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Abstract:

This study investigated the fabrication of a biobased material utilizing the Pleurotus ostreatus strain, with malt dust, coffee husks,
and sugarcane bagasse serving as substrates. Six substrate mixtures were formulated and subjected to solid-state fermentation.
The most effective formulation—comprising 50% sugarcane bagasse and 50% malt dust—achieved complete (100%) surface
colonization. After 25 days of fermentation, significant increases of 54.5% in soluble lignin and 123.2% in protein concentrations
were observed, accompanied by an 11.3% decrease in pH and a reduction of 0.118 g/mL in reducing sugars. These changes suggest
strong metabolic interactions between the microorganism and agro-industrial residues, indicating efficient nutrient assimilation
and promoting the formation of aerial mycelia in a reticulated structure, a key feature for the development of lightweight and
insulating biomaterials. Although the biomaterial exhibited an average compressive stress of 255.5 + 27.9 kPa, it has not yet reached
the mechanical performance of EPS. However, these results represent a promising step forward in the development of sustainable
materials.

Keywords: Chemical Kinetics, Mycelium, Pleurotus Ostreatus , Biocomposite Material, Lignocellulosic Waste, Solid
Fermentation.

Resumen:

Este estudio investiga la fabricacidén de un material biobasado utilizando la cepa Pleurotus ostreatus, empleando polvo de malta,
cascarilla de café y bagazo de cafia de aziicar como sustratos. Se formularon seis mezclas de sustratos y se sometieron a fermentacion
en estado sélido. La formulacién mds eficaz —compuesta por 50 % de bagazo de cafia de azticar y 50 % de polvo de malta—
logré una colonizacién superficial completa (100 %). Después de 25 dias de fermentacién, se observé un aumento significativo del
54.5 % en la lignina soluble y del 123.2 % en las concentraciones de proteina, acompanado por una disminucién del 11.3 % en el
pH y una reduccién de 0.118 g/mL en los azticares reductores. Estos cambios sugieren una fuerte interaccién metabdlica entre el
microorganismo y los residuos agroindustriales, lo que indica una asimilacién eficiente de nutrientes y promueve la formacién de
micelio aéreo en una estructura reticulada, una caracteristica clave para el desarrollo de biomateriales ligeros y aislantes. Aunque el
biomaterial exhibi6 una resistencia a la compresién promedio de 255.5 + 27.9 kPa, atin no alcanza el rendimiento mecénico del
EPS. Sin embargo, estos resultados representan un paso prometedor en el desarrollo de materiales sostenibles.

Palabras clave: cinética quimica, micelio, Pleurotus ostreatus , material biocompuesto, residuos lignocelulésicos, fermentacién
sélida.
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Introduction

The packaging industry extensively uses EPS due to its flexibility, light weight, and excellent compressive
strength. However, its widespread use has led to significant environmental challenges because EPS is not
biodegradable and contributes to the accumulation of plastic waste, known as white pollution. Recycling
methods for EPS, such as mechanical operations, high melting temperatures, chemical recycling, and
incineration, are currently employed. Despite their effectiveness, these methods are often expensive, produce
toxic emissions, and involve hazardous solvents [1]. The annual consumption of EPS in Colombia is
approximately 80,000 tons, with nearly 38% used for packaging and the remainder for industrial purposes.
Despite this extensive use, the EPS recovery rate is low, with only 500 tons recycled annually. According to
Garcia, this accounts for just 0.2% of the total plastic material recycled and a negligible 0.006% of the total
EPS used [2]. The United States is the largest consumer, with a 50% share, whereas Europe and Japan divide
the rest equally [3].

Recent advancements in biomaterials have propelled research into the creation of biodegradable materials
through the colonization of fungi on organic substrates as an alternative to this problem [4]. This technique
involves the rapid growth of mycelium, the vegetative part of the fungus, which produces many self-assembled
linkages called hyphae, which are responsible for covering and degrading the lignocellulosic substrate,
resulting in a natural and resistant material [4], [5]. After the fungus is deactivated and moisture is removed
through heat, a biocomposite with properties similar to those of packaging materials is obtained [6]. These
mycelium-derived biocomposites exhibit properties comparable to those of EPS, indicating their remarkable
versatility in adapting to complex molds, biodegradability, and ability to be employed in applications such as
thermal insulation, impact absorption, and cushioning [5].

