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Evaluating Pleurotus ostreatus
growth for upcycling textile
waste from the fashion industry

lan A. Fletcher*!

Leeds School of Architecture, Leeds Beckett University, Leeds, United Kingdom

The fast fashion industry’s rapid growth has led to about 92 million tons of textile
waste each year and contributes 10% of global carbon emissions, which is expected
to rise by 50% by 2030. This study examines a sustainable method for upcycling textile
waste using the edible mushroom Pleurotus ostreatus. Thirteen fabric substrates,
consisting of both natural and synthetic fibers, were cultivated on four growth
media—malt extract agar (MEA), malt extract yeast agar (MYA), potato dextrose
agar (PDA), and potato dextrose yeast agar (PDYA)—to assess their effectiveness
in supporting mycelium growth, morphological characteristics, and biomass yield.
Results showed that all fabric substrates supported mycelium growth, with MEA,
MYA, and PDYA emerging as the most effective growth media. PDYA produced
the highest biomass yield, highlighting its potential for upcycling applications.
Statistical analysis demonstrated the significant effect of growth media on the lag
and exponential growth phases, underscoring the importance of nutrient-rich
environment conditions for optimized growth. This study confirms the viability
of utilizing Pleurotus ostreatus mycelium for transforming textile waste, with the
potential to provide an innovative and eco-friendly approach to reducing the
fashion industry’'s environmental footprint.
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1 Introduction

Fast fashion has become the preferred business model for the fashion industry. This model
relies on selling large volumes of clothing at low prices, significantly influencing how people
consume and dispose of clothes (Bick et al., 2018). The fashion industry has been scrutinized
for its environmentally damaging supply chain practices. Despite its significant environmental
impact, the fashion industry continues to expand, driven by low-cost labor, mass production,
and high consumer demand (Niinimaki et al., 2020). The environmental damage caused by
the industry is extensive and well-documented, which has resulted in ongoing negative
publicity. For example, Bick et al. (2018) reported that consumers worldwide purchased 80
billion tons of new clothing annually, which has led to the generation of approximately 92
million tons of textile waste globally. 85% of this waste is incinerated or disposed of in landfills
(Niinimaki et al., 2020).

Moreover, the fashion industry currently accounts for 10% of global carbon emissions, a
figure expected to rise by 50% by 2030 (Bick et al., 2018). Global water consumption is also
significant, with material cultivation and manufacturing processes such as bleaching, dyeing,
printing, and finishing accounting for approximately 79 trillion liters of water annually
(Niinimiki et al., 2020). The fashion industry uses 60% of the world’s fiber production, with
cotton being the most widely used natural fiber, which accounts for one-third of total fibers
manufactured worldwide (Grishanov, 2011; Niinimiki et al., 2020; Voora et al., 2020). In
addition, cotton production requires heavy pesticide use, with the sector responsible for
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applying 16% of insecticides and 6.8% of herbicides globally
(Innovation Forum, 2015; Voora et al., 2020; Workman, 2019).
Cotton has the highest water footprint of any fashion fiber, which
accounts for 1,559 liters of freshwater per kilogram (Niinimdki et al.,
2020). The rise of fast fashion has turned the fashion industry into a
significant environmental concern, underscoring the urgent need for
innovative practices and reforms to help mitigate its ecological impact.
The enormous amounts of textile waste the fashion industry
generates globally present an opportunity to upcycle these fabrics.
One promising material innovation with the potential to help the
fashion industry reduce its waste problem is mycelium-based
materials. This new material innovation has been used to develop a
sustainable alternative to leather (Raman et al., 2022). It has
demonstrated the potential to transform agricultural waste materials
into eco-friendly solutions suitable for thermal and acoustic
applications (Al-Qahtani et al., 2023). Although there is increasing
interest in mycelium-based materials, few studies have examined their
potential for upcycling textile waste. This study aims to address this
gap by evaluating the morphogenesis of mycelium growth as a means
to upcycle end-of-life textile waste from the fashion industry. In a
study by Helberg et al. (2019), the authors examined the growth of
Pleurotus ostreatus on various textile waste materials for vertically
farming edible mushrooms. Globally, only 12% of materials used for
clothing production are recycled (Igini, 2023). According to Beall
(2020), the problem largely stems from the materials used for clothing
and the inadequate technologies available for recycling them. In this
study, the edible mushroom Pleurotus ostreatus (blue-grey oyster
mushroom) is cultivated on 13 different fabric substrates to assess the
impact of four different growth media on mycelium development,
morphological characteristics, and dry biomass production.

