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ABSTRACT 
The evidence of a successful mushroom cultivation process is the production of high-quality fruit bodies, a process basically dependent on the quality of the spawns and substrates. Microbial contamination at any stage of the cultivation process poses a significant challenge to productivity and yield. The aim of this research was to isolate and identify bacteria and fungi associated with contaminated spawns and substrates in the cultivation of Pleurotus ostreatus in the Mushroom unit of Biotechnology Advanced Research Centre (BARC), Sheda Science and Complex (SHESTCO). The spawns were made using 100% wheat grain (Triticum aestivum) and the substrates were made using different formulations of sawdust (SD) and rice (Oryza sativa) bran (RB). Contamination was initially detected phenotypically through discoloration, unpleasant odor and poor mycelia colonization. The bacteria and fungi were isolated using spread plate method. The identification of the bacteria was done using morphological characteristics and biochemical tests. The fungi were identified based on their microscopic and macroscopic characteristics. The only microbial contaminant in the wheat spawns were identified as Bacillus subtilis. The mean total bacterial count (TBC) for the spawns varied from below detection limit to 2.1 x 106 CFU/g. The wheat spawns had no coliforms and no fungal growth. The spawns were inoculated on rice bran (RC) and sawdust (SD) substrates having different percentage ratios: RC (70%): SD (30%); SD (70%): RC (30%) and RC (50%): SD (50%), 100% sawdust and 100% rice bran. The mean TBC for contaminated substrates varied between below detection limit to 4.5 x 106 CFU/g. The bacterial isolates and percentage of occurrence were: Bacillus subtilis 5(25%), Pseudomonas aeruginosa 10(50%) and Staphylococcus aureus 5(25%). The mean total fungal count for the contaminated substrate ranged from below detection limit to 3.5 x 103. CFU/g. The fungal isolates were Aspergillus niger and Candida albicans. The 50% RB: 50% SD combination formulation which had no contamination also had the best yield. However, this does not necessarily mean that the 50% RB and 50% SD combination formulation would be best for avoiding contamination. Contaminated spawns and substrates along the cultivation line should be quickly removed and discarded aseptically to avoid cross contamination. Stringent sterilization and pasteurization techniques should be adopted to ensure uniformity in order to prevent future contamination. Future studies should focus on the molecular characterization of these contaminants and elucidate their specific effect on mycelia colonization at each cultivation point.
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1. INTRODUCTION
 The art and science of mushroom cultivation is an indispensable part of global food security, biotechnology, and sustainable agriculture. Among cultivated edible mushrooms, the oyster mushroom (Pleurotus ostreatus) is very popular due to its nutritional value, medicinal properties, adaptability to diverse substrates, and relatively short cultivation cycle (Sanchez, 2010; Kumar et al., 2021). 
 Pleurotus ostreatus, one of the most popularly cultivated edible mushroom belongs to the Kingdom Fungi, Division Basidiomycota, Class Agaricomycetes, Order Agaricales, Family Pleurotaceae and Genus Pleurotus (Oei., 2016; Deepalakshmi and Mirunalini., 2014). The proximate, mineral amino acid and vitamin content of Pleurotus mushrooms is well documented (Ahmed et al., 2016).
 In the wild, they are found as clusters on dead and decaying decidiuos and coniferous trees. They degrade lignocellulosic wastes, enabling it to grow easily on different types of agricultural wastes such as saw dust, rice bran, wheat straw, cassava peels, cottonseed hulls, corncob, sugarcane baggase and  waste paper at wide temperature ranges (15℃ – 35℃), and extremely high relative humidity range of between 85% and 100% (Sanchez., 2010; Stamets., 2000). The knowledge, use and cultivation of oyster mushroom is increasing due to its ease of production, market value, medicine, nutritional benefit and environmental friendly production protocol (Banik and Nandi., 2004; Gregory et al., 2007). According to Kalac (2013), China produces 90% of the oyster mushrooms produced worldwide. It is the second most cultivated mushroom worldwide due to its high biological efficiency, shorter cultivation duration, affordable production, medicinal and nutritional values ( Chang and Miles., 2000; K’ues and Liu., 2000).
 The success of mushroom cultivation is essentially based on the viability and quality of spawn (vegetative mycelia culture) and bulk substrate on which the fructification will occur (Bahl., 1984, El Sebaaly et al., 2019). The spawn grains and the substrates are both nutrient dense materials and encourage the growth of not only the macro fungi but a myriad of competing microorganisms, including bacteria, fungi and filamentous yeasts. In mushroom cultivation, there are beneficial microorganisms that are crucial in the conversion and adaptation of substrates, mycelial hyphal elongation mycelia and formation of fruit bodies. 
 Microbial contaminants negatively affect cultivation by competing with the mushroom for space and nutrients, consequently affecting the duration of mycelia colonization and fructification. The yield reduction as well as unpleasant odor, discoloration, slimy texture and other organoleptic properties of the mushroom are affected leading to losses. Daily monitoring of the cultivation process for early detection of contaminated mushrooms is key to preventing the proliferation and spread of contaminants. The isolation and identification of the contaminants involved will aid the formulation of prevention and control strategies.
Researchers have reported the detection of microbial contaminants on mushroom facilities, spawns and substrates (Biswas, 2014; Shin., 1987; Suarez et al., 2020). In Nigeria and other countries, the growing awareness on the importance of microbial contaminants in the cultivation cycle notwithstanding, there is still a paucity of documented information on this issue. This research is a preliminary investigation to provide baseline information on the bacteria and fungi contaminating spawns and substrates.
The aim of this research work is therefore to isolate and identify microbial contaminants associated with the spoilage of spawns and substrates in the cultivation of Pleurotus ostreatus.


