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ABSTRACT
Pleurotus ostreatus is known for its culinary and medicinal characteristics, with potential use in biotechnology. This research attempts to optimise mycelia growth and find effective approaches for immobilising them. The jars containing the substrate were inoculated with solid and liquid inoculums. Incubation at 21°C for 10 days in dark conditions allowed for a comparison of the time required for each inoculum type to attain complete substrate covering. After 10 days of incubation, it was discovered that the jar inoculated with liquid inoculum had 100% mycelial coverage, while the jar inoculated with solid inoculum had only 85% mycelial coverage. P. ostreatus cells were successfully immobilised using sodium alginate and calcium chloride solutions. After drying, the beads generated by dropping sodium alginate and fungal broth into a calcium chloride solution were round, glossy, and off white in colour. The research has potential applications in bioremediation, medicines, food technology, and environmental sustainability. This project aims to use Pleurotus ostreatus biotechnological potential to offer new and environmentally friendly solutions to current challenges.
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1. INTRODUCTION
Pleurotus species are classified as Agaricales and are members of the Pleurotaceae family (white spore oyster mushroom). They are recognised by their colour and habitat. The majority of them are saprophytic and rarely parasitic. A recent article by Bao et al. provides useful information on the number of Pleurotus species found in Asia (Bao D et al., 2004). Pleurotus species are commonly found growing on damp tree trunks and decomposing organic waste, both of which contain high levels of lignin and phenol-degrading enzymes. Pleurotus species have unstable morphological traits due to fluctuating agro-climatic conditions and cultivation substrates (Kong WS, 2004). P. ostreatus is one of the most extensively farmed edible mushrooms because of its economic (food source), environmental (waste remediation agents), and medicinal value (biocompounds supplying source) (Da Luz et al., 2012). Oyster mushrooms are a popular and well-loved food source because they are abundant in protein, fibre, vitamins, and minerals while being low in fat, sodium, calories, and cholesterol (Caglarirmak, 2007). 
P. ostreatus fungal mycelium grows on a variety of substrates, including wheat straw, corn cob, saw dust, and sugarcane bagasse (Karmani et al., 2022). Pleurotus species can also consume wood waste or unusable wood residues to stimulate economic growth and protect the forest ecology. Globally, around 998 million tonnes of agricultural waste are produced each year, including paddy, wheat, and cereal straws. Pleurotus mushrooms use these agro-wastes as substrates for their growth, hence cultivating them assists in recycling agro-wastes and alleviates the nutritional gap, which is primarily prominent among the people of China, India and Africa. In addition, discarded substrates are used for fertiliser, animal feed, and biogas generation (Kakon AJ et al., 2012). During culture, a mushroom seed is utilised to propagate the mushroom mycelia on the desired solid substrate. The incubation room temperature ranges from 25 to 30 °C. Mycelium run periods and primordial initiation often last 24-30 days (Hoa HT et al., 2015; Girmay Z et al., 2016). 
The temperature at which mycelium runs and basidiocarps are produced is also determined by the Pleurotus species being grown. Incubation rooms do not require light. Standardised mushroom growing preparation is required for various Pleurotus species. The mother culture can be cultured on potato dextrose agar, a solid media, or nutrient broth. The purpose of this study is to visualise the time it takes for solid and liquid mother cultures to fully cover a substrate in order to optimise mycelial growth of Pleurotus ostreatus for increased biotechnological applications. Fungal entire cells have been employed to digest a variety of environmental contaminants. The activity of non-ligninolytic and ligninolytic enzymes in fungi has been identified as crucial for remediating these harmful chemicals (R. K. Singh et al. 2019). However, live bacteria are susceptible to environmental factors such as nutrients, oxygen, soil moisture, and even toxins (Karigar and Rao, 2011; Vidali, 2001). This leads to substantial operational expenditures in maintaining their biological activity. In contrast, isolated enzymes are less susceptible to the aforementioned conditions that reduce cell viability (Sutherland et al., 2004). Several fungal enzymes can break down more resistant contaminants because of their higher redox potential (Mikolasch and Schauer, 2009; Rebrikov et al., 2006). Thus, instead of employing complete fungal cells, directly administering enzymes has increasingly gained popularity as a viable alternative (R. K. Singh et al., 2019). Apart from being used to clean up pollution, fungal enzymes have a significant commercial value due to their ability to breakdown chemicals (McKelvey and Murphy, 2017) in a number of industries, like baking products (Scarton et al., 2021) and detergents (Niyonzima, 2021).
