Y, >
20 511032

Print ISSN: 0375-9237
Online ISSN: 2357-0350

EGYPTIAN
JOURNAL
OF BOTANY
(EJBO)

Chairperson

PROF. DR. MOHAMED |. ALI
Editor-in-Chief

PROF. DR. SALAMA A. OUF

The cultivation of Pleurotus florida
mushroom on agricultural wastes to reduce
the weight of plastic waste

Sally A. Ali

PUBLISHED BY
THE EGYPTIAN
BOTANICAL SOCIETY



The cultivation of Pleurotus florida mushroom on agricultural wastes to reduce the weight of

plastic waste

Sally A. Ali
Department of Botany and Microbiology, Faculty of Science, Helwan University, Cairo, Egypt

The necessity to accelerate the biodegradation strategy to transition to a sustainable plastic waste
management approach is growing as environmental plastic waste accumulation accelerates. In the
present study, Pleurotus florida (P. florida) was cultivated using agricultural waste like rice straw
mixed with P. florida spawn. Following culture, a sample of mushroom tissue was added to cooled
PDA medium on petri dishes, which were subsequently incubated at 25°C. In parallel, low-density
polyethylene (LDPE) plastic bag fragments with dimensions of 3 cm x 1 cm were exposed to
sunlight. Following this time, 50 ml of Dox’s media was inoculated with 2 ml of P. florida mycelia
suspension and sunlight-exposed LDPE fragments. The effects of carbon concentrations, inoculum
doses, temperature, pH, and Tween 80 additives on the weight loss of sunlight-exposed LDPE
fragments were studied. Scanning electron microscopy indicated that the LDPE fragment's surface
morphology altered after inoculating P. florida mycelia. FTIR analysis was newly formed functional
groups in the LDPE structure. The weight loss percentage increased with an increase in sucrose
concentration and the inoculum dose while decreasing with an increase in temperature, pH, and
Tween 80 additives. Also, the colonization of sunlight-exposed LDPE by P. florida decreased the
tensile strength of the LDPE fragment. These findings confirm that the exposure of LDPE to sunlight
facilitated the ability of P. florida mycelia to enhance the weight loss percentage of LDPE fragments.
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INTRODUCTION

Currently, 367 million tonnes of plastic are
manufactured annually worldwide (Li et al., 2023;
Plastic Europe, 2020). To put things in perspective, a
whopping 9.2 billion tonnes of plastics have been
synthesized since their invention circa 1950, of which
over 6.9 billion tonnes have ended up as waste. Many
of them are single-use plastics, and although they
have a minute to hourly lifespan, they can remain in
the environment for decades or even centuries.
Landfilling (65%), incineration (25%) and recycling
(10%) are the most common ways of disposal. They
are also used in fuel generation, road construction,
deterioration, and biodegradation (Parker and Laura,
2018; Sangale et al., 2019). Plastics are beneficial to
industries, but because they lack identifiable enzyme
functional groups, they are hydrophobic, and their
molecular stability makes them difficult for
biodegradation (Sowmya et al., 2015). Plastic waste
can take up 20 to 30 percent of the available area in
landfills when disposed of, shortening their lifespan
and necessitating the construction of new ones. The
causes several problems, such as disturbance of the
biological balance in certain places and disturbance of
the soil due to various wastes (Mahajana and Gupta,
2015). Plastics threaten both marine and terrestrial
species when they are improperly disposed of.
According to reports, each year the release of plastics
into the environment causes the deaths of one million
birds and ten million marine species. Moreover, most
of the plastic waste is travelling from land to sea and

back again, polluting the environment and resulting in
bioaugmentation in the food chain (Matija et al.,
2021). Furthermore, burning plastics releases harmful
gases that worsen air pollution and cause health
issues. Recycling is an additional option, but it
requires more work, and the public is not as aware of
it as it may be (Gajendiran et al., 2016). One of the
main persistent plastics discharged into the
environment is low-density polyethylene (LDPE),
which has a very hydrophobic and refractory
tendency.

