 2022). The second inaccuracy lies in the term ‘mushroom”:
mushroom-‘eather’ is used to refer to (at least') two very distinct types of
fungi-derived products. Only one of them is actually made from mushrooms
—which are the fruiting part of fungi. This product is called amadou. The other
material is made from mycelium - which is a network of filaments, the root-
like part of fungi. Mushrooms are not used in this mycelium-based material at
all. Tt is the latter product that several enterprises are investing in currently.
The companies concerned seek — all differences aside - to pile into the same
niche that leather occupies in the industry for garments and accessories. The
media has provided an abundance of information on its development, which
suggests a broader interest in and readiness of the public for such fungus-based
products and an expectation that they will replace animal leather. The produc-
ing companies generate support and funding, with the bioeconomy in general
receiving increasing financial and structural support (International Advisory
Council on Global Bioeconomy 2020, 158-163). The materials industry is dy-
namic and of great social relevance. New types of materials are continuously
being developed for new purposes as soon as the technology is available. Due
to advances in technology and genetic engineering, the possibility of trans-
forming or growing mushrooms into a leather-like material generally appears
quite plausible. For example, throughout the 2010s ‘the future of fashion’ was

1 Other fungus materials do exist, for example some made from Kombucha (yeast and
bacteria) (e.g. Grushkin 2015; Oiljala 2014) and other liquid-growing cultures (e.g.
Sangosanya 2022). But they are not considered here. The focus is on fungi growing in
solid organic matter as a substrate to ensure comparability with the mushroom-leather
products, which mostly dominate the discourse around this phenomenon.

83



Stefanie Mallon: Materialities of ‘Mushroom-Leather’

often being discussed in laboratory settings (e.g. Backlight 2019; Dworsky
2014; Goormaghtigh 2017; Fries 2013; The Economist 2018).

However, from the beginning my practical and tacit knowledge of textiles,
clothes and clothes-making has conflicted with what I was learning about and
was being presented with in this context. With qualifications in textile sci-
ence and costume design, [ am familiar with the particular qualities that ma-
terials for use in garments (textiles as well as leather) must be imbued with,
furnishing them with the ability to withstand the extreme stresses of wear,
tear and care while at the same time satisfying the requirement that they are
relatively pliable and soft. I was curious to find out about how the new fun-
gus materials could meet such demands. When delving into the field in more
detail, I was taken aback by the lack of tangibility of the phenomenon. Three
enterprises have been the focus of countless media representations and the
broader discourse about using mushroom-‘leather’ for garments: MycoWorks,
Bolt Threads (which produces the mycelium-‘leather’ Mylo) and MycoTech. I
had contacted the producers hoping to acquire samples of the material. But,
despite my repeated requests to MycoWorks and Bolt Threads, I received no
reply. Only towards the end of my research phase did I manage to buy a sam-
ple from MycoTech (discussed below).

So, to assess the phenomenon, I was reliant on the information presented
on the companies’ websites (MycoWorks*, n.d.; Mylo*, n.d.; MycoTech?, n.d.).
The information available in videos, in articles and on the websites had an al-
most ephemeral quality to it — never leading to any concrete results, instead
only sending me into endless clicking loops and confusing echo chambers
and continuously exposing me to the same few visual representations of the
materials. All insights were tightly controlled, with the computer-generated
videos often being artists’ impressions, which seem to make liberal use of
their artistic license, videos with suggestive cuts, blurred photographs from
very specific angles and ever-recurring images of, e.g. a Hermés bag from
2021 (MycoWorks® n.d.; Hahn 2021; Luxiders n.d.; Excellence Magazine n.d.;
Live Kindly n.d.).

Based on the premise that the garment sector is particularly demanding
with respect to materials, the article shows how the websites make the case
for mushroom-‘leather’ as a suitable fashion material and questions such a
representation. I thus analyse them systematically, with specific emphasis
placed on information about production (and its alignment with sustainable
standards), the materiality of the products (to evaluate their performance
potential in fashion items) as well as the range of products and their perfor-
mance. I also consulted scholarly articles on the subject, including those that
discuss mycelium-‘leather’, mainly from the material science angle, to sup-
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plement the information made available about production and performance
by the companies.

However, experience psychologist Friedrich Weltzien and communication
researcher Martin Scholz (2016) write that it is not possible to understand
materials purely from a theoretical standpoint. When implemented for use
in designs, it is essential for the designers to familiarise themselves with the
physical properties of a material (Weltzien & Scholz 2016, 11). To better un-
derstand the tangible material dimension of the mushroom-‘leather’ phe-
nomenon, I also conducted my own empirical experiments, growing fungi in
my own home, exploring their material qualities and measuring them against
the textual pieces of information concerning their production, materiality
and performance. This strategy constitutes a tentative exploration of the per-
formances of fungi in a more tangible way. Based on the observations, I for-
mulated questions regarding the potentials of fungi material for garments.?

To provide insights into the social importance of materials and their cus-
tomisations, which steadily increases their range of uses and respective so-
cial lives, this article first briefly explores the history of progressive customi-
sation of materials through implementation of chemical and technological
treatment. The descriptions of the various stages of technological advance-
ment and the dynamics produced by the introduction of synthetic materials
in the garment industry are then used to analyse the various dimensions of
materiality in this article.

Materials and their societal impact

Materials are an important building block of economic activity. To add value
and render them usable for specific purposes, since pre-historic times even
‘natural’ materials have been subjected to - rigorous — processing to alter
their properties (e.g. blending or heat/mechanical treatment). For example,
animal skins have been tanned to stabilise the material and make it resistant
to decay by changing its protein structures using either fat, plant-based, and
mineral-based tanning since approximately 8.000 BCE (Barbe n.d.). But raw
materials will retain some of their idiosyncratic attributes, which determine
the qualities and appearance of any product made from them. In her 2015
article ‘Materials — The Story of Use’, the anthropologist Susanne Kiichler
(2015, 268-269) points to a flurry of increased public and economic inter-
est in the use of materials in Europe in the late 19 century, when an influx

2 DIY mushroom growing has been extensively documented on the internet, and it would
be interesting to compare the results. However, the main aim here is to examine the
empirical evidence of mushrooms’ materiality to better understand how the mycelium
grows and how the material performs.
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of new materials from around the globe provided the bases for new products
and inspired new ways of building and producing. This interest was further
fuelled by the discovery of a new way of mechanically manipulating the prop-
erties of one such material, natural caoutchouc. This example offered the first
insight into the immense impact a material could have socially. It had found
use in water-proofing clothing even in the 19% century — with a notable ex-
ample being the British Mackintosh raincoat, produced since 1823. But it
was chemical alteration, which permitted ‘the properties of the product to be
varied to suit circumstances’ (Allen 1972, 35) and this delivered the materi-
al to increased use options and creative exploitation. The chemical alteration
of materials had a pronounced social impact, because it freed designers and
producers from certain constraints that natural materials impose in the pro-
duction process. This led to a phenomenon that the art historian Petra Lange-
Berndt refers to as the caoutchouc-shock. Engineers as well as artists felt the
emerging power and potential of being in charge of the end product’s form
and effect (Lange-Berndt 2002).2

