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Phytochemical, Functional, and Nutritional properties of selected Cereals and Jack Bean (Canavalia ensiformis) Flour Blends
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ABSTRACT 

	Protein-energy malnutrition remains a major nutritional challenge in many developing nations of the world, largely due to consumption of carbohydrate dense meals low in protein. The use of underutilized legumes such as jack bean (Canavalia ensiformis) offers a sustainable mean to improve the nutritional and functional properties of traditional food systems. This study investigated the nutritional composition, phytochemical functional properties, and physicochemical caracteristics of cereals and jack bean flour blends formulated for traditional food production. A Simplex Lattice Design under mixture of Design Expert software (version 12.0) was adopted to develop the formulation of maize, sorghum, millet, rice and jack beans. Cereal and jack bean flours were combined in ratios of 100:0, 95:5, 90:10, 85:15, 80:20, and 75:25 (cereal:legume), while 100% maize and 100% cereal blends served as controls. Data were analyzed using one-way ANOVA and Duncan’s multiple range test at (P<0.05). The moisture, crude protein, ash, fat, crude fibre, carbohydrate, energy value for flour blends were 5.35-6.20, 14.31-36.93, 1.43-3.04, 1.92-3.30, 2.22-4.13, 50.28-69.93 and 362.95-378.54%, respectively. Water absorption capacity, oil absorption, swelling, gelation, and bulk density were 1.55.60-164.80, 131.93-146.45, 6.91-9.26, 0.76-1.37 and 0.54-0.70 g/cm³, respectively. Tannin, alkaloid, flavonoid, saponin, phenol, phytate, trypsin inhibitor, oxalate were 3.06-5.58, 2.25-4.05, 1.95-3.31, 6.38-9.41, 18.15-32.89, 11.54-16.12, 7.40-9.59 and 0.17-0.60 mg/g, respectively. The total titratable acidity and pH were 0.07-0.18% and 6.34-6.61, respectively. Jack bean incorporation substantially enhanced the nutritional and functional quality of cereal composite flours without compromising physicochemical integrity. These findings support the utilization of jack bean as a protein-enriching ingredient for the development of nutritious, functional, and sustainable traditional foods.
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1. INTRODUCTION 

The increasing incidences of protein energy malnutrition (PEM) in many developing nations of the world, particularly among the low income groups heavily relying on carbohydrate based staples, remain an important issue in public health (Ojo et al., 2018). Cereal-based foods like masa a fried maize snack, that is popularly eaten in Nigeria specifically among Yoruba and Hausa as a breakfast meal, or a street food, are culturally significant but unbalanced in nutrition as they are primarily carbohydrate-rich with low quality protein and essential amino acids (Ghosh et al., 2023). The solution to this nutritional imbalance involves low cost, culturally-appropriate, and nutritionally-fortified food product that can supply enough nutrients (macronutrients and micronutrients) without interfering with the taste and the traditional value.
[bookmark: _Hlk220578833]It has been suggested that inclusion of legumes into the cereal-based foods is a successful approach to enhance the quality of proteins and amino acid ratios (Aderinola and Adeoye, 2022). Legumes are good sources of lysine, threonine and tryptophan amino acids that are normally limited in cereals thus complementing cereal proteins to create complete protein profiles (James et al., 2020). In addition to the nutritional enhancing effect, legume fortification leads to enhancement of functional properties of flour blends, such as water absorption, oil retention, swelling capacity, and textural behavior, which are important characteristics of batter-based traditional foods like masa (Monroy et al., 2022). But the majority of the current fortification researches have been on widely grown legumes like soybean, cowpea, or groundnut, and have not concentrated much on the underutilized species that may have similar or even higher nutrient value (marongwe et al., 2021).
Jack bean (Canavalia ensiformis) is a lesser-known tropical legume with great potential to enhance food and nutrition security because of its high protein level (28-35%), good mineral composition, as well as positive amino acid profile (Ojo, 2018). It is resistant to drought, fixes nitrogen and can tolerate marginal soils which is in line with the demands of the sustainable food system. 
The production of flour blends derived as a combination of cereals (maize, sorghum, millet, and broken rice) and jack beans can provide a possibility to develop nutritionally balanced, functionally stable, and cost-effective traditional food bases. These blends can increase the protein levels in cereal food and improve important functional attributes that determine food texture, oil absorption, and moisture (Adegbite et al., 2022). Besides, the potential to use jack bean as a fortification ingredient also helps to increase the use of underutilized crops, which promotes agricultural biodiversity and the realization of the United Nations Sustainable Development Goal 2 (Zero Hunger) (FAO, 2024).
Thus, this research aims to assess nutritional content, functionality property, and anti-nutritional content of flour blends that have been prepared using mixtures of maize, sorghum, millet, broken rice, and jack bean. It is believed that the results will provide novel data with which future data on development of nutritionally enhanced food can be compared. Moreover the use of an underutilized legume seed such as jack bean in production of a traditional snack such as masa will alleviate the problem of protein energy malnutrition and widen utilization to scope of jack bean–an underutilized legume seed, thus preventing eminent extinction of this nutritionally important food crop. 

