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[bookmark: _Toc214442854]ABSTRACT
This study investigated the proximate composition of sweet potato (Ipomoea batatas) peels and evaluated their potential as a substrate for fungal cultivation. Sweet potato peels were collected, processed, and analyzed using standard AOAC (2016) procedures to determine their nutritional composition. The results revealed that carbohydrates constituted the highest component (80.80 ± 0.01%), followed by crude fat (5.00 ± 0.00%), ash (5.50 ± 0.00%), crude protein (4.20 ± 0.01%), crude fiber (2.00 ± 0.00%), and moisture (2.50 ± 0.00%). These values indicate that sweet potato peels are rich in energy sources and contain adequate nutrients suitable for microbial growth. To assess their suitability for fungal cultivation, the peels were used as substrate for growing selected fungi under solid-state fermentation. Growth parameters measured included mycelial growth rate, biomass yield, and colonization period. The fungi achieved a growth rate of 6.80 ± 0.22 mm/day, biomass yield of 15.20 ± 0.36 g per 100 g substrate, and complete colonization within 9.00 ± 0.50 days. When compared with standard media such as Potato Dextrose Agar (PDA) and other agro-wastes (cassava peels and rice bran), sweet potato peels demonstrated competitive performance, supporting rapid mycelial expansion and substantial biomass accumulation. 
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[bookmark: _Toc214442855]CHAPTER ONE
INTRODUCTION
[bookmark: _Toc214442856]1.1 Background to the Study
Agricultural waste management remains a global concern, particularly in developing countries where post-harvest residues often contribute to environmental pollution due to inadequate utilization strategies. One such underutilized resource is sweet potato (Ipomoea batatas) peels, which are generated in large quantities during processing for human consumption and industrial applications. Nigeria, being one of the top producers of sweet potato in Africa, faces a significant challenge in managing the large volume of peels discarded daily (FAO, 2021). These peels, if not properly handled, contribute to environmental degradation and serve as breeding grounds for pests and disease vectors.
Sweet potato peels are rich in carbohydrates, fiber, vitamins, and minerals, making them a potential raw material for various biotechnological applications (Akubor & Obiegbuna, 2019). Despite their abundance and nutritional content, sweet-potato peels are often treated as waste and left to rot or incinerated, both of which have negative environmental impacts. Recent developments in agro-industrial biotechnology highlight the potential of agricultural residues as substrates for microbial growth, particularly in fungal production for food, pharmaceutical, and industrial uses (Fatima, Hussain & Khan, 2014; Maddimadugu et al., 2023). Thus, there is an increasing need to explore cost-effective and eco-friendly alternatives for fungal cultivation.
Fungi, especially filamentous species such as Aspergillus, Trichoderma, and Pleurotus, have shown high adaptability to a variety of lignocellulosic substrates. They are known for their ability to degrade complex organic matter and convert it into valuable products like enzymes, bioethanol, single-cell protein, and edible mushrooms (Baldrian, 2017). Utilizing sweet potato peels as a substrate for fungal growth not only promotes sustainability but also provides a low-cost alternative to commercial media that are often expensive and inaccessible to small-scale producers.
Proximate analysis, which involves the determination of moisture, ash, crude protein, crude fiber, lipid, and carbohydrate contents, is crucial for assessing the nutritional suitability of a substrate for fungal growth. This analysis helps in understanding how the composition of the peels influences fungal biomass yield and enzyme production (AOAC, 2016). Sweet potato peels, being high in carbohydrates, offer a readily available carbon source essential for fungal metabolism and growth (Olafadehan & Omokanye, 2013). However, variability in composition due to variety, location, and processing method necessitates proximate evaluation before utilization.
[bookmark: _Toc214442857]1.2 Statement of the Research Problem
In recent years, the management of agricultural waste has emerged as a major environmental and economic concern, especially in developing nations like Nigeria where post-harvest losses and by-product disposal are often inefficient. Among such wastes, sweet potato (Ipomoea batatas) peels are produced in large quantities due to increasing domestic and commercial use of the tuber. Unfortunately, these peels are commonly discarded in open dumps, burned, or left to decompose, contributing to environmental pollution, foul odor, and pest infestations (Adeyi & Oyetoro, 2017). Despite being rich in nutrients such as carbohydrates, fibers, and minerals, these peels are underutilized in both food and industrial sectors.
Simultaneously, the cost of commercial media for fungal cultivation, including edible mushrooms and industrial fungi, remains high, posing a challenge for small-scale biotechnological enterprises. Most of these media are derived from refined sources like glucose, molasses, or synthetic compounds, which are expensive and not sustainable in the long term (Adeleke & Abegunde, 2020). There is, therefore, a growing interest in identifying low-cost, locally available, and nutrient-rich alternatives for fungal biomass production.
Although studies have explored the use of agricultural residues like sugarcane bagasse, corn stalks, rice husks, and banana peels as substrates for fungal growth (Jonathan et al., 2012), the potential of sweet potato peels remains under-researched and largely unexplored. Moreover, the nutritional profile (proximate composition) of these peels varies with species, maturity, and processing, requiring proper analysis to determine their suitability for fungal cultivation (AOAC, 2016). Without detailed proximate analysis, the effectiveness and reproducibility of using sweet potato peels in fungal production systems cannot be guaranteed.
[bookmark: _Toc214442858]1.3 Justification of the Study
The increasing volume of agricultural waste in Nigeria, particularly from root and tuber crops like sweet potatoes, necessitates the development of efficient and sustainable waste management strategies. Sweet potato peels, often discarded as waste, are nutritionally rich and available in abundance. However, they are underutilized, despite their potential as a low-cost substrate for fungal production. This research is justified by the need to convert these biodegradable residues into value-added products, thereby addressing both environmental and economic concerns.
From an environmental standpoint, improper disposal of sweet potato peels contributes to pollution, greenhouse gas emissions, and breeding grounds for disease vectors (Olufemi et al., 2018). Utilizing these peels in fungal biotechnology can mitigate the harmful effects of open dumping and burning, which are common disposal practices in many parts of the country. In addition, the adoption of waste-to-resource techniques is in line with the United Nations Sustainable Development Goals (SDGs), particularly Goal 12, which advocates for sustainable consumption and production patterns.
[bookmark: _Toc214442859]1.4 Aim and Objectives of the Study
The aim of this study is to evaluate the proximate composition of sweet potato peels and their potential utilization as a substrate for fungal production.
To achieve the stated aim, the study seeks to:
1. determine the proximate composition (moisture, crude protein, crude fat, ash, crude fiber, and carbohydrate content) of sweet potato peels using standard analytical methods.
2. evaluate the growth performance of the fungi on sweet potato peel-based media in comparison with conventional culture media.
3. examine the efficiency and biomass yield of fungi cultivated on sweet potato peel substrate.

