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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 (Ipomoea batatas Lam.) is an important crop cultivated across most tropical and subtropical regions, although it has not yet become a widely consumed staple in the diet of North-West Nigeria. It is highly valued for its rich nutritional content and natural sweetness. All parts of the plant—roots, stems, and leaves—are edible. However, in North-West Nigeria, one of the major challenges hindering its wider adoption is the lack of large-scale traders or wholesalers capable of storing the crop (Dincer et al., 2011).
Nutritionally, sweet potatoes are notable sources of vitamin C and vitamin A and offer numerous health benefits. They support immune function, aid digestive health, and help reduce the risk of certain chronic illnesses. The crop contains protein inhibitors that serve as natural defenses against insects and microorganisms; these compounds are harmless to humans because they are destroyed during cooking (Odomela, 2005).
Harvesting takes place when the sweet potatoes have reached maturity. After collection, damaged tubers are removed, and the rest are washed and peeled using a knife or specialized peeling tool. The peeled roots are grated with a traditional grater, placed in fermentation bags, and left to ferment for 2–3 days (Odomela, 2005). Once fermentation is complete, the pulp is squeezed to remove excess water, sun-dried, sieved, fried, and then cooled before it is ready for consumption.
Despite the crop’s nutritional value, sweet potato flake production encounters several limitations. Factors such as processing temperature, moisture content, and processing time greatly influence the final product’s quality and nutrient retention (Afoakwa et al., 2015). Additionally, the adaptability of different sweet potato varieties for flake production remains insufficiently studied (CIP, 2019). The market potential and consumer acceptance of sweet potato flakes are also not yet well established (FAQ, 2017).
From a nutritional standpoint, sweet potatoes are rich in essential vitamins, minerals, and antioxidants. Compared to cassava, they have higher levels of vitamin A, vitamin C, potassium, and dietary fiber. The antioxidants in sweet potatoes may help protect against chronic conditions such as heart disease, diabetes, and cancer. Moreover, producing sweet potato flakes could open up a profitable income stream for both farmers and traders (Cartabiano-Leite et al., 2020).
1.2	Problem Statement of the Study
Sweet potato production is hindered by several challenges, including post-harvest losses, pest and disease attacks, low yield, poor market access, and insufficient value addition. These issues are further aggravated by the crop’s sensitivity to climate variations and the limited public awareness of its nutritional value. Due to its short shelf life, which makes it prone to damage and rapid spoilage, converting sweet potatoes into flakes can help extend their usability. Farmers’ earnings from sweet potato cultivation remain low, posing a significant obstacle for both producers and traders (FAO, 2017; CIP, 2019). Notably, sweet potato can serve as an alternative to cassava in flake production.
Given these constraints, processing sweet potatoes into flakes offers a viable solution to boost the income of farmers and traders involved in the value chain. Moreover, it can substantially reduce post-harvest losses, ensuring that more of the crop is preserved for consumption or sale.
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	Classification and Origin of Sweet Potatos 
The sweetpotato (Ipomoea batatas Lem) is a dicotyledonous plant belonging to the morning glory or Convolvulaceae family. It is a new world crop, though there is still some confusion that exists regarding its origin, and primary and secondary centers of diversity Roullier et al. (2013) and Grüneberg et al. (2015) have published thorough reviews of this topic. In brief, using data from morphology, ecology, and cytology, Austin (1988) has postulated that cultivated sweetpotatoes originated somewhere in the region between the Yucatan Peninsula of Mexico and the mouth of the Orinoco river in northeastern Venezuela. Recent studies conducted by Roullier, et al. (2013) incorporating chloroplast DNA and molecular phylogeny analyses confirm this hypothesis. They also suggest that Ipomoea batatas most likely evolved from at least two distinct autopolyploidization events in wild populations of a single progenitor species most likely Ipomoea batatas. 
