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ABSTRACT
Sweet Potatoes (Ipomoea batatas Lam) are a key food crop in tropical and subtropical regions, notably Asia, Africa, and the Pacific. Asia and Africa account for 75% of global production. Sweet Potatoes' tendrils, leaves, tubers, and stems are rich in vitamins, minerals, fats, carbs, and proteins. The factors considered for the studies were feedrate of 10kg constant. Initial moisture content of 40% and frying time of 20 minutes. The treatment combination were replicated five (5) times. The result revealed that the average frying machine efficiency was obtained of 69.9%, with throughput capacity of 33.3kg/hr at 20 minutes of operation.
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CHAPTER ONE
1.0				     INTRODUCTION
1.1	Background of the Study
Sweet potato (Ipomoca batasus Lam.) is a major crop grown in most parts of tropical and subtropical regions which was not mainly gained it's popularity into the North-West Nigerian diet. It is valued for it's high nutritional nutrients and sweetness. All the components of sweet potato including the root, stem and leaves are proven edible. Thus the unavailability of markers (whole-salers) to store the crop (sweet potato) as been a great challenge mostly in North-West Nigeria. (Dincer et, al., 2011).
Sweet potatoes are considered in having a significant nutritional value in terms of vitamin C and vitamin A, they also have several health benefits and nutrients which helps with immune function, digestive health and prevention of some chronic diseases. It contains protein inhibitors which act as an effective defence against insects and micro-organisms but are no problem to humans because they are destroyed by heat. (Odomela, 2005).
Sweet potatoes are harvested from the farm when they are matured then sorted out to remove any damage ones, washed and peeled using a knife or peeling tool. It is then grated using a traditional grater and transferred into a fermentation bag, then left to ferment for 2-3 days (Odomela, 2005). After fermentation, the sweet potato pulp is squeezed to remove excess water and then dried in the sun, the dried sweet potato pulp is sieved and fried then left to cool and is ready for Consumption.
Despite its nutritional benefits, sweet potato flakes production faces several challenges. The processing conditions, including temperature, moisture, and time, can significantly affect the quality and nutritional content of the final product (Afoakwa et al., 2015). Moreover, the suitability of different Sweet potato varieties of flakes production is not well understood (CIP, 2019). Furthermore, the market potential and consumer acceptance of sweet potato flakes are unknown (FAQ, 2017). 
The nutritional quality of sweet potatoes are nutrient rich food that provides arrange of essential vitamins, minerals and antioxidants. Sweet potatoes are richer in vitamin A and C, potassium and fiber compared to cassava. They also contain antioxidants that can help protect against chronic diseases like heart disease, diabetes and Cancer. Sweet potato flakes production can provide a new source of income for farmers and traders. (Cartabiano-Leite et al., 2020).
1.2	Problem Statement of the Study
Sweet potato production faces challenges such as post-harvest losses, pests and diseases, low productivity, limited market access and inadequate value addition, compounded by climate sensitivity and low awareness of its nutritional benefits. Because of its short life span that causes post-harvest losses, it's vulnerability to damage and quick spoilage, processing sweet potato into flakes will prolong it's life span. Low income of farmers from the production of sweet potato has been a challenging factor for farmers and marketers. (FAO, 2017; CIP, 2019). Sweet potato can be a substitute for cassava in the production of flakes.
As a result of numerous challenges highlighted above, processing Sweet potato into flakes will increase the Income of farmers and marketers that are involved in the production of flakes from sweet potato. In addition post-harvest losses of sweet potato will also reduce to the bearest minimum.


1.3	Aim and Objectives of the Study
The main aim of the study is to produce quality sweet potato flakes.
The specific objective are to obtain quality sweet potato flakes product
i. To setup a sweet potato frying machine.
ii. To evaluate the performance of the machine.