Species such as P. pulmonarius and P. ostreatus are highly economically important for cultivation on
lignocellulosic substrates [7]. P. ostreatus is widely used for its ability to produce ligninolytic enzymes, which
mineralize lignocellulosic residues such as cellulose, hemicellulose, and lignin due to their strong oxidizing
capacity [8], [9], [10]. These enzymes work by creating free radicals in biopolymers, destabilizing molecular
chains, and breaking down macromolecules [10]. This enables the fungus to access a wide range of organic
substrates for carbon and energy sources. Earlier studies have proven the feasibility of using fungal mycelia
to produce biomaterials. In the research of [11], substrates such as sawdust, bagasse, and coffee husk, along
with the P. ostreatus mushroom strain, were used to obtain a biomaterial with high density and compressive
strength. Similarly, in the study of K. Joshi et al. [4], bioblocks with excellent physical and mechanical
properties were manufactured from P. ostreatus mycelium grown on wastes, including wheat bran, sugarcane,
sawdust, and mixtures of these substrates. Moreover, brewery waste, specifically barley dust, and the P.
ostreatus strain were used to produce a biocomposite material with outstanding strength and elasticity
properties [6]. These studies confirm that the properties of biomaterials made from mycelia are affected by
numerous factors, such as the type of fungus used, the substrate used, the mycelial growth conditions, the
manufacturing process, and the presence of additives [7].

In our previous research, we utilized various substrates to develop a solid fermentation The substrates
used included the following residues: wheat bran [12], wheat bran and malt bran [13], and capacho of
cape gooseberry with malt bran mixtures [14]. The C/N ratio is crucial for microorganism growth, and
oxygen limitation in the substrates during solid fermentation hinders complete colonization of the residues.
The present research shows the development and evaluation of the mycelial biocomposite material using
malt dust, sugarcane bagasse, and coffee husk with P. ostreatus. The resulting material was physiochemically
and mechanically characterized to find the most effective mixture for producing lignocellulosic-derived
biomaterials with potential applications in industry.
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Materials and Methods

Microorganisms

Pleurotus ostreatus was obtained from the ICA. To activate the microorganism, Sabouraud chloramphenicol
agar was used. The mixture was incubated at 3042 °C for 15 days according to Alemu et al. [11].

Substrates

Sugarcane bagasse (BG) was obtained as waste from panela production, and coffee husk (CH) was obtained
as waste from the Cundinamarca region of Colombia. The substrates were predried by natural convection
at 18 °C. Malt dust (MD) was obtained completely from the mill of a local craft brewery. Wheat bran was
obtained from a commercial brand. The substrates were ground in a knife mill (grid diameter = 3 mm) and
sieved below 1,70 mm. A 100 g sample was used for each substrate.

Solid-State Fermentation

Considering the abundance of sugarcane bagasse (BG) and coffee husk as agro-industrial waste, different
substrate mixtures were proposed, and their theoretical C/N ratios were calculated (Table 1). The 25 gram
mixtures were prepared in duplicate on polyethylene bags, presoaked with a 1:1 water ratio for 12 hours,
and sterilized at 121 °C for 20 minutes [15]. The inoculum of P. ostreatus was cultivated on PDA plates at
3042 °C for 7 days. The bags were aseptically inoculated with the mycelium obtained from the agar at an
inoculum:substrate ratio of 1:4 (w/w). Finally, the samples were incubated for 19 days at 30+2 °C. After
the incubation period, the materials were dried at 70 °C for 48 hours to stop microbial development, and
the moisture in the biomaterials was extracted according to [16]. An observation of the relative mycelial
colonization capacity was carried out, assigning 100% colonization to the positive control, which consisted of
mycelial growth on wheat bran. From this reference point, the percentages of growth in the prepared mixtures
were determined.
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TABLE 1.
Substrate Mixtures
Percentag
Mix | Substrates C% | N% | C/N Ratio
es

M; Sugarcane bagasse* 100% 49,27 | 0,58 | 84,9
Sugarcane bagasse—Malt

M> 80%/20% | 49,89 | 0,63 | 78,9
dust*
Sugarcane bagasse—Malt

M3 50%/50% | 50,81 | 0,71 | 71,6
dust

M, | Coffee husk* 100% 43,08 | 4,02 | 10,7
Coffee husk—Sugarcane

M;s 80%/20% | 44,32 | 3,33 | 13,3
bagasse
Coffee husk—Sugarcane

Mse 50%/50% | 46,18 | 2,30 | 20,1
bagasse

M7 | Wheat bran* 100% 36,92 | 1,98 | 18,6

Note. *The C and N contents were obtained from every nonmixed biomass from the following references [17], [18], [19], [20].
Source: Authors’ own creation.

