Fortification of Maize-Black-eyed beans pudding with Orange-Fleshed Sweet Potato for nutrient enhancement through Agile processing





Abstract
Bio-fortification enhances the nutritional content of food crops, addressing micronutrient deficiencies and improving public health. Agile processing techniques optimize nutrient retention, texture, and flavor in food products, allowing for flexibility and rapid development. This research develops a nutrient-dense pudding from maize, black-eyed beans, and orange flesh sweet potato (OFSP) using Agile processing techniques. The puddings were prepared from yellow maize, black-eyed beans and orange sweet potato flours. A total of ten samples with different ratios (100:0:0; 90:5:5; 80:15:5; 85:5:10; 70:25:5; 85:10:5; 65:25:5; 60:35:5; 80:10:10; 75:20:5) were generated using completely randomized design. Proximate composition protein, fat, crude fibre, ash and carbohydrate contents of the samples showed significant (p≤0.05) differences ranging from 12.62% to 3.20%, 56.57% to 65.95%, 12.62% to 14.74%, and 6.26% to 8.74%, respectively. Mineral composition potassium, magnesium, calcium and iron contents of the samples showed significant (p≤0.05) differences ranging from0.75mg/100g to 2.94 mg/100g, 0.56mg/100g to 0.84 mg/100g, 0.45mg/100g to 2.08 mg/100gand 2.65mg/100g to 3.86 mg/100g, respectively. Vitamin composition evaluated pro-vitamin A and Ascorbic acid (vitamin C) showed significant (p≤0.05) differences ranging from 218.6 μ/100g to 2856.7 μ/100g and 3.15 μ/100g to 4.59 μ/100g. The study showed that bio-fortification of maize-black-eyed pudding with orange-fleshed sweet potato for nutrient enhancement through agile processing yielded nutrient-dense pudding that is rich in proximate, mineral and vitamin composition. The proximate composition of the pudding samples showed that the sample H, containing 60% maize, 35% black-eyed beans and 5% orange-fleshed sweet potato flour blend, had the highest value of protein, fat, crude fibre and ash. The sample I (80% Maize flour: 10% black-eyed beans flour and 10% Orange fleshed sweet potato seed flour pudding) had the highest content of provitamin A, which could be recommended for enhanced nutrition. 
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1.0 Introduction	
Nutritional security entails the consumption of food rich in essential nutrients in sufficient quantities. Particularly in developing countries, the predominant portion of daily diets primarily consists of staple crops. This underscores the urgent necessity of cultivating highly nutritious foods to achieve nutritional security. An effective solution proposed for mitigating malnutrition is bio fortification, which facilitates the introduction of select nutrients into the edible parts of specific crops, enabling their consumption by both humans and animals. (Sandhu et al., 2023; Jaiswal et al., 2022). Bio-fortification is regarded as a proven strategy to enhance the nutritional content of food products, food crops, staples, addressing micronutrient deficiencies and improving public health (Bouis & Saltzman, 2017). Agile processing techniques are aimed at optimising nutrient retention, texture and flavour in food products (Huntrods, 2017). This approach allows for flexibility and a rapid development process. This research is targeted on developing a nutrient-dense pudding made from maize, black-eyed beans, and orange flesh sweet potato (OFSP) using Agile processing techniques. It gives a flexible and adaptive approach to food production, emphasising rapid response to changing consumer demands, market trends, and nutritional requirements. It also tries to combine the principles from agile manufacturing and food technology to improve efficiency, quality, and innovation in food processing using maize, black-eyed beans and orange flesh sweet potato (OFSP). Maize provides a foundation for the pudding's base (Demor, 2024). Black-eyed beans are rich in protein, fibre, and essential minerals. Black-eyed beans could enhance the pudding's nutritional profile.
Maize, black-eyed beans, and orange flesh sweet potato pudding is a savoury pudding, potentially serving as a nutritious snack or side dish. It could be steamed gel produced from Black-eyed beans paste (Eke et al., 2022). It is produced by mixing wet-milled dehulled beans or Black-eyed beans flour with water, vegetable oil and seasonings into a homogenous slurry or paste, wrapped or packaged in leaf pouches or other packaging materials like aluminium containers and steamed (Nuss and Tanumihardjo, 2020). Black-eyed beans are high in protein, fibre, and minerals like iron and zinc (Messina, 2014). Orange flesh sweet potato (OFSP) is rich in beta-carotene, a precursor to vitamin A, essential for vision, immune function, and skin health (Low et al., 2021).
Maize (Zea mays) is one of the most important cereal grains in the world. It is known as the “Queen of Cereals” due to its numerous uses and high productivity potential (Sanodiya et al., 2024). It serves as a staple food for approximately 400 million people in developing countries, and it is used as a food ingredient (Eka et al., 2021). About half of the estimated 603 million tones world production of maize is produced in developing countries, including Nigeria (Odebode and Tharantaa, 2020). Various types of maize exist, including pop, flint, dent and floury maize. Yellow maize is rich in beta-carotene, a provitamin A that enhances good eyesight in children and adults. According to WHO (2024), a large number of deaths in developing countries such as Nigeria are linked to chronic malnutrition, some of the problems caused by nutrient deficiencies as a result of poor knowledge of complementary food formulation to reduce diseases such as scurvy, night blindness, kwashiorkor and anaemia (Okeke, 2022). 
Black-eyed beans (Vigna unguiculata) are loaded with various types of nutrients. It is rich in fibre, protein, iron, potassium, low in fat and calories.  Black-eyed Cowpea possess fiber, protein, iron, potassium, fat and calories. Along with that, various amino acids such as tryptophan, histidine, methionine and lysine are contained in the seeds (Eka et al., 2021). 
Cowpea has long been recognised as a valuable source of plant protein, vitamins (thiamine and niacin), minerals (P, K, Ca, Mg) and dietary fibre. There is considerable evidence in the literature that foods high in water-soluble dietary fibre (such as oats or bean products) and purified forms of water-soluble dietary fibre can reduce blood cholesterol (Osondu et al., 2021). Several studies have shown that bean products can lower serum cholesterol levels. Daily consumption of 100–135 g of dry Cowpea reduced serum cholesterol levels by 20%, thereby reducing the risk of coronary heart disease by 40% (Tantssawat et al., 2022). 
Orange-fleshed sweet potato (Ipomoea batatas) is well known as a famous staple in Nigeria. It is a good source of carbohydrate, β-carotene, vitamins (C and E), dietary fiber, minerals (K, Ca and Fe), low in protein, fat and cholesterol, and considerable amount of thiamin (B1), riboflavin (B2), niacin (B3), panthotenic acid (B5), pyridoxine (B6) and folic acid (B9) (Benjamin, 2023). Development of orange-fleshed sweet potato (OFSP) cultivar with high content of β-carotene and sufficient dry matter has opened up new vistas in industrial applications apart from traditional usage as food and feed (Ibe et al., 2024). Orange-fleshed sweet potato food products supply significant amounts of β-carotene and energy simultaneously, thus helping to reduce both Vitamin A Deficiency (VAD) and under-nutrition in both young children, pregnant and lactating women (Benzabih and Mengistu, 2023). However, the utilisation of sweet potato for food is limited to traditional snacks. Therefore, diversification of orange-flesh sweet potato food products as well as promotion of health benefit sweet potato as a functional food would help to increase the consumption, image and added value of sweet potato products. Orange-fleshed sweet potato is a potential source of dietary provitamin A as it contains carotenoids. The predominant component of carotenoids is beta-carotene, and it possesses the highest vitamin A activity among carotenoids (Khoo et al., 2020). The beta-carotene content of orange-fleshed sweet potato depends highly on the sweet potato varieties, and it may reach up to 20,000 μg/100 g on a wet basis, which is higher than that of pumpkin and carrot (490-1500 μg and 7,975 – 8,840 μg/100g, respectively) on a wet basis (Jaswir et al., 2021). Furthermore, this study revealed the benefits of bio-fortification of maize-black-eyed beans pudding with orange-fleshed sweet potato for nutrient enhancement through agile processing.
  