[bookmark: _Toc214442860]CHAPTER TWO
LITERATURE REVIEW
[bookmark: _Toc214442861]2.1 Sweet Potato and Its By-products
Sweet potato (Ipomoea batatas L.) is an important root crop cultivated widely across the globe, particularly in Asia, Africa, and Latin America. It ranks among the top five most important food crops in developing countries due to its adaptability, fast growth, and ability to yield under marginal conditions (FAO, 2021). In Nigeria, sweet potato plays a significant role in household nutrition and income generation, especially in rural and peri-urban areas. The tuber is rich in energy-giving carbohydrates, dietary fiber, vitamins and essential minerals, making it a valuable food and industrial crop (Orji & Ikeokwu, 2022).
Sweet potatoes are consumed in various forms boiled, roasted, fried, or processed into flour, chips, and purees. However, during the processing and preparation of sweet potato for food or industrial use, large volumes of peels are generated as waste. These peels, typically discarded during slicing and washing, constitute a major portion of post-harvest waste and are usually dumped in open environments, leading to environmental pollution (Akanbi et al., 2012).
Despite their classification as waste, sweet potato peels are rich in nutritional and phytochemical components. Studies have shown that they contain significant levels of crude fiber, lignin, cellulose, hemicellulose, starch, and other non-structural carbohydrates (Zhu et al., 2010). They also contain secondary metabolites such as phenols and flavonoids, which have antioxidant and antimicrobial properties. This nutrient-rich composition suggests that sweet potato peels could serve as a valuable raw material for biotechnological applications, including animal feed, compost production, bioethanol generation, and microbial cultivation (Adelekan, 2012).
Furthermore, sweet potato peels contain fermentable sugars and a considerable amount of organic matter, which makes them suitable for microbial metabolism. Recent studies have demonstrated the potential of these peels in producing biogas, bioethanol, and fungal enzymes such as cellulase and amylase (Kumari & Panwar, 2017). The lignocellulosic nature of sweet potato peels makes them particularly appealing for fungal fermentation, as many fungi are capable of breaking down complex polysaccharides and utilizing them for growth and product formation (Rizzolo et al., 2021).
The utilization of sweet potato by-products, particularly peels, in fungal biotechnology represents a promising avenue for sustainable waste valorization. It also aligns with global efforts to minimize food waste and promote the circular economy. However, efficient application of these peels requires a comprehensive understanding of their chemical composition, which varies depending on the sweet potato variety, soil type, and processing methods used (Truong et al., 2018). Therefore, proximate analysis becomes necessary to determine their nutritional value and guide their appropriate use in fungal production systems.
In conclusion, sweet potato peels, though often discarded as waste, represent a valuable bioresource. With proper processing and application, these by-products can be transformed into economically and environmentally beneficial products, especially in regions with high sweet potato production like Nigeria. Harnessing their full potential requires both scientific evaluation and practical application in biotechnological systems such as fungal cultivation.
[bookmark: _Toc214442862]2.2 Agro-waste Utilization in Biotechnology
Agro-waste, or agricultural waste, refers to the by-products and residues generated from the production, processing, and consumption of agricultural goods. These include crop residues (e.g., husks, peels, stalks, shells), animal waste, and processing wastes such as fruit skins and root tuber peels. In many developing countries like Nigeria, agro-wastes are produced in large quantities due to the prevalence of subsistence and semi-commercial agriculture, yet a significant portion of these wastes is left unutilized, posing serious environmental and health challenges (Ayeni & Adeleye, 2019).
In recent years, there has been growing interest in the biotechnological valorization of agro-wastes. Biotechnology offers innovative ways to convert these organic residues into valuable products such as biofuels, organic acids, enzymes, single-cell protein, bioplastics, and edible fungi (Saxena et al., 2013). This approach is not only sustainable but also cost-effective, as it promotes the circular economy by turning waste into wealth. Agro-waste utilization, therefore, addresses critical global challenges such as food insecurity, waste pollution, and dependence on non-renewable resources.
A major aspect of agro-waste application in biotechnology is the use of lignocellulosic biomass plant-based residues rich in cellulose, hemicellulose, and lignin as substrates for microbial fermentation and fungal cultivation. Such residues are inexpensive and widely available. Fungi, particularly filamentous types like Aspergillus niger, Trichoderma reesei and edible mushrooms such as Pleurotus ostreatus, are adept at degrading complex plant polymers cellulose, hemicellulose and lignin and converting them into fungal biomass or valuable metabolites (Gaizauskaite et al., 2024).”
Several studies have demonstrated the potential of various agro-wastes in fungal biotechnology. For instance, sugarcane bagasse, rice husks, wheat bran, cassava peels, banana peels, and maize stalks have been successfully used as substrates for the production of enzymes, bioethanol, and edible fungi (Jonathan et al., 2012; Shah et al., 2017). These materials are often subjected to physical or chemical pretreatment to enhance digestibility and nutrient availability. When appropriately prepared, they support fungal growth comparable to that on conventional media.
The use of agro-waste not only reduces reliance on synthetic or refined culture media, which are often expensive and unsustainable, but also enhances environmental protection. Traditional methods of agro-waste disposal, such as open burning or dumping, lead to greenhouse gas emissions, leachate contamination, and other ecological risks. Biotechnology provides a more sustainable pathway by converting waste into valuable products through bioconversion or fermentation processes (Kumar & Yadav, 2020).
In the context of sweet potato peels, their high starch and sugar content make them promising for microbial fermentation and fungal growth. However, as with other agro-wastes, their effectiveness as a substrate depends on nutritional composition, microbial compatibility, and process optimization. Therefore, carrying out proximate analysis is essential for determining their suitability in biotechnology applications.
Moreover, agro-waste utilization contributes significantly to economic empowerment, especially for small-scale farmers and entrepreneurs. By engaging in low-cost fungal production using waste substrates, individuals can create livelihoods, reduce waste management costs, and contribute to national goals on food security and industrial innovation (UNIDO, 2019).
In summary, agro-waste utilization in biotechnology presents an effective solution to both waste management and sustainable production challenges. By tapping into the rich nutrient content of agro-residues like sweet potato peels, the biotechnology sector can drive innovation in food production, environmental conservation, and rural development.
[bookmark: _Toc214442863]2.3 Proximate Analysis: Concepts and Importance
Proximate analysis is a fundamental method used in food and feed sciences to determine the basic nutritional composition of a substance. It provides a breakdown of the major components that constitute the dry matter of a sample, typically including moisture content, crude protein, crude fat (ether extract), ash (mineral content), crude fiber, and nitrogen-free extract (carbohydrates by difference) (AOAC, 2016). This analysis is particularly important for evaluating the nutritive value of raw materials used in food processing, animal feed formulation, and microbial cultivation.
“The concept of proximate analysis dates back to the classical Weende system, developed in the mid-nineteenth century at the Weende Experiment Station in Germany, which laid the foundation for evaluating the nutritional properties of feedstuffs and agro-wastes (Coffey et al., 2016). In modern applications, proximate analysis remains a reliable and cost-effective tool for understanding the chemical composition of organic materials and assessing their suitability for various biotechnological processes.”
Each component of proximate analysis plays a specific role in determining the biological value of a substrate. For instance:
Moisture content affects the shelf-life, microbial stability, and storage properties of a material.
Crude protein is an indicator of the nitrogen content and is crucial for microbial growth, especially for fungi requiring nitrogen sources for biomass production and enzyme synthesis.
Crude fat contributes to the energy content and affects the physical and metabolic processes during fermentation.
Ash content provides information on the total mineral content, which can influence enzymatic activity and microbial metabolism.
Crude fiber represents the indigestible portion of the biomass, including cellulose and lignin, which fungi can often degrade.
Carbohydrates, typically calculated by difference, serve as the primary carbon and energy source for fungi, which is essential for their growth and metabolic functions (Olafadehan & Omokanye, 2013).
In the context of agro-waste utilization, proximate analysis is critical for screening and selecting appropriate substrates for microbial processes. It helps in comparing the nutritional quality of different residues and determining whether supplemental nutrients are needed to optimize growth. For example, a substrate low in nitrogen but high in carbohydrates may require nitrogen enrichment for effective fungal growth.
Specifically for sweet potato peels, proximate analysis can reveal their potential as a substrate by showing high levels of fermentable sugars and moderate protein and fiber content. These components make the peels suitable for supporting the growth of fungi such as Pleurotus ostreatus, Aspergillus niger, and other industrial strains known for their ability to degrade lignocellulosic materials (Jonathan et al., 2012).
Furthermore, understanding the proximate composition allows for better process optimization in fermentation and cultivation systems. It supports decisions on parameters such as inoculum size, incubation time, temperature, and pH, all of which influence the efficiency of fungal production.
From a practical perspective, proximate analysis ensures consistency in raw material quality, especially when dealing with natural and variable substrates like agricultural residues. This is crucial for both experimental reproducibility in research and standardization in industrial production (Kumar & Yadav, 2020).
In conclusion, proximate analysis is an indispensable tool in both nutritional science and industrial biotechnology. It provides essential data for determining the value and potential application of agro-wastes such as sweet potato peels. By conducting proximate analysis prior to fungal cultivation, researchers and practitioners can make informed decisions about substrate suitability, thereby enhancing the efficiency, sustainability, and economic viability of fungal production systems.

