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ABSTRACT
This project focuses on the processing of tiger nut (Cyperus esculentus) into flour and its utilization in the production of assorted snacks. Tiger nut is an underutilized tuber rich in dietary fiber, essential fatty acids, vitamins, and minerals. Due to its nutritional benefits and natural sweetness, tiger nut is gaining attention as a functional food ingredient. The aim of this study is to explore the methods involved in transforming tiger nuts into flour, analyze its nutritional composition, and develop various snacks such as doughnuts, bread, Puff-puff cookies, and cakes using the processed flour. The Ingredients used were gotten from Oja-Tuntun in Ilorin, Kwara State. The project outlines the cleaning, drying, milling, and sieving processes involved in tiger nut flour production. The study also includes sensory evaluations and comparative analysis with traditional wheat-based products. Results show that tiger nut flour can effectively be used as a substitute or complement in snack production, offering improved nutritional profiles and promoting the use of local raw materials. This initiative supports food diversification, value addition, and economic empowerment through agro-processing.
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	CHAPTER ONE	
BACKGROUND TO THE STUDY
1.1	Introduction
Tiger nut (Cyperusesculentus), also known as earth almond, is a tuber crop widely cultivated in Africa, Southern Europe, and parts of Asia. Despite its small size, the tiger nut has gained global recognition due to its impressive nutritional profile and versatility in the food industry. Historically, tiger nuts have been consumed as snacks or used to produce a traditional beverage known as Horchata de Chufa in Spain. In recent years, the growing demand for gluten-free and nutrient-dense foods has led to the exploration of tiger nuts as a key ingredient in flour production (Adejuyitan, 2011). 
Tiger nut flour, derived from dried and finely milled tiger nuts, offers a healthier alternative to conventional flours. It is naturally gluten-free, lactose-free, and nut-free, making it suitable for individuals with dietary restrictions or food allergies. Rich in dietary fiber, essential fatty acids, antioxidants, and minerals such as potassium and magnesium, tiger nut flour contributes to a balanced diet while supporting digestive health, weight management, and blood sugar regulation. (Oladele, 2017)
This project is focuses on the transformation of tiger nuts into flour and its application in producing a variety of snacks, including doughnuts, puff-puff, cookies, cakes, bread, and energy bars. With the rise in consumer preference for health-oriented and plant-based foods, tiger nut-based products have significant potential in the global food market.
The project does not only address the growing demand for healthier snack options but also aligns with sustainable agricultural practices. Tiger nuts are drought-resistant, require minimal inputs, and are adaptable to different climatic conditions. By processing tiger nuts into flour and value-added products, this initiative promotes food security, supports local farmers, and contributes to economic development. (Ayo 2019)
1.2	 Statement of the Problem
Despite the abundance and nutritional value of tiger nuts in many regions, particularly in Africa, their full potential as a food source remains untapped. Traditional methods of processing and consumption often limit the diversity and accessibility of tiger nut-based products. There is a significant gap in the market for innovative and value-added products derived from tiger nut flour, especially in the realm of assorted snacks. (Adejuyitan, 2011)
Key Challenges:
· Limited Processing Techniques: Traditional methods of processing tiger nuts are often labor-intensive, time-consuming, and inefficient, leading to low yields and suboptimal product quality.
· Lack of Standardization: There is a lack of standardized processing techniques and quality control measures for tiger nut flour, resulting in inconsistent product quality and consumer acceptance.
· Product Development: There is a need for innovative product development to diversify the range of tiger nut-based snacks, appealing to a wider consumer base, particularly younger generations.
· Market Penetration: Challenges exist in effectively marketing and distributing tiger nut-based products, especially in competing with established snack brands.
By addressing these challenges, this project aims to develop efficient processing techniques, standardize production processes, and create a diverse range of high-quality, nutritious, and appealing tiger nut-based snacks.
1.3	Objectives of the Study
· To produce high-quality tiger nut flour for industrial and domestic use.
· To develop innovative snacks using tiger nut flour to meet consumer demands.
· To promote the utilization of tiger nut as a sustainable crop.
1.4	Research Question 
i. What are the benefits of Tiger nut in human health?
i. Does tiger nut has processing offers profitable business in the economy 
ii. Is there any challenges militating against the processing of Tiger nut
1.5	Significance of the Study
 Processing of Tiger nut Flour is as follow:
i. Selection of Tiger Nuts
Choose high-quality, fresh tiger nuts free from mold, dirt, and debris.
Wash thoroughly with clean water to remove sand, grit, and impurities.
ii.  Soaking (Optional)
Soak the tiger nuts in water for 8–24 hours to soften them, improve grinding, and reduce anti-nutrients like phyticacid.
Drain and rinse after soaking.
iii.  Drying
Spread the tiger nuts on a clean surface or tray and dry them in the sun, a dehydrator, or an oven at a low temperature (around 40–50°C) until completely dry.
Ensure proper drying to prevent mold growth and extend shelf life.
iv. Grinding
Grind the dried tiger nuts into a fine powder using a grain mill, blender, or food processor.
Sift the flour through a fine sieve to remove larger particles, and re-grind if necessary.

