


PRODUCTION AND QUALITY EVALUATION OF POUNDED YAM FLOUR SUBSTITUTED WITH COWPEA FLOUR

ABSTRACT
The main objective of this study was to produce and evaluate the quality of pounded yam flour substituted with cowpea flour. The yam and cowpea flours were prepared and mixed at the ratio of 90:10, 80:20, 70:30, 60:40 and 50:50 for samples A, B, C, D and E respectively, while 100% yam flour was tagged sample F, and served as control. Physicochemical and functional properties, proximate and mineral compositions of the flours, as well as sensory properties analysis of the stiff dough was determined using standard methods. There was significant difference (p<0.05) in the TTA, pH and gelatinization temperature of the samples which ranged from 0.003-0.004 % lactic acid, 6.32-6.38, and 25.25-42.25℃, respectively. Inclusion of cowpea flour increased (p<0.05) the bulk density (0.661-0.760 g/ml), water absorption capacity (2.36-2.45 g/g) and solubility (5.64-7.95%) of the samples. Proximate composition results showed significant increase (p<0.05) in crude protein, crude fat, ash and crude fibre contents of the flour samples. The carbohydrate content reduced (p<0.05) as inclusion level of cowpea flour increased, and ranged from 75.86-86.74%. There was no significant difference (p>0.05) in the odour score of the stiff dough produced, while mouldability (7.40-8.45) and overall acceptability scores (7.54-8.39) showed significant difference (p<0.05), with the cowpea flour mixed sample (sample E) liked best. The four best liked samples from sensory analysis (samples B, D, E and F) were subjected to mineral analysis with magnesium (24.16-27.30 mg/100 g), calcium (2.26-11.38 mg/100 g), iron (4.77-10.73 mg/10 g) and phosphorous (0.01-0.04 mg/100 g) increasing with increase in cowpea flour and showing significant difference (p<0.05) from the control. Inclusion of cowpea flour did not negatively impact the taste, colour, or texture of the stiff dough. In fact, the sample with 50% cowpea flour (Sample E) was rated highest for mouldability, texture, and overall acceptability, even surpassing the 100% yam flour control sample. 
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INTRODUCTION
“Yam (Dioscorea species) is an important tropical root crop. It is ranked as the fourth major root crop in the world after cassava, potatoes and sweet potatoes” (Darkwa et al., 2020; Padhan and Panda, 2020). “It is also an important source of carbohydrate for many people of the Sub-Sahara region, especially in the yam zone of West Africa” (Padhan and Panda, 2020). “Nigeria is the world largest producer of edible yam with D. rotundata and D. alata as the two most cultivated yam species in the country. It was reported that yam contributes more than 200 dietary calories per capital daily for more than 150 million people in West Africa and serves an important source of income to the people” (Darkwa et al., 2020). “Yams are characterized by high moisture content, which renders the tubers more susceptible to microbial attacks and brings about high perish ability of the tubers” (Jeannette et al., 2020). “Nutritionally, yam considers as significant carbohydrate and fibre food sources. Other nutrients present in yam are caloric proteins, minerals and vitamins. The yam is important in household food security, diet diversification, employment and income generation as well as alleviation of poverty” (Jeannette et al., 2020).