SSF Growth Monitoring Over TimeSSF Growth Monitoring Over Time

The lignocellulosic mixture with the highest mycelial growth observed qualitatively during solid-state
fermentation was used. The bags, each with a total weight of 10 g, were prepared following the same
procedure used for solid-state fermentation. The mixture was soaked in a 2:3 water-to-substrate ratio. The
inoculated bags were sealed with a cotton and gauze plug and tightened with a 1/2-inch steel rod tube.
Finally, the samples were incubated for 25 days at 30+2 °C in darkness. The mycelial growth rate was
periodically inspected with photographic monitoring, moisture content, pH, total protein quantification,
lignin measurement, and determination of reducing sugars to evaluate the colonization and growth of
mycelial biomass in SSF over time or after 25 days of fermentation. Uninoculated bags were used as a negative
control to compare the physicochemical characteristics of the substrate.

Physicochemical Characterization

The pH of fermentation was determined following the procedure proposed by Cujilema-Quitio et al. [21].
First, 1.0 g of dry biomass was suspended in 9.0 mL of distilled water. The sample was vortexed for 5
minutes and separated by vacuum filtration. The pH of the supernatant was subsequently read. Moisture
determination was determined using the gravimetric method by subjecting the samples to drying in a
forced convection oven at 65 °C for 24 hours[13]. Lignin determination of the samples was performed
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using acid hydrolysis with HS,O4 solution (72% w/w) according to the NREL/ TP-510-42618 procedure [
22]. The filtered acid extract was analyzed at2 =240 nm (bagasse) to measure the soluble lignin content that
could have been released. For the determination of reducing sugars, the supernatant obtained during the pH
measurement was used, and the dinitrosalicylic acid method was applied with a glucose standard solution[23
]. For protein determination, the biuret method was employed, using the procedure described in [24], [25]. A
calibration curve was prepared usinga bovine serum albumin (BSA) standard solution. A total of 1.5 grams of
sample was macerated with 20 mL of 50 mM PBS (pH 8) and shaken for 60 minutes at 180 RPM. After the
mixture was vacuum filtered, the total protein content of the extract was determined by spectrophotometry

atA =540 nm [26].
Compressive Strength

After 25 days of solid-state fermentation, fresh samples from 25-day bags were molded with sterile cylindrical
molds, placed in sterile translucent PET bags and incubated at 30+2 °C in darkness for an additional 8 days
to ensure the structural stability of the samples [13]. The molded biomaterials were then dried at 65 °C for 48
hours and stored in a vacuum desiccator. Compression tests were conducted using a Shimadzu AGS-50kNX
universal testing machine, following ASTM D695-23 standards, on samples with an average diameter of

15.67 mm and a height of 15.43 mm at a speed of 1 mm/min.
Morphological Analysis of Mycelium Fibers

The dried samples were cut into small squares approximately 3 x 3 mm in size using a scalpel. The surface
morphology of the mycelium fibers grown on the biomaterial was analyzed by scanning electron microscopy
(SEM) (Zeiss evo HD 15) EHT using an accelerating voltage of 15.00 kV at the Engineer Faculty, Pontificia
Universidad Javeriana, Bogotd, Colombia. The average diameter of the mycelium on the lignocellulosic
substrate was calculated using Image] software.

Statistical Analysis

The data were statistically analyzed using ANOVA followed by Tukey's post hoc test, which was performed
in RStudio v14.0, with a 95% confidence level.

Results

Substrates

The particle sizes of sugarcane bagasse and malt dust were more heterogeneous than that of coffee husk
(Figure 1). Coffee husk had a more uniform distribution, with 70% of the particles at 1.70 mm. Malt dust
had 56.2% of the particles between 0.25 mm and 0.85 mm, and sugarcane bagasse had 52.4% of the particles
in that range and 24.4% between 0.60 mm and 0.71 mm. These results indicate that coffee husks were more
uniform, whereas malt dust and sugarcane bagasse had greater variability in terms of particle size, indicating
particle heterogeneity.
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Particle size distribution
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FIGURE 1.

Particle size distribution

Notes. CH: Coffee husk, MD: Malt dust and PCB: Sugarcane bagasse.
Source: Authors’ own creation.