1.6	Scope of the Study
This study includes:
1. Procurement and processing of tiger nuts into flour.
2. Development of a range of snacks such as doughnut, puff-puff, bread, and cakes.
3. Marketing and distribution of the flour and snacks.
4. Establishment of quality assurance processes.
1.7	 Limitations of the Study
· Limited availability of advanced processing equipment.
· Constraints in large-scale snack production and testing.
· Possible variability in tiger nut quality based on sourcing.
1.8	Definition of Terms
To ensure clarity and enhance understanding, the following terms used in the context of this study are defined:
· Tiger Nut (Cyperus esculentus): A small tuber with a chewy texture and naturally sweet flavor, tiger nut is cultivated for its edible underground tubers. Though called a “nut,” it is technically a tuber and is rich in fiber, natural sugars, iron, calcium, magnesium, and healthy fats. In this study, it serves as the primary raw material processed into flour for snack production.
· Flour: A powdery substance produced by grinding raw grains, tubers, or nuts. In this research, flour refers specifically to the product derived from dried tiger nuts. Tiger nut flour is gluten-free and commonly used in healthy or alternative diets.
· Processing: The series of mechanical and manual steps involved in transforming raw tiger nuts into a usable flour form. This includes washing, drying, milling, and sieving. It also refers to the hygienic and technical methods used to ensure the safety, quality, and shelf stability of the final product.
· Assorted Snacks: A variety of small food items consumed between meals for enjoyment or nutritional value. In this project, it refers to baked or fried products such as cookies, chin-chin, pancakes, and other confections made using tiger nut flour.
· Nutritional Evaluation: The process of determining the content of essential nutrients (such as proteins, fats, carbohydrates, fiber, vitamins, and minerals) in the snacks produced. This may involve laboratory analysis or using known values of ingredients.
· Sensory Evaluation: The use of the human senses (taste, smell, sight, touch) to assess the quality and acceptability of the tiger nut snacks. It typically includes a panel of evaluators who rate attributes like taste, texture, aroma, and overall acceptability.
· Gluten-Free: A term used to describe food products that do not contain gluten, a protein found in wheat, barley, and rye. This is especially relevant for people with celiac disease or gluten sensitivity. Tiger nut flour is naturally gluten-free.
· Value Addition: The process of increasing the economic value and consumer appeal of a product by enhancing its form, function, or presentation. In this case, turning raw tiger nuts into flour and then into snack products increases its market value.
· Food Innovation: The creative development and application of new processes or ingredients in food production to meet nutritional, health, or market demands. Using tiger nut flour for snacks is an example of food innovation in local and global markets.


