


EFFECT OF SOYBEAN FORTIFICATION ON THE PHYSICOCHEMICAL AND SENSORY PROPERTIES OF FERMENTED MAIZE PAP


Abstract
Fermented maize pap (ogi or akamu) is a traditional cereal-based food widely consumed in Nigeria and other parts of West Africa. Although fermentation can improve cereal digestibility and sensory quality, maize pap remains predominantly carbohydrate-based and relatively limited in protein. Soybean (Glycine max L.) is a protein- and lipid-rich legume that can complement the amino-acid limitations of maize and modify the functional characteristics of cereal-based foods. This study evaluated the effect of graded soybean fortification on the proximate composition, flour yield, functional properties and sensory acceptability of fermented maize pap powder. Yellow maize was naturally fermented for 72 h and converted to pap powder, while soybean was soaked, dehulled, blanched, dried and milled separately. The resulting flours were blended at 100:0, 90:10, 80:20, 70:30, 60:40 and 50:50 maize:soybean ratios. Moisture, ash, crude fibre, fat, protein and carbohydrate were determined using standard procedures, while bulk density, water absorption capacity, pH, swelling index, solubility and flour yield were evaluated using established methods. Thirty semi-trained panelists evaluated reconstituted pap using a nine-point hedonic scale. Data were analyzed by one-way analysis of variance and treatment means were separated at p < .05 using the least significant difference procedure. Soybean incorporation increased protein, fat and ash contents, with protein increasing from 8.80% in the control to 15.28% at 50% soybean. Fibre reached its maximum value at 40% soybean rather than increasing continuously. Water absorption capacity increased from 0.81 to 0.90 g/g, whereas swelling index and solubility decreased. Flour yield varied among formulations and was highest at 20% soybean. Overall acceptability was highest for the control (6.90) and 10% soybean blend (6.50); the 20% blend recorded 5.80 and was not statistically comparable with the control because the difference exceeded the reported LSD of 0.24. Thus, the study demonstrates that soybean fortification can improve the nutritional and selected functional properties of fermented maize pap, but increasing soybean concentration can reduce sensory acceptance. A 10% soybean formulation provides the most conservative fortified option under a stated decision rule combining protein improvement with an overall acceptability score of at least 6.0.
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1.0 Introduction
Malnutrition remains a major nutritional and public-health challenge in many low- and middle-income countries. The problem is particularly important during infancy and early childhood because growth is rapid and requirements for energy, protein and micronutrients increase. The World Health Organization identifies 6–23 months as a critical period for complementary feeding because breast milk alone becomes insufficient to meet all nutritional requirements and the risk of growth faltering and nutrient deficiencies is high. Appropriate complementary foods should therefore be nutritionally adequate, safe, affordable, culturally acceptable and capable of being consumed in suitable quantities (WHO, 2023).
In Nigeria and other West African countries, traditional cereal-based foods constitute important components of complementary and family diets. Fermented maize pap, variously known as ogi, akamu or koko, is especially important because maize is widely cultivated, relatively inexpensive and familiar to consumers. Ogi is traditionally produced by steeping maize in water, wet milling, sieving, sedimentation and fermentation, followed by direct preparation of the wet paste or drying to obtain a powder. The process is embedded in local food systems and is valued for its characteristic sour taste, soft consistency and relatively simple preparation. Fermentation can contribute to desirable acidification, flavour development and modification of cereal nutrients and antinutritional components (Akingbala et al., 1981; Nkhata et al., 2018).
The nutritional limitation of maize pap is nevertheless important. Maize supplies substantial starch and energy, but its protein concentration is comparatively low and the quality of its protein is constrained by the relatively low contribution of lysine and other indispensable amino acids. When a cereal food is consumed repeatedly as a major dietary component, increasing its protein density can be useful. Food-based strategies that combine cereals with legumes are therefore attractive because they use familiar ingredients while exploiting complementary nutritional profiles (Temba et al., 2016; Ijarotimi and Keshinro, 2021).
Soybean (Glycine max L.) is particularly suitable for cereal fortification because the seed contains substantial protein and lipid together with minerals, vitamins and other bioactive constituents. Soybean protein is relatively rich in lysine compared with cereal proteins and can therefore complement the amino-acid limitations of maize. Cereal–soybean blending has consequently been investigated in complementary foods, beverages, porridges and composite flours. The extent of improvement depends on the soybean-to-cereal ratio, processing conditions, moisture content, particle size and the analytical method used. It is therefore necessary to evaluate the actual formulation rather than assume that increasing soybean automatically produces the best food product. The processing history of soybean is important to the quality of the resulting pap. Raw soybean contains compounds that can influence flavour, digestibility and functionality. Lipoxygenase activity is associated with volatile compounds responsible for characteristic beany notes, while heat treatment can reduce enzyme activity. Soaking, dehulling and blanching may also alter the composition and hydration behaviour of soybean flour. In the present work, soybean was soaked, dehulled, blanched, dried and milled before incorporation. This sequence was selected to provide a practical pre-treatment while avoiding the use of an external starter or highly specialized equipment.
Fermentation itself is also a critical processing variable. Spontaneous fermentation of maize produces a microbial succession that can acidify the substrate and modify starch and protein fractions. The resulting changes can influence flavour, pH, hydration and reconstitution. Fermentation and germination have been reported to improve nutritional characteristics of cereals and legumes partly through enzymatic and microbial transformations (Nkhata et al., 2018; Adebo et al., 2022). However, the present study evaluated a fixed 72-h fermentation process and therefore focuses on the effect of soybean substitution after fermentation rather than on changes across fermentation time. Functional properties are essential in the development of a dry pap product because the consumer ultimately reconstitutes the flour with water and cooks it to a semi-fluid consistency. Bulk density affects packaging, transportation and the mass of flour that can occupy a given volume. Water absorption capacity describes the ability of flour constituents to bind and retain water and is affected by proteins, starch, fibre, particle size and processing history. Swelling index reflects hydration and expansion of starch-containing particles, whereas solubility reflects the fraction of material released into the aqueous phase. Changes in these properties can influence pap thickness, mouthfeel and preparation behaviour (Beuchat, 1977; Leach et al., 1959).
Sensory acceptability is equally important. A nutritionally improved formulation has limited practical value if consumers reject its flavour, taste, colour or mouthfeel. Soybean incorporation can alter the visual appearance and flavour balance of maize pap and may become more noticeable at higher inclusion levels. A formulation can consequently be nutritionally superior but commercially less acceptable. The present study therefore treats sensory evaluation as a separate but essential criterion rather than assuming that nutrient enrichment automatically translates into product preference. Another consideration is the distinction between laboratory evidence and health claims. Higher protein concentration in a flour is not equivalent to demonstrated improvement in protein status, growth or prevention of protein-energy malnutrition. Similarly, a measured pH value does not establish microbiological safety, and increased crude protein does not by itself establish amino-acid adequacy or mineral bioavailability. These distinctions are particularly important where products are discussed in the context of complementary feeding. The present study consequently limits its conclusions to the measured nutritional, functional and sensory properties.
Although previous investigations have reported the nutritional benefits of cereal–legume composite flours, there remains limited information on the combined effects of soybean fortification on the proximate composition, physicochemical characteristics, and sensory quality of fermented maize pap powder produced under conditions representative of household processing in Nigeria. Such information is important for optimizing soybean inclusion levels suitable for both domestic and small-scale commercial production. Therefore, this study aimed to evaluate the effect of soybean fortification on the physicochemical properties, and sensory characteristics of fermented maize pap prepared from varying maize–soybean blend ratios. The findings are expected to contribute to the development of nutritionally enhanced complementary foods using locally available raw materials while supporting efforts to reduce protein-energy malnutrition among infants, children, and other nutritionally vulnerable groups.
2.0 Materials and Methods
2.1 Study Area
The study was conducted in the Food Science and Technology Laboratory, University of Agriculture and Environmental Sciences, Umuagwo, Imo State, Nigeria. Raw-material processing, flour preparation, composite formulation and laboratory analyses were carried out under standardized laboratory conditions. Laboratory work was organized to minimize variation in processing time, temperature, sample handling and analytical measurement.
2.2 Source and Selection of Raw Materials
Yellow maize (Zea mays L.) grains and soybean (Glycine max L.) seeds were purchased from Relief Market, Owerri, Imo State, Nigeria, during the same procurement period. The materials were selected from sound, apparently mature lots. Stones, broken or damaged materials, mouldy grains or seeds, dirt and other foreign materials were removed manually. The selected materials were washed with potable water and stored separately in clean labelled containers before processing. The original manuscript did not record cultivar names, supplier lot numbers or harvest dates; these should be added if the information remains available because raw-material variety and lot can influence composition and processing behavior.
2.3 Experimental Design and Formulation
Six formulations were prepared by substituting fermented maize pap powder with soybean flour at 0, 10, 20, 30, 40 and 50% on a weight/weight basis (Table 1). Sample A served as the unfortified control. The formulation matrix was deliberately kept simple so that the observed changes could be attributed primarily to soybean substitution within the limits of the experimental design.
Table1. Formulation of Fermented maize Powder and Soybean Flour (%)
	Sample
	Fermented maize pap powder 
	Soybean flour