Long chains of the monomer ethylene (IUPAC name:
ethene) make up the polymer polyethylene. Since
polyethylene is the most widely used plastic, lowering
PE (polyethylene phthalate) would significantly
improve the process of cleaning up plastic waste.
Findings show that using specific microbial strains to
facilitate the biodegradation of plastic waste
produced a workable solution (Sivan, 2011).
Polythene-based polymers have been reported to be
degraded by a variety of microorganisms, including
Rhodococcus ruber, Ideonella sakaiensis, Brevibacillus
borstelensis, Serratia sp., etc. (Ahmed et al., 2018).
Around 20% of polyethylene can be broken down in
30 days when microorganisms alone are used, as has
been demonstrated in studies conducted all over the
world. The degradation of polymers is influenced by
various factors, including plasticizers or additives
added to the polymer, mobility, tacticity, crystallinity,
molecular weight, and the kind of functional groups
and substituents present in its structure (Gu et al.,
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2015). The ability of the microbe to use the polymer
as its only supply of carbon is a precondition for
biodegradation. Methylene, the main component of
LDPE, is a polymer molecule with an exceptionally
high molecular weight that germs cannot enter cells
directly. Due to their large role in the breakdown of
organic matter in soil and their adaptability in terms
of metabolism, most studies show that fungi are very
effective at degrading polymers (Zeghal et al., 2021).
White-rot fungi (WRF) are a distinct group among
these fungi. It is crucial to understand that white-rot
fungi are a collection of fungal species that can break
down the lignin; they are not a distinct taxonomic
group. Instead, they are members of the
basidiomycetes class of fungi. Phanerochaete,
Pleurotus, Ganoderma, Bjerkandera, Dichomitus, and
Trametes are a few of the species of note that belong
to this group (Mir et al., 2018; Voberkov et al., 2018).
Among the many biodegradation techniques, using
white-rot fungi which have enzymes that can change
the structure of plastics is a potential strategy. This
enzymatic process promotes polymers' bioavailability
and speeds up their organic breakdown. The aim of
the current work is to reduce the weight of LDPE bags
by using the cultivated P. florida mushroom under
various parameters, including sucrose concentration,
inoculum dose, temperature, pH, Tween 80, SEM, FT-
IR analyses, and tensile strength measurements.

MATERIALS AND METHODS
Materials

Low-density polyethylene plastic bags were kindly
obtained by Misr EI-Nour company, in the Tenth of
Ramadan City, El-Sharqgiyah Governorate, Egypt. Low-
density polyethylene is used in the production of
these plastic bags, according to the manufacturer.
Pleurotus florida (MLCC No. 14 STCPL-Hong Kong)
used in this study was cultivated using rice straw
waste and mixed with Pleurotus florida spawn
(Duration: 18 days, wheat grains used for spawn
substrate) which was obtained from the Agricultural
Research Centre, Ministry of Agriculture, Giza, Egypt.
Methods

Cultivation of Pleurotus florida (Figure 1)

Pleurotus florida (MLCC No. 14 STCPL-Hong Kong) is
cultivated according to the procedure described by Ali
et al. (2013). The process of spawning involved
inoculating the substrate that had been ready for
mushroom growing with the spawn as follows: The
rice straws were cut into 20-30 cm lengths,
submerged in water three times as heavy as the straw,
and allowed to soak for 24 hours before being air

dried to guarantee that the water soaked into the
straws thoroughly. The rice straws were soaked and
then sealed in sterile plastic bags. After being
sterilized for 15 minutes at 121°C, the bags were
allowed to cool for 24 hours at room temperature. 50
g of the Pleurotus florida spawn were put into each
bag and sealed once it had been prepared and
refrigerated. The inoculated rice straw was incubated
for at least 30 days at 25°C with light needs of 1000—
1500 (2000 lux), until the fruiting body developed.

Pretreatment of LDPE bags

The low-density polyethylene bags were exposed to
sunlight for 10, 20, and 40 days during the summer
(15 July 2023 to 25 August2023). There are eleven
hours of sunlight during this season. After each period
of exposure, the plastic bags were submitted for
Scanning electron microscopy (SEM). The samples
were then post-fixed for one hour in 1% osmium
tetroxide in cacodylate buffer after being cleaned
three times with the same buffer. After several
washes with distilled water, the samples were
subsequently dehydrated in a graded ethanol series,
1:1 ethanol: hexamethyl disilazane and 100%
hexamethyl disilazane and dried overnight in air. Dried
samples were then mounted on stubs using carbon
tape, and the sample was coated with gold and
analyzed under a high-resolution scanning electron
microscope (Quanta FEG 250, FEI, USA) at the Desert
Research Centre, Cairo, Egypt.

Preparation of Culture Medium

The preparation of PDA medium requires 50 g of
peeled potatoes. In 100 milliliters of water, mash the
potatoes and bring them to a boil. Potato extract is
obtained in a beaker by filtering the mixture through
cheesecloth. After adding 5 g of dextrose, 150 mL of
water is added to bring the solution's volume to 250
mL after measuring, the pH is corrected to 6, and 5 g
of agar are added. A water bath is used to heat the
mixture (Ricker and Riker, 1936). Boiling the mixture
until the culture turns transparent is the final step. A
10-minute autoclave is then performed on the culture
media at a pressure of 15 lb./inch?. The media plate
preparation process involves bringing the medium
into the pre-infected laminar flow chamber after
autoclaving. A portion of mushroom tissue was used
as an inoculation within the laminar flow chamber
after the pure culture was sterilized cooled, and PDA
media were placed into sterile Petri dishes. After
seven days at 25°C, the whole surface of the media in
the Petri dish is covered in fungal growth (Figure 2).
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Pretreatment of
LDPE bags
(Sunlight exposure)

Treatment of sunlight-exposed
LDPE bag fragments by P. florida
mycelia

!

