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RESUMEN

Este  artículo  muestra  un  estudio  exploratorio  sobre  la
integración de residuos agroindustriales y textiles mediante
un  enfoque  poco  convencional.  Mediante  el  cultivo  de
hongos  dentro  de  una  red  fibrosa,  actuando  como
aglutinante,  se  desarrolló un  material  absorbente  acústico
sostenible,  partiendo  del  hongo  Pleurotus  pulmonarius,
bagazo  de  caña  de  azúcar  y  tiras  de  residuos  textiles
sintéticos, utilizados como relleno. Los hongos se dejaron
crecer en el  sustrato durante  45 días  y  posteriormente  se
desactivaron y deshidrataron mediante tratamiento térmico.
La  absorción  acústica,  medida  utilizando  la  norma  ISO
10534-2, refleja la naturaleza típica de la absorción acústica
porosa, caracterizada por una absorción deficiente a  bajas
frecuencias y un aumento gradual de  la  absorción con el
incremento  de  la  frecuencia.  El  promedio  de  absorción
acústica  (SAA)  mostró  una  absorción  energética  de
aproximadamente el 40% entre 200 y 2500 Hz.

ABSTRACT

This paper shows an exploratory study on the integration of
agroindustrial and textile waste through an unconventional
approach. By cultivating fungus within a fibrous network,
acting as a binder, a sustainable sound absorptive material
was developed, starting from Pleurotus pulmonarius fungus,
sugarcane bagasse and strips of synthetic textile waste, used
as fillers. Fungi were allowed to grow in the substrate for 45
days and were subsequently deactivated and dehydrated by
heat treatment. The sound absorption, measured using ISO

10534-2, reflects a typical porous sound absorption nature,
i.e  small at  low  frequencies  and  gradually  increasing
absorption with increasing frequency. The sound absorption
average (SAA) was about 40% between 200 and 2500 Hz.  
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1. INTRODUCTION

Acoustic materials play a crucial role in many fields such as
architecture  and  noise  abatement.  Their  sound  absorption
and  insulation  can  greatly  impact  the  overall  quality  of
sound within a space.

In recent years, the exploration of alternative sustainable 
materials has gained popularity in the field [1]–[4]. Among 
the wide range of sustainable materials, researchers have 
been investigating the use of agro-industry and textile waste 
in combination with different types of binders.

One particular  alternative  that  has  gained  recent  interest,
owing  to  its  low  energy  requirements  and  upcycling
potential,  makes  use  of mycelium-based  foams  and
composites.  Mycelium,  which  constitutes  the  vegetative
growth of filamentous fungi, binds organic matter through a
network of hyphal  micro-filaments in a natural biological
process that can be harnessed for the production of various
products,  including acoustic  absorbers,  thermal  insulators,
and packaging systems[1].
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Thanks  to  their  high  porosity  and  density  [5],  [6],
mycelium-based materials prove suitable for  both thermal
and  acoustic  applications,  as  demonstrated  by  previous
research [7]–[11].

Various mycelium-based materials with different types of
filler  have produced typical  porous  sound absorbers  [7]–
[10],  which  are  driven  by  two  phenomena,  thermal
conductivity  and  viscothermal  losses,  providing  effective
broadband absorption at mid-high frequencies, i.e over 500
Hz [12].  

A recent examination of  the state of research on acoustic
applications  for  mycelium composites  revealed a  lack  of
comprehensive  characterization  despite  the  variety  of
substrates used, primarily consisting of agro-industry waste
and,  in  one  instance,  paper-based  waste  [13].  Moreover,
there is limited diversity in the fungal species employed by
researchers,  with  the  primary  species  being  Pleurotus
Ostreatus,  Trametes  Versicolor,  and  some  undisclosed
Basidiomycetes [13].

This  paper  presents  an  exploratory  study  in  which  a
mycelium  bio-composite  was  developed  from  sugarcane
bagasse  and textile  waste,  in combination with the  fungi
pleurotus  pulmonarius  sugarcane,  followed  by
corresponding test to validate and compare its performance
with previous research on mycelium based materials.

2. MATERIALS AND METHODS

2.1. Sample preparation

Samples of the fungus species Pleurotus Pulmonarius were
obtained from a  local  mycology laboratory.  Additionally,
sugar cane bagasse, a residue from the food industry, and
textile  scraps  were  sourced  from  local  industries.  The
samples were fabricated in the city of Medellín, Colombia.
It's  worth  noting  that  environmental  conditions  were
controlled,  rendering  the  influence  of  local  weather
variations negligible.

To  prevent  any potential  contamination of  the  developed
mycelium  composites  by  microorganisms  present  in  the
substrates,  a  pasteurization process was  employed for  the
sugarcane bagasse and textile scraps. Initially, an autoclave
was  preheated  with  water,  brought  nearly  to  the  boiling
point,  and  then  the  substrates  were  introduced  into  it.
Subsequently, they were subjected to  a  pressure  of  15 psi
and 120 degrees Celcius for a duration of 45 minutes. Once
the pasteurization process was completed, excess moisture
in  the  substrates  was  manually  removed  in  a  sterile
environment.  The  substrate  was  then  placed  inside  trays

measuring 21 x 13 x 1.2 cm, with a composition of 70%
sugarcane bagasse and 30% textile scraps by weight. These
trays were subsequently inoculated with the fungal spawn,
constituting 20% of the weight of the substrate, which was
evenly distributed among the trays to achieve the  desired
density. The inoculated trays were covered with sterilized
black bags and kept at a temperature of 21 degrees Celsius
and a relative humidity of 50% for a duration of 45 days.