	A (100:0)
	100
	0

	B (90:10)
	90
	10

	C (80:20)
	80
	20

	D (70:30)
	70
	30

	E (60:40)
	60
	40

	F (50:50)
	50
	50



For each formulation, the required quantities were weighed using a calibrated analytical balance and mixed for approximately 10 min using a laboratory mixer. The blends were packaged in airtight polyethylene bags and labelled according to treatment code. The same mixing procedure was applied to all treatments to reduce variation attributable to blending time.
2.4 Preparation of Fermented Maize Pap Powder
Fermented maize pap powder was prepared using a modified traditional procedure based on Akingbala et al. (1981) and Onwuka (2018). Cleaned maize was steeped in distilled water at 28 ± 2 °C for 72 h at a maize-to-water ratio of 1:5 (w/v). No external starter culture was added; fermentation was therefore spontaneous. The steep water was changed every 24 h. After 72 h, the softened grains were wet-milled, and the slurry was passed through muslin cloth with an aperture of approximately 0.2 mm. The filtrate was allowed to sediment for 24 h, after which the supernatant was decanted. The wet pap was dried at 60 °C for 24 h to constant weight, milled and passed through a 250-µm sieve. The resulting powder was packaged in airtight polyethylene bags and stored under ambient laboratory conditions until formulation.
The same fermentation duration, temperature range, water-replacement schedule, milling, sedimentation and drying conditions were applied to all batches. Fermentation pH and titratable acidity were not determined in the present study and are therefore not interpreted as measured fermentation outcomes. Likewise, no microbial enumeration was performed during fermentation, so the study cannot attribute the observed changes to a particular microbial species or succession pattern.
2.6 Preparation of Soybean Flour
Soybean seeds were cleaned, washed and soaked in water for 12 h. The seeds were manually dehulled, rinsed and blanched at 95 °C for 20 min. They were then dried at 60 °C for 24 h to constant weight, milled and passed through a 250-µm sieve. The flour was packaged in airtight polyethylene bags until use. Heat treatment was used as a processing step to reduce enzyme activity associated with soybean flavour development. The manuscript does not contain a direct measurement of residual lipoxygenase activity; therefore, the treatment is described as a processing intervention rather than quantified enzyme inactivation.
2.7 Experimental Replication and Quality Control
Three independent processing batches were used for the study, and each analytical determination was performed in triplicate. Independent batches constituted the experimental units, whereas repeated measurements on the same batch were considered technical replicates. Technical replicates were not treated as independent observations during statistical analysis. Analytical balances and the pH meter were calibrated before use according to the laboratory's standard operating procedures. Sample containers were labelled before analysis, and analyses were conducted using the same equipment settings and procedural sequence across treatments.
2.8  Determination of proximate composition of flour samples