The next great social impact of materials was felt when plastics made from
mineral oil became available in the middle of the 20% century. The advent of
these synthetic materials changed the market and revolutionised the concept
of production and design even more (Postrel 2020, 218). While plastics also
still have some irreducible characteristics, it is possible to imbue them with
a very broad range of properties and appearances and employ them for very
diverse uses — subordinating materiality to ideas and purpose. Their advent
liberated art and design even more from the constraints — even dominance -
of natural materials and permitted hitherto unthinkable formings and shap-
ings. Polyurethane is one early example of a synthetic material that was so soft
and flexible that, from the 1930s onwards, it was used to produce sponges.
It is also one of the raw materials from which synthetic leathers are made. In
2022, world production of polyurethane reached 25.78 million metric tons,
while ‘it is forecast that the global market volume of polyurethane will grow
to 31.27 million tons in the year 2030’ (Statista 2023). Durability is another
of its qualities. This has become one of the principal problems concerning the
production of synthetic materials that the world is faced with today: waste
products that do not decompose (Blesin & Méhring 2016, 183-184).

In fashion, too, chemical fibres changed the market significantly. DuPont,
the US manufacturer and financier of the development of Nylon envisaged
its main use to be in women’s stockings in the 1930s. As Postrel (2020, 221)
notes: ‘When the first four thousand pairs went on sale [in October 1939 in

3 Similar to the example of the transformation of travel by the subsequent invention of
inflatable rubber tyres.
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New York], they sold out immediately, and within two years nylon accounted
for 30 percent of the market for women’s hose.” Being cheap and mostly easy
to care for and clean, chemical fibres became firmly established in fashion.
However, they were not, writes the anthropologist Kaori O’Connor (2005),
immediately met with inherent enthusiasm in the early 20* century. Chemi-
cal fibres were at best initially perceived to be a cheap alternative. So, this ‘hot
sell’ was not achieved without a major effort by the producers and marketers
in working to understand the market and imbue the raw materials and the
commodities produced from them with positive meanings to create a cultur-
al receptiveness or even a feeling of necessity for them. O’Connor remarks
that ‘the economics of new fibres, which carry extremely high development
costs, are such that for a fibre to be successful it must go into mass produc-
tion’ (O’Connor 2005, 46). The need to scale is the reason why, writes O’Con-
nor, this interdependence between ‘sussing out’ consumers’ needs and wants,
creating fibres with specific qualities and careful marketing has continued to
be of central importance.

In the 21 century, the functionality of materials has been further diversi-
fied through engineering and technology. Research hasled to the development
of materials with new properties to address everyday challenges in a variety
of fields, for instance in building practices, dangerous professions, medicine
or sports. They are not necessarily brought to market but can exist only the-
oretically — with their production details and eventual qualities archived in
databases (Kichler 2015, 274). In their use, design and idea precede the ac-
tual physical material, which is then only produced on demand. By providing
materials in this conceptual form, with many materials only existing in these
databases with their computed properties, this is in effect freeing materials
from having to take physical form. They can remain virtual and this virtual
form does not necessarily impede the political, economic and symbolic impor-
tance of their potential use. Rather, as a result ‘the early twenty-first century
is being defined by a new materials economy driven by a flood of engineered
technological materials whose capacities offer far-reaching promises’ (Kiichler
2015, 271). The advanced materials market is expected to grow even more in
the next few years. The materials may be marketed on websites, which Kiichler
calls ‘honeytraps’. In this virtual space, materials can be made to perform
completely without regard to any physical constraints or laws of likelihood
(Weltzien & Scholz 2016, 9). But Kiichler sees a strong dynamic behind new
materials also being driven by global political interest: ‘As a result, the early
twenty-first century is being defined by a new materials economy driven by a
flood of engineered technological materials whose capacities offer far-reach-
ing promises’ (2015, 271). She argues that this leads to immense over-pro-
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duction and a new materials bubble: ‘On-the-ground research shows that a
staggering percentage of materials invented and manufactured at great cost
rail within the first five months to establish a secure market, often for social
rather than scientific reasons’ (Kiichler 2015, 271). While O’Connor - with a
view to materials in the field of fashion and textiles — states that there is now
apublic awareness of the effect of man-made fibres (O’Connor 2005), Kiichler
warns - given the enormous impact that materials have - that their social per-
formance needs to be studied more intensively, particularly for those cases
where they are not taken up by users after production precisely because they
do not perform favourably. This leads to them ending up as landfill; so, after
having been produced at high energy costs, in addition they will pollute the
environment as waste. This point is acutely pertinent in the case of fashion,
where the effect of materiality is felt acutely by the wearers (Woodward 2005).

The emerging ‘bio-economy’ sends a fresh impulse surging through the
materials industry, attracting political interest and investment in research
and development (Fehr 2021). The core definition of the bio-economy’s aim is
the ‘production and utilization of biological resources to generate high-value
biobased products’, taking another step towards innovation and invention,
with an ‘increasing proximity to converging technologies, such as biotechnol-
ogy, nanotechnology, information technologies, and digitalization’ (Interna-
tional Advisory Council on Bioeconomy 2020, 153). With the aim of addressing
the problem of waste, toxic production and the use of non-renewable, miner-
al-oil-based resources, it draws on conventional bio-substances, even waste
products, as raw materials. Innovation’ features large in paving the way for
the bio-economy (Braun 2021), and it lends credibility to the general endeav-
our with reference to emerging technologies, through which raw materials can
be imbued with new attributes and characteristics. [t promises new materials
in addition to natural materials that can be altered to become more malleable
for specific human use. But the alteration goes beyond mechanical or chemi-
cal manipulation of the raw material; next-gen materials are modified in their
make-up through engineering or bio-manipulation. The term next-gen materi-
als refers to materials with less negative of an environmental impact because
they are based on abundant renewable resources and manage to mimic estab-
lished natural materials. The result are familiar substances, which seeming-
ly can be made to perform in unexpected but not impossible seeming ways.
This saves resources and, if not polluted by chemical substances, the resulting
products should be able to be recycled without problems after use. Bio-based
or bio-degradable materials are certainly expected to be part of the answer to
‘guilt-free’ consumption (Blesin & Mohring 2016, 185).
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Mushroom-‘leather’: Amadou and mycelium