2. material and methods
 
[bookmark: _Hlk221025972]2.1	Raw Materials
Yellow maize (Zea mays), white sorghum (sorghum bicolor (L.) Moench), pearl millet (Pennisetum glaucum), and broken rice (Oryza sativa) were procured from a local grain market in Ogbomoso, Oyo State, Nigeria. Mature dried jack bean (Canavalia ensiformis) seeds were obtained from Saki, Oyo State. All samples were cleaned manually to remove foreign materials, dust, and defective grains before processing.

2.2	Preparation of Cereal and Jack Bean Flours
[bookmark: _Hlk214269893]Each cereal grain and jack bean seed were processed into flour following the method described by Falade et al., (2021) with slight modifications. The cereals and legume were cleaned and then milled separately into flour using a laboratory hammer mill (Model Retsch ZM 200, Germany) and sieved through a 150 µm mesh to obtain uniform particle size. The resulting flours were stored in airtight containers at room temperature (25–27 °C) until use.
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[bookmark: _Hlk212660933]Fig 1. Cereal flour production 
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[bookmark: _Hlk212660970]Figure 2. Legume flour production

2.3	Formulation of Flour Blends
[bookmark: _Hlk213809694]A Simplex Lattice Design under mixture of Design Expert software (version 12.0) was adopted to develop the formulation of maize, sorghum, millet, rice and jack beans (cereal to legume blends). The ranges used for cereals were between 75 and 95 %w/w while for legume were 5 and 25 %w/w (weight by weight) (Table 1). These values were input into the software to generate the number of experimental runs. The blends were thoroughly mixed in a Kenwood mixer (Model HM680, UK) for 10 min to ensure homogeneity and labeled accordingly (FMA, FMB, FMC, FMD, FME).

Table 1: Flour blends formulations
	
	
	Composition (%)
	Composition (%)

	Runs
	Code
	Cereal
	Legume

	1
	FMA
	95
	5

	2
	FMB
	90
	10

	3
	FMC
	85
	15

	4
	FMD
	80
	20

	5
	FME
	75
	25






2.4	Determination of Proximate Composition
The proximate composition of the flour blends were determined in triplicate, and results were expressed as mean ± standard deviation (SD) according to the Association of Official Analytical Chemists (AOAC, 2019) methods. The samples were analyzed for moisture, protein, fat, crude fiber, ash and carbohydrate was determined by difference as shown in equation 1
[image: C:\Users\adeni\AppData\Local\Temp\ksohtml16668\wps1.jpg]			(1)

2.5 Determination of Functional Properties
Functional properties were evaluated following the methods of Onabanjo et al. (2020). Water absorption capacity (WAC) and oil absorption capacity (OAC) were determined by centrifugation of 1 g flour suspended in 10 mL of distilled water or vegetable oil, respectively. Bulk density was measured by gently filling a 10 mL graduated cylinder with flour and recording its mass. Swelling capacity was determined by heating a 1 g flour suspension in 50 mL of water at 85 °C for 30 min and measuring the final volume.