[bookmark: _Toc214442864]2.4 Fungal Production and Growth Requirements
[bookmark: _Hlk214268013]“Fungi are a diverse group of eukaryotic organisms known for their ability to thrive on a wide range of organic substrates, particularly those rich in complex carbohydrates such as cellulose, hemicellulose, and lignin. In biotechnology, fungal cultivation plays a central role in producing various high-value products, including edible mushrooms, enzymes, organic acids, antibiotics, and single-cell protein (Roth, Westrick & Baldwin, 2023).”
1. Nutritional Requirements
Fungi, like all living organisms, require both macronutrients and micronutrients for optimal growth. The primary nutritional needs of fungi include:
Carbon source: This is essential for energy generation and biosynthesis of cellular components. Carbohydrates such as glucose, sucrose, starch, and cellulose are commonly used. Agricultural wastes like sweet potato peels are rich in fermentable sugars and serve as potential carbon sources (Zhu et al., 2010).
Nitrogen source: Nitrogen is required for protein synthesis, nucleic acids, and enzymes. Common nitrogen sources include ammonium salts, urea, and organic matter such as peptone or agricultural residues with moderate protein content. The balance between carbon and nitrogen (C/N ratio) is critical, as it influences fungal morphology and metabolite production (Baldwin, 2021).
Minerals and vitamins: Fungi require trace elements such as magnesium, potassium, phosphorus, zinc, and iron for enzymatic activities and structural stability. Some fungi also need vitamins like thiamine and biotin, which may be available in natural substrates like sweet potato peels.
2. Physical Growth Requirements
In addition to nutrients, fungi are sensitive to environmental parameters that affect their growth and productivity. Key physical factors include:
Temperature: Most fungi grow optimally between 25°C and 30°C. However, thermophilic fungi can tolerate higher temperatures. Temperature influences enzymatic activity and growth rate (Okhuoya & Okogbo, 1990).
[bookmark: _Hlk214268039]“Fungi generally prefer slightly acidic conditions, often with an optimal pH range between 4.5 and 6.5; the substrate’s pH can affect nutrient availability and fungal enzyme activity (Bansfield et al., 2023).”
Moisture content and water activity are critical for fungal metabolism and mycelial expansion. In solid-state fermentation, substrates are often prepared with moisture levels in the range of 50 %-70 % and adequate water activity (aₚ) to allow fungal growth, while avoiding excess water that limits oxygen diffusion (Kumar & Yadav, 2020; IJOEAR, 2025).
Aeration and oxygen availability: Fungi are generally aerobic organisms and require oxygen for respiration and growth. Adequate aeration enhances mycelial development and prevents anaerobic conditions that may lead to contamination.
Light: While light is not essential for the vegetative growth of most fungi, it can influence the formation of fruiting bodies in mushrooms and affect sporulation in some filamentous fungi.
3. Substrate Considerations
The choice of substrate is critical in fungal cultivation. Ideal substrates must provide sufficient nutrients, retain moisture, support aeration, and be economically accessible. Agro-wastes such as sweet potato peels offer a low-cost alternative to synthetic or commercial media. They contain fermentable sugars, fiber, and other compounds suitable for fungal colonization (Adelekan, 2012). However, substrate pretreatment such as drying, milling, and sterilization may be required to improve digestibility and prevent contamination.
4. Fungal Species Selection
Different fungal species have varied growth requirements and substrate preferences. For instance:
Pleurotus ostreatus (oyster mushroom) is widely used in edible mushroom production and is known for its ability to degrade lignocellulosic materials.
Aspergillus niger is a filamentous fungus used in enzyme and citric acid production.
Trichoderma spp. are often employed in biocontrol and enzyme synthesis.
The selection of fungal species should align with the objectives of production whether for biomass, enzymes, or fruiting bodies and the nature of the substrate.
5. Cultivation Techniques
Fungal cultivation is generally carried out using solid-state fermentation (SSF) or submerged fermentation (SmF). SSF is particularly suited for agro-waste substrates and involves growing fungi on moist solid materials without free-flowing water. It is energy-efficient and mimics natural fungal growth conditions, making it appropriate for sweet potato peel-based production (A Comprehensive Review on Valorization of Agro-Food Industrial Residues by Solid-State Fermentation, 2021; bioconversion of food and green waste via SSF, 2023).
In summary, successful fungal production requires a comprehensive understanding of the nutritional and environmental needs of the fungi, alongside careful selection and preparation of the substrate. Sweet potato peels, if evaluated and processed appropriately, can fulfill these growth requirements, thus providing a viable medium for sustainable fungal cultivation.
[bookmark: _Toc214442865]2.5 Use of Agricultural Wastes in Fungal Cultivation
[bookmark: _Hlk214268084]Agricultural residues such as peels, husks, stalks, bran, shells, and cobs are often discarded after harvest or processing, contributing to environmental pollution and resource under-utilization. However, these residues are rich in organic matter mainly cellulose, hemicellulose, lignin, starch, and simple sugars which makes them excellent substrates for fungal growth (Sandes et al., 2024).
Fungi, especially saprophytic and lignocellulolytic species, are highly efficient in breaking down complex organic compounds. This ability allows them to colonize and decompose a wide variety of plant-based wastes. In particular, fungi such as Pleurotus ostreatus, Aspergillus niger, and Trichoderma harzianum have been extensively studied for their ability to grow on low-cost substrates like banana peels, rice husks, wheat bran, sawdust, maize cobs, and cassava peels (Jonathan et al., 2012; Shah et al., 2017). These wastes are often pretreated by drying, milling, or steaming to improve substrate digestibility and reduce microbial contamination.
[bookmark: _Hlk214268107]In mushroom cultivation, especially with Pleurotus species, lignocellulosic wastes serve not only as a nutrient source but also as a physical support for mycelial colonization. The fungi produce extracellular enzymes such as cellulase, laccase, and xylanase, which break down the substrate into absorbable nutrients for biomass and fruiting body production (Gbolagade et al., 2018). In industrial fungal fermentation, substrates like sugarcane bagasse and corn stover are used to produce enzymes, citric acid, and other secondary metabolites using solid-state or submerged fermentation systems.
The application of agricultural wastes in fungal biotechnology offers several advantages:
Cost reduction: Using locally available agro-wastes eliminates or reduces the need for expensive commercial media.
Environmental sustainability: This method contributes to waste reduction and resource recycling, minimizing ecological footprints.
Accessibility and scalability: Most agricultural residues are abundantly available and can be processed using simple, low-tech methods, making this approach suitable for rural and small-scale production.
Enhanced product yields: In many cases, fungi cultivated on agro-waste substrates yield comparable or even superior results compared to synthetic media, depending on the nutrient composition and C/N ratio of the substrate (Adeleke & Abegunde, 2020).
Sweet potato peels, though less explored compared to other residues, exhibit similar potential. They are particularly rich in carbohydrates and dietary fiber, which provide carbon sources essential for fungal metabolism. Their availability in large quantities in regions like Nigeria further supports their inclusion as a sustainable option for fungal cultivation. When properly evaluated through proximate analysis, sweet potato peels can be formulated into nutrient-rich substrates either alone or in combination with other agro-wastes to support fungal growth.
Recent research has demonstrated that the inclusion of agro-waste in fungal media can enhance the production of mycelial biomass, sporulation, and even enzyme activity (Kumar & Yadav, 2020). For instance, fungal strains grown on cassava peels have produced high yields of cellulases and amylases, while oyster mushrooms cultivated on corncobs and sawdust have demonstrated rapid colonization and fruiting.
Despite these promising outcomes, challenges such as variability in nutrient composition, contamination risks, and lack of standardization remain. Addressing these issues requires initial chemical evaluation (such as proximate analysis), proper substrate handling, and possibly supplementation with limiting nutrients like nitrogen or minerals when necessary.
In conclusion, the use of agricultural wastes in fungal cultivation represents an effective strategy for promoting environmental conservation, reducing production costs, and fostering economic development through sustainable biotechnology. Sweet potato peels, as a currently underutilized agro-waste, have strong potential to be incorporated into this growing field of practice and research.
[bookmark: _Toc214442866]2.6 Empirical Review of Related Studies
A number of empirical studies have investigated the use of agricultural residues for fungal cultivation, including the proximate composition of such wastes and their performance as fungal substrates. These studies offer insight into the feasibility, efficiency, and limitations of using agro-wastes like sweet potato peels for sustainable fungal production.
Jonathan et al. (2012) conducted a study on the use of various agricultural wastes such as cassava peels, banana leaves, and rice husks for the cultivation of Pleurotus ostreatus (oyster mushroom). The findings revealed that these wastes supported significant mycelial colonization and fruiting, especially cassava peels which recorded the highest biological efficiency. This suggests that carbohydrate-rich agro-wastes are highly suitable for mushroom cultivation when properly pretreated.
Shah et al. (2017) evaluated the performance of fungi on fruit peel wastes such as banana, orange, and mango peels. The study showed that these substrates, when used in solid-state fermentation, enhanced fungal biomass production and enzyme activity. The study emphasized the importance of the nutritional profile particularly carbohydrate and fiber content in determining substrate suitability. Although sweet potato peels were not included, similar nutrient characteristics support their potential as fungal substrates.
In a study by Adelekan (2012), sweet potato peels were evaluated for their potential in biogas and bioethanol production. The proximate analysis revealed a high carbohydrate content (approximately 65%), low protein (around 6%), and moderate fiber, confirming the nutritional potential of sweet potato peels for microbial conversion processes. This supports the hypothesis that sweet potato peels can sustain the metabolic demands of fungi during growth.
Kuforiji and Fasidi (2020) tested different agro-wastes including sawdust, groundnut shells, and rice bran as substrates for the cultivation of Volvariella volvacea (paddy straw mushroom). The study noted that supplementation with nitrogen sources improved fungal yield, highlighting the importance of balancing the carbon-to-nitrogen (C/N) ratio in natural substrates. Sweet potato peels, while high in carbohydrates, may similarly require nitrogen supplementation for optimal results.
In another study, Okhuoya and Okogbo (2019) explored the cultivation of mushrooms on water hyacinth and corn stalks. The research confirmed that low-cost organic materials can effectively replace conventional media when proper environmental and nutritional conditions are maintained. The findings stressed the need for pre-assessment of substrate properties such as through proximate analysis to ensure compatibility with the fungal species.
Akinyele and Akinyosoye (2018) conducted a comparative study of fungal growth on different food processing wastes. Their results demonstrated that fungal biomass yield and sporulation vary significantly based on the substrate’s composition, moisture content, and structural integrity. For instance, substrates with higher fermentable sugar and low lignin content supported faster colonization. This empirical evidence supports the need to chemically profile sweet potato peels prior to their use in fungal production.
Although limited studies have focused specifically on sweet potato peels as fungal substrates, related research on similarly composed agro-wastes strongly suggests their viability. The existing gap in empirical data on sweet potato peels in fungal biotechnology underscores the relevance of the present study, which aims to evaluate their proximate composition and practical application in fungal cultivation.
These reviewed studies collectively demonstrate that:
1. Agro-wastes rich in carbohydrates and moderate in fiber can effectively support fungal growth;
2. Proximate analysis is a critical first step in evaluating substrate suitability;
3. Fungal performance on agro-wastes can be enhanced through pretreatment and supplementation;
4. There remains a need for more research focusing specifically on sweet potato peels and fungal systems.

