QUALITY EVALUATION OF COWPEA VARIETIES GROWN IN JOSEPH SARWUAN TARKA UNIVERSITY (JOSTUM)


[bookmark: _Toc212795002][bookmark: _GoBack]ABSTRACT
[bookmark: _Toc212795003]The study evaluated the quality characteristics of selected cowpea (Vigna unguiculata) varieties, FUAMPEA1, FUAMPEA2, FUAMPEA3, and FUAMPEA5, focusing on their functional, physical, proximate, cooking, and sensory properties to determine their suitability for food processing applications. Standard analytical procedures were employed for all determinations. Results showed that functional properties varied significantly (p < 0.05) among the varieties, with bulk density ranging from 1.88 to 1.97 ml/g, water absorption capacity from 0.86 to 0.97 g/g, and swelling capacity from 0.16 to 0.55 ml/seed. Physical characteristics also differed markedly, with 100-seed weight ranging from 31.70 g in FUAMPEA1 to 44.20 g in FUAMPEA5, while all varieties exhibited round-shaped seeds with surface areas between 7.35 and 12.06 mm². Proximate composition revealed that protein content ranged from 29.11–29.64%, moisture from 9.46–10.66%, fibre from 3.41–4.58%, fat from 1.81–1.94%, and carbohydrate from 51.95–53.00%, reflecting the high nutritional value of the varieties. Cooking quality parameters indicated that cooking time ranged from 35.5 to 39.5 minutes, while hydration capacity and hydration index varied from 0.16–0.38 g/seed and 0.88–1.11 g/ml, respectively, suggesting differences in seed permeability and water absorption efficiency. Sensory evaluation of moi-moi prepared from the cowpea varieties showed high consumer acceptability, with taste, aroma, appearance, and overall acceptability scores ranging from 7.80 to 8.53, with FUAMPEA1 and FUAMPEA3 being the most preferred samples. Generally, the findings showed that the studied cowpea varieties are rich in protein and carbohydrates, have desirable functional and sensory attributes, and differ significantly in physical and cooking qualities due to inherent genetic and environmental factors. FUAMPEA3 and FUAMPEA5 were identified as the most promising varieties for processing and consumption based on their superior hydration, swelling, and sensory properties. The study concludes that these varieties hold great potential for improving the nutritional quality of cowpea-based products and should be promoted for both domestic and industrial utilization	Comment by hp: The standard analytical approach was used for all analyses.
	Comment by hp: The varieties FUAMPEA3 and FUAMPEA5 stood out for processing and consumption because of their excellent hydration, swelling, and sensory qualities. According to the study, these varieties show considerable promise for enhancing the nutritional content of cowpea-based items and ought to be encouraged for both consumer and commercial applications.
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1.0	INTRODUCTION
Cowpea (Vigna unguiculata L. Walp) is one of the most important indigenous legumes cultivated in sub-Saharan Africa, particularly in Nigeria, which is the world’s largest producer and consumer of the crop (Boukar et al., 2021). As a vital source of affordable plant-based protein, cowpea plays a crucial role in combating protein-energy malnutrition, especially among low-income rural populations. It is also rich in dietary fibre, iron, zinc, and essential amino acids, making it an important crop for food and nutritional security (Kamara et al., 2020). In addition to its nutritional value, cowpea is well-adapted to semi-arid environments, has a relatively short growth cycle, and contributes significantly to sustainable farming systems through its ability to fix atmospheric nitrogen and improve soil fertility (Singh et al., 2020).
Despite these advantages, the utilization and marketability of cowpea are influenced not only by yield but also by its quality characteristics. Key quality traits such as seed size, coat colour, texture, cooking time, protein content, hydration capacity, and pest resistance determine consumer preference and suitability for various processing methods (Adebisi et al., 2021). For example, cowpea varieties with large seed size, uniform appearance, and shorter cooking time are preferred in urban markets and by processors for products like moi-moi, akara, and flour. Moreover, the increasing interest in cowpea as a base for plant-based food products underscores the need to characterize both its functional and nutritional properties (Oyetayo and Afolayan, 2022).
In Joseph Sarwuan Tarka University (JOSTUM), Makurdi, located in Benue State, a major agricultural hub in Nigeria, cowpea is widely cultivated for research, teaching, and food purposes. The university has been involved in breeding and agronomic trials to improve early maturing and drought-tolerant cowpea lines suited to the Middle Belt agro-ecological conditions. Recent field evaluations at JOSTUM have focused on the phenotypic performance of cowpea varieties, while other studies have explored innovative agronomic interventions such as nanoparticle-based seed coatings (e.g., zinc oxide and magnesium oxide) aimed at enhancing seed germination and plant vigour (Ogbeche et al., 2023; Yusuf et al., 2023). However, there remains a paucity of information on the quality characteristics, including physical, cooking, and nutritional attributes, of cowpea varieties grown within the university's research system.
Although cowpea is widely consumed in Benue State and regularly grown in JOSTUM's teaching and research farms, there is lack of detailed information on the quality attributes of the varieties cultivated (Ogbeche et al., 2023). The absence of such information limits the ability of researchers, processors, and end-users to select cowpea types best suited for nutritional, culinary, or market needs. Furthermore, innovations such as the use of nanoparticle seed treatments at JOSTUM require quality-based assessment to determine their impact on grain characteristics (Kumar et al., 2023). This knowledge gap hinders varietal promotion and restricts breeding strategies aimed at improving consumer-relevant quality traits.
With the increasing demand for high-quality legumes and protein-rich diets in Nigeria, there is a growing need for research that moves beyond yield to explore food quality attributes. Evaluating the physical, cooking, and nutritional characteristics of cowpea varieties at JOSTUM will provide data that can guide varietal recommendations, breeding decisions, and consumer awareness. The findings will also support food processors in selecting cowpea types with desirable functional traits, while helping to promote varieties that are both agronomically suitable and nutritionally beneficial. The broad objective of this study was to evaluate the quality cowpea varieties in Joseph Sarwuan Tarka University, Makurdi.