1.4	Justification of the Study.
The production of flakes from Sweet potato can create new job opportunities in farming, processing and marketing in the society which can help reduce poverty in rural areas and create new economic opportunities. Sweet potato flakes is a nutritious food that can improve food security particularly in areas where access to other foods are limited, The study on producing flakes from Sweet potatoes can contribute to the development of new technologies and innovations in food processing. It can also support small – scale farmers by providing them with a new source of income.
1.5	Scope of the Studies
The study investigated the processing of frying sweet potatoes into frying into sweet potato flakes. The study is limited to sweetpotato processing to prevent post-harvest losses and value addition. 
CHAPTER TWO
2.0			          LITERATURE REVIEW
2.1	History of Sweet Potato
	Sweet potato (Ipomoca batasus lam.) belongs to the botanical family convolvulaceae or morning glory family. Although it is a relatively new crop to the global market, the primary and secondary centers of diversity and its origin are still somewhat uncertain. Roullier et al., (2013) comprehensively reviewed this subject. It is amongst the world’s most important, versatile and under-exploited food crops with more than 90 million tonnes in annual production contributed mostly by Asian and African countries, especially China and Nigeria (FAOSTAT, 2020). It is also a main food crop of the tropical and subtropical areas and therefore, provide nutritional advantage to the people of rural and urban regions by enhancing its production and increasing the consumption. In conclusion, Austin (1988) suggested that the origin of cultivated sweet potatoes was located between the estuary of the Orinoco River in northeastern Venezuela and the Yucatan Peninsula of Mexico, as evidenced by data from morphology, ecology, and cytology.
Central America has the highest genetic diversity and the most probable site of origin, as indicated by molecular marker investigations conducted by Zhang D, et al., (2000) and Huang and Sun, (2000). The radiocarbon-dated remains of desiccated sweet potato roots discovered in Peru are uncertain whether they were collected from the wild or domesticated (Engel, 1970). By 2500 BC, sweet potatoes had dispersed extensively throughout the tropical regions of the New World, regardless of their origin (Austin, 1988).

