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CHAPTER ONE
INTRODUTION
Both potato and sweet potato are rich in starch, protein, vitamins, minerals, and fiber (Nzamwita et al., 2017; Wang et al., 2020, Zhang 2017), moreover, they contain bioactive phytochemicals such as polyphenols that exert antioxidant and anticancer effects (Livet et al., 2016). Commercially, sweet potatoes mainly processed into Starch, Chips, and French fries (Tong et al., 2020). In recent years. many Countries have used potato and sweet potato at Staple foods; therefore, the deep-processed product, such as bread, and noodles, which Satisfy the dietary habits of residence, are being studied and - developed (Azeem et al, 2021, Liu et al, 2016). Because fresh potato - and sweet potato - are difficult to store, it is better to process them into flour, which not only maintains their nutritive Composition effectively but also prolongs their supply time.
Studies have shown that replacing part of wheat flour with potato flour or sweet potato flour not only fortifies its nutritional value but also improves the properties of the flour and dough, and the texture and Sensory "quality of the bread. menget (2020) replaced 15% of wheat flour and potato flour to make bread and found that the Specific Volume of the bread increased to 4.12 mi/g, the moisture content of the bread increased by 7%, and the hardness reduced by 6N. Meanwhile, the color, flour, volatile aroma, and overall acceptable levels of the bread Increased Significantly. Nzamwita et al., (2017) found that 20% and 30% Substitution of orange-fleshed sweet potato flour for Wheat flour to make bread Can Combat Vitamin A deficiency in developing Countries. Azeem et al., (2021) found that the sweet potato-wheat bread made from 45-um particle size of higher specific volume and lower hardness. The network and viscoelasticity of its dough were also improved. Ja and Zhong (2018) found that the addition of sweet potato residue obtained after the extraction of Starch Significantly influenced the water absorption of wheat flows. the formation time, Stability time, and the tensile force of the dough, as well as the hardness and sensory score. However, Studies regarding the comparative effects of the addition of Potato flour and sweet potato flour to wheat flour on the characteristics of the mixed four and the dough, and the texture, total polyphenol content, and total carotenoid content of the bread and rare. The study seeks to evaluate the nutritional composition of sweet potato flow fortified with varying proportions of what grain. The main objectives are to determine how fortification influences the macronutrient content (carbohydrates, proteins, fats), micronutrient levels (vitamins and minerals), and potent improvements in functional properties. The findings from the research can guide the development of fortified floor blends suitable for use in bread, pastries, complementary foods, and other food products, contributing to better nutritional outcomes and food diversity.
1.1	Statement of the Problem 
Malnutrition and micronutrients deficiencies remain significant public health concerns, particularly in developing regions where staple foods often lack essential nutrients. Sweet potato, though rich in carbohydrates and beta-carotene, is deficient in protein and dietary fiber but lacks sufficient vitamin A and other phytonutrients found in sweet potato, relying on a single crop as a staple food can lead to nutritional imbalances. Fortifying sweet potato flour with wheat grain may offer a viable strategy to enhance the overall nutritional profile of food products. Improving protein content, dietary fiber, and micronutrients diversity. However there is a lock of comprehensive the nutritional composition and potential benefits of such a blend. This study aims to evaluate the nutritional composition of fortified sweet potato flour with varying proportions of wheat grain to determine its potential as a nutritionally balanced food ingredient.
1.2	Aim and objectives Aim 
Aim:
To evaluate the nutritional Composition of Sweet potato flour fortified with wheat grain in order to determine its potential as a nutritionally balanced food ingredient.
Objectives: 
1.	To formulate composite flour by blending sweet potato flour with varying preparation of wheat grain flour. 
2.	To analyze the proximate composition (moisture, protein, fact fiber, and carbohydrate content) of the fortified flour Samples. 
3.	To determine the micronutrients content, including vitamins. (e.g. Vitamin A) and minerals (e.g. iron, calcium, zinc) of the composite flours.
4.	To Compare the nutritional Composition of the fortified flours with unfortified sweet potato and wheat flour.
1.3	Justification
The Increasing prevalence of malnutrition, especially protein-energy malnutrition and micronutrient deficiencies, necessitates the development of affordable, nutrient dense food alternatives using locally available crops. Sweet potato is widely cultivated and accessible in many developing countries, offering high carbohydrate and beta-carotene content, yet it falls short in protein and certain essential minerals. Conversely, wheat grain is a good source of protein, dietary fiber, and B-vitamins, but. lacks vitamin A and some antioxidants.
Fortifying Sweet potato flour with wheat grain presents a practical approach to Improving the nutritional quality of Staple foods. This combination leverages the complementary strength of both crops, potentially creating a more balanced flour suitable for security, promoting agricultural diversity, and reducing dependence on imported food products or expensive nutritional supplements.
 By evaluating the nutritional composition of this fortified blend, the Study will provide evidence-based guidance for food production, nutritional interventions, and policy formulation aimed at combating malnutrition through functional food innovation.

