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ABSTRACT
This study investigates the utilization of rice flour and cocoyam flour as partial or complete substitutes for wheat flour in the production of biscuits and cakes. The objective was to explore the nutritional, functional, and sensory properties of baked products formulated with varying proportions of rice and cocoyam flour blends. Four flour combinations were used: 100% wheat (control), 70% rice–30% cocoyam, 50% rice–50% cocoyam, and 100% rice. Standardized procedures were employed in the preparation, baking, and evaluation of the products. Proximate analysis assessed moisture, protein, fat, fiber, ash, and carbohydrate content. Sensory evaluation was conducted using a 9-point hedonic scale to determine taste, texture, aroma, color, and overall acceptability. Results indicated that rice–cocoyam blends produced acceptable and nutritionally rich biscuits and cakes, with the 70:30 ratio performing best in terms of consumer preference. This study supports the potential of locally sourced flours as alternatives to wheat in bakery products.
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CHAPTER ONE
INTRODUCTION

1.1 [bookmark: _Hlk199499704] 	Background of the Study
[bookmark: _Hlk199499728]In recent years, there has been growing interest in the use of alternative, underutilized, and locally sourced flours in food production due to increasing awareness of food insecurity, health concerns, and the rising cost of wheat importation in many developing countries, especially in sub-Saharan Africa (Adejuyitan et al., 2016; Nwanekezi, 2018). One of the promising strategies to mitigate these issues is the use of composite flours, which involve partial or full substitution of wheat flour with locally available flours such as rice flour and cocoyam flour (Osundahunsi et al., 2017; Oluwajoba et al., 2018).
Rice (Oryza sativa) is one of the world’s major cereals and a staple food in many developing countries. Rice flour is gluten-free, rich in carbohydrates, and has hypoallergenic properties, making it an excellent ingredient for individuals with gluten intolerance (Ocheme et al., 2020; El-Din et al., 2019). It also exhibits good water absorption capacity and produces a light texture in baked goods (Okpala et al., 2016). Due to its bland taste, rice flour blends well with other flours and has been increasingly used in bakery products such as bread, cakes, cookies, and snacks (Adegunwa et al., 2018; Dandam et al., 2017).
Cocoyam (Colocasia esculenta and Xanthosoma sagittifolium) is an underutilized tuber crop that is rich in dietary fiber, minerals (especially potassium and magnesium), and complex carbohydrates. It has a low glycemic index and is suitable for people with diabetes (Ezeocha et al., 2016; Eleazu & Ironua, 2017). Cocoyam flour is known for its ability to improve the moisture retention and textural qualities of food products (Onweluzo & Odume, 2017). However, its use in the baking industry remains limited, often due to lack of awareness and technological adaptation.
The bakery industry is one of the largest food industries in Nigeria and many other developing countries. It relies heavily on wheat, which is largely imported at high economic cost (FAOSTAT, 2021). The production of biscuits and cakes using alternative flours or composite flours presents an opportunity to reduce dependence on imported wheat and to promote food sustainability and local crop utilization (Nwanekezi, 2018; Nnamani et al., 2020). Studies have shown that blending rice and cocoyam flours can yield baked products with acceptable sensory and nutritional properties (Chinma et al., 2016; Olatunde et al., 2019).
The application of rice and cocoyam flours in composite baking could not only address challenges related to wheat importation but also enhance the nutritional profile of baked goods. While wheat flour contains gluten, which provides elasticity and structure to dough, it lacks significant micronutrient diversity. Cocoyam, in contrast, contributes vitamins A, C, and B-complex, while rice flour enhances the digestibility of the products (Adepeju et al., 2020; Bello et al., 2021). Moreover, the increasing cases of gluten-related disorders such as celiac disease and gluten sensitivity have created a demand for gluten-free bakery products (Lamacchia et al., 2016; Ayo et al., 2018).
Several researchers have demonstrated the success of producing acceptable bakery products using composite flours. For instance, Akubor and Ukwuru (2017) observed that cakes made from rice and cocoyam flour blends had improved moisture retention and satisfactory texture. Similarly, Okafor et al. (2019) reported that biscuits from composite flours exhibited comparable sensory scores to those made from 100% wheat flour.
Given these trends and nutritional potentials, the present study explores the utilization of rice and cocoyam flours in the production of biscuits and cake. It evaluates the physical, sensory, and proximate properties of the products, with the goal of encouraging the integration of indigenous flours into mainstream food processing and promoting food security through value addition to local crops.
1.2  Statement of the Problem
The increasing prevalence of gluten-related disorders such as celiac disease, along with rising consumer demand for healthier and more diversified food options, has highlighted the need for gluten-free alternatives in bakery products. Despite this growing demand, the utilization of locally available and nutrient-rich flours such as rice and cocoyam in biscuit and cake production remains limited, especially in many developing countries including Nigeria (Kabuo et al., 2018; Nwadili, 2020).
Rice flour, known for its hypoallergenic properties and ease of digestion, is a suitable gluten-free substitute; however, it is underutilized in bakery industries, which continue to rely heavily on wheat flour (Fosu, Nyadroh, & Amankrah, 2021). Similarly, cocoyam flour, which is high in dietary fiber, minerals, and energy, holds potential to enhance the nutritional profile of baked goods (Alozie & Chinma, 2015). Yet, its adoption is hindered by a lack of standardized processing techniques, limited commercial-scale production, and insufficient public awareness of its benefits (Anoshirike et al., 2019).
Furthermore, existing studies have not fully addressed the functional and sensory implications of incorporating rice and cocoyam flours into traditional biscuit and cake recipes. Concerns such as texture, taste, color, and consumer acceptability remain significant barriers to wider utilization. Therefore, there is a pressing need for research that explores optimal formulations, evaluates physicochemical and sensory qualities, and promotes the integration of these flours into mainstream baking to enhance food security, reduce reliance on imported wheat, and encourage the use of indigenous crops.