Secondary contact between sweetpotatoes domesticated in Central America and in South America, from differentiated wild Ipomoea batatas or Ipomoea trifida populations, could have led to further introgression. Molecular marker analyses conducted by Huang and Sun, (2000) and Zhang et al. (2000) also places Central America as the region with the most genetic diversity and probable origin (Huang and Sun 2000; Zhang et al. 2000). Remains of dried sweetpotato roots found in Peru have been radiocarbon dated back to 8,000–10,000 years old, though it is unknown if these were collected from the wild or were domesticated (Engel, 1970). Regardless of the center of origin, sweetpotato was widely established in tropical regions of the new world around 2500 B.c. (Austin, 1988). It was established in Polynesia, prior to European arrival (Roullier, et al. 2013). Europeans in the 1500s spread the sweetpotato to Africa and India, with it arriving in China prior to 1600. Secondary centers of diversity include New Guinea, the Philippines, and parts of Africa (Bohac et al. 1995; Roullier, et al. 2013).
2.2	Botany and Physiology 
The sweetpotato is a herbaceous perennial that is grown as an annual by stem cuttings or plant sprouts from storage roots. It has a predominately prostrate growth habit typically with 1–5 m vines that grow horizontally on the ground. The plant can be grouped into three parts: i) The leaves act as the photosynthetic canopy. ii) The stems transport energy to the roots and transport water and minerals from the roots. iii) The root system absorbs water and nutrients from the soil, anchors the plant, and can act as a storage site for energy via the development of fleshy storage roots. Sweetpotatoes possess three types of roots: storage, fibrous, and pencil (Kays, 1985a; Firon, et al. 2009). Young adventitious roots develop out of both the nodal and the internodal regions of an underground stem portion of a vine cutting. 
Roots from the internodal regions normally become fibrous roots and have a tetrarch arrangement of their primary vascular tissue. Roots from the nodes are pentarch or hexarch and have the potential to develop into enlarged storage roots; however, unfavorable conditions can cause many or all of these to develop into primary fibrous roots or to lignify and produce pencil roots. Some of the first roots to emerge from the nodal regions are the roots that will develop into storage roots, making it important to minimize stress during the first month after transplanting, to ensure good storage root development. Minimizing stresses such as high nitrogen levels, low oxygen or dry conditions impacts many of the cultural practices for sweetpotato in highly developed production systems. Storage root initiation varies widely among cultivars occurring 1–13 weeks after planting, by which time the number of storage roots per plant is determined (Ravi and Indira, 1999). Length of the storage root is determined before width, with shape being determined by the differential rates of longitudinal and lateral growth. Root set even in the same field and cultivar is highly variable in sweetpotatoes, making it difficult to optimize size and shape uniformity(Firon et al., 2009), figure 2.1 shows the Sweetpotato plant, harvesting and harvested tubers.
[image: ]
Figure 2.1: Sweetpotato plant, harvesting and harvested tubers in the market. 
Source (From left): USDA Plants Database, NC State Extension, USDA‐AMS.
2.3	Production and Consumption of Sweetpotato
Sweetpotato has wide production geography, from 40° north to 32° south latitude of the globe, and it is cultivated in 114 countries. The world total production of sweetpotatoes was 106.60 million metric tons (MMT) in 2014. Since the mid‐1990s, global production has ranged from a low of 101.28 MMT in 2007 to a high of 147.17 MMT in 1999 (FAO 2015; Johnson et al.,2015). In 2014, about three‐fourth of the global production was from Asia and Pacific Islands, followed by Africa with about 21%, while the Americas (North, Central, and South) account for about 3.6%. China was the leading producer of sweetpotatoes, with 71.54 MMT or about 67% of the global production, followed by Nigeria (3.78 MMT), Tanzania (3.5 MMT), Ethiopia (2.7 MMT), and Mozambique (2.4 MMT). The United States was the tenth largest producer, with 1.34 MMT production. Only two countries in Europe, Portugal and Spain, grow sweetpotatoes, with 22,591 and 13,550 metric tons produced in 2014(FAO 2015; Johnson et al.,2015). In comparison to other major staple food crops, sweetpotatoes have good adaptability to marginal growing conditions, short production cycle, and high yield potential. The average world yield of sweetpotatoes is about 14 tons per hectare. Under subsistence conditions in many areas of the tropics, the average sweetpotato yield is about 6 metric tons/hectare, far below the 20–26 metric tons/hectare obtained in China, Japan, and the United States, where improved varieties, fertilizer applications, and cultural managements have been introduced. The per capita consumption is highest in places where sweetpotatoes are consumed as a staple food, e.g., Papua New Guinea at 550 kg per person per year, the Solomon Islands at 160 kg, Burundi and Rwanda at 130 kg, and Uganda at 85 kg. The average annual per capita consumption of sweetpotatoes is estimated at 18 kg in Asia, 9 kg in Africa, 5 kg in Latin America. Between 2000 and 2014, sweetpotato consumption in the United States increased nearly 80%, from 1.9 kg to 3.4 kg per capita (FAO 2015; Johnson et al.,2015).