CHAPTER TWO
LITERATURE REVIEW
Wheat (Triticum spp.) is one of the widely cultivated and consumed cereal grains globally, forming the basis of numerous staple foods such as bread, pasta, noodles, and pastries. Wheat flour, obtained through the milling of wheat grains, is valued for its high carbohydrate content, moderate protein, and most importantly, the presence of gluten a protein complex that gives dough’s elasticity and strength (Shewry and Halford, 2019). The processing of wheat into flour involves multiple steps aimed at separating endosperm from the bran and germ while maintaining flour quality and Safety.
The flour milling process starts with cleaning, which removes impurities such as stones, chaff, dust, and other foreign materials. The step is crucial not only for maintaining product quality but also for protecting the milling equipment from damage (Pośmer Hibbs. 2019). following cleaning, conditioning or tempering is carried out, which involves adding moisture to wheat kernel to toughen the bran and soften the endosperm. This process makes it easier to Separate the two components during milling and enhances flour yield and quality.
The core of flour processing lies in milling, which typically involves a Series of grinding and Sieving operations. According to Walgley, Corke, and Saetharaman (2020), modern roller milling systems are designed to progressively reduce wheat grain into flour through Successive passage over break and reduction rolls. The break rollers crack open the grain and separate the bran from the endosperm, while reduction rollers further grind the endosperm into fine flour. A system of Sifters and purifiers is used to classify and clean the flour streams.
The end product of the milling process can be refined white flour, whole wheat flour or specialized four types depending on the extraction rate and the presence of bran and germ. Refined flour which contains mainly the endosperm is commonly used in breed and pastry production but is critical for lacking dietary fiber and micronutrients found in the bran and germ whole wheat flour by contract, retains these components and is recognized for its higher nutritional value, particularly in fiber B vitamins, iron and zinc (Slavin, 2021).
To address nutrient loss during processing, many countries have implemented flour fortification programs, adding nutrients such as iron, folic acid, thiamine, riboflavin, and niacin The world Health Organization (WHO, 2022) has emphasized the public health benefits of flour fortification, particularly in reducing iron-deficiency anemia and neural tube defects. Additionally, enzymes and oxidizing agents" may be added to Improve baking performance and dough strength (Wrigley et al, 2016).
Emerging Innovation in wheat flour processing focuses on improving nutrients and reducing environmental Impact. for instance, store milling and cold milling methods are being revisited to preserve the natural components of the grain. There is also increasing interest in blending wheat flour with other nutrient-dense flours such as those from legumes, roots, and tubers to enhance protein equality and dietary diversity (Kitenloudakai & Gallagher, 2018).
In summary, wheat flour processing is a technologically advanced and nutritionally Significant field. while traditional roller milling remains dominant, Contemporary research continues to explore way to optimize nutrient retention, functionality, and health outcomes through Innovation and fortification.
       