2.2	Production and consumption of Sweet Potatoes 
Sweet potato farming is still quite small but is expanding. They are essentials crop with great agronomic and nutritional value. They are extensively grown and eaten, especially in the Americas, Asia, and Africa. Another important continent for cultivating sweet potatoes is Africa, where Tanzania, Uganda, and Nigeria are the top producers. It is essential for its nutrient and for providing food securities in many countries, particularly rural areas. (Tavva et al., 2012). It also helps in developing nations because they adapt to different temperatures, nutritional value and versatility (Motsa et al., 2015).
	Sweet potatoes are root vegetables that contain many bioactive compounds, including: 
i. Carotenoids which are present in orange-fleshed sweet potatoes that are rich source of beta-carotene, which the body converts to vitamin A. Trans-β carotene was identified as the primary carotenoid discovered in the root of seven orange-fleshed sweet potatoes. The mean concentration ranged from 1.08 to 3.15mg/100g of dried matter (Arnold et al., 2023).
ii. Anthocyanins and phenolic acids: These are the dominant pigments in purple sweet potatoes. The flavonoid family is responsible for the purple coloration of sweet potato flesh and the skin and anthocyanins. It enhance the visual appeal and overall food quality and functions. The extract anthocyanins concentration is purple sweet potatoes depends on processing, variety and extraction technique (Mesiano et al., 2023). While phenolic acids, sweets potatoes sensory attributes are linked to it, specifically caffeic, Fenecic, p-hydroxybenzoic, sinapic, syringic and vanillic acids that they contain.
Nutritional composition of raw sweet potatoes energy is amounted to water 77.28g, 86kcal value, protein 1.57g, iron 0.61mg, vitamin A 11mg, zinc 0.3mg (Pickford et al., 2022).
2.3.	Industrial applications of sweet potato
	The industrial application of sweet potato is as discussed below: 
2.3.1	Processing, bioprocessing and utilization
The food and processing industries utilize sweet potato roots and other plant parts. Starch, sugars, and natural colorants are the main intermediate products in food and non-food industrial processing. Sweet potatoes can be used to make a variety of foods, such as flour, dried chips, juice, bread, noodles, candy and pectin. They are major source of raw material for starch and starch-derived industrial products. The roots are crushed in lime water to remove pigments, flocculate contaminants and prevent browing caused by polyphenol oxidase (PH 8.6 - 9.2)(Abegunde et al, 2013). Sweet potatoes starch is transformed into sugar syrups used in various processed food items or to make vermicui, traditional noodles and thickening agents. In addition, microbial enzymes, fuel alcohol, monosodium glutamate, citric acid, lactic acid, and other compounds are made from potatoes starch and sugars (Padmaja and Prekumar, 2002).   
2.3.2	Sweet Potato Flour 
	The crop is popular as a midday snack in homes, workplaces, and schools. It is also edible when boiled, fried, or roasted. Orange sweet potato are commonly processed into flour in Nigeria, where buyers find them more expensive than dried or dehydrated sweet potato, then ground. Furthermore, it can be chopped, sun-dried, and ground to produce flour that keeps its quality for a long time. It can also be utilized as a stabilizer in the ice cream industry, as a major raw material for making snacks and noodles, and as a dough conditioner in the bread industry Oluwole et al., (2012).
A study aimed to preserve the nutritional properties of orange-fleshed sweet potato after processing it into stabilized products, mainly flour, that could be used as a food ingredient (Sebben et al., 2017). Introduce fermented sweet potato flour into the diet in areas where food instability, hunger, and malnutrition are major issues. The main factors influencing its worth are the moisture level, protein content, β-carotene content, microbiological quality, flavor, aroma, and color of sweet potato flour. The fermented sweet potato flours (both companies and non- composite) had a lower PH, and solubility but had higher any lose content, swelling power, water absorption capacity, whiteness than those of Control. However, it is important to verify that any trypsin inhibitors present in the uncooked Sweet potato are eradicated during the baking process before implementing this method (Amagloh et al., 2003). Thus, sweet potato Contains trypsin inhibitors which are protein's that protect plants from microorganisms and insects, they also have variety of health promoting properties, including antioxidant, anti-inflammatory and anticancer functions. Sweet potato flour contains fiber and protein. The appearance is beige powder, which contains the unique sweetness of Sweet potatoes.
Sweet potato products; Sweet potatoes are a root vegetable that can be used to make a variety of products including, Flour (sweet potatoes can be dried and processed into a gluten-free flour that's high in fiber and nutrients). This flour can be used in baked goods like breads, cookies, muffins and cakes. Died chips are also product of Sweet potatoes, Modalles, Candy, juice, pectin and starch are other products that can be processed from sweet potatoes. It can also be used in soups, as a thickener for sauces and gravles, and in breading for fish (Adeleke and Adedeji, 2010).
2.3.3	Sweet Potato Starch
Sweet potato starch is also similar to cassava starch in its lipid and phosphorus content and hence its properties are quite similar to cassava starch. Sweet potato starch is polygonal or almost round in shape (Moorthy, 2002). Even though starch production constitutes over 10% of china's yearly 74 million tons of Sweet potato production, the country has encountered challenges in this area including slow sedimentation and inadequate starch separation from some contaminants that cause the finished product to take an odd colors (Paul et al., 2003). Sweet potato starch is a pure starch extracted from sweet potatoes, the appearance of sweet potato starch is white powder, colorless and tasteless. It can be used to thicken food, to process biodiesel, to make food packaging paper (bags), clothing fabrics, and natural lead-free fabrics. The micro-biological composition of dough made from sweet potato and damp starch was analyzed (Paul et al., 2003).
The primary component of sweet potato starch are amylose and amylopectin, the component associated with industrial and culinary applications is sweet potato starch, sweet potatoes have a dry weight carbohydrate content of 55% (Mourtala et al., 2023). 
Sweet potato production is more complicated because the sweet potato starch extracted by the sweet potato starch processing machine is more pure. Sweet potato starch has many applications in producing sustenance and feed. The nutritional by product of starch production, which is abundant in dietary fiber, is also in demand. Converting sweet potato roots into value added products, such as starch, may generate additional revenue for small scale producers (Chen et al., 2002). Sweet potato roots have been disregarded despite their widespread recognition as a traditional source of sustenance. A review of the potential applications of sweet potatoes in the production of enzymes and starchy as well as dehydrated, frozen, fermented, tinned and formulated food products, has been conducted (Vithu et al., 2019).
2.3.4	Sweet Potato Bakery and confectionary products
i. 	Sweet potato puree
Puree is a paste or thick liquid suspension made from cooked food. A puree is a very smooth, crushed or blended food like apple sauce or mashed potatoes (Bechoff et al, 2010). To puree something is to blend, chop, mash, or stain a food until it reaches this soft consistency. Sweet potato puree is a thick creamy blended food made from sweet potato, Sweet potato puree are packed with essential nutrients such as Vitamins A (beta-Carotene), vitamin C and Vitamin E, which support healthy growth, development, and immune function. They provide dietary fiber, which helps to support healthy digestive System and prevents constipation in babies (Bechoff et al, 2010).