1.1 Objectives of the study
The general objective of this research was aimed at achieving bio-fortification of maize-black-eyed beans pudding with orange-fleshed sweet potato for nutrient enhancement through agile processing.  
Specifically, the study determined;	
· [bookmark: _Toc180838823]Proximate composition of maize-black-eyed beans pudding with orange-fleshed sweet potato for nutrient enhancement through agile processing.  
· Mineral composition of maize-black-eyed beans pudding with orange-fleshed sweet potato for nutrient enhancement through agile processing.  

1.2 Justification of your Study
The research on the bio-fortification of maize-black-eyed beans pudding with orange-fleshed sweet potato for nutrient enhancement through agile processing revealed that bio-fortification of maize-black-eyed beans pudding with orange-fleshed sweet potato improved the proximate composition and mineral composition of the samples.

2.0 MATERIALS AND METHODS
2.1	Sources of Materials 
Two grams (2g) each of yellow maize (Zea mays), Black-eyed beans (Vigna unguiculata) and Orange- fleshed sweet potatoes were purchased in the Relief Market in Owerri Metropolis along Egbu road in Imo State. Other raw materials used were powdered milk, sugar and vanilla flavour, packaging container purchased from Confectionery Mall in Eke-UkwuOwerri Market in Owerri, Imo State, Nigeria. 
2.2	Samples Preparation 
2.2.1	Preparation of Yellow Maize Flour 
The method of Ibe et, al, (2024) was used to prepare the maize flour. Two grams (2g) of yellow maize kernel was sorted to remove stones, dirts and other foreign materials, washed, drained, Oven dried at 50 °C for 4hours, milled into flour using the attrition mill (Model Kenwood, 436). It was sieved through a 250 mm mesh sieve. The sieved flour was packaged in an air-tight container and labelled maize flour. 