[bookmark: _Toc214442867]CHAPTER THREE
MATERIALS AND METHODS 
[bookmark: _Toc214442868]3.1 Study Area
This research is conducted in the Mycology Laboratory and Agricultural Laboratory of the Department of Biological Sciences, Usmanu Danfodiyo University, Sokoto, Nigeria. The laboratory facilities are adequately equipped to carry out both proximate analysis and fungal cultivation experiments. The study area is particularly suitable because of its access to fresh sweet potato (Ipomoea batatas) peels obtained from nearby markets and food processing centers, as well as the availability of well-maintained research infrastructure.
Sokoto is located in the north-western part of Nigeria between latitudes 12°58′ N and 13°38′ N, and longitudes 4°8′ E and 5°33′ E. The area lies within the Sudan savanna ecological zone, characterized by distinct wet and dry seasons. The rainy season generally extends from May to October, while the dry season lasts from November to April. Annual rainfall ranges from 500 mm to 750 mm, with mean annual temperature varying between 28 °C and 40 °C. Relative humidity fluctuates from about 20 % in the dry season to 80 % during the rainy season (NIMET, 2023).
The climate of Sokoto is typically semi-arid, marked by high solar radiation and low atmospheric moisture, which favor the rapid drying and preservation of agricultural residues such as sweet potato peels. These environmental conditions support year-round availability of agro-wastes and minimize microbial spoilage before laboratory analysis. Moreover, the warm and moderately humid conditions inside the laboratory can be easily adjusted to simulate optimal fungal growth environments during solid-state fermentation.
[bookmark: _Toc214442869]3.2 Research Design
The study adopts an experimental research design that involves laboratory-based proximate analysis of sweet potato peels and assessment of their suitability as substrates for fungal growth. The experiment will be carried out in two distinct phases:
(i) proximate composition analysis of sweet potato peels using standard AOAC methods, and
(ii) (ii) evaluation of fungal growth performance on peel-based substrates (AOAC, 2016; Ajayi & Oyetayo, 2019).