2.6	Quantification of some Phytochemical Components on Flour Blends
Phytochemical components including phytate, tannin, saponin, and trypsin inhibitor were quantified using standard spectrophotometric methods as described by AOAC (2019). Absorbance was measured using a UV–visible spectrophotometer (Model Jenway 6305, UK). All analyses were performed in triplicate.
2.7	Statistical Analysis
All experimental data were analyzed using SPSS version 23 (IBM Corporation’s Statistical Package for Social Sciences). One-way analysis of variance (ANOVA) was employed to evaluate differences among sample means, and Duncan’s multiple range test was applied to separate means where significant differences (P<0.05) occurred. Results are presented as mean ± standard deviation.


3. results and discussion
3.1	Proximate Composition
The proximate composition of the formulated cereal–jack bean flour blends is presented in Table 1. Significant (P<0.05) variations were observed among the samples for all parameters evaluated, indicating that jack bean substitution levels had a measurable influence on the nutritional quality of the flour blends.
[bookmark: _Hlk217250127]The moisture content ranged from 5.35% for FME to 6.20% for FMB. These relatively low moisture levels suggest that the flour blends have good storage stability, as moisture below 10% limits microbial growth and enzymatic reactions (Agbor et al., 2024). Similar moisture levels were reported for maize–legume blends (Liu et al., 2020) indicating consistency with flour blends standards for shelf-stable products. The reduction in moisture observed with increasing jack bean inclusion might be due to the legume’s higher dry matter content and lower hygroscopicity compared to cereals (Agbor et al., 2024). Crude protein content increased significantly with higher jack bean substitution, from 14.31% for FMT, 100% maize to 36.93% for FME, 25% legume. This notable increase reflects the protein richness of jack bean, which is known to contain approximately 24–30% protein (Aderinola and Adeoye, 2022). This finding corroborates earlier report by Marongwe et al. (2021) who found that cereal–legume fortification substantially improves protein content and biological value, complementing the lysine deficiency common in cereals. The enhancement also supports the principle of amino acid complement between cereals and legumes, improving overall protein quality (FAO, 2021). 
Ash content varied between 1.43% (FMA) and 3.04% (FMG). The differences in ash content reflect variations in the mineral composition of the raw materials. Legume inclusion improved the mineral content slightly, likely due to the jack bean’s contribution of essential minerals such as iron, calcium, and magnesium (Muhammad et al., 2023). Similar trends have been reported in from maize, pea, and anchote flours (Gemede, 2020). Fat content ranged from 1.92% FMD to 3.30% FME. The modest increase in lipid content with legume incorporation aligns with observations by Dhankhar et al. (2019) and Perez et al. (2023), who noted that legumes contribute additional lipids, improving flavor, energy density, and mouthfeel. Jack beans, although not high-fat legumes, contain lipid fractions that may enrich energy value without promoting rancidity during storage (Olubomehin , 2020). Crude fibre decreased slightly with legume substitution, from 4.01% FMT to 2.22% (FME). This reduction may be due to mixing by protein-rich legume material, which has less insoluble fibre than cereals (Olubomehin, 2020). However, the fibre values still fall within the range recommended for composite flours used in some traditional snacks, which require moderate fibre for acceptable texture (Aderinola and Adeoye, 2023).
Carbohydrate content, determined by difference, decreased progressively from 69.93% in 100% maize flour FMT to 50.28% in the 25% legume blend FME. This inverse relationship with protein content is expected since legumes contribute more nitrogenous compounds while displacing starchy cereals (Geyer et al., 2022). Such carbohydrate reduction enhances the nutritional density of the blend and is desirable for diabetic and weight-conscious consumers, as reported by Singh et al. (2024) in millet–sorghum functional formulations.
Energy content ranged from 362.95 kcal/100 g (FMG) to 378.54 kcal/100 g (FME), with the highest values observed in blends containing the greatest jack bean enrichment. This pattern is consistent with findings by Adegbite et al, (2021), who reported increased caloric density in cereal–legume blends enriched with cowpea and African yam bean.