2 Materials and methods

All materials and equipment used in the study were sterilized by
autoclave and prepared aseptically in a laminar flow chamber. Mycelial
spawn, Pleurotus ostreatus (strain M2191), was purchased from Urban
Farm It Ltd., UK, as a mycelial mass on digested wheat grain sealed in
a plastic bag with filter patches. The fabric materials were obtained
from the BA(Hons) Fashion Design course at the School of Arts, Leeds
Beckett University, UK. The fabric samples under examination were
cotton gauze (F1); polyester chiffon (white) printing (F2); ice wool
medium (white) (F3); calico light (F4); white poplin cotton Delphina
shrunk (F5); Merz cotton natural jersey (F6); jersey silk Noil natural
(tubular) (F7); ecru cotton jersey (tubular) (F8); 100% wool light grey
(F9); 100% wool dark grey (F10); raised natural cotton (F11); white
jersey cotton pimenta sweatshirt (F12); and 100% heavy denim natural
cotton (F13). Fabric samples were chosen based on a combination of
synthetic (polyester) and natural fibers (cotton, silk, and wool)
commonly used to manufacture clothing. Figure 1 shows the laser-cut
fabric samples designed to fit in 90 mm Petri dishes. The growth media
used in the study were malt extract agar (MEA), malt extract yeast agar
(MYA), potato dextrose agar (PDA), and potato dextrose yeast agar
(PDYA). The agar powder and 90 mm Sterilin™ sterile Petri dishes
were purchased from Beacon Hill Mushrooms Ltd., UK.

The agar solution was prepared by dissolving 40 g of MEA and
MYA in 1,000 ml of distilled water and 50 g of PDA and PDYA in
1,000 ml of distilled water in 1-litre glass media bottles (Kimax®
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Kimble). Bottles were placed on a magnetic stirrer until the agar was
fully dissolved and then sterilized. After sterilization, MEA, MYA,
PDA, and PDYA were each poured into Petri dishes and allowed to
solidify. The fabric samples were individually wrapped in aluminum
foil and sterilized. After cooling to room temperature, they were
carefully placed on the surface of each agar dish using sterile
tweezers. The inoculum was cut from grain spawn using a sterile
knife and placed at the approximate center of each fabric sample
using sterile tweezers. Petri dishes were covered with lids and
incubated upside-down in a Genlab incubator at 22°C to
prevent condensation.

2.1 Mycelium growth

Photographic images were taken daily from Day 2 until the fabric
samples were entirely covered with mycelium. The images were taken
from a constant distance using a DSLR camera (Canon EOS 250D)
and a Canon EFS 18-55 mm lens. The images were analyzed using
Image] 1.53 k software (National Institutes of Health, Bethesda,
Maryland, USA), and the daily growth area for mycelium growth was
calculated to the nearest 0.00 mm?/day.

2.2 Mycelium morphological
characteristics

Mycelium morphology was examined using photographic images
taken on Day 22 and analyzed by visual inspection following the
methods by Guadarrama-Mendoza et al. (2014) and Sobal et al.
(2007).
mycelium texture (cottony or floccose), density (low, regular, or high),

Morphological characteristics were assessed based on

color (white or white with yellowish areas), aerial hyphae (scarce,
regular, or abundant), and mycelium growth (irregular or regular).

2.3 Mycelium dry biomass

Each fabric sample was carefully removed from Petri dishes on
Day 22 using sterile tweezers and then dried in an Excalibur
dehydrator (USA) at 50°C for 1 h to measure dry biomass. Samples
were weighed before and after mycelium growth using an Accuweight
digital laboratory scale, and the difference in weight was recorded in
grams to the nearest 0.00 g.