[bookmark: _Toc71256701][bookmark: _Toc72233417][bookmark: _Toc183452045][bookmark: _Toc212795022]2.0				MATERIALS AND METHODS
[bookmark: _Toc183452046][bookmark: _Toc212795023]2.1	Sample Collection
Four (4) improved cowpea varieties were sourced from JOSTUM’s research farm, College of Agronomy and were transported to the Department of Food Science and Technology, Joseph Sarwuan Tarka University, Makurdi, Benue State for further processing. 
[bookmark: _Toc212795024]2.2	Sample Preparation 
[bookmark: _Toc183568631][bookmark: _Toc212795025]2.2.1	Preparation of cowpea flour
The cowpea flour was prepared using the method described by Odedeji and Oyeleke (2011) with slight modification. The cowpea seeds were carefully cleaned, sorted to remove defective ones from the lot and weighed (1 kg). The cleaned seeds were then soaked in water for 30 minutes to soften the hulls and ease removal for the production of dehulled cowpea flour. The hulls were loosened by repeated rubbing between the palms and the hulls removed by floatation in water leaving behind dehulled seeds. The seeds were drained and dried at 60 0C for 6 hours using hot air oven (model 10-D1390). The dried seeds were cooled, milled using a hammer mill and sieved to obtain fine flour using a 70 mm mesh screen. The resulting flour was stored at room temperature (28-30 oC) in polyvinyl chloride bags prior to use and analysis.
[bookmark: _Toc183568632][bookmark: _Toc212795026]2.2.2	Preparation of moi-moi 
The steamed paste (moi-moi) was prepared from the different cultivars of cowpea using the method of Akusu and Kiin-Kabari (2012). The flours were mixed in a bowl using a wooden spatula with the addition of other ingredients such as pepper, onions, tomato, tatashe, salt, magi cube, vegetable oil and warm water at 70 oC until a smooth paste was formed. The paste was dispensed into aluminium foil, packaged and steamed for 1 h. The moi-moi samples were cooled and evaluated for sensory properties.
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Figure 1: Preparation of Cowpea flour
Source: Nwosu et al. (2014)
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Plate 1: Collected Cowpea Varieties




[bookmark: _Toc212795027]2.3	Determination of Physical Proprieties of Seeds 
Physcal properties of the cowpeas were determined following the description of Traore et al. (2022).
[bookmark: _Toc212795028]2.3.1	100-Seeds Weight (PCG) 
100-seeds weight was determined by counting one hundred seeds manually and weighing. Seed mass values were determined using an electronic balance reading to 0.001 g. The average of three determinations is reported.
[bookmark: _Toc212795029]2.3.2	Seed Dimensions 
Randomly selected seeds were used to measure the size of the crop varieties in terms of length (mm), width (mm), and thickness (mm), using a Vernier caliper reading of 0.01 (mm). An average of ten determinations is reported for each of three repetitions. These size means were used to calculate the surface area (mm2), and the sphericity (Φ) of the individual seeds (Traore et al. (2022).
Surface area (S) = 							(1)
Dg is the geometric mean diameter, Dg = 				(2)
Sphericity (Φ) = 								(3)
[bookmark: _Toc212795030]2.3.3	Length/Width Ratio (Shape Index)
The measure means of length (L), width (W), and thickness (T) were used to calculate the rate of the length/width calling shape index (Ew) (Traore et al., 2022).
Length/width (Ew) = 							(4)
The shape of the seed was determined according to the description of Traore et al. (2022): 
− Round (L/W between 1.20 to 1.50). 
− Elliptic (L/W between 1.51 to 1.70). 
− Egg-shaped (L/W between 1.71 to 1.85). 
− Long (L/W between 1.86 to 2.31).
[bookmark: _Toc212795031]2.4	Determination of Functional Properties
[bookmark: _Toc89953537][bookmark: _Toc184981275][bookmark: _Toc212795032]2.4.1 	Water absorption capacity 
The method described by Onwuka (2015) was used. 1 g of sample was weighed into a 15 ml centrifuge tube and suspended in 10 ml of water. It was shaken on a platform tube rocker for 1 minute at room temperature. The sample was allowed to stand for 30 min and centrifuged (Model SM 800B Uniscope Surgifriends Medicals, England) at 500 rpm for 30 min. The volume of free water was read directly from the centrifuge tube. Density of water was taken to be 1 g/cm3.
(5)
[bookmark: _Toc89953538][bookmark: _Toc184981276][bookmark: _Toc212795033]2.4.2	Oil absorption capacity 
The method as described by Onwuka (2015) was used. One gram of the sample was mixed with 10 ml refined oil in a centrifuge tube and allowed to stand at room temperature (30 ± 2 °C) for 1 hr. It was centrifuged (Model SM 800B Uniscope Surgifriends Medicals, England) at 500 rpm for 30 min. The volume of free oil was recorded and decanted. Fat absorption capacity was expressed as ml of oil bound by 100 g dried flour. Density of oil was taken to be 0.98 g/cm3.
		(6)
[bookmark: _Toc212795034]2.4.3	Bulk Density 
The Bulk density is the weight per unit volume of an individual seed. The bulk density of seeds was determined using the liquid displacement method (Traore et al., 2022). Seeds (50 g) of the sample were transferred to a measuring cylinder, where 80 ml of distilled water is added. Seed volume (ml) was obtained after subtracting 80 ml from the total volume (ml).
Bulk density (g/mL) = 						(7)
[bookmark: _Toc212795035]2.4.4	Swelling Capacity and Swelling Index 
The swelling capacity gives an indication of increase in the volume upon absorption of water. Cowpea seeds (10 g) were weighted and subsequently soaked in distilled water for 24 h. The volume of cowpea seeds was estimated before and after soaking by determination of displaced water. Swelling capacity and the swelling index were determined according the formula used by (Traore et al. (2022).
Swelling capacity (mL/seed) =  		(8)
Swelling index = 					(9)
[bookmark: _Toc184981279][bookmark: _Toc212795036][bookmark: _Toc89953541]2.5	Determination of the Proximate Properties 
[bookmark: _Toc89953542][bookmark: _Toc184981280][bookmark: _Toc212795037]2.5.1 	Moisture content determination
Moisture content was determined using the air oven dry method. A clean dish with a lid was dried in an oven (Uniscope Surgifriend Medicals, England) at 100 oC for 30 min. It was cooled in desiccators and weighed. Two (2) grams of sample was then weighed into the dish. The dish with its content was placed in the oven at 105 oC and dried to a fairly constant weight. The loss in weight from the original sample (before heating) was reported as percentage moisture.
       				(10)                                                          