2.2.2 Preparation of Black-eyed beans Flour 
The method of Ibe, et .al (2024) was used to prepare the black-eyed bean flour. Two grams (2g) of Black-eyed beans were sorted to remove stones, dirts and other foreign materials, washed, dehulled, drained, Oven dried at 50 °C for 4hours, milled (Model Kenwood, 436).into flour. It was sieved through a 250 mm mesh sieve. The sieved flour was packaged in an air-tight container and labeled black eyed beans seed flour.
2.2.3 Preparation of Orange Flesh Sweet Potato Flour
Two grams of Orange fleshed sweet potato flour sample was peeled, sliced to approximately 2mm thickness manually using stainless knives. The Orange fleshed sweet potato slices were immersed in a solution containing (1%) potassium metabisulfite for 30 min to prevent enzymic browning and to enhance the colour of the flour. Drying of the sample was done on a perforated tray in an electric moisture oven (model 689) at 65 °C. The dried Orange fleshed sweet potato flour was milled into flour using the attrition mill. It was sieved through a 250 nm mesh sieve. The sieved flour was packaged in an air-tight container and labeled Orange fleshed sweet potato flour. 
Experimental Design
An optimal mixture model of Completely Randomised Design (CRD) (Design expert 8.0.3.1 trial version) was used for the experimental design. The variables were Maize flour (50 –100g/100g), Black-eyed beans (5 – 60g/100g), and Orange fleshed sweet potato flour (1-10g/100g).The experimental design is shown in Table 1 below.
























Table 1: Formulation of Maize-Black-eyed pudding bio-fortified with Orange-fleshed 			Sweet Potato	(Using Completely Randomised Design)

	Samples
	Maize flour
(%)
	Black-eyedbeans flour
(%)
	Orange fleshed sweet flour (%)

	A
	100
	0
	0

	B
	90
	5
	5

	C
	80
	15
	5

	D
	85
	5
	10

	E
	70
	25
	5

	F
	85
	10
	5

	G
	65
	30
	5

	H
	60
	35
	5

	I
	80
	10
	10

	J
	75
	20
	5



Key:
Sample     A	=     100:  0:  0 Maize flour (Control)
Sample     B	=      90:  5:   5 Maize flour, Black-eyed beans flour and Orange fleshed sweet potato flour
Sample     C	=      80: 15:  5 Maize flour, Black-eyed beans flour and Orange fleshed sweet potato flour
Sample     D	=      85:  5:  10Maize flour, Black-eyed beans flour and Orange fleshed sweet potato flour
Sample     E	=      70: 25:  5 Maize flour, Black-eyed beans flour and Orange fleshed sweet potato flour
Sample     F	=       85:10:  5 Maize flour, Black-eyed beans flour and Orange fleshed sweet potato flour
Sample     G	=       65: 30: 5 Maize flour, Black-eyed beans flour and Orange fleshed sweet potato flour
Sample     H	=       60: 35:  5 Maize flour, Black-eyed beans flour and Orange fleshed sweet potato flour
Sample      I  	=       80: 10: 10 Maize flour, Black-eyed beans flour and Orange fleshed sweet potato flour
Sample      J	=       75: 20:  5 Maize flour, Black-eyed beans flour and Orange fleshed sweet potato flour











Table 2: Recipe for Production of Maize-Black-eyedbeans pudding bio-fortified with Orange-fleshed Sweet Potato
	Recipe
	Quantity (g)

	Composite of the flours
	400g

	Sugar
	100g

	Powdered milk
	200g

	Vanilla flavor
	2g



2.2.4 Production of Maize-Black-eyed beans pudding bio-fortified with Orange-fleshed Sweet 	Potato
The recipes used in the production of pudding samples maize flour (400 g), black-eyed beans (200 g), orange-fleshed sweet potato (100g), sugar (100 g), powdered milk (200g) and flavour (2g). Pudding samples were prepared (100:0:0; 90:5:5; 80:15:5; 85:5:10; 70:25:5; 85:10:5; 65:25:5; 60:35:5; 80:10:10; 75:20:5) of maize flour: black-eyed beans and orange fleshed sweet potato flour using the procedure described by Olusanya (2008) with slight modifications. The raw materials are maize flour, Black-eyed beans flour, orange-fleshed sweet potato, sugar, powdered milk and vanilla flavour. The mixtures were properly mixed to form a homogeneous sample and packaged.
2.3	Proximate Analysis of the Samples 
The standard methods of AOAC (2021) were used to determine the proximate compositions of the sample.	
2.3.1	Moisture Content Determination 
Two grams (2 g) of each of the samples was weighed into a previously weighed dry crucible. The samples were oven dried in an oven (Astel Hearson England model 262) at 105 °C for 3h. The petri-dish with its contents was cooled in a desiccator and reweighed, then put back into the oven, and the operation was repeated until a constant weight was obtained. The loss in weight represents the moisture content and is calculated with the following formula. 
% Moisture content	= 	Weight loss 	         x	100.…… ……………Equation 1
				Weight of sample            1
2.3.2	Ash Content Determination 	
Two grams (2 g) of each sample was weighed into a clean, dried crucible and placed on the muffle furnace set at 550 °C. The sample was allowed to ash to a whitish grey colour and cooled in a desiccator. Then, finally, it weighed to get the weight. The weight of the ash was calculated from the difference in weight. 
% Ash	= 	       Weight of ash                  	          x	100   ……………Equation 2
		      Weight of original sample 		1
2.3.3	Determination of Crude Protein 
The crude protein was determined using the Micro-Kjeldahl technique. One gram (1 g) portion of each of the samples was weighed into filter paper and added to the dry digestion Kjeldahl flask, followed by 0.12 g of copper sulphate (CuSO4). And 2.50 ml of concentrated sulphuric acid (H2S04) was added with 3 g selenium catalyst and a few anti-bumping chips.  It was then heated in a flame chamber until the solution became clear (colourless). The solution was cooled to room temperature, after which 80 mL of distilled water was added. Then, 50 mls of 2% boric acid was placed in the receiving flask under the condenser with two drops of methyl red added. The digestion flask was heated until 100ml distillate was collected. And 10 mls of the distillate was titrated with 0.649 mol/L H2S04 to get a pink colour. The sample procedure was carried out on the blank.
The amount of nitrogen was calculated as
Weight of sample 		=	1.0 g 
Volume of H2S04 required for the titration 	=	2.50 ml 
Normality of H2S04	=	0.649