2.4 Statistical

The data were analyzed, and graphs were generated using
Microsoft Excel (v.16.9). A two-way ANOVA was used to evaluate the
impact of growth media, MEA, MYA, PDA, and PDYA on the growth
phases of mycelium development: lag, exponential, and stationary
phases. A multivariate analysis of variance (MANOVA) was used to
evaluate the combined effects of independent variables, mycelium
density, texture, and aerial hyphae, on the dependent variables, growth
and color. A one-way ANOVA and Tukey’s (HSD) post-hoc analysis
(p < 0.01) were used to evaluate the effect of growth media MEA,
MYA, PDA, and PDYA on dry biomass production.
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In the final study, 13 different fabric samples and four different
growth media were used to produce fifty-two samples (n = 52) for
examination. As shown in -5, all samples exhibited
mycelium growth; however, growth performance and mycelium
morphological characteristics showed significant variation. Moreover,
no microbial contamination was detected throughout the growth
process. The observation aligns with previous studies that show the
antimicrobial properties produced by the mycelium of Pleurotus
ostreatus ( ; ;

)
3.1 Mycelium growth
shows samples ranked by their overall growth performance

(based on mean growth rate and maximum growth area), peak
growth, and the corresponding day it was achieved. The

10.3389/frsus.2025.1522527

best-performing sample for mycelium growth was F6-MEA, which
had an average growth rate of 818.24 mm?/day and a maximum
growth area of 5,800.53 mm®. This was followed closely by F4-MYA
(813.89 mm?/day, 5,800.53 mm?), and F3-MYA (813.88 mm?*/day,
5,800.53 mm?). These samples exhibited superior growth performance
compared to F1-PDA (354.81 mm?*day, 5,356.50 mm?), F7-PDA
(318.23 mm?/day, 4,813.51 mm?), and F3-PDA (249.33 mm?*/day,
4,020.37 mm?), which were the worst-performing samples for
mycelium growth ( ). Peak growth occurred between Days 4
and 9, with the highest proportion of samples (44.23%, n = 23)
achieving peak growth on Day 8. The most significant increase in
mycelium growth occurred in F13-MYA at 2,095.37 mm? on Day 8.
This was followed by F3-PDYA (1,847.02 mm?*) and F3-MEA
(1,813.76 mm?). shows the worst-performing samples for
peak growth, which were F3-PDA, F7-PDA, and F5-PDA at
123.03 mm?, 265.71 mm?, and 302.13 mm?, respectively.

These results indicate that the nutrient-rich environment of MEA,
MYA, and PDYA was more favorable than PDA for supporting
mycelium growth on the fabric samples. The results align with studies

FIGURE 1

Fabric samples under examination, arranged from top left to bottom right with their corresponding labels: CX202 Cotton Gauze (F1), Polyester Chiffon
White Printing (F2), Ice Wool Medium White (F3), Calico Light (F4), Poplin Cotton Delphina White Shrunk (F5), Merz Cotton Natural Jersey (F6), Jersey
Silk Noil EF101 Natural Tubular (F7), Ecru Cotton Jersey Tubular (F8), 100% Wool Light Grey (F9), 100% Wool Dark Grey (F10), Raised Natural Cotton
(F11), Jersey Cotton Pimenta Sweatshirt White (F12), and Denim 100% Natural Cotton Heavy (F13)
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FIGURE 2

MEA, F11-MEA, F12-MEA, and F13-MEA

Shows the variation in the growth of Pleurotus ostreatus mycelium on malt extract agar (MEA) across different fabric substrates. The samples are
arranged from top left to bottom right in the following order: F1-MEA, F2-MEA, F3-MEA, F4-MEA, F5-MEA, F6-MEA, F7-MEA, F8-MEA, F9-MEA, F10-