Some other application for fungal enzymes is synthesis of economically valuable chemicals (McKelvey and Murphy, 2017). Metallic catalysts are effective, but they may be poisonous and produce additional byproducts (Lu et al., 2019). Enzymes, on the other hand, are non-toxic, biocompatible, and biodegradable, eliminating the possibility of downstream pollution (Jegannathan and Nielsen, 2013; Soetaer and Vandamme, 2010). Furthermore, enzymes normally operate under mild physiological settings, which helps safeguard sensitive raw substrates (Lu et al., 2019). Enzymes, as benign and environmentally friendly catalysts, have been proposed as widely applicable synthetic tools. Fungal enzymes, in particular, have a role in the synthesis of various monomers, oligomers, and polymers. These synthesised compounds can be used in a variety of industries, including renewable fuels, sophisticated materials, and many more (Amini et al., 2017; Vénica et al., 2020; Walde et al., 2019).
Fungal enzymes provide benefits, but they also have limitations. For example, if the conditions are harsh (e.g., high acidity and/or temperature), liberated enzymes might denature, reducing their activity and affinity for substrates (Franssen et al., 2013). To address these limitations, immobilisation technologies have been utilised to enhance enzyme catalytic characteristics and stability. Immobilisation optimises interactions between enzymes and substrates while minimising non-specific interactions (Homaei et al., 2013). Immobilised enzymes have the advantages of long-term operating stability, ease of recovery, and reusability in industrial applications, which improve performance while lowering total process costs (Datta et al., 2013; Hassan et al., 2019).
2. MATERIALS AND METHODS
2.1. Multiplication of desired strain: 
The pure strain of P. ostreatus was catered from the ICAR-Directorate of Mushroom Research (DMR), Solan (HP). This strain was multiplied on potato dextrose agar slants to get an ample amount of culture. The slants were incubated for 7 days at 21 °C in dark conditions. After full mycelium coverage, these slants can be refrigerated at 4 °C for preservation and further use.
2.2. Preparation of inoculum for substrate inoculation: 
To inoculate substrate, the desired fungal strain was grown on solid media as well as liquid broth. For solid inoculum preparation, a prior multiplied fungal strain was inoculated in potato dextrose agar media in petri plates. These plates were incubated for 15 days at 21 °C in dark conditions. For liquid inoculum preparation, a prior multiplied culture of P. ostreatus was inoculated in nutrient broth and kept for incubation for 15 days at 21 °C in dark conditions on a rotary shaker. After 15 days, both of these inoculums can be refrigerated at 4 °C for preservation and further use.
2.3. Substrate Preparation: 
Wheat is used as a substrate for the growth of the mycelium of P. ostreatus. The wheat grains were cleaned and washed four times. This was followed by boiling in water for about 20 minutes until the grains were soft but intact and the starch was not released. The grains were weighed, and to them, 4% (w/w) of calcium carbonate and magnesium sulphate were added. 100 grammes of grains were transferred into jars and autoclaved at 121 °C and 15 psi pressure. These jars were left to cool in laminar air flow for 24 hours.
2.4. Substrate inoculation: 
The jars were inoculated with solid and liquid inoculums separately and kept for incubation at 21 °C in dark conditions to check whether the time taken by the liquid inoculum to cover the full substrate is less or the time taken by the solid inoculum to cover the full substrate is less.
2.5. Immobilisation of fungal cells: 
0.8 gm sodium alginate solution was made in 10 ml of distilled water. 1.8 gm calcium chloride solution was prepared in 20 ml of distilled water. Then 20 ml of broth culture was mixed with a sodium alginate solution. This solution was taken into a sterile syringe, and the calcium chloride solution was transferred to a clean petri plate. Then, sodium alginate with fungal broth was transferred drop by drop into a calcium chloride solution taken from a petri plate. The beads were left undisturbed in the calcium chloride solution for 30 minutes. The beads were filtered and left to dry for 24 hours.
3.RESULT
The jars containing the optimized substrate underwent inoculation with both solid and liquid inoculums. Incubation at 21°C for 10 days in dark conditions was allowed for the comparison of the time required for each inoculum type to achieve full substrate coverage. After 10 days of incubation of jars it was observed that the jar which was inoculated with liquid inoculum had 100% mycelial coverage whereas the jar which was inoculated with solid inoculum had only 80% mycelial coverage. The immobilization of P. ostreatus cells was successfully performed using a sodium alginate solution and calcium chloride solution. The resulting beads, formed by dropping the sodium alginate with fungal broth into the calcium chloride solution were spherical, shiny and off white in colour after drying.