CHAPTER TWO
LITERATURE REVIEW
2.1	Introduction
This chapter reviews relevant literature on tiger nut processing, nutritional benefits, application in food production, and the consumer acceptance of tiger nut-based products.
2.2 Conceptual Framework
The study is grounded in the concept of functional food development, emphasizing foods that offer additional health benefits beyond basic nutrition. The framework involves:
· Indigenous food processing
· Nutritional enhancement
· Value addition in agriculture
· Consumer-driven product innovation
Tiger nut (Cyperusesculentus L.) is a highly nutritious tuber crop with a wide range of potential applications in the food industry. It is a rich source of carbohydrates, proteins, vitamins, minerals, and dietary fiber. The processing of tiger nut into flour offers a versatile ingredient for various food products, including snacks. This literature review explores the processing techniques, nutritional benefits, and potential applications of tiger nut flour in snack production. (Elon, 2020).
The scientific name of Tigernut is Cyperus esculentus. Tigernut is an annual or perennijal plant, growing to 90 cm (3.0 ft) tall, with solitary stems growing from a tuber. The plant is reproduced by seeds, creeping rhizomes, and tubers. Due to its clonal nature, C. esculentus can take advantage of soil disturbances caused by anthropogenic or natural forces. The stems are triangular in section and bear slender leaves 3–10 mm (1/8 to 1/2 inches) wide (Fred, 2019). The spikelets of the plant are distinctive, with a cluster of flat, oval seeds surrounded by four hanging, leaf-like bracts positioned 90 degrees from each other. They are 5 to 30 mm (about 3/8 to 1 1/8 inches) long and linear to narrowly elliptic with pointed tips and 8 to 35 florets. The color varies from straw-colored to gold-brown. They can produce up to 2420 seeds per plant. The plant foliage is very tough and fibrous and is often mistaken for a grass. The roots are an extensive and complex system of fine, fibrous roots and scaly rhizomes with small, hard, spherical tubers and basal bulbs attached. The tubers are 0.3 – 1.9 cm (1/8 to 3/4 inches) in diameter and the colors vary between yellow, brown, and black (Green, 2019). One plant can produce several hundred to several thousand tubers during a single growing season. With cool temperatures, the foliage, roots, rhizomes, and basal bulbs die, but the tubers survive and resprout the following spring when soil temperatures remain above 6 °C (43 °F). They can resprout up to several years later. When the tubers germinate, many rhizomes are initiated and end in a basal bulb near the soil surface. These basal bulbs initiate the stems and leaves above ground, and fibrous roots underground. C. esculentus is wind pollinated and requires cross pollination as it is self–incompatible (Elon, 2020).
2.2.1	Nutritional Composition Of Tigernut
Tomimori et al., (‎2018) stated that the nutritional composition of Tigernut per 100 g edible portion is: water 79.9%, energy 268 kJ (64 kcal), protein 3.2 g, fat 0.7 g, carbohydrate 14.0 g, fibre 1.9 g, Ca 260 mg, P 52 mg.Crassocephalum crepidioides extracts showed moderate antimutagenic activity in Salmonella typhimurium. The roots have been reported to contain tannin. The pyrrolizidine alkaloids jacobine and jacoline were isolated from the aerial parts of Japanese plants; jacobine proved to be hepatotoxic. Geotrichum, an endophytic fungus of Crassocephalum crepidioides, produces dihydroisocoumarins that have shown antimalarial activity against Plasmodium falciparum. 
Essential oil obtained by hydrodistillation of the leaves consisted mainly of monoterpenes (myrcene, limonene and copaene).
2.2.2	Propagation and Planting
Tigernut cultivation requires a mild climate. Low temperature, shadow, and light intensity can inhibit flowering. Tuber initiation is inhibited by high levels of nitrogen, long photoperiods, and high levels of gibberellic acid. Flower initiation occurs under photoperiods of 12 to 14 hours per day (Pascual-Seva, 2019). 
Tubers can develop in soil depths around 30 cm (1-foot), but most occur in the top or upper part. They tolerate many adverse soil conditions including periods of drought and flooding and survive soil temperatures around −5 °C (23 °F). They grow best on sandy, moist soils at a pH between 5.0 – 7.5. The densest populations of C. esculentus are often found in low-lying wetlands. They do not tolerate salinity.
Planting is normally done on flat soils where ridges to favour the coming irrigations have previously been done. The separation between ridges is approximately 60 cm (2.0 ft) and seeds are planted manually. Distances between seeds may vary from 15 to 20 cm (6 to 8 in) and seeding depth is around 8 cm (3 in). A typical seeding rate for chufa is about 120 kg of tubers/ha (107 lbs/acre).
They are planted between April and May and must be irrigated every week until they are harvested in November and December. Tubers develop about 6 – 8 weeks after seedling emergence and grow quickly during July and August. The maturing is around 90 – 110 days. The average yield can approach between 10 and 19 t/ha.
Harvest usually occurs in November or December and the leaves are scorched during the harvest. With a combine harvester, the tiger nut is pulled out of the ground. Immediately after harvesting, the tiger nuts are washed with water in order to remove sand and small stones. The drying occurs usually in the sun and can take up to three months. The temperatures and humidity levels have to be monitored very carefully during this period. The tiger nuts have to be turned every day to ensure uniform drying. The drying process ensures a longer shelf life. This prevents rot or other bacterial infections, securing quality and high nutrition levels. Disadvantages in the drying process are shrinkage, skin wrinkles and hard nut texture (Pascual-Seva, 2012).
Tiger nut loses a considerable amount of water during drying and storage. The starch content of the tiger nut tubers decreases and the reducing sugar (invert sugar) content increases during storage. Tiger nut can be stored dry and rehydrated by soaking without losing the crisp texture. Soaking is often done overnight. Dried tiger nuts have a hard texture and soaking is indispensable to render them edible with ease and to ensure acceptable sensory quality.
According to the Consejo Regulador de Chufa de Valencia (Regulating Council for Valencia's Tiger Nuts), the nutritional composition/100 ml of the Spanish beverage horchata de chufas is as follows: energy content around 66 kcal, proteins around 0.5 g, carbohydrates over 10 g with starch at least 1.9 g, fats at least 2 g (Abano, and Amoah, 2017).
2.2.3	Processing Techniques
The processing of tiger nut into flour typically involves the following steps:
Harvesting and Cleaning: Tiger nuts are harvested when they reach maturity, and then cleaned to remove dirt, stones, and other debris.
Drying: The cleaned tiger nuts are dried to reduce moisture content, which can be achieved through sun drying or mechanical drying methods.
Peeling: The dried tiger nuts are peeled to remove the outer skin, which can be done manually or using mechanical peelers.
Milling: The peeled tiger nuts are milled into flour using a hammer mill, roller mill, or stone grinder. The fineness of the flour can be adjusted based on the desired application.
Sieving: The milled flour is sieved to remove coarse particles and obtain a fine, uniform powder.
Packaging: The sieved flour is packaged in airtight containers to prevent moisture absorption and spoilage.
2.2.4	Health Benefits Of Tigernut
According to Ademola (2018) who opined that the tubers are edible, with a slightly sweet, nutty flavour, compared to the more bitter-tasting tuber of the related Cyperus rotundus (purple nutsedge). They are quite hard and are generally soaked in water before they can be eaten, thus making them much softer and giving them a better texture. They are a popular snack in West Africa, where they are known as ncokon in the Bamnara (Mali) or Dyula, Aya, Hausa Groundnut, Ofio, Keegun, Isip Osong, Aya or Aki Awusa in Nigeria.
They have various uses; in particular, they are used in Spain to make horchata. “Horchata” is a nonalcoholic beverage of milky appearance derived from the tubers of the tiger nut plant mixed with sugar and water. It has a great economic impact in the Valencian region of Spain.
Flour of roasted tiger nut is sometimes added to biscuits and other bakery products as well as in making oil, soap, and starch extracts. It is also used for the production of jam, beer, and as a flavoring agent in ice cream and in the preparation of kunnu (a local beverage in Nigeria). Kunnu is a non-alcoholic beverage prepared mainly from cereals (such as millet or sorghum) by heating and mixing with spices (dandelion, alligator pepper, ginger, licorice) and sugar. To make up for the poor nutritional value of kunnu prepared from cereals, tiger nut was found to be a good substitute for cereal grains. Tiger nut oil can be used naturally with salads or for deep frying. It is considered to be a high quality oil (Enzo, 2019). 
2.2.5	Prospects Of Tigernut
Despite its name, tigernutis a tuber. However, its chemical composition shares characteristics with tubers and with nuts. It has been reported to be a "health" food, since its consumption can help prevent heart disease and thrombosis and is said to activate blood circulation and reduce the risk of colon cancer.[qualify evidence] This tuber is rich in energy content (starch, fat, sugar, and protein), minerals (mainly phosphorus and potassium), and vitamins E and C. Tiger nut tubers contain almost twice the quantity of starch as potato or sweet potato tubers. The oil of the tuber was found to contain 18% saturated (palmitic acid and stearic acid) and 82% unsaturated (oleic acid and linoleic acid) fatty acids. The moderately high content of phytosterols further enriches the quality and value of tiger nut oil as a food source (Zhang, et al., 2019).
Use as Oil: There is a global search for alternative sources of fuel which could be cheaper, safer, and more environmentally friendly in comparison with widely used burning fuels. Since the tubers of C. esculentus contain 20-36% oil, it has been suggested as potential oil crop for the production of bio-diesel. One study found that chufa produced 1.5 metric tonnes of oil per hectare (174 gallons/acre) based on a tuber yield of 5.67 t/ha and an oil content of 26.4%. A similar 6-year study found tuber yields ranging from 4.02 to 6.75 t/ha, with an average oil content of 26.5% and an average oil yield of 1.47 t/ha.
Use in Medicine and Cosmetic Industry: As a source of oils, the tubers were used in pharmacy under the Latin name bulbuli thrasi beginning no later than the end of 18th century. In ayurvedic medicine tiger nuts are used in the treatment of flatulence, diarrhoea, dysentery, debility and indigestion. Tiger nut oil can be used in the cosmetic industry. As it is antidioxide (because of its high content in vitamin E) it helps slow down the ageing of the body cells. It favours the elasticity of the skin and reduces skin wrinkles. A 2015 study published in the Journal of Pharmacy and Bioallied Sciences looked at the effects of Cyperus rotundus which has many similar antioxidant capabilities that the tiger nut has on diabetic mice, which showed positive signs tiger nuts as a possible treatment for diabetes.
Use as Fishing Bait: The boiled nuts are used in the UK as bait for carp. The nuts have to be prepared in a prescribed manner to prevent harm to the fish. The nuts are soaked in water for 24 hours and then boiled for 20 minutes or longer until fully expanded. Some anglers then leave the boiled nuts to ferment for 24–48 hours, which can enhance their effectiveness. If the nuts are not properly prepared, however, they can be extremely toxic to the carp. This was originally thought to have been the cause of death of Benson, a very large and very famous carp. The 54 lb (24 kg) fish was found floating dead in a fishing lake, with a bag of unprepared tiger nuts lying nearby, empty, on the bank. An examination of the fish by a taxidermist concluded tiger nut poisoning was not, in the end, the cause of death (Maxwell 2019).
2.2.6	NUTRITIONAL BENEFITS OF TIGER NUT FLOUR
Tiger nut flour is a nutrient-dense ingredient with several health benefits:
High in Carbohydrates: It provides a good source of energy.
Rich in Fiber: It promotes digestive health and satiety.
Contains Protein: It supports muscle growth and repair.
Good Source of Vitamins and Minerals: It includes vitamins like vitamin E and minerals like magnesium and potassium.
Gluten-Free: It is suitable for individuals with celiac disease or gluten intolerance.
2.2.7	APPLICATIONS OF TIGER NUT FLOUR IN SNACK PRODUCTION
Tiger nut flour can be incorporated into a variety of snack products, such as:
Biscuits and Cookies: It can be blended with flour or used as a sole flour to create gluten-free and nutritious snacks.
Extruded Snacks: It can be extruded into various shapes and sizes to produce crunchy and flavorful snacks.
Baked Goods: It can be used in cakes, muffins, and bread to add a nutty flavor and nutritional value.
Snack Bars: It can be combined with oats, seeds, and dried fruits to create healthy and energy-boosting snack bars.
Pastries: It can serve as a substitute for flour in snacks such as  puff-puff, Doughnuts, offering improved nutritional value and a unique flavor
2.2.8	 CHALLENGES AND FUTURE RESEARCH
While tiger nut flour offers numerous benefits, some challenges remain:
Limited Processing Capacity: The processing of tiger nut flour often relies on traditional methods, which can limit production capacity.
Shelf-Life: The shelf life of tiger nut flour can be affected by factors such as moisture content and storage conditions.
Consumer Awareness: Many consumers are still unfamiliar with tiger nut and its potential health benefits.