2. MATERIALS AND METHOD
2.1 Study location and Duration
This study was carried out in the Mushroom Unit of the Department of Food Science and Industrial Biotechnology, BARC, SHESTCO in Sheda, Kwali Area Council, Federal Capital Territory. Nigeria over a period of about four weeks. 
2.1. 1 Source of Mushroom Culture and Spawn Production
Vigorously striving pure cultures of Pleurotus ostreatus were obtained   from the mushroom culture collection of the BARC Mushroom Unit. The culture was maintained on sterile Potato Dextrose Agar (PDA) slants at 4°C and used as the mother spawn for spawn preparation.
2. 1.2  Preparation of Spawn 
The spawn was prepared as described by Nnebechukwu et al., (2025) with modifications. Wheat grains (Triticum aestivum) were handpicked to remove stones and other debris. The grains were soaked in water for 12-18 hours, and then boiled for 40 minutes until they were soft but not bursting. Excess water was drained from the grains, surface-dried by spreading on a clean dry tray. Calcium carbonate (CaCO₃) was added at 2% w/w to buffer the pH. The grains were filled into glass jars of 500ml capacity, leaving one-third space to the cover. The jars were sealed with breathable lids (comprising a non-absorbent cotton wool plug and aluminum foil) and sterilized in an autoclave at 121°C (15 psi) for one hour, thirty minutes. They were cooled to room temperature (25±2°C) each of the jars was aseptically inoculated with five one centimeter agar plugs from the vigorously thriving Pleurotus ostreatus mother spawn on PDA. Inoculated jars were incubated in a darkroom at 27°C. The mycelia colonization was monitored daily. The jars of spawn that were fully colonized were identified by their thick white  rhizomorphic mycelium covering all the wheat grains. This was used for substrate inoculation within 5-7 days of full colonization. 
2.1.3 Preparation of Substrate 
Different substrate formulation ratios were prepared using rice (Oryza sativa) bran (RB) and Sawdust (Gmelina arborea). (SD). Rice bran was obtained from a local rice mill.in Sheda village while the saw dusts were obtained from Timber shade, Bako in Kwali Area Council. The formulations were:  70% Rice Bran + 30% Sawdust, 50% Rice Bran + 50% Sawdust, 30% Rice Bran + 70% Sawdust, 100% Sawdust (Control I), 100% Rice Bran (Control 2). 
The dry components of each formulation were thoroughly mixed and water was added gradually to achieve a final moisture content of 60-65% determined by the squeeze test. A handful of the wet substrate was squeezed to release only a few drops of water. The wet substrate was packed into polypropylene (mushroom) bags (approximately 1 kg wet weight per bag). Each of the bags was fitted with a firm plastic collar and a cotton-wool plug to allow for gas exchange while minimizing contaminant entry. The bags were then subjected to pasteurization by steaming in pasteurizing equipment (medium size metal drum) at 95-100°C for 10 hours, followed by a 12 hour cooling phase while still in the sealed drum. 
2.1.4 Inoculation of Substrate Bags
The substrate bags were transferred to the inoculating chamber after pasteurization and cooling. Each of the substrate bags were aseptically inoculated with 5% (w/w) of the fully colonized wheat grain spawn. The bags were then moved to a dark incubation room maintained at 25°C. Complete mycelial colonization was achieved between twenty to twenty five days, the substrate bags were transferred to the growing room. Watering of the substrate bags was done regularly using a customized watering can to maintain the right humidity. 
2.1.1 Sample Collection
The samples were collected by promptly removing spawns and substrates that showed signs of contamination (pungent smell, discoloration, wet spots or sparse mycelial colonization and removal of plastic collar) using hand gloves to prevent cross contamination and spread. One gram each of the contaminated spawns and substrates were aseptically collected using sterile spatulas into sterile containers.  They were properly labeled and  immediately taken to the Microbiology laboratory for microbiological analysis. A total of 6 contaminated spawns were analyzed. For the substrates, 10 contaminated bags were screened.
2.2 Isolation, Identification and Confirmation of Bacterial Isolates
Serial dilution of the contaminated samples was carried out as outlined by Cheesbrough (2006). One gram (1g) each of contaminated spawns and substrate samples were homogenized in nine (9.0) ml sterile distilled water to form a stock solution. One milliliter (1 ml) of the homogenate was dispensed serially into 9 ml sterile distilled water; the same procedure was repeated serially up to tube 10 6  dilution factor. Spread plate technique in which 0.1ml aliquots from the 104, 105 and 106 tubes were inoculated aseptically onto the dried surfaces of sterile plates of Nutrient Agar, Eosin Methylene Blue Agar, MacConkey agar, Mannitol Salt Agar, and Centrimide Agar in duplicates for isolation of bacteria and (All media were prepared according to manufacturer’s instructions). The plates were incubated at 37°C for 48 hours. 
Mean colony counts were calculated and expressed as colony forming units per gram (CFU/g) of the sample analyzed.
Coliform Forming Unit/Gram was calculated as: Average number of colonies × Total dilution factor divided by volume plated (aliquot).