In the following section, I take a closer look at the phenomenon of mush-
room-‘leather’ against the backdrop of the evolution of such materials and
their increasing social impact. Some amadou products were on display on the
MS Wissenschaft in 2021, an exhibition ship funded by the German Federal
Ministry for Education and Science, a travelling exhibition dedicated to the
bio-economy. The exhibition touted amadou as one of the natural materials
with potential to transform the economy as a vegan ‘leather’ (MS Wissenschaft
2021). Amadou is a product of an old craft of retrieving a spongy material
from specific mushrooms. It is practiced, for example, in Romania using the
mushroom Fomes fomentatis.* The mushrooms grow on dead and dying trees
and are common in Europe, North America and Asia (Miiller et al. 2007). A
soft and supple material that looks and feels very much like suede can be pro-
duced from the sponge. Despite the science-based background of the ship, the
necessary information provided to visitors on the potential — and limitations
- of the material was scarce (MS Wissenschaft 2021). Exhibitions are a genre
that for the most do not allow to delve deeply into subject matters. But I also
understand the concentration on the positive aspects of amadou as part of a
perceptible general commitment to supporting an affirmative discourse around
the potential of mushroom materials as a leather substitute, even on the part
of the ‘science boat’, without probing or questioning it too much.

It can be said that amadou, while being ‘re-discovered’ now in the search
for alternatives to animal leather, is not new but is instead only a matter of
looking back on a long-standing tradition. When placing it within the spec-
trum of materials laid out above, amadou is in fact a ‘natural’ material that
has been manipulated to make it usable in specific ways by humans.® Amadou,
however, has idiosyncratic qualities that incorruptibly determine the form,
function and appearance of the product. So, even though amadou looks sim-
ilar to suede and seems to hold great promise as a leather substitute when
viewed superficially, there are two main obstacles. The first is that it does not
perform in the same way and is not durable in the same way as leather. It is
sensitive to exposure to water, even moisture and friction. This means that
resulting products cannot be washed and that out-door products must be pro-
tected from the effects of weather with waterproofing finishes (ZVNDER).
Due to its lack of durability, amadou is used mainly in smaller products or in

4 This type of material is also found in Phellinus ellipsoideus, which grows in forests in
subtropical regions.

5 The harvested materials must be stored in plastic bags for at least three weeks to keep
them moist and soft (Schaub 2009, 30). They are then ‘created by finely slicing and
boiling the fungal fruiting bodies in an alkaline bath before manual stretching to form
sheets’ (Jones et al. 2021, 12).
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products that are assembled from smaller pieces and need to be reinforced
with other, sturdier materials. This limitation almost seems a minor drawback
compared to the second issue that takes Fomes fomentatis out of the race as
a competitor for leather substitution: the mushroom needs quite particular
conditions to thrive in and cannot be domesticated. It has its own dissemi-
nation and growing rate — and production is not scalable. As engineers and
chemists Jones et al. (2021, 12) observe: “The limited supply of these fruiting
bodies in nature and the time-consuming manufacturing process limits scal-
ability and industrial viability.” Anna Lowenhaupt Tsing (2015, 38) calls this
effect of resistance ‘anti-plantation’ — with reference to systematic colonialist
agriculture that was both demeaning and exploitative of all the entities sub-
jected in the process. This fungus is harvested mainly in the historical beech
forests in the northern mountains of Bukowina, in Romania, during the au-
tumn season. The best Fomes fomentatis grow in forests at heights of 800 m,
where harvesting takes several days in the season. They provide quality gainful
occupation for mushroom hunters, who self-determinedly follow traditional
practices that continue to go under the radar of any possible supervision or
disciplining (Schaub 2009, 40). They have thus far resisted exploitative prac-
tices in the wake of greater utilisation of the fungus. But it is lamentable that
the natural material does not lend itself to becoming part of the future of the
fashion industry and does not provide a solution for more responsible con-
sumption.® Its lack of scalability leaves it in the domain and hands of crafts-
people resisting the gravity of the industry’s maelstrom.

Mycelium-‘leather’

The real, tangible existence and suede-like appearance of amadou material and
its prominent display in settings like the bio-economy exhibition feeds into
the concept of mushroom-‘leather’ and its performance. It is used to blend
into the concept of the potential of another contender in the field, myceli-
um-‘leather’,” which is a very different product. It is marketed as a technolo-
gy-based manipulation of the familiar make-up of a natural raw material into
a next-gen material to ready it for a completely new field of use and make it

6 It should also be noted that all raw materials that are grown on a larger scale (which is
not possible with tinder fungus) might require environmentally harmful monocultures.

7  For example, in a report by DW News on the production of mycelium-‘leather’, one
of the respondents, a scientist from the Fraunhofer Institute (see below), produced a
piece of amadou and commented on its qualities. The report edits this segment into
the clip just after having dealt with the same person explaining the production process
of mycelium-‘leather’ without properly differentiating between the two entities (DW
News 2020). As | will explain in more detail below, this part of the report was cut
from the video clip in the current version.
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perform in new ways. The raw material in this case consists of the ‘root’-like
part of the fungus, which is called mycelium. It is a birous material (made of
chitinous polymers), which grows in the soil and/or organic material. The my-
celium used to produce mushroom-‘leather’ grows mostly on woodchips as a
substrate. When it grows profusely, is not interlaced with substrate or other
matter and before it is dried, mycelium is a fluffy mat of interwoven strands
and has the appearance of candy floss. What makes it particularly interesting
for environmental reasons is that it is ‘a biological organism to do all of your
manufacturing for you, so there is no real energy requirement’ (Elbein 2020).
It would be very quick to grow and could be composted (if it remains purely
organic). Production involves scant CO2 release (hardly any heat and no light
are needed); in fact, fungi store more CO2 than the production would set off.?
Some bioengineering is implemented to control the mycelium’s growing pro-
cess (MycoWorks® nd.). Jones et al. (2021, 14) argue: ‘In addition to being more
environmentally sustainable to produce than leather and its synthetic alter-
natives, as they do not rely on livestock farming or the use of fossil resourc-
es, pure fungi-biomass-based “leather” substitutes are also biodegradable at
the end of their service life and cheap to manufacture.” Another interdiscipli-
nary article states that mycelium ‘has become a highlight in biomaterial en-
gineering, owing to its zero pollution and renewability during the formation
and treatment processes’ (Raman et al. 2022). So, knowledge of this product
from the perspective of the natural and material sciences will help researchers
further evaluate its production as part of an environmentally sound process.
This could make the material an innovative bio-economy contender: cheap,
bountiful, cruelty free and made to perform at will.