Overall, these findings indicate that jack bean fortification significantly improved the nutrient density of the cereal flours, particularly in terms of protein, ash, and fibre contents, without compromising moisture stability. The compositional improvements observed in this study align with previous reports on composite flours incorporating soybean or cowpea (Adegbite et al., 2021), but with the added sustainability advantage of utilizing an underexploited legume. The nutrient enrichment potential of jack bean makes it a viable raw material for the development of high-protein, functional traditional snacks such as masa, thereby contributing to food and nutrition security in developing regions.
Table 2. Proximate Composition of Cereal–Jack Bean Flour blends
	Sample 
	Moisture%
	Crude Protein%
	Ash%
	Fat%
	Crude Fibre% 
	Carbohydrate% 
	Energy (kcal/100g)

	FMT
	6.10 ± 0.01b
	14.31 ± 0.01f
	2.49 ± 0.02b
	3.17 ± 0.03b
	4.01 ± 0.10a
	69.93 ± 0.12a
	365.49 ± 0.00f

	FMA
	5.93 ± 0.06c
	19.62 ± 0.12d
	1.43 ± 0.01f
	3.26 ± 0.03a
	2.83 ± 0.04c
	66.93 ± 0.06c
	375.54 ± 0.00b

	FMB
	6.20 ± 0.02a
	19.70 ± 0.11d
	1.59 ± 0.01e
	2.92 ± 0.01d
	3.01 ± 0.03c
	66.58 ± 0.14c
	371.40 ± 0.00c

	FMC
	6.01 ± 0.01b
	23.46 ± 0.11c
	2.33 ± 0.01c
	3.11 ± 0.02c
	3.70 ± 0.23b
	61.40 ± 0.33d
	367.43 ± 0.00e

	FMD
	5.70 ± 0.02d
	35.74 ± 0.13b
	1.91 ± 0.02d
	1.92 ± 0.02e
	2.27 ± 0.01d
	52.46 ± 0.12e
	370.08 ± 0.00d

	FME
	5.35 ± 0.05e
	36.93 ± 0.12a
	1.91 ± 0.01d
	3.30 ± 0.02a
	2.22 ± 0.02d
	50.28 ± 0.13f
	378.54 ± 0.00a

	FMG
	5.94 ± 0.02c
	15.81 ± 0.12e
	3.04 ± 0.03a
	3.07 ± 0.01c
	4.13 ± 0.02a
	68.02 ± 0.14b
	362.95 ± 0.00g


Values are means (n=3)  standard deviation. The values within the columns with different superscripts are significantly (P<0.05) different.
FMT = Flour for sample T (100% maize)
[bookmark: _Hlk221222944]FMA= Flour for sample A (95% cereal mixture + 5% Jack bean flour)
FMB = Flour for sample B (90% cereal mixture + 10% Jack bean flour)
FMC = Flour for sample C (85% cereal mixture + 15% Jack bean flour)
FMD = Flour for sample D (80% cereal mixture + 20% Jack bean flour)
FME = Flour for sample E (75% cereal mixture + 25% Jack bean flour)
FMG = Flour for sample G (100% cereal mixture)


3.2	Functional Properties of Cereal–Jack Bean Flour Blends
The functional properties of the cereal–jack bean flour blends are presented in Table 3. These properties are critical indicators of how flour behaves during processing and influence texture, consistency, and overall quality of the final food product. Significant (P<0.05) variations were observed across the samples, suggesting that jack bean inclusion markedly affected hydration, oil absorption, and foaming characteristics of the flour blends.
[bookmark: _Hlk220581264]The water absorption capacity (WAC) increased progressively from 155.60 % to 164.80 %  at 15% jack bean inclusion. while oil absorption capacity (OAC) varied from about 131.90 to 146.45%. These variations suggest that increasing the proportion of jack bean flour improved both water and oil absorption capacities of the flour blends. The enhanced WAC and OAC can be attributed to the high protein and carbohydrate interaction sites within jack bean, which provide more hydrophilic and hydrophobic groups capable of binding water and oil molecules respectively. Similar trends have been reported in studies on maize–legume and millet–soy flour blends, where the addition of legume flour significantly increased these absorption capacities due to higher protein content and surface area of flour particles (Falade et al., 2021; Aderinola and Adeoye, 2023). This characteristic is advantageous for product formulation, as improved WAC enhances dough consistency, while higher OAC contributes to better flavor retention and mouthfeel in fried products such as masa (Perez et al., 2023).
Swelling capacity in the blends decreased slightly with increased jack bean inclusion compared to the control, with values observed between approximately 6.90 and 9.26 g/g. This reduction may be due to the substitution of cereal starch with legume proteins and fibers that restrict starch granule expansion during hydration. This result aligns with the findings of Singh et al. (2023), who reported that replacing cereal starch with protein-rich legume material reduced swelling power due to lower gelatinization ability. Despite this decrease, the swelling values obtained remain within acceptable limits for dough-based products, ensuring good structural integrity during cooking.
Gelation values increased gradually with legume addition, ranging from about 0.76 in 100 % maize flour to 1.37 in the 25 % legume blend. legume inclusion enhanced emulsification and hydration properties due to higher protein–lipid interactions (Perez et al., 2023). Thus, jack bean incorporation not only enhances nutritional quality but also confers functional advantages that can improve processing performance and final product characteristics.
Table 3. Functional Properties of Cereal–Jack Bean Flours blends  
	Sample
	Water absorption capacity
	Oil absorption capacity
	Swelling capacity
	Gelation
	Bulk Density (g/cm³)