by and
, showing that malt extract offers complex
carbohydrates and proteins that are quickly metabolized by Pleurotus
ostreatus. Moreover, yeast extract in MYA and PDYA provide a rich
source of vitamins and amino acids, significantly enhancing mycelium
development and resulting in a greater growth rate and higher biomass
production than PDA ( ). shows that PDA,
while supportive of mycelium growth, lacked the nutritional
complexity found in MEA, MYA, and PDYA. The findings suggest that
PDA is not a practical option for upcycling applications and is
ineffective in situations that demand rapid mycelium growth.
shows daily growth rates of F6-MEA (#1), F1I-MEA
(#28), F1I-MYA (#36), and F1-PDA (#50). The samples were selected
based on their growth performance ranking. FI-MEA had a sharp
increase in growth on Day 4 at 693.23 mm?*/day and peaked on Day 6
at 1,216.25 mm?/day. However, after Day 9, the growth rate declined
until the entire fabric substrate was covered entirely with mycelium on
Day 11. F6-MEA exhibited a similar trend, with a quick, steady
increase in growth, reaching a peak of 1,538.32 mm?/day on Day 5,
followed by a decrease in growth until it was fully covered by

Frontiers in

mycelium on Day 9. F1-MYA displayed a more gradual increase in
growth, reaching its peak of 668.34 mm?/day on Day 8 and
maintaining a steady rate until it was fully covered by mycelium
growth on Day 13. F1-PDA exhibited the slowest growth rate, peaking
at 1,108.97 mm?/day on Day 14, and had consistently low daily growth
rates throughout its observation period of 22 days. The sample
exhibited irregular floccose growth and did not fully colonize the
fabric sample. The results indicate that the combination of cotton
fabrics and the nutritional composition of MEA had an exemplary
impact on the daily growth rate.

As previously mentioned, the main aim of this study was to
investigate whether end-of-life textile substrates could be upcycled
from the fashion industry for mycelium-based materials. When
mycelium is inoculated in a suitable growth media, growth progresses
through three distinct growth phases: lag, exponential, and stationary
( ). It is essential during growth to ensure optimal
environmental conditions and abundant nutrients are available to
maximize growth rate and yield. A two-way ANOVA was performed
to evaluate the impact of growth media on the distinct phases of
mycelium development: lag, exponential, and stationary. The analysis
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FIGURE 3

F11-MYA, F12-MYA, and F13-MYA

Shows the variation in the growth of Pleurotus ostreatus mycelium on malt yeast agar (MYA) across different fabric susstrates. The samples are
arranged from top left to bottom right in the following order: F1-MYA, F2-MYA, F3-MYA, F4-MYA, F5-MYA, F6-MYA, F7-MYA, F8-MYA F9-MYA, F10-MYA,

showed a significant main effect of growth media on the lag phase
(F =10.74, p < 0.001) and the exponential phase (F = 6.13, p < 0.01).
However, no significant effect was observed for the stationary phase
(F = 1.24, p = 0.30). These findings suggest that while the lag and
exponential phases showed considerable variation across the four
different growth media, the stationary phase remained relatively
consistent among the samples. For example, samples grown on MYA
and PDYA exhibited the shortest lag phases, averaging 0.2 days, which
made them the best growth media for rapid mycelium growth.
Similarly, MEA had relatively short lag phases, averaging 0.5 days,
which made it the second-best growth medium for quick mycelium
production. The results indicate that MEA and PDYA are the most
effective growth media for balanced growth across the growth phases.
In contrast, PDA exhibited considerable extended lag and exponential
). Although
the results indicate that PDA was the least effective for mycelium

phases, averaging 2.8 and 6.4 days, respectively (

growth performance, the growth media could be used for applications
requiring prolonged active growth.

Few studies have explored the use of mycelium for upcycling
textile waste. However, several have evaluated the impact of different

Frontiers in

growth media on mycelium growth performance (

). The significant influence of growth media on the
lag and exponential phases of mycelium growth highlights the crucial
role of nutrient composition. Growth media enriched with yeast
extract (MYA and PDYA) facilitates a shorter lag phase, which
supports faster mycelium growth. This finding is consistent with
previous research, which shows that increased nitrogen and carbon
availability can accelerate fungal metabolism and enzymatic activity,
leading to quicker colonization ( ;

)

In contrast, the stationary phase showed no significant
variation across different growth media, indicating that external
nutrient availability has less influence once the mycelium reaches
its maximum growth capacity. This stability in the stationary
phase aligns with literature indicating that mycelium growth
eventually plateaus due to substrate depletion and self-regulatory
mechanisms ( ). Overall, the results indicate that
MEA, MYA, and PDYA are the optimal growth media for
enhancing the colonization of Pleurotus ostreatus, which is a


https://doi.org/10.3389/frsus.2025.1522527
https://www.frontiersin.org/journals/Sustainability
https://www.frontiersin.org