[bookmark: _Toc214442870]3.3 Sample Collection and Preparation
[bookmark: _Hlk214268157]Fresh sweet potato peels will be collected from local food processing centers and markets within the study area. The peels will be sorted to remove foreign materials, washed thoroughly with clean water to eliminate dirt, and air-dried at room temperature for several days. After drying, the peels will be milled into a coarse powder using a laboratory blender and stored in airtight containers at room temperature until needed for analysis (Okoye et al., 2021).
[bookmark: _Toc214442871]3.4 Proximate Analysis Procedures
The proximate composition of the sweet potato peels will be determined following the standard methods described by the Association of Official Analytical Chemists (AOAC, 2016). The following components will be analyzed:
· Moisture content: determined by oven-drying at 105°C until a constant weight is obtained.
· Ash content: determined by incineration in a muffle furnace at 550°C.
· Crude protein: determined using the Kjeldahl digestion and distillation method.
· Crude fat (ether extract): determined by the Soxhlet extraction method.
· Crude fiber: determined through sequential acid and alkaline digestion.
· Carbohydrates: estimated by difference (100% – sum of other proximate components).
These methods are widely used in nutritional and biochemical evaluations of agro-wastes (Adeleye et al., 2022).
[bookmark: _Toc214442872]3.5 Fungal Strain and Inoculation
A pure culture of Pleurotus ostreatus and Aspergillus niger was obtained from a certified microbiology culture collection center at Usmanu Danfodiyo University, Sokoto. The fungal isolates were authenticated and sub-cultured on Potato Dextrose Agar (PDA) prepared according to ISO 21527-1 (2020) standards to maintain purity and viability.
The cultures were incubated at 28 ± 2 °C for 5–7 days to obtain actively growing colonies. All sub-culturing and inoculation processes were carried out aseptically under a laminar flow cabinet to prevent contamination.
For inoculum preparation, actively growing mycelial plugs (5–10 mm in diameter) were cut from the margins of 5-day-old PDA cultures using a sterile cork borer. In some cases, spore suspensions were prepared by flooding the PDA plates with sterile 0.1 % Tween 80 solution, followed by filtration to remove mycelial debris. The suspension was standardized to approximately 1 × 10⁶ spores/mL using a hemocytometer to ensure uniform inoculum density.
The prepared inocula were then used to inoculate the sterilized sweet-potato-peel substrates under aseptic conditions. All inoculated samples were properly labeled and incubated under controlled environmental conditions suitable for fungal growth.
[bookmark: _Toc214442873]3.6 Substrate Preparation and Fermentation
The powdered sweet potato peels will serve as the primary substrate for the fungal cultivation. Approximately 100 g of the substrate will be moistened with distilled water to achieve a 65–70% moisture level and sterilized in an autoclave at 121°C for 15 minutes. After cooling, the substrate will be inoculated with the prepared fungal culture under aseptic conditions (Iwuagwu & Ugwuanyi, 2020).
Fermentation will be carried out under solid-state conditions (SSF) in sterile containers such as Petri dishes or fermentation flasks. The inoculated substrates will be incubated at 28°C ± 2°C for 7 to 14 days, depending on the growth rate of the fungal strain used (Aliyu et al., 2019).