	FMT
	156.89±0.06f
	132.44±0.44f
	9.26±0.08a
	0.76±0.02e
	0.56±0.01ᵉ

	FMA
	162.88±0.0b
	141.37±0.08c
	7.59±0.09d
	1.05±0.03c
	0.62±0.01ᶜ

	FMB
	155.60±0.1g
	131.93±0.01f
	6.91±0.02e
	0.94±0.02d
	0.66±0.01ᵇ

	FMC
	164.80±0.08a
	146.45±0.11a
	8.68±0.04c
	1.14±0.02c
	0.60±0.01ᵈ

	FMD
	160.04±0.02c
	142.70±0.02b
	8.87±0.04b
	1.26±0.02b
	0.70±0.01ᵃ

	FME
	158.59± 0.28e
	138.35±0.08d
	7.71±0.02d
	1.37±0.05a
	0.64±0.01ᵇ

	FMG
	159.04± 0.02d
	134.81 ± 0.16e
	7.58±0.06d
	0.87±0.06d
	0.54±0.01ᶠ


Values are means (n=3)  standard deviation. The values within the columns with different superscripts are significantly (P<0.05) different.
FMT = Flour for sample T (100% maize)
FMA= Flour for sample A (95% cereal mixture + 5% Jack bean flour)
FMB = Flour for sample B (90% cereal mixture + 10% Jack bean flour)
FMC = Flour for sample C (85% cereal mixture + 15% Jack bean flour)
FMD = Flour for sample D (80% cereal mixture + 20% Jack bean flour)
FME = Flour for sample E (75% cereal mixture + 25% Jack bean flour)
FMG = Flour for sample G (100% cereal mixture)