Fletcher

10.3389/frsus.2025.1522527

FIGURE 4

F11-PDA, F12-PDA, and F13-PDA

Shows the variation in the growth of Pleurotus ostreatus mycelium on potato dextrose agar (PDA) across different fabric susbstrates. The samples are
arranged from top left to bottom right in the following order: F1-PDA, F2-PDA, F3-PDA, F4-PDA, F5-PDA, F6-PDA, F7-PDA, F8-PDA, F9-PDA, F10-PDA,

critical factor in optimizing mycelium-based upcycling of textile
waste ( ).

3.2 Mycelium morphological
characteristics

, 3 show mycelium morphological characteristics and
frequency data for mycelium texture, density, color, aerial hyphae, and
colony growth for the samples. The results show that 75%, n = 39 of
samples had a fluffy, fibrous, cottony growth pattern, and 25%, n = 13
of the fungal colony was floccose, with loose, woolly tufts of hyphae.
Mycelium density was relatively distributed, with 36.54% (n = 19)
producing high and regular density each and 26.92% (n = 14) samples
producing low density. The color of mycelium produced was
predominantly white (84.62%, n=44). However, as shown in

, samples F2-MYA, F4-MYA, F8-MYA, F11-MYA, F4-MEA,
F8-MEA, F4-PDYA, and F8-PDYA produced mostly white-colored
mycelium with patches of yellow areas after 12 days of incubation.
This observation aligns with studies by ,

Frontiers in

, which showed that
the mycelium of Pleurotus ostreatus produces yellow pigment. The

, ,and

findings highlight the need for further research to explore using these
natural pigments in the fashion industry for dyeing, printing, and
finishing applications.

The multivariate analysis of variance (MANOVA) revealed that
mycelium density had no significant influence on growth or color
[Wilks’ A = 0.950, F (4, 44) = 0.58, p = 0.679], indicating it is not a
vital determinant of these characteristics when considered alongside
other variables. However, mycelium texture had a significant effect
on both growth and color [Wilks’ A =0.799, F (4, 44) =2.77,
p =0.039], suggesting that texture (cottony or floccose) is a vital
determinant of mycelium development. Aerial hyphae did not show
a statistically significant effect [Wilks’ A = 0.750, F (8, 88) = 1.70,
p = 0.108]. However, the p-value approached significance, suggesting
that further research could reveal its impact under different fabric
substrates and nutrient environments. In summary, mycelium texture
emerged as a critical factor in determining growth and color, with
density and aerial hyphae having no significance. These findings
emphasize the importance of texture in optimizing mycelium growth,
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FIGURE 5

PDYA, F10-PDYA, F11-PDYA, F12-PDYA, and F13-PDYA

Shows the variation in the growth of Pleurotus ostreatus mycelium on potato dextrose yeast agar (PDYA) across different fabric substrates. The samples
are arranged from top left to bottom right in the following order: F1-PDYA, F2-PDYA, F3-PDYA, F4-PDYA, F5-PDYA, F6-PDYA, F7-PDYA, F8-PDYA, F9-

particularly for upcycling applications that require consistent
mycelium growth and appearance.

3.3 Mycelium dry biomass

The one-way ANOVA analysis to assess the effect of MEA,
MYA, PDA, and PDYA on dry mycelium biomass revealed a
significant effect of the four different growth media on mycelium
dry biomass, F (3, 16) = 60.51, p < 0.001. The post hoc Tukey HSD
tests indicated that PDYA (M = 0.32 g, SD = 0.07) had significantly
higher biomass compared to MEA (M = 0.10 g, SD = 0.05), MYA
(M=0.11g, SD=0.07), and PDA (M=0.04g, SD =0.03),
p <0.001, respectively, ( ). Additionally, there was a
significant difference between PDA and PDYA (p < 0.05). These
results indicate that PDYA significantly outperformed the other
growth media for optimal mycelium growth (p < 0.01) and was
best for mycelium biomass production. PDA consistently
produced the lowest biomass yield compared to other media types

Frontiers in

(p < 0.01). Moreover, yeast extract provides a source of vitamins
and amino acids that significantly improve and enhance mycelium
biomass yield.