Screening techniques
(SEM & FTIR)

Effect of carbon concentrations on
sunlight-exposed LDPE weight loss

Effect of inoculum dose on sunlight-
exposed LDPE weight loss

Effect of temperature on sunlight-
exposed LDPE weight loss

Effect of pH on sunlight-
exposed LDPE weight loss

l

Effect of tween 80 on sunlight-
exposed LDPE weight loss

l

Tensile strength test

The cultivation of Pleurotus florida (Al et al., 2023)

Preparation of SMM from cultivated Pleurotus florida (a) chopped
rice straws, (b) soaked rice straw, (c) inoculation of rice straws with
50 g Pleurotus florida spawn, (d) sealed, inoculated, and sterilized
bags, (e) fruitful body development, (f) first harvest, (g) formation of
SMM, (h) SMM after autoclaving, (i) SMM after heat drying, (j) A
pulverizer, and (k) powdered spent mushroom materials in a petri
dish.

Figure 1. Insight into some of the factors that enhance the weight loss of polyethylene sheets by the cultivated P. florida.

To create the P. florida mycelia suspension, the
mycelium discs were punched out using a cork borer
with a 5 mm diameter. The P. florida mycelia
suspension was made according to lbrahim et al.
(2011).

Treatment of sunlight-exposed LDPE bag fragments
by P. florida mycelia

Dox's media were prepared in the same way as
previously mentioned by Raper and Thom (1949).
Potassium dihydrogen phosphate (1 g/L), magnesium
sulphate (0.5 g/L), potassium chloride (0.5 g/L),
sodium nitrate (3 g/L), and ferrous sulphate (0.01 g/L)
are the ingredients. The LDPE bags were exposed to

sunlight for varying lengths of time, ranging from ten
to forty days, and were then cut into fragments
measuring three centimeters by one centimeter.
Three grams of the LDPE fragments were aseptically
transferred to conical flasks containing fifty milliliters
of Dox's broth medium, to which two milliliters of P.
florida mycelia suspension was added separately. An
experimental control was provided with LDPE plastic
bags that had not been exposed to sunlight. Aseptic
conditions were maintained for 10, 20, 40, and 80
days at 25°C in the flasks (Figure 3a,b). The following
fragments were examined by Scan Electron
microscopy and FTIR analysis. Screening techniques
to study P. florida sunlight-exposed LDPE degradation:
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Figure 2. Potato dextrose agar Petri dishes is incubated at 25°C to
grow P. florida hyphae.

Figure 3. Treatment of LDPE fragments by two mL of P. florida
suspension. (a) the arrows show the LDPE fragments observed after
the P. florida incubation. (b)the arrow shows the tip of the LDPE
fragment which was colonized by P. florida mycelia.

« Visualization is a preliminary step. Morphological
observation of plastics visually involving
microbial attack on the plastic surface, biofilm
formation or hyphae penetration formation

« Scanning electron microscopy (SEM) was used to
get a clear picture by visual observations. Sample
preparation for SEM followed the protocol of
Bertolacci et al. (2022) in which, samples were
fixed for 2 h in 2% glutaraldehyde in 0.1 M
cacodylate buffer with a pH of 7.4. The samples
were then post-fixed for one hour in 1% osmium
tetroxide in cacodylate buffer after being cleaned
three times with the same buffer. After washing
several washes with distilled water, the samples

were subsequently dehydrated in a graded
ethanol series, 1:1 ethanol: hexamethyl
disilazane and 100% hexamethyl disilazane and
dried overnight in air. Dried samples were then
mounted on stubs using carbon tape, and the
sample was coated with gold and analyzed under
a high-resolution scanning electron microscope
(Quanta FEG 250, FEl, USA) at the Desert
Research Centre, Cairo, Egypt.

« FTIR Analysis or FTIR Spectroscopy can be used
for observing chemical changes in the structure
of LDPE. The control and treatment were
analyzed using Fourier transform infrared
spectroscopy. At the Central Lab, Faculty of
Science, Helwan University, Cairo, Egypt, the
analysis was carried out using Perkin-Elmer
Spectrum version 10.5.4.

« Weight loss measures can be made to evaluate
the degradation percentage. The weight of the
LDPE fragment will be taken before and after
inoculating with the P. florida. The equation (1)
can calculate the loss of weight (Deepika and
Madhuri, 2015). To ensure precise weight
measurement of the remaining polyethylene, the
fungal biofilm was removed from the
polyethylene surface by using 2% sodium dodecyl
sulphate (SDS) for four hours and then washing it
with distilled water.