Moisture, fat, crude fibre, protein, ash and carbohydrates content of the seed flours were determined according to the methods of AOAC (2023). 
2.8.1	Moisture content determination
Two grams of each of the developed sample was weighed into dried weighed crucible. The samples were put into a moisture extraction oven at 105oC and heated for 3 h. The dried samples were put into desiccators, allowed to cool and reweighed. The process was reported until constant weights were obtained. The difference in weight was calculated as a percentage of the original sample.
Percentage moisture (%)  								                              1
Where:
W1 = Initial weight of empty dish 
W2 = Weight of dish + un-dried sample
 W3 = Weight of dish + dried sample
2.8.2	Fat content determination 
Two grams of each of the sample was loosely wrapped with a filter paper and put into the thimble which was fitted to a clean round bottom flask, which has been cleaned, dried and weighed. The flask contained 120 ml of petroleum ether. The sample was heated with a heating mantle and allowed to reflux for 5 h. The heating was then stopped and the thimbles with the spent samples kept and later weighed. The difference in weight was received as mass of fat and is expressed in percentage of the sample.
Percentage fat (%)									                2
Where:
W1 = weight of the empty extraction flask
W2 = weight of the flask and oil extracted
W3 = weight of the sample
2.8.3	Crude fibre determination
Two grams (2 g) of each sample and 1g asbestos was put into 200 ml of 1.25 % of H2SO4 and boiled for 30 minutes. The solution and content then poured into Buchner funnel equipped with muslin cloth and secured with elastic band. This were allowed to filter and residue were then put into 200 ml boiled NaOH and boiling continued for 30 minutes, then transferred to the Buchner funnel and filtered and washed thoroughly with hot distilled water. The precipitates were then rinsed twice with alcohol and thrice with petroleum ether. The residues obtained were scrapped into a clean weighed crucible and dried in the moisture extraction oven to a constant weight. The crucibles were removed, cooled in desiccators and re - weighed (AOAC, 2023). Then, difference of weight (i.e. loss in ignition) is recorded as crucible fibre and expressed in percentage crude fibre
 Percentage Crude Fibre (%)								            3
Where:
W1 = weight of sample before incineration
W2 = weight of sample after incineration
W3 = weight of original sample
2.8.4	Crude protein determination 
The micro kjeldahl method described by A.O.A.C (2023) was used. Two grams of each of the samples was mixed with 10ml of concentrated H2SO4 in a heating tube. One table of selenium catalyst was added to the tube and mixture heated inside a fume cupboard. The digest was transferred into distilled water. Ten-millimeter portion of the digest mixed with equal volume of 45 % NaOH solution and poured into a kjeldahl distillation apparatus. The mixture was distilled and the distillate collected into 4 % boric acid solution containing 3 drops of methyl red indicator. A total of 50 ml distillate was collected and titrated as well. The sample was duplicated and the average value taken. The Nitrogen content was calculated and multiplied with 6.25 to obtain the crude protein content. This is given as: 
 Percentage Nitrogen (%) 								           4	   Where:
N= Normality of the titrate (0.1N)
VF= Total volume of the digest= 100 ml
T= Titre Value
Va= Aliquot Volume distilled
2.8.5	Ash content determination
Two grams of each of the samples was weighed into a crucible, heated in a moisture extraction oven for 3 h at 100oC before being transferred into a muffle furnace at 550oC until it turned white and free of carbon. The sample was then removed from the furnace, cooled in a desiccator to a room temperature and reweighed immediately. The weight of the residual ash was then calculated as ash Content.
    						            5                                           
2.8.6	Carbohydrate Content Determination
The Nitrogen free method described by Onwuka (2018) was used. The carbohydrate was calculated as weight by difference between 100 and the summation of other proximate parameters as Nitrogen free Extract (NFE) percentage carbohydrate
Nitrogen Free Extract (%) = 100- (m +p + F1 + A + F2)						                         6					        
Where:
m = moisture
p = protein
F1 = Fat
A = ash
F2= Crude fibre

2.9	Determination of Functional Properties of Flour Samples
2.9.1 Bulk density determination
Bulk density was determined using the graduated-cylinder method described for plant flour systems by Joshi et al. (2015), with minor modifications as reported by Adebowale et al. (2017). Approximately 50.0 g of each flour sample was accurately weighed into a clean and dry 100-mL graduated measuring cylinder. The flour was transferred carefully into the cylinder without deliberate compaction, and the initial volume occupied by the sample was recorded. The cylinder was then gently tapped vertically against a firm laboratory surface from a height of approximately 2–3 cm, at a consistent rate, until no further appreciable reduction in volume occurred. The final volume occupied by the flour after tapping was recorded.
Bulk density was calculated using the equation:
										  7
where:
W= weight of flour sample (g)
V = final volume occupied by the flour after tapping (mL)
2.9.2 Water Absorption Capacity (WAC) Determination
Water absorption capacity (WAC) was determined using the centrifugation method described by Onwuka (2018). Briefly, 1.0 g of each flour sample was accurately weighed into a previously weighed 15-mL centrifuge tube. 10 mL of distilled water was added, and the mixture was thoroughly dispersed using a vortex mixer. The dispersion was allowed to equilibrate at room temperature (approximately 25 ± 2°C) for 30 min, with intermittent mixing to facilitate hydration of the flour components. Following hydration, the samples were centrifuged at 3,000 × g for 15 min. The supernatant was carefully decanted without disturbing the hydrated sediment, and the centrifuge tube containing the retained hydrated sample was weighed. The amount of water retained by the sample was determined from the difference between the weight of the hydrated sample and the original sample weight.
Water absorption capacity was calculated using:
							 8
where: 
W₁ = weight of empty centrifuge tube (g)
W₂ = weight of centrifuge tube plus hydrated sample (g)
Ws = weight of flour sample used (g)

2.9.3 Swelling index determination
Swelling index was determined according to the method of Leach et al. (1959), with slight modifications. Briefly, 1.0 g of flour sample was weighed into a graduated centrifuge tube, and 10 mL of distilled water was added. The mixture was thoroughly mixed and heated in a thermostatically controlled water bath at 80°C for 30 min, with intermittent mixing to ensure uniform hydration. After heating, the samples were allowed to cool to room temperature and centrifuged at 3,000 × g for 15 min. The volume of the hydrated sediment was then read directly from the graduated centrifuge tube.

The swelling index was calculated as the volume of the swollen sediment per gram of flour sample:

Swelling index (mL/g) = Volume of swollen sediment (mL) / Weight of sample (g)

			  9

2.9.4 Solubility determination

Solubility was determined simultaneously with the swelling index using the supernatant obtained after centrifugation, following the procedure of Leach et al. (1959). After centrifugation of the hydrated flour suspension at 3,000 × g for 15 min, the supernatant was carefully decanted into a previously weighed clean evaporating dish. The supernatant was evaporated to dryness in a hot-air oven at 105°C until a constant weight was obtained. The dish was cooled in a desiccator and weighed, and the weight of the dried soluble solids was determined by difference.

Solubility was calculated as the percentage weight of soluble solids relative to the original flour sample:

                       10

2.7.5 pH Determination
The pH of the flour samples was determined according to the procedure described by AOAC (2023). Ten 10.0 g of each flour sample was weighed into a clean 250-ml beaker and dispersed in 100 ml of distilled water to obtain a 1:10 (w/v) flour-to-water suspension. The suspension was stirred continuously for 30 min using a magnetic stirrer to ensure adequate dispersion and equilibration. The pH was measured at approximately 25 ± 2°C using a calibrated digital pH meter fitted with a combination glass electrode. Before measurement, the pH meter was calibrated using standard buffer solutions of pH 4.00, 7.00, and 10.00. The electrode was rinsed with distilled water and gently blotted dry between measurements. The electrode was then immersed in the flour suspension, and the pH value was recorded after the reading had stabilized. 
 2.8 Sensory Evaluation and Ethical Considerations

Sensory evaluation involved 30 semi-trained panelists recruited from staff and students of the Department of Food Science and Technology. The prepared pap samples were evaluated using a nine-point hedonic scale, where 9 = like extremely, 8 = like very much, 7 = like moderately, 6 = like slightly, 5 = neither like nor dislike, 4 = dislike slightly, 3 = dislike moderately, 2 = dislike very much and 1 = dislike extremely (Iwe, 2010). Fresh pap was prepared from each formulation using the same flour-to-water ratio (3:1), cooking procedure and serving conditions. Samples were assigned random three-digit codes and presented in randomized order to reduce order effects. Potable water was provided for palate cleansing between samples. Where practical, evaluation was conducted under comparable environmental conditions to minimize distractions and uncontrolled variation. Participation was voluntary and informed consent was obtained. Participants were informed about the purpose and procedures of the evaluation. Participants were screened for known soybean allergy or intolerance and were excluded where a relevant allergy was reported. No names or unnecessary personal identifiers were recorded, and sensory forms were identified by participant codes. Individual responses were treated confidentially and only aggregate results were reported.
2.9 Statistical Analysis
The experiment was arranged in a completely randomized design. Data were analysed using IBM SPSS Statistics version 25.0. Results are presented as mean ± standard deviation (SD). One-way ANOVA was used to test the effect of soybean substitution level. Where the treatment effect was significant at p < .05, means were separated using the least significant difference (LSD) test. The independent processing batch was treated as the experimental unit. For sensory evaluation, the panelist-level observations were summarized by treatment. The nine-point hedonic scores are treated as approximately continuous for the purpose of the stated ANOVA procedure, consistent with the analysis reported in the source manuscript. The statistical interpretation focuses on treatment differences and does not infer consumer-market acceptance beyond the participating panel.
3. Results and Discussion
3.1 Proximate Compositions (%) of Maize-Soybean Pap Blends Powder