3.3	Phytochemical components of Flour Blends
Table 3 shows the bioactive of the flour blends produced from varying proportions of cereal and jack bean flours. The samples (FMA–FME) represent different substitution levels of legume flour (5–25%), while FMG and FMT (100% cereal and 100% maize, respectively) serve as controls.  All values differ significantly at (P<0.05), reflecting the influence of blending ratios on anti-nutrient concentrations in the flour blends.
[bookmark: _Hlk220584013]Tannin content ranged from 3.06 in FMC to 24.35 mg/100 g in FMG, with the highest value recorded in the 100% cereal sample and the lowest in the 15% legume-substituted blend. The decrease in tannin level with increased jack bean inclusion may be attributed to the comparatively lower phenolic content of jack bean relative to cereals such as sorghum and millet, which are known to possess condensed tannins (Samtiya et al., 2021). The reduced tannin levels observed in the blends suggest improved protein digestibility and palatability, since tannins are known to form insoluble complexes with proteins and digestive enzymes (Ojo, 2022). The values obtained in this study are consistent with the report of Eneche and Okoye (2022), who found lower tannin concentrations in jack bean–maize flour composites compared to pure cereal flours.
Alkaloid contents ranged between 2.25 in FMG and 4.05 mg/100 g (FMT). The higher alkaloid concentration in the maize control may be due to natural alkaloid compounds present in maize bran, while the reduction observed in the composite blends may result from dilution effects caused by the inclusion of jack bean flour, which contains fewer alkaloids (Haruna et al., 2023). Alkaloids in small quantities may impart a slightly bitter taste but excessive levels are undesirable due to their interference with nutrient metabolism; therefore, the values obtained here are nutritionally acceptable and safe (Adegoke et al., 2023).
Flavonoid values ranged from 1.95 mg/100 g in FMD to 3.31 mg/100 g in FMT. The reduction in flavonoid concentration following jack bean inclusion could be attributed to the lower concentration of flavonoid pigments in legumes compared to cereals (Eneche and Okoye, 2022). However, flavonoids, being natural antioxidants, are beneficial in moderate amounts as they contribute to the antioxidant potential of foods. Thus, maintaining moderate levels in the blends ensures both safety and functionality.
Saponin content ranged from 6.38 mg/100 g in FMC to 9.41 mg/100 g in FMT. The reduction in saponin with legume substitution aligns with findings by Hossain et al. (2022), who reported that legume incorporation and milling significantly reduced total saponin levels in composite flours. Saponins in trace amounts can provide desirable foaming properties in batters such as masa, but excessive levels may impart bitterness; hence, the observed range supports acceptable sensory and nutritional quality.
[bookmark: _Hlk220583752]Total phenol content exhibited marked variation, ranging from 18.15 mg/100 g in FMB to 32.89 mg/100 g in FMD. The relatively higher phenolic content in FMD may be due to interactions between cereal polyphenols and legume-derived phenolic acids. Phenolic compounds contribute to antioxidant capacity and may enhance the functional stability of food products (Gemede, 2020). The moderate phenol levels observed in other blends confirm that the substitution of cereals with jack bean flour does not adversely affect phenolic quality, while still maintaining safety thresholds for human consumption.
Phytate content ranged between 11.54 mg/100 g (FMG) and 16.12 mg/100 g (FMC). Phytates are known to chelate divalent minerals, thus reducing their bioavailability; however, the values recorded fall within the safe limits (below 20 mg/100 g) recommended by the FAO/WHO (2021). The slight variations observed across samples could be due to the inherent differences in the phytate levels of the cereal and legume components. Similar ranges were reported by Ramli et al. (2023) in their study on maize–cowpea flour blends.
Trypsin inhibitor activity, which indicates the presence of enzyme-inhibiting proteins, ranged from 7.40 mg/100 g in FME to 9.59 mg/100 g in FMT. The reduction in the jack bean blends compared with pure maize flour suggests that blending reduces the proportion of trypsin-inhibiting compounds, thereby improving protein digestibility (Adegoke et al., 2023). Since trypsin inhibitors are heat-labile, the values observed here are expected to further decline upon cooking or frying during masa preparation, resulting in improved nutritional utilization of proteins.
Oxalate content varied between 0.17 mg/100 g (FMA, FMB) and 0.60 mg/100 g (FMT). The decreased oxalate levels in blends containing jack bean may result from the dilution effect of legume inclusion and the physical removal of oxalate-rich hulls during milling. This is desirable, as high oxalate levels may form insoluble complexes with calcium and magnesium, leading to reduced mineral absorption (Gemede, 2020). The values reported are well below the toxic limit (2–5 mg/100 g) recommended for safe consumption.
Overall, the anti-nutritional analysis demonstrates that blending cereals with jack bean flour reduced most anti-nutritional factors such as tannin, alkaloid, saponin, trypsin inhibitor, and oxalate without the need for fermentation. The observed reductions improve the bioavailability of nutrients and make the blends safer for consumption. Although certain parameters like total phenol and phytate remained moderate, these levels are nutritionally advantageous because phenolics confer antioxidant benefits while phytates may play beneficial physiological roles in trace quantities. These findings align with those reported by Ojo et al. (2018), Samtiya et al., 2021 and Adegoke et al. (2023), who observed similar improvements in the anti-nutrient profile of legume-fortified cereal flours. Therefore, the developed cereal–jack bean blends can be considered nutritionally safe and suitable for masa production under non-fermented processing conditions.
Table 4: Phytochemical components of flour blends