[bookmark: _Toc89953543][bookmark: _Toc184981281][bookmark: _Toc212795038]2.5.2 	Ash content determination 
Two (2) gram of sample was weighed into an ashing dish which had been pre-heated, cooled in a desiccator and weighed soon after reaching room temperature. The crucible and content was then heated in a muffle furnace at 550 0C for 6 hrs. The dish was cooled in a desiccator and weighed soon after reaching room temperature. The total ash was calculated as percentage of the original sample weight.
  							(11)	



[bookmark: _Toc89953544][bookmark: _Toc184981282][bookmark: _Toc212795039]2.5.3 	Crude fibre determination
Two (2) grams of the sample was extracted using Diethyl ether. This was digested and filtered through the California Buchner system. The resulting residue was dried at 130 0C for 2 hrs, cooled in a dessicator and weighed. The residue was then transferred into a muffle furnace (Uniscope Surgifriend Medicals, England) and ignited at 550 oC for 30 min, cooled and weighed. The percentage crude fibre content was calculated as:
 				(12)
[bookmark: _Toc89953545][bookmark: _Toc184981283][bookmark: _Toc212795040]2.5.4 	Crude fat determination
Fat was determined using Soxhlet method. Samples were weighed into thimbles and loose plug fat free cotton wool was fitted into the top of the thimble with its content inserted into the bottom extractor of the Soxhlet apparatus. Flat bottom flask (250 ml) of known weight containing 200 ml of hexane was fitted to the extractor. The apparatus was heated and fat extracted for 8 hrs. The solvent was recovered and the flask (containing oil and solvent mixture) was transferred into a hot air oven (Uniscope Surgifriend Medicals, England) at 105 oC for 1 hr to remove the residual moisture and to evaporate the solvent. It was later transferred into desiccator to cool for 15 min before weighing. Percentage fat content was calculated as
    				(13)		                                          
[bookmark: _Toc89953546][bookmark: _Toc184981284][bookmark: _Toc212795041]2.5.5 	Crude protein determination
The Kjeldahl method was used to determine the percentage crude protein. Two (2) grams of sample was weighed into a Kjeldahl digestion flask using a digital weighing balance (Uniscope Surgifriend Medicals, England: Max. 180 g). A catalyst mixture weighing 0.88 g (96 % anhydrous sodium sulphate, 3.5 % copper sulphate and 0.5 % selenium dioxide) was added. Concentrated sulphuric acid (7 ml) was added and swirled to mix content. The Kjeldahl flask was heated gently in an inclined position in the fume chamber until no particles of the sample adhered to the side of flask. The solution was heated more strongly to make the liquid boil with intermittent shaking of the flask until clear solution was obtained. The solution was allowed to cool and diluted to 25 ml with distilled water in a volumetric flask. Ten (10) ml of diluted digest was transferred into a steam distillation apparatus. The digest was made alkaline with 8 ml of 40 % NaOH. To the receiving flask, 5 ml of 2 % boric acid solution was added and 3 drops of mixed indicator was dropped. The distillation apparatus was connected to the receiving flask with the delivery tube dipped into the 100 ml conical flask and titrated with 0.01 HCl. A blank titration was done. The percentage nitrogen was calculated from the formula:
                 				(14)                                                                
 
                               
[bookmark: _Toc89953547][bookmark: _Toc184981285][bookmark: _Toc212795042]2.5.6 	Carbohydrate determination
Carbohydrate content was determined by difference according to Ihekoronye and Ngoddy (1985) as follows:
	