. Initial weight — Final weight x 100
Weight loss% =

.1
Initial weight ed

Factors influencing sunlight-exposed LDPE weight
loss by P. florida
Effect of carbon concentrations on sunlight-exposed
LDPE weight loss

After preparing and filling 250 mL flasks with 50 mL of
liguid Dox’s with varying sucrose concentrations
(zero, 5, 10, 15, 20, 25, and 30 g/L), the mixture was
inoculated with 2 mL of P. florida suspension and 40
days of sunlight-exposed LDPE fragment. Then
cultured at 25°C for 80 days, the weight loss in (LDPE)
fragment percentage determined the optimal carbon
concentration to use.

Effect of inoculum dose on sunlight-exposed LDPE
weight loss

Sterilized sunlight-exposed (LDPE) fragments (40
days) were added to various inoculum doses of P.
florida (2 mL, 4 mL, 6 mL, 8 mL, and 10 mL) in 250 mL
containing 50 ml (Dox’s). The mixture was then kept
at 25°C for 80 days. Weight loss in (LDPE) fragments
as a percentage was computed following incubation.
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Effect of temperature on sunlight-exposed LDPE
weight loss

After sterilizing the Dox's media, 50 mL was put into
conical flasks that held 250 mL. The flasks were
incubated at 20°C, 30°C, 40°C, 50°C, and 60°C for 80
days following inoculation with 10 milliliters of fungal
suspension and three grammes of LDPE. Following the
incubation period, the weight loss of the LDPE pieces
was computed .

Effect of pH on sunlight-exposed LDPE weight loss

To 250 mL conical flasks, 50 mL of sterilized Dox's
media with varying pH values of 3,5, 7,9, and 11 were
added. Following the inoculation of 10 mL fungal
suspension and 3 g of LDPE, the flasks were incubated
for 80 days at 30°C. The weight loss of LDPE fragments
was then calculated.

Effect of Tween 80 on sunlight-exposed LDPE weight
loss

In one set of conical flasks, 0.1, 0.2, 0.3, 0.4, and 0.5
mL of Tween 80 was used as an additive. No additives
were introduced to the other set of conical flasks.
After being added to the 50 mL Dox’s broth media,
both the fungal suspension and LDPE fragments were
left to develop for eighty days. The weight loss in LDPE
fragments was then measured.

Tensile strength test of sunlight-exposed LDPE

As previously mentioned by Tribedi et al. (2012), a
tensiometer was used to test the tensile strength of
these fragments after studying the effect of carbon
concentrations, inoculum doses, temperature, pH,
and Tween 80 additive.

Statistical analysis

The research's data were displayed as means + SD.
Each experiment was conducted in triplicate.

RESULTS AND DISCUSSION
Pretreatment of sunlight-exposed LDPE bag

The LDPE fragments inoculated with P. florida and
exposed to sunlight showed altered surfaces when
compared to LDPE fragments not exposed to sunlight,
as shown in Figure 4a-d and Figure 5. In contrast to
the fragments exposed to 20 and 40 days (Figure 4,d),
which showed some pits on the fragment surfaces,
the LDPE fragment exposed to zero and 10 days of
sunlight appeared to have a smooth surface with no
pits or particles attached to the surface (Figure 4a,b).
The LDPE segment that received the P. florida
inoculation for 10, 20, 40, and 80 days after being
exposed to sunlight for 10 and 20 days demonstrated

—Spm— () —5um— (d)
Figure 4. Scanning electron micrograph of LDPE, (a)before sunlight
exposure and (b, ¢, and d) after 10 d, 20 d, and 40 d of exposure to
sunlight. The magnification is 2000x.

the establishment of a fungal colony. Scanning
electron microscopy revealed that the LDPE
fragments that were colonized by fungal growth had
changed from being smooth to brittle. These may be
caused by photooxidation, which speeds up the
polymer's biodegradation and creates a lot of surface
area. The LDPE surface's well-resolved worn-out
pressure-developed patches and fungal hyphae
penetration may result from biofilm formation, which
shows the fragment's occupant microorganisms' high
adhesion skills. According to Garima et al. (2011),
several studies have documented Aspergillus niger's
effective biofilm growth on polyethylene surfaces,
demonstrating how surface damage aids in the
breakdown of thermally oxidized polyethylene.
Scanning electron microscopy revealed the structural
changes in the form of pits and erosions due to
Aspergillus niger adhered to LDPE and caused surface
damage. In agreement with the present results,
Buddolla et al. (2014) indicated that when polyolefins
are exposed to gamma radiation, photo-oxidation
occurs, increasing the hydrophilicity of the resulting
films and allowing them to colonize and start the
breakdown process by producing enzymes, especially
laccase enzymes, which are known to break down
wood, plastic, and paint, including jet fuel.