The proximate composition of the flour blends is presented in Table 2. Significant differences (p < 0.05) were observed among the formulations for moisture, ash, fibre, fat, protein and carbohydrate contents. The progressive changes observed across the formulations demonstrate that variation in the blending ratio substantially influenced the nutritional composition of the flour. Such changes are expected in composite flour systems because the relative proportions of the component flours determine the contribution of their respective macronutrients and mineral-containing fractions to the final product. Similar formulation-dependent changes in proximate composition have been reported in composite flour studies involving wheat and plant-based ingredients (Adebowale and Lawal, 2004; Peter-Ikechukwu et al., 2020; Ewunetu et al., 2023; Adebowale et al., 2025).

The moisture content increased progressively from 9.83% in sample A (100:0) to 10.21% in sample F (50:50). Intermediate formulations B (90:10), C (80:20), D (70:30) and E (60:40) recorded 9.96, 10.05, 10.10 and 10.15%, respectively. The progressive increase indicates that increasing incorporation of the substituted flour altered the moisture-retention characteristics of the composite system. The moisture content of flour is influenced by the chemical composition of the constituent materials, particularly the presence of hydrophilic components such as proteins, fibre and other polar constituents capable of interacting with water. Similar changes in moisture content have been reported as the proportion of alternative plant materials increased in composite flour formulations (Peter-Ikechukwu et al., 2020; Ewunetu et al., 2023). The relatively low moisture values observed across the formulations are technologically desirable because excessive moisture can facilitate microbial growth and accelerate chemical and enzymatic deterioration during storage. Thus, the values recorded from A (100:0) through F (50:50) suggest that all the flour blends were produced at moisture levels that could favor reasonable storage stability when appropriate packaging and storage conditions are maintained (Fellows, 2017). 

The ash content increased from 2.03% in sample A (100:0) to 3.02% in sample F (50:50). Samples B (90:10) and C (80:20) recorded 2.08 and 2.09%, respectively, while D (70:30), E (60:40) and F (50:50) recorded 2.35, 2.55 and 3.02%, respectively. The progressive increase in ash suggests that the substituted flour contributed a greater proportion of mineral-containing constituents than the flour used in the control. Ash represents the inorganic residue remaining after incineration and is therefore commonly used as an approximate measure of the total mineral fraction of a food material. The pattern observed in the present study is consistent with the general behavior of composite flour systems in which incorporation of nutritionally complementary plant materials increases the ash fraction (Peter-Ikechukwu et al., 2020; Ewunetu et al., 2023; Adebowale et al., 2025). The increase in ash from A (100:0) to F (50:50) is nutritionally relevant because mineral-rich ingredients can improve the overall mineral contribution of composite foods. However, ash determination alone cannot establish the concentration of individual minerals. Consequently, the increase observed in the present study should be regarded as an indication of increased total inorganic matter rather than evidence of an increase in any particular mineral. Individual mineral analysis would be necessary to establish the contributions of calcium, iron, magnesium, phosphorus, potassium, zinc and other elements.

The fibre content increased from 0.05% in sample A (100:0) to 0.11% in sample B (90:10) and 0.11% in sample C (80:20). It increased further to 0.17% in sample D (70:30) and reached the highest value of 0.25% in sample E (60:40) before declining to 0.18% in sample F (50:50). The general increase from A (100:0) through E (60:40) indicates that the substituted flour contributed a greater amount of fibre-containing material to the blends than the control flour. Similar increases in fibre have been reported in composite flour systems following incorporation of plant-derived ingredients with higher fibre concentrations (Peter-Ikechukwu et al., 2020; Ewunetu et al., 2023). The nutritional importance of this increase is noteworthy because dietary fibre contributes to gastrointestinal function and has been associated with beneficial effects on satiety, bowel function and metabolic health (Slavin, 2013). Slavin reported that adequate dietary fibre intake is associated with several health benefits, including improved gastrointestinal health and reduced risk of some chronic diseases. Nevertheless, the reduction from 0.25% in E (60:40) to 0.18% in F (50:50) indicates that fibre did not increase in a strictly linear manner with substitution. This may be related to the specific fibre contribution of the two component flours and their relative proportions at the different blending levels. Therefore, the maximum fibre value observed at E (60:40), rather than F (50:50), suggests that the relationship between blending ratio and fibre concentration is formulation-dependent.

A pronounced increase was observed in fat content, which increased progressively from 7.96% in sample A (100:0) to 10.11% in B (90:10), 12.56% in C (80:20), 13.22% in D (70:30), 14.11% in E (60:40) and 14.56% in F (50:50). The consistent increase indicates that the substituted flour was richer in lipid than the flour represented by the control. Similar increases in fat content have been reported when lipid-containing plant ingredients are incorporated into composite flour systems (Peter-Ikechukwu et al., 2020; Adebowale et al., 2025). The 2025 study by Adebowale et al. similarly reported nutritional enhancement following incorporation of okara powder into whole-wheat flour. The increase in fat from A (100:0) to F (50:50) is nutritionally important because lipids provide a concentrated source of energy and can contribute to flavor and mouth-feel in foods prepared from the flour. However, higher fat content can also increase susceptibility to oxidative deterioration, depending on the fatty-acid composition of the lipid fraction and the storage conditions. Choe and Min (2006) noted that lipid oxidation is influenced by factors including fatty-acid composition, oxygen, temperature, light and pro-oxidant compounds. Consequently, the higher-fat formulations, particularly E (60:40) and F (50:50), may require suitable packaging and storage conditions to minimize oxidative deterioration.

