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Abstract 
Plastic waste pollution poses significant challenges and harm to both the environment and human health. Plastics accumulate in the environment and recent researches are focused on developing effective eco-friendly biological process to degrade and remove them. It is on this premise that this preliminary assessment of the ability of Spent Mushroom Substrate (SMS) to degrade plastics by weight parameter technique was carried out. Polyethylene terephthalate (PET) was dried at 24oC for 3 days and afterwards cut into bits of 0.06g. These were later immersed in conc. HCl and incubated in microcosm (micro boxes) containing 400g weathered SMS. These boxes were kept in humid dark environment and samples were collected and analyzed after 30 and 60 days. The results revealed that the SMS had significant effect on weight parameters after 30 and 60 days. Microcosm which had an initial weight of 1.20g was biodegraded to 0.16g and individual piece of the plastic in the box with initial weight of 0.06g decreased to 0.04g after 30 days incubation in SMS. Further incubation up to 60 days resulted in the decrease of plastic in the box from 1.20g to 0.02g and individual piece from 0.06g to 0.008g. The control maintained the initial weight till the end of the experiment. This is an indication that the mushroom mycelia in the SMS may have had an interface with the plastic polymer. And this seem to be a promising ecofriendly alternative to deal with plastic waste pollution. 	Comment by Priya Tondwalkar: The correct notation for degrees Celsius is °C, which uses the degree symbol (°). Using a lowercase "o" or the number "0" is incorrect, though the degree symbol can resemble a small, raised circle.  	Comment by Priya Tondwalkar: Check days or day	Comment by Priya Tondwalkar: The singular form "60 day" is only used when the number and "day" act together as a single adjective to describe a noun 
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INTRODUCTION 
Fungi are crucial for the maintenance of health and function of the ecosystems. They play key roles as powerful agents of decomposition, nutrient cycling, symbiotic relationships. They are also powerful in biodegradation; being capable of breaking down a wide range of organic and complex synthetic materials through the secretion of various enzymes (Gulzar and Khan, 2024).

Fungi, particularly white-rot fungi can break down various plastic polymers; including Polyethylene (PE), Polyethylene Terephthalate (PET) and Polyeurethane (PUE) through the actions of enzymes such as laccases, peroxidases and esterases (Alan et al., 2020). 
Fungi are relatively less expensive to cultivate and in a large scale. Species such as Planerochaete, Pleurotus and Trametes have been shown for their ability to degrade lignin and with promise in plastic degradation (Ahmed et al., 2019). Their metabolic abilities enable them to breakdown some complex molecules which makes them to be highly effective in degrading stubborn organic and synthetic matters in nature. They have also been considered among the most efficient microbial degraders of plastic wastes with salient enzymes, having been reported to survive on recalcitrant and extreme habitats with limited nutrient (Okal et al., 2023). Plastic polymers are non-degradable solid waste that have become a great threat to the entire globes of which their degradation would take a few decades. Compared with other degradation processes, biodegradation process seems to be the most effective and best way for plastic degradation. This is because the process is eco-friendly and less cost effective (Miller et al., 2020). 
Biodegradation method, amongst others is most preferred because of its pollution free mechanism and ecofriendly nature. The process is often initiated by microbes; such as bacteria and fungi.	Comment by Priya Tondwalkar: Delete space
Generally, it is reported that in biodegradation of plastic; the plastics are consumed as a food source by the fungi, under the influence of environmental factors such as temperature and ph (Ormsby et al., 2023). 	Comment by Priya Tondwalkar: ,
Infact, some fungi genera such as Trichoderma, Penicillium, Fusarium and Aspergillus have been reported to be implicated in biodegradation of plastics. This according to reports is possible because these fungi posses enzymes capable of breaking down polymers of different types of plastics; including Polyethylene (PE), Polypropylene (PP) and other plastic polymers (Priya et al., 2022). The Trichoderma species such as T. viride has been demonstrated to possess the ability to biodegrade plastics; being known for their lignolytic ability to capabilities (Sumathi et al., 2016). 	Comment by Priya Tondwalkar: possess
Santo et al. (2013) reported that the above-mentioned fungal genera – Trichoderma, Penicillium, Fusarium and Aspergillus have the efficacy of using plastics as source of food. Additionally, Chiu et al. (1998) and Ibrahim et al., (2024) also reported that the fungi degrade plastic by secreting certain enzymes such as peroxidases, laccases, and mon-oxygenases which break down the chemical bonds within the plastic polymers. According to them, the enzymes hydrolyse the polymers; converting them into smaller and simpler molecules that the fungi can absorb through the mycelia and absorb the material and use them as a source of carbon and energy (Khan et al., 2020, Atoma-Abadaika & Elenwa, 2024). 
The macrofungi cultivated as mushroom after cropping leaves left over of the used mushroom soil, often referred to as SMS; may not totally be emptied of the mushroom mycelia that do the work of biodegradation. However, having established that plastics are become ecosystem threat to biosafety, many method have been tried in the course to reduce plastic waste pollution; the biodegradation is reported as a safe process, microbial enzymes may be involved. It is also a clear fact that many work have been done on degradation of plastic; but sufficient work have not been done using spent mushroom substrate as a material for biodegradation of plastic. 	Comment by Priya Tondwalkar: methods	Comment by Priya Tondwalkar: works
It is therefore on this premise that this study was carried out to take advantage of the left over mushroom mycelia remaining in the spent substrate for biodegradation of plastic and possibly assisted by some fungi genera with potent enzymes.	Comment by Priya Tondwalkar: Left-over

