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Today: 
mycelium-bound 
composites

▪ One example with liquid 
fermentation 

▪ One example with solid 
fermentation (classic 
approach)
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‘Amazon forests of the 

underground’: Why scientists want 

to map the world's fungi

https://www.nbcnews.com/science/science-news/amazon-forests-underground-scientists-want-map-worlds-fungi-rcna7899
https://www.nbcnews.com/science/science-news/amazon-forests-underground-scientists-want-map-worlds-fungi-rcna7899
https://www.nbcnews.com/science/science-news/amazon-forests-underground-scientists-want-map-worlds-fungi-rcna7899


My introduction to mycelium
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Impact factor: 6.1

Year: 2021



Fungi for materials
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Solid Fermentation: 

Materials grown to shape

fungi

MATERIALS

solid nutrition

pure mycelium

“MyForest Foods” by Ecovative

Bacon in just 9 days
MycoWorks × Hermès Bolt Threads × Adidas

mycelium-bound composites

Attias et al., Journal of cleaner production 246 (2019).



Fungi for materials
5

Liquid Fermentation:

MATERIALS

fungi nutrition biomass + secretome

FOOD

PACKAGING

Köhnlein et al., Materials & Design 216 (2022).

Wet-laid sheets from bread waste:

Packaging-relevant films from nanocellulose:

Attias & Abitbol, et al., Advanced Sustainable Systems 5 

(2021).

Upcycling cocoa pod husks into a fiber & protein-rich ingredient:

Bickel Haase et al., Food Science & Nutrition 12 (2024).

Food waste is converted to new food:

From EU “Smart Protein” project (2020). 
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Liquid fermentation

1) Inoculated media 2) Biomass after 2-

weeks of growth

3) Blended biomass
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Make films

1.Blended 
biomass

2. Collect film 
on membrane

3. Dry in press

4. Resultant film

7 cm diameter



Mycelium-(nano)cellulose hybrids

White rot

+

+
*

NC @ 0-2 wt%

Or pulp

Nutrient-rich

• T. ochracea innoculum (white rot) 

• Cellulose is hard to digest

• Easy to digest nutrient content approx. 20 g/L

• Approx. 2 weeks growth, dark, 23 °C

• Terminate and purify



Types of NC

×2.5

PULPING

PLANTS

WASTE STREAMS

CHEMICAL & 

MECHANICAL 

500 nm

-10 nm

10 nm

CARBOXYMETHYLATED 

CELLULOSE NANOFIBRILS 

(CNF)

Photo courtesy of RISE

Intermediate nano-fraction (ca. 25%+)

2 µm

150 nm

-150 nm

Photo courtesy of RISE

ENZYMES &

MECHANICAL

ENZYMATICALLY PRE-TREATED CNF

Lowest nano-fraction (ca. 15%)

500 nm

-10 nm

10 nm

CELLULOSE NANOCRYSTALS (CNC)

CHEMICAL &

MECHANICAL

100% nano

PULP



Trametes ochracea

Irene Trummer, Wikepedia, Creative Commons Attribution-

Share Alike 4.0 International license.

• Ochre bracket

• White rot

• Can also digest cellulose but
we’d rather it didn’t

https://en.wikipedia.org/wiki/en:Creative_Commons
https://creativecommons.org/licenses/by-sa/4.0/deed.en
https://creativecommons.org/licenses/by-sa/4.0/deed.en
https://creativecommons.org/licenses/by-sa/4.0/deed.en


Liquid fermentation with NC – lower C

T. ochracea control

Liquid fermentation

CNC 

0.2 

wt%

CNF DS0.1 1p

0.2 wt%

CNF DS0.1 4p

0.2 wt%

CNF DS0.3 4p

0.2 wt%

• Similar morphologies (fuzzy pellets)

• Initial broth viscosity similar

• @ end, NC broth more viscous and turbid



Liquid fermentation with NC –higher C

T. ochracea control

Liquid fermentation

CNF DS0.1, 1p

0.5 wt%

CNC 

0.5 wt%

CNC

2 wt%

• Higher NC content (0.5-2 wt%)

• From rounded pellets to rice-like pellets to solid mass

• Increasing broth viscosity

Rounded Gelatinous massSmall, elongated



At the micron scale

CNF DS 0.1, 4p

0.2 wt%
CNF DS 0.1, 1p

0.5 wt%

CNF DS 0.3, 4p

0.2 wt%

Liquid media

Pellets

This is a mycelium-bound composite

T. ochracea

10×

10×



NC depletion and enrichment

100 µm

DEPLETION ENRICHMENT



Biomass yield for different NC at 0.25 wt%

Homogenize

Biomass = 

Total solids - NC mass 0
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NC digestion? (Data from 2020) 
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• A lot stronger than a PMM

• Mechanical properties increase nearly linearly with NC

• Fast food buffet



At the nanoscale

10 µm
-1 µm 1 µm
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Nanoscale investigation

DS 0.1 CNF-mycelium hybrid:

10 µm
-200 nm 200 nm
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MBC with CNF (new data)

40 %

39 %
56 %

• CNF content is 25%

• But strength of hybrid is 

more than linear!