The protein content increased markedly with increasing substitution. Sample A (100:0) recorded the lowest protein content of 8.80%, while B (90:10), C (80:20), D (70:30), E (60:40) and F (50:50) recorded 13.80, 14.40, 14.86, 15.10 and 15.28%, respectively. The progressive increase demonstrates that the substituted flour made a substantial contribution to the protein content of the composite blends. The difference between A (100:0) and F (50:50) represents an increase of approximately 73.6% relative to the control, indicating a substantial improvement in crude protein concentration with increasing incorporation of the substituted flour. This trend agrees with findings from composite flour studies in which incorporation of protein-rich plant materials increased the protein concentration of the resulting blends (Peter-Ikechukwu et al., 2020; Ewunetu et al., 2023; Adebowale et al., 2025). In particular, Adebowale et al. (2025) reported nutritional improvement in whole-wheat flour following substitution with okara powder, which is naturally rich in protein. The increased protein concentration observed from A (100:0) to F (50:50) may therefore be considered a major nutritional advantage of the composite formulation. Apart from its nutritional importance, protein can influence the technological properties of flour. Protein molecules possess hydrophilic and hydrophobic groups that can interact with water and other food components, thereby influencing hydration and other functional characteristics. Adebowale and Lawal (2004), for example, demonstrated that the functional behavior of legume flours is strongly influenced by their protein characteristics and composition. Consequently, the progressive increase in protein from A (100:0) to F (50:50) may partly contribute to differences subsequently observed in water absorption and other functional properties of the flour.

In contrast, carbohydrate content decreased progressively from 71.34% in sample A (100:0) to 63.96% in B (90:10), 61.81% in C (80:20), 59.31% in D (70:30), 57.86% in E (60:40) and 57.77% in F (50:50). The progressive decline corresponds closely with the increases observed in protein, fat and ash contents. This pattern is expected because carbohydrate in conventional proximate analysis is commonly estimated by difference. Consequently, when the proportions of protein, fat, ash and fibre increase, the calculated carbohydrate fraction decreases correspondingly. The reduction in carbohydrate from A (100:0) to F (50:50) should therefore not automatically be interpreted as destruction of carbohydrate during processing or blending. Rather, it largely represents a redistribution of the relative proportions of the proximate components. The same general pattern has been reported in composite flour studies where incorporation of protein-, lipid- or fibre-rich ingredients resulted in lower calculated carbohydrate values (Peter-Ikechukwu et al., 2020; Ewunetu et al., 2023; Adebowale et al., 2025). The relatively close carbohydrate values observed in E (60:40; 57.86%) and F (50:50; 57.77%) indicate that increasing the proportion of the substituted flour beyond the 60:40 ratio produced only a small additional reduction in the calculated carbohydrate concentration. This observation is consistent with the corresponding relatively small increase in protein from E (60:40; 15.10%) to F (50:50; 15.28%) and fat from E (60:40; 14.11%) to F (50:50; 14.56%). Thus, the nutritional differences between the two highest substitution levels were less pronounced than those observed between the control and the intermediate formulations.







Table 2: Proximate Compositions (%) of Maize-Soybean Pap Blends Powder


	Sample Codes/ Ratios
	Moisture 
	Ash 
	Fibre 
	Fat 
	Protein 
	Carbohydrate 

	A (100:0)
	9.83 ± 0.02ᵃ
	2.03 ± 0.01ᵇ
	0.05 ± 0.00ᶜ
	7.96 ± 0.01ᵃ
	8.80 ± 0.01ᵃ
	71.34 ± 0.04ᵇ

	B (90:10)
	9.96 ± 0.08ᵇ
	2.08 ± 0.01ᵃ
	0.11 ± 0.01ᵃ
	10.11± 0.01ᵇ
	13.80± 0.01ᵇ
	63.96 ± 0.01ᶜ

	C (80:20)
	10.05 ± 0.01ᶜ
	2.09 ± 0.01ᵃ
	0.11 ± 0.01ᵃ
	12.56 ± 0.01ᶜ
	14.40 ± 0.01ᶜ
	61.81 ± 0.02ᵈ

	D (70:30)
	10.10± 0.00ᵈ
	2.35 ± 0.01ᶜ
	0.17 ± 0.01ᵇ
	13.22± 0.01ᵈ
	14.86± 0.01ᵈ
	59.31 ± 0.04ᵉ

	E (60:40)
	10.15 ± 0.01ᵉ
	2.55 ± 0.01ᵈ
	0.25 ± 0.01ᵈ
	14.11 ± 0.01ᵉ
	15.10 ± 0.01ᵉ
	57.86 ± 0.03ᵃ

	F (50:50)
	10.21 ± 0.13ᶠ
	3.02 ± 0.01ᵉ
	0.18 ± 0.01ᵇ
	14.56 ± 0.01ᶠ
	15.28 ± 0.01ᶠ
	57.77 ± 0.05ᵃ

	LSD
	0.03
	0.03
	0.01
	0.01
	0.01
	0.59


Values are presented as mean of triple replicate ± standard deviation (SD). Means within a column bearing different superscript letters differ significantly (p < .05) 