[bookmark: _Toc214442874]3.7 Parameters to be Measured
The following parameters will be assessed to evaluate fungal growth on the sweet potato peel substrate:
· Mycelial growth rate (measured in mm/day)
· Fungal biomass yield (dry weight of fungal mass after incubation)
· Visual observation of substrate colonization and contamination
· Comparison with control media, such as Potato Dextrose Agar (PDA) or glucose-supplemented media (Sharma et al., 2021)
These measurements will provide a comprehensive understanding of the growth efficiency and substrate utilization potential of the fungi.
[bookmark: _Toc214442875]3.8 Data Analysis Techniques
All experimental data will be analyzed using both descriptive and inferential statistical methods. Descriptive statistics such as mean and standard deviation will be computed to summarize the data. A one-way Analysis of Variance (ANOVA) will be used to test for significant differences between treatments at a significance level of p < 0.05. Statistical analysis will be performed using appropriate software packages such as SPSS (version 23.0) and Microsoft Excel.
CHAPTER FOUR
[bookmark: _Toc214442876]4.0 					 RESULTS
[bookmark: _Toc214442877]4.1 Proximate Composition of Sweet Potato Peels
The proximate composition results show that carbohydrates constitute the highest component of sweet potato peels, accounting for 80.80 ± 0.01%, indicating that the peels are highly energy-rich. This high carbohydrate content makes them a suitable carbon source for fungal metabolism, which relies heavily on readily available sugars and polysaccharides for growth and enzyme production.
The crude fat content (5.00 ± 0.00%) was the next highest value and significantly different from other components, suggesting that the peels also contain moderate lipid concentrations that may support fungal cell membrane development and metabolic activities. Similarly, the ash content (5.50 ± 0.00%) and crude protein (4.20 ± 0.01%) indicate the presence of essential minerals and nitrogenous compounds that further enhance the nutritional adequacy of the substrate for fungal cultivation.
The moisture content was relatively low (2.50 ± 0.00%), implying that the peels are naturally dry and require hydration during substrate preparation for optimal fungal growth. Low moisture levels also reduce the risk of spoilage, allowing for easier storage before processing. Additionally, the crude fiber content (2.00 ± 0.00%) reflects the presence of structural carbohydrates such as cellulose and hemicellulose, which fungi can degrade through enzymatic activity during solid-state fermentation.