1.3 Aims and Objectives of the Study
Aim of the Study
The aim of this study is to evaluate the feasibility of utilizing rice flour and cocoyam flour, either singly or in composite blends, in the production of biscuits and cakes. The study focuses on determining their nutritional value, functional properties, and consumer acceptability as alternatives to conventional wheat flour.
Objectives of the Study
· To determine the proximate composition (moisture, protein, fat, fiber, ash, and carbohydrate) of rice flour, cocoyam flour, and their composite blends to assess their nutritional potential. 
· To assess the functional properties (bulk density, water absorption capacity, oil absorption capacity and swelling index) of rice-cocoyam flour blends to evaluate their suitability in baking applications.
· To produce biscuits and cakes using various proportions of rice and cocoyam flour blends and evaluate their baking characteristics such as volume, spread ratio, color, and texture.


1.4 Research Questions
1. What proportion of rice and cocoyam flour substitution gives the most acceptable and nutritionally balanced biscuit and cake?
2. Can rice and cocoyam flours serve as suitable, cost-effective alternatives to wheat flour in bakery products in terms of nutritional value and consumer preference?
1.5 Significance of the Study
The increasing demand for nutritious, affordable, and gluten-free alternatives to wheat flour in bakery products has created an urgent need to explore the potential of locally available crops such as rice and cocoyam. This study is significant for several reasons, particularly within the contexts of food security, public health, and industrial innovation.
Firstly, the study promotes the utilization of underexploited local crops like cocoyam, which is often overlooked despite its high nutritional value and availability in many parts of Nigeria. By incorporating cocoyam and rice flours into commonly consumed foods such as biscuits and cakes, this research encourages agricultural diversification and adds economic value to local produce, thereby supporting rural farmers and boosting the local economy.
Secondly, the study contributes to the development of gluten-free and hypoallergenic bakery products, offering alternatives for individuals with celiac disease, gluten intolerance, or wheat allergies. With the global rise in demand for gluten-free products, this research can help local industries to expand their product lines and reach new consumer markets.
Thirdly, this research provides scientific insight into the nutritional and functional properties of rice and cocoyam flour blends in food formulations. By analyzing proximate composition and sensory attributes, the study generates useful data that can guide food technologists, dietitians, and manufacturers in optimizing product quality and acceptability.
Furthermore, the findings of this study can serve as a reference for academic and industrial research, opening up new frontiers for the development of cost-effective, nutritious bakery products using composite flours. It aligns with national goals of reducing wheat import dependency by promoting locally sourced raw materials.
Lastly, this project will also benefit consumers by providing healthier alternatives to conventional baked goods. The use of rice and cocoyam flours may improve the fiber, mineral, and carbohydrate profiles of the final products, contributing to better nutrition and well-being.
In summary, this study is significant in enhancing food innovation, supporting local agriculture, improving nutritional quality of processed foods, and contributing to the body of knowledge in food science and technology.
1.6 Scope and Limitations of the Study
Scope
This study focuses on the use of rice flour and cocoyam flour as alternative ingredients in the production of biscuits and cakes. It investigates the formulation of composite flours by blending rice and cocoyam flours to partially or fully replace wheat flour. The study evaluates the proximate composition and functional properties of the flours and their blends to determine suitability for baking applications. Additionally, the physical and sensory characteristics of biscuits and cakes produced from these blends will be assessed. The nutritional benefits of cocoyam and rice flours, rich in dietary fiber, vitamins, and minerals, are also considered. The research ultimately aims to promote the use of indigenous crops in bakery products to enhance local food security and reduce reliance on imported wheat (Kabuo et al., 2018; Alozie & Chinma, 2015; Nwadili, 2020).
Limitations
Several limitations are inherent in this study. The quality and availability of cocoyam flour may vary due to differences in tuber varieties and processing techniques, affecting the consistency of results (Anoshirike et al., 2019). Rice flour's low gluten content can negatively impact the texture and structure of bakery products compared to wheat-based counterparts (Kabuo et al., 2018). The study is confined to laboratory-scale baking trials and sensory evaluations, which may not fully replicate commercial baking conditions or broader consumer preferences (Fosu, Nyadroh, & Amankrah, 2021). The evaluation of shelf-life and storage stability is limited by time constraints, and long-term microbial safety was not assessed. Finally, consumer acceptance is influenced by cultural preferences and awareness, which may limit adoption without targeted education and marketing efforts (Nwadili, 2020).