According to Mercado et al., particle size significantly affects mycelial growth by influencing access to
nutrients, air, and water. Large particles greater than 2 cm in size hinder substrate compaction and nutrient
access, whereas small particles less than or equal to 2 ¢m limit aeration[26]. Presieving sugarcane bagasse
(BG) can help to obtain particles smaller than 2 ¢m that support microbial growth and enhance compaction.
Conversely, coffee husk (CH) has large particles, which are unfavorable for mycelium gas exchange due to
their thickness and fineness, allowing the substrate to slide through mill blades without breaking.

Solid Fermentation

After 19 days of incubation, the mycelium covered the surface mixture in the control experiment. The mixture
M3 (sugarcane bagasse— malt dust 50:50) (Figure 2) achieved the highest percentage of colonization by the
fungus (i.e., between 90% and 95%), with no significant differences compared with the control (Figure 3),
followed by mixture Mg (coffee husk—sugarcane bagasse 50:50), with approximately 85-90%, and Ms(coffee
husk- sugarcane bagasse 80:20), with 80— 85% colonization. M1 and M2 sugarcane bagasse 100 % and
sugarcane bagasse—malt dust 80:20 had colonization percentages less than 25%, which were significantly diff
erent from those of the other mixtures. However, no significant differences were observed among mixtures
M3, M5, and M6, suggesting that the inclusion of sugarcane bagasse in the formulations may be adequate to
compensate for its low nitrogen content and improve the C/N ratio. The growth differences between the
mixtures could be due to the variation in aeration between the substrate particles, the nutritional content,
and the difhiculty in extracting nutrients from compacted substrates [11]. With respect to mixture M3, the
higher growth rate of the mycelium on the bagasse substrate was attributed to the properties ofits softer
particles, which, according to [27], allow the fungus to extract nutrients more efhiciently.
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FIGURE 2.

Biocomposite material after 19 d of colonization
Source: Authors’ own creation.

According to [28], the elemental composition of a substrate plays a fundamental role in the growth and
development of fungal mycelia. In this sense, the mycelial growth rate in this study aligns with the findings
of [16], where complete colonization of P. ostreatus mycelium on sugarcane bagasse, coffee husk, sawdust,
and chopped dry grass supplemented with construction gypsum and rice flour occurred in approximately
18 days. This is supported by the research of [29], where a 50% increase in P. ostreatus production was
observed when sunflower husk flour was used as a nitrogen supplement. According to the authors,
enriching substrates with nitrogen is also a crucial factor in increasing the protein content of fungi.
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Colonization percentages of the fermentation mixtures
Source: Authors’ own creation.

Additionally, the results are compared with those of [30], who reported that the growth time of P.
ostreatus was prolonged when the proportion of nitrogen in the substrate was lower. Their study [30] revealed
that the fungus P. ostreatus, which is responsible for the decomposition of lignocellulosic substrates, is
strongly dependent on low C/N ratios. Despite the favorable mycelial development observed in the mixtures
containing coffee husks, these mixtures were discarded because of their fragility and susceptibility to fracture
after drying. This could be linked to the large particle sizes impeding nutrient access. In contrast, the M3
mixture showed significantly high colonization and a particular resistance to manual compression. The
heterogeneity of sugarcane bagasse could aid in mycelium adaptation and nutrient absorption, promoting
biomass formation.

SSF Growth Monitoring Over Time

A second solid-state fermentation (SSF) using a mix of M3 (sugarcane bagasse—malt dust 50:50) was
developed (Figure 4). Mycelial growth and 100% growth were obtained on Day 16 of experimentation. No
statistically significant differences were found among the samples between Days 14 and 25 of fermentation
(Figure 5). Using a cotton and gauze plug with a steel rod tube improved gas transfer and decreased
the degree of oxygen limitation, decreasing the colonization from 16 days. This method of SSF increased
cellular respiration and led to more uniform mycelial growth and faster colonization. On the 25th day of
experimentation, the mycelium not only colonized the substrate but also began to develop a greater amount
of aerial mycelium that was distributed along the bag in an upward direction, indicating the availability
of nutrients for continued development. These results demonstrate the direct consumption of nutrients
provided by the substrates, especially by sugarcane bagasse, due to its high nutrient content [4]. The estimated
percentage of colonization is shown in Figure 5, which was determined by observing the surface of the bags,
where the beginning of colonization occurred on Day 6. Notably, this rapid colonization continued with the
appearance of dense, white, and extensively branched mycelia that completely enveloped the substrates inside

the bags after 14 days of growth.
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FIGURE 4.
Mycelial growth of P. ostreatus on sugarcane bagasse—malt dust 50:50

Source: Authors’ own creation.
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Colonization percentage of mycelial growth in M3 over time
Source: Authors’ own creation.