• Similar value of around 

60 kNm/kg that previous 
work achieved for a 40% 

CNF content…
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MBC with CNF: co-incubated vs mixed (new  data)

• Mixing is not as good as 

growing together

• Plus other benefits that 

we did not discuss

• Stay tuned…
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Upcycling lignocellulose waste – solid 
fermentation 

Dr. Wenjing Sun

Cranfield University

Impact factor: 7.9

Year: 2025



▪ Ranges from 0 to 1

▪ Measures how much sound a material absorbs versus reflects

▪ 0 = total reflection

▪ 1 = total absorption

Measuring sound: Sound absorption coefficient
2
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• 2 microphone impedance tube 

set-up

• Sound source at one end and 

material at other end

• Two mics to measure incident and 
reflected waves

Lepak et al., Conference proceedings: Acoustic Performance of Additively Manufactured Reeds as absorbers (2018).



Porous sound absorbers from mycelium
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mogu.bio

https://mogu.bio/acoustic-collection/


Porous sound absorbers - MBCs
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• Mycelium-bound composites are porous

• Sound waves move through pores, dissipating sound energy by 

friction

• Larger pores – better low frequency absorption

• Still low frequency sounds can be a blind spot for porous 
absorbers (pores too small)

Some examples of low frequency noise:

• Rumbly sounds

• Refrigerators

• Deep voices
• Growls

• Lawn mowers

• Thunder

Cox and D’Antonio, 2005



Helmholtz resonance to low-frequency sound 
absorption
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Helmholtz absorber

Where c = the speed of sound, S = the area 

of the hole, l = the length of the hole 
(thickness of wall that the hole penetrates), 

and V0 = the volume of the cylinder

Perforated sheets to add Helmholtz 

resonance to porous absorbers:

• Area, volume, and length of cavity

https://audioxpress.com/article/sound-control-the-ubiquitous-helmholtz-resonator


Lignocellulose waste converted to sound 
absorbers
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Rye straw Spent coffee 

ground

Calcium 

carbonate

Commercial 

mycelium

spawn
Ganoderma

Lucidum

+



Inoculation
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c/o Olivia Rouiller, EPFL

substrate



Growth in bag
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c/o Olivia Rouiller, EPFL
Pack in molds and continue to grow…



Pack in molds
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• Continue to grow

• Eventually dry to terminate

Pack in molds

c/o Olivia Rouiller, EPFL



Overall process flow
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Manual perforations

Precise perforations with 3D printed molds

• 1 step to grow an integrated porous absorber 

with perforated layer



1st set of experiments: cardboard molds
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F = “foam” = porous mycelium-bound 

composite

P = perforated layer = layer with holes

Density range: 145 to 180 kg/m3• Cavity depth is the same, diameter/volume 

varied



1st set of experiments: cardboard molds
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• Consistent with the literature on other mycelium absorbers – “F” increases steadily from 

low to high frequency and then stabilizes

• Also consistent, thicker layers are better: “F+F” also shows a broad peak at 600 Hz, 

related to air gaps between layers?



1st set of experiments: cardboard molds
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• Larger perforation diameters: shift resonance to higher frequency

• Smaller perforation increase SAA at lower frequencies



1st set of experiments: cardboard molds
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• What’s the impact of “F”? Replace with air cavity

• “F” increases absorbance above 1200 Hz, shift resonance to lower frequencies

• With air cavity in place of “F” – resonance frequencies are shifted to higher frequencies 

(effect of diameter better resolved?)

• “F” layer is critical – added thickness and overall absorption – even at low frequency!



1st set of experiments: cardboard molds
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• SAA is the mean value of sound absorption coefficients over the frequency range from 

200 to 2500 Hz. 

Combination of larger 

cavities in perforated 

layer coupled with 

foam layer seems best 

overall



2nd set of experiments: 3D printed molds
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2nd set of experiments: 3D printed molds
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• 2F, G1, G2: all 40 mm, with different cavity depths

• G3: same perforation depth as G2, but half the total thickness at 20 mm



Our approach to mycelium materials
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• Same total thickness: 

2F, G1, and G2 –

resonance seems to 

shift to higher frequency, 

with deeper cavities 
(G1) showing better 

overall absorption at 

high frequencies 

• Same cavity depth: G2
and G3 – resonance 

shifted to higher 

frequency with thinner 

sample (G3), less 

absorbance at lower 
frequency



▪ Mycelium is really good at binding solids at 
all sizes

▪ We can make MBCs with solid and liquid 
fermentation (liquid is not very common, 
we might have been the 1st)

▪ In the mycelium world, tunability is all the 
rage –

▪ Can we tune properties by additives (yes!), 
geometry (yes!), post treatments (yes!) 
species (maybe?), time (maybe? TBD) … 

▪ You know everything about mycelium now.
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