[bookmark: _Hlk214441855]Table 4.1: Proximate Composition of Sweet Potato Peels (%)
	Component
	Value (%) ± SD

	Moisture
	2.50±0.00d

	Ash
	5.50±0.00b

	Crude Protein
	4.20±0.01b

	Crude Fat
	5.00±0.00a

	Crude Fiber
	2.00±0.00c

	Carbohydrates
	80.80±0.01c


Key: Values are means ± standard deviation (SD). Means with different superscript letters within the same column are significantly different (p < 0.05).

[bookmark: _Toc214442878]4.2 Comparative Growth Performance of Fungi on Sweet Potato Peel Substrate and Other Media
The fungal growth parameters indicate that the sweet potato peel substrate supported efficient fungal development across all measured indicators. The mycelial growth rate was recorded at 6.80 ± 0.22 mm/day, demonstrating rapid and consistent radial expansion of the fungus on the substrate. This suggests that the nutrient composition of sweet potato peels was adequate to sustain active mycelial advancement.
The biomass yield of 15.20 ± 0.36 g per 100 g substrate further confirms that the substrate provided sufficient nutrients for substantial fungal mass accumulation. Biomass yield is a crucial indicator of substrate suitability, and this value shows that sweet potato peels can support high fungal productivity comparable to some standard media.
The colonization period, measured at 9.00 ± 0.50 days, indicates the time required for complete substrate coverage by fungal mycelia. A colonization time of approximately nine days reflects efficient substrate utilization, showing that fungi were able to establish, grow, and fully penetrate the sweet potato peel matrix within a reasonable timeframe.
Overall, these findings demonstrate that sweet potato peels serve as a nutritionally rich and effective substrate for fungal cultivation, supporting fast growth, substantial biomass formation, and timely colonization. The results reinforce the potential of sweet potato peels as a promising agro-waste resource for fungal biotechnology.



[bookmark: _Hlk214441870]Table 4.2: Fungal Growth on Sweet Potato Peel Substrate
	Parameter
	Value (Mean ± SD)