Nitrogen % of sample (%N) 	= Titre – Blank x Normality of acid x N factor ……Equation 3
					Weight of sample  
Crude Protein = %N x 6.25 
2.3.4	Determination of Fat Content 
This was carried out using the method of (AOAC, 2010). A clean and dried thimble was used, and two grams of the sample was added and reweighed (W2). The round-bottom flask was filled with N-hexane at 60 °C up to ¾ of the flask. The solvent extractor was fixed with a reflux condenser to adjust the heat sources so that the solvent boils gently. The samples were put inside the thimble and inserted into the solvent apparatus, and extraction under reflux was carried out with N-hexane for 4 hours. The sample was removed from the boiling flask, and the solvent was recovered in the flask containing oil, dried and weighed. The weight of the extract was calculated by difference, expressed as a percentage of total lipid.
% Fat	= 	       Weight of fat extract       	          x	100 
                           Weight of sample 			            1       …………Equation 4
3.3.5		 Determination of Crude-fiber 
Two grams of the samples were defatted for fat determination and boiled for 30 minutes under reflux in 200 ml of 1.25% H2S04 solution, after which the sample was heated with hot water to remove the acid using a must in cloth to trap the sample. The residue was scraped back to the flask, and 200 mls of 1.25 % of NaOH solution was added, and the mixture was allowed to boil for another 30 minutes under reflux, after which it was   again allowed to drain, transferred to a weighed crucible and dried in the oven at 105 °C to a constant weight (W2). Finally, it was incinerated to ash in a muffle furnace at 550 °C, cooled in a desicator and reweighed (W3). By difference, the weight of the fibre was determined and expressed as a percentage of the sample weight analysed.
% Crude fibre	= 	Weight  loss	        x		100 ………….Equation 5
			Weight of sample 		 1
3.3.6	Determination of Carbohydrate Content 
The carbohydrate content of the samples was determined by difference using the formula. 
% Carbohydrate = 100- (% Moisture + Ash + Protein + % Crude fibre + % Fat)...Equation 6





3.4	Determination of Mineral Analysis (AOAC, 2021) 
3.4.1	Potassium Content Determination 
Potassium chloride (0.254 g) was weighed and dissolved in 1litre of distilled water to give 100 ppm potassium. This working standard was diluted and made a range containing 0.10 ppm potassium and made up to the 100 ml mark. A 2 ml sample aliquot was diluted to 100 ml. The standard and sample were read in the flame photometer differently using a potassium filter. The photometer reading was noted. The concentration of potassium in the sample was determined from a standard curve (graph).   
Potassium (Na)Graph reading x Solution volume x dilution factor ………….. Equation 7
		104 x sample weight x aliquot  
3.4.2 Determination of Magnesium Content
0.10 ml of the working standard was pipette in 100 ml volumetric flask to give a standard range of 0.10 mg (ppm). 2 ml samples aliquot was pipette into 3ml NaOH mixing after each addition. The absorbance was measured at 530 mm. The concentration of magnesium in the sample was determined from the standard curve (graph).
Magnesium (Mg) = Graph reading x solution volume x dilution factor   ………Equation 8
			        140 x sample weight x aliquot
3.4.3 Determination of Calcium and Iron
A clean, straight stream delivery tube was attached to a 0.08 m EDTA titration cartridge. The delivery tube was flushed by turning the delivery knob to eject a few drops. Titrate 25 mls of the sample digest into a clean titration flask using the calibrated dropper. 2 ml of potassium hydroxide and swirl. The sample was titrated with 0.08 EDTA titrant, while swirling until the colour changed from pink to blue.
3.5 Determination of Vitamin (According to AOAC, 2010)
3.5.1 Determination of Beta-Carotene Content (Precursor of Vitamin A)
Beta-carotene was determined using the method of (AOAC, 2010). Five grams of the samples were weighed into a separating funnel (250 ml) 2 ml of NaCl solution was introduced into it and shaken vigorously, followed by 10 ml of ethanol, then 20 ml of methane. The mixture was shaken vigorously for 5 minutes and allowed to stand for 30 minutes, after which the lower layer was run off. The absorbance of the top layer was determined at a wavelength of 460 mm using a spectrophotometer.
Beta-carotene   =   		Absorbance
			  Specific extinction coefficient x path length cell   ………Equation 9 