 2.1	Process of Producing Sweet Potato Flour 
2.1.1.	Raw material
Sweet potato roots can be a raw material for processing flour. The main characteristics of the fresh roots are summarized in Table 1. 
Table 1:	Characteristics of Fresh Sweet Potato Roots, Variety Tanzania.
	Skin colour
	White

	Fresh colour
	Yellow

	Moisture content (%)
	67

	Dry matter content (%)
	33

	Starch content (%)
	23-5

	Dry stock extracted (9/100g fresh root)
	17.0

	Total protein content (%)
	1-65

	Lipid content (%)
	0.3

	Ash content (%)
	1.0

	Total fiber (NSP+ lignin) (%)
	3.0

	Vitamins and other components (%)
	0.3


***NSP-Non Starch Polysaccharides


2.2	Processing of Sweet Potato
The processing scheme or flow chart is shown in figure 2 below.
Sweet Potato Storage
Cleaning and Trimming
Washing (by using water)
Slicing
Drying
Dried Chips
Milling
Packing (in plastic bags)
Sweet Potato Flour
Fig.1:	Process of Producing Dried Sweet Potato 

2.2.1	Cleaning and Trimming 
This operation aims to remove soil and other foreign material from the sweet potato root surfacer portion damaged portions tend to brown during the course of flour processing. Cleaning and trimming are manually done using knives.
In the processing of flour using sweet potato, experiments have shown there is no need to peel since the root skin is extremely thin and has a very minor influence on the colour and final composition of the product.
2.2.2	Washing and Brushing
The washing and brushing steps are the most critical in the production of sweet potato flour. The washing of the roots should be exhaustive.  The quality of the end product flour - depends on how the wishing has been conducted. The brushing is also a relevant step because it reinforces the removal of the soil and an Important portion of the shin, especially when red skin colored sweet potato roots are being processed. into flour. It has been noted that the skin has a protective effect on the water diffusion from the roots towards the Surface and consequently slices having a portion of the skin take a long time to dry and their Structure becomes harder and not breakable. During the brushing, the protective role of the peel against capillary water diffusion to the surface is slowed down.
At least three batches of water are required, the first for pre-washing when soil and other impurities are removed. Roots should be submerged. In water so that impurities which adhere to the skin can be freed.  The second washing is for cleaning and brushing constantly with removal of possible damaged portions of the roots escaped from the previous step. The third washing is for fine clearing with very clean water.
The Sun pre-drying of clean and washed roots is desirable. It reduces the moisture at the surface of the roots and improves the cleanliness of the end product.
2.2.3	Slicing
The sweet potato Slicing separates root into Small physical sizes and increases thar drying surface. It Currently done manually and Stainless knives are recommended to avoid undesirable browning reactions. Slicing sweet potato roots is a tedious exercise, but it has been observed that slicing or chipping gives a sweet potato flour of high quality colour. The sweet potato grating induces a lot of enzymatic browning reaction, and the fresh grated product is quickly subjected to an undesirable sweet potato, a suitable medium for the growth of a wide range of microorganisms and other agents involved in the deterioration of the fresh roots.
2.2.4	Drying
Many different techniques exist to carry out the drying of food products such as traditional solar drying, technical solar drying. or drying using sophisticated industrial equipment. Our context is traditional Solar drying. The traditional drying is the exposition of sweet potato chips to the rays of the Sun on a drying Surface, and water is capillary transported to the slice Surface where it vaporizes thin slices will dry very fast. The Sun drying presents certain difficulties such as there is too much dependence on climatic conditions (it is sometimes necessary to gather up the product in case of rain), there is a need for manual labor to move the product during the drying time, there is difficulty in maintaining hygienic conditions.
The dry season is a must to avoid moving of the product, especially for the first drying day. The second drying day, chips could be moved at least twice a day until they are completely dried. The approximate drying time of sweet potato chips is from two to four day and the residual humidity should be between 10 and 12%. The water activity should be around 0.4. Dried chips from workshop sweet potato variety are 'breakable, with whitish Colour and the dry matter of 8.9% it is recommended to pack the sweet potato dried chips_ Immediately after the drying to avoid any risk of rehydration.
2.2.5	Milling or Grinding
It is desirable to pass twice the dried material in the mill should a finer flour is desired. The residual humidity in the dried slices should be between 10 and 12%. Over drying of slices produces a lot of dust and loss of material during the milling. It is recommended to grind sweet potato dried chips immediately after drying to avoid any risk of rehydration. flour from Tanzania sweet potato variety is yellowish and Suitable for a dry matter of 89%.