“Industrial processing and utilization of yam includes starch, poultry and livestock feed, production of yam flour and instant pounded yam flour production” (Darkwa et al., 2020). Traditionally, the processing of pounded yam using pestle and mortar is highly valued but it is generally being replaced in the market with the instant pounded yam flour. Yam flour requires short processing time and less energy. Yam fufu flour which is referred to as instant pounded yam flour (IPYF) is a processed white powdery form of yam (dehydrated yam flour) which is produced in a desiccating machine. It is a faster means of making pounded yam which is done by pouring a measured quality of the yam flour into boiling water, and stirred continuously until the required texture and taste is achieved.
“Protein energy malnutrition is a major problem in Africa as a result of high cost of animal protein” (Arise et al., 2021; Arise et al., 2022). “Therefore, the use of legume as an alternative to high-cost animal protein is been researched profusely. Compositional evaluations of leguminous seeds as well as studies on the enrichment of local starchy foods with legumes such as soybean, cowpea, groundnut, pigeon pea, chicken pea and red gram have been carried out in different locations by many investigators” (James et al., 2020).
“Cowpea (Vigna ungucuilata) is a primary leguminous food, with about 90% being produced in the West African region of the World” (Kebede et al., 2020). “Cowpea is grown not only in the tropical lowlands, especially in dry areas, but also in warm temperate regions. Its production in Africa is mainly by subsistent farmers. The total world production of cowpeas in 2019 as reported by the Food and Agriculture Organization (FAO) was 8.9 million metric tons” (FAO, 2021), representing 2.7-folds increase since 2000.
“Cowpea flour is a nutrient-rich ingredient that can help combat various deficiencies. It is high in protein, making it an excellent supplement for individuals with protein deficiency. Cowpea flour is also rich in iron, which can help combat iron deficiency anaemia. Additionally, it is a good source of vitamin B, particularly thiamine, riboflavin, and niacin” (Oyeyinka et al., 2023). Due to inflation, most persons cannot afford enough protein in their soups, so the addition of cowpea in fufu can help substitute for the protein that is lacking in the soup.
MATERIALS AND METHODS
Sample collection
Yam tuber (Dioscorea alata) and Cowpea (Vigna ungucuilata) used for this study were obtained from Creek Road Market in Port Harcourt Rivers State, Nigeria.
Chemical
The chemicals and equipments used were of analytical grade and were obtained from the Food Analytical/Food Chemistry Laboratory, Department of Food Science and Technology, Rivers State University, Nkpolu-Oroworukwo, Port Harcourt, Rivers Sate, Nigeria.
Preparation of yam flour
The method described by Dejuyitan et al. (2025) was employed with slight modifications. Thirty kilograms (30 kg) of yam tubers were peeled and washed to get rid of all dirt. The peeled yam was sliced and cut into chips with a slicer to 0.2 mm thickness and immediately soaked in an already prepared 0.5% solution of sodium metabisulfite for 15 minutes. The chips were then drained and parboiled by steaming for 15 minutes so as to allow partial gelatinization to occur which is known as parboiling. After the parboiling stage, the chips were then spread out uniformly on a stainless-steel perforated tray and dried in a multi-Crop dryer at 65°C for 7 hours. The dried chips were finally milled into flour using a blender and sieved to obtain flour particle size range from 50-70µm. The flour was packaged in a zip lock bag and stored prior to analysis as shown in Fig. 1.
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Fig. 1.		Production of yam flour.
[bookmark: _Hlk194754037]Source: Dejuyitan et al. (2025) with slight modifications