2.3.1 Purification of Bacterial Isolates
 The pure cultures of the bacteria were obtained by repeated streaking aseptically on fresh nutrient agar plates. They were incubated for 24 hours at 37°C after which the isolates were inoculated on nutrient agar slants in bijoux bottles and stored in a laboratory refrigerator at 4°C for future use.
2.4   Isolation, Identification and Confirmation of Fungal Isolates 
The total heterotrophic fungi count was done using Sabouraud Dextrose Agar (SDA) supplemented with 0.05g/l of Chloramphenicol to inhibit bacterial growth (Kpormon and Douglas, 2018).  The spread plate technique employed (Prescott et al., 2011). An aliquot (0.1 ml) the serially diluted contaminated samples were inoculated in duplicates on the surface of SDA plate. Spreading was done evenly using a sterilized glass spreader. The inoculated SDA plates were incubated at 25 °C for 72 h after which the colonies were enumerated. The mean of the count was recorded (Douglas and Robinson, 2019).The Identification of fungal was carried out by picking the fungal spores with sterilized inoculating pin. They were placed on a clean glass slide, and gently spread with inoculating pin and a drop of Lactophenol Cotton Blue. They were covered with cover slips, and then, observed with a microscope. Their microscopic and cultural characteristics were used in the identification of the fungal isolates. These isolates were ascertained by comparison with a fungal atlas (Kidd et al., 2016). Plates with distinct colonies were read as colony forming units per gram (CFU/g) of mushroom sample. 