Table 1: Table showing Percentage of mycelium coverage inoculated with solid and liquid inoculum
	S.NO.
	TYPE OF INOCULUM USED
	MYCELIUM COVERAGE (%)

	1
	Solid
	85%

	2
	Liquid
	100%







Graph 1: Graph showing percentage of mycelium coverage vs type of inoculum used
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Figure 1: Jar 1 showing mycelial coverage inoculated with solid inoculum and jar 2 showing mycelial coverage inoculated with liquid inoculum

4. DISCUSSION
The jars containing the optimized wheat substrate were subjected to inoculation with both solid and liquid inoculums. Following a 10-day incubation period at 21°C in dark conditions, the mycelial coverage of each jar was assessed for a comparative analysis. After the 10-day incubation period, it was observed that the jar inoculated with the liquid inoculum exhibited complete mycelial coverage, reaching 100%. In contrast, the jar inoculated with the solid inoculum showed slightly less mycelial coverage, with only 85% of the substrate being colonized by the fungus.
This discrepancy in mycelial coverage suggests that the liquid inoculum was more effective in colonizing and spreading across the substrate within the given timeframe. The faster and more extensive coverage of the substrate by the liquid inoculum indicates its potential superiority for certain biotechnological applications or scale-up processes. Further investigations may be conducted to understand the underlying factors influencing the observed differences in mycelial growth between the two inoculum types, providing valuable insights for optimizing and refining future cultivation strategies. Liquid inoculants allow easy handling and low transportation costs as they can be designed to contain more propagules than solid products. The liquid inoculant is better suited for fertigation and irrigation than solid inoculants (Franssen et. al., 2011, Miguel D.A.R.J. et. al., 2007). 
Immobilization of fungal cells was also performed in this study. After filtration and a 24-hour drying period, the immobilized cells exhibited stability and efficacy, showcasing their potential for enhanced biotechnological applications. This optimized immobilization process ensures the sustained functionality of P. ostreatus cells, opening avenues for innovative and efficient biotechnological endeavours. This optimization step is crucial for determining the most efficient method for subsequent biotechnological applications, providing insights into the kinetics of mycelial colonization on the chosen substrate. 
5. CONCLUSION
P. ostreatus, being among the most widely cultivated edible mushrooms, holds immense potential for addressing food security, waste remediation, and medicinal applications. Its cultivation on diverse substrates, including agro-wastes, not only contributes to recycling agricultural by-products but also aids in mitigating nutritional gaps, particularly in regions such as China, India, and Africa.
The study focuses on Pleurotus cultivation, outlining the standardized procedures for incubation, mycelium run period, and primordial initiation. The choice of mother culture medium, whether solid Potato Dextrose Agar or liquid Nutrient Broth, becomes crucial for optimizing mycelial growth. The investigation focuses on visualizing the time taken by solid and liquid mother cultures to achieve full substrate coverage, offering insights for enhanced biotechnological applications.
Transitioning into the realm of fungal enzymes, the study highlights their pivotal role in environmental remediation and commercial applications. The discussion underscores the advantages of using isolated enzymes over whole fungal cells, addressing the challenges related to live microbial sensitivity to environmental conditions. Fungal enzymes, known for their diverse applications, demonstrate potential in synthesizing valuable compounds across various industries. Despite the advantages of fungal enzymes, their limitations, such as susceptibility to harsh conditions, are acknowledged. To overcome these challenges, the study explores immobilization technologies, emphasizing the improved stability and catalytic properties of immobilized enzymes. This opens avenues for long-term operational stability, ease of recovery, and reusability in industrial applications.
The experimental results reinforce the importance of choosing the right inoculum type for mycelial growth optimization. The observed higher mycelial coverage in jars inoculated with liquid culture suggests its potential superiority for certain biotechnological applications. Additionally, the successful immobilization of P. ostreatus cells using sodium alginate and calcium chloride presents a promising avenue for enhanced biotechnological endeavours. In essence, this study contributes multifaceted insights into Pleurotus cultivation, enzyme applications, and immobilization technologies. The findings provide a foundation for further research and innovations, fostering sustainable and efficient biotechnological practices with Pleurotus ostreatus at the forefront.
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