Sweet potato puree are primarily processed foods mixed with other foods to create new dishes like patties, flakes, reconstituted chips etc or used directly as baby food (Bechoff et al, 2010). Some employees used orange and cream-fleshed sweet potatoes, regardless of size of form, to make a puree of excellent quality additionally, purees and powders are utilized as functional components in low-glycemic index diets for diabetics and as a substitute for wheat products when diagnosing celiac disease. The food sector employs sweet potato powders and purees for various purposes which can be added to various food products to give them the necessary textural qualities and improve their nutritional content, antioxidant activity and natural color, (Bechoff et al, 2010).
The thermal and dielectric characteristics of sweet potato puree were investigated throughout a temperature range of 50-80oC (Fasina et al., 2003). As temperature increases, the thermal conductivity, Specific heat, and thermal diffusivity of Sweet potato puree Increase. The density of the puree decreases with temperature. The type of thermal treatment and post-harvest harolling of Sweet potato roots can have a significant impact on the puree's appearance, flavor, texture and nutrient composition. They are rich in dietary fiber, ascorbic acid, folicacid, minerals,
anthocyanins, and -carotene. Sweet potato puree is made by cooking sweet potatoes until tender and then blending them until smooth, once the sweet potatoes are tender, you can pour them in a food processor, blender or masher (Fasina et al., 2003).
ii.	Pancakes
A pancake, also known as hot cake, griddlecake, or Flapjack, is a flat cake, often thin and round, prepared from a starch-based batter that may contain eggs, milk, and butter, and then cooked on a hot surface such as a griddle or frying pan. The pan cake's shape and structure varies worldwide. In England, pancakes are opten unleavened and North America, a leavening agent is used typically baking powder creating a thick fluffy pancakes, pancake may be served at any time of the day or year with a variety of toppings or fillings but they have developed associations with particular times and toppings in different regions.
Pancakes that do not contain gluten were commonly prepared using rice flower but the study involves substituting varying volumes of sweet potato flour into making varieties of value added product, and for rice flour to create gluten-free pancakes. Sweet potato flour is usually used to make a variety of cakes and snacks, or directly cooked and eaten. Sweet potato pancakes can be a nutrition’s breakfast option and can be made with mashed Sweet potatoes (Shih et al., 2006).
Sweet potatoes are a great source of beta carotene and vitamin A, Sweet potato pancakes can contain 130% of the daily value (DV) of vitamin A and 10% of the DV of vitamin C, calcium and iron, sweet potato pancakes can be high in fiber and also contain calories, fat, protein, carbohydrates (Shih et al., 2006).
iii. 	Biscuits
A biscuit, in many English-speaking countries, including Britain, Ireland, Australia, New Zealand India and South Africa but not Canada or the US, is a cloud-based baked and shaped food Item. A small quick bread usually made from flour, salt and butter or vegetable shortening, with baking powder as a leavening agent. Biscuits are typically hard, flat and unleavened. They are usually sweet and may be made with sugar, chocolate, king, jam, ginger, or cinnamon. Andualem et al., (2016) created biscuits that were enhanced with pro-vitamin A and energy by adding OFSP (Orange-fleshed sweet potato) and adjusting the baking temperature and duration, they can also be savoury, similar to crackers.
The dough is kneaded briefly and rolled out, and the biscuits are let with a round cutter or any desired shape cutter. The dough may also be dropped by spoonful’s for an irregular shape. In order to create this biscuits, 30% OFSP (Orange-fleshed sweet potato) flour was added to wheat flour then baked at 200oC for 12-15 minutes and at 220℃ for 9-12 minutes Mbaeyi-Nwaoha (2016). Biscuits with extra starch and sweet potato flour, on the other hand, were as stiff as the control biscuits. Biscuits are made from enriched flour, which contains niacin, Iron, calcium, magnesium and phosphorus, which helps you meet your daily vitamin and mineral needs.
Fiber is essential and offers many health benefits, biscuits and cookies are easily digested. Flours mixed of sweet potato flour was used to make biscuits. According to Mbaryi-Nuaona (2016) when sweet potato flour and fiber fractions were added to white wheat flour, it's pasting properties were totally reduced. Biscuits made from OFSP flour may have a higher moisture content because water migrates from the OFSP to the other ingredients during cooking. The Moringa Deyera and Sweet potato were used to create gluten-free crackers for people living with celiac disease. This
Shows that sweet potato was high level of p-carotene ranging from 4.76 mg/100g to 11.54 mg/100g (Owusu, 2011).
iv. 	Sweet Potato Snacks
Pasta and noodles
Pasta is a type of food typically made from an unleavened dough of wheat flour mixed with water or eggs and formed into sheets or other shapes. Pasta was originally only made with durum, although the definition has been expanded to include alternatives for a gluten-free diet, such as rice flour, legumes, beans, or lentils. Pasta is believed to have developed independently in Italy and is a staple food of Italian cuisine with evidence of Etruscans making pasta as early as 400 BCE consumer in Italy. Pasta is a well-known dish that consumer enjoy for its nutritional value and ease of preparation. (Petitot et al., 2009). Noodles and pasta might be made with sweet potato flour (Limroongreungrat et al., 2007). Sweet potatoes are used by many to make pasta and spaghetti, it was experimented with using fiber ingredients and starches Like bananas or Lentils (Renjusha et al, 2014).
Pasta enriched with resistant starch derived from sweet potatoes, wheat, and bananas has been documented, resistance starch is required to strengthen starch noodles or pasta because of los health benefits in managing diabetes and obesity (Ovando, et al., 2009). They tend to be lower in fiber and protein and higher in sugar and fat than regular foods.
v 	Sweet potato Soy Sauce
Soy sauce is a liquid condiment of Chinese origin, traditionally made from a fermented paste of soybeans, roasted grain and Aspergillus oryzae or Aspergillus sojae molds. It is recognized for its saltiness and pronounced taste. Like bread, soy sauce made with wheat flour could demand a lot of resources, including sweet potato flour (Dereje et al., 2020). The Ingredient is made from fermented soybeans, giving it a strong umami taste from the fermentation process, placing it alongside sweet, sour, bitter and salty. Soy sauce offers a unique taste that can't be created by mixing other flavours. Cooking turned sweet potato starch into gelatin, making it more susceptible to microbial destruction (Es-sbata et al, 2022).
Sweet potato fermented products
Sweet potatoes are highly rich in carbohydrates sugars, vitamins and other nutrients and are used to make fermented goods. Fermentation is the conversion of carbohydrates to alcohol and carbon dioxide or organic acids using years, bacteria or a combination under anearobic conditions. According to Sakamoto and Bouw kamp (2018) shochu is a traditional distilled liquor made from Sweet potatoes or other Ingredients like rice, barley, corn or potatoes. The primary benefit of fermentation is the conversion of sugars and other Carbohydrates to usable end products.