1.7	 Definition of Terms
Rice Flour: A finely milled powder obtained from polished or unpolished rice grains (Oryza sativa). It is commonly used as a gluten-free alternative to wheat flour in various food applications. Rice flour may contain variable levels of protein and starch depending on the variety and processing method.
Cocoyam Flour: A starchy flour produced from dried and ground cocoyam tubers (Colocasia esculenta or Xanthosoma sagittifolium). Cocoyam flour is known for its high digestibility, dietary fiber content, and moderate protein levels. It is underutilized in commercial food production despite its nutritional potential.
Composite Flour: A mixture of flours from different sources (e.g., rice and cocoyam) used to substitute wheat flour partially or totally in food product development. Composite flour is often created to improve nutritional value, reduce costs, or utilize local crops.
Biscuits: Small, flat-baked products typically made from flour, sugar, and fat. In this study, biscuits refer to hard-textured baked snacks similar to cookies, produced using flour blends of rice and cocoyam.
Cake: A soft, sweet baked product usually made from a batter of flour, sugar, eggs, and fat. The cakes studied here are sponge-type cakes formulated with various ratios of rice and cocoyam flours.
Gluten-Free: A term used to describe food products that do not contain gluten, a protein found in wheat, barley, and rye. Gluten-free foods are suitable for individuals with celiac disease or gluten intolerance.
Proximate Composition: A basic nutritional analysis that measures moisture, crude protein, fat, ash, fiber, and carbohydrate content in food products. It is used to assess the overall nutritional profile of the flour blends and the baked goods.
Functional Properties: Physical and chemical characteristics of flour that affect its behavior during processing and product formation. Examples include water absorption capacity, bulk density, swelling index, and oil absorption capacity.
Sensory Evaluation: A scientific method used to assess human responses to food characteristics such as taste, texture, appearance, and aroma. This study uses sensory evaluation to determine consumer acceptability of the developed biscuits and cakes.
Flour Substitution: The process of replacing part or all of a standard flour (e.g., wheat) with another flour (e.g., rice or cocoyam) in a recipe or formulation. This is typically done for nutritional, functional, or economic purposes.
Acceptability: A measure of how well a food product is received by consumers or panelists based on its sensory qualities. It helps determine whether a newly developed product can succeed in the market.
Underutilized Crops: Food crops that have significant nutritional and economic potential but are not widely cultivated, processed, or commercialized. In this context, cocoyam is considered an underutilized crop in comparison to wheat or maize.
Nutritional Enhancement: The process of improving the nutrient content of food products by using ingredients with superior nutritional qualities. This is a major goal of composite flour development.
Substitution Ratio: The percentage at which a non-wheat flour (e.g., rice or cocoyam flour) replaces wheat flour in a given recipe. Common substitution ratios in studies range from 10% to 100%.
Food Product Development: A systematic approach to creating new food items or reformulating existing ones to meet specific consumer, health, or market demands. This includes formulation, testing, and sensory evaluation phases.
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CHAPTER TWO
LITERATURE REVIEW
2.1	 Overview of Biscuits and Cake Production
Biscuits and cakes are among the most widely consumed bakery products globally due to their convenience, taste, and nutritional value. Traditionally, wheat flour has been the primary ingredient in their production because of its gluten content, which provides dough elasticity and structure (Alozie & Chinma, 2015). However, increasing health concerns, gluten intolerance, and the need for diversification of raw materials have spurred research into alternative flours such as rice flour and cocoyam flour in biscuit and cake production.
2.1.1	Biscuits Production 
Biscuits are generally classified as either soft or hard, depending on their moisture content and textural properties. The production process involves mixing flour, sugar, fat, and leavening agents, followed by shaping and baking (Kabuo et al., 2018). The functional properties of the flour, such as water absorption capacity, particle size, and starch composition, significantly influence dough handling and the final biscuit quality. Rice flour has been shown to improve crispness and reduce gluten-related allergenicity in biscuits but often requires blending with other flours to enhance dough cohesiveness (Fosu, Nyadroh, & Amankrah, 2021). Cocoyam flour, rich in starch and dietary fiber, contributes to moisture retention and improved texture, making it suitable for biscuit production (Nwadili, 2020).
2.1.2	Cake Production
Cake production requires flours that can create a tender crumb structure and retain moisture, primarily through gluten development and starch gelatinization (Alozie & Chinma, 2015). The use of rice and cocoyam flours, both gluten-free, presents challenges in maintaining the structure and volume typical of wheat-based cakes. Therefore, formulations often include composite blends or functional additives like emulsifiers and hydrocolloids to compensate for the lack of gluten (Fosu et al., 2021). Cocoyam flour has been reported to improve nutritional content by increasing fiber and resistant starch levels, which also influence the cake’s textural and sensory qualities positively (Nwadili, 2020).
2.1.3 	Utilization of Rice and Cocoyam Flours
Blending rice and cocoyam flours with wheat flour or using them as total replacements has gained attention for producing gluten-free or composite baked goods. Research indicates that the functional and nutritional properties of these flours can enhance product quality and consumer acceptability when optimized properly (Kabuo et al., 2018). Studies also highlight that cocoyam flour improves water absorption and emulsifying properties, which are critical in dough formation and baking performance (Anoshirike et al., 2019). Meanwhile, rice flour contributes a mild flavor and light color, which is desirable in biscuits and cakes (Bamigbola, Oladiji, & Akinwale, 2020).
The utilization of rice and cocoyam flours in biscuit and cake production offers promising opportunities to develop nutritionally enriched, gluten-free, and locally sourced bakery products. However, optimization of formulations and processing conditions remains crucial to overcoming the functional limitations associated with these flours.
2.2 	Nutritional Composition of Rice Flour
Rice flour is widely recognized as an important alternative to wheat flour, especially in gluten-free bakery products such as biscuits and cakes. Its nutritional composition influences both the quality and health benefits of these baked goods. Rice flour is primarily composed of carbohydrates, with a moderate amount of protein and minimal fat content, making it a valuable energy source (Bamigbola, Oladiji, & Akinwale, 2020).
The carbohydrate content of rice flour typically ranges between 75% and 85%, mainly consisting of starch, which affects its gelatinization and pasting properties crucial for baking performance (Onwuka et al., 2017). The starch granules in rice flour are generally smaller than those in wheat flour, contributing to different textural qualities in biscuits and cakes. Rice starch also has a relatively high amylose content, which affects the firmness and shelf life of baked products (Kabuo et al., 2018).
Rice flour contains about 6% to 8% protein, though its protein quality is lower than wheat due to the absence of gluten-forming proteins, which are essential for dough elasticity (Bamigbola et al., 2020). This lack of gluten means rice flour-based doughs often require modification or blending with other flours, such as cocoyam flour, to improve baking properties.
The fat content in rice flour is generally low, usually less than 1%, primarily composed of unsaturated fatty acids that contribute to the nutritional profile without adversely affecting product stability (Onwuka et al., 2017). Rice flour also contains small amounts of dietary fiber, vitamins (particularly B-complex), and minerals such as phosphorus, magnesium, and potassium, which enhance the nutritional value of baked goods (Adewuyi et al., 2019).
Moreover, rice flour is gluten-free, making it suitable for consumers with celiac disease or gluten sensitivity, which has increased its demand in the bakery industry (Fosu, Nyadroh, & Amankrah, 2021). The integration of rice flour in biscuits and cakes can also improve the glycemic index, especially when combined with high-fiber flours like cocoyam, potentially benefiting consumers seeking healthier options (Nwadili, 2020).
The nutritional composition of rice flour, characterized by its high starch, moderate protein, and low-fat content, alongside its gluten-free nature, makes it a viable ingredient in the production of biscuits and cakes. Its limitations, however, necessitate blending with other flours to achieve desired baking qualities.
2.3	 Nutritional Composition of Cocoyam Flour
Cocoyam (Xanthosoma sagittifolium or Colocasia esculenta) is a tropical root crop valued for its nutritional richness and functional versatility. When processed into flour, cocoyam becomes an excellent ingredient for bakery applications, particularly in composite flour formulations aimed at improving the nutritional profile and texture of biscuits and cakes (Kabuo et al., 2018).
Cocoyam flour is predominantly made up of carbohydrates, typically accounting for 70%–85% of its dry weight. These carbohydrates are primarily in the form of starch, including a significant proportion of resistant starch, which has been linked to lower glycemic response and improved digestive health (Nwadili, 2020). The high starch content enhances the binding and thickening properties of cocoyam flour, making it suitable for baking applications where structure and moisture retention are desired.
One of the notable nutritional advantages of cocoyam flour is its relatively high dietary fiber content, ranging from 5% to 10%, depending on the variety and processing method (Anoshirike et al., 2019). Fiber contributes to improved bowel function and satiety and can lower the glycemic index of baked goods. In cake and biscuit formulations, fiber also influences texture and water retention, helping to prevent dryness during storage.
Cocoyam flour contains moderate levels of protein, generally between 5% and 7%, though it lacks gluten-forming proteins. This makes it a gluten-free alternative to wheat flour, ideal for individuals with celiac disease or gluten intolerance (Fosu, Nyadroh, & Amankrah, 2021). Fat content is low, typically around 0.5% to 1.5%, consisting mainly of unsaturated fatty acids, which are beneficial for heart health (Alozie & Chinma, 2015).
Cocoyam flour is a good source of essential minerals such as potassium, magnesium, phosphorus, and iron, which support metabolic and cardiovascular health. It also contains vitamins like vitamin C and some B-complex vitamins, though these may be reduced during drying and processing (Kabuo et al., 2018).
The nutritional profile of cocoyam flour contributes to several functional properties important in baking, including water absorption capacity, emulsifying ability, and swelling power. These traits enhance the texture and palatability of baked products, especially when cocoyam is used in combination with other flours like rice (Nwadili, 2020).
Cocoyam flour offers a nutrient-rich and gluten-free alternative to wheat flour, with high fiber and carbohydrate content, moderate protein, and significant mineral contributions. Its use in biscuits and cakes not only enhances the nutritional value of the final products but also aligns with current trends toward healthier, locally sourced food ingredients.