Preparation of cowpea flour
As described by Emelika et al. (2020) with modifications, cowpea was sorted to remove the unwholesome and defected ones and the foreign materials. The sorted beans were then soaked for 30 minutes for easy removal of skin and the black eyes. The boiled cowpea beans were dehulled to remove the outer covering including the black eye. The dehulled beans were boiled for 15 minutes and dried in a multi-crop dryer at a temperature of 55℃ for 6 hours. The oven-dried cowpea beans were milled into a refined bean flour, and stored in a Ziplock bag as shown in Fig. 2.
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Fig. 2.	Production of cowpea flour.
Source: Emelike et al. (2020) with modifications

Formulation of yam-cowpea flour blends
The yam and cowpea flours were mixed at the ratio of 90:10, 80:20, 70:30, 60:40 and 50:50 for samples A, B, C, D and E respectively, while 100% yam flour as sample F will serve as control, as shown in Table 1. The flour blends were homogenized using a Kenwood mixer (A90IE, Kenwood Haunt Hampshire, England) to achieve uniform blends and stored in well labelled.






Table 1. Formulation ratios for yam-cowpea flour blends
	Sample
	Formulation (%)
	Weight of yam flour (g)
	Weight of cowpea flour (g)

	A
	90:10
	450
	50

	B
	80:20
	400
	100

	C
	70:30
	350
	150

	D
	60:40
	300
	200

	E
	50:50
	250
	250

	F
	100:0
	500
	0


Chemical analysis: Cowpea and lupin seed ours and protein 
isolate composition were determined following methodology for total 
nitrogen (Kjeldahl), fat (Soxhlet), carbohydrates, moisture and ash 
(gravimetrically) and crude bre by a chemical-gravimetric me
hr.
Chemical analysis: Cowpea and lupin seed ours and protein 
isolate composition were determined following methodology for total 
nitrogen (Kjeldahl), fat (Soxhlet), carbohydrates, moisture and ash 
(gravimetrically) and crude bre by a chemical-gravimetric method

Determination of the physicochemical properties of the flours
“The total titratable acidity (TTA), pH, viscosity, sugar content, gelation time and temperature of the samples were determined using the methods described by the Association of Analytical Chemists” (AOAC, 2012). The samples (2 g) were homogenized in 20 mL of distilled water and filtered into a beaker. The pH meter (Jenco 6177) after calibration and stabilization with standard buffer of pH 4.0 and 7.0, was used to determine the sample pH. Thereafter, 3 drops of phenolphthalein were added as the indicator and the mixture was titrated against 0.1 M NaOH. Acidity was expressed as % lactic acid with each ml of the 0.1 M NaOH equivalent to 0.0908 of lactic acid. The sugar content was determined at 29±2oC using Abbe hand refractometer. The percentage sugar content (soluble sugar) was read from the scale of the refractometer when held close to the eye. The viscosity of the samples was determined with the aid of a Rotary digital viscometer (NDJ.8S, China) using spindle number 2 at l2 rpm. About 2 g of the sample was dissolved in 20 ml of distilled water, and transferred into a 250 ml beaker. The content of the beaker was introduced directly unto the rotating spindle and the value of the viscosity displayed on the LCD screen in Pa.s was recorded. Twenty grams (20g) of the sample was weighed and 10 ml of water added. This was placed on a heating mantle and a thermometer was used to determine the temperature at which the sample took to form a gel and the time taken to form.
Determination of the functional properties of the flours
Bulk density, water and oil absorption capacity were determined according to the method described by Onwuka (2018). Swelling power and solubility were determined according to the method described Aidoo et al. (2022). Briefly, water and oil absorption capacity were determined by centrifugal-gravimetric method after the centrifugation of 1 g of the samples in 10 mL of distilled water and pure gino oil respectively. Bulk density was determined gravimetrically before and after gentle tapping of 10 mL graduated cylinder filled with the samples until there was no further diminution of the sample levels. Swelling power and solubility were determined gravimetrically after heating to 85oC, holding for 30 min before centrifugation at 1000 rpm for 15 min. Swelling capacity was calculated by dividing the sediment weight with the sample weight. The soluble component in the supernatant after evaporation of water was used in the computation of solubility (%) by dividing the soluble component weight with the sample weight multiplied by 100.


Determination of the proximate composition and energy value of the flours
The moisture, protein, crude fibre, fat and ash contents of samples were analysed using the standard analytical method described by AOAC (2023). Moisture was obtained gravimetrically after drying to a constant weight at 70oC in a hot air oven (DHG 9140A). Fat was determined using soxhlet extraction method with ethyl ether. Kjeldahl method and a nitrogen conversion factor of 6.25 was used for crude protein determination. Ash content was determined gravimetrically after the incineration of the samples in a muffle Furnace (Model SXL) at 550oC for 2 h. Enzymatic gravimetric method was utilized in the determination of crude fibre. Carbohydrate was calculated by difference {100 - (Crude protein + crude fibre + ash + fat)}. Energy values were obtained using Atwater factor of 4 Kcal/g for protein and carbohydrate and 9 Kcal/g for fat as described by Obinna-Echem et al. (2024).


Sensory properties of stiff dough produced from blends of yam and cowpea flours

The sensory analysis was carried out using the 9-point hedonic scale assessment method as described by Iwe (2010). Students from the Department of Food Science and Technology in Rivers state University were selected based on their familiarity with pounded yam. The yam-cowpea flours were used to prepared stiff dough, and the panellists were asked to score the coded stiff doughs in terms of degree of likeness for mouldability, texture, colour, taste, odour and overall acceptability.