The findings of this study underscore the environmental
challenges the fashion industry poses, particularly its contribution
to global carbon emissions, water consumption, and textile waste
generation. Fast fashion’s rapid turnover of inexpensive garments
has significantly impacted consumption patterns, resulting in
unsustainable disposal practices ( ;

). Addressing these issues requires innovative solutions, such
as mycelium-based materials, which offer promising avenues for
sustainable development and waste reduction in the fashion sector.

This study assessed the potential of upcycling end-of-life textile
substrates using Pleurotus ostreatus cultivated on various fabric types
and growth media. The results demonstrated that all fabric substrates
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TABLE 1 Samples ranked by mycelium growth performance (based on TABLE 1 (Continued)
their mean growth rate and maximum growth area), peak growth, and
the corresponding day it was achieved. F10-PDYA 41 5800.53 441.17 672.36 Day 8
F9-PDYA 42 5800.53 439.58 986.95 Day 9
Sample Rank  Max Mean Peak Day of i
Growth Growth Growth Peak F10-PDA 43 5800.53 410.74 491.23 Day 8
2
Areaz Ratez i) | it F12-PDA 44 5800.53 410.42 753.81 Day 8
(mm?)  (mm?/
day) F2-PDYA 45 5724.72 430.89 678.06 Day 8
F6-MEA 1 5800.53 818.24 1538.32 Day 5 F4-PDA 46 5482.35 420.46 1183.51 Day 9
F4-MYA 2 5800.53 813.89 1225.66 Day 7 F9-PDA 47 5657.19 375.11 605.09 Day 9
F3-MYA 3 5800.53 813.88 1707.10 Day 8 F5-PDA 48 5603.41 372.12 302.13 Day7
F3-PDYA 4 5800.53 812.22 1847.02 Day 8 F2-PDA 49 5441.57 360.9 616.81 Day 9
F4-PDYA 5 5800.53 810.82 1161.36 Day7 F1-PDA 50 5356.5 354.81 417.67 Day 9
F6-MYA 6 5800.53 810.48 1334.61 Day7 F7-PDA 51 481351 318.23 265.71 Day 6
F7-MYA 7 5800.53 804.35 1038.59 Day7 F3-PDA 52 4020.37 249.33 123.08 Day 9
F5-MYA 8 5800.53 801.23 1577.23 Day 8
F2-MYA 9 5800.53 796.22 114234 Day 7 supported mycelium growth, with significant variation in growth
F8-PDYA 10 580053 717.54 . Day 8 rates, morphological characteristics, and biomass yield. MEA, MYA,
and PDYA emerged as the most effective growth media, providing the
F8-MYA 11 5800.53 716.8 1739.89 Day 8 . , i
most favorable nutrient environments that supported rapid and robust
F5-PDYA 12 5800.53 71492 1799.95 Day8 mycelium development. PDYA exhibited superior performance in the
F6-PDYA 13 5800.53 714.39 1633.83 Day 8 production of mycelium biomass, aligning with previous research
F1-PDYA 14 5800.53 714.15 1559.91 Day 8 indicating that yeast extract enhances mycelium growth (Paswal
etal., 2021).
F13-MYA 15 5800.53 712.59 2095.37 Day 8 ) o ) o )
The statistical analysis revealed a significant impact of growth
F12-MYA 16 280053 709.07 1539.96 Day$ media on the lag and exponential phases of mycelium growth but not
F12-PDYA 17 5800.53 708.44 1275.55 Day7 on the stationary phase, suggesting that optimizing early growth
F11-MYA 18 5800.53 640.4 1572.43 Day 9 conditions is critical for efficient mycelium cultivation. Additionally,