2.4	 Functional Properties of Rice and Cocoyam Flours
The functional properties of flour refer to the physical and chemical characteristics that influence its behavior during food processing and product development. In the context of biscuit and cake production, key functional properties include water absorption capacity, oil absorption, swelling power, bulk density, emulsifying capacity, and pasting characteristics. These properties directly affect the texture, volume, spread ratio, and overall sensory appeal of the final baked products (Bamigbola, Oladiji, & Akinwale, 2020).
2.4.1 	Functional Properties of Rice Flour
Water Absorption Capacity (WAC): Rice flour demonstrates a moderate to high water absorption capacity, ranging between 1.5 to 2.5 g/g. This property is essential for batter formation, impacting the softness and moisture content of cakes and biscuits (Onwuka et al., 2017). High WAC enhances the ability of the flour to retain moisture during baking, resulting in softer textures.
Swelling Power and Solubility: Rice flour has relatively high swelling power, especially at higher temperatures. This indicates the ability of starch granules to absorb water and expand, which affects the tenderness of cakes (Bamigbola et al., 2020). However, excessive swelling without the support of gluten structure can lead to crumbling in baked goods.
Pasting Properties: The pasting temperature and peak viscosity of rice flour are influenced by its amylose content. High peak viscosity is associated with better thickening ability, important in forming stable doughs and batters (Adewuyi et al., 2019). However, due to the absence of gluten, rice flour-based doughs often lack elasticity and require supplementation or blending.
Bulk Density: Rice flour exhibits a relatively low bulk density, which is beneficial in reducing product hardness and increasing spread ratio in biscuits (Kabuo et al., 2018).
2.4.2 	Functional Properties of Cocoyam Flour
Water Absorption and Retention: Cocoyam flour is known for its high-water absorption capacity (2.5–3.2 g/g), attributed to its fiber and starch content (Anoshirike et al., 2019). This property aids in moisture retention during baking, contributing to the softness and extended shelf life of biscuits and cakes.
Emulsifying and Foaming Capacity: Cocoyam flour has moderate emulsifying and foaming properties, which are critical in maintaining the uniform distribution of fat and air in batters. This contributes to better texture, mouthfeel, and volume in cakes (Fosu, Nyadroh, & Amankrah, 2021).
 Swelling Index: Due to its high starch and dietary fiber, cocoyam flour shows high swelling capacity, which positively affects the softness and fluffiness of cakes, although excessive use can result in a gummy texture (Kabuo et al., 2018).
 Gelation and Viscosity: The least gelation concentration of cocoyam flour is relatively low, indicating its strong thickening potential. This makes it a good thickener in composite blends used for baking (Nwadili, 2020). The high viscosity also helps in improving the texture of gluten-free baked products.
2.4.3 	Synergistic Effects in Composite Flour
When used in combination, rice and cocoyam flours complement each other’s limitations. Rice flour provides a light texture and mild taste, while cocoyam flour enhances water retention and nutritional value. Together, they improve dough handling, batter stability, and the sensory quality of cakes and biscuits, especially when used in optimized ratios (Fosu et al., 2021; Nwadili, 2020).
2.5 	Health and Economic Benefits of Using Local Flours
The use of local flours such as rice flour and cocoyam flour in the production of biscuits and cakes offers substantial health and economic advantages. These flours are not only nutritionally beneficial but also support local economies by reducing reliance on imported wheat.
2.5.1 	Health Benefits
Rice flour and cocoyam flour both contribute essential nutrients when used in baked products. Rice flour is rich in carbohydrates and contains essential amino acids, B vitamins, and minerals such as magnesium and selenium (Adewuyi et al., 2019). Cocoyam flour contains significant amounts of dietary fiber, potassium, and vitamin C, and is easily digestible due to its small starch granules (Anoshirike et al., 2019).
Both rice and cocoyam flours are naturally gluten-free, making them ideal for individuals with gluten intolerance or celiac disease (Fosu, Nyadroh, & Amankrah, 2021). Their inclusion in baked products like cakes and biscuits can help meet the growing demand for gluten-free diets.
The high fiber content in cocoyam flour enhances gastrointestinal health and promotes regular bowel movements, reducing the risk of constipation and other digestive issues (Ohuoba et al., 2019). Dietary fiber also contributes to satiety, which can aid in weight management.
2.5.2 	Economic Benefits
The use of rice and cocoyam flours encourages the cultivation and processing of these indigenous crops, creating income-generating opportunities for local farmers and small-scale processors (Kabuo et al., 2018). This shift also contributes to rural development by stimulating agri-business ventures. Many countries, including Nigeria, spend significant foreign exchange on wheat imports. Substituting wheat with rice or cocoyam flour in baked goods can reduce import dependency and enhance food sovereignty (Odunfa et al., 2020). In regions where rice and cocoyam are locally abundant, using their flours can be more cost-effective than wheat. This cost reduction can be passed on to consumers, making baked goods more affordable while also supporting local industry (Bawa et al., 2023).
The development of biscuits and cakes from local flours allows for the creation of value-added products tailored to health-conscious and niche markets (e.g., gluten-free, high-fiber). This can enhance the profitability and competitiveness of local food industries (Azeez et al., 2024).