2.4	Postharvest Handling Practices
In temperate regions where production is limited to a summer season and marketing is continuous, sweetpotatoes are stored year round. Varieties have been selected for both low respiration and low water loss, giving a storage life up to 13 months or until the next crop is harvested. Careful handling of sweetpotatoes is critical to ensure long‐term storage (Edmunds et al. 2008). Bruising and skinning in the field are minimized by hand harvest or by using a combination of mechanical and hand harvesting. Roots exposed to bright sun for more than 30 minutes may have a darkening of skin called sun scalding, which is a cosmetic defect but can also be a site for postharvest decay (Edmunds et al. 2008). Roots should not be harvested when the weather is too cold. Chilling injury is a function of temperature and duration of exposure. Temperatures below 10°C will cause chilling, though cooler temperatures will cause more damage. Chilling injury may not be seen for weeks after the chilling occurs and can be expressed by various symptoms including increased respiratory rate, greater susceptibility to decay, surface pitting, internal breakdown, hardcore and reduced culinary quality (Edmunds et al., 2008).
After harvest, roots are immediately “cured” at 29–33°C and 85–90% RH with proper ventilation for 4–7 days (Edmunds et al. 2008). Curing heals wounds that occur during the harvest, first by a lignification beneath cells damaged at harvest, and second by the formation of a wound periderm beneath the lignified cells in a process called suberization. The healing provides a pathogen barrier and reduces desiccation at the wound site resulting in less weight loss during storage. Uncured roots do not store well but properly cured roots stored at 13–15°C and 85–95% relative humidity will be marketable for up to 12 months (Edmunds et al. 2008). Good airflow is essential to maintain oxygen and carbon dioxide exchange and allow for heat transfer. Cultivars vary tremendously as to how long they will store and maintain the necessary quality. Curing also produces changes in the culinary characteristics increasing moistness and sweetness (Walter, 1987). 
Sweetpotatoes continue to respire during storage, converting starch to sugar, which is then oxidized to carbon dioxide and water providing energy for the living cells. Over time, the loss of dry matter will cause pithiness, a textural defect caused by an increase in intercellular space, up to the point where there are air pockets in the root tissue. This is greatly accelerated by warmer temperatures (Edmunds et al. 2008). Once temperatures go above 16°C, the roots will begin to sprout which greatly increases the respiration rate and weight loss. Large commercial storage facilities in developed nations can maintain very precise conditions to optimize root storability and quality. In developing countries, storage of sweetpotatoes has been done for hundreds of years and is still practiced using various pit, or underground storage structures. The success of these structures depends on how close they come to maintaining the ideal temperature, moisture, and oxygen levels as described. Storage losses due to rodents, weevils, and rots tend to be high, and the length of time often limited to a few months(Edmunds et al. 2008).
2.5	Nutritional Composition of Sweetpotatoes 
All the plant parts, roots, vines, and young leaves of sweetpotatoes are used as foods, animal feeds and traditional medicine around the world (Mohanraj and Sivasankar, 2014). The nutritional values of sweetpotato roots and leaves and selected processed products are shown in Table 2.1. In Asia and Africa, the sweetpotato leaves are eaten as green vegetables. The nutrient content of sweetpotato leaves varies among the varieties, harvest dates, crop years and cooking methods. On dry weight basis, sweetpotato leaves contain 25–37% protein, 42–61% carbohydrate, 2–5% crude fat, 23–38% total dietary fiber, 60–200 mg/100 g ascorbic acid, and 60–120 mg/100 g carotene (Almazan et al. 1997, Sun et al. 2014). They are also rich in calcium (230–1,958 mg/100 g), iron (2–22 mg), potassium (479–5,230 mg), and magnesium (220–910 mg). The high level of phenolics (1.4–17.1 mg/100 g dry weight), anthocyanins, and radical‐scavenging activities in sweetpotato leaves indicates their potential benefits on human health and nutrition (Islam 2006; Truong et al. 2007). Sweetpotato greens are very rich in lutein, 38–51 mg/100 g in fresh leaves, which are even higher than the lutein levels in the vegetables that are known as a source for lutein, such as kale (38 mg/100 g) and spinach (12 mg/100 g) (Menelaou et  al. 2006). Novel galactolipids were recently isolated and characterized from sweetpotato leaves (Napolitano et al. 2007), indicating that this leafy vegetable can be a potential source of omega‐3 polyunsaturated fatty acid. Health benefits and disease prevention of bioactive compounds in sweetpotato leaves have been reported (Johnson and Pace, 2010). 