FAMEA 19 5800.53 639.63 122963 Day7 the significant variation in mycelium texture, growth pattern, and
color indicates that the nutritional composition of the fabric substrates
F8-MEA 20 5800.53 639.28 1265.36 Day 8 . . . .
and growth media can influence these morphological traits,
F12-MEA 21 5800.53 638.69 1585.51 Day8 highlighting their importance for upcycling applications.
F13-MEA 22 5800.53 637.94 1277.10 Day 8 These findings contribute to the growing body of research on
F7-PDYA 23 5800.53 636.32 1546.95 Day 8 mycelium-based materials by demonstrating the feasibility of using
mycelium for upcycling textile waste. However, further studies are
F7-MEA 24 5800.53 634.78 1315.16 Day7 ; o .
needed to explore material development, the scalability of this
F5-MEA % 5800.53 633.75 1282.52 Day 8 method, and the potential for integrating mycelium-based
F13-PDYA 26 5800.53 633.22 1223.62 Day 8 technologies at the end-of-life stage of fashion products. This
F3-MEA 27 5800.53 631.73 1813.76 Day 8 approach could transform textiles into new biomaterials rather than
FLMEA 28 5800.53 63126 121625 Day 6 allowing them to contribute to waste. While the findings
demonstrate that mycelium can be used for textile waste upcycling,
F2-MEA 29 5800.53 631.06 1024.47 Day 7 . . . .
scaling this process to an industrial level presents several challenges.
F11-MEA 30 5800.53 626.81 1789.79 Day 8 Large-scale production requires cost-effective nutrient sources,
F6-PDA 31 5800.53 573.53 1109.98 Day 9 optimized cultivation conditions, and significant investments in
F13-PDA - 580053 572.43 1576.46 Day 9 infrastructure to ensure consistent quality and yield. Regulatory
considerations must be addressed before commercial adoption,
F11-PDYA 33 5800.53 523.78 1487.43 Day 9 ) . . D ) .
including material certification and safety compliance. Recognizing
FO-MYA M 5800.53 5182 1953.10 Day9 these practical challenges is essential for translating laboratory
F10-MYA 35 5800.53 516.5 1669.07 Day9 results into viable solutions for industry use. Developing mycelium-
F1-MYA 36 5800.53 510.92 728.44 Day 4 based technologies could help the fashion industry transition
towards more sustainable practices, thereby reducing its
F10-MEA 37 5800.53 504.75 1734.14 Day 8 : i P ) ) Y o g )
environmental impact by repurposing textile waste and minimizing
F8-PDA 38 5800.53 477.05 1102.91 Day 7 .
resource consumption. Future research should also explore the
F9-MEA 39 5800.53 442.56 172541 Day9 natural pigmentation of mycelium as an eco-friendly alternative to
F11-PDA 40 5800.53 441.98 665.15 Day 9 dyeing, printing, and finishing, adding further value to the
. sustainable transformation of the fashion industry.
(Continued)
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FIGURE 6
Pleurotus ostreatus mycelium growth after 22 days of incubation on different fabric substrates and growth media. Samples are arranged from top left