Where:
Molar extinction efficient (∑) = 15x10- 4
Specific extinction efficiency = ∑ x molar mass of beta-carotene
Molar mass of beta-carotene = 536.88 g/mol
Path length of cell = 1 cm





3.5.2 Determination of Vitamin C
This was done using the Barakat titrimetric method as described by AOAC (2021). A five-gram portion of the sample was homogenised in 100 ml of EDTA extract solution by blending for 5 minutes. The homogenate was filtered, and the filtrate used for the analysis. The volume of the filtrate was adjusted to 100 ml by washing with more of the extraction solution. 20 ml of the filtrate was measured into a conical flask, and 10 ml of 20% potassium iodide solution was added to each of the flask followed by 5 ml of starch solution as an indicator. The mixture was titrated against 0.0l ml CUSO4 solution. Titration was done to an endpoint marked by black specks of brick mixture. The Vitamin C content was given by its relationship. 
Vitamin C content mg/100 = 100 x VF x 0.88	x 	100 	..……. Equation 10	
				 W x VA 	                         1    
Where: 
W	=	Weight of analysed sample 
VF	=	Total volume of extract 

3.6   Statistical Analysis
The data obtained were analysed statistically using SPSS version 20(which is a statistical package for social sciences) to separate the means and LSD of the samples (p ≤ 0.05).
RESULTS AND DISCUSSION
4.0 Proximate Composition of Pudding Samples from Blends of Maize-Black-eyed beans pudding bio-fortified with Orange-fleshed Sweet Potato
The proximate composition of pudding samples from blends of maize, black-eyed beans and orange-fleshed sweet potato flour is shown in Table 3. The moisture content of the samples ranged from 10.66% for sample A 100%(Maize flour pudding)to 16.26% for sample D (85%Maize flour: 5%black-eyed beans flour and 10% Orange fleshed sweet potato flour pudding). The sample A (100% Maize flour pudding) had the least moisture content with the value 10.66%. The values obtained from this study were within the acceptable range (9.65% to 18.67%) of some samples, as reported by pudding samples (Okaka, 2024). The relatively low moisture content of sample A(100% Maize flour pudding) will lead to the pudding sample having a longer shelf life due to its low moisture content. Also, the relatively low moisture content of the sample A(100% maize flour pudding) will help to retard the easy growth of fungi on the pudding sample (Okaka, 2020).
Crude protein content of the pudding samples from blends ofmaize-black-eyed beansand Orange fleshed sweet potato flour ranged from 12.62% for sample A (100% Maize flour pudding) to 16.54% for sample H (60% Maize flour: 35%black-eyed beans flour and 5%Orange fleshed sweet potato flour pudding). The crude protein content of the pudding food samples was significantly different (p≤0.05). The sample G (60%Maize flour: 35%Black-eyed beans and 5%Orange fleshed sweet potato flour pudding) had the highest protein content, which could be attributed to the variation in the blends of the raw materials used and a higher proportion of the black-eyed beans used during the production of the sample G pudding. Also, protein in foods helps in replenishing lost body tissues and supply amount of amino acids to the body (Obasi, 2020).
Fat content of the samples ranged from 6.26% for sample D (65%Maize flour: 30%black-eyed beansflour and 5%Orange fleshed sweet potato flour pudding) to 8.74% for sample H (60%Maize flour:35%black-eyed beans flour and 5%Orange fleshed sweet potato flour pudding). The fat content of the samples was significantly different (p ≤0.05). The fat content of any food sample aids in the improvement of mouth feel and flavour. It will also help to improve the texture of made food samples, which increases consumers' demand (Uzozie, 2023).
Crude fibre content of pudding samples produced from maize-black-eyed beansand orange fleshed sweet potato flour samples ranged from 1.87% for sample API(100% Maize flour pudding) to 4.34% for the sample G (65%Maize flour: 30% black-eyed beans flour and 5%Orange fleshed sweet potato flour pudding). Crude fibre content of the samples was significantly different (p ≤ 0.05). Fibre in foods helps in the removal of waste products from the human digestive system, thereby preventing constipation and many health disorders. It will also help to prevent diseases such as diabetes mellitus, cardiovascular disease, obesity and colon cancer (Olusanya, 2021)
Ash content of the pudding samples ranged from 2.45% for sample A (100% maize flour pudding) to 3.20% for sample H (60%Maize flour: 35% Black-eyed beans flour and 5%Orange fleshed sweet potato flour pudding). Ash content shows the level of minerals present in a particular food sample. The significant differences (p ≤0.05) existed in the ash content of the pudding samples.Also, sample H (60%Maize flour: 35% Black-eyed beans flour and 5%Orange fleshed sweet potato flour pudding) had the highest ash content when compared to the other pudding samples analysed. Also, the ash content values obtained in this study were higher when compared to the range 1.64% to 1.92% as reported by Adedoke (2023).
The carbohydrate content of the samples ranged from 53.57% for the pudding sample H (60%Maize flour: 35% Black-eyed beans flour and 5%Orange fleshed sweet potato flour pudding) to 65.95% for the pudding sample A (100% Maize flour pudding). The carbohydrate content of the pudding samples G(65%Maize flour: 30% Black-eyed beans flour and 5%Orange fleshed sweet potato flour pudding), H (60%Maize flour: 35% Black-eyed beans flour and 5% Orange fleshed sweet potato flour pudding) and E (70%Maize flour: 25%Black-eyed beans flour and 5%Orange fleshed sweet potatoflour pudding) were not significantly different (p ≥ 0.05).Carbohydrate content of a sample aids in the determination of energy content of the food (Ihekoronye and Ngoddy, 1985). Also, the high carbohydrate content of the sample A (100% maize flour pudding) could be attributed to high starch content in the form of amylose.