[bookmark: _Toc212795043]2.6	Determination of Cooking Proprieties of Cowpea Cultivars 
[bookmark: _Toc212795044]2.6.1	Cooking Time 
The method used the aluminum pot containing 600 ml of water for 20 g of seed unsoaked. Cooking time commenced when the seeds of a sample were placed in the container of boiling water. Boiling is continued, and two (2) seeds were drawn using a spatula at every 5 mins intervals up to 35 mins and thereafter after every 2 mins. The seeds were then compressed between the thumb and forefinger and rated: 1 = seed is difficult or not able to smash and cotyledon feels hard, 2 = seed is less difficult to smash and cotyledon feels slightly hard, 3 = seed is firm but smashes easily and cotyledon feels soft, 4 = there is little resistance to smash seed and cotyledon feels mushy, 5 = seed is easily pressed into a mush (Traore et al., 2022). In every cooking trial, the order of samples was randomized. The samples were randomized and cooking trials were repeated on three days, with each trial conducted by day.
[bookmark: _Toc212795045]2.6.3	Hydration Capacity and Hydration Index 
The hydration capacity was expressed as hydration absorption per seed. Cowpea seeds (10 g) were placed in a measuring cylinder containing 80 ml of distilled water and covered with an aluminum foil and, allowed to stand over for 24 h at room temperature. After drained cowpea seeds, surface water was removed with filter paper. Swollen seeds reweighed (Traore et al., 2022).
Hydration capacity (g/seed) = 		(16)
Hydration index = 					(17)
[bookmark: _Toc183568646][bookmark: _Toc212795046]2.7	Sensory Evaluation of moi- moi
The method described by Amaefula et al. (2024) was used for sensory evaluation of the moi-moi samples. A panel of fifteen (15) members consisting of students and lecturers in the Department of Food Science and Technology, Joseph Sarwuan Tarka University, Makurdi, Benue State, Nigeria who are familiar and regular consumers of cowpea based moi-moi was used. Moi-moi produced from each cultivars was presented in coded form in white disposable plates and presented randomly to the panelists at the department laboratory. The assessors were also provided with potable water for rinsing the mouth between evaluations. The quality attributes (colour, taste, texture, flavour, mouth feel and overall acceptability) of the moi-moi were evaluated and rated by the panelists on a 9-point hedonic scale of 1 to 9 with 1 as disliked extremely, 2 as dislike very much, 3 as dislike moderately, 4 as dislike slightly, 5 as neither like nor dislike, 6 as like slightly, 7 as like moderately, 8 as like very much and 9 as liked extremely.
[bookmark: _Toc183568647][bookmark: _Toc212795047]2.8 	Statistical Analysis
The data generated were subjected to analysis of variance (ANOVA) and means were separated at using Duncan multiple range test (D M R T) while significance difference was tested at 5 % level of probability. 


[bookmark: _Toc212795048]3.0				RESULTS AND DISCUSSION
[bookmark: _Toc212795049]3.1	Functional Properties of Selected Cowpea Varieties
Table 1 shows that the bulk density of the selected cowpea varieties ranged from 1.88 ml/g in sample C (FUAMPEA3) to 1.97 ml/g in sample D (FUAMPEA5). The water absorption capacity values ranged from 0.86 g/g in sample A (FUAMPEA1) to 0.97 g/g in sample C (FUAMPEA3). The oil absorption capacity ranged from 0.82 g/g in sample B (FUAMPEA2) to 0.92 g/g in samples A (FUAMPEA1), C (FUAMPEA3), and D (FUAMPEA5). The swelling capacity values varied from 0.16 ml/seed in sample D (FUAMPEA5) to 0.55 ml/seed in sample C (FUAMPEA3), while the swelling index ranged from 0.80 ml/g in sample C (FUAMPEA3) to 1.15 ml/g in sample A (FUAMPEA1).
The observed variation in bulk density among the cowpea varieties, which ranged from 1.88 to 1.97 ml/g, may be attributed to inherent differences in seed geometry, particle packing efficiency, and internal porosity, factors that are largely determined by genetic makeup and degree of seed maturation. Larger and more compact seeds tend to exhibit higher packing density compared to smaller or flatter ones. Bulk density is also known to be influenced by seed moisture content and the extent of milling or breakage, as intact cotyledons with higher moisture levels generally result in greater density values (Appiah et al., 2011). Comparable ranges have been reported for legume flours and powders in earlier studies, typically between 0.69 and 0.95 g/cm³, with variations linked to particle size, processing methods, and moisture content (Abbey and Ibeh, 1988; Appiah et al., 2011). The relatively high bulk density values obtained in this study could therefore be associated with the whole-seed nature of the samples and their physical compactness.

Table 1: Functional Properties of Selected Cowpea Varieties
	Sample
	Bulk Density (ml/g)
	Water Absorption Capacity (g/g)
	Oil Absorption Capacity (g/g)
	Swelling capacity (ml/seed)
	Swelling Index (ml/g)