Determination of the mineral composition of the flours
The APHA 3030 F (Nitric acid -Hydrochloric acid digestion) method described by Amadi et al. (2025a) was used in the digestion of the samples. One gram (1 g) of each sample was digested with 10 ml of HNO3 after ashing. The samples were cautiously evaporated to less than 5 ml. It was cooled and 10 ml of 1 + 1 HCL was added. The sample was heated to dissolve any precipitate or residue and filtered to remove insoluble material that could clog the nebulizer. The filtrate was transferred to a 100 ml volumetric flask with rinsing (with deionized water) and diluted to 100 ml mark. Atomic absorption spectrophotometer (Buck scientific, model 210) was used to determine the magnesium, calcium, iron, sodium and phosphorous content of the samples.

Statistical analysis
Data obtained for all the analysis carried out was subjected to statistical analysis using IBM SPSS Statistics (version 26). Statistical differences and relationship among variables were evaluated by analysis of variance under general linear model and Tukey pairwise comparison at 95% confidence level.

RESULTS AND DISCUSSION
Effect of cowpea flour inclusion on the physicochemical properties of yam flour
The physicochemical properties of yam and cowpea flours is shown in Table 2. The total titratable acid (TTA) ranged from 0.003-0.004% Lactic acid. Samples A (90% yam flour: 10% cowpea flour) and B (80% yam flour: 20% cowpea flour) recorded the lowest, while the highest TTA was observed in samples C (70% yam flour: 30% cowpea flour), D (60% yam flour: 40% cowpea flour), E (50% yam flour: 50% cowpea flour) and F (100% yam flour). The total titratable acidity (TTA) of the flour reduced when 10-20% of cowpea flour was added, but recorded same value as the control (0.004%) when at least 30% of cowpea flour was included. The TTA of the samples in this study (0.003-0.004%) was lower than 0.40-0.58% reported by Olumurewa and Alejolowo (2020) for TTA of instant pounded yam flour produced from yellow yam.
The pH of the samples ranged from 6.32 in sample B to 6.38 in sample E, while the sugar content was 0.20 ºBrix across samples. The pH of the samples did not vary significantly (p<0.05) from the control, apart from sample C. The pH of the samples was similar to those reported by Olumurewa and Alejolowo (2020), ranging from 5.37-6.47. “There was no significant difference (p>0.05) in the sugar content of the samples. The Brix value reflects the amount of sugar present in a sample, and expressed in terms of the percentage of the sucrose content” (Amadi et al., 2025b).
The viscosity of the samples ranged from 0.69-0.73 Pa.s. The lowest viscosity was observed in sample E, while sample C had the highest. There was no significant difference (p>0.05) in the viscosity of the samples, which were lower than 1.73-2.18 Pa.s reported by Obinna-Echem et al. (2024) for tigernut-soy flour blends. There was also no significant difference (p>0.05) in the gelation time of the samples, which recorded 1 minute of gelatinization time for all samples, while the gelatinization temperature ranged from 25.25℃ (sample C) to 42.25℃  (sample E). Inclusion of 40-50% cowpea flour caused an increase in the gelatinization temperature of the sample. There was significant difference (P<0.05) between the control and the cowpea included samples.
Table 2.Physicochemical properties of yam and cowpea flour blends
	Sample

	Total Titratable Acid (% Lactic acid) 
	pH

	Sugar
(ºBrix)

	Viscosity (Pa.s)

	Gelatinization Time
(min)

	Gelatinization Temperature
(℃)