Table 3: Proximate composition of pudding samples from blends of Maize-Black-eyed beans bio-fortified with Orange-fleshed Sweet Potato
	Samples
	Moisture
(%)
	Protein
(%)
	Fat
(%)
	Crudefibre
(%)
	Ash
(%)
	Carbohydrate
(%)

	A
	10.66g+0.02
	12.62g+0.02
	6.43de+0.02
	1.87e+ 0.01
	2.45e+ 0.03
	65.95a+0.03

	B
	11.73f+0.09
	12.64fg+0.22
	6.70cd+0.02
	2.26d+ 0.01
	2.64d+ 0.03
	64.03b+0.22

	C
	13.64d+0.04
	13.64f+0.05
	6.81c+0.03
	2.36d+ 0.01
	2.85b+ 0.01
	60.68c+0.11

	D
	16.26a+0.01
	12.66g+0.02
	6.26e+0.02
	3.26c+ 0.01
	2.73bcd+0.02
	58.71d+0.17

	E
	14.84b+0.02
	13.84c+0.01
	7.84b+0.02
	4.26a+ 0.02
	2.76bcd+0.02
	56.45e+0.02

	F
	13.51d+0.03
	12.74fg+0.05
	6.77cd+0.02
	3.84ab+0.02
	2.73bcd+0.03
	60.56c+0.17

	G
	12.84e+0.02
	14.74b+0.02
	8.65a+0.13
	4.34a+0.03
	2.83b+ 0.02
	56.57e+0.15

	H
	13.33d+0.04
	16.54a+0.02
	8.74a+0.06
	4.37a+0.11
	3.20a+  0.01
	53.95e+0.63

	I
	11.73f+0.00
	13.52e+0.02
	6.48cde+0.06
	4.01ab+0.60
	2.83bc+0.02
	61.41c+0.65

	J
	14.55e+0.03
	13.69de+0.03
	7.64b+0.08
	3.59bc+0.02
	2.71cd+0.01
	57.80d+0.14

	LSD
	0.0389
	0.0481
	0.09831
	0.1557
	0.0352
	0.2578


Values are mean + standard deviation of triplication determination. Mean along the column with different superscripts differ significantly (p < 0.05)
    Key:
Sample A =100: 0: 0 Maize flour (Control)
Sample B = 90:5:5 Maize flour, Black-eyed beans flour and Orange fleshed sweet potato flour
Sample C = 80:15:5 Maize flour, Black-eyed beans flour, and Orange fleshed sweet potato flour 
Sample D = 85:  5:  10 Maize flour, Black-eyed beans flour and Orange fleshed sweet potato flour
Sample E = 70: 25:  5 Maize flour, Black-eyed beans flour and Orange fleshed sweet potato flour
Sample F = 85:10:  5 Maize flour, Black-eyed beans flour and Orange fleshed sweet potato flour
Sample G = 65: 30: 5 Maize flour, Black-eyed beans flour and Orange fleshed sweet potato flour
Sample H = 60: 35:  5 Maize flour, Black-eyed beans flour and Orange fleshed sweet potato flour
Sample I = 80: 10: 10 Maize flour, Black-eyed beans flour and Orange fleshed sweet potato flour
Sample J = 75: 20:  5 Maize flour, Black-eyed beans flour and Orange fleshed sweet potato flour


4.1 Mineral composition of pudding samples from blends of Maize-Black-eyed 	beans flourbio-fortified with Orange-fleshed Sweet Potato
		