CHAPTER THREE
METHODOLOGY
3.1 	Sample Collection and Preparation
Raw Materials: The primary raw materials used in this study were rice grains, cocoyam corms, and wheat flour. Rice grains and cocoyam were sourced from a local market in [Insert Location]. Other ingredients such as sugar, eggs, baking powder, margarine, flavoring, and milk were obtained from a reputable baking supply store.
Preparation of Rice Flour: The rice grains were sorted to remove stones and foreign materials, washed thoroughly, and sun-dried for 2–3 days. After drying, the rice was milled into flour using a dry milling machine and sieved through a 0.5 mm mesh to obtain fine rice flour. The flour was stored in an airtight container at room temperature until use.
Preparation of Cocoyam Flour: The cocoyam corms were peeled, washed, sliced thinly, and soaked in clean water for 30 minutes to reduce acridity. The slices were then blanched at 60°C for 10 minutes, drained, and sun-dried for 3–4 days. The dried slices were milled into flour using a dry grinder and sieved through a 0.5 mm mesh. The flour was stored in airtight containers.
3.2 	Ingredients 
The ingredients used for both biscuit and cake production included the following:
· All purpose flour
· Rice flour
· Cocoyam flour
· Granulated sugar
· Margarine
· Baking powder
· Eggs
· Milk flavour
· Nut meg
· Preservative 
· Water (for biscuits)
· Liquid milk (for cakes)
· Vanilla flavoring (for cakes)
3.3 BISCUIT PREPARED FROM RICE FLOUR AND COCOYAM FLOUR
1-Biscuit 100% rice flour
Recipe							Quantity
· Rice flour						250g
· Warm water					60ml
· Sugar						150g
· Baking powder 					1 teaspoon 
· Margarine 					100g
· Salt 						1/4 cup
· Vanilla flavor 					1teaspoon
· Egg 						1 large 
Biscuits 100% cocoyam flour 
Recipe							Quantity 
· Cocoyam flour					250g
· Baking powder					1/2teaspoons
· Margarine						100g
· Sugar						50g
· Egg						1 large
· Milk 						3tablespoons
· Salt 						1/4teaspoon
· Vanilla flavor 					1/2 teaspoon
2. Biscuit 70% rice flour and 30% cocoyam flour
Recipe							Quantity 
· Rice flour						700g
· Cocoyam flour 					300g
· Baking powder  					1/2teaspoon
· Margarine 					500g
· Sugar 						500g
· Egg 						1 large
· Milk						4tablespoon
· Vanilla flavor 					2teaspoon
· Salt 						1/4teaspoon 
Biscuit 50% rice flour and 50% cocoyam flour
Recipe							Quantity 
· Rice flour 					200g
· Cocoyam flour 					200g
· Baking powder 					1/2teaspoon 
· Margarine 					200g
· Sugar 						200g
· Egg 						1 large
· Milk 						4tablespoon
· Salt 						1/4teaspoon
· Vanilla flavor 					1/2 teaspoon