Table 2.1: Nutritional profile content in sweetpotato roots and leaves (per 100g fresh weight).
	Nutrient
	Unit
	Raw
	Boiled Without Skin
	Canned, Mashed
	Snacks/Chips, Unsalted
	Leaves, 
Raw

	Proximate
	
	
	
	
	
	

	Water
	g
	77.28
	80.13
	73.88
	4.51
	86.81

	Energy
	kcal
	86
	76
	101
	532
	42

	Protein
	g
	1.57
	1.37
	1.98
	2.94
	2.49

	Total lipid (fat)
	g
	0.05
	0.14
	0.2
	32.35
	0.51

	Carbohydrate, by difference
	g
	20.12
	17.72
	23.19
	56.82
	8.82

	Fiber, total dietary
	g
	3
	2.5
	1.7
	8.8
	5.3

	Sugars, total Minerals
	g
	4.18
	5.74
	5.45
	8.82
	na[footnoteRef:1] [1: ] 


	Calcium
	mg
	30
	27
	30
	59
	78

	Iron
	mg
	0.61
	0.72
	1.33
	2.12
	0.97

	Magnesium
	mg
	25
	18
	24
	65
	70

	Phosphorus
	mg
	47
	32
	52
	145
	81

	Potassium
	mg
	337
	230
	210
	925
	508

	Sodium
	mg
	55
	27
	75
	35
	6

	Zinc
Vitamins
	mg
	0.3
	0.2
	0.21
	0.53
	na

	Vitamin C, total ascorbic acid
	mg
	2.4
	12.8
	5.2
	0
	11

	Thiamin
	mg
	0.078
	0.056
	0.027
	0.088
	0.156

	Riboflavin
	mg
	0.061
	0.047
	0.09
	0.161
	0.345

	Niacin
	mg
	0.557
	0.538
	0.955
	2.088
	1.130

	Vitamin B6
	mg
	0.209
	0.165
	0.235
	0.535
	1

	Folate, DFE
	µg
	11
	6
	11
	37
	1

	Vitamin B12
	µg
	0
	0
	0
	0
	0

	Vitamin A, IU
	IU
	14187
	15740
	8699
	23675
	3378

	Vitamin E (α‐tocopherol)
	mg
	0.26
	0.94
	1.09
	9.82
	na

	Vitamin D
	IU
	0
	0
	0
	0
	0

	Vitamin K (phylloquinone)
	µg
	1.8
	2.1
	2.4
	24.5
	302.2


Source: USDA (2016), Standard Reference 28, revised May 2016
The nutrient composition of sweetpotato roots varies widely, depending on the cultivar, growing conditions, maturity, and storage. Overall, sweetpotato roots have a high moisture level with an average dry matter content of 25–30%. A wide range of dry matter content of 13–45% from a sweetpotato germplasm collection was reported by Tsou and Hong (1992) and Brabet et al. (1998). Sweetpotato roots are good source of carbohydrates and generally low in protein and fat. Protein content ranged from 1.73–9.14% on dry weight with substantial levels of nonprotein nitrogen (Yeoh and Truong, 1996). Sweetpotato protein overall, however, is of good quality, and the levels of essential amino acids compare significantly to the FAO reference protein (Maloney et al. 2014; Walter et al. 1983). 
Most of the dry matter in sweetpotatoes consists of carbohydrates, primarily starch and sugars and to a lesser extent pectins, cellulose, and hemicellulose. Dietary fiber in sweetpotato roots range from 2 to 4% of fresh weight. Residues from sweetpotato starch and juice processing of commercial varieties are good sources of dietary fiber, 16–36% of dry weight (Mei et al. 2010; Truong et al. 2012a). Starch comprises 60–70% of the total dry matter, but the values vary for different types of cultivars. As with other starches, sweetpotato starch granules are made up of amylose (20%) and amylopectin and pasting temperatures are usually in a range of 60–76°C (Zhu and Wang, 2014). A special sweetpotato cultivar in Japan named Quick Sweet has starch gelatinization temperature of <50°C and short cooking time. Short amylopectin chain length and cracking on the hilum of starch granules contribute to the lower pasting temperature of the Quick Sweet cultivar (Takahata et  al., 2010). Much variability in sugars exists between sweetpotato types. Truong et al., (1986) found total sugars to vary from 5.6% in a Filipino cultivar to 38% in a Louisiana cultivar on a dry weight basis (db)Truong et al., (1986). Sucrose, glucose, and fructose make up the majority of the total sugars in raw sweetpotato roots. During cooking, amylases act on the gelatinized starch resulting in the formation of maltose in cooked sweetpotatoes. There is substantial genetic diversity within the sweetpotato genotypes collected around the world in term of sugar content and degree of sweetness that contribute to the consumer preferences of  processed products (Kays et al., 2005; Leksrisompong et al., 2012). The glycemic indices of cooked sweetpotatoes were about 63–66, indicative of moderate glycemic index food (Allen et al., 2012).