MATERIALS AND METHODS 
Study Area: The study was carried out in the Biology laboratory of Rivers State University, Nkpolu-Oroworukwo, Port Harcourt, Nigeria which lies in the Niger Delta sedimentary Basin and precisely in the South-South of the Niger Delta; within the coordinate (4 8080N, 6. 980E). It has an annual rainfall of 2,500mm, relative humidity of 80 – 85% and annual temperature range of 25 – 280C. 

SOURCE OF SAMPLE AND COLLECTION: The plastic material sample was obtained as a waste nuisance from the University Campus. The treatment agent was weathered Spent Substrate (SMS) of Pleurotus ostreatus, procured from Dilomat mushroom farms and service; also located within the University campus. Dilomat mushroom farm is a renowned farm in Nigeria. Weathered SMS and P. ostreatus were chosen due to the track record of their impact on plastic. 

Sample Preparation: The plastic waste material sample was Lasien empty water bottle. The plastic material was washed under running water to remove obvious dirts. It was then cut into tiny pieces of 0.06g and exposed to temperature of 240C under sun for three days. At the end of the three days the cut pieces of the plastic were taken to the laboratory for study. Lasien water bottle was chosen because it is an oxo-biodegradable plastic made of the Polyethylene Terephthalate (PET) according to DA Luz et al. (2013) and David (2024). The microcosm were autoclaved and set for the experiment. 	Comment by Priya Tondwalkar: was
The weathered spent substrate of the P. ostraeatus was spread out evenly and exposed to a temperature range of 22 – 230C under the sun for 2 hours daily for 5 days in preparation for experiment.
A portion of the SMS was also taken for microscopy for culturing in Agar medium.

METHDOOGY:
The method of Ekanayaka et al. (2022) was adopted for this study. The cut tiny pieces of plastic sample (0.06g each) were immersed in concentrated hydrochloric acid for 3 hours to activate them for degradation. A total of 18 pieces altogether were cut and prepared. These were incubated into micro boxes (microcosms) containing 400g of treated weathered SMS of P. ostreatus. The boxes were left open and kept in a humid (73 – 78%) dark environment for 30 and 60 days. However, before incubation, each cut piece and box of the plastic was weighed and taken as initial weight before incubation. The incubated boxes were sprinkled with 2ml tap water with a sterile syringe at the interval of 5 days. Weighing of the incubated plastics was done at the end of every 30 days, until two months. 
Another micro-box containing cut pieces of plastic was also incubated without SMS and that served as the control experiment. 
A portion of the SMS was taken to be inoculated on agar medium according to the manufacturer’s prescription for 7 days. At the end of 7 days, the experiment was taken for microscopy in order to identify associated fungi with the SMS before the biodegradation experiment. 

IDENTIFICATION OF FUNGI SPECIES IN THE SMS
Identification of the fungal species was based on their morphological characteristics exhibited in the microscopic examination. 

Isolation of Fungal Isolates Inherent in the SMS
The collected SMS was exposed to a temperature range of 22 – 230C sun temperature for 2 hours daily into 5 days. From the prepared SMS, 5g were aseptically inoculated in Petri-dishes containing sterile Saboraud Dextrose Agar (SDA), prepared according to the manufacturer’s prescription and amended with an antibacterial agent. These were incubated at 25±200C, and the plates were regularly monitored.
The method of Noman et al. (2019) was adopted to establish and maintain single spore culture that gave rise to pure culture for microscopic examination. 