Preparation 
· Margarine and sugar were creamed together in a mixing bowl until light and fluffy.
· Egg was beaten and added to the creamed mixture.
· The flour(s), baking powder, and salt (if any) were mixed separately and gradually folded into the mixture to form a soft, consistent dough.
· Water was added as needed to adjust the consistency.
· The dough was rolled out on a clean surface and cut into uniform shapes using a biscuit cutter.
· The shaped dough was placed on a greased baking tray and baked at 180°C for 20–25 minutes.
· Baked biscuits were cooled to room temperature and packed for analysis.

Cake prepared from rice flour and cocoyam flour 
1. Cake 100% rice flour
Recipe								Quantity 
· Rice flour 						150g
· Baking powder 						2tablespoon
· Margarine 						150g
· Sugar 							150g
· Eggs 							1 large
· Milk 							1/2cup
· Vanilla flavor 						1teaspoon
· Salt 							1/4 teaspoon 

Cake 100% cocoyam flour 
Recipe								Quantity 
· Cocoyam flour 						150g
· Baking powder 						2teaspoon
· Margarine 						150g
· Sugar 							150g
· Eggs 							4large
· Milk 							2/3cup
· Vanilla flavor 						1 teaspoon 
· Salt 							1/4 teaspoon

2.Cake 70% rice flour and 30% cocoyam flour
Recipe								Quantity 
· Rice flour  						700g
· Cocoyam flour  						300g
· Baking powder 						2teaspoon
· Margarine 						100g
· Sugar 							100g
· Egg 							4large
· Milk  							1/2cup
· Vanilla flavor 						1 tablespoon
· Salt 							1/4 teaspoon 

Cake 50% rice flour and 50% cocoyam flour
Recipe								Quantity 
· Rice flour 						250g
· Cocoyam flour 						250g
· Baking powder 						1/2 teaspoon 
· Margarine 						500g
· Sugar 							500g
· Egg 							4 large
· Milk 							2/3cup
· Vanilla flavor  						1 teaspoon 
· Salt 							1/4 teaspoon

Preparation
· Margarine and sugar were creamed until light and fluffy.
· Eggs were beaten and gradually added while mixing continuously.
· The flour(s), baking powder, and salt were mixed and folded gently into the mixture.
· Milk and vanilla essence were added to adjust the batter consistency.
· The batter was poured into a greased and floured cake pan.
· Baking was done at 180°C for 30–35 minutes.
· Cakes were cooled at room temperature before packaging.