	A
	0.003b±0.00
	6.34ab±0.01
	0.20a±0.00
	0.70a±0.01
	1.00a±0.00
	36.70b±0.14

	B
	0.003b±0.00
	6.32b±0.02
	0.20a±0.07
	0.70a±0.01
	1.00a±0.00
	33.25c±0.35

	C
	0.004a±0.00
	6.35ab±0.00
	0.20a±0.00
	0.73a±0.00
	1.00a±0.00
	25.25d±0.35

	D
	0.004a±0.00
	6.36a±0.00
	0.20a±0.00
	0.72a±0.00
	1.00a±0.00
	41.65a±0.21

	E
	0.004a±0.00
	6.38a±0.00
	0.20a±0.00
	0.69a±0.02
	1.00a±0.00
	42.25a±0.07

	F
	0.004a±0.00
	6.36a±0.00
	0.20a±0.00
	0.71a±0.00
	1.00a±0.00
	36.60b±0.14



Values are means ± Standard Deviation of duplicate determinations. Means in the same column with different superscript are significantly different at p<0.05
Keys:
A = 90% yam flour: 10% cowpea flour
B = 80% yam flour: 20% cowpea flour
C = 70% yam flour: 30% cowpea flour
D = 60% yam flour: 40% cowpea flour
E = 50% yam flour: 50% cowpea flour
F = 100% yam flour (control)

Effect of cowpea flour inclusion on the functional properties of yam flour
The functional properties of yam and cowpea flours is shown in Table 3. The bulk density of the samples ranged from 0.661-0.760 g/ml. Sample F recorded the lowest value, while the highest was observed in sample E. The inclusion of cowpea flour to yam flour flour increased the bulk density of the flours and varied significantly (p<0.05). The bulk density of the flour from this research (0.661-0.712 g/ml) was higher than 0.48-0.51 g/ml and 0.6-0.68 g.ml reported by Olumurewa and Alejolowo (2020) and Oyeyinka et al. (2023) for poundo yam flours. Higher bulk densities indicate greater compactness of the particles and are important for ease of dispersibility in water (Amandikwaa et al., 2015).
“The water absorption capacity ranged from 2.36 g/g in sample A to 2.77 g/g in sample D, while the oil absorption capacity ranged from 1.23 g/g (sample C) to 1.65 g/g (sample F). There was increase in the water absorption capacity (WAC) of the samples as at least 20% of cowpea flour was added. Cowpea flour may increase WAC due to its higher protein and other hydrophilic components, which bind more water than yam’s starch-heavy structure” (Nwafor et al., 2020). “Inclusion of cowpea flour reduced the oil absorption capacity (OAC) of the sample. There was significant difference (p<0.05) between the control and the other samples. The OAC of the samples from this study (1.23-1.65 g/g) were similar to 0.77-2.18 g/ml” reported by Olumurewa and Alejolowo (2020).
“Solubility of the flour samples ranged from 5.64-7.95%. Sample A recorded the lowest, while the highest was observed in sample B. Samples with at least 20% cowpea flour inclusion recorded higher solubility than the 100% yam flour. This is could be attributed to the higher solubility of cowpea in water”, as reported by Moutaleb et al. (2017).
“The swelling index (SI) ranged from 507.32-593.42%. The lowest SI was observed in sample E, while the highest was observed in sample A. There was reduction in swelling index of the samples, with inclusion of cowpea flour. Swelling power is the ability of flour granules to interact with water molecules and expand after water absorption. The reduction is expected, as cowpea flour inclusion can increase fibre content, and protein, which can influence starch’s ability to swell” (Moutaleb et al., 2017; Nwafor et al., 2020).

Table 3.Functional properties of yam and cowpea flour blends
	Sample

	Bulk Density (g/ml) 
	Water Absorption Capacity
(g/g)

	Oil
Absorption Capacity
(g/g)

	Solubility (%)

	Swelling
Index
(%)


	A
	0.682e±0.00
	2.36e±0.04
	1.57c±0.00
	5.64c±0.06
	593.42a±0.16

	B
	0.690d±0.00
	2.57c±0.00
	1.60b±0.00
	7.95a±0.06
	545.58bc±2.12

	C
	0.707c±0.00
	2.71ab±0.00
	1.23e±0.00
	7.49ab±0.00
	526.59cd±2.81

	D
	0.712b±0.00
	2.77a±0.00
	1.57c±0.00
	7.13b±0.04
	507.90d±6.51

	E
	0.760a±0.00
	2.63bc±0.02
	1.50d±0.00
	7.33b±0.09
	507.32d±0.18

	F
	0.661f±0.00
	2.45d±0.02
	1.65a±0.00
	5.84c±0.35
	565.09ab±1.72










Values are means ± Standard Deviation of duplicate determinations. Means in the same column with different superscript are significantly different at p<0.05