Physicochemical Characterization

The pH of the negative control mixture was 5,04 + 0.03; in contrast, the final pH of the replicates of the
inoculated mixtures was 4,47 + 0,19. There was a statistically significant decrease in pH during fermentation
(Figure 6). This process is associated with the secretion of enzymes by the fungus [9], [31]. These enzymes
breakdown components such as cellulose, hemicellulose, and lignin in the substrate, releasing organic acids
such as oxalic acid and formic acid [32], which in turn cause the observed decrease in pH. In this way, the
findings of [33], [34] suggest that the decrease in pH due to the enzymatic digestion process is a result of
mycelium colonization.
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The moisture content of the samples at the end of fermentation (63,32 + 1,618%) was significantly greater
than that of the negative control samples (52,91 + 2,671%) (p < 0,05) (Figure 6). This finding indicates that
part of the metabolic water was contained inside the bags during fermentation as the mycelia developed. This
phenomenon, attributed to the enzymatic digestion process of the mycelium, was described by Attias et al.
[27]. The results of moisture tests revealed that the percentages of mycelial growth in SSF in the bags are
within the optimal percentages, with values ranging between 62% and 65% [24].

The insoluble lignin content of the samples at the end of fermentation was 16,90 + 0,78%, and that of
the control was 17,51 + 0,59% (p > 0,05); because these values were not significantly different (Figure 6),
it was not possible to determine an insoluble lignin decrease due to fungal growth. However, an increase in
soluble lignin levels was observed as fermentation time increased (Figure 7), with values ranging from 6,96
9,46% from 6-25 days. The statistical analysis revealed significant differences in the soluble lignin percentage
across days. This result is favorable, as it highlights the enzymatic behavior of the P. ostreatus fungus. The
extracellular enzymes secreted by fungi are essential for the initial transformation of lignin and its subsequent
mineralization [24].
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Comparison of pH, moisture content and insoluble lignin

(%) during fermentation with those of the negative control
Note. Error bars represent the standard deviation.
Source: Authors’ own creation.

The average protein content of the samples at the end of fermentation was 1.849 + 0.001% mg/mL,
whereas that of the control was 0.828 + 0.0034 mg/mL (p > 0,05). Microbial proteins can be related to the
consumption of free sugars present in the substrate, resulting from the possible enzymatic degradation of
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cellulose and hemicellulose. In terms of protein content, interference from substances present in the substrates
can be observed. This is supported by the findings of [24], where the interference of the reported protein
values was caused by the presence of starch and proteins in the substrate, which is one of the most common
causes of data variation in solid-state fermentation. However, a statistically significant difference was observed
between the protein concentration of the control and that measured over time (Figure 7), which may be
associated with mycelial development. The protein concentration on Day 25 of fermentation was 123,2%
greater than that of the negative control. These results are comparable to those reported in another study,
where corn cob residues were used as substrates for the growth of P. pulmonarius [24], resultingin a221.95%
increase in protein content after 30 days of fermentation.
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(mg/mL) during fermentation compared with the negative control
Note. Error bars represent the standard deviation.
Source: Authors’ own creation.

The initial reducing sugar concentration during fermentation was 0,134 + 0,006 g/mL on Day 6, followed
by the gradual and significant consumption of these sugars throughout fermentation, reaching a minimum
concentration of 0,016 + 0,000 g/L on Day 25 (Figure 7). The enzymes of the microorganisms may
breakdown the -glucosidic bonds of cellulose in both its amorphous and crystalline regions [35]. Therefore,
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the release of sugar subunits during solid-state fermentation (SSF) facilitates enzymatic hydrolysis outside the
lignocellulosic matrix, ultimately releasing glucose accessible to the fungus for microbial biomass synthesis
[36]. This breakdown of cellulose and hemicellulose provides the fungus with an essential nutrient, glucose,
which drives rapid mycelial growth [31].