3.4	 Proximate Analysis
Proximate composition (moisture, protein, fat, fiber, ash, and carbohydrate) of the biscuit and cake samples was determined using standard methods of the Association of Official Analytical Chemists (AOAC, 2019). Carbohydrate content was calculated by difference:
% Carbohydrate = 100 − (% Moisture + % Protein + % Fat + % Ash + % Fiber)
3.5	 Sensory Evaluation
Sensory evaluation was carried out using a panel of 20 semi-trained panelists selected from staff and students of [Insert Department/Institution]. Each panelist was asked to evaluate the samples for:
· Taste
· Texture
· Aroma
· Color
· Overall Acceptability
A 9-point hedonic scale was used, where 1 = Dislike Extremely and 9 = Like Extremely. The samples were coded (e.g., A, B, C, D), and water was provided for rinsing between samples.
3.6	 Statistical Analysis
All experiments were carried out in triplicates. Data obtained from proximate and sensory evaluations were subjected to Analysis of Variance (ANOVA) using SPSS  Differences between means were separated using Duncan’s Multiple Range Test (DMRT) at p < 0.05 significance level.

CHAPTER FOUR
RESULTS AND DISCUSSION
4.1 INTRODUCTION
Copies of the research sensory evaluation questionnaire were distributed to some randomly selected staff and student of the Hospitality Department in Kwara State Polytechnic, Ilorin. A total of fifty (50) copies of questionnaire were fully answered and returned back to the researcher after effective testing of the biscuits and cake.
4.2 DATA ANALYSIS AND RESULTS
	The following data were presented and analyzed. Data presentation was made under two sub-headings, Section A and Section B Section. A consists of demographic characteristics of respondents while Section B consists of main sensory evaluation data analysis.
SECTION A: DEMOGRAPHIC CHARACTERISTICS OF RESPONDENTS
The following demographic data are analyzed in this research project based on the responses received from the administered questionnaires.
TABLE 4.1: SEX OF RESPONDENTS
	SEX
	FREQUENCY
	PERCENTAGE %

	Male
	15
	30%

	Female
	35
	70%

	Total
	50
	100%


Source: Field Survey, 2025
The table 4.1 above shows that 35 respondents representing 70% of the respondents are Female while the remaining 15 respondents representing 30% are male.



TABLE 4.2: AGE OF RESPONDENTS
	AGE
	FREQUENCY
	PERCENTAGE %

	16-20years
	25
	50%

	21-30years
	20
	40%

	31-40years
	2
	4%

	41 years and above
	3
	6%

	TOTAL
	50
	100


Source: Field Survey, 2025
	The table 4.2 above shows that 25 respondents representing 50% and between the age of 16-20 years, 20 respondents representing 40% and 21-30 years, 2 respondents representing 4% are 31-40 years, 3 respondents representing 6% are 41 years and above
TABLE 4.3: EDUCATION QUALIFICATION
	QUALIFICATION
	FREQUENCY
	PERCENTAGE %

	ND
	32
	64%

	HND
	15
	30%

	B.Sc
	3
	6%

	M.Sc/MA
	-
	-

	TOTAL
	50
	100


Source: Field Survey, 2025
The table 4.3 shows that 64%, ND are 17 respondents, 30% HND are 10 respondents, 6% B.Sc are 3 respondents, while No holder of M.Sc/Ma are nill.
TABLE 4.4: MARITAL STATUS
	MARITAL STATUS
	FREQUENCY
	PERCENTAGE %

	Single
	42
	84%

	Married
	8
	16%

	TOTAL
	50
	100


Source: Field Survey, 2025
The table 4.4 shows that respondents that are single are 42 respondents 84% and those that are married are 8 respondents 16%.
TABLE 4.5: DEPARTMENT
	DEPARTMENT
	FREQUENCY
	PERCENTAGE %

	Hospitality 
	30
	60%

	Banking and Finance
	8
	16%

	Computer Science
	5
	10%

	Business Administration
	7
	14%

	TOTAL
	50
	100


Source: Field Survey, 2025
The table 4.5 above shows that 30 respondents representing 60% of the respondents are in Hospitality Management Department, 8 respondents representing 16% are in Banking and finance, 5 respondents 10% are Computer science while 7 respondents representing 14% are in Business Administration.

4.3 RESULTS
SECTION B
	The chapter deals with results and discussion of data gathered from the respondents in the field survey. The questionnaire provided was fifty (50) and the percentage (%) responses rates of the study were properly answered, the result of the study are presented in table and percentage. The analysis of the data is based in respondents answer under the practical observation.
Table 1: BISCUIT AND CAKE
The number of the observed use was 50 numbers by frequency
	Variable
	Excellent
	Very Good
	Good
	Fair
	Poor

	Taste
	9
	16
	18
	7
	-

	Appearance 
	16
	14
	14
	6
	-

	Aroma
	10
	16
	17
	7
	-

	Palatability
	9
	17
	15
	9
	-


Source: Field Survey, 2025


The number of the observed use was 50 numbers by percentage
	Variable
	Excellent
	Very Good
	Good
	Fair
	Poor