3 RESULT 
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Figure 1: Representative samples of contaminated wheat spawns
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Figure 2: Representative samples of contaminated sawdust substrates 

Table I: Mean Bioload for Contaminated Spawn

	Contaminated Spawns
	
Total Bacteria Count CFU/g)

	Total Coliform Count 
CFU/g)

	Total Fungal Count
 CFU/g

	Batch 1
	1.6 X 106
	0
	0

	Batch 2
	2.1 x 106
	0
	0

	Batch 3
	0
	0
	0




Table 2: Mean Bioload for Contaminated Substrate (CFU/g)

	Combination ratio
	Total Bacteria Count CFU/g)

	Total Coliform Count 
CFU/g)

	Total Fungal Count CFU/g 

	70RB:30SD
	1.8 x 106
	0
	1.7 X 106

	50RB:50SD
	0
	0
	0

	30RB:70SD
	4.5 x 106
	0
	3.5 X 106

	100 SD
	3.0 x 106
	0
	2.3 X 106

	100 RB
	1.1 x 106
	0
	1.0 X 10 6



Key: 70RB:30SD =70% Rice bran and 30% Sawdust; 50RB:50SD = 50% Rice bran and 50% Sawdust; 30RB:70SD = 30% Rice bran and 70% Sawdust; 100 SD = 100% Sawdust; 100RB = 100% Rice bran.




Table 3. Cultural, Morphological and Biochemical Characteristics of Bacterial Isolates 

	
	Probable organism
	Probable organism
	Probable organism

	
	
	
	

	
	Bacillus subtilis
	Staphylococcus aureus
	Pseudomonas aeruginosa

	Colony Edge
	Irregular
	Entire
	Entire

	Appearance on media
	Creamy on nutrient agar
	Golden yellow on Mannitol salt agar
	Bluiesh green on nutrient agar

	Shape
	Rods
	Cocci in clusters
	Rods

	Grain Stain

	+
	+
	-

	Indole

	-
	-
	-

	Catalase

	+
	+
	+

	Coaglulase

	-
	+
	-

	Oxidase

	-
	-
	+

	Methyl Red

	-
	+
	-

	Voges
Proskauer

	-
	-
	+

	Citrate

	+
	-
	+

	Glucose

	+
	-
	-

	Lactose

	+
	+
	-

	Fructose

	-
	+
	+

	Maltose

	-
	+
	-

	Sucrose

	-
	+
	-










Table 4: Frequency of Occurrence of Bacterial Isolates from Contaminated Substrates

	Isolate
	Frequency
	Percentage(%)

	Staphylococcus aureus
	5
	25

	Bacillus subtilis
	5
	25

	Pseudomonas aeruginosa
	10
	50

	Total
	20
	100



Table 5: Frequency of Occurrence of Fungal Isolates from Contaminated Substrates

	Isolate
	Frequency
	Percentage (%)

	Aspergillus niger
	9
	60

	Candida albicans
	6
	40

	Total 
	15
	100



Table 6:  Cultural Characteristics of Fungal isolates

	Macroscopy
	Microscopy
	Probable organism

	Cinnamon – brown colony, small,
filamentous mycelia on the surface,
grey on reverse
	Compact Conidial heads, smooth and globose shaped conidiophores,
unbranched sporangiophores

	 Aspergillus niger

	Moist, flat, smooth, cream and yeast-
like on surface, pink on reverse
	Spherical
	Candida albicans