Producers are hoping to replace a variety of alternatives to leather already
on the market made from ‘synthetic’ materials, like polyvinyl chloride (PVC)
and polyurethane (PU). Like other synthetic materials, they can be cheap to
produce; they are durable and do not have to be tanned, like conventional leath-
er, and they have the advantage of not being produced using processes that
are necessarily cruel to animals. For production, compared with leather they
seem to perform quite well by having a better climate balance with respect to
CO2 emissions and water use (Jones, Gandia, John, and Bismarck 2021, 10).°
However, they have a number of drawbacks. They generally do not perform
as well physiologically with a human body, they might not be as durable, they

8 However, sterilising the substrates — which can be made up of waste products — through
pasteurisation and suitable surroundings is necessary, and moderate heat might speed
up the growing process depending on the fungus.

9 Some types of leather made from animal hides can be by-products of the meat industry.
While the CO2 content is still high, in this case they do not release additional gas into
the atmosphere.
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might use up finite resources, they can be toxic during production and they
leave toxic waste after falling into disuse or else can leak micro-plastics from
the moment of their production (e.g. Oluwaseun Adetunji 2021; Commission
of the European Communities 2000). Some other leather substitutes are par-
tially made from biological waste products, like Pifiatex, which is made from
the fibres of pineapple leaves and use polylactic acid and ‘water-based’ polyure-
thane as aresin (Pifiatex n.d.). This process serves to make them hydrophobic,
binds the particles or fibres together, and gives them a ‘leather-like’ appear-
ance and feel. So, they reduce waste but still need some synthetic additives.
This makes them a mixture of natural and synthetic materials.

Representation of the materiality of mycelium-‘leather’
Mycelium-‘leather’, by contrast, is generally marketed based solely on its bio-
mass qualities. Marketers claim it has the potential to become a cruelty free,
sustainable, natural and ethical luxurious substitute. The projections are gen-
erating economic interest. The think-tank Material Innovation Initiative states
that, in the last ten years, $3 billion has been invested the field as a result (Ma-
terial Innovation Initiative 2023). MycoWorks has generated $125 million in
financing in 2021 from Prime Movers Lab, SK Networks, Mirabaud Lifestyle
Impact & Innovation Fund, DCVC Bio, Novo Holdings and several other stra-
tegic customers and investors (Waltz 2022), followed by an estimated $63 mil-
lion in October of 2022 (Waltz 2022, 15). In an opinion piece, Scullin (2023)
writes that such strong financial interest has been, ‘driving excitement around
next-generation materials like mushroom leather [and others]’.

In the following section, I trace the materiality of mycelium-based mush-
room-‘leather’ as it is described and marketed by the producers MycoWorks,
Bolt Threads and MycoTech. The information, which shapes the material es-
sence of mushroom ‘leather’ in its various forms, presents itself like pieces
of a puzzle, or pieces of data. MycoWorks, which is the most prolific of the
three firms, was founded by artists Philip Ross and Sophia Wangin 2013 (Hall
2021). One article about the company explains its mission as follows: ‘Based
on their strong financial structure and high-quality personnel, these compa-
nies collaborate with leading luxury companies, including Hermés and Mer-
cedes-Benz, to produce basic raw leather, personal luxury items, and car inte-
rior materials’ (Raman et al. 2022). But product descriptions remain opaque.
They are well designed and appealing but use vague marketing language. The
mysteriousness can - in part — be explained by the firm protecting produc-
tion secrets in a niche market that is both promising and expected to become
extremely profitable for ethical and responsible fashion. However, even oth-
er articles refer to and reproduce information given by the producers them-
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selves to rate the products. For example, the biotech journalist Emily Waltz
describes the production process as follows:

MycoWorks [...] grows the fungus from the species G. lucidum in trays of sawdust
the size of half of a cow hide. Researchers coax the fungus to grow and branch into
threadlike filamentous structures called hyphae (collectively termed mycelium) using
proprietary tricks that involve controlling temperature, humidity, carbon dioxide levels
and other aspects of the fungus’s environment. The fungus colonizes the trays, resulting
in a material that, through an undisclosed proprietary procedure, looks and feels like
leather, according to the company. (Waltz 2022)

The mats of interwoven mycelium are then harvested and treated — in a
tanning process — to take on qualities due to which the product is likened to
leather. In her overview of the new uses of biomaterials, Jane Wood refers to
MycoWorks in the following uncritical manner, her sole reference being the
company’s own website:

The company uses the growing process of mycelium to bind with organic matter, thus
creating a ‘solid’ textile, which is more akin to leather in appearance, rather than a
traditional knit or woven fabric. The resulting material is flexible, durable, can be dyed
easily and with natural dyestuffs, and has a degree of water repellency. (Wood 2019, 5)

Jones et al. (2021) actually explain in detail how the fungal sheets are
grown:

[Slolid-state fermentation typically utilizes a bed of forestry by-products, such as
sawdust, high concentrations of carbon dioxide and controlled humidity and temper-
ature to force the aerial hyphae to grow outwards in search of oxygen, avoiding stipe,
cap and spore production. The continuous mat formed on top of the particle bed is
then dehydrated to render the fungus inert, chemically treated to improve material
properties, compressed to a desired thickness and imprinted with a selected pattern.
(Jones et al. 2021, 11)

The authors go on to explain the chemical and technical processes that My-
coWorks implements to make the material more leather-like. For their perfor-
mance analysis, Jones et al. (2021, 13-14) also base their analysis on infor-
mation provided by the company. Articles on the sustainability value of such
products refer only to the companies’ claims about the production process,
taking them at face value, thereby supplying knowledge in an echo chamber.
Thus, the materiality of mushroom-‘leather’ is developing momentum purely
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in a discursive format. The material may have physical effects ‘in the empir-
ical world’, but it exists to the reader and to some of the observers only as a
representation without being grounded in concrete experience.

Mushroom-growing experiments for empirical insights on the
materiality of fungi

All fungi are basically made of the same material building blocks: a chitin-glu-
can complex, a polysaccharide. This type of structure is unique to fungi and
sets them apart from other organisms (plants and animals).'® The specific
compositional relations of the chitin and glucan in the complex can vary and,
at times, instead of chitin the cell walls can contain chitosan, which has simi-
lar properties (Freitas et al. 2015). As Abo Elsoud and El Kady (2019, 6) note:
‘Generally, the fungal cell walls are composed of chitin, chitosan, neutral pol-
ysaccharides, and glycoproteins in addition to minor amounts of polyuron-
ides, galactosamine polymers, lipids, and melanin.’ (For more discussion, see
also Freitas et al., 2015, 2.) Chitin is a ‘rigid polymer that is synthesized at
the cell wall of the mycelium in order to protect its filaments by internal os-
motic pressure, external humidity and other chemical and physical challenges’
(Haneef et al. 2017, 8). It is the building block for all the parts of the fungus,
including mycelium and mushrooms. Due to the unique and unifying make-
up of the fungi cell walls, my basic assumption is that the materiality of the
fungi that I am using and that of the fungi used for growing mycelium leath-
er are comparable at a basic level, even though they do have different tensile
strengths (Jones et al. 2021, 13).