	Taste
	18
	32
	36
	14
	-

	Appearance 
	32
	28
	28
	12
	-

	Aroma
	20
	32
	34
	14
	-

	Palatability
	18
	34
	30
	18
	-



4.4 DISCUSSION
Ffrom the above table 1, 18% of the respondents confirm excellent, 32% of the respondents confirm very good, 36% of the respondents confirm good while 14% of the respondents confirm fair to the taste of breadfruit oil from the practical observation.
From the above table 1, 32% of the respondents confirm excellent, 28% of the respondents confirm very good, 36% of the respondents confirm good while 12% of the respondents confirm fair to the appearance of breadfruit oil from the practical observation.
From the above table 1, 20% of the respondents confirm excellent, 32% of the respondents confirm very good, 34% of the respondents confirm good while 14% of the respondents confirm fair to the aroma of breadfruit from the practical observation.
From the above table 1, 18% of the respondents confirm excellent, 34% of the respondents confirm good while 18% of the respondents confirm fair to the palatability of breadfruit from the practical observation.
4.4	 Sensory Evaluation
Sensory evaluation was conducted to assess the acceptability of the biscuit and cake samples based on taste, texture, aroma, color, and overall preference. Panelists showed a preference for products containing up to 30% cocoyam flour substitution, as these samples retained desirable sensory qualities. The inclusion of cocoyam flour improved the texture and mouthfeel of the biscuits and cakes but became less acceptable when used in higher proportions due to changes in color, taste, and density. The sensory results indicated that moderate blending with cocoyam flour is feasible without compromising consumer satisfaction.

CHAPTER FIVE
SUMMARY, CONCLUSION AND RECOMMENDATIONS
5.1	 Summary 
This study explored the utilization of rice flour and cocoyam flour in the production of biscuits and cakes, focusing on their nutritional, functional, and sensory properties. The research revealed that cocoyam flour is rich in protein, fiber, ash, and moisture, while rice flour has a higher carbohydrate content. When blended, the composite flours produced a nutritionally balanced profile suitable for bakery applications. Functional analysis indicated that cocoyam flour enhanced water and oil absorption capacities, while rice flour improved swelling capacity. These functional traits positively influenced the structure and texture of baked products. Biscuits and cakes made with up to 30% cocoyam flour substitution maintained good texture, taste, and appearance, and were well accepted by sensory panelists. However, at higher levels of substitution, the products became denser and slightly less acceptable in terms of taste and appearance. Statistical analysis confirmed that cocoyam flour significantly influenced the quality of the final products, supporting its use in composite flour technology for bakery applications.
5.2 	Conclusion
The results of this research conclude that cocoyam flour, when used in combination with rice flour, offers a nutritionally superior and functionally beneficial alternative to 100% wheat flour in the production of biscuits and cakes. The study confirmed that a substitution level of up to 30% cocoyam flour yields baked products with acceptable quality in terms of sensory attributes, texture, and overall consumer acceptability. The use of cocoyam flour not only enhances nutritional value but also promotes the utilization of underexploited local crops, thereby supporting food diversification and reducing dependency on imported wheat flour. This study therefore demonstrates that rice and cocoyam flour blends can contribute to sustainable bakery product development, especially in regions where these raw materials are readily available.

5.3	 Recommendations
Based on the findings, it is recommended that rice flour and cocoyam flour blends should be used at substitution levels not exceeding 30% cocoyam flour for optimal biscuit and cake quality. Local bakers and food industries are encouraged to adopt these composite flours to reduce production costs and improve nutritional outcomes. Public health agencies should promote awareness of the nutritional benefits of such local flour blends, while agricultural support programs should encourage the cultivation and processing of cocoyam and rice as viable alternatives to wheat. Future research should investigate the shelf stability, consumer acceptance across different demographics, and potential for incorporating other functional ingredients. Government policy and support from food technology institutions can further enhance the commercialization and adoption of composite flour-based bakery products, ultimately contributing to food security, rural development, and healthier food systems.
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APPENDIX
QUESTIONNAIRE
BIO-DATA OF THE RESPONDENTS
SECTION A: This section consists of demographic characteristics of respondents
1. Sex: Male (   )   Female (   )
2. Age: 20-30 (   )  31-40 (   )  41-50 (   )  51 years and above (   )
3. Marital Status: Single (   )  Married (   )
4. Educational Qualifications: SSCE (   )  ND/NCE (   )  HND/B.Sc (   )  Other (   )
5. Department: Hospitality (   )  Accountancy (   )  SLT (   )  Computer Science (   )

SECTION B: This section consists of main sensory evaluation data analysis
6. Table 1: BISCUITS
The number of the observed used was 50 numbers by frequency
	Variable
	Excellent
	Very Good
	Good
	Fair
	Poor

	Taste
	
	
	
	
	

	Appearance 
	
	
	
	
	

	Aroma
	
	
	
	
	

	Palatability
	
	
	
	
	




7. Table 2: CAKE
The number of the observed used was 50 numbers by frequency
	Variable
	Excellent
	Very Good
	Good
	Fair
	Poor

	Taste
	
	
	
	
	

	Appearance 
	
	
	
	
	

	Aroma
	
	
	
	
	

	Palatability
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