Mineral composition of the pudding samples from blends of maize-black-eyed beans and orange fleshed sweet potato flour pudding is shown in Table 4. The mineral content of the pudding samples evaluated was potassium, magnesium, calcium and iron. Minerals are essential inorganic substances that need to be obtained from food. Minerals are divided into macro minerals and trace elements depending on their concentration in foods. Minerals in pudding samples were of high value to the body, especially due to their ability to provide regulatory substances for the human body (Onwuka, 2015).
The potassium of the samples ranged from 2.26mg/100g for sample P (80%:10%:10%Maize flour, Black-eyed beans flour and Orange fleshed sweet potato flour pudding) to 2.94 mg/100g for sample F (85% Maize flour: 10% Black-eyed beans flour and 5%orange fleshed sweet potato flour pudding). The potassium content of the samples was significantly different (p≤0.05). This could be attributed to the variation-based raw materials used during the sample formulation. According to Uzozie (2021) potassium helps in maintaining osmotic pressure help in regulating the acid-base balance of the body.
Magnesium content of the pudding samples ranged from 2.56 mg/100g for sample F (85% Maize flour: 10% Black-eyed beans flour and 5%orange fleshed sweet potato flour pudding) to 2.84 mg/100g for sample H (60% maize flour: 35% black-eyed beans flour and 5%orange fleshed sweet potato flour pudding). The sample H (60% maize flour: 35% black-eyed beans flour and 5%orange fleshed sweet potato seed flour pudding) had the highest magnesium content. The magnesium content of the samples showed that the samples were significantly different (p≤0.05). Magnesium is essential to good health to maintain normal muscle and nerve function, keep rhythm steady, support a healthy immune system and keep bone strong (Tesese, 2024). 	
Calcium content of the pudding samples produced from maize-orange fleshed and seed flour showed that the calcium content of the samples ranged from 0.27mg/100g for sample A (100% maize flour) to 2.08 mg/100g for sample C (80% Maize flour: 15% black-eyed beans flour and 5%orange fleshed sweet potato flour pudding). The sample C (80%Maizeflour: 15% black-eyed beans flour and 5%orange fleshed sweet potatoflour pudding) had the highest calcium content. Calcium assists in the proper bone and teeth. It also helps in the formation of blood clots and allows the blood to coagulate and prevent excessive bleeding (Olusanya, 2020).
Iron content of the pudding samples ranged from 2.65 mg/100g for sample D (85%Maizeflour: 5% black-eyed beans flour and 10%orange fleshed sweet potato flour pudding) to 3.94 mg/100g for sample C (80% Maize flour: 15%black-eyed beans flour and 5%orange fleshed sweet potato flour pudding). The iron content of the samples was significantly different (p ≤0.05). According to Adeyemi (2023), iron helps in oxygen transportation; it is the major component of the red blood cells known as erythrocytes.

















Table 4: Mineral composition of pudding samples from blends of Maize-Black-eyed beans flour bio-fortified with Orange-fleshed Sweet Potato
	Samples
	Potassium (mg/100g)
	Magnesium      (mg/100g)
	Calcium
(mg/100g)

	Iron
(mg/100g)

	A
	0.75c+ 0.01
	0.64e +0.03
	0.27g+0.02
	3.59b+0.02

	B
	2.84b+ 0.02
	0.72c +0.02
	1.06e+0.02
	3.86b+ 0.01

	C
	2.86b+ 0.25
	0.69d+ 0.08
	2.08a+0.02
	3.94a+ 0.01

	D
	2.65d+ 0.03
	0.66e+ 0.17
	1.64c+0.03
	2.65d+ 0.03

	E
	2.85b+ 0.02
	0.75b+0.01
	1.85b+0.01
	3.90a+ 0.02

	F
	2.94a+ 0.02
	0.56f+0.02
	1.06e+0.01
	3.86a+0.07

	G
	2.76c+ 0.02
	0.67e+0.17
	1.63c+0.02
	2.74c+0.04

	H
	2.76c+ 0.04
	0.84a+0.02
	1.36d+0.02
	2.73cd+0.05

	I
	1.26e+ 0.01
	0.56f+0.01
	1.64a+0.03
	2.74c+0.02

	J
	1.30e+ 0.02
	0.62e+0.02
	0.45f+0.03
	3.86ab+0.02



Values are mean +  standard deviation of triplication determination. Mean along column with
different superscripts differs significantly (p < 0.05)