Treatment of sunlight-exposed LDPE bag fragments
by P. florida mycelia

The FTIR analysis of the LDPE fragment, as shown in
detail in Figure 6a, revealed multiple peaks that
indicate the fragment's complex nature. The LDPE
fragment under control, which was not exposed to
sunlight or fungi inoculation, display multiple peaks.
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Incubation Time (days)
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Figure 5. Scanning electron microscopy of LDPE exposed to sunlight for 0-40 d and incubated with P. florida for 10, 20, 40 or 80 d. The
magnification is 2000x.
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Figure 6. FTIR analysis, LDPE bag fragment, (a) LDPE bag exposed to sunlight for 40 days (b) and inoculated with P. florida for 80 days.
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These included 3086.46 cm™, which was associated
with the stretching vibration of aromatics; 2871.86
cm?, 2957.72 cm, and 2922.04 cm™, which were
assigned to the C-H stretching vibration from alkanes;
3027.15 cm?, which was associated with the
stretching vibration from alkenes; and 1941.58 cm™,
which was assigned to the X=C=Y the allenes, ketenes,
isocyanates, and isothiocyanates, Acid chloride,
1604.70 cm™, alkenes, 1458.73 cm™, 1495.46 cm™,
1378.77 cm?, nitro (R-NO2), 1178.50 cm?, and
1030.09 cm?, and alcohols, ethers, esters, carboxylic
acids, and anhydrides, 796.14 c¢m-1, 769.69 cm?,
837.09 cm™, 622.26 cm™, 520.89 cm’?, 484.12 cm™,
463.52 cm™, 693.15 cm?, and 726.34 cm’, were
assigned to the C-O. The resulting materials
underwent drastic changes after LDPE fragments
were inoculated with P. florida (Figure 6b). 2915.03
cm?® was assigned to the alkanes' C-H stretching
vibration, 2848.13 cm™ was assigned to the aldehyde,
1471.99 cm™, 1463.03 cm™, and 1368.22 cm™ was
assigned to the N=0, the nitro (R-NO2), and 908.56
cm-1, 729.99 cm™, and 718.04 cm™ was assigned to
the alkanes' out-of-plane bend.

Also observed that FTIR spectra showed a notable
shift in the group frequencies of LDPE in terms of
wave number (cm™) both in the presence and when
compared to non-sunlight-exposed LDPE as a control.
When the 40-day sunlight exposure fragment treated
by fungi was compared to LDPE that was free of fungi
and sunlight, several peak shifts were observed,
indicating alterations in the macromolecular
fragments of the LDPE and the induction of bioactive
hydrolysis in the LDPE fragment. The FT-IR results of
P. florida-treated low-density polyethylene were
evident that depolymerization had occurred because
peaks at 3086.46, 2957.72, 3027.15, 1857.50,
1941.58, 1801.76, 1604.70, 1178.50, 1081.18,
1895.03, 837.09, 622.26, 520.89, 484.12, 463.52, and
693.15 cm? disappeared. In addition, a 40-day
segment of fungal-treated sunlight exposure showed
alterations in the peaks of the infrared spectra
between 2871.86, 2922.04, 1458.73, 1495.46,
1378.77, 1030.09, 796.14, 769.69, and 726.34 cm™
compared to control.

In parallel to the current results Luz et al. (2013) have
also demonstrated that P. ostreatus has mineralized
the substrate including physical changes on the
surface of green polyethylene and a decrease in dry
mass. The carbonyl groups in the gamma-irradiated
LDPE and PP films appeared between 200 kGy and
1000 kGy, whereas the polypropene films were
slightly different from the gamma-irradiated films and

between 60 kGy and 100 kGy, respectively. When
compared to the unirradiated control film, the
irradiated (1000 kGy) film had many peaks, which are
indicative of the addition of oxygen and
photooxidation of the film. Also, the development
and disappearance of C-H and carbonyl peaks in the
polyethylene samples were linked to biodegradation
concurrently with the research conducted by Asensio
et al. (2009). Additionally, Muangchinda and
Pinyakong (2024) reported that they investigated the
biodegradation of both untreated and pretreated low
density polyethylene films and found that UV
pretreatment greatly accelerates degradation,
resulting in weight losses of 2.22-5.17% after 120
days. The weight loss from untreated LDPE was only
1.32-2.80%, whereas the weight loss from heat and
solar treatments was 1.42-3.22% and 1.67-4.56%,
respectively. The significance of UV pretreatment in
promoting plastic biodegradation is shown by these
results.