Identification of Fungal Isolates from SMS
Temporary slides of fungal isolates from pure cultures were made and observed under light microscope at 100x, then morphological and cultural characteristics of the isolated fungi were recorded and compared with standard keys for establishing their identity as supplied by Barnett and Hunter (1972) and Nelson et al., 1983. 







RESULTS 
The results of this study are presented in Table 1 – 3 respectively. The results shown in Table 1 revealed that the initial weight of pieces of plastic in each micro-box was 1.20g; whereas individual pieces of plastic weighed 0.06g. It also revealed that when the sample was incubated in SMS for 30 days (1 month). Each micro-box of plastic decreased in weight from 1.20g to 0.16g and individual piece in the boxes also decreased from 0.06g to 0.04 in 30 days. 	Comment by Priya Tondwalkar: Where is Table 3, only found 1 &2
The results in further revealed that when the sample was further incubated a longer period of 60 days (2 months) in the SMS, the initial weight of each box of 1.20g was biodegraded to 0.02g while individual piece had the weight of 0.008g. However, the control maintained its initial weight of individual and box weight both at 30 and 60 days. 
The results presented in Table 2 revealed the SMS degraded the plastic from the initial weight of 1.20g to smaller and lighter pellets that weighed 0.008 which is the actual rate of degradation at 60 days. The results further revealed that the rate of degradation at 30 and 60 days are almost at same rate. Additionally, it indicated that there was no degradation at all in the microbox (E), the control, where there was no agent of degradation. 

Identification of Fungal Isolates from the SMS Used for Biodegradation
A total of only two fungal isolates: Trichoderma pleurotum and Fusarium oxysporium were found associated with the weathered spent mushroom substrate of Pleurotus ostreatus used for the study. The fungi were isolated and identified based on the morphological characteristics of the fungal species.	Comment by Priya Tondwalkar: English name, common name, author and year may mention, when first time appear in article

Morphological Characteristics of the Isolated Fungi Species
Trichoderma pleurotus: Initially, the fungus appeared white among colonies which gradually developed yellow-green compact tufts shown in concentric rings. In microscopy, it showed simple branched conidiophores that terminated in a glochidium head and crowded with whorls of phialides. The conidia were ellipsodal to obovoid pale green colonies, while in culture, the Trichoderma species seem to have exhibited biological control in the culture; hence it seemed to have hindered or suppressed the spread of other fungal species in same petri-dishes. 

Fusarium oxysporium The cultural colonies were typically white and cottony with a tinge of purple hue as the fungus aged. The colonies were circular white and purplish with age. The macroconidia were elongated with sickle-shape. Spores had pointed ends; however, the microconidia were oval and kidney-shaped and were non-septate. Generally, the conidiophores were short and simple; while the Phialides were also short with flask-shaped cells bearing spores. 	Comment by Priya Tondwalkar: :

Table 1: Effect of SMS Biodegradation of PET Plastic in 2 Months by Weight Parameter
	Sample in SMS Inside Micro-box
	Weight of individual Piece of plastic before incubation in SMS (g)
	Initial total wt of sample per microbox (g)
	Weight of sample nucrocosm after 30 days of incubation in SMS (g)
	Wt of individual piece of plastic sample after 60 days of incubation in SMS (g)
	Actual rate of degradation at 2 months (60 days)

	A
	0.06
	1.20
	0.16
	0.008
	0.02

	B
	0.06
	1.20
	0.16
	0.008
	0.02

	C
	0.06
	1.20
	0.16
	0.008
	0.02

	D	Comment by Priya Tondwalkar: All parameters for A, B, C, D are same, check it, statistical mean and errors?
	0.06
	1.20
	0.16
	0.008
	0.02





Table 2: Rate of SMS Biodegradation of Plastic by Weight Parameter
	Sample in SMS
	Difference in Weight of Sample at 30 Days 
	Difference in Weight of Sample at 60 Days 
	Rate of Degradation at 30 Days 
	Rate of Degradation at 60 Days 
	Difference in Degradation at 60 Days 