vi 	Lacto Pickles and Juices
They alter fermented fruits and vegetables flavor in several ways. The vitamins and minerals in Lactic acid fermentation processed lactic-juices are essential because they promote good health when ingested. Lacto fermentation is a specific type of fermentation that uses lacticacial producing bacteria to preserve foods. It involves submerging vegetables and fruits in a brine solution (Salt and water) to release their own water. Pickles were later examined by the look, color, texture, aroma and sourness from sweet potatoes high in carotene and anthocyanin (Xiao et al, 2023).
2.4	Production of Flakes from Cassava and Sweet Potato
Flakes a type of flour made from the roots of the cassava plant. Originally native to South America, Cassava was introduced to West Africa in the 16th century by Portuguese colonizers. Flakes became popular in Nigeria in the 19th century after formerly enslaved people began to return from Portugal and Introduced a method for processing cassava. Flakes, commonly found damp fermented product obtained from Cassava (Manchot esculenta Crantz), originates from Africa. (Kegan and Waljovenkey, (2023). Can is also Called Cassava Flakes in English. The production of sweet potato flakes originated in Ghana.
Flakes is dry, Crispy, creamy-white and granular. It is made from cassava wood that have been crashed into a mash, fermented and sieved into small pieces (known as grits) (Ngoualem Kegah and Ndjouenkeu (2023). Flakes is a popular food in West Africa and is fast becoming a marketable product. It is one of the most developed and convenient staple food commodities been produced from cassava, to select the best method flakes production technology has been produced at different levels, this includes grating, fermentation, and dewatering (Ngoualem Kegah and Ndjouenkeu (2023). The methodology (a variant of solid state fermentation) bore a striking resemblance to that utilized in the fabrication process of cassava flakes, producers are faced with the problem of the product price, limited information, and inadequate capital, lack of equipment, poor inadequate labour and water supply, long waiting time during grating, and some stages of processor (Ngoualem Kegah and Ndjouenkeu (2023).
The product met all of the specified parameters, including moisture content (3.83%), protein content (0.60%), canale fiber content (3.5%) ash content (1,4290), swelling capacity (3.05), titratable acidity (0.50% ) and PH (3.97) (Ngoualem Kegah and Ndjouenkeu (2023). The short life Span of raw cassava tubers is the most severe with 98%. Mechanization of cassava processing operations has contributed towards improving human capacity leading to a rise in production. Traditionally, women fried flakes in shallow earthen-ware cast iron pans over a wood fire using Spatula-like paddles of wood and press the sieved mash against the hot surface of the frying pan, while turning endlessly to prevent cake production. It takes a long time of an average of 90 hours to process 100kg of flakes per person. Implementing machinery would make processing and production more easy and labour intensive free. Flakes is rich in vitamin A and bakarotennya, which can help prevent poor eyesight and blindness. It also contains folate, which helps with tissue growth and cell function (Ngoualem Kegah and Ndjouenkeu (2023)..
2.5 	Sweet Potato Dairy Products
Sweet potatoes are used in dairy production in a variety of ways such as feed for dairy cattle, dried Sweet potato tubers can be used as a feed for dairy cattle, and can be as valuable as maize (Brooks et al., 2024). Feeding dried sweet potato roots to dairy cows can increase the Vitamin A and beta-carotene content of their milk. Sweet potato vines can be preserved as silage, which can be used as a feed resource for livestock. Silage from sweet potato vines can improve animal performance and can be a cost effective solution to feed shortages. Savaiano and Hutkins (2021) asserts that curd and yogurt, produced from the lactic acid fermentation of milk, offer many dietary and nutritional advantages compared to whole milk.
A comparable process was employed to generate Sweet potato curd, bovine milk was fermented with a boiled b-carotene rich puree of sweet potatoes and curd (started) organisms Including streptococcus lactis and lactobacillus delbrueckil subspbulflakescus reported the synthesis of a substance resembling yogurt by combining sweet potato puree, mille, sucrose and freeze-dried yogurt inoculums. The product that was obtained demonstrated a titratable acidity of 0.85%. Sweet potato curd was evaluated by consumers in terms of its five principal sensory attributes; sugar, color, texture, fragrance and overall appearance using a nine-point hedonic scale Yuliana et al (2003).
2.6	Sweet Potato Beverages.
Sweet potatoes were used to create a non-alcoholic beverage that resembled a fruity beverage. It was created with sugar, ascorbic acid, and citric acid added to mashed sweet potatoes. Sweet Potato lette is a popular caffeine-free Korean drink that is made with cooked sweet potato, milk, Sweetener and warming Spices Padmaja and Premkumar (2002). It is wonderfully rich and Creamy, lightly spiced and absolutely delicious, Sweet potatoes with orange flesh typically yielded beverages with pleasing color and scent.
Making a non-alcoholic drink with mashed sweet potatoes and other Ingredients, Including mango, pineapple orange and lemon. Most non-alcoholic beverages are made using fruits, dairy products, chocolate e.t.c. The properties of the sweet potato non-alcoholic beverage are within the range of fruit juices, drinks and non-alcoholic beverages set by Ghang Standards board thus, Can serve the purpose of already existing fruits drinks /beverages Padmaja and Premkumar (2002). The similarity in fruits and sweet potato provides a basis for a hypothesis that sweet potato can be processed into products which are traditionally made from fruits Such as Jam, marmalade and drinks of beverages. The use of sweet potato for beverage preparation would be a viable option for processing sweet potato, the objective is to produce anon-alcoholic beverage from sweet potato Padmaja and Premkumar (2002).
Preparation of sweet potato non-alcoholic beverage can help reduce inflammation, stabilize blood sugars, aid digestion, balance hormones and also helps lower blood pressure. Sweet potatoes are rich in dietary fibre, minerals, vitamins and antioxidants. They are an excellent source of Vitamin A and a good source of potassium and vitamin C Padmaja and Premkumar (2002).