to bottom right as follows: F6-MEA, F4-MYA, F3-MYA, F1-PDA, F7-PDA, and F3-PDA. The figure illustrates variations in mycelium colonization,
highlighting differences in growth patterns influenced by substrate compostion and nutrient availability in the respective agar media.

FIGURE 7
Peak growth of Pleurotus ostreatus after 8 days of incubation on different fabric substrates and growth media. Samples are arranged from top left to

bottom right as follows: F13-MYA, F3-PDYA, F3-MEA, F3-PDA, F7-PDA, and F5-PDA.
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FIGURE 8
Comparison of the daily growth rate for F1-MEA, F6-MEA, F1-MYA, and F1-PDA, highlighting variations in colonization speed across different growth
media.
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FIGURE 9
Average duration of the growth phases for Pleurotus ostreatus across growth media (MEA, MYA, PDA, and PDYA) shows variations in development
progession influenced by nutrient composition.
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TABLE 2 Mycelium morphological characteristics for MEA, MYA, PDA, and PDYA fabric samples.

Morphological characteristics

10.3389/frsus.2025.1522527

Texture Density Aerial Hyphae Growth
F1-MEA Cottony High White Abundant Regular
F2-MEA Cottony Regular White Abundant Regular
F3-MEA Cottony Regular White Regular Regular
F4-MEA Cottony Regular White w/yellowish areas Abundant Regular
F5-MEA Cottony Regular White Regular Regular
F6-MEA Cottony Regular ‘White Abundant Regular
F7-MEA Cottony Regular White Abundant Regular
F8-MEA Cottony Regular White w/yellowish areas Abundant Regular
F9-MEA Cottony Regular ‘White Abundant Regular
F10-MEA Cottony Regular White Abundant Regular
F11-MEA Cottony High White Abundant Regular
F12-MEA Cottony Regular ‘White Regular Irregular
F13-MEA Cottony Regular White Regular Regular
FI-MYA Cottony Low White Regular Irregular
F2-MYA Cottony High White w/yellowish areas Abundant Regular
F3-MYA Cottony Regular White Abundant Regular
F4-MYA Cottony Regular White w/yellowish areas Abundant Regular
F5-MYA Cottony High White Abundant Regular
F6-MYA Cottony Regular White Abundant Regular
F7-MYA Cottony Regular ‘White Regular Regular
F8-MYA Cottony Regular White w/yellowish areas Regular Regular
F9-MYA Cottony Regular White Regular Regular
F10-MYA Cottony Regular ‘White Abundant Regular
F11-MYA Cottony High White w/yellowish areas Abundant Regular
F12-MYA Cottony Regular White Abundant Regular
F13-MYA Cottony High White Abundant Regular
F1-PDA Floccose Low White Scarce Irregular
F2-PDA Floccose Low White Scarce Irregular
F3-PDA Floccose Low White Scarce Irregular
F4-PDA Floccose Low White Scarce Irregular
F5-PDA Floccose Low White Scarce Irregular
F6-PDA Floccose Low White Scarce Irregular
F7-PDA Floccose Low White Scarce Irregular
F8-PDA Floccose Low ‘White Scarce Irregular
F9-PDA Floccose Low White Regular Irregular
F10-PDA Floccose Low White Scarce Irregular
F11-PDA Floccose Low ‘White Scarce Irregular
F12-PDA Floccose Low White Scarce Irregular
F13-PDA Floccose Low White Scarce Irregular
F1-PDYA Cottony High White Abundant Regular
F2-PDYA Cottony High White Abundant Regular
F3-PDYA Cottony High ‘White Abundant Regular
F4-PDYA Cottony High White w/yellowish areas Abundant Regular
(Continued)
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TABLE 2 (Continued)

Morphological characteristics

Texture Density Aerial Hyphae Growth
F5-PDYA Cottony High White Abundant Regular
F6-PDYA Cottony High White Abundant Regular
F7-PDYA Cottony High White Abundant Regular
F8-PDYA Cottony High White w/yellowish areas Regular Irregular
F9-PDYA Cottony High White Abundant Regular
F10-PDYA Cottony High White Abundant Regular
F11-PDYA Cottony High White Abundant Regular
F12-PDYA Cottony High White Abundant Regular
F13-PDYA Cottony High White Abundant Regular

TABLE 3 Frequency data of morphological characteristics for fabric samples on MEA, MYA, PDA, and PDYA.

Characteristics Texture Density Color Aerial Hyphae Growth

Abundant 30

Cottony 39

Floccose 13

High 19

Irregular 16

Low 14

Regular 19 10 36

Scarce 12

White 43

White w/yellowish areas 9

Total 52 52 52 52 52

FIGURE 10

Yellow pigmentation of Pleurotus ostreatus was observed after 12 days of incubation on various fabric substrates and growth media Samples are
arranged from top left to bottom right as follows: F2-MYA, F4-MYA, F8-MYA, F11-MYA, F4-MEA, F8-MEA, F4-PDYA, and F8-PDYA. The figure highlights
pigmentation differences influenced by substrate composition and nutrient availability.
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Dry mycelium biomass production of Pleurotus ostreatus across different growth media (MEA, MYA, PDA, and PDYA), illustrating variations in biomass

yield influenced by nutrient composition and substrate compatibility.

5 Conclusion

In conclusion, this study provides a foundation for using
mycelium-based technologies as a sustainable solution for textile
waste management. The promising results indicate that with further
development, mycelium-based materials could significantly help
mitigate the environmental impacts associated with fast fashion,
contributing to a more sustainable and circular economy in the
fashion industry.
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