	Sample
	Tannin
	Alkaloid
	Flavonoid
	Saponin
	Phenol
	Phytate
	Trypsin inhibitor
	Oxalate

	FMT
	5.58±0.08b
	4.05±0.03a
	3.31±0.15a
	9.41±0.03a
	19.27±0.17e
	16.06±0.04a
	9.59±0.08a
	0.60±0.02a

	FMA
	3.27±0.01d
	2.67±0.02e
	2.51±0.01c
	6.60±0.02f
	20.18±0.01d
	12.89±0.10d
	7.72±0.04d
	0.17±0.02e

	FMB
	4.33±0.06c
	2.84±0.03d
	3.04±0.04b
	6.89±0.02e
	18.15±0.08g
	15.14±0.10b
	7.91±0.04c
	0.17±0.02e

	FMC
	3.06±0.03e
	3.72±0.03b
	2.20±0.06d
	6.38±0.09g
	24.07±0.02b
	16.12±0.11a
	7.59±0.03d
	0.31±0.02d

	FMD
	3.13±0.02e
	3.32±0.04c
	1.95±0.03e
	7.05±0.03d
	32.89±0.03a
	14.77±0.08c
	8.04± 0.02c
	0.36±0.02c

	FME
	3.19±0.02d
	2.42±0.05f
	2.33±0.04c
	7.42±0.04c
	22.68±0.04c
	12.84±0.09d
	7.40±0.02e
	0.23±0.03e

	FMG
	24.35±0.08a
	2.25±0.03g
	2.47±0.01c
	8.25±0.03b
	18.44±0.07f
	11.54±0.07e
	8.72±0.18b
	0.47±0.02b



[bookmark: _Hlk221224718]Values are means (n=3)  standard deviation. The values within the columns with different superscripts are significantly (P<0.05) different.
FMT = Flour for sample T (100% maize)
FMA= Flour for sample A (95% cereal mixture + 5% Jack bean flour)
FMB = Flour for sample B (90% cereal mixture + 10% Jack bean flour)
FMC = Flour for sample C (85% cereal mixture + 15% Jack bean flour)
FMD = Flour for sample D (80% cereal mixture + 20% Jack bean flour)
FME = Flour for sample E (75% cereal mixture + 25% Jack bean flour)
FMG = Flour for sample G (100% cereal mixture)

3.4	pH and Total titratable acidity of Cereal–Jack Bean Flour blends
Table 5 presents the physicochemical characteristics of the flour blends formulated from different proportions of cereal and jack bean flours. The parameters evaluated include pH and total titratable acidity (TTA), which are important indicators of flour freshness, chemical stability, and potential storage behavior. The samples (FMA–FME) represent composite blends containing 5–25% jack bean flour, while FMG (100% cereal) and FMT (100% maize) serve as controls. The results show significant differences (P<0.05) in both parameters, demonstrating that blending ratios influenced the acid–base balance of the flours even in the absence of fermentation.

The pH values ranged from 6.34 ± 0.02 in FMG to 6.61 ± 0.01 in FMD, indicating that all samples were slightly acidic to near-neutral. The pH of the control samples (FMT = 6.56 ± 0.01 and FMG = 6.34 ± 0.02) establishes the baseline condition of the cereal flours, while the slight variations observed among the blends can be attributed to compositional differences resulting from jack bean incorporation. The relatively higher pH observed in FMD (6.61 ± 0.01) suggests reduced acidity, which may be due to the buffering capacity of legume proteins and mineral salts naturally present in jack beans (Okoye et al., 2024). In contrast, the lowest pH value (6.34 ± 0.02) in FMG (100% cereal) may be associated with the presence of residual organic acids formed during cereal drying or storage. The pH values obtained in this study align with those reported by Haruna et al. (2023) and Ikagu and Ponnan (2022) for composite flours, indicating that all blends remained within the desirable range (6.0–7.0) suitable for most cereal-based snacks such as masa and moi-moi. Maintaining near-neutral pH ensures desirable dough consistency, minimal enzymatic degradation, and enhanced storage stability (Adegoke et al., 2023).