	A
	1.96a±0.02
	0.86a±0.07
	0.92a±0.02
	0.32a±0.01
	1.15a±0.05

	B
	1.91a±0.13
	0.96a±0.06
	0.82b±0.16
	0.18a±0.01
	1.03ab±0.04

	C
	1.88a±0.08
	0.97a±0.05
	0.92a±0.02
	0.55a±0.51
	0.80c±0.01

	D
	1.97a±0.01
	0.88a±0.04
	0.92a±0.11
	0.16a±0.02
	0.91bc±0.13


Values are means ± standard deviations of duplicate determinations. Means in the same column with different superscripts are significantly (p<0.05) different.
Keys 
A = FUAMPEA1
B = FUAMPEA2
C = FUAMPEA3
D =FUAMPEA5
Differences in water absorption capacity (WAC), which ranged from 0.86 to 0.97 g/g, are likely influenced by variations in the protein and carbohydrate matrix, surface hydrophilicity, and porosity of the different varieties. Hydrophilic amino acid side chains and soluble polysaccharides enhance the ability of cowpea proteins to bind water; hence, varieties with more exposed or damaged starch granules and higher soluble carbohydrate content exhibit greater water absorption (Naiker et al., 2019). Particle size reduction and processing have also been reported to improve WAC by increasing the number of exposed hydrophilic sites. Previous studies have reported WAC values for cowpea flours ranging between 1.2 and 3.6 g/g, while lower values, typically 0.7–1.0 g/g, are common in whole-seed hydration studies (Hamid et al., 2015). The WAC values obtained in the present study fall within the lower end of these reported ranges, suggesting moderate hydration potential, which may be due to the use of whole seeds rather than milled flours (Abbey and Ibeh, 1988; Hamid et al., 2015).
The oil absorption capacity (OAC), which ranged from 0.82 to 0.92 g/g, reflects the relative availability of hydrophobic sites in the protein structure and the extent of non-polar interactions between the seed components and oil molecules. Proteins with more exposed hydrophobic regions or rougher surface textures tend to retain oil more effectively (Tsegay et al., 2024). In the present study, the lower OAC observed in sample B (0.82 g/g) compared to others (0.92 g/g) may be attributed to differences in protein conformation, amino acid composition, or sample surface properties. Literature reports that OAC values for cowpea and other legume flours generally range between 1.3 and 3.2 g/g, depending on heat treatment, defatting, and variety, while some cultivars show lower values of 0.7–0.9 g/g under similar experimental conditions (Hamid et al., 2015; Tsegay et al., 2024). The present results are therefore consistent with these findings and further highlight the influence of varietal characteristics and minimal processing on oil-binding potential.
The swelling capacity and swelling index of the cowpea varieties, which ranged from 0.16 to 0.55 ml/seed and 0.80 to 1.15 ml/g, respectively, are influenced by the starch composition, granule structure, cell wall integrity, and degree of hydration of each variety. Seeds with more amorphous starch and loosely arranged cell walls tend to exhibit higher swelling properties due to enhanced water penetration and matrix expansion. Conversely, varieties with thick seed coats, strong cell wall cross-linking, or higher concentrations of divalent cations (Ca²⁺, Mg²⁺) that strengthen pectin networks demonstrate lower swelling capacities, a phenomenon associated with seed hardness or the “hard-to-cook” trait (Naiker et al., 2019; Bhokre and Joshi, 2016). Reported swelling capacities for whole cowpea seeds typically range from 0.07 to 0.22 ml/seed, while flour-based swelling indices often fall between 1.2 and 4.9 ml/g, depending on temperature and sample preparation (Naiker et al., 2019; Bhokre and Joshi, 2016). The relatively higher swelling observed in sample C (0.55 ml/seed) may therefore indicate a more porous cotyledon matrix and starch granule structure that facilitate water uptake and expansion, while the low value recorded for sample D suggests compact cellular organization and stronger pectic bonding.
[bookmark: _Toc212795050]3.2	Physical Characteristics of Selected Cowpea Varieties
Table 2 shows that the 100-seed weight of the selected cowpea varieties ranged from 31.70 g in sample A (FUAMPEA1) to 44.20 g in sample D (FUAMPEA5). The seed length ranged from 0.86 mm in sample A to 1.02 mm in sample D, while the width varied from 0.58 mm in sample A to 0.76 mm in sample D, and the thickness ranged from 0.46 mm in sample B (FUAMPEA2) to 0.55 mm in sample D (FUAMPEA5). The surface area values ranged from 7.35 mm² in sample A to 12.06 mm² in sample D. The sphericity values ranged from 1.71 in sample B to 2.03 in sample C, while all the varieties exhibited a round shape, implying a generally uniform seed morphology across the tested cowpea varieties.
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Table 2: Physical characteristics of Selected Cowpea Varieties
	Sample
	 100-seeds Weight (g)
	Length (mm)
	Width (mm)
	Thickness (mm)
	Surface Area (mm2)
	SPHERICITY
	Shape 

	A
	31.70c±0.57
	0.86c±0.01
	0.58c±0.01
	0.51c±0.01
	7.35a±0.01
	1.75c±0.01
	Round 

	B
	33.85b±0.49
	0.92b±0.02
	0.63±b0.01
	0.46b±0.01
	7.92a±0.01
	1.71d±0.01
	Round 

	C
	38.80b±0.57
	0.92b±0.01
	0.74a±0.02
	0.54ab±0.02
	11.11a±0.01
	2.03a±0.01
	Round 

	D
	44.20a±0.14
	1.02a±0.01
	0.76a±0.01
	0.55a±0.01
	12.06a±0.02
	1.83b±0.01
	Round 