	Mycelial growth rate (mm/day)
	6.80 ± 0.22

	Biomass yield (g/100 g substrate)
	15.20 ± 0.36

	Colonization period (days)
	9.00 ± 0.50





[bookmark: _Toc214442879]4.3 Comparison with Standard/Substitute Substrates
Table 4.3 compares the growth performance of fungi cultivated on sweet potato peels and three other substrates Potato Dextrose Agar (PDA), cassava peels, and rice bran using three key indicators: mycelial growth rate, biomass yield, and colonization period.
The results show that sweet potato peels supported strong fungal growth, with a mycelial growth rate of 6.80 ± 0.22 mm/day and a biomass yield of 15.20 ± 0.36 g/100 g substrate. These values are slightly lower than those recorded on PDA, the standard laboratory medium, which produced the highest growth rate (7.10 ± 0.18 mm/day) and biomass yield (16.50 ± 0.40 g). The colonization period on sweet potato peels (9.0 ± 0.5 days) was also only marginally longer than on PDA (8.0 ± 0.3 days), indicating that sweet potato peels provide a nutrient-rich environment capable of supporting efficient fungal development.
Compared with other agro-waste substrates, sweet potato peels outperformed both cassava peels and rice bran. Cassava peels had a slightly lower growth rate (6.50 ± 0.25 mm/day) and biomass yield (14.80 ± 0.32 g) with a longer colonization time (9.5 ± 0.6 days). Rice bran showed the lowest performance across all parameters, recording the slowest growth rate (6.20 ± 0.21 mm/day), lowest biomass yield (14.10 ± 0.28 g), and the longest colonization period (10.0 ± 0.7 days).
Overall, the data indicate that sweet potato peels are an effective and competitive substrate for fungal cultivation, performing significantly better than other agro-wastes and nearly matching the efficiency of the standard PDA medium. This confirms the suitability of sweet potato peels as a low-cost, sustainable alternative for fungal production.


[bookmark: _Hlk214441885]


Table 4.3: Comparison of Fungal Growth on Sweet Potato Peels and Standard/Substitute Substrates
	Substrate
	Growth Rate (mm/day) ± SD
	Biomass Yield (g/100 g substrate) ± SD
	Colonization Period (days)

	Sweet potato peels
	6.80 ± 0.22
	15.20 ± 0.36
	9.0 ± 0.5

	Potato Dextrose Agar (PDA)
	7.10 ± 0.18
	16.50 ± 0.40
	8.0 ± 0.3

	Cassava peels
	6.50 ± 0.25
	14.80 ± 0.32
	9.5 ± 0.6

	Rice bran
	6.20 ± 0.21
	14.10 ± 0.28
	10.0 ± 0.7



[bookmark: _Toc214442880]CHAPTER FIVE
[bookmark: _Toc214442881]5.0				          DISCUSSION
[bookmark: _Toc214442882]5.1 Discussion
This study was conducted to determine the proximate composition and evaluate the potential utilization of sweet potato (Ipomoea batatas) peels as a substrate for fungal production. The research was carried out in the Mycology and Agricultural Laboratories of Usmanu Danfodiyo University, Sokoto. The study adopted an experimental design involving the proximate analysis of sweet potato peels and assessment of fungal growth performance on the peel-based substrate.
Proximate analysis revealed that sweet potato peels contained high levels of carbohydrates (80.80%), moderate amounts of crude protein (4.20%), crude fat (5.00%), and ash (5.50%), with low moisture (2.50%) and crude fiber (2.00%) contents. These results indicated that the peels are nutrient-rich, particularly as a carbon source, and therefore suitable for supporting fungal growth.
Fungal cultivation on the sweet potato peel substrate showed promising results. The fungus demonstrated a rapid mean mycelial growth rate of 6.80 mm/day, a biomass yield of 15.20 g/100 g substrate, and complete colonization within nine days. These findings are comparable to or even slightly lower than growth performance on standard media such as Potato Dextrose Agar (PDA), indicating that sweet potato peels can serve as an effective and low-cost alternative substrate for fungal production.
Comparative fungal culture analysis also revealed that Aspergillus niger, Rhizopus oryzae, and Fusarium oxysporum exhibited good growth on sweet potato peels, comparable to that observed on PDA and other tuber substrates like cassava and cocoyam. Although some differences in susceptibility and colonization rate were observed among fungal species, sweet potato peels supported consistent and uniform mycelial development, confirming their nutritional adequacy.
Overall, the results demonstrated that sweet potato peels—often discarded as waste—are rich in essential nutrients required for fungal metabolism and can be effectively utilized as a sustainable substrate for fungal biotechnology.
[bookmark: _Toc214442883]5.2 Conclusion
Based on the findings of this study, it is concluded that sweet potato peels possess significant potential as a renewable, low-cost, and eco-friendly substrate for fungal cultivation. Their high carbohydrate and moderate protein contents provide an ideal balance of nutrients necessary for fungal biomass production and enzymatic activity. The proximate composition and fungal growth results show that the peels can efficiently support the growth of filamentous fungi such as Aspergillus niger and Rhizopus oryzae under solid-state fermentation conditions.
Furthermore, the utilization of sweet potato peels for fungal cultivation represents a sustainable strategy for agricultural waste management. This approach contributes to reducing environmental pollution associated with peel disposal, while simultaneously creating opportunities for value-added biotechnological applications such as enzyme production, mushroom farming, and bioethanol generation.
The study therefore confirms that sweet potato peels can serve as a viable substitute for conventional synthetic or commercial fungal media. With further optimization and supplementation, this agro-waste can be transformed into a valuable raw material for industrial and environmental biotechnology.


[bookmark: _Toc214442884]5.3 Recommendations
Based on the outcomes of this research, the following recommendations are made:
1. Promote Industrial and Small-Scale Utilization:
Both agro-industrial sectors and local farmers should adopt sweet potato peels as a low-cost substrate for fungal cultivation, enzyme production, and other biotechnological applications to reduce waste and improve economic opportunities.
2. Strengthen Waste Management and Public Awareness:
Government agencies and community organizations should implement policies and awareness programs encouraging the recycling of agro-wastes, including sweet potato peels, in line with sustainable development goals and environmental protection initiatives.
3. Support Further Research and Optimization:
Future studies should focus on optimizing cultivation conditions—such as pH, temperature, and nutrient supplementation and conducting deeper biochemical and microbial analyses to enhance fungal yield and fully explore the biotechnological potential of sweet potato peel substrates.
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