2.3	Theoretical Framework
The study adopts the following theories:
2.3.1 Value Addition Theory
This theory posits that processing raw agricultural products adds economic value, creating a more profitable product and broadening its marketability.
2.3.2 Theory of Planned Behavior (Ajzen,  2021)
This theory explains that consumers' intention to try new food products (like tiger nut snacks) is influenced by their attitudes, perceived social norms, and perceived behavioral control.
2.4 Tiger Nut: An Overview
Tiger nut (Cyperus esculentus) is a perennial plant native to Africa and parts of the Mediterranean. It is known for:
· High fiber content
· Richness in monounsaturated fats
· Low allergenic potential
· Antioxidant properties
2.4.1 Tiger Nut Flour Production
Producing tiger nut flour involves:
· Washing and cleaning
· Soaking and drying
· Grinding into fine flour
· Sieving for uniform particle size
2.5 Empirical Review
Several studies have examined tiger nut utilization:
· Adeola and Aworh (2010) explored tiger nut milk and concluded it is a viable lactose-free beverage.
· Olaoye et al. (2015) demonstrated that tiger nut flour could be used to produce acceptable gluten-free bread.
CHAPTER THREE
	RESEARCH METHODOLOGY	
3.1	 Introduction
This chapter outlines the research methodology employed in conducting the study on the processing of tiger nut into flour and its application in the production of assorted snacks such as bread, puff-puff and doughnut. It presents the step-by-step procedures and techniques used to gather, analyze, and interpret data, as well as the practical processes involved in producing and evaluating the snacks.
The methodology is essential to ensure that the findings of the study are reliable, valid, and replicable. Specifically, this chapter discusses the research design and materials used methods of flour and snack production, data collection tools, sample population, sampling techniques, and methods of data analysis. Ethical considerations observed during the study are also highlighted to ensure that the research aligns with scientific and ethical standards.
This systematic approach provides a solid foundation for evaluating the potential of tiger nut flour as an alternative to conventional flour in snack production, and it supports the achievement of the objectives outlined in the earlier chapters.
3.2	 Research Design 
This research adopted a practical experimental design that involved both laboratory-based processing and sensory evaluation. The experimental method was considered appropriate for this study as it enabled direct observation, manipulation, and evaluation of the effects of using tiger nut flour (alone and in combination with  flour) in snack production.