Total titratable acidity (TTA) values varied from 0.07 % in FMA to 0.18 % in FME, with the highest acidity observed at 25% legume substitution. The increase in TTA at higher substitution levels may be attributed to the contribution of acidic compounds, such as organic acids and phenolic derivatives, present in jack bean flour (Eneche and Okoye, 2022). The moderate acidity in these blends is beneficial as it can enhance the functional properties of the flour, improve flavor, and retard the growth of spoilage microorganisms during storage. However, the generally low TTA values across all samples reflect the non-fermented nature of the production process, as fermentation typically elevates acid levels through microbial metabolism ((Ikagu and Ponnan, 2022). The observed TTA values are consistent with those reported by Umar and Adeyemi (2023), who noted similar acidity levels (0.10–0.20%) in non-fermented composite flour blends.

The inverse relationship between pH and TTA observed across the samples (where higher TTA corresponds to slightly lower pH) reflects the expected acid–base balance in food systems. Sample FME, which showed the highest TTA (0.18 %), recorded the lowest pH (6.39 %), while FMD, with a relatively low TTA (0.10 %), exhibited the highest pH (6.61 %). This trend supports the observation that legume incorporation, depending on the ratio, can introduce mild organic acid components that subtly alter the chemical equilibrium of the blend without rendering it acidic. Such controlled acidity is desirable for flour products intended for fried or steamed snacks, as it enhances leavening reactions and imparts pleasant flavor characteristics (Falade et al., 2021).

Overall, the physicochemical properties of the flour blends indicate that all formulations remained stable, mildly acidic, and suitable for masa preparation. The incorporation of jack bean flour slightly modified pH and TTA, yet all values remained within the acceptable limits for non-fermented cereal–legume flours. The results corroborate findings by Okoye et al. (2024), Adegoke et al. (2023), and Umar and Adeyemi (2023), who reported that the inclusion of legume flour improves the chemical stability and functional suitability of cereal-based blends without necessitating fermentation. These outcomes further confirm that jack bean flour can be effectively utilized to enhance the nutritional and functional qualities of cereal flours for traditional snack production.



Table 5. pH and total titratable of Cereal–Jack Bean Flour Blend

	Sample
	Ph
	Total titratable acid

	FMT
	6.56±0.01b
	0.15±0.01a

	FMA
	6.51±0.01c
	0.07±0.01c

	FMB
	6.47±0.01d
	0.14±0.03b

	FMC
	6.45±0.01d
	0.12±0.02b

	FMD
	6.61±0.01a
	0.10±0.01b

	FME
	6.39±0.01e
	0.18±0.02a

	FMG
	6.34±0.02f
	0.09±0.01c


Values are means (n=3)  standard deviation. The values within the columns with different superscripts are significantly (P<0.05) different.
FMT = Flour for sample T (100% maize)
FMA= Flour for sample A (95% cereal mixture + 5% Jack bean flour)
FMB = Flour for sample B (90% cereal mixture + 10% Jack bean flour)
FMC = Flour for sample C (85% cereal mixture + 15% Jack bean flour)
FMD = Flour for sample D (80% cereal mixture + 20% Jack bean flour)
FME = Flour for sample E (75% cereal mixture + 25% Jack bean flour)
FMG = Flour for sample G (100% cereal mixture)

4.	Conclusion
The study found out that incorporating jack bean flour into cereal based blends significantly improved the nutritional quality, functional performance, and chemical composition of the flour blends. The proximate analysis revealed increases in protein contents with corresponding decreases in carbohydrate, fibre, and moisture levels, indicating nutrient densification and enhanced energy value. The enrichment with jack bean not only improved the protein but also improve physicochemical properties essential for good texture. Therefore, the study concludes that jack bean flour is a viable, affordable, and underutilized protein supplement that can be successfully incorporated into traditional cereal-based snacks to enhance their nutritional and functional quality.

5. Recommendation
Governmental and research institutions should promote the cultivation and utilization of jack bean as a sustainable protein source. Awareness campaigns, training, and public–private partnerships can encourage adoption in both rural and urban food systems. The food industry should explore the commercial production of pre-mixed flours incorporating jack bean, providing convenient, nutritious, and ready-to-use blends for households and small-scale processors
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