2.7	Nutritional Composition of Raw Sweet Potatoes
Table 2.1: The nutritional composition of raw sweet potato 
	Composition
	Values
	

	Water
	77.28g

	Energy
	86kcal
	

	Protein
	1.57g

	Total lipid (fat)
	0.05g

	Carbohydrate, by difference
	20.12g

	Fiber, total dietary
	3g
	

	Sugars, total
	4.18
	

	Calcium
	30mg

	Iron
	0.61mg

	Magnesium
	25mg

	Phosphorus
	47mg

	Potassium
	337mg

	Sodium
	55mg

	Zinc
	0.3mg

	Vitamin C (Ascorbic acid)
	2.4mg

	Thiamin
	0.078mg

	Riboflavin
	0.061mg

	Niacin
	0.557mg

	Vitamin B6
	0.209mg

	Folate
	11g

	Vitamin A
	14187IU 
	

	Vitamin E (-tocopherol)
	0.26mg

	Vitamin K (phylloquinone)
	1.8g


Source: (Pickford et al., 2022; USDA (United State Department of Agriculture), 2016
2.8	Equipment for Processing Flakes from Sweet Potato.
The processing equipment is as discussed below:
2.8.1	Grating Machine.
A grating machine (plate 2.1) is a device designed to grate or shred sweet potatoes into various sizes and texture Sweet potato grating machines can help minimize manual labour and also reduce the risk of Injury from manual grating.
[image: ]




Plate 2.1: Grating Machine (James, et al., 2012)
2.8.2	Pressing Machine
[image: ]A pressing machine (plate 2.2) is an equipment used to remove excess moisture from grated or sliced Sweet potatoes. It extracts starch and other impurities and helps to break down the cell structure of the sweet potatoes.