3.3 Functional Properties of Maize-Soybean Pap Blends Powder
The functional properties of the flour blends are presented in Table 3. Significant differences (p < 0.05) were observed among the formulations for bulk density, water absorption capacity (WAC), pH, swelling index and solubility. The changes observed across the blending ratios indicate that incorporation of increasing proportions of the substituted flour altered the physical, hydration and starch-related characteristics of the flour blends. Functional properties are important determinants of the suitability of flour for different food applications because they influence water requirements, mixing behavior, processing characteristics, texture and product stability (Adebowale and Lawal, 2004; Kaur et al., 2015; Peter-Ikechukwu et al., 2020).
Bulk density decreased progressively from 0.70 g/mL in A (100:0) to 0.68 g/mL in B (90:10), 0.66 g/mL in C (80:20), 0.64 g/mL in D (70:30), 0.62 g/mL in E (60:40), and 0.60 g/mL in F (50:50). Thus, increasing the proportion of the substituted flour resulted in a consistent reduction in bulk density. The decrease from A (100:0) to F (50:50) represents approximately 14.3% reduction in bulk density. Bulk density is influenced by particle size, particle shape, moisture content, internal porosity and the manner in which flour particles pack together. Differences in the physical characteristics of the component flours can therefore substantially alter the density of the resulting blends. Adebowale and Lawal (2004) reported that functional properties of flour are strongly influenced by the composition and structural characteristics of the constituent materials. Similarly, Kaur et al. (2015) observed that incorporation of alternative flours into wheat flour modified the bulk density and other functional properties of the resulting composite flours. More recent studies have also demonstrated significant variation in bulk density as blending ratios change (Offia-Olua et al., 2024; Msugh et al., 2024). The progressive reduction observed in the present study may indicate that the substituted flour had a lower packing density or produced greater inter-particle void spaces than the flour used in A (100:0). The result is also consistent with the present proximate composition, in which increasing substitution was accompanied by changes in protein, fat and fibre contents. These compositional differences can modify particle structure and packing behavior. A similar reduction in bulk density with increasing incorporation of an alternative flour has been reported in recent composite flour research (Msugh et al., 2024; Makhuvha et al., 2024).
The lower bulk density observed at higher substitution levels may have practical implications for packaging and transportation. Flour with lower bulk density occupies a larger volume per unit mass and may consequently require greater packaging volume. On the other hand, lower density may be advantageous in some instant or reconstituted food applications because it can facilitate dispersion and hydration. Therefore, the progressive reduction from A (100:0) to F (50:50) demonstrates that blending ratio is an important factor in controlling the physical handling characteristics of the flour.
Water absorption capacity (WAC) increased progressively from 0.81 g/g in A (100:0) to 0.83 g/g in B (90:10), 0.85 g/g in C (80:20), 0.85 g/g in D (70:30), 0.87 g/g in E (60:40), and 0.90 g/g in F (50:50). The highest WAC was therefore recorded in F (50:50), whereas A (100:0) had the lowest value. The increase from 0.81 to 0.90 g/g represents approximately 11.1% increase in water absorption capacity. WAC reflects the ability of flour components to interact with and retain water. It is influenced by proteins, starch, fibre and other hydrophilic constituents. Protein molecules contain polar functional groups capable of binding water, while fibre and starch also possess hydrophilic groups that contribute to water retention (Adebowale and Lawal, 2004; Onwuka, 2018). Consequently, changes in the relative proportions of these components following blending can significantly alter WAC.
The increase in WAC observed in the present study is consistent with the proximate composition results. Protein increased from 8.80% in A (100:0) to 15.28% in F (50:50), while fibre generally increased with substitution. The increased contribution of protein and fibre may therefore have enhanced the capacity of the composite flour to bind water. Peter-Ikechukwu et al. (2020) similarly reported variations in WAC among composite flours containing wheat, date fruit pulp and toasted watermelon seed flour. Recent studies have also demonstrated that changes in blending ratios can significantly alter water absorption characteristics of composite flours (Offia-Olua et al., 2024; Makhuvha et al., 2024). The observed increase is also consistent with the findings of Msugh et al. (2024), who reported substantial differences in WAC among wheat, soybean and sunflower composite flours. The authors attributed variations in functional properties to differences in the composition of the individual flour components. Likewise, studies of sprouted finger millet–maize composite flour have demonstrated that increased incorporation of a hydrophilic flour component can increase water absorption because of changes in starch and protein characteristics (Offia et al., 2024). Higher WAC may be desirable in food formulations where increased hydration and moisture retention are required. In bakery products, for example, adequate water absorption can influence dough development, consistency and final product texture. However, excessive water absorption may increase water requirements during processing. The progressive increase observed from A (100:0) to F (50:50) therefore indicates that higher levels of substitution may require adjustment of the amount of water used during subsequent product formulation.
The pH values ranged from 5.09 to 5.76 among the flour blends. Sample A (100:0) had a pH of 5.55, while B (90:10) recorded 5.61. The pH decreased to 5.09 in C (80:20), increased to 5.76 in D (70:30), decreased again to 5.61 in E (60:40) and increased to 5.72 in F (50:50). Unlike bulk density and WAC, therefore, pH did not exhibit a consistent linear relationship with increasing substitution. The variation suggests that pH was influenced principally by the intrinsic acid–base characteristics of the component flours and their relative proportions rather than by substitution level alone. Flour pH can be affected by organic acids, mineral constituents, proteins, phenolic compounds and other naturally occurring substances. Differences in the composition of the individual flour materials can consequently result in changes in the pH of composite blends. The lowest pH observed in C (80:20) indicates that this particular blending ratio had a relatively greater contribution of acidic constituents, whereas D (70:30) had the highest pH. The subsequent increase in F (50:50) further demonstrates that the relationship between blending ratio and pH was not proportional. Similar variation in pH among composite flour formulations has been reported by Offia-Olua et al. (2024), who observed significant differences in pH among cocoyam–mungbean flour blends. All the samples were mildly acidic, with pH values below neutrality. The pH values may have implications for storage and product development because acidity can influence microbial growth and chemical reactions. However, pH alone should not be used to predict microbiological stability because water activity, moisture content, processing conditions and storage environment are also important determinants of food stability.
The swelling index decreased progressively with increasing incorporation of the substituted flour. Sample A (100:0) recorded the highest swelling index of 8.23 ml/g, followed by B (90:10) at 7.97 ml/g, C (80:20) at 7.87 ml/g, D (70:30) at 7.58 ml/g, E (60:40) at 7.49 ml/g, and F (50:50) at 7.04 ml/g. Thus, the swelling index decreased by approximately 14.5% between samples A (100:0) and F (50:50). Swelling index is strongly associated with the ability of starch granules to absorb water and increase in volume. The extent of swelling depends on starch concentration, amylose and amylopectin characteristics, granule structure, degree of starch damage and interactions between starch and non-starch components (Leach et al., 1959; Adebowale and Lawal, 2004). The progressive reduction observed in the present study therefore suggests that increasing incorporation of the substituted flour reduced the relative availability or swelling potential of starch in the composite system. The result agrees with the reduction in calculated carbohydrate observed in the proximate composition. Carbohydrate decreased from 71.34% in A (100:0) to 57.77% in F (50:50). Since starch constitutes a major proportion of carbohydrate in many flour systems, a reduction in the relative starch contribution could contribute to the reduction in swelling. In addition, increasing protein, fat and fibre may restrict starch granule hydration and expansion by creating physical or molecular barriers around starch granules.
Kaur et al. (2015) reported that incorporation of non-wheat flours altered the swelling characteristics of composite flours, while Peter-Ikechukwu et al. (2020) similarly observed differences in swelling-related properties among composite flour formulations. More recent research has demonstrated that changes in blending ratios can produce significant differences in swelling behaviour because the constituent flours possess different starch compositions and hydration characteristics (Asouzu et al., 2020; Makhuvha et al., 2024). The reduction in swelling index may be advantageous or disadvantageous depending on the intended application. Flour with high swelling ability may be desirable for products where volume development and thickening are required, whereas reduced swelling may be useful where excessive expansion is undesirable. Therefore, the progressive reduction from A (100:0) to F (50:50) provides useful information for selecting an appropriate blending ratio for subsequent product development.
Solubility decreased generally with increasing substitution, from 7.36% in A (100:0) to 6.84% in B (90:10), 6.74% in C (80:20), 6.45% in D (70:30), 6.44% in E (60:40), and 6.00% in F (50:50). Sample A (100:0) therefore had the highest solubility, while F (50:50) had the lowest. The overall reduction between A and F was approximately 18.5%. Solubility reflects the quantity of flour constituents that become dispersed or dissolved in the aqueous phase during hydration and heating. In starch-containing systems, solubility can be associated with the release of amylose and other soluble starch components from swollen granules. The extent of solubilization is influenced by starch structure, degree of starch damage, temperature, water availability and interactions between starch and other flour constituents (Leach et al., 1959). The progressive decrease in solubility observed from A (100:0) to F (50:50) occurred alongside the decline in swelling index. This suggests that the substitution altered starch hydration and the release of soluble components. The lower solubility at higher substitution levels may be related to the reduced relative carbohydrate/starch content and increased contribution of protein, fat and other non-starch components. Protein and fibre can interact with water and starch and may restrict the mobility and release of starch components during hydration.
The results are consistent with research demonstrating that composite flour formulation can significantly influence water solubility and related starch properties. Recent work on finger millet, sweet potato and soybean composite flour showed significant differences in water solubility index as the blending ratios changed (Peter-Ikechukwu et al., 2020). Similarly, cassava–tigernut composite flour exhibited considerable variation in water solubility index among different blending ratios, demonstrating that the composition of component flours strongly influences starch hydration and solubilization Offia-Olua et al.  (2024). The simultaneous decrease in swelling index and solubility is noteworthy. A (100:0), which recorded the highest swelling index (8.23 ml/g), also had the highest solubility (7.36%), whereas F (50:50) had both the lowest swelling index (7.04 ml/g) and lowest solubility (6.00%). This parallel response suggests that increasing substitution progressively altered the starch-related functional characteristics of the flour.