Compressive Strength

The fungal biomaterial compressive strength was 255,5 + 27,9 MPa, which was significantly greater than the
value of 106 + 1,12 MPa for EPS [37]. During the compressive strength test, the highest force supported
was 50.02 kN, with a maximum deformation of 104.4%. Although the samples did not have a homogeneous
surface, resulting in differences in cross-sectional area, similar values for deformation and maximum force
were obtained. The materials tested showed a strain resistance of over 80% without fracturing. Compared
with a biomaterial developed using 100% barley dust, as reported in [6], where the average stress for 10%
deformation for the optimal formulation was 55,8 kPa, the values reported in this study are lower. However,
previous studies using a 50:50 mixture of malt dust and wheat bran yielded a material with improved tensile
strength of 110,04 kPa [13], demonstrating that the heterogeneity and nutritional composition of the initial
substrate are key factors for homogeneous mycelial development and effective substrate utilization.

Morphological Analysis of Mycelium Fibers

The morphology of the hyphae of the fungus P. ostreatus grown on the lignocellulosic substrate was identified
using SEM (Figure 8). Scanning electron microscopy (SEM) of sugarcane bagasse and malt powder without
mycelium (control) (Figure 8a) revealed a rough and irregular surface as a result of the cutting treatment
during milling.
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FIGURE 8

SEM images of mixture M3
Notes. a) Blank SEM image of M3 without colonization, 500X, scale bar 20 um; b) M3 colonized by mycelium, 500X, scale
bar 20 pm; cM3 colonized by mycelium, 1,00KX, scale bar 10 um; d M3 colonized by mycelium, 2,50KX, scale bar 10 um.
Source: Authors’ own creation.

Likewise, the presence of small spheres, which were possibly malt dust, was observed. In contrast, the
SEM images in Figure 8b show the colonization of P. ostreatus mycelia, which starts from the central
part of the substrate and subsequently extends vertically upward. This growth pattern indicates that the
mycelium takes advantage of the nutrients available in the substrate but also secks oxygen in the surrounding
atmosphere, which drives the formation of an ascending hyphal network. As shown in Figure 8d, the SEM
micrograph of the mycelium grown on the lignocellulosic substrate reveals a dense network of typical P.
ostreatus hyphae with tubular shapes that exhibit cuts during the process, anastomoses, septa, and clamp
connections along their filaments. These observations are in line with the findings reported in a previous
study [38]. Clamp connections, a hallmark of most Basidiomycota, arise during the cell division of secondary
hyphae, whereas anastomoses facilitate hyphal fusion[11]. Previous studies have indicated that the diameter
of afully developed P. ostreatus mycelium is within the range of 1000-4000 nm [39]. The average diameter of
the mycelium after 16 days of solid-state fermentation was calculated to be 2404 + 15 nm. This study presents
results on the morphological characteristics and diameters of mycelium fibers that are congruent and superior
to the values reported in [4], where average diameter values of 2149 + 111 nm were reported in sugarcane
substrates and 2200 + 81 nm in mixed media (wheat bran, sugarcane, and sawdust).

Conclusions

In conclusion, this study revealed that a mixture of agro-industrial waste composed of sugarcane bagasse
and malt powder is highly favorable for the growth of P. ostreatus because of its high mycelial coverage,
which provides sufficient nutrients for fungal growth. The growth of the microorganisms in mixtures of
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sugarcane bagasse, malt dust, and coffee husks was positive, achieving colonization levels above 75% after 19
days of fermentation. The M3 mixture (sugarcane bagasse—malt dust 50:50) was chosen for monitoring over a
25-day fermentation, and correlations between the parameters analyzed were identified. The consumption of
reducing sugars, the increases in protein and soluble lignin concentrations, and the decrease in pH were
related to the increase in substrate colonization over the observed period of time. Visible mycelial
development began on Day 6, with successful colonization achieved from Day 14 onward, indirectly
indicating substrate consumption as a result of the fungus's metabolic activation. This process likely involves
the production of lignin-degrading enzymes, reflected in the pH reduction, possibly due to the formation of
organic acids. A net protein production of 1,340 mg/mL indicates positive fungal biomass synthesis. Signifi
cant consumption and release of reducing sugars were observed, with a net consumption 0f 117,936 mg/mL
at 25 days. Changes in pH during fermentation indicated that the enzymatic activities of the fungus
contributed to the consumption oflignocellulosic material, which was linked to microbial growth in solid
fermentation.

The biocomposite material's mechanical compressive strength 0f255.5 + 27.9 MPa and strain resistance of
over 80% support its potential as an alternative to traditional materials in the packaging industry, following
a circular economy approach. However, additional mechanical tests and optimization of the mixed substrate
are needed to confirm its use as a direct replacement for EPS. Overall, these findings could enhance the use
of lignocellulosic waste to make sustainable materials.
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