Effect of carbon concentrations on sunlight-exposed
LDPE weight loss

Figure 7 shows the effects of carbon concentrations
on weight loss of LDPE fragments inoculated with P.
florida for 80 days, followed by 40 days in the sun.
According to these findings, the percentage of weight
loss in LDPE fragments rose as the carbon
concentration grew and eventually reached 2.5% at
30 g/L. When there was no carbon present, the LDPE
fragment showed a 0.8% weight decrease. It was
discovered that at 0% carbon content, LDPE
fragments lost 0.8% of their weight. The capacity of P.
florida mycelia to proliferate and use LDPE fragments
as a carbon source may be the cause of these results.
Parallel to Bertolacci et al. (2022) discovery, those
mycelia can serve as the only carbon source for
growth on LDPE/OA substrates. Also, in agreement
with the present result, Dsouza et al. (2021) found the
consortium of Aspergillus species can use low-density
polyethylene as a carbon source.

Effect of inoculum dose on sunlight-exposed LDPE
weight loss

The proportion of weight loss increased gradually
from 2 mL to the 10 mL inoculum dose, as seen in
Figure 8. The weight loss of LDPE fragments exposed
to sunlight for 40 days and inoculated with P. florida
for 80 days rose when the inoculum dose was raised,
reaching 2.8% with 10 ml as opposed to 0.9% with 2
mL. It was correlated with the inoculum dose and
LDPE weight loss, with a higher inoculum dose causing
greater weight loss of LDPE. Additionally, it might also
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be because P. florida mycelia can alter the weight of
LDPE pieces at both high and low inoculum
concentrations.

Effect of temperature on sunlight-exposed LDPE
weight loss

The results in Figure 9 indicated that the temperature
could enhance the weight loss of LDPE fragments. The
highest LDPE weight loss (3%) was obtained at 30°C
after 80 days compared with 40°C, 50°C, and 60°C, the
weight loss of LDPE decreased to 2, 1.5, and 1.3,
respectively. Therefore, the weight loss of LDPE
decreased as the temperature rose. Similarly, the
softening temperature of the polymer has a major
impact on enzymatic degradability. As the
temperature rises, potential enzymatic degradability
falls.

Effect of pH on sunlight-exposed LDPE weight loss

The impact of pH on weight loss of LDPE is shown in
Figure 10. The highest LDPE weight loss (3.2%) was
obtained at pH 5 after 80 days, compared with 7, 9,
and 11; the weight loss of LDPE decreased to 2, 1.5,
and 1.3, respectively. pH may change the acidic or
basic conditions of enzymatic degradation.

Effect of Tween 80 on sunlight-exposed LDPE weight
loss

The findings that were displayed in Figure 11 show
that the Tween 80 additive harmed the weight loss of
LDPE fragments in a tested range from 0.1 to 0.5 mL
compared with the Tween 80 additives. Tween 80's
impact on P. florida biodegradation of LDPE was
studied, and the results indicated that Tween 80 could
enhance the degradation of LDPE fragments
observably at low concentrations. In line with the
current findings, Zhou et al. (2007) found that a high
concentration of Tween 80 inhibits the growth of
fungi and the breakdown of BDE-209. In contrast to
these results, Xiangning et al. (2023) mentioned that
the addition of Tween-80 increased the temperature
in the composting formation and could effectively
promote the degradation of lignocellulose and
reduce phytotoxicity.

Tensile strength test of sunlight-exposed LDPE

The findings that were displayed in Figure 12 show
that the tensile strength of the LDPE fragments, which
were affected by P. florida inoculation, and it was
found that the tensile strength was reduced
significantly for the LDPE fragments that were treated
with P. florida.
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The tensile strength of the LDPE fragment was 0.5
NM?Z in comparison with the P. florida colonized LDPE
fragment was 0.4 NMZ2. It has also examined the
tensile strength of the LDPE fragments, and it was
found that the tensile strength of LDPE fragments
decreased with LDPE treatment. In agreement with
the present results, Tribedi and Sil (2013) found that
the tensile strength was reduced significantly for the
LDPE film that was treated with Pseudomonas sp.
AKS2. Pleurotus florida is a very low-cost
manufacturer that is already based on rice straw
waste, making it easier to use it in the biodegradation
of LDPE fragments exposed to sunlight. Numerous
research has examined the utilization of
microorganisms in the biodegradation of LDPE
throughout the years. Although several studies have
employed bacterial cultures in the biodegradation of
LDPE in natural environments, minimal work has been
carried out using fungal species in controlled
environments. Also, Olga et al. (2021) studied tensile
properties of Low-density polyethylene (LDPE) films
and proved that the tensile strength is strongly
correlated with the degree of Low-density
polyethylene films crystallinity.

CONCLUSIONS

The current study demonstrates degradation of LDPE
fragments by the cultivated P. florida mycelia requires
prior sunlight exposure to increase the rate of
breakdown. SEM and FTIR analyses have continuously
shown that these pretreatment techniques produce
favorable results. Additionally, as the inoculum dose
and carbon concentrations grew, the LDPE fragment's
weight loss rate increased as well. Discover if P. florida
can grow and use LDPE fragments as a source of
carbon. While, as temperature, pH, Tween 80
increased, the LDPE weight loss decreased. Also, the
tensile strength of LDPE fragments decreased with P.
florida treatment.