Table 3: Functional Properties of Maize-Soybean Pap Blends Powder

	Samples Codes/Ratios
	Bulk density (g/ml)
	Water Absorption Capacity (g/g)
	pH
	Swelling index (ml/g)
	Solubility (%)

	A (100:0)
	0.70 ± 0.01ᵃ
	0.81 ± 0.01ᵇ
	5.55 ± 0.07ᵃ
	8.23 ± 0.01ᵃ
	7.36 ± 0.01ᵇ

	B (90:10)
	0.68 ± 0.00ᵇ
	0.83 ± 0.01ᶜ
	5.61 ± 0.01ᵃᵇ
	7.97 ± 0.01ᵃᵇ
	6.84 ± 0.01ᶜ

	C (80:20)
	0.66 ± 0.00ᶜ
	0.85 ± 0.01ᵃ
	5.09 ± 0.01ᵈ
	7.87 ± 0.01ᵇᶜ
	6.74 ± 0.01ᵈ

	D (70:30)
	0.64 ± 0.01ᵈ
	0.85 ± 0.01ᵃ
	5.76 ± 0.01ᶜ
	7.58 ± 0.01ᶜᵈ
	6.45 ± 0.01ᵃ

	E (60:40)
	0.62 ± 0.00ᵉ
	0.87 ± 0.01ᵈ
	5.61 ± 0.01ᵃᵇ
	7.49 ± 0.01ᵈ
	6.44 ± 0.01ᵃ

	F (50:50)
	0.60 ± 0.01ᶠ
	0.90 ± 0.01ᵉ
	5.72 ± 0.08ᵇᶜ
	7.04 ± 0.02ᵉ
	6.00 ± 0.01ᵉ

	LSD
	0.01
	0.01
	0.12
	0.34
	0.02


Values are presented as mean ± standard deviation (SD). Means within a column bearing different superscript letters differ significantly (p < .05) 

3.3 Sensory Attributes of Maize-Soybean Pap Blends Powder

The sensory attributes of the maize–soybean pap blends are presented in Table 4. Significant differences (p < 0.05) were observed among the formulations for mouth-feel, flavor, color, taste and overall acceptability. The results indicate that increasing soybean incorporation considerably influenced the sensory characteristics of the pap. This is expected because soybean contributes substantial protein, lipid and other components that can alter the texture, flavor, taste and appearance of cereal-based foods. Although soybean enrichment is nutritionally advantageous, its incorporation into cereal products must be carefully controlled because excessive soybean levels may introduce characteristic sensory attributes that reduce consumer acceptance (Uwaegbute et al., 1999; Messina, 1999; Singh et al., 2008).

The mouth-feel scores ranged from 4.20 to 7.00. The control A (100:0) recorded a score of 6.90, while B (90:10) had the highest score of 7.00. The score decreased to 6.30 in C (80:20) and 4.20 in D (70:30), before increasing slightly to 4.40 in E (60:40) and 4.50 in F (50:50). The high mouth-feel scores obtained for A (100:0) and B (90:10) indicate that the panelists preferred the oral characteristics of the conventional maize pap and the formulation containing 10% soybean. The reduction at higher soybean incorporation levels suggests that soybean addition altered the physical characteristics of the reconstituted pap, possibly affecting smoothness, consistency and perceived thickness. Cereal–legume substitution is known to influence hydration and rheological properties because cereal and legume flours differ in protein, fibre, starch and lipid composition (Iwe, 2010; Singh et al., 2008). The relatively lower mouth-feel scores recorded for D (70:30), E (60:40) and F (50:50) suggest that higher soybean incorporation may have produced a mouth sensation different from that expected of traditional maize pap. Uwaegbute et al. (1999) similarly demonstrated that soybean fortification and processing affected the organoleptic properties of pap. Their study showed that appropriate soybean processing was important in obtaining acceptable sensory characteristics.

Flavor showed a pronounced decline with increasing soybean incorporation. A (100:0) recorded the highest flavor score of 6.90, followed by B (90:10) at 6.30 and C (80:20) at 5.50. The score declined considerably to 3.90 in D (70:30), 3.80 in E (60:40) and 3.30 in F (50:50). The progressive reduction in flavor acceptance may be associated with the characteristic beany or grassy flavor of soybean. Soybean contains lipoxygenase enzymes that catalyse the oxidation of polyunsaturated fatty acids, producing volatile compounds that contribute to undesirable sensory notes. Yang et al. (2016) demonstrated that soybean lipoxygenases contribute substantially to grassy and beany aromas in soy foods, while Wang et al. (2021) identified beany flavor as one of the major limitations to the wider utilization of soybean-derived foods. The present results are also consistent with Uwaegbute et al. (1999), who found that processing soybean before incorporation into pap influenced flavor and overall acceptability. The relatively high score of 6.30 for B (90:10) indicates that 10% soybean incorporation caused only a modest reduction in flavor acceptance. In contrast, the much lower scores recorded for D (70:30), E (60:40) and F (50:50) suggest that the characteristic soybean flavor became increasingly prominent as the level of soybean increased. Processing is therefore important when developing highly fortified maize–soybean pap. Heat treatment can reduce lipoxygenase activity and consequently decrease the formation of undesirable volatile compounds. Chong et al. (2019), for example, reported that thermal treatment of soybean significantly reduced beany flavor in soymilk by reducing lipoxygenase activity. Similarly, Yang et al. (2016) found that products prepared from lipoxygenase-deficient soybean had less undesirable aroma and were more acceptable to consumers.