The research was conducted in two phases:
1. Processing Phase: This involved the conversion of raw tiger nuts into flour. The tiger nuts were cleaned, soaked, dried, milled, and sieved to obtain fine flour suitable for baking applications. The flour was then used in different formulations—100% tiger nut flour,70:30 tiger nut/flour blend, 50:50 tiger nut/ flour blend, and 100%  flour—for producing bread, puff-puff and doughnuts.
2. Product Development and Evaluation Phase: The processed flour samples were used to produce assorted snacks using standard recipes and procedures. Each sample was then presented to a sensory panel for evaluation. The panelists rated the samples using a structured hedonic scale to assess their taste, color, texture, aroma, and general acceptability.
The design facilitated:
· A comparative analysis between different flour combinations in snack production.
· Identification of the most acceptable flour blend based on sensory characteristics.
· A practical approach to food product development using locally available, underutilized crops such as tiger nuts.
By utilizing this research design, the study not only demonstrated the functional and sensory potential of tiger nut flour but also provided insight into its commercial viability in local snack industries.
3.3 Target Population of the Study
The Location of the Study is the Department of Hospitality Management Technology, Kwara State Polytechnic, Ilorin. 
3.4 Sampling Techniques and Sample Size
This study employed a purposive sampling technique, which is a non-probability sampling method used when the researcher deliberately selects participants based on specific characteristics and the purpose of the research. In this case, participants were chosen based on their availability, willingness, and basic knowledge or experience with consuming snacks like bread, puff-puff and doughnuts.
Purposive sampling was appropriate for this study due to the following reasons:
· The research focused on sensory evaluation, which requires panelists who are attentive and capable of distinguishing between the sensory attributes of food products.
· It allowed the researcher to select individuals without food allergies or health issues that might hinder their ability to consume or assess the samples.
· It ensured the inclusion of participants with varying backgrounds (students, staff, community members) to capture a range of preferences and perceptions.
Sample Size
A total of 50 individuals were selected to serve as sensory panelists for the evaluation of the snacks made from tiger nut flour, flour, and their blend. The sample size was determined based on:
· The standard size for sensory evaluation panels, which typically ranges between 30 and 20 individuals for informal or semi-formal testing.
· The need for a manageable group to ensure quality control and focused feedback during the tasting sessions.
· Logistical constraints, such as time, resources, and availability of materials.
The sample size was sufficient for generating meaningful data on the acceptability and preference of the snack products. Each panelist was given coded samples of the snacks in random order and instructed on how to evaluate them using a structured questionnaire based on a 9-point hedonic scale.
By applying purposive sampling and limiting the panel size to 50, the study was able to balance depth and manageability, yielding reliable insights into consumer perceptions of tiger nut-based snack products.
3.5 Data Collection Instrument 
The primary instrument used for data collection in this study was a structured sensory evaluation questionnaire, specifically designed to gather detailed feedback from panelists regarding the sensory qualities of the assorted snacks produced using tiger nut flour. The questionnaire was administered to all 50 selected participants immediately after they tasted each of the snack samples.
The questionnaire consisted of two main sections:
Section A: Demographic Information
This section collected basic background data from the panelists to help identify trends in preference based on age, gender, or other relevant factors. It included:
· Age
· Gender
· Educational background
· Familiarity with local snacks (e.g., bread, puff-puff and doughnuts)
· Frequency of snack consumption
Section B: Sensory Evaluation Form
This section was based on the 9-point hedonic scale, a widely used method in food sensory analysis. Each panelist was asked to evaluate the following sensory attributes of the snack samples:
· Taste – sweetness, flavor, and aftertaste
· Texture – mouthfeel, softness, or crunchiness
· Color – appearance and visual appeal
· Aroma – smell and scent appeal
· General acceptability – overall impression of the snack
Each attribute was rated using the hedonic scale ranging from:
· 9 = Like extremely
· 8 = Like very much
· 7 = Like moderately
· 6 = Like slightly
· 5 = Neither like nor dislike
· 4 = Dislike slightly
· 3 = Dislike moderately
· 2 = Dislike very much
· 1 = Dislike extremely
Additionally, an open-ended comment section was included at the end of the questionnaire to allow participants to share specific feedback, suggestions, or personal impressions about the snacks.
The structured nature of the questionnaire ensured consistency in data collection and allowed for easy comparison and statistical analysis of the responses. It also helped to objectively measure the acceptability of snacks made from 100% tiger nut flour, 100% All-purpose flour, 70:30 blend of tiger nut/flour and a 50:50 blend of both.
3.6 Ethical Consideration
Ethical standards were upheld throughout the study. Participants were informed of the purpose and process of the research, and only those who gave their voluntary consent were involved in the sensory evaluation. No personal data was recorded, and all responses were treated with strict confidentiality. All snacks used for testing were hygienically prepared and safe for consumption.


3.7 Method of Data Analysis and Presentation 
The data collected from the sensory evaluation questionnaires were analyzed using descriptive statistical methods, primarily focusing on mean scores and percentage distributions. These statistical tools were employed to determine the level of acceptability and preference among the different snack formulations (100% tiger nut flour, 100% All-purpose flour, 70:30 tiger nut – flour blend and 50:50 tiger nut- flour blend).
Step-by-Step Process of Data Analysis:
1. Data Compilation:
All completed sensory evaluation forms were collected and compiled. Each score given by the panelists for every sensory attribute (taste, texture, aroma, color, and general acceptability) was recorded and entered into a data sheet.
2. Calculation of Mean Scores:
The individual scores for each sensory attribute across all 50 panelists were summed and divided by the number of respondents to calculate the mean score for each sample. This helped in identifying which sample was most preferred in terms of specific attributes.
3. Ranking of Samples:
Based on the mean scores, the snack samples were ranked from most to least preferred. This allowed for a clear interpretation of which flour formulation yielded the best results in terms of consumer acceptance.
4. Graphical Presentation:
To enhance clarity and visual comparison, bar charts and line graphs were generated to show the variation in preferences among the three samples across different sensory attributes. These visuals helped to illustrate the overall trend and highlight key differences in consumer perception.


5. Interpretation:
The results were interpreted to assess the feasibility and desirability of incorporating tiger nut flour in snack production. Attributes that received high ratings indicated positive consumer reception, while lower scores indicated areas for improvement in the formulation or processing methods.
Software and Tools Used:
· Data was tabulated and analyzed manually using Microsoft Excel, which was also used to generate charts and tables for presentation.
· The results were then discussed in detail in Chapter Four, focusing on the implication of each sensory parameter.
Data Presentation Format:
· Tables were used to show mean scores of each sample across all sensory parameters.
· Bar charts illustrated the comparison of each sensory attribute among the three flour formulations.
· Narrative explanations accompanied the tables and figures to provide a comprehensive interpretation of the findings.
This method of data analysis and presentation ensured that the findings of the study were both statistically sound and easy to interpret, providing valuable insights into consumer acceptability of tiger nut-based snacks.
3.8 Preservative Method and Preparation 
Preservation Method for Tiger Nut Flour
Tiger nuts are rich in natural oils and can become rancid if not properly preserved after processing. To ensure product quality, safety, and extended shelf life, the following preservation techniques were adopted:


1. Cleaning and Sorting:
Raw tiger nuts were thoroughly washed with clean water to remove sand, dirt, and foreign particles. Only healthy, unbroken, and mature nuts were selected to minimize contamination during storage.
2. Soaking:
The tiger nuts were soaked in clean water for 24 hours. This softens the nuts, facilitates better drying, and helps reduce microbial load.
3. Sun Drying:
After soaking, the nuts were drained and spread out on clean trays to dry under the sun for several days (usually 3–5 days depending on weather conditions). This process reduces the moisture content, inhibiting the growth of mold and bacteria.
4. Oven Drying (Optional):
To speed up drying and ensure uniform dehydration, some samples were further oven-dried at low heat (40–50°C) for several hours.
5. Milling and Sieving:
The dried tiger nuts were milled into fine flour using a clean dry mill and sieved to remove coarse particles.
6. Storage:
The flour was stored in airtight, food-grade plastic containers and kept in a cool, dry, and dark environment. Some samples were refrigerated to further extend their shelf life and prevent insect infestation or oxidation of fats.
7. Use of Natural Preservatives (Optional):
To maintain freshness, natural preservatives like clove powder or ginger powder were optionally added in minimal quantities (not altering the taste) due to their antimicrobial properties.
These steps helped maintain the nutritional and organoleptic quality of the tiger nut flour prior to its use in snack production.