All of the fungi utilised for mycelium-‘leather’ are filamentous fungi.** My-
coworks uses the Reishi (Ganoderma lucidum) for its Reishi product (Waltz &
Nature Biotechnology 2022). Bolt Threads does not specify, which exact fungi
it uses to produce the product Mylo. However, an oyster mushroom (Pleuro-
tus ostreatus) is shown in the heading picture of a website referring to them
(Objcts.io n.d.), and oyster mushrooms are a common fungus species used for
growing mycelium (Varkki 2024). In my experiments, [ also grew commer-
cially available, edible mushrooms: Enoki (Flammulina filiformis), Pioppino
(Cyclocybe aegerita), Lion’s mane mushroom (Hericium erinaceus) and Button
mushrooms (Agaricus bisporus). The first three were acquired as spores in a
block of wood chips covered in transparent plastic on 15 January 2023. They

10 But some plants do contain glucan, and some invertebrates have chitin in their exo-
skeleton.

11 Fungi are either filamentous fungi or yeasts. Yeasts grow by budding. Mycelium consists
of fungal filaments (hyphae) that have grown into a ‘complex network’ (Powers-Fletcher
et al. 2016).
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naturally grow on dead" wood in forests. To grow them for this study, I fol-
lowed the provider’s instructions. Wood chips serve as substrate (the habitat)
for the fungi when they have developed from spores and provide the organ-
ic matter for them to feed on. The plastic covers regulate the humidity of the
woodchip block. They needed to be slit carefully to allow the mushrooms to
grow but not dry out. Extra humidity had to be provided regularly by spray-
ing the ensembles. The necessary temperatures varied from 7-18 degrees Cel-
sius (Enoki) to 20-25 degrees Celsius (Pioppino) and 10-20 degrees Celsius
(Lion’s mane). By the end of January, all three had grown mycelium inside
of the substrate, and mushrooms sprouted from all sides of the block. It was
possible to harvest the mushrooms. However, the remnants of the stems in
the block developed mould quite quickly in the warm and humid conditions.
So, it served as a breeding ground for other fungi (and possibly other organ-
isms). By this time, the substrate had been diminished due to the decompos-
ing action of the mycelium (it has served the fungi as food). The mycelium
was visible as white webs interwoven with it, but never outside of it, or on
the outside of the plastic cover.

The button mushrooms required a slightly different set up. The woodchip
substrate infused with the fungus spores was covered by a 5 cm thick layer of
moist soil in a transparent plastic bag placed inside a cardboard box. The tem-
perature during the time when the spores were developing into mycelium had
to be 21 degrees Celsius. Humidity had to be ensured by covering the ensem-
ble with plastic covers, and the box was closed to exclude all light. [ added a
cotton t-shirt to one sample, which I placed on top of the soil, immersed par-
tially, to see how the fungus would interact with the textile material. I grew
another sample without using the t-shirt as a control sample. Once mycelium
was visible on the surface of the soil (after 15 days), the temperatures had to
be lowered to 15-18 degrees Celsius. Mushrooms started growing after an-
other 20 days. I grew two boxes of button mushrooms. The t-shirt that had
been placed in the box had decomposed wherever it had been immersed in the
soil. Pigments in the colour of the t-shirt were surfacing in other parts of the
box, on top of the soil. The mushrooms kept growing and ultimately had to
be harvested. By the end of March (after two and a half month), green mould
had started showing on the surface the soil between the button mushrooms.
Samples of mycelium and mushrooms from the four types of fungi were dried
to examine the changes in the material’s properties. The samples hardened to
awoodiness and changed from a malleable state to exhibiting more of a crispy
brittleness. They could not be bent or changed from the shape they had dried

12 Lion’s mane mushroom (Hericium erinaceus) and oyster mushroom (Pleurotus ostreatus)
can also grow on living trees.
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into and would snap if manipulated. One larger mushroom that had not been
laid out to dry carefully or turned over to let the air circulate around it (rather,
its cap was in full contact with the surface) developed mould.

Before I start relating my observations to the data provided by the web-
sites, videos and articles, I need to highlight the obvious limitations of such
an experiment. The growing settings and the available technology are un-
equal to those of the companies producing mycelium-‘leather’. Due to the
opaqueness of the companies’ processes, no comparability can be assumed.
However, the observations do serve as a foundation for formulating ques-
tions regarding the performance or basic suitability of fungi raw materials
for garments and also their representation on the websites and in the me-
dia in digital space.

Observations and resulting questions

First observation

During the course of the mushroom-growing experiments, I was able to ob-
serve that the mycelium decomposed not only the substrate but also the cot-
ton material of the cotton t-shirt that I had placed in the box and partially
submerged in the soil. It had completely metabolised those parts of it that
had been immersed in the soil of the growing box. Only small bits of the dye
pigment appeared on the surface of the soil throughout the box, probably dis-
charged due to its un-digestibility. But the mycelium had treated the cotton
(which, like the wood chips at the bottom of the box it was meant to feed on,
is made of cellulose) as a substrate.

MycoWorks states on its website that it produces three different myceli-
um-based ‘leather’ products: pure mycelium, mycelium grown into a textile
made of cotton and mycelium grown into a textile made of polyester (MycoW-
orks® n.d.; see also, e.g. Williams 2022). In early 2024, the vice president in
charge of sales, Fred Martel, was quoted as saying that the company was con-
sidering the option of making the mycelium grow into a woven cotton materi-
al. He has stated that one of their products, ‘Reishf’, can be grown into a sheet
of cotton to make a whole new material that rivals animal leather (Teisseire
2024). At the time of first reading this in 2022, the idea had made sense to
me, because the textile material could potentially enhance the flexibility and
durability of the product.’® But after observing the digesting process firsthand,
it now seems questionable that this very simple metabolising process, at the
very centre of mycelium’s growth action, can be prevented from occurring,

13 Many synthetic ‘leathers’ are reinforced with textile backings to increase their durability.
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even through the use of technology or bio-engineering.' This raises the ques-
tion: If mycelium treats cellulose textile materials as a substrate and cotton
textile materials also as cellulose materials, how then can cotton be integrat-
ed with the mycelium during the growth process to ‘strengthen’ the product?

Second observation

In the experiment, the matter in the Agaricus bisporus boxes was made up of
substrate, soil and the growing fungus (mycelium and mushrooms). Since they
had to be kept moist and at room temperature, eventually the contents of the
boxes (both with and without the t-shirt) developed mould, as was to be ex-
pected. As natural materials, fungi are susceptible to infection via pathogens.
MycoWorks CEO Scullin stresses that the company goes to great lengths to
ensure that the facilities and the growing process are kept free of contami-
nation. The fashion blogger Suzy Menkes asked the CEO Matthew L. Scullin
in 2022 why, during a visit to MycoWorks, she was not allowed to view the
production site, which was carefully guarded. Scullin’s response was that the
site must be kept sterile (Menkes 2022), so that during production, when the
mycelium is still fresh, the controlled laboratory environment will prevent
pathogens from taking hold.