Effect of cowpea flour inclusion on the proximate composition and energy value of yam flour
[bookmark: _GoBack]The proximate composition and energy value of yam and cowpea flour blends is shown in Table 4. “The moisture content ranged from 5.46-5.82%. The lowest moisture content was observed in sample E, while sample F recorded the highest. The moisture content of the sample reduced with inclusion of cowpea flour. Moisture content is an important factor in food, which makes it possible to determine the life span and mode of preservation. The moisture content from this study (5.46-5.82%) are similar to 5.10-6.50%” reported by Adejuyitan et al. (2025) for instant yam poundo from yam and plantain flours.
Crude protein content of the samples ranged from 3.42-11.83%, with sample F recording the lowest, and the highest being observed in sample E. The inclusion of cowpea flour increased (p<0.05) the protein content of the sample. Sample E with 50% cowpea flour addition recorded the highest protein content (11.83%). This could be attributed to the high protein content of cowpea (21.60-26.20%) as reported by Ahmed and Campbell (2012) and Sreerama et al. (2012).
The crude fat content ranged from 1.09% (sample A) to 2.07% (sample E), while the ash content ranged from 1.05-1.79%, with sample F recording the lowest, and E having the highest. The fat content of the samples increased with higher inclusion levels of cowpea flour. The fat content from this study (1.09-2.07%) were higher than 0.25-0.40% reported by Adejuyitan et al. (2025), but lower than 4.43-7.26% reported by Olumurewa and Alejolowo (2020), for different yam flour blends. There was significant difference (p<0.05) between samples, in their ash contents. Samples with cowpea inclusion showed higher ash contents. High ash content is a pointer to mineral composition of a food (Amadi et al., 2025c). Oyeyinka et al. (2023) also reported increase in ash content of yam flour, with increase in inclusion level of cassava flour which ranged from 1.12-1.49%. This did not differ from 1.05-1.79% reported in this study.
Crude fibre content ranged from 1.34-3.01%. Sample A recorded the lowest value, while the highest was observed in sample E. The crude fibre content increased with increase in inclusion level of cowpea flour. Nwafor et al. (2020) also reported increase in fibre content as a result of cowpea flour inclusion to water yam flour. Increase in fibre content of the samples according to Amadi et al. (2024), suggests that these products will aid digestion thereby preventing constipation.
Carbohydrate content of the sample ranged from 75.86-86.74%. Sample E recorded the lowest value, while the highest was observed in sample F. There was a significant decrease (p<0.05) in the carbohydrate content of the samples. Adejuyitan et al. (2025) also reported reduction in carbohydrate content of instant yam poundo supplemented with unripe plantain flour (84.80-86.99%), and was similar to 75.86-86.74% in this study.
The energy value of the sample ranged from 372.79 kcal/100 g (sample C) to 369.33 kcal/100 g (sample E). Increase in inclusion level from at least 40-50% reduced the energy value of the yam flour sample. This is expected as yam is higher in carbohydrate compared to cowpea, which is richer in protein and fibre. The energy value of the yam-cowpea flour from this study (369.33-372.79 kcal/100 g)) is higher than 333.00-349.00 kcal/100 g reported by Nwafor et al. (2020) for water yam-cowpea flour blends.
	Sample

	Moisture
	Crude
Protein

	Crude
Fat

	Ash

	Crude Fibre

	Carbohydrate
	Energy
(kcal/100 g)

	A
	5.79a±0.00
	4.89e±0.01
	1.09e±0.01
	1.09d±0.01
	1.34e±0.06
	85.80b±0.04
	372.57a±0.24

	B
	5.66b±0.04
	6.27d±0.05
	1.29d±0.01
	1.20c±0.01
	1.57d±0.03
	84.03c±0.04
	372.77a±0.07

	C
	5.65b±0.01
	6.77c±0.04
	1.57c±0.04
	1.23c±0.04
	1.89c±0.01
	82.91d±0.05
	372.79a±0.29