Values are means ± standard deviations of duplicate determinations. Means in the same column with different superscripts are significantly (p<0.05) different.
Keys 
A = FUAMPEA1
B = FUAMPEA2
C = FUAMPEA3
D =FUAMPEA5
The variations observed in the physical characteristics of the cowpea varieties are primarily attributed to inherent genotypic differences and environmental influences that affect seed development and maturation. Genetic control over seed filling and cotyledon development determines seed size and mass, explaining why certain varieties, such as FUAMPEA5, exhibited higher 100-seed weights and larger surface areas compared to others. These findings are consistent with the reports of Dorvlo et al. (2022) and Chipeta et al. (2024), who observed wide genotypic variation in cowpea seed weights ranging from 7.3 to 40.1 g across different germplasms. Environmental conditions such as soil nutrient availability, water supply during the grain-filling stage, and prevailing temperature regimes significantly influence assimilate partitioning and consequently the seed’s linear dimensions, length, width, and thickness. Similar trends have been reported by Mohammed et al. (2022) and Bawa and Habib (2025), who found that environmental variation among growing sites led to significant morphological differences in cowpea seeds.
Moreover, the effect of seed moisture content at the time of measurement cannot be overlooked, as hydration status influences the dimensional and derived geometric parameters such as surface area and sphericity. Increased seed moisture generally leads to swelling, thereby slightly elevating sphericity values, a relationship also documented in studies by Yıldırım and Atasoy (2017) and Adetola et al. (2024). The sphericity values obtained in this study reflect both the tri-axial geometry and hydration state of the seeds. These values are comparable to the range (0.6–0.8) reported for different cowpea cultivars by Hamid et al. (2016) and Idowu and Oloyede (2022), indicating that minor variations in seed length or width can significantly alter the computed sphericity.
Interestingly, all the cowpea varieties evaluated in this study exhibited a generally round shape, suggesting that despite numerical differences in dimensional parameters, the overall seed morphology was consistent across varieties. This uniform roundness may be a characteristic feature of the FUAMPEA accessions studied and could be advantageous in processing operations such as grading, dehulling, and mechanical handling, where seed shape consistency improves equipment efficiency. Supporting this observation, Adetifa et al. (2024) and Doe-Addo et al. (2024) reported that among the physical traits used in characterizing cowpea varieties, seed surface area, 100-seed weight, and width were among the most discriminating attributes for varietal classification and postharvest processing suitability.
[bookmark: _Toc212795051]3.3	Proximate composition of the Cowpea Varieties
Table 3 shows that the moisture content of the cowpea varieties ranged from 9.46% in sample B to 10.66% in sample C. Protein content ranged from 29.11% in samples A and D to 29.64% in sample B. Ash content varied from 2.38% in sample A to 2.66% in sample B, while fibre content ranged from 3.41% in sample D to 4.58% in sample A. Fat content was lowest in sample C (1.81%) and highest in sample B (1.94%), whereas carbohydrate content ranged from 51.95% in sample C to 53.00% in sample D.
The variation observed in the proximate composition of the cowpea varieties may be attributed primarily to genetic differences among the cultivars, as well as environmental and agronomic factors influencing seed development and nutrient partitioning. Moisture content variation among the varieties (9.46–10.66%) could be due to differences in seed coat permeability, hygroscopic nature of the cotyledons, and post-harvest storage conditions. According to Olayiwola et al. (2023), variations in moisture levels among cowpea genotypes are influenced by environmental humidity, seed maturity, and genotype-specific water-binding capacity, with similar ranges (9.2–11.0%) reported for Nigerian cowpea varieties.



Table 3: Proximate composition (%) of the Cowpea Varieties
	Sample
	Moisture
	Protein
	Ash
	Fibre
	Fat
	Carbohydrate

	A
	10.08b±0.04
	29.11b±0.02
	2.38d±0.01
	4.58a±0.04
	1.87b±0.02
	52.01a±0.11

	B
	9.46c±0.01
	29.64a±0.16
	2.66a±0.01
	4.05b±0.00
	1.94a±0.02
	52.27b±0.13

	C
	10.66a±0.01
	29.26b±0.08
	2.47c±0.01
	3.87c±0.03
	1.81c±0.01
	51.95c±0.06

	D
	10.08b±0.04
	29.11b±0.02
	2.56b±0.01
	3.41d±0.02
	1.85bc±0.01
	53.00d±0.01


Values are means ± standard deviations of duplicate determinations. Means in the same column with different superscripts are significantly (p<0.05) different.
Keys 
A = FUAMPEA1
B = FUAMPEA2
C = FUAMPEA3
D =FUAMPEA5