I also observed that mould started growing on mushrooms that had not
been properly dried. In their dried form, the mycelium sheets are not inducive
to attracting microorganisms as hosts. But one of the studies evaluating the
performance of mycelium-‘leather’ identified a problem with mycelium-‘leath-
er’ soaking up and retaining moisture (Raman et al. 2022). This would make
the material vulnerable to decay even at later stages of use. Jones et al. (2021)
noted that the natural decomposing effect of mycelium is counteracted by a
chemical treatment of the material after it has been grown into a sheet: ‘Ini-
tially, the precursor tissue may be treated with lipids, moisturizing or hydrat-
ing agents, such as glycerol or sorbitol, to increase its water content, and sec-
tioned. The tissue is then immersed in, vacuum infused or injected with sodi-
um hydroxide, acetic acid or alcohol, such as isopropanol, ethanol or metha-
nol, for periods potentially ranging from five seconds to six months.” (Jones
et al. 2021, 11-12) The solution the material is treated with removes tissue
from the mycelium and denatures the remaining proteins to protect it from
susceptibility (Kaplan-Bie 2018). MycoWorks and Bolt Threads make mention
of a tanning process for mycelium-‘leather’. MycoWorks stresses that it is a
chrome-free tanning process (MycoWorks® n.d.). Bolt Threads states that it
is using a ‘gold-rated tannery’ by the Leather Working Group (LWG) (Mylo®

14 | have asked for more information about this process in several comments to posts by
MycoWorks on LinkedIn and Instagram, but | have not received responses.
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n.d.).® This means that this new material does not provide a tan-free alter-
native to leather. Neither is it the compostable product that Jones et al. tout
it as (see above).

The observation points to still another potential problem with this natu-
ral material. If fungi substances are prone to retaining moisture, then the is-
sue is particularly pertinent for the everyday wearing of clothes made from
this material. They will invariably be exposed to the body’s perspiration and/
or humidity from weather conditions.'® The addition of a material like poly-
urethane — as will be discussed in more detail below — could make the prod-
uct hydrophobic and prevent it from absorbing moisture. However, this rais-
es the question whether mycelium-‘leather’ can count unreservedly as a sus-
tainable material if it has to be treated, de-natured and even have synthetic
materials added to it.

Third observation
The mycelium in my experiment became brittle once it had dried - it did not
retain its flexibility or durability. As mentioned above, comparability is lim-
ited, because MycoWorks and Bolt Threads did not use the same fungi as I
have.’ Jones et al. (2021) have suggested that the mycelium used in the ma-
terials being marketed are engineered or genetically altered without elaborat-
ing on how exactly that could be done. Researchers also state that, because
mycelium is an organic living entity dependent on nutrients, moisture and
the right environmental conditions, the composite they grow in is significant
for its resulting performance. But, as stated above, all fungi have in common
the fact that they contain chitin. Chitin has been investigated for use in items
demanding high textile quality. For example, health and medical researcher
Pierre Layrolle has examined chitin as a possible raw material for sutures. But
his findings are that the potential is limited:

Although the apparent potential of chitin and chitosan derivatives in the
preparation of sutures have long been recognized, there is still no commercial
production of chitin-based absorbable suture materials because of insufficient

15 The tannery’s website does not mention Mylo or any other fungus-‘leather’ product
(Leather Working Group n.d.). This is surprising in the sense that the tanning procedure
for mycelium would be quite different to that used to tan animal hide and would have
warranted mention in the company’s portfolio.

16 Mylo’s life cycle assessment simply addresses the ecological impact but not the use
performance of the product (MyloC).

17 The websites for the most part do not specify what fungi are used for this type of
material. Raman et al. (2022), though, provide details on the fungi that they used to
evaluate the performance of mushroom-‘leather’.
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elasticity of chitin threads and certain limitations of their processability into
the fibre form. (Layrolle 2011, 230)

This same lack of elasticity has been highlighted in articles studying the
qualities of mycelium-‘leather’, too. While Raman et al. (2022) are general-
ly positive about the potential of mycelium-‘leather’, they are more hesitant
about touting the performance of the product. The authors point to a lack
of flexibility and a lack of resistance to friction, which will have to be ad-
dressed (Raman et al. 2022). In another article, Jones et al. (2021, 11-12)
note that manufacturers could compensate for this lack of elasticity by lu-
bricating the material to ensure a leather-like performance through phys-
ical and chemical processing, thus counteracting its potential brittleness.
However, others have stressed that ‘plasticizers should be natural and bio-
degradable with low toxicity and good compatibility with mycelial biomate-
rials’ (Raman et al. 2022).

As already noted above, I had contacted MycoWorks and Bolt Threads several
times through their websites (using contact interfaces mainly directed at buy-
ers), but they did not respond to any of my many requests for information, nor
was [ able to acquire any samples to enable me to evaluate the attributes, qual-
ity or performance of the material.'® However, MycoTech has recently sent me
two samples. '* They turned out to be very dense, rigid sheets of material, which
do not evoke any associations of leather - or suitability for use in garments.
Both are mounted on a very thin woven textile material. (A closer description
of the samples follows below.) Even though MycoTech’s samples do not allow
any conclusions about the other products discussed in this article, this exam-
ple underscores the general issue of a lack of flexibility of dried mycelium men-
tioned above. This raises the question: If Mycelium lacks flexibility and becomes
brittle when dried, and if it requires significant processing to alter its make-up,
then what qualifies it as a raw material in garment production in the first place?

Fourth observation

The mycelium in my experiments lived and grew inside the wood-chip blocks
and never began to grow on sheets outside of the plastic sheets. The myceli-
um became visible as a white web on the surface of the substrate, but it was

18 Some products seem to be on sale through the website, but | cannot find any way to
purchase them myself through the websites or with the google shopping filter. The
websites repeatedly feature carefully chosen and controlled images, artists impressions
and short videos, but there is a conspicuous lack of samples of the material to really
understand or know what it can do

19 One of the samples was black and the other ochre-coloured with speckles — a ‘mush-
room’ colour. Mycelium-‘leathers’ on display are often tinted in the latter, as if the
colour occurred naturally, or black. Mycelium is naturally white, however.
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deeply intertwined with the material. It built its web deep inside the sawdust
within the blocks. The mycelium growing out of the substrate block did not
at any point form tufts of fluff on top of the block or grow into a sheet on the
outside of the plastic wrap.