Plate 2.2: Hydraulic pressing Machine (James, et al., 2012)
2.8.3	Fermentation Machine.
A fermentation machine, also known as a fermenter (plate 2.3), is an equipment used to control and optimize the fermentation process of sweet potatoes, ensures consistent and high-quality fermented sweet potato product.
[image: ]





Plate 2.3: Fermentation Rack (James, et al., 2012)
2.8.4	Sieving Machine
A sieving machine (plate 2.4) which is also known as a sieve or screener, is an equipment used to seperate particles of different sizes or shapes from a mixture. In the context of sweet potato processing, a sieving machine is used to separate impurities, such as dirt, stones or broken sweet potato pieces, from the desired product.
[image: ]






Plate 3.4: Sieving Machine (James, et al., 2012)
CHAPTER THREE
3.0			     MATERIALS AND METHODS
3.1 	Materials
The materials used for the study are described below:
3.1.1 	Experimental Materials  
The Sweet Potato (Ipomoea batatasus Lam) used in this study was purchased from Ganmo in Ifelodun Local Government Area, Ilorin, Nigeria. The Plate 3.1a and Plate 3.1b shows the sweet potato plant and sweet potatoes tuber.  
[image: ][image: ]




Plate 3.1.a: Sweet Potato Plant			Plate 3.1b: Sweet Potato Tuber
3.1.2 	Digital Weighing Scale  
The digital weighing scale (plate 3.2) was used to determine the weight of potato mash used for [image: ]the study and measured the quantity fried during frying operation.




Plate 3.2 Digital Weighing Scale
3.1.3	Electronic Oven 
The Electronic oven (plate 3.3) with the model number (DHG-9030A) was used to determine the moisture content of the sweet potato mash before and after frying.  
[image: ]

Plate 3.3. Electrical Laboratory Oven
3.1.4	Frying Machine 
	A frying machine (plate 3.4) was used to roast the sweet potato mash after fermentation at a given temperature of 100oC, 110oC and 120oC taken measures of the output parameters and throughput capacity. 
[image: ]
Plate 3.4 Frying Machine


3.2 	Methods
The method used for the study was presented in figure 3.1 below:
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Figure 3.1:	Flow process of Flakes Production from Sweet Potatoe
Source: Kure et al, (2012)	

3.2.1 	Sample Preparation
The method described by (Kure et al., 2012) was used to produce flakes from sweet potato (Figure 3.1). Fresh raw sweet potato tubers were manually peeled washed under running water to remove dirt, soaked, and grated into a pulp using a grater. The pulp was then put into a muslin cloth bag and pressure applied by hand to drain excess water. The pulp was left in the bag to ferment for a period of 2 days to increase the nutritional value, reduce its sugar and anti-nutrient contents. 
3.2.2 Experimental Design
The factors considered in the study were: (i) Machine speed (3 levels) (ii) Feed rate (3 levels) i.e. (0.5kg/min, 2kg/min, 3kg/min) (iii) Roasting temperature (3 levels) i.e. (100°C, 110°C, 120°C).
3.2.3 Experimental Procedure
Before roasting, the heater of the fryer was switched on and the fryer was allowed to run for about 30 minutes to allow the fryer to stabilize at the desired temperature. The three temperature settings, namely 100°C, 110°C and 120°C were used for the experiment. At temperatures above selected temperatures, the pressed cake (Mash) were used to dry flakes at selected pressure.
3.2.4 Output Parameters
The output parameters measured was based on roasting efficiency and throughput capacity as reported by Gbasouzor, (2012) and Clinton Okonkwo et al., (2018).
(i) Roasting Efficiency (ER) 
This refers to how effectively the roasting system converts raw or semi-processed sweet potato material into the desired roasted product considering both energy use and product quality. It can be measured as:
ER=
(ii) 	Throughput Capacity This is the amount of sweet potato flakes produced per unit of time (e.g. kilograms per hour or tons per day)
CT = 
Where, 
CT = 	Throughput Capacity (kg/hr) 
M₀ = 	Mass of flakes obtained (kg) 
T = 	Frying time (hr)

3.1.5	Statistical Analysis
	The raw data obtained from the study was subjected to statistical analysis to be able to draw the conclusion of the study.