3.8.1 RECIPE AND PREPARATION FOR ASSORTED SNACKS
All-Purpose Flour Bread Recipe (100%)
Recipes:
All-purpose flour – 500g
Warm water – 300ml
Active dry yeast – 2 teaspoons
Sugar – 100g
Salt – 1 teaspoon
Butter – 100g
Egg – 1 
Milk powder – 2 tablespoons (Optional)
Tiger Nut Flour Bread Recipe (100%)
RECIPE:
Tiger nut flour – 500g
Warm water – 300ml
Active dry yeast – 2 teaspoons
Sugar – 90g
Salt – 1.5 teaspoons
Butter – 100g
Eggs – 2 
Milk powder – 2 tablespoons (Optional)
Tiger Nut and All-Purpose Flour Bread (50:50)
RECIPE:
Tiger nut flour – 500g
All-purpose flour – 500g
Warm water – 600ml
Active dry yeast – 2 teaspoons
Sugar – 100g
Salt – 1 tablespoon 
Butter  – 80g
Eggs – 2  
Milk powder – 4 tablespoons (Optional)
Recipe for Bread Using Tiger Nut Flour & All-purpose Flour (70:30)
Recipe:
Tiger nut flour – 700g
All-purpose flour – 300g
Warm water – 600ml
Active dry yeast – 4 teaspoons
Sugar – 100g
Salt – 1 tablespoon 
Butter – 100g
Eggs – 3 
Milk powder – 4 tablespoons
METHOD:
1. Activate the yeast:
    In a bowl, mix the warm water, sugar, and yeast.
    Stir and let it sit for 5–10 minutes until foamy.
2. Prepare the dough:
In a large bowl, combine tiger nut flour, all-purpose flour, salt, and optional milk powder.
    Add the yeast mixture, eggs, and softened butter.
    Mix until you get a soft, sticky dough.
3. Knead the dough:
    Knead on a lightly floured surface for 8–10 minutes.
   The all-purpose flour will give you stretch, but tiger nut flour adds softness so don’t   
   over-knead.
4. First rise:
    Place the dough in a greased bowl.
    Cover and let it rise in a warm area for 1 to 1½ hours, or until doubled in size.
5. Shape and second rise:
    Punch down and shape into loaves or rolls.
    Place in greased loaf pans or trays.
    Let it rise again for 30–45 minutes.
6. Bake:
    Preheat the oven to 180°C (350°F).
    Bake for 35–40 minutes, or until golden brown and a tap on the bottom sounds hollow.
7. Cool:
    Cool in the pans for 10 minutes, then transfer to a wire rack to cool fully.
Recipe and Methods for Doughnuts using All-Purpose Flour(100%) 
RECIPE:
 All-purpose flour – 500g
 Warm water – 250ml
 Active dry yeast – 2 teaspoons
 Sugar – 100g
 Salt – ½ teaspoon
 Butter  – 100g
 Eggs – 1
 Nutmeg (optional) – ½ teaspoon
 Oil – for deep frying
Recipe for Doughnuts using Tiger Nut Flour (100%) 
RECIPE:
Tiger nut flour – 500g
Warm water – 225–250ml
Active dry yeast – 2 teaspoons
Sugar – 100g
Salt – ½ teaspoon
Butter – 100g
Eggs – 1
Nutmeg (optional) – ½ teaspoon
Extra tiger nut flour – for dusting
Oil – for deep frying
Recipe for Doughnuts using Tiger Nut and All-Purpose Flour (70:30)
RECIPE:
Tiger nut flour – 700g
All-purpose flour – 300g
Warm water – 500ml
Active dry yeast – 4 teaspoons
Sugar – 100g
Salt – 1 teaspoon
Butter  – 150g
Eggs – 2
Nutmeg (optional) – 1 teaspoon
Extra flour – for dusting
Oil – for deep frying
Recipe for Doughnuts using Tiger Nut and All-Purpose Flour (50:50) 
RECIPE:
Tiger nut flour – 500g
All-purpose flour – 500g
Warm water – 500ml
Active dry yeast – 4 teaspoons
Sugar – 100g
Salt – 1 teaspoon
Butter  – 100g
Eggs – 2
Nutmeg (optional) – 1 teaspoon
Extra flour – for dusting
Oil – for deep frying
PREPARATION METHOD:
1. In a small bowl, activate the yeast by mixing with warm water and a teaspoon of sugar. Let it foam for 5–10 minutes.
2. In a large bowl, combine the tiger nut flour, all-purpose flour, sugar, salt, and nutmeg.
3. Add the eggs, butter, and the activated yeast mixture to the dry ingredients.
4. Mix and knead into a soft, slightly elastic dough.
5. Cover with a cloth and leave to rise for about 1 hour in a warm place.
6. Roll out the risen dough and cut into doughnut shapes using a cutter or cup.
7. Allow the shaped dough to rest for 10–15 minutes before frying.
8. Fry in hot oil over medium heat until both sides are golden brown.
9. Drain excess oil and allow to cool. Optionally, sprinkle with sugar or glaze as desired.
Recipe and methods of making Puff-Puff using All-Purpose Flour (100%)
RECIPE:
All-purpose flour – 500g
Warm water – 350ml
Active dry yeast – 2 teaspoons
Sugar – 100g
Salt – ½ teaspoon
Nutmeg (optional) – ½ teaspoon
Oil – for deep frying
Recipe for making Puff-Puff using Tiger Nut Flour (100%)
Tiger nut flour – 500g
Warm water – 400ml 
Active dry yeast – 2 teaspoons
Sugar – 100g
Salt – ½ teaspoon
Nutmeg (optional) – ½ teaspoon
Oil – for deep frying
Recipe for Puff-Puff using Tiger Nut & All-Purpose Flour (70:30)
RECIPE:
Tiger nut flour – 700g
All-purpose flour – 300g
Warm water – 750ml
Active dry yeast – 4 teaspoons
Sugar – 100g
Salt – 1 teaspoon
Nutmeg (optional) – 1 teaspoon
Oil – for deep frying
Recipe of making Puff-Puff using Tiger Nut Flour & All-Purpose Flour (50:50)
RECIPE:
Tiger nut flour – 500g
All-purpose flour – 500g
Warm water – 700ml
Active dry yeast – 4 teaspoons
Sugar – 200g
Salt – 1 teaspoon
Nutmeg (optional) – 1 teaspoon
Oil – for deep frying
PREPARATION METHOD:
1. In a small bowl, activate the yeast by mixing it with warm water and 1 tablespoon of sugar. Let it sit for 5–10 minutes until foamy.
2. In a large mixing bowl, combine the tiger nut flour, all-purpose flour, sugar, salt, and nutmeg.
3. Pour in the yeast mixture.
4. Mix well to form a smooth, thick batter — not too runny, not too stiff.
5. Cover the bowl and let the batter rise for 1 to 1½ hours in a warm place until doubled in size.
6. Heat oil in a deep pot over medium heat.
7. Scoop the batter in small portions and drop gently into the hot oil.
8. Fry until puff-puffs are golden brown and cooked through, turning occasionally.
9. Remove from oil and drain on paper towels. Serve warm, with or without sugar dusting.
These recipes were repeated using:
· 100% tiger nut flour
· 70:30 blend of tiger nut and all-purpose flour 
· 50:50 blend of tiger nut and all-purpose  flour
· 100%  flour
Each variation was subjected to sensory evaluation as part of the experimental design.