This conflicts with a video clip from the German news outlet DW News
on the Indonesian company MycoTech, which (at the time of filming) op-
erates from a small warehouse (DW News, 2020). The clip shows shelves
with blocks of substrate wrapped in transparent plastic, with mushrooms
growing out of them, each with a bit of white fluff — with the appearance
of wispy textile fibres — on top (DW, min. 0:12-0:18). The narrator, in de-
scribing the production process at MycoWorks, says ‘on the outside of these
sawdust blocks they produce tightly woven mycelium, which can be harvest-
ed within a few days’ (DW, min 1:55-2:01). The visuals show the sawdust
blocks, and the camera then turns to workers manipulating and scraping
30 x 30 cm squares of floppy, moist, beige-coloured material and hanging
them up to dry. This imagery suggests that the mushroom-‘leather’ had first
been peeled outside of the blocks and that it grows readily into the featured
sheets, which would make it a natural material not requiring any manipula-
tion and added value at all.

When I first accessed the DW News video on MycoTech in June 2023, it
featured a young scientist from the German Fraunhofer Institute relaying
that he was involved in the process of producing fungus ‘leather’ and offering
his view on the issue. He spoke quite positively about the process and served
as the scientific source of credibility in the report (wearing a white lab coat).
The sample that he had shown to the camera in the clip had seemed quite rig-
id. This indication of the material’s performance roused my interest. In June
2023, I contacted him - and he actually responded, which surprised me af-
ter the consistent ghosting I had experienced when attempting to contact
the companies. However, when I asked if I could study a sample of his fun-
gus material, he said it was not possible. After his affirmative statements and
the positive outlook provided in the report, the response surprised me even
more. Again, I was not able to acquire any samples. The scientist explained to
me in more detail his viewpoint, stating that the science and technology had
not progressed far enough yet to produce mushroom-‘leather’ at all. Rather,
he wrote in the email that the product was still in the developmental stage.
He had received many requests regarding this issue and explained to me that
it was not worthwhile to send samples because it would require a great deal of
paperwork and prior agreements.?’ His appearance in the video clip has since
been removed from the report (without any mention of the change in the pro-

20 The email exchange has been archived by the author.
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duction details) (DW News 2020). This underlines the ephemeral quality of
online information and the ease with which it can be manipulated. This raises
questions about the relationship between the mediatised representations of
the materials and the analogue materials that they refer to. What limits the
performance potential of a material that exists in digital space?

The materialities of mycelium-‘leather’

For along time, the producers of these types of alternative mushroom-‘leath-
ers’ have claimed that they are free of mineral-oil-based materials. Bolt Threads
has, however, since had to admit that they are indeed adding ‘water-based pol-
yurethane’ to its product Mylo. This means that their mycelium-‘leather’ does
not qualify as a next-gen material — a natural material with enhanced qualities
through engineering. It is, instead, a natural material mixed with ‘synthetic’
materials. This addition is known to make natural raw materials hydropho-
bic and add flexibility and strength.?! Following this shift in marketing, the
website now states that the company adds ‘water-based polyurethane’ to its
product to imbue it with additional required qualities. Some voices claim that
using chemical fibres or raw materials would still be more favourable for the
environment than using animal hide (e.g. Vacano et al. 2021). After having
entered into partnerships with Stella McCartney, Adidas, Lululemon and oth-
ers, the company has, however, currently halted production due to ‘inflation
and waning funding opportunities’ (Chan & Webb 2023).2?

I have carried out a burning behaviour test on the sample I had received
from MycoTech being counseled by the textile sustainability expert and chem-
ist Norbert Henzel in October 2023: the material burned vigorously, emitting
small sparks and producing thick grey smoke with a bitter, pungent odour.
This behaviour could point to the fact that at least part of the material is of
synthetic origin. A small remainder of light ash at the tip of the charred part
testifies to its organic components, suggesting that the sample is a mixture of
natural and synthetic materials. By comparison, I was not able to light my own
dried mycelium sample, nor could it burn by on its own. When immediately
exposed to a flame, it produced a slightly bitter smell, some light smoke and a
whisp of light grey ash, which indicates the organic make-up of the substance.
Henzel makes sure to point out that a definitive analysis determining the
composition of this material would need to be carried out in a laboratory test.

21 One customer stated that they had only found out about this synthetic component from
the factory making the products made with Mylo’s leather substitute (Tonti 2023).

22 Its website, however, continues to promote the product without making any reference
to the difficulties faced in producing it (MyloA), which seems to suggest that it is still
poised to play a part in the market.
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Intractable natural material

So far, most of the products that the companies advertise on their websites
are accessories, like purses and bags or jewellery. These are often made up of
smaller pieces of material and a possible lack of flexibility is not as striking.
However, Stella McCartney designed a whole outfit made with Bolt Threads’s
mycelium-‘leather’ Mylo in 2021. It is a design implementing smaller pieces
of the product; they are jointed by a textile jersey material. This design has
been widely used to support the narrative of mushroom-‘leather’ having en-
tered the market successfully. However, it has never gone into production.
The label’s statement on its website reads: ‘We used Mylo™ to create two gar-
ments — a black bustier top and utilitarian trousers — that are not for sale
but do embody the potential of this next-generation material and pave the
way for future commercial offerings’ (Stella McCartney”). The use of Bolt
Threads’s mycelium-‘leather’ for small handbags in 2022 proved more fruit-
ful. They are readily available for sale (Stella McCartney®). MycoTech’s my-
celium-‘leather’ has been used in a collection by the label Apakabar in 2022
(MycoTech®). Again, only smaller pieces of the mycelium product have found
use. In this collection they were sewn onto textile pieces (woven or jersey).
The label’s website shows a single piece, a blouson jacket, which seems to be
made mainly from mycelium material. It consists of patch-worked smaller
pieces that are — as becomes evident on closer inspection - reinforced by a
textile material on their left side (Apakabar Atelier). Beyond this, MycoTech
is mainly offering small accessories (which are often thick and inflexible), but
it has diversified and now lists home furnishings in its portfolio as well. My-
coWorks has recently cooperated with General Motors to provide material
for the interior of a luxury Cadillac called SOLLEI (2024). The headlines and
various pictures posted to mark this project do not do much to prevent the
impression that the collaboration encompasses the car’s whole lush interi-
or upholstery. One of the posts starts off evocatively: Tmagine one day be-
ing able to grow material to the exact size of a steering wheel or dashboard,
reducing offcuts and speeding up supply chains. Fine Mycelium™ materials
are a new category of their own.” (MycoWorks* 2024). The attentive reader
learns that mushroom-‘leather’ is used for the car’s charging mat cover and
the door pocket linings only. Of course, these are areas, in which the materi-
al does not have to endure excessive stress. The prevalent use of small pieces
in all these examples, in places where they are not subjected to wear and tear
or which are joined by textile jersey and/or reinforced by textile materials on
their left side, points very strongly to an, as of yet, unsurmountable lack of
flexibility and stability of the product itself.
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However, as pointed out above, Scullin has already promoted MycoWorks’
product as a material in its own right while dampening down expectations of
it becoming a full-scale replacement for leather (Menkes, 13:30-13:57 min.).
It has recently appeared in an interesting collection (to which I also only have
mediatised access): Deadwood Studios has created a line of products from Fine
Mycelium (Deadwood 2023).?® The designer team is making the stiffness of
the material readily apparent in the pictures — which is probably the signa-
ture component of the in-submissible part of the mycelium — as the dominant
look. A video presentation of the collection provides viewers with only two
short glimpses of a model wearing one of the designs (Deadwood Studios,
2023, min. 2:34-2:41 & 4:37-4:48). It is an ochre-coloured belted long-jack-
et, which is quite striking in the otherwise more dust-grey-tinted collection,
with its somewhat apocalyptic theme. This sensitivity to the idiosyncrasy of
the material might indeed be the way forward to understanding what it can
do in fashion. It is a tribute to the material as an inspiration to the designer
(Spellmeyer 2016), and an acknowledgement of it being something other than
a leather substitute and that ‘fashion companies have to understand how to
offer products and experiences that customers will perceive as unique’ (Rath
& Bay 2015). So, in this scenario, and despite the generated expectations and
the economic interest in the material, mycelium-‘leather’ does not present it-
self as a next-gen material that can be bent to human will, ingenuity and pur-
pose through the implementation of knowledge and technology. Rather than
possibly setting off a caoutchouc-chock-type aftermath of increased produc-
tivity and societal advancement, mushroom-‘leather’ has producers and de-
signers bent to its own idiosyncratic qualities. To fully develop into a fashion
material, however, it will not only have to address material and physiological
challenges. It will also have to be able to be adapted to respond to fashion’s
demand to aesthetic innovation fluidly.