Ash content of sweetpotatoes is approximately 3% of the dry weight or between 0.3% and 1.0% of the fresh weight basis (fwb) (Table 2.2). Potassium is the mineral with the greatest concentration in sweetpotato, with an average of 396 mg/100 g fwb. Phosphorous, calcium, magnesium, iron, copper, and magnesium are also present in significant amounts (Woolf, 1992). 
Sweetpotato roots also contain vitamins such as ascorbic acid, thiamin (B1), riboflavin (B2), niacin (B6), pantothenic acid (B5), folic acid, and vitamin E(Bovell‐ Benjamin, 2007). Bradbury and Singh (1986) reported values between 9.5 and 25.0 mg/100 g (fwb) for ascorbic acid and 7.3–13.6 mg/100 g (fwb) for dehydroascorbic acid resulting in a total vitamin C range of 17.3–34.5 mg/100 g for the sweetpotato roots. Orange‐fleshed sweetpotatoes are rich in β‐carotene (Table 2.2). A wider range of β‐carotene content in cooked orange‐fleshed sweetpotatoes, 6.7–16.0 mg/100 g fwb, has been reported by different investigators (Bovell‐ Benjamin, 2007). 
The Purple‐fleshed sweetpotato roots have attractive reddish‐purple color with high levels of anthocyanins and total phenolics (Table 2.2). The flowable purées with a solids content of 18% processed from this sweetpotato type had total phenolic and anthocyanin contents of 314 mg chlorogenic acid equivalent/100g fwb and 58 mg cyanidin‐3‐glucosdie equivalent/100 g fwb, respectively(Bovell‐ Benjamin, 2007). The 2, 2‐diphenyl‐1‐picrylhydrazyl (DPPH) radical scavenging activity was 47 µmol trolox equivalent/g fwb and oxygen radical absorbance capacity (ORAC) of 26 µmol trolox equivalent/g fwb (Steed and Truong 2008). The purple‐fleshed sweetpotato varieties have anthocyanin content up to 348 mg/100 g fwb) and antioxidant activities in a competitive level with other food commodities known to be a good source of antioxidants such as black bean, red onion, black berries, cultivated blueberries, sweet cherries, and strawberries. Seventeen anthocyanins were identified by HPL‐MS/MS. The major anthocyanidins, cyanidin and peonidin, contributors to the blue and red hues of purple‐fleshed sweetpotatoes, can be simply quantified by acid hydrolysis of the extracted anthocyanins. This method has been adapted in the breeding programs to select clones with various levels of cyanidin or peonidin for targeted reddish‐purple flesh colors (Truong et al., 2010; 2012b; Xu et al., 2015). 
Research on nutraceutical properties of purple‐fleshed sweetpotato indicated that the extracted anthocyanins exhibited strong radical scavenging activity, antimutagenic activity, and significantly reduced high blood pressure and liver injury in rats (Zhang et al., 2009). Other physiological functions of anthocyanins include anti‐inflammatory activity, antimicrobial activity, ultraviolet light protection, and reduction in memory impairment effects and colorectal cancer (Lim et al. 2013; Wu et al. 2008). A study on healthy adult men with borderline hepatitis indicated that purple‐fleshed sweetpotato beverage intake (400 mg anthocyanins/day) may have a potential capacity for protection of the liver against oxidative stress (Suda et al., 2008).