ACKNOWLEDGEMENT

Thank you to Misr EI-Nour Company in the Tenth of
Ramadan City, El-Shargiya Governorate, Egypt, for
supplying plastic bags.

AUTHORS’ CONTRIBUTIONS

Conceptualization, S.A.A.; methodology, S.A.A,;
formal analysis, S.A.A.; investigation, S.A.A.; data
curation, S.A.A.; writing—original draft preparation,
S.A.A.; writing—review and editing and supervision,
S.AA. | agreed to the published version of the
manuscript.

FUNDING

The author of this manuscript did not get any funding
or support from any funding agency or organization.

AVAILABILITY OF DATA AND MATERIALS

All data of the manuscript are included in this
published article.

CONSENT FOR PUBLICATION

The submission of this work for publication was
approved by each of the listed authors.

COMPETING INTERESTS
The author declares no competing interests.
REFERENCES

Ahmed T, Shahid M, Azeem F, et al 2018. Biodegradation of
plastics: current scenario and prospects for
environmental safety. In: Purchase D, editor.
Environmental science and pollution research.
Germany: Springer Nature. p. 1-12.

Ali SA, Fahmy MK, Zouli N, Abutaleb A, Maafa IM, Yousef A,
Ahmed MM 2023. Fabrication of Thermal Insulation
Bricks Using Pleurotus florida Spent Mushroom.
Materials. 16, 4905. https://
doi.org/10.3390/ma16144905.

Asensio RC, Moya MSA, de la Roja, JM, Gomez M 2009.
Analytical characterization of polymers used in
conservation and  restoration by  ATR-FTIR
spectroscopy, Anal. Bioanal. Chem. 395 (7). 2081-
2096.

Bertolacci L, Goldoni L, Zych A, Athanassiou A 2022.
Biocatalytic oxidation of polyethylene by Agrocybe
aegerita mycelium. Polym. Degrad. Stab. 2022; 199,
109911 https://doi.org/10.1016/j.

Buddolla V, Bandi R, Avilala J, Arthala PK, Golla N 2014.
Fungal laccases and their applications in
Bioremediation. Enzyme Res. 1-21.

Deepika S, Madhuri R 2015. Biodegradation of low-density
polyethylene by micro-organisms from garbage soil. J
Exp Biol Agric Sci. 3(1):15-21.

Dsouza GC, Sheriff RS, Ullanat V, et al 2021. Fungal
biodegradation of low-density polyethylene using
consortium of Aspergillus species under controlled
conditions. Heliyon. 7 e07008.
https://doi.org/10.1016/j.heliyon.2021.e07008.

Gajendiran,  Anudurga, Krishnamoorthy,  Sharmila,
Abraham, Jayanthi 2016. Microbial degradation of low-
density polyethylene (LDPE) by Aspergillus clavatus
strains JASK1 isolated from landfill soil. 3Biotech. 6 (1),
1-6. https://doi.org/10.1007/s13205- 016-0394-x.

Garima M, Ashwani M, Ramasare P 2011. Colonization and
degradation of thermally oxidized high-density
polyethylene by Aspergillus niger (ITCC No. 6052)
isolated from plastic waste dump site. Bioremediation
J. 15, 2.

Egypt. J. Bot. Vol. 65, No.3 (2025)

399


https://doi.org/10.1016/j
https://doi.org/10.1016/j.heliyon.2021.e07008

Ali, 2025

Gu J.-D, Ford TE, Mitton B, Mitchell R 2011. Chapter 30:
microbial degradation of polymeric materials. In:
Revie, W. (Ed.), The Uhlig Corrosion Handbook, and
third ed. John Wiley & Sons, New York, pp. 421-438.

Ibrahim NI, Anwar M, Khalid MH, Ismail MS, and Hamzah
MM 2011. Assessment of potential plastic-degrading
fungi in Jordanian habitats. Turkish Journal of Biology.
35:551-557.

Li, Shuo, Yang, Yalun, Yang, Shanshan, Zheng, Heshan,
Zheng, Yongjie, Jun, M, Nagarajan, Dillirani, Varjani,
Sunita, Chang, Jo-Shu 2023. Recent advances in
biodegradation of emerging contaminants -
microplastics (MPs): feasibility, mechanism, and
prospects. Chemosphere.; 138776.
https://doi.org/10.1016/j.
chemosphere.2023.138776.

Luz JMR, Paes SA, Nunes MD, da Silva MCS, Kasuya MCM
2013. Degradation of oxo-biodegradable plastic by
Pleurotus ostreatus. PLOS ONE. 8: 69386. doi:
10.1371/journal. Pone. 0069386. G003 PMID:
23967057.