Color scores ranged from 5.50 to 7.00. A (100:0) and F (50:50) both recorded the highest score of 7.00, while B (90:10) recorded 6.90. The score decreased to 5.50 in C (80:20) and 5.60 in D (70:30) before increasing to 6.60 in E (60:40). Unlike flavor and taste, color did not show a consistent decline with increasing soybean incorporation. The high color score obtained for F (50:50) indicates that the panelists found the visual appearance of the highest soybean formulation acceptable despite its poor flavor and taste scores. Thus, color does not appear to have been the major factor responsible for the low overall acceptance of F (50:50). The variation in color may be associated with differences in the natural pigmentation of maize and soybean as well as the processing conditions applied to the raw materials. Uwaegbute et al. (1999) reported that processing methods significantly influenced the color of soybean-fortified pap, demonstrating that sensory characteristics of soybean products depend not only on inclusion level but also on processing treatment. The results further indicate that visual appearance alone was insufficient to determine acceptability. For example, F (50:50) received 7.00 for color, equal to A (100:0), but recorded only 3.30 for flavor and 3.20 for taste. This indicates that flavor and taste were more important determinants of consumer rejection of the highly fortified sample. Taste scores decreased markedly with increasing soybean incorporation. A (100:0) recorded the highest score of 6.90, followed by B (90:10) at 6.50. The score declined to 4.90 in C (80:20), 4.20 in D (70:30), 4.10 in E (60:40) and 3.20 in F (50:50). The progressive reduction in taste acceptance is consistent with the increasing contribution of soybean-derived sensory characteristics. Soybean may impart beany, bitter or grassy notes to food products, particularly when the raw material has not been sufficiently processed. Yang et al. (2016) reported that soybean lipoxygenase activity contributes to undesirable sensory characteristics, including grassy and beany aromas, while Wang et al. (2021) explained that oxidation of soybean polyunsaturated fatty acids produces aldehydes, ketones and alcohols associated with beany flavor. The relatively high taste score of 6.50 in B (90:10) suggests that the 10% soybean level was still highly acceptable. However, the reduction to 4.90 in C (80:20) and subsequently to 3.20 in F (50:50) demonstrates that higher soybean incorporation substantially affected taste perception. The present findings agree with Uwaegbute et al. (1999), who reported that soybean processing influenced the organoleptic quality of soybean-fortified pap. Similarly, Singh et al. (2008) noted that although soy proteins have important nutritional and functional applications, their sensory properties can limit their incorporation into some food products. Therefore, processing strategies that reduce soybean off-flavors may be particularly useful when higher soybean inclusion levels are required.

Overall acceptability scores ranged from 3.60 to 6.90. A (100:0) had the highest score of 6.90, followed by B (90:10) at 6.50. C (80:20) recorded 5.80, D (70:30) recorded 6.00, E (60:40) recorded 5.50, while F (50:50) had the lowest score of 3.60. The high overall acceptability of A (100:0) is expected because it represents the conventional maize pap without soybean incorporation. However, the relatively high score of B (90:10) demonstrates that incorporation of 10% soybean produced only a modest reduction in consumer acceptance. This is important from a product-development perspective because soybean can substantially improve the nutritional quality of cereal-based foods, particularly protein content. The results are consistent with Uwaegbute et al. (1999), who found that soybean fortification could improve the nutritional composition of pap while maintaining acceptable organoleptic characteristics depending on soybean processing. The authors reported that appropriate combinations of soaking, blanching, roasting, dehulling and drying improved the sensory quality of soybean-fortified pap. The relatively lower overall acceptability of F (50:50), which recorded 3.60, corresponds with its low flavor and taste scores of 3.30 and 3.20, respectively. This suggests that flavor and taste were major determinants of overall acceptability. The finding is consistent with Yang et al. (2016), who showed that undesirable soybean aromas are closely related to consumer acceptance of soy products. Interestingly, D (70:30) recorded an overall acceptability score of 6.00, which was slightly higher than C (80:20) at 5.80, despite D having lower mouth-feel, flavor and taste scores. This indicates that overall acceptability is a composite sensory response and may not necessarily follow the exact ranking of every individual attribute. Individual differences among panelists and the relative importance assigned to color, mouth-feel, flavor and taste may have contributed to this pattern.
Table 4: Sensory Attributes of Maize-Soybean Pap Blends Powder
	Sample
	Mouth-feel
	Flavor
	Color
	Taste
	Overall acceptability

	A (100:0)
	6.90 ± 0.32ᵃ
	6.90 ± 0.32ᵇ
	7.00 ± 0.00ᵃ
	6.90 ± 0.32ᵇ
	6.90 ± 0.32ᵇ

	B (90:10)
	7.00 ± 0.00ᵃ
	6.30 ± 0.48ᶜ
	6.90 ± 0.32ᵃ
	6.50 ± 0.53ᶜ
	6.50 ± 0.53ᶜ

	C (80:20)
	6.30 ± 0.68ᵈ
	5.50 ± 0.53ᵈ
	5.50 ± 0.53ᵇ
	4.90 ± 0.88ᵈ
	5.80 ± 0.63ᵃ

	D (70:30)
	4.20 ± 0.63ᵇ
	3.90 ± 0.88ᵃ
	5.60 ± 0.52ᵇ
	4.20 ± 0.79ᵃ
	6.00 ± 0.67ᵃ

	E (60:40)
	4.40 ± 0.70ᵇᶜ
	3.80 ± 0.79ᵃ
	6.60 ± 0.70ᶜ
	4.10 ± 0.74ᵃ
	5.50 ± 0.53ᵈ

	F (50:50)
	4.50 ± 0.53ᶜ
	3.30 ± 0.82ᵉ
	7.00 ± 0.00ᵃ
	3.20 ± 0.42ᵉ
	3.60 ± 0.52ᵉ

	LSD
	0.24
	0.29
	0.19
	0.28
	0.24


  Values are presented as mean (n = 30) ± standard deviation (SD). Means within a column bearing different   
  supescript letters differ significantly (p < .05) 







4. Conclusion
The present study demonstrated that soybean fortification significantly improved the nutritional and physicochemical characteristics of fermented maize pap. Progressive soybean incorporation increased protein, fat, ash, and fibre contents while reducing carbohydrate concentration, thereby producing nutritionally superior composite flours compared with traditional maize pap. The improved protein content confirms the potential of soybean fortification to address the protein deficiency commonly associated with cereal-based complementary foods. Soybean supplementation also enhanced important physicochemical properties, including water absorption capacity, while reducing swelling index and solubility. These changes indicate improved hydration characteristics and greater suitability for the preparation of nutrient-dense complementary porridges with acceptable viscosity. The slightly acidic pH observed across all formulations further confirmed successful fermentation and suggests good microbiological stability.
Sensory evaluation revealed that soybean incorporation influenced consumer acceptability in a concentration-dependent manner. Although higher soybean levels significantly improved nutritional quality, flavor, taste, and overall acceptability declined progressively beyond 20% substitution because of the characteristic beany flavor associated with soybean. Among the formulations evaluated, the 90:10 and 80:20 maize–soybean blends provided the most favorable balance between nutritional enhancement, physicochemical functionality, and sensory quality.
Therefore, soybean fortification at 10–20% substitution is recommended for the production of fermented maize pap intended for complementary feeding. Adoption of these formulations could contribute to improving dietary protein intake, reducing protein-energy malnutrition, and promoting food and nutrition security among infants, young children, and other vulnerable populations in developing countries. Future studies should evaluate the amino acid profile, mineral bioavailability, vitamin retention, anti-nutritional factors, shelf-life stability, microbial quality during storage, and consumer acceptance under household and commercial production conditions.
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