CHAPTER FOUR
4.0			      RESULTS AND DISCUSSIONS 
4.1	Results
The results obtained from the test conducted on the motorized Sweetpotato frying machine is presented in table 4.1 below.
Table 4.1: Summary of Result Obtained from the Test of Motorized Sweetpotato Frying Machine
	Runs 
	Initial Moisture Content (%w.b)
	Final Moisture Content (%w.b)
	Initial mass of flakes (kg)
	Final Mass of Flakes (kg) 
	Time of Frying (min)
	Machine Throughput Capacity (kg/h)
	Machine Efficiency (kg/h)

	1
	40
	12.75
	10
	6.85
	20
	33.3
	68.5

	2
	40
	12.24
	10
	7.32
	20
	33.3
	73.2

	3
	40
	11.96
	10
	6.93
	20
	33.3
	69.3

	4
	40
	11.78
	10
	6.99
	20
	33.3
	69.9

	5
	40
	12.35
	10
	6.87
	20
	33.3
	68.7

	Average 
	40
	12.22
	10
	6.99
	20
	33.3
	69.92



4.2 	Discussions
The experimental results obtained from testing the motorized sweetpotato frying machine demonstrated its effectiveness in frying flakes efficiently. The experiments were conducted using different feed rates of 10kg each, and the machine's performance was evaluated based on the amount of fried flakes recovered and the reduction in moisture content within a 20-minute frying periods.	
Table 4.1 presents the results of the experiment runs. At the first feedrate of 10kg, 6.85kg of flakes was recovered, indicating that the frying process retained a significant proportion of the initial flakes fed into the machine. The moisture content of the flakes was also reduced from 40%w.b (wet basis) to 12.75%w.b, indicating successful frying and moisture removal. These results yielded a machine capacity of 33.3kg/h, meaning the machine could process approximately 33.3 kilograms of flakes per hour, and a machine efficiency of 68.5%, which is a measure of how well the machine utilized energy during the frying process.
Similarly, at the second feed rate of 10kg, 7.32kg of flakes was recovered, indicating a slightly higher yield compared to the first feed rate. The moisture content was reduced from 40%w.b to 12.24%w.b after 20 minutes. This resulted in a machine capacity of 33.3kg/h, which was consistent with the previous feed rate, but the machine efficiency improved to 73.2%, suggesting better energy utilization during frying. The third, fourth, and fifth feed rates also showed a similar trend, with the machine effectively frying the flakes recovering a substantial amount of fried flakes, and achieving notable reductions in moisture content within the 20-minute frying time.
On average, the machine produced 6.99kg of fried flakes from an initial feed of 10kg, highlighting its efficiency in retaining a significant portion of the raw flakes during the frying process. The average reduction in moisture content from 40%w.b to 12.22%w.b demonstrated the machine’s ability to thoroughly fry the flakes, making it suitable for consumption and storage. The calculated average throughput capacity of 33.3kg/h indicated that the machine could consistently process 33.3 kilograms of flakes per hour, making it suitable for small to medium-scale flakes processing operations. The average machine efficiency of 69.92% highlighted the machine’s ability to utilize energy efficiently during the frying process, leading to cost savings and reduced environmental impact.
CHAPTER FIVE
5.0		    CONCLUSIONS AND RECOMMENDATIONS
5.1 	Conclusions
A motorized sweetpotatos frying machine was designed, fabricated and tested for its performance in the Department of Agricultural and Bio-environmental Engineering Technology, Institute of Technology, Kwara State Polytechnic, Ilorin. The experimental results confirmed that the motorized sweetpotatos frying machine performed effectively in frying flakes. The machine consistently produced fried flakes with desirable moisture content within a short 20-minute frying period. Its throughput capacity and efficiency made it a suitable and practical option for small to medium-scale flakes processing operations. The findings from the experiments validated the design and functionality of the machine, making it a valuable tool for flakes processors, enhancing productivity, and ensuring the production of high-quality fried flakes for consumers.
5.2 	Recommendations
Based on the test conducted on the machine, the following are therefore recommended for further studies:
i. 	The machine should be tested with a varying amount of feed rate.
ii. 	The speed of the machine should also be varied.
iii. 	Provision should be made for packaging of the produced flakes to ensure it could be stored for a long period of time.
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