CHAPTER FOUR
DATA PRESENTATION AND ANALYSIS
4.1 Introduction
This chapter presents the analysis of data obtained from respondents who participated in the sensory evaluation of snacks (Bread, puff-puff and doughnut) prepared from various flour blends including tiger nut flour. The analysis is presented in two major sections: demographic profile of respondents and sensory evaluation results. The demographic analysis gives insight into the characteristics of the respondents and how it may influence their perception of taste, texture, aroma, color, and overall acceptability of the products.
4.2 Data Analysis and Results (Demographic Characteristics)
Table 4.1: Sex of Respondents
	Sex
	Frequency
	Percentage (%)

	Male
	6
	40

	Female
	9
	60

	Total
	15
	100


Interpretation: The majority of respondents were female (60%), which could suggest that women may be more familiar with food tasting or have stronger interest in snack evaluation.
Table 4.2: Age Distribution of Respondents
	Age Range (Years)
	Frequency
	Percentage (%)

	18–25
	5
	33.3

	26–35
	6
	40.0

	36–45
	3
	20.0

	46 and above
	1
	6.7

	Total
	15
	100


Interpretation: Most of the respondents (73.3%) were between the ages of 18 and 35, a group typically active in snack consumption and culinary trends.
Table 4.3: Educational Qualification of Respondents
	Educational Level
	Frequency
	Percentage (%)

	SSCE/WAEC
	3
	20.0

	OND/NCE
	4
	26.7

	HND/Bachelor’s Degree
	6
	40.0

	Postgraduate Degree
	2
	13.3

	Total
	15
	100


Interpretation: The majority of participants held tertiary education qualifications, which may enhance the reliability of their feedback based on informed preferences and better understanding of food quality attributes.
Table 4.4: Marital Status of Respondents
	Marital Status
	Frequency
	Percentage (%)

	Single
	9
	60.0

	Married
	6
	40.0

	Divorced
	0
	0.0

	Widowed
	0
	0.0

	Total
	15
	100


Interpretation: A greater percentage of the respondents were single, which may influence food preference due to lifestyle factors such as snacking habits and dietary flexibility.
4.3 Sensory Evaluation Analysis of Snack Samples
The respondents were presented with four samples of Puff-Puff, Bread and four samples of Doughnut, prepared from:
· 100% Tiger Nut Flour
· 70:30 blend of tiger nut and all-purpose flour 
· 50:50 Blend of Tiger Nut and All-purpose Flour
· 100%  Flour
They evaluated each sample based on Taste, Texture, Color, Aroma, and General Acceptability using a 9-point Hedonic Scale where:
· 1 = Dislike extremely
· 5 = Neither like nor dislike
· 9 = Like extremely
Table 4.5: Mean Sensory Scores for Bread Samples
	Attribute
	100% Tiger Nut Flour
	50:50 Blend
	100%  Flour
	70:30 Blend

	Taste
	6.4
	8.1
	8.3
	6.4

	Texture
	5.5
	7.8
	8.2
	6.0

	Color
	5.4
	7.9
	8.0
	6.5

	Aroma
	6.2
	8.0
	8.2
	6.7

	General Acceptability
	5.2
	8.0
	8.4
	6.2


Interpretation:
· 100% Flour scored highest across all attributes, closely followed by the 50:50 blend, indicating high acceptability.
· 70:30 Blend (70% Tiger Nut, 30% Flour) showed moderate acceptability, while slightly lower in scores, still received favorable ratings, showing its potential in snack production with room for texture improvement.
· 100% Tiger Nut Flour received the lowest scores overall:Texture and color remain its main limitations, likely due to the absence of gluten and differences in flour structure
Table 4.6: Mean Sensory Scores for Doughnut Samples
	Attribute
	100% Tiger Nut Flour
	50:50 Blend
	100%  Flour
	70:30 Blend

	Taste
	6.2
	7.9
	8.5
	5.4

	Texture
	5.8
	7.6
	8.4
	6.1

	Color
	6.3
	7.7
	8.3
	5.3

	Aroma
	6.1
	7.8
	8.4
	6.5

	General Acceptability
	6.0
	7.9
	8.5
	6.0


Interpretation:
· Doughnuts made from 100% flour had the highest overall scores, especially in taste and aroma.
· The 50:50 blend offered a competitive performance, proving that tiger nut flour can be effectively combined with for satisfactory results.
· 100% tiger nut flour doughnuts were generally acceptable but had a firmer texture and less familiar flavor, affecting their ranking.
· 70:30 Blend (70% Tiger Nut Flour) had mixed results: While it performed moderately in Texture and Aroma, it scored lower in Taste  and Color 
Table 4.6: Mean Sensory Scores for Puff-Puff Samples
	Attribute
	100% Tiger Nut Flour
	50:50 Blend
	100%  Flour
	70:30 Blend