KEY
Sample A = 100:  0:  0 Maize flour (Control)
Sample B = 90:  5:   5 Maize flour, Black-eyed beans flour and Orange fleshed sweet potato flour
Sample C = 80: 15:  5 Maize flour, Black-eyed beans flour and Orange fleshed sweet potato flour 
Sample D = 85:  5:  10 Maize flour, Black-eyed beans flour and Orange fleshed sweet potato flour
Sample E = 70: 25:  5 Maize flour, Black-eyed beans flour and Orange fleshed sweet potato flour	
Sample F = 85:10:  5 Maize flour, Black-eyed beans flour and Orange fleshed sweet potato flour
Sample G = 65: 30: 5 Maize flour, Black-eyed beans flour and Orange fleshed sweet potato flour
Sample H = 60: 35:  5 Maize flour, Black-eyed beans flour and Orange fleshed sweet potato flour
Sample I = 80: 10: 10 Maize flour, Black-eyed beans flour and Orange fleshed sweet potato flour
Sample J = 75: 20:  5 Maize flour, Black-eyed beans flour and Orange fleshed sweet potato flour


4.2 Vitamin composition of pudding samples from blends of Maize-Black-eyed beans 	flour bio-fortified with Orange-fleshed Sweet Potato

The vitamin composition of pudding samples from blends of maize, black-eyed beans and orange-fleshed sweet potato flour pudding is shown in Table 5. Vitamin compositions of the pudding samples evaluated werePro-vitamin A and Ascorbic acid (Vitamin C). Vitamins are essential for the proper functioning of the body. Pro-vitamin A is essential for maintaining good vision, while vitamin C is essential due to its ability to prevent scurvy (Olusanya, 2008). The pro-vitamin A content of the samples ranged from 218.6μ/100g for sample A (100% maize flour pudding) to 2856.7μ/100g for sample I (80%Maize flour: 10% black-eyed beans flour and 10%Orange fleshed sweet potato seed flour pudding). The sample I had the highest content of provitamin A, which could be attributed tohigh content of orange-fleshed sweet potato, which is a precursor of vitamin A. The vitamin A content of the samples was significantly different (p ≤ 0.05). The significant differences could be attributed to variation in the ratio of the blends.
Vitamin C (Ascorbic acid) content of the samples evaluated ranged from 2.16 mg/100g for sample A (100% maize flour pudding) to 4.59 mg/100 for sample I (80%:10%:10%maize flour, black-eyed beans andorange fleshed sweet potato flour pudding). The vitamin C content of the samples was of high value. Vitamin C (Ascorbic acid) content of the samples was significantly different (p ≤ 0.05). Vitamin C is essential due to its ability to prevent scurvy (Olusanya, 2020). 

Table 5: Vitamin A composition of the pudding samples from blends of Maize-Black-eyed 	beans flour bio-fortified with Orange-fleshed Sweet Potato
	SAMPLES
	Pro-Vitamin A (µg/100g)
	Ascorbic acid (mg/100g)

	A
	218.6g+ 0.00
	2.16h +0.03

	B
	1986.3f+0.00
	2.26h +0.02

	C
	2067.5d+0.01
	2.68f+ 0.08

	D
	2666.6f+ 0.02
	3.15e+ 0.17

	E
	1835.7c+ 0.02
	3.46d+0.01

	F
	2017.9e+  0.01
	2.46g+0.02

	G
	2564.5b+  0.03
	3.82c+0.17

	H
	1868.3a+  0.02
	4.37b+0.02

	I
	2856.7a+ 0.05
	4.59a+0.01

	J
	2356.3c+  0.05
	2.48g+0.02

	LSD
	0.4357
	0.02707


Values are mean +  standard deviation of triplication determination. Mean along column with different superscripts differs significantly (p < 0.05)
KEY
Sample A = 100:  0:  0 Maize flour (Control)
Sample B = 90:  5:   5 Maize flour, Black-eyed beans flour and Orange fleshed sweet potato flour
Sample C = 80: 15:  5 Maize flour, Black-eyed beans flour and Orange fleshed sweet potato flour 
Sample D = 85:  5:  10 Maize flour, Black-eyed beans flour and Orange fleshed sweet potato flour
Sample E = 70: 25:  5 Maize flour, Black-eyed beans flour and Orange fleshed sweet potato flour	
Sample F = 85:10:  5 Maize flour, Black-eyed beans flour and Orange fleshed sweet potato flour
Sample G = 65: 30: 5 Maize flour, Black-eyed beans flour and Orange fleshed sweet potato flour
Sample H = 60: 35:  5 Maize flour, Black-eyed beans flour and Orange fleshed sweet potato flour
Sample I = 80: 10: 10 Maize flour, Black-eyed beans flour and Orange fleshed sweet potato flour
Sample J = 75: 20:  5 Maize flour, Black-eyed beans flour and Orange fleshed sweet potato flour
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4.0 Conclusion 

The study showed that bio-fortification of maize-black-eyed beans pudding with orange-fleshed sweet potato for nutrient enhancement through agile processing yielded a nutrient-dense pudding that is rich in proximate, mineral and vitamin composition. The proximate composition of the pudding samples showed that the sample H, containing 60% maize, 35% black-eyed beans and 5% orange-fleshed sweet potato flour blend, had the highest value of protein, fat, crude fibre and ash. The sample I (80% Maize flour: 10% black-eyed beans flour and 10% Orange fleshed sweet potato seed flour pudding) had the highest content of provitamin A, which could be recommended for enhanced nutrition. 
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