4. DISCUSSION
Globally, and especially in a developing country like Nigeria, one of the most pressing developmental goal is food security. The successful cultivation of Pleurotus ostreatus is one of the ways by which this goal can be met. It involves favoring the growth and proliferation of a single beneficial fungus over other competitors.
 Figure 1 is a representative sample of contaminated spawns. The contaminated spawns were detected by discoloration with slimy patches and unpleasant odor as well as inhibition of complete mycelia colonization. As seen in figure 2, contaminated substrate bags were identified by the appearance of colored patches, loose caps and unpleasant odors.
Table 1 depicts the mean total bioload of contaminated spawns. Below detection limit CFU/g total fungal count obtained in the spawn samples shows that the sterilization protocol (121°C for 90 minutes) and subsequent aseptic inoculation techniques were effective against mesophilic fungi. The bacterial load was evaluated in three batches:  batch 1 had a bacterial load of 1.6 X 106 CFU/g.; batch 2 had a bacterial load of 2.1 X 106 CFU/g.; batch 3 had a bacterial load of below detection CFU/g. The Mean TBC for the spawn varied from below detection limit to 2.1 x 106 CFU/g. A total of sixty spawn jars were examined. 6 (10%) were found to be contaminated before full colonization. The sole contaminant of the wheat grain spawn is Bacillus subtilis. The Bacillus subtilis colonies probably persisted as a result of the formation of spores. Contaminated spawns can serve as a vehicle for the introduction and transmission of competitors into the substrate. The substrates are so dense with nutrients that even a little contamination from the spawn can grow exponentially causing a lot of damage in the process. No coliforms were detected in the spawn samples. The spawns did not show any signs of insect infestation Therefore; the need to meticulously prepare the spawns cannot be overestimated.
Table 2 depicts the bioload for the contaminated substrate. The contamination was evaluated based on the different substrate formulations. A total of 100 bags, twenty bags each of the five different formulations were examined. The percentage occurrence of contamination per formulation were as follows:  (70RB:30SD) = 2 (10%); (50RB:50SD) = 0%; (30RB:70SD) = 5(25%); (100 SD) = 2(10%) 100RB = 1(5%). Ten substrate bags were screened. There was a 10% contamination for the substrate bags. The mean total bacterial count for the substrates was 1.8 x106, below detection limit, 4.5 x 106, 30 x 106 and 1.1 x 106 CFU/g  for 70% RB: 30%SD, 50%: 50%, 30%RB: 70%SD, 100%SD and 100% RB respectively. Table 2 also shows that the total fungal count for the substrate samples was 1.7 x 106, below detection limit , 3.5 x x106 , 2.3 x106 , 1.0 x x106 CFU/g for 70% RB: 30%SD, 50%: 50%, 30%RB: 70%SD, 100%SD and 100% RB respectively.  Table 2 also depicts a zero coliform count for the contaminated substrates.
The result of the present study corroborates with the observation of Deveau et al., (2018) that wild and cultivated mushrooms interact with other microorganisms during their whole life cycle. According to Frey-Klett et al., (2011), interactions between mushrooms and microorganisms involve different combinations of physical contact and molecular communication via signaling molecules, chemotaxis, exchange and conversion of metabolites that influence the interacting organisms and their surrounding environment. In a similar experiment, Biswas (2014) observed that microbial contamination of oyster mushroom bed could serve as an obstacle to increased yield of Pleurotus spp.  
Factors such as media used, presterilization technique as well as substrate mixture could be responsible for the difference in bacterial cell numbers. In the present study, a low bacterial count was observed in the spawns could be attributed to the rigorous thermal reduction by cooking seeds in boiling water followed by sterilization in an autoclave.  
 Table 3 depicts the morphological, cultural and biochemical characteristics of the bacteria isolates isolated from contaminated substrates. The bacteria were: Staphylococcus aureus, Bacillus subtilis and Pseudomonas aeruginosa. The organisms that were probably Staphylococcus aureus were Gram positive. Cocci in clusters. They were indole, oxidase, Voges proscauer, citrate negative. They were catalase and methyl red positive and utilized all the sugars in fermentation test.
Bacilus substilis reacted positively to Gram stain. They were found to be rod shaped. On nutrient agar, the bacteria were irregular, flat and white translucent colonies. The isolates were citrate positive, catalase negative and Voges proscauer positive. They were indole, oxidase and coagulase negative. 
Pseudomonas aeruginosa colonies have an entire edge.  They are blue green on nutrient agar. They are Gram negative rods. They are indole, coagulase, methyl red negative, citrate, Voges proscauer, catalase and citrate positive. 