Following the cultivation stage, the material was extracted
from the bags and subjected to heat in a convection oven at
65 degrees Celsius for a period of 24 hours. This step aimed
to deactivate the fungi and reduce moisture while preserving
the  mycelium structure.  Subsequently,  the  density  of  the
material was measured.

2.2. Sample characterization

The bulk density of the developed material was determined
through precise measurements of volume and weight. This
process involved using a metric tape and a precision scale
with a resolution of 0.1 g. 

The sound absorption coefficient was measured following 
the impedance tube method, specified in ISO standard 
10534–2 [14] using an inhouse developed impedance tube, 
with two Behringer ECM8000 model microphones. A 
pseudo-random sequence of plane waves consisting of 
periodic pink noise was generated in the tube, and the 
complex acoustic transfer function of the two microphone 
signals was determined and used to compute the normal-
incidence absorption coefficient of the samples. The Audio 
Measurement and Analysis Software (ARTA) by Artalabs 
[15] was used as a signal analyzer. The reflection 
coefficient, characteristic impedance, and absorption 
coefficient were calculated, following equations (1) and (2). 
Based on the dimension of the test rig and the spacing 
between microphones the test covered a frequency range 
from 200 to 5000 Hz. 
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Where  α ,  and R, are the  sound absorption and reflection

coefficients, H xy are the complex transfer function between
microphones x and y, taking x as a reference; k, L, and s are
the complex wavenumber, the thickness of the sample and
the spacing between the two microphone respectively.



Three samples were measured and each of them was tested 3
times, for each test 100 ensemble averages were made with
linear  averaging.  The  tests  were  made  preserving
temperature  and  relative  humidity  constant,  to  ensure
reproducibility  and  to  dismiss  possible  environmental
effects on the results.

3. RESULTS AND DISCUSSION 

A cut sample of  the resulting material for  the impedance
tube measurement is shown in figure 1, the resulting density
of the material was 153 kg/m³ and the thickness 1.2 cm.

Figure 1. Mycelium composite from textile strips and
sugarcane bagasse.

It  was observed that the developed material had a brittle
nature,  also,  the  textile  strips  did  not  adhere  to  the
mycelium, this mainly because  of  their  synthetic  nature,
whereas the sugarcane bagasse components glued together
with a whiteiss matrix which was the mycelium. 

The  resulting  sound  absorption  coefficient  is  shown  in
figure 2, where the average sound absorption coefficient is
shown the blue line with a range of minimum and maximum
values for  each third octave band. It can be seen that the
sound absorption increases with frequency from 250 Hz to
2000 Hz.

To  make  a  deeper  analysis  of  the  performance  of  the
resulting  material  a  comparison  was  made with  previous
results shown in the literature. The results compiled by [13]
were  compared with  the  present  study  and are  shown in
figure 3,  in the same fashion as in figure 2, showing the
range of values reported and measured.

Figure  1.  Sound  absorption  coefficient  of  mycelium
composite from sugarcane bagasse with textile strips.

Figure 3. Sound absorption coefficient of mycelium
composite from sugarcane bagasse with textile strips.

It is possible to identify that although the sample has low
absorption below 500 Hz,  it increases sharply, surpassing
the  average  sound  absorption  reported  by  all  previous
studies. It should be noted that the thickness of the sample
developed is comparable to the one reported by Sun et al.
[9], but below what Hsu & Dessi-Olive  [16] and Walter &
Gursoy [7] reported. Sun et al [9]. reports a density of 200
kg/m³, higher that the one showed in the developed material,
Walter & Gursoy  [7] and Hsu & Dessi-Olive  [16] do not
report  density  therefore  is  not  possible  to  make  a
comparison on such dimension.

Sugarcane bagasse usually has a high diameter 0.79 ± 0.03
mm [17] compared to other reported types of waste such as
shredded  paper,  cardboard  and hemp  fibers  [13],  thus
asuming  that  the  densities  are  comparable,  it  could  be
inferred  that  the  addition  of  textile  waste  in  mycelium
composites  could  potentially  increase  average  sound
absorption. 



Finally the sound absorption average between 200 and 4000
was  caculated and compiled in table  1,  for  the  measured
samples  and  reported  results  in  literature  which  have  a
broadband characterization.

Table 1. Sound absorption average values for the reported
values in literature and measured samples.

Material Frequency
range (Hz)

SAA Source

Sugarcane
bagasse – textile
strip mycelium

200 - 2500 0.42 Present
study

Hemp-based
mycelium

250 - 2500 0.27 [16]

Paper-based
mycelium

200 - 2500 0.42 [7]

From table 1, it is observed that both paper-based mycelium
and  the  developed  samples  have  a  similar  performance,
however,  the  paper-based  material  has  greater  sound
absorption coefficient at lower frequencies, whereas the one
presented  in  this  research  shows  better  performance  at
higher frequencies.

4. CONCLUSIONS

A  mycelium  composite  made  of  sugarcane  bagasse  and
synthetic textile waste with a different fungal species was
developed, and its sound absorption coefficient was tested
and compared with previous studies.

The  sound  absorption  behavior  of  this  material  shows  a
typical absorption curve for porous absorbers, nevertheless,
it shows a superior average absorption than other mycelium
composites present in literature, which might be caused by
the inclusion of the textile waste.

This study  demonstrates  the  potential  of  mycelium-based
composites  as  effective  sound absorbers,  with the  unique
advantage of incorporating sustainable waste materials. This
opens new possibilities for eco-friendly acoustic solutions,
paving the  way for  innovative approaches in construction
and environmental design.

Further  investigations  into  the  optimization  of  mycelium
composites and their broader applications should be made in
order  to  have  a  competitive  sound  absorber  also  at  low
frequencies.
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