2.2.6	Packing and Storage
 After the grinding, pack and seal Immediately to avoid rehydration and Insect infestation materials with little permeability to water vapor, such as Cellophane, polyethylene or polypropylene should be used. The decision on packaging material is based on transportation requirements and Storage time. As soon as the product is placed in its package it should be scaled Immediately Removing as much air as possible from Inside the package. This is to avoid direct exposition of the product to the Surrounding air and to minimize any insect attack. The packed products should be stored in a fresh, dry, and preferably dark place until it is shipped to the Consumer.

2.3	Physical Properties and Functionality of Flour 
flour is a powdered food product, typically made by grinding Cereal grains, nuts, or root. Its Specific physical properties and functionality very greatly depending on the Source material and how it is processed.  for Instance, wheat flour is prized for its gluten forming properties, while flours from sources like rice or almonds provide different textures and flavors for gluten free applications.
2.3.1	Physical Properties of Flour
1.	Particle size (granularity): The fineness of the grind determines the texture and feel of the flour. Fine flours Has a higher Surface area, allowing it to absorb water more quickly and leading to Smooth batters and tender baked goods like cakes. Coarse flour (e.g., Semolina), Absorbs water more slowly and produces a more rustic, chewy texture, suitable for products like pasta.
2.	Color: The Color is primarily influenced by the type of grain and the mailing process. Refined white flour: milled from the endosperm of the grain, with the darker bran and germ removed. Whole grain flour: Retains the bran and germ, giving it a darker Specked appearance and a richer, nutty flavour.
3.	Water Absorption Capacity (WAC): The amount of water flour can bind is critical for dough formation.

CHAPTER THREE
MATERIAL AND METHOD
 This chapter outlines the research design, Sample Collection, materials used, methods of preparation and analysis of potato flour. and the procedure Siy adopted in evaluating it's nutritional Composition and it also describes the Instrument and laboratory technique used in the study.
Research design 
The study Employed on Experimental research design, which involved the laboratory preparation of potato flour and Subsequent analysis of it's Nutritional Contents. The aim was to assess the proximate and mineral Composition of potato flour and Compare It to standard value for Traditional flours.
Sample Collection 
Fresh, mature tubers of Solanum tuberosum (potato) were I obtained from a ipata market in Ilorin, Nigeria the selection Criteria were based on freshness, absence of rot, and uniformity In size and variety the potatoes were Immediately Transported to the food science and Nutrition laboratory for processing and analysis.
Materials and Equipment used for this Study Included. 
1.	Stainless Steel knives 
2.	Grater
3.	Oven (set at 60-70°c) 
4.	Laboratory grinder/blender
5.	Analytical balance 
6.	Measuring Cylinder and Beaker 
7.	Weighing Scale 
8.	Parchment paper
9.	Thermometer.
 3.1	Preparation of Potato Flour
To prepare potato flours, you must peel and wash potatoes, then cook and mash them or slice them thinly. The prepared potato material is then dehydrated until Crisp using a dehydrator or Sum, followed by blending into a fine powder. The resulting powder should be shifted for Consistency and stored in an airtight container.
 Detailed Steps for potato flour preparation
 1.	Select and prepare potatoes: Choose good quality potatoes and then wash them thoroughly.
 2.	Peel and slice / mashing: peel the potatoes and then cut them into small chunks or thin Slices, depending on your chosen method.
3.	Dehydrate: Spread the potato places on a dehydrator tray or a baking Sheet lined with parchment paper.
(i) Dehydrator: Dry for about 12 to 20 hours at the recommended temperature.  (ii) Over: Dry at the lowest temperature possible until the potatoes are Completely hard and brittle, which can take Several hours.
ii) Sun - Drying: Spread the slices thinly under dried sunlight for several days until they are completely dry.
4.	Grind into powder: Once fully dried and brittle, transfer the potato pieces into a powerful blender or food processor and blend until you achieve a fine powder.
 5.	Sift and Store: Sift the blended potato powder to separate and large particles Store the fine potato flour in a dry airtight Container to maintain its freshness.
3.2	Preparation of Wheat Grain Preparing Wheat Grain
Involves cleaning to remove impurities like stones and metal, followed by Conditioning to add moisture, which makes the bran pliable and helps in Separating it during milling. The cleaned and Conditioned grain is then ground to break it into smaller particles and sniffed to separate the fine flour from the bran and germ. for human Consumption, other methods Include Cooking whole wheat berries by Bolling them until tender or Sprouting by Soaking them to Initiate Germination.