	D
	5.70b±0.01
	9.73b±0.06
	1.83b±0.08
	1.63b±0.04
	2.32b±0.03
	78.80e±0.14
	370.59b±0.42

	E
	5.46c±0.02
	11.83a±0.04
	2.07a±0.05
	1.79a±0.00
	3.01a±0.02
	75.86f±0.06
	369.33c±0.08

	F
	5.82a±0.03
	3.42f±0.03
	1.16de±0.01
	1.05d±0.00
	1.82c±0.02
	86.74a±0.04
	371.06b±0.10


Table 4.Proximate composition (%) and energy value (kcal/100 g) of yam and cowpea flour blends
Values are means ± Standard Deviation of duplicate determinations. Means in the same column with different superscript are significantly different at p<0.05

Effect of cowpea flour inclusion on the sensory properties of yam fufu stiff dough 
The sensory properties of stiff dough made from yam and cowpea flour blends is shown in Table 5. Sensory analysis is an important criterion for assessing quality in the development of new products and for meeting consumer requirements, as reported by Obinna-Echem et al., 2023). The mouldability score ranged from 7.40-8.45. Sample A recorded the lowest, while the highest was observed in sample E. There was significant difference (p<0.05) in the mouldability of the samples. Samples B (8.15) and E (8.45) with 20% and 50% inclusion levels of cowpea flour was rated higher than the control (8.10), and were liked very much (Iwe, 2010). Adejuyitan et al. (2025) recorded lower sensory score (6.97-7.77) for mouldability of 100% yam poundo, and yam poundo substituted with unripe plantain.
Texture score of the samples ranged from 7.45-8.40, with sample A having the lowest, and sample E, the highest. The texture score of sample B and E were rated higher than the control, but there was no significant difference (p<0.05) them. Adejuyitan et al. (2025) reported higher texture scores in the unripe plantain supplemented yam poundo, compared to the 100% instant yam poundo sample, which ranged from 6.70-7.33 and was lower than the texture scores from this study (7.45-8.40).
The colour and taste scores ranged from 7.75-8.55 and 7.60-8.50, respectively. Sample A had the lowest colour and taste score, while the highest scores were observed in sample F. The colour and taste of the 100% instant yam flour was liked best. Only sample A however varied significantly (p<0.05) with the control (sample F). This will mean that inclusion of higher levels of cowpea flour did not alter the colour, as well as the taste of the instant poundo yam flour. The colour score of the control in this study (8.55) was similar to colour score (8.65) of commercially sold instant poundo yam flour as reported by Olumurewa and Alejolowo (2020). 
The odour score ranged from 7.50-8.25, with sample A scoring the lowest, and the highest observed in sample E. The odour scores of the sample showed that sample E (50% yam flour: 50% cowpea flour) was liked best. There was however no significant difference (p>0.05) between samples. Adejuyitan et al. (2025) also reported that there was no significant difference (p<0.05) between samples in their odour scores, which ranged from 6.73-7.30, and was lower than 7.50-8.25 reported in this study.
The overall acceptability score ranged from 7.54-8.39. Sample A had the lowest score, while sample E recorded the highest. Overall acceptability score showed that sample E was liked best, followed by the control. There was however no significant difference (p<0.05) between sample E and the control.
Table 5.Sensory properties of stiff dough made from blends of yam and cowpea flour blend
	Sample

	Mouldability 
	Texture

	Colour

	Taste

	Odour

	Overall Acceptability 

	A
	7.40b±1.04
	7.45b±0.94
	7.75b±0.85
	7.60b±1.04
	7.50a±0.76
	7.54c±0.62

	B
	8.15ab±0.88
	8.20ab±1.01
	8.05ab±1.05
	8.25ab±0.79
	8.00a±0.92
	8.13ab±0.74

	C
	7.85ab±0.93
	7.75ab±1.02
	7.85ab±0.81
	7.75ab±0.85
	7.80a±0.89
	7.80bc±0.67

	D
	7.90ab±1.25
	8.05ab±0.89
	8.10ab±0.85
	8.30ab±0.80
	8.20a±0.77
	8.11abc±0.58

	E
	8.45a±0.60
	8.40a±0.82
	8.40ab±0.59
	8.45a±0.83
	8.25a±0.72
	8.39a±0.52

	F
	8.10ab±1.07
	8.10ab±0.97
	8.55a±0.60
	8.50a±0.69
	8.15a±1.09
	8.28ab±0.64



Values are means ± Standard Deviation of duplicate determinations. Means in the same column with different superscript are significantly different at p<0.05