 Table 4 depicts the frequency of occurrence of bacterial isolates in the contaminated substrates. Bacilus substilis 5(25%), Staphylococcus aureus 5(25%), Pseudomonas aeruginosa 10(50%). This result shows that most of the contaminants in this study were Bacillus subtilis. Pseudomonas aeruginosa is a common bacterium found occurring in the environment and grows very well in moist conditions. The detection of Staphylococcus aureus in the present study is not surprising because they are a major member of the normal flora of the human skin. Their presence suggests that there is a loophole in the hygiene of the human factor. Bacillus species are popular for their ability to resist heat. 
Table 5 shows that the frequency of occurrence of fungal isolates in the contaminated substrates was as follows: Aspergillus niger 9(60%), and Candida albicans 6(40). Aspergillus niger: thrive in stored and moist environments. A common storage and environmental mold. Its rapid sporulation and is a concern to food safety. Candida albicans: are typically opportunistic human pathogens. The detection of Candida albicans indicates significant hygiene issues and contamination of spraying.
Table 6 shows that on Sabouraud dextrose agar (SDA) supplemented with chloramphenicol, Aspergillus niger were white and rapidly turning black due to the dense production of their conidia. The microscopy showed characteristic radiating conidial heads with dark, rough conidia.  The isolation of Aspergillus niger in this study is significant because it was mentioned by Biswas (2014) as one of the prominent contaminants in mushroom cultivation.
Candida albicans appeared as Creamy, smooth, yeast-like colonies on SDA supplemented with chloramphenicol. Microscopy revealed oval budding yeast cells and pseudohyphae. A positive germ tube test confirmed that they were Candida. albicans. The detection of Staphylococcus aureus, Bacilus subtilis, Pseudomonas aeruginosa, Aspergillus niger and Candida albicans in the mushroom spawns and substrate is harmful because these microorganisms directly and indirectly inhibit the mycelia colonization and fruitbody formation. They do this by competing for nutrients and space, generation of inhibitory metabolites and alteration of substrate micro environment. This microorganisms probably originated from the raw materials.  Microbial contamination could also be attributed to incomplete sterilization and pasteurization. Therefore to reduce microbial contamination in the cultivation process, the raw materials should be handled properly by predrying and storing properly. Long time storage under humid conditions should be avoided. Microbial contamination can be minimized by rapid removal and discarding of contaminated units. Strict aseptic techniques should be implemented. 
In the present study, it was observed that only uncontaminated samples progressed to full colonization and fructification. The 50% RB: 50% SD formulation had the best yield because it showed no signs of microbial contamination from the onset. This does not necessarily mean that this combination formulation would be best for avoiding contamination. The 50% RB: 50% SD formulation was not contaminated because there was a balance of nutrients.The rice bran provided nitrogen and minerals while the sawdust supplied lignocellulosic carbon. With balanced nutrient sufficient for the growth of the mushroom, there were no excess nutrients for the growth of bacteria, molds and other competitors. The incidence of contamination in this study was not high but there was a variation of contaminants in the different cultivation stages and formulations. 10% of the spawns were contaminated by Bacillus subtilis, this could be attributed to the heat resistant nature of Bacillus subtilis which survived sterilization. In the same vein, 10% of substrate bags were contaminated, strongly influenced by substrate formulation ratios.



5. Conclusion
This investigation has successfully identified the microbial contaminants slowing down the cultivation of Pleurotus ostreatus. The spawn and substrate formulation is a critical determinant of contamination susceptibility and productivity. The result highlights the importance of keeping the cultivation process free of contamination. The quality of the spawns and substrate should be ascertained before use.  Stringent sterilization and pasteurization techniques should be adopted to ensure uniformity in order to prevent future contamination. This preliminary work serves as baseline information on the microorganisms contaminating spawns and substrates in the cultivation of Pleurotus ostreatus. Future studies should focus on the molecular characterization of these contaminants and elucidate their specific effect on mycelia colonization at each cultivation point.
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