	A
	1.04
	1.12
	0.005
	0.001
	0.08

	B
	1.04
	1.12
	0.005
	0.001
	0.08

	C
	1.04
	1.12
	0.005
	0.001
	0.08

	D	Comment by Priya Tondwalkar: All parameters for A, B, C, D are same, check it, statistical mean and errors?
	1.04
	1.12
	0.005
	0.001
	0.08

	E (Control)
	1.20
	1.20
	1.20
	1.20
	1.20





Discussion 
The results of this study revealed that the initial weight of the pieces of plastic in each microcosm before incubation in SMS was altogether 1.20g and each piece weighed 0.06g before incubation. The results also indicated that after the sample was incubated or submerged in the spent substrate for 30 days (1 month), each microcosm of plastic weight decreased from 1.20g to 0.16g and the individual piece also decreased from 0.06g to 0.04g in 30 days.
The results further revealed that when the sample was incubated for a longer period of 60 days (2 months) in the SMS, the weight of each microcosm of plastic with initial weight of 1.20g was biodegraded to 0.02g; while individual piece of the plastic weight was also biodegraded from 0.06g to 0.008g in 60 days. It was also found that the control experiment (without SMS) and with weight of 1.20g and 0.06g respectively, maintained the initial weight to the end of the experiment; indicating, there was no biodegradation. 
Further findings from the study also revealed the presence of a total of two fungal species associated with the Pleurotus ostreatus spent weathered substrate. The fungal species isolated from the SMS included Trichoderma pleurotum and Fusarium oxysporium.
Based on the findings of this study, it is most likely that the process of the biodegradation of the plastic may have been initiated by the isolated fungal species associated with the spent substrate. And this is in line with the reports of Sumathi et al. (2016); Priya et al. (2022) and Ormsby et al. (2023); who reported that the process of biodegradation of plastic is often initiated by microorganisms such as bacteria and fungi. They suggested that in biodegradation of plastics; that fungi under environmental influence of temperature and PH, consume plastic as source of food; hence Fusarium has been reported to possess the efficacy to use plastic as food. In their suggestions, they mentioned the fungi species isolated from the SMS as being implicated in biodegradation of plastics. 
It is also possible that these fungal species, possessed some enzymes which are capable of breaking down complex materials. This is also in line with the submissions of Alan (2020) and Santo (2023) who reported that fungi play crucial role in breaking down complex synthetic materials such as plastic polymer of different strength, including polyethylene terephthalate (PET) through the actions of enzymes such as laccasses, peroxidases and esterases. It is very likely these enzymes acted by breaking down the chemical bonds within the plastic polymer to affirm the suggestions of Chiu et al. (1998) and Ibrahim et al. (2024); that fungi biodegrade plastics by secreting certain enzymes as in above that break down the chemical bonds in the plastic polymers. According to them, the enzymes hydrolyse the plastic polymers and converting them into smaller and simpler molecules that the fungi can absorb through the mycelia as source of food or carbon and energy. 
Another possible reason for the biodegradation of the plastic in this study seem also to be due to the source of the biodegrading agent which could be in line with the report of Ahmed et al. (2019) and Okal et al. (2023). These authors reported that species of phanerochaete, Trametes and Pleurotus have been shown for their ability to biodegrade lignin and as promising candidates in plastic degradation. They suggested that the metabolic abilities of the above mentioned mushrooms enable them to break down complex molecules; as such are highly effective in biodegrading stubborn synthetic matter in nature with salient enzymes; hence they have been reported to survive on recalcitrant and extreme habitats with limited nutrients. 
The findings have also revealed that mushroom spent soil (SMS) is not altogether emptied of the mushroom mycelia which is the pedal line of biodegradation by mushroom. 	Comment by Priya Tondwalkar: Avoid short paragraphs
It is obvious that the results of this study shows a promising process in handling the plastic waste pollution; hence the process is ecofriendly and less cost effective in line with the report of Miller et al. (2020).	Comment by Priya Tondwalkar: show
The findings of this study have shown that plastic waste menace can be handled with an ecofriendly less cost effective process using another kind of profitable waste product from mushroom cultivation. 	Comment by Priya Tondwalkar: cost-effective
The study therefore is a clarion call to scientists not to rest on their oars; but rise against plastic waste pollution by utilizing a cheap product of spent mushroom substrate to clean the environment of plastic waste menace. 	Comment by Priya Tondwalkar: Conclusion ? And Acknowledgement? should be added
Conclusion ? And 	Comment by Priya Tondwalkar: Conclusion ? And Acknowledgement? should be added
Acknowledgement? should be added
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