Conclusion
The phenomenon of mushroom-‘leather’ presents itself in a broad range of
materialities. Amadou is made from a natural material that is distinctive and

23 Interestingly, MycoWorks’ website features a link to Deadwoods SS24 Runway show.
MycoWorks is not mentioned by name in the accompanying text at all. A link from the
MycoWorks website to the new collection of Deadwood products leads to the show, in
which neither MycoWorks nor its products are mentioned. Rather, the blurb mentions
cactus ‘leather’: ‘The core idea was simple: Garments and accessories made from
materials that otherwise would have gone to waste. Pioneering the use of upcycled
leather and vegan cactus “leather”, continuously experimenting with new material
compositions, and always encouraging carefully considered clothing — Deadwood is
preparing for an unexpected tomorrow’ (Deadwood Studios 2023).
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intractable. It is not scalable, but instead largely re-enforces specific practices
evolving around it, and it can only be used in idiosyncratic products. Some
of the properties of fungi will surely lend themselves to technological and
engineered alterations and become infused with alternative attributes. If it
were possible to completely overhaul the conventional attributes and bol-
ster the required ones sufficiently, then such a move could be the starting
point for upcycling waste products, harnessing abundant non-toxic vegeta-
ble resources and creating items that can be composted at the end of their
life cycle, but my observations of the physical material suggest that the range
of possibilities are not limitless in this respect. As next generation materi-
als, manufacturers have praised new bio-materials like fungus-‘leather’ for
bringing new options to the table, which can address urgent sustainability
and responsibility issues in the fashion system. Material and natural science
studies seem to support the feasibility to a certain extent. Its actual material
impact is not yet easy to predict, though, and none of the studies go so far
as to vouch for their usefulness in fashion products. Mycelium-‘leather’ has
not been fully realised from a physical standpoint, but it has been produced
in part in a mediated way — with the potential to materialise completely in
the future. It has - this is becoming evident — gathered great momentum as
a material, though it currently exists mainly in digital form without having
been subjected to the forces of friction. This example shows that a material
can be very powerful and socially effective as an idea, but as an immanent
physical material it still might not perform up to the imagined standard and
thereby loses some of its compulsive force.

The fashion sector places extreme demands on its materials, not only re-
garding their functionality (being able to withstand the wear and tear of strain
and also care practices) but also their aesthetic effects and - increasingly of
late - their sustainability and environmental responsibility. Fashion can thus
accentuate any shortcomings of the materials in this respect (when they might
be very functional in other fields of implementation). The successful use of
mushroom-‘leather’ in fashion has proven challenging because the product -
while of ‘natural origin’ — has not been devised, or so I conclude, by building
on its natural strengths (even though marketers give such an impression by
stressing that the mycelium can grow into entangled networks and suggest-
ing that these networks serve as the durable basis of the mushroom-‘leather’).
Instead, the mycelium must be coaxed, possibly genetically modified or chem-
ically altered, to even broadly be able to serve as a raw material. So, despite all
the technological progress and modifications made to fungi, which numerous
articles promote, it does not seem to be easy to make fungi perform at will in
the realm of fashion. Another issue is that after having been subjected to the
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various manipulating processes, it is questionable whether mycelium-‘leath-
er’ could still be disposed of responsibly after use or whether it would become
another product that does not decompose.

The article has highlighted references made to the economic possibilities
and the invention of materials in the realm of the imaginary beyond any tan-
gible materiality. The websites and the information made available constant-
ly change before one’s eyes, even during the research done here. It is puzzling
why mycelium — which turns wooden and brittle when dried — should be used
as a raw material substitute for leather — beyond the use of its evocative ef-
fect. Rather, mycelium-‘leather’ apparently performs in a similar manner as
the virtual materials described above: they exist mainly in a dimension be-
yond their own materiality. As Kuchler (2015) also writes, even in this ide-
al state they still add to the value of the sizable materials industry. They are
presented in their material state, but the qualities of the materials and pro-
jections of their future uses are largely mediated and outlined on the com-
panies’ websites, which could be characterised as honeytraps, and in echo
chambers in other media. As such, the use of sustainable materials develops
its own discursive momentum, with a large symbolic dimension, due to their
potential future use in fashion. The list of such materials can easily be multi-
plied and marketed, and it has commercial potential - trying to attract some
of the larger investments made in the sector. Since it is expensive to produce
innovative materials, they need constant marketing — as was the case for the
newly marketed synthetic fibres mentioned above. Companies have been able
to generate a great deal of interest and also much funding for their research,
though with relatively few products to show for it. There is an urgent need to
address exploitative and cruel production practices, including the use of an-
imal hides.? It can be concluded that the market is ready for this idea. May-
be that explains the lack of demand for empirical knowledge in this field. For
the future of fashion, however, there needs to be more certainty. The effort
to create mushroom-‘leather’ and the ideal already being outlined does, how-
ever, give fashion enthusiasts reason to hope that consumption practices can
meet the ideal of a sustainable product.
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