The slight difference in protein content (29.11–29.64%) across the varieties indicates a relatively stable genetic control of seed protein synthesis in cowpea. However, small differences may still arise from variations in nitrogen uptake efficiency and soil fertility during growth. Previous studies by Egbadzor et al. (2021) and Chipeta et al. (2024) reported protein contents of 24–32% in diverse cowpea genotypes, showing comparable variation attributed to genetic and environmental interactions. High protein levels in cowpea are due to its rich storage proteins, particularly globulins and albumins, which serve as nitrogen reserves during germination (Adeyeye et al., 2022).
Differences in ash content (2.38–2.66%) suggest variability in mineral accumulation among the varieties, possibly reflecting differences in soil nutrient availability and uptake efficiency. Similar findings by Omodara et al. (2023) reported ash contents of 2.1–3.0% in Nigerian cowpeas, linking variation to the plant’s ability to absorb macro- and micronutrients such as calcium, potassium, and phosphorus from the soil. The higher ash value observed in FUAMPEA2 (2.66%) indicates a richer mineral profile, which may enhance its nutritional and functional quality.
Crude fibre content (3.41–4.58%) varied significantly, indicating differences in seed coat thickness and cell wall polysaccharides (cellulose, hemicellulose, and lignin). Cowpea varieties with thicker seed coats or higher structural carbohydrate deposition exhibit higher fibre content (Tijani et al., 2023). Comparable fibre ranges (3.2–5.0%) have been reported by Hamid et al. (2015) and Bawa and Habib (2025), who linked varietal differences to genetic constitution and environmental stress during seed formation, which can alter the biosynthesis of cell wall components.
Fat content ranged from 1.81 to 1.94%, reflecting cowpea’s nature as a low-fat legume. Such slight differences are largely genotypic, influenced by the relative proportion of oil bodies in cotyledon cells. Appiah et al. (2011) and Naiker et al. (2019) observed similar fat ranges (1.5–2.2%) in cowpea seeds, suggesting that lipid metabolism remains relatively stable across genotypes, with minor environmental modulation.
Carbohydrate content (51.95–53.00%) was the predominant component, consistent with cowpea’s role as an energy-rich legume. The observed variation may arise from differences in starch biosynthesis and storage within the cotyledons. Varieties with lower protein and fat tend to show higher carbohydrate percentages, reflecting a compensatory balance in dry matter distribution (Hamid et al., 2015). Comparable studies by Dorvlo et al. (2022) and Adetifa et al. (2024) reported carbohydrate ranges of 50–55% in cowpea genotypes, aligning closely with the present results. Generally, the proximate composition trends observed in this study align with those reported for other African cowpea cultivars, confirming that genotype, environmental factors, and post-harvest handling collectively determine the nutrient composition. The relatively high protein and moderate carbohydrate contents observed affirm the nutritional importance of cowpea as a valuable plant-based protein source for human diets in sub-Saharan Africa.
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Table 4 shows that the cooking time of the cowpea varieties ranged from 35.5 minutes in sample A (FUAMPEA1) to 39.5 minutes in sample C (FUAMPEA3), indicating significant (p < 0.05) variation among the samples. The hydration capacity values ranged from 0.16 g/seed in sample B (FUAMPEA2) to 0.38 g/seed in sample D (FUAMPEA5), while the hydration index ranged from 0.88 g/ml in sample C (FUAMPEA3) to 1.11 g/ml in sample D (FUAMPEA5).

Table 4: Cooking Quality Parameters of Selected Cowpea Varieties
	Sample
	Cooking time (min)
	Hydration capacity (g/seed)
	Hydration index (g/ml)

	A
	35.5b±0.71
	0.17b±0..03
	0.92a±0.05

	B
	36.5b±0.71
	0.16b±0.02
	0.91a±0.13

	C
	39.5a±0.71
	0.22b±0.01
	0.88a±0.06

	D
	36.0b±1.41
	0.38a±0. 05
	1.11a±0.15


Values are means ± standard deviations of duplicate determinations. Means in the same column with different superscripts are significantly (p<0.05) different.
Keys 
A = FUAMPEA1
B = FUAMPEA2
C = FUAMPEA3
D =FUAMPEA5
The variation observed in the cooking quality parameters of the cowpea varieties may be attributed to inherent genetic differences, seed coat characteristics, and microstructural composition influencing water penetration, starch gelatinization, and softening rate during heat processing. The differences in cooking time among the varieties (35.5–39.5 min) could be linked to variations in seed hardness, thickness of seed coat, and the degree of lignification and pectin cross-linking in the middle lamella. Varieties with thicker or less permeable seed coats typically exhibit longer cooking times because water diffusion into the cotyledon is restricted, slowing the softening process (Naiker et al., 2019). According to Olayiwola et al. (2023), prolonged cooking time in cowpea and other legumes is a common manifestation of the “hard-to-cook” (HTC) phenomenon, often associated with storage-induced biochemical changes such as phytate–cation–pectin interactions that increase the rigidity of cell wall materials. Similar ranges of cooking time (30–45 min) were reported by Tijani et al. (2023) and Bawa and Habib (2025) for Nigerian cowpea genotypes, with the differences ascribed to varietal characteristics and post-harvest storage conditions.
Hydration capacity, which ranged from 0.16 to 0.38 g/seed, reflects the ability of the seed to absorb water and swell during soaking and cooking. The significant variation among varieties suggests differences in seed coat permeability, cotyledon microstructure, and protein-starch matrix composition. Varieties with higher hydration capacity (such as FUAMPEA5) may possess thinner seed coats, less compact cotyledon cells, or more hydrophilic macromolecules that facilitate water uptake (Adetola et al., 2024). Bhokre and Joshi (2016) and Hamid et al. (2015) similarly observed that hydration characteristics are closely linked to varietal properties, with reported values ranging from 0.15 to 0.40 g/seed in cowpea and other legumes, depending on storage and soaking conditions. The higher hydration index recorded in FUAMPEA5 (1.11 g/ml) suggests more efficient water absorption relative to seed weight, indicating potentially faster cooking and softer texture after processing.
The observed relationship between cooking time and hydration behavior aligns with previous findings that varieties with higher hydration capacities tend to cook faster due to improved internal water diffusion and starch gelatinization (Naiker et al., 2019). However, the reverse can also occur if the seed coat structure or pectin composition restricts hydration even when internal cotyledon chemistry favors softening. According to Dorvlo et al. (2022), the interplay between seed coat permeability and cotyledon resistance largely determines both hydration and cooking dynamics, with varieties exhibiting low hydration often linked to longer cooking durations.
Overall, the present results are consistent with literature reports showing that cooking quality in cowpea is a complex, genotype-dependent trait influenced by seed morphology, chemical composition, and storage conditions. The differences observed among FUAMPEA varieties suggest that some genotypes (such as FUAMPEA5) may be more desirable for food processing industries or household use due to their higher hydration potential and reduced cooking time, translating to lower energy use and improved palatability.
[bookmark: _Toc212795053]3.5	Sensory Qualities of Moi-moi Processed from the Selected Cowpea Varieties
Table 5 shows that the taste scores of moi-moi processed from the selected cowpea varieties ranged from 7.80 in sample D (FUAMPEA5) to 8.07 in samples A (FUAMPEA1), B (FUAMPEA2), and C (FUAMPEA3). Aroma values ranged from 8.00 in sample B to 8.27 in sample C, while appearance scores ranged from 8.20 in sample B to 8.53 in sample D. Mouthfeel values ranged from 7.30 in sample A to 8.00 in sample B, and overall acceptability ranged from 8.07 in sample B to 8.33 in sample A.
Table 5: Sensory Qualities of Moi-moi Processed from the Selected Cowpea Varieties
	Sample
	Taste
	Aroma
	Appearance
	Mouthfeel
	Overall accept.