Table 2.2 Phytonutrients in orange‐ and purple‐fleshed sweetpotato roots.
	Varieties
	Flesh Color
	Dry Matter (g/100g)
	β‐carotene (fwb) (mg/100g)
	Anthocyanins1
	Total Phenolics2

	Beauregard
	Orange
	20.5
	9.4
	n.a.
	88.9

	Covington
	Orange
	20.3
	9.1
	3.8
	58.4

	Stokes purple
	Dark purple
	36.43
	n.a.
	80.2
	401.6

	NC 415
	Dark purple
	29.03
	n.a.
	69
	652.5

	Okinawa
	Light purple
	30.03
	n.a.
	21.1
	458.3


Sources: Truong et al. (2007); Steed and Truong (2008); Yencho et al. (2008).
2.6	Processing and Utilization of Sweetpotato	
Processing and Utilization Sweetpotato roots and other plant parts are used as human food, animal feed, and processing industry. Various processing technologies that convert sweetpotatoes into functional ingredients, food, and industrial products are summarized in Figure 2.3. For industrial processing, starch, sugars, and natural colorants are the major intermediate products that can be used in both food and nonfood processing industry. 
Sweetpotato varieties with high levels of dry matter (35–41%), total starch (25–27%), and extractable starch (20–23%) are available for starch processing (Brabet et al., 1998). There are many small and medium factories in Asia producing about 26% of starch production (Bovell‐ Benjamin, 2007). The process for manufacturing sweetpotato starch is basically similar to the starch extraction from other sources. The roots are ground in limewater (pH 8.6–9.2) to prevent browning due to polyphenol oxidase, to dissolve pigments, and to flocculate the impurities. The extracted starch is separated from the pulp by thoroughly washing over a series of screens, bleaching with sodium hypochlorite, and then settling by gravity or centrifugation (Bovell‐ Benjamin, 2007). 
In small‐ scale establishments, starch is stored wet in concrete tanks or sun‐dried to a moisture content of about 12%, pulverized and screened. Centrifugation and mechanical drying, such as flash dryer, are commonly used for medium‐ scale factories. Sweetpotato starch is used in the production of traditional noodles, vermicelli, thickening agents, or converted into sugar syrups, which are used in many processed food products. The sweetpotato starch and sugars are also utilized in the production of fuel alcohol, monosodium glutamate, microbial enzymes, citric acid, lactic acid, and other chemicals (Kotecha and Kadam, 1998; Padmaja, 2009). In Japan, the orange‐ and purple‐fleshed sweetpotatoes have been used in commercial production of natural beta‐carotene and anthocyanin pigments in beverages and other food products. The following sections describe recent developments in processing of sweetpotatoes into functional ingredients and common food products.
2.7 	Methods of Processing Sweet Potato into Flakes
2.7.1	Traditional Methods
Traditional methods of Processing Sweet Potato into flakes involve manual cleaning, peeling, grating, processing with stones or weights, natural fermentation, manual sieving, roasting over an open fire, and storing in baskets or sacks, cooling and storage.
(i)	Advantages:
- 	Cost-effective.
- 	No machinery needed.

(ii)	Disadvantages
-	Labor-intensive
- 	Inconsistent moisture removal.
2.7.2 	Modern Method of Processing Sweet Potato into Product 
Modern methods of processing sweet potato intoflakes use mechanized equipment for cleaning, peeling, grating, pressing, Controlled fermentation, sieving, roastingwith automated fryers, and Packaging, ensuring efficiency,hygiene, and Scalability.
Advantages:
i.	Efficiency: Reduced production time and increased output.
ii.	Consistency:- Uniform product quality in texture, taste,and moisture levels.
iii.	Hygiene:- Improved Sanitation and reduced contamination risks.
iv.	Scalability: - Suitable for large-scale Commercial production
v.	Nutritional Improvements: facilitates blending with orange-fleshed sweet potato for increased beta-carotene content
vi	Fast, produces consistent results.
Disadvantages:
· Expensive and requires electricity or fuel to operate.
2.8 	Production Process of Sweet Potato into Flakes
The method described by Kure et al., (2012) was used to produce flakes from sweet potato (figure 2.1).Fresh raw sweet potatoes tubers were washed, peeled manually under running water, washed again with cleanwater, Sliced and grated to a pulp using a grater.
The pulp was then put into muslin cloth bag and pressureapplied by helping stones on it to drain excess water. The pulp was left in the bags to ferment for a period of 0,1,2 and 3 days,respectively to vary the level of sourness, after which the pressed cake was then roasted todryness at a temperature of 110℃ - 130℃. The freshly prepared flakes was cooled, packaged and labelled accordingly.
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Figure 2.1:	Flow process of Flakes Production from Sweet Potatoe
Source: Kure 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  
[image: ]The digital weighing scale (plate 3.2) was used to determine the weight of potato mash used for 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 
	The 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 and 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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Figure 35.2 Sweetpotato plant, harvesting and harvested tubers in the market. Source (From left): USDA Plants
Database, NC State Extension, USDA-AMS.
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