For flour production (milling)
This process focuses on Separating the endosperm from the bran and germ to produce fine flour.
 1.	Cleaning: The first step is removing all foreign materials, Such as Stones, dirt, Straw and metal parts, to protect the mill machinery and ensure a pure flour.
2.	Conditioning / Tempering: water is added to the grains to adjust their moisture content This makes the bran soft and flexible, preventing. It from breaking into small preces during the milling process and improving the separation of the bran from the endosperm.
3.	Goristing/Grinding: The Conditioned grains are fed into a series of rollers that potate at different Speeds, gradually Crushing them into smaller pieces. 
4.	Sieving / Separating: The Coarse particles from the Initial grinding are then sifted to Separate them. This process is repeated multiple times, with the Coarse meal being reground and sniffed again to separate the fine flour wheat germ, and bran.
5.	Blending: The final stage often involves blending the resulting Components to achieve the desired type and quality of flour.
3.3	Preparation of Composite Potato Flour
To prepare Composite potato flour first wash, peel, and thinly Slice the potatoes, then dry them using methods like Sun-dry Ing, oven-drying, or freeze-drying until brittle. Next, grind the dried potato prices into a Smooth powder using a blender or grinder and then sieve the powder to remove any larger particles and ensure a fine, uniform flour for a Composite flour, you would then blend the resulting potato flour with another flour, such as wheat flour, in a desired ratio to create the final Composite blend.
Step-by-Step preparation
1.	Select and prepare potatoes
2.	Dry the potato Slices
3.	Grind the Dried potatoes
4.	Sieve the flour 
5.	Create the Composite flour

CHAPTER FOUR
RESULTS
Table 4.1 Proximate Composition
	Sample codes
	

	
	Moisture Content (%)
	Crude Protein (%)
	Total Ash (%)
	Crude Fibre (%)
	Crude Fat (%)
	*CHO
(%)

	P40W60 (D)
	5.36c±0.08
	10.70a±0.21
	1.83e±0.04
	1.19e±0.01
	2.17a±0.08
	78.57abc±0.69

	P50W50 (E)
	5.61b±0.06
	10.35b±0.01
	2.19d±0.06
	1.66d±0.04
	2.33a±.21
	77.68c±0.59

	P60W40 (C)
	5.64b±0.13
	9.67c±0.14
	2.72c±0.07
	1.93c±0.01
	1.66b±0.01
	78.18bc±0.08

	P80W20 (B)
	5.92a±0.01
	8.93d±0.02
	3.02b±0.00
	2.26b±0.01
	1.05c±0.00
	78.82ab±0.01

	P100 (A)
	6.04a±0.01
	7.85e±0.16
	3.37a±0.00
	2.45a±0.00
	0.98c±0.05
	79.32a±0.11




Table 4.2
	
Sample Code
	Fungal load (x102sfu/g)