Effect of cowpea flour inclusion on the mineral composition of yam flour
The mineral composition of the four best liked (samples B, D, E and F) stiff dough made from yam and cowpea flour blends, judging from sensory overall acceptability scores is shown in Figure 3. The magnesium content ranged from 24.16-27.30 mg/100g. Sample B recorded the lowest, while the highest was observed in sample E. The magnesium content increased as the inclusion level of cowpea flour increased. Cowpea has been reported to be a good source of magnesium (Olumurewa and Alejolowo, 2020). This explains the increase in magnesium of the sample. Magnesium helps in the proper functioning of the muscles. It also serves as an activator in many enzymes systems (Okoye and Egbujie, 2018).
The calcium and iron contents of the samples ranged from 2.26-11.38 mg/100 g and 4.77-10.73 mg/100 g respectively, with sample F having the lowest score, and the highest observed in sample E. The calcium and iron content increased significantly (p<0.05) as the inclusion levels of cowpea flour increased. Calcium in addition with other micro minerals and proteins helps in bone formation, with calcium acting as principal contributor (Kiin-Kabari et al., 2017).
Sodium content of the samples ranged from 22.03 mg/100g (sample E) to 100.27 mg/100 g (sample F). The sodium content reduced with increase in the inclusion levels of cowpea flour. This is because of the low sodium content of cowpea. Khalid and Ellhardallous (2016), reported sodium content of whole and dehulled cowpea flours to range from 1.0-1.76 mg/100 g.
The phosphorous content ranged from 0.01-0.04 mg/100 g. Sample F recorded the lowest, while the highest was recorded in sample E. Inclusion of cowpea flour increased the phosphorous content. There was significant difference between the 100% yam flour and the cowpea blends.



















Fig. 3.	Mineral composition (mg/100 g) of yam and cowpea flour blends 
Keys:
A= 90% yam flour: 10% cowpea flour
B = 80% yam flour: 20% cowpea flour
D = 60% yam flour: 40% cowpea flour
E = 50% yam flour: 50% cowpea flour
F = 100% yam flour (control)

CONCLUSION AND RECOMMENDATION
​The study have shown that substituting pounded yam flour with cowpea flour is a viable strategy for improving the nutritional profile of the traditional pounded yam flour, without compromising its essential quality attributes. The inclusion of cowpea flour at various levels significantly increased the crude protein, crude fat, ash, and crude fibre contents of the flour blends. Specifically, Sample E, containing 50% cowpea flour, achieved the highest protein content at 11.83%, addressing the critical issue of protein-energy malnutrition common in regions reliant on starchy staples. Also, the mineral analysis revealed a significant boost in essential minerals, including magnesium, calcium, iron, and phosphorus, which increased as the substitution level of cowpea flour rose.  
​Beyond nutrition, the functional and sensory evaluations confirm the practical applicability of these flour blends. The inclusion of cowpea flour improved the bulk density and water absorption capacity, which are vital for the ease of dispersibility and preparation of the stiff dough. Most notably, the sensory properties of the resulting stiff dough remained highly acceptable. Sample E (50% cowpea flour) was rated highest for mouldability, texture, and overall acceptability, even surpassing the 100% yam flour control in several categories. This indicates that high substitution levels do not negatively impact the consumer's sensory experience regarding taste or colour.  
​Based on these findings, it is recommended that food processors and industrial producers adopt the use of cowpea flour as a fortificant in instant pounded yam flour production. A 50:50 blend would provide a healthier, protein-rich alternative for consumers, particularly those in low-income homes who may lack access to diverse protein sources.
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