Mahajana N, Gupta P 2015. New insights into the microbial
degradation of polyurethanes. RSC Adv. 5, 41839.
Matja“si'c, Tja'sa, Sim“ci’c, Tatjana, Medve”s cek, Neja,
Bajt, Oliver, Dreo, Tanja, Mori, Nata“sa 2021. Critical
evaluation of biodegradation studies on synthetic
plastics through a systematic literature review. Sci.
Total Environ. 752, 141959

https://doi.org/10.1016/j.scitotenv.2020.141959.

Mir-Tutusaus, Josep Anton, Baccar, Rim, Caminal, Gloria, *
Sarr’ a, Montserrat 2018. Can white-rot fungi be a real
wastewater treatment alternative for organic
micropollutant removal? A review. Water Res. 138,
137-151. https://doi.org/
10.1016/j.watres.2018.02.056.

Muangchinda C and Pinyakong O 2024. Enrichment of LDPE-
degrading bacterial consortia: Community succession
and enhanced degradation efficiency through various
pretreatment methods. Sci Rep. 14: 28795.
https://doi.org/10.1038/s41598-024-80306-4.

Olga S, Joanna W, Anna B, Marek D 2021. Low-density
polyethylene (LDPE) building films — Tensile properties
and surface morphology, Journal of Building
Engineering: 44.
https://doi.org/10.1016/j.jobe.2021.103386.

Parker, Laura 2018. Planet or Plastic? National Geographic
Magazine. June.

Plastics Europe 2020. EU Plastics Production and Demand -
First Estimates for 2020: Plastics Europe. Association of
Plastics Manufacturers.

Raper K and Thom C 1949. A Manual of the Penicilia.
London. (Pp. 875 + ix; figs. 172; plates 10). London:
Bailliere, Tindall & Cox.

Ricker A J, Riker R S 1936. Introduction to research on plant
diseases. John’s Swift Co, New York and Indianapolis. p.
117.

Sangale, Manisha K, Shahnawaz, Mohd Ade, Avinash B
2019. The potential of fungi isolated from the dumping
sites of mangrove rhizosphere soil to degrade
polythene. Sci. Rep. 9 (1)
https://doi.org/10.1038/s41598-019-41448-y.

Sivan A 2011. New perspectives in plastic biodegradation.
Curr.  Opin. Biotechnol;, 22 (3), 422-426.
https://doi.org/10.1016/j.copbio.2011.01.013.

Sowmya HV, Ramalingappa Bellibatlu, G, Nayanashree,
Thippeswamy  Basaiah, Krishnappa ™M  2015.
Polyethylene degradation by fungal consortium. Int. J.
Environ. Res. 9 (3), 823-830.

Tribedi P and Sil, AK 2013.Low-density polyethylene
degradation by Pseudomonas sp. AKS2 biofilm. Environ
Sci Pollut Res. 20:4146—-4153 DOl 10.1007/s11356-
012-1378.

Tribedi P, Sarkar S, Mukherjee K, Sil AK 2012. Isolation of a
novel Pseudomonas sp from soil that can efficiently
degrade polyethylene succinate. Environ Sci Pollut Res
19:2115-2124.

Vob~erkov” a, Stanislava, Sol“cany, * Veronika, Vr“sanska,
Martina, Adam, Vojt’ech 2018. Immobilization of
ligninolytic enzymes from white-rot fungi in cross-
linked aggregates. Chemosphere. 202, 694-707.
https://doi.org/10.1016/j. chemosphere.2018.03.088.

Xiangning He, Xueying Duan, Wei Gao, Zhichao Zhang, Yi
Gao, Hailin Diao, Jianju Luo 2023. Evaluation of the
effect of tween-80 and its additive amount on the
maturity of cassava residue compost, Journal of
Environmental ~ Chemical Engineering: 11(5).
https://doi.org/10.1016/j.jece.2023.110791.

Zeghal E, Vaksmaa A, Vielfaure H, Boekhout T, Niemann H
2021. The potential role of marine fungi in plastic
degradation — a review. Front. Mar. Sci. 8, 738877
https://doi.org/10.3389/fmars.2021.738877.

Zhou J, Jiang W, Ding J, Zhang X, Gao S 2007. Effect of Tween
80 and b-cyclodextrin on  degradation of
decabromodiphenyl ether (BDE-209) by White Rot
Fungi. Chemosphere 70. 172-177.

400

Egypt. J. Bot. Vol. 65, No.3 (2025)


https://doi.org/10.1016/j.%20chemosphere.2023.138776
https://doi.org/10.1016/j.%20chemosphere.2023.138776
https://doi.org/10.1016/j.scitotenv.2020.141959
https://doi.org/10.1038/s41598-024-80306-4.
https://doi.org/10.1038/s41598-019-41448-y
https://doi.org/10.1016/j.copbio.2011.01.013
https://doi.org/10.3389/fmars.2021.738877