	
	R1
	R2

	P40W60 (D)
	5
	5

	P50W50 (E)
	4
	7

	P60W40 (C)
	8
	7

	P80W20 (B)
	10
	9

	P100 (A)
	12
	8




CHAPTER FIVE
SUMMARY, CONCLUSION AND RECOMMENDATION
5.1	Summary
Recent research into composite flours combining sweet potato flour (often orange‐fleshed) with wheat flour or wheat grain shows promising improvements in nutrient profiles while also revealing some trade-offs. For example, when wheat flour is substituted with increasing levels of sweet potato flour, studies report decreases in crude protein but increases in ash, crude fibre, β-carotene (vitamin A precursor) and some minerals (e.g., Ca, K, Fe, Zn) compared to pure wheat flour.  In one study, bread produced with up to 50 % orange-fleshed sweet potato purée substitution delivered more than 50 % of the vitamin A requirement for children aged 4-8 years.  Another investigation found composite flour (sweet potato + wheat + soybean) increased protein, fibre, certain minerals (Cu, Mn, Ca, Mg, K) compared to 100 % wheat flour biscuits.  However, substitution is also associated with some reductions in functional properties (e.g., gluten strength, loaf volume) and in some cases reduced protein or baking performance when substitution levels become high.  Thus, while fortification of wheat flour with sweet potato (and sometimes other ingredients) offers enhanced micronutrient and functional fiber benefits, careful formulation is necessary to maintain acceptable product quality.
5.2	Conclusion
The evidence indicates that blending sweet potato flour into wheat flour (or wheat grain flour) is a viable strategy for improving micronutrient (especially β‐carotene/vitamin A) and fibre content in baked or cereal products. Substitutions up to moderate levels (for example 20-40 %) appear particularly beneficial, balancing improved nutrition with acceptable sensory and functional properties. However, higher substitution levels may compromise protein content, gluten network functionality, loaf volume or other quality attributes. Therefore, composite formulations must be optimized (considering sweet potato variety, substitution ratio, product type, and desired nutritional profile) to reap the nutritional benefits without unacceptable trade‐offs in product quality.
5.3	Recommendations
Based on the current literature, the following recommendations are proposed:
1.	Optimal Substitution Levels – Formulations should aim for substitution levels of sweet potato flour with wheat flour in the range of ~20-40 % (depending on product type) to maximize nutritional gain while maintaining acceptable processing and sensory performance.
2.	Varietal Selection – Use orange-fleshed or nutrient‐rich sweet potato varieties (higher β-carotene, minerals) to enhance vitamin A and micronutrient content.
3.	Complementary Ingredients – Consider adding legume flours or other protein‐rich ingredients if the composite is to replace significant portions of wheat, to offset any reduction in protein content.

REFERENCES
Dako, E. (2016). Effect of Blending on Selected Sweet Potato Flour with Wheat Flour on Nutritional, Anti-Nutritional and Sensory Qualities of Bread. Global Journal of Science Frontier Research, 16(D4), 31–41. 
Effiong, B. N., Maduka, N., & Essien, A. G. (2018). Evaluation of Wheat and Orange-Fleshed Sweet Potato Composite Flour Fortified With African Yam Bean Flour for Instant Noodle Production. Archives of Current Research International, 13(4), 1–15. 
Giri, N. A., & Sahale, B. K. (Year unspecified). Nutritional composition of optimized OFSP bread and refined wheat flour bread. Journal of Food Measurement and Characterization. 
Ponka Roger, et al. (2022). Nutritional Composition of Biscuits from Wheat-Sweet Potato-Soybean Composite Flour. International Journal of Food Science, 2022:7274193. 
Samuel, F. O., Akomolafe, A. A., & Eyinla, T. E. (2021). Nutritional Evaluation and Consumer Acceptability of Biscuits Made from Blends of Orange Sweet Potato (OSP) Puree and Wheat Flour. Ife Journal of Agriculture, 33(1). 

2