	A
	8.07a±0.80
	8.07a±0..80
	8.47a±0.64
	7.30a±0.52
	8.33a±0.72

	B
	8.07a±0.59
	8.00a±0.65
	8.20a±0.86
	8.00a±0.88
	8.07a±0.59

	C
	8.07a±0.59
	8.27a±0.80
	8.47a±0.64
	7.93a±0.91
	8.27a±0.70

	D
	7.80a±0.77
	8.07a±0. 80
	8.53a±0.74
	7.80a±1.95
	8.20a±0.77


Values are means ± standard deviations of n=15 determinations. Means in the same column with different superscripts are significantly (p<0.05) different.
Keys 
A = FUAMPEA1
B = FUAMPEA2
C = FUAMPEA3
D =FUAMPEA5






The sensory results of moi-moi processed from the selected cowpea varieties revealed variations among samples, which could be attributed to inherent differences in the physicochemical and compositional properties of the cowpea seeds. The observed differences in taste and aroma might be associated with the protein and fat composition of the varieties, as these components play critical roles in flavor development during thermal processing. According to Olasunkanmi et al. (2022), higher protein and lipid levels contribute to the formation of desirable volatile compounds during cooking, enhancing the sensory perception of legumes. The superior taste and overall acceptability recorded in samples A and C may thus be linked to optimal protein content, which enhances flavor intensity and mouthfeel. Furthermore, variations in appearance could be influenced by the pigment composition and starch content of the cowpea varieties, as lighter-colored seeds tend to yield more appealing moi-moi (Okonkwo and Ugwu, 2020). The slight differences in mouthfeel might result from variations in hydration capacity and cooking time observed earlier, as these parameters affect the softness and texture of the final product (Adetunji et al., 2021). The general high sensory scores across all samples indicate that the varieties were well-accepted, corroborating the findings of Adeyemi et al. (2023), who reported that consumer preference for cowpea-based products is often influenced by smooth texture, uniform appearance, and characteristic legume flavor. Therefore, the sensory performance of the evaluated moi-moi samples suggests that all selected cowpea varieties possess good processing and organoleptic qualities suitable for traditional food production.

























Plate 2: Moi-moi Processed from the Selected Cowpea Varieties
[bookmark: _Toc212795054]4.0 			CONCLUSION AND RECOMMENDATIONS

[bookmark: _Toc212795056]Conclusion
The four cowpea varieties exhibited differences in functional, physical, proximate and cooking characteristics. FUAMPEA3 recorded the highest water absorption and swelling capacities, while FUAMPEA5 had the greatest 100-seed weight, hydration capacity and hydration index. Protein contents were similar across the varieties, ranging from 29.11% to 29.64%, and all samples contained more than 51% carbohydrate. FUAMPEA1 had the shortest observed cooking time, whereas FUAMPEA3 required the longest time. Moi-moi prepared from all varieties received high overall acceptability scores, and the sensory data did not demonstrate a significant difference among samples. These results indicate that the varieties possess potentially useful but differing characteristics for cowpea-based food preparation. Selection of a variety should therefore depend on the intended processing requirement rather than on an unsupported overall ranking.
4.2	Recommendations
1. FUAMPEA3 and FUAMPEA5 are recommended for commercial and domestic processing due to their superior functional and sensory attributes, making them ideal for moi-moi, akara, and flour-based applications.
2. Further research should explore the influence of different processing techniques on the retention of nutrient and functional properties in these varieties to optimize product quality.
3. Additional work should be carried out on the storage stability and physicochemical changes in cowpea flour derived from these varieties under varying environmental conditions.
4. Given their performance, these FUAM cowpea varieties should be promoted through agricultural extension programs and recommended to smallholder farmers and food industries within the region for sustainable utilization and food security enhancement.

Limitations
The study used cowpea samples from one institutional source and did not evaluate different cultivation seasons or locations. The number of independent field samples was not specified, and most laboratory analyses were based on duplicate determinations. The sensory panel consisted of only 15 participants from one department, limiting wider consumer generalisation. Antinutritional factors, mineral composition, storage stability, agronomic yield and processing economics were not examined. Consequently, the results describe the samples tested and should not be treated as comprehensive varietal recommendations.
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