	Taste
	6.1
	7.1
	8.1
	6.1

	Texture
	6.5
	6.8
	8.7
	5.2

	Color
	6.3
	7.7
	6.0
	5.5

	Aroma
	6.4
	8.0
	7.2
	6.7

	General Acceptability
	6.0
	8.1
	7.3
	7.1


Interpretation:
· Puff-Puff made from 100%  flour had the highest overall scores, especially in taste and Texture.
· The 50:50 blend offered a competitive performance, proving that tiger nut flour can be effectively combined with  for satisfactory results.
· 70:30 Blend (70% Tiger Nut, 30% All-Purpose Flour): This formulation showed the lowest score in Texture and Color. Despite an Aroma score of 6.7 and a General Acceptability of 7.1, its less favorable mouthfeel and color reduced its overall rating. It may be suitable for niche markets but needs recipe optimization to enhance performance.
· 100% tiger nut flour Puff-Puff were generally acceptable but had a firmer texture and less familiar flavor, affecting their ranking.
4.4 Summary of Sensory Evaluation
· Panelists preferred products made with  flour, but the 50:50 tiger nut- blend was almost equally acceptable.
· Tiger nut flour alone produced snacks with a distinct flavor and slightly rougher texture, which may appeal to health-conscious consumers.
· Blending tiger nut flour with  appears to be the most cost-effective and consumer-friendly method for snack development.



CHAPTER FIVE
SUMMARY, CONCLUSION, AND RECOMMENDATIONS
5.1 Summary
This study focused on the processing of tiger nut into flour and its utilization in the production of assorted snacks such as Bread, puff-puff and doughnut. The objectives were to explore the feasibility of substituting flour with tiger nut flour, evaluate the sensory properties of the resulting snacks, and determine consumer acceptability.
The methodology involved preparing flour from tiger nuts, producing snacks using 100% tiger nut flour, a 50:50 blend with flour, 70:30 blend with flour and 100% All-Purpose flour. Sensory evaluation was conducted using a 9-point hedonic scale, and the results were statistically analyzed.
Key findings include:
· Snacks made with 100% All-purpose flour received the highest ratings across all sensory attributes.
· The 50:50 tiger nut- flour blend closely matched the performance of the -only snacks in taste, texture, aroma, and acceptability.
· 100% tiger nut flour snacks were moderately acceptable, particularly in taste and aroma, but had lower scores in texture and appearance.
· The 70:30 blend (70% tiger nut, 30% all-purpose flour) showed mixed results: while it outperformed the 100% tiger nut flour in general acceptability for some products, it still lagged behind the 50:50 blend and 100% flour versions, particularly in texture and color.
· Demographic data revealed that the majority of respondents were young adults with tertiary education, and their preferences may reflect current consumer trends toward healthier food choices.
5.2 Conclusion
The study concludes that tiger nut flour is a viable alternative to flour in snack production. When blended with flour in a 50:50 ratio, tiger nut flour produced snacks that were well accepted by panelists. Pure tiger nut flour, while nutritious and gluten-free, was less preferred due to its coarse texture and unique taste profile.
This suggests that tiger nut flour can be introduced gradually into conventional snack formulations to increase the nutritional value without compromising on consumer acceptance.
5.3 Recommendations
Based on the findings of this study, the following recommendations are proposed:
1. Blending Tiger Nut with Flour: To optimize sensory quality and nutritional benefits, a 50:50 blend of tiger nut and flour is recommended for commercial snack production.
2. Further Research on Texture Improvement: Techniques such as finer milling, soaking, or enzymatic treatment should be explored to enhance the texture of 100% tiger nut flour snacks.
3. Product Diversification: Tiger nut flour can also be explored in other baked or fried goods like cakes, cookies, and pancakes to assess versatility and market potential.
4. Consumer Education: Awareness campaigns highlighting the health benefits of tiger nut (high fiber, vitamins, and minerals) could increase its acceptance in the mainstream market.
5. Industrial Application: Food manufacturers and SMEs should be encouraged to invest in tiger nut processing technology and integrate it into their product lines.
5.4 Suggestions for Further Studies
· A nutritional composition analysis of the snacks should be conducted to compare the micronutrient content of tiger nut flour-based snacks with those made from flour.
· A shelf-life and microbial study is recommended to evaluate how tiger nut flour influences the storage stability of snacks.
· A cost-benefit analysis of large-scale tiger nut flour production and its economic feasibility should be undertaken.








QUESTIONNAIRE
This questionnaire is part of this research study; your responses will be treated with confidentiality and used solely for academic purposes. Please answer the following questions honestly.
SECTION A: BIO DATA OF RESPONDENT
1. Sex: Male (  ) Female (   )
2. Age: 18 - 25 (  ) 26 - 45 (   ) 45 and above ( )
3. Marital Status: Single (  ) Married (   ) Others (   )
4. Educational Background: SSCE/WAEC (  ) OND/NCE (   ) HND/BSC/BA (   ) P h D (   )
5. Nationality: Nigerian (  ) Other (   )
6. Religion: _____________________________



SECTION B
`SENSORY EVALUATION FORM
Sample A: Production of Bread using Tiger Nut 
	Variable
	Acceptance
	Texture
	Flavor
	Overall acceptability

	Excellent
	
	
	
	

	Very Good
	
	
	
	

	Good
	
	
	
	

	Fair
	
	
	
	

	Poor
	
	
	
	



Sample B: Production of Doughnut using Tiger Nut 
	Variable
	Acceptance
	Texture
	Flavor
	Overall acceptability

	Excellent
	
	
	
	

	Very Good
	
	
	
	

	Good
	
	
	
	

	Fair
	
	
	
	

	Poor
	
	
	
	





Sample C: Production of Puff-puff using Tiger Nut 
	Variable
	Acceptance
	Texture
	Flavor
	Overall acceptability

	Excellent
	
	
	
	

	Very Good
	
	
	
	

	Good
	
	
	
	

	Fair
	
	
	
	

	Poor
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