


 
Functional Properties of Kidney Bean-Fortified Wheat–Cassava Composite Flour and Chemical Properties of Cookies Produced in Imo state, Nigeria


Abstract
This study evaluated the functional properties of kidney bean-fortified wheat–cassava composite flour and the chemical properties of cookies produced in Owerri, Imo State, Nigeria. Four flour formulations were prepared: WCKA (100% wheat flour), WCKB (80% wheat, 15% cassava, and 5% kidney bean), WCKC (80% wheat, 10% cassava, and 10% kidney bean), and WCKD (80% wheat, 5% cassava, and 15% kidney bean). The functional properties of the composite flours, including bulk density, water absorption capacity, oil absorption capacity, swelling capacity, foaming capacity, and least gelation concentration, were determined. The cookies were analysed for micronutrients (calcium, iron, magnesium, phosphorus, potassium, zinc, thiamine, riboflavin, niacin, and folate) and anti-nutritional factors (phytate, oxalate, tannin, and saponin) using standard analytical methods. The data were analysed using analysis of variance (ANOVA), and the means were separated using Duncan's multiple range test at p < 0.05. The results showed that increasing the proportion of kidney bean flour significantly (p < 0.05) improved the micronutrient composition of the cookies. Calcium increased from 18.40 to 30.42 mg/100 g, iron from 1.52 to 3.31 mg/100 g, and folate from 22.10 to 41.52 µg/100 g. Anti-nutritional factors also increased slightly but remained within acceptable limits. The functional properties of the composite flour improved with fortification: water absorption capacity increased from 1.42 to 1.88 g/g, oil absorption capacity increased from 1.21 to 1.56 g/g, and bulk density decreased from 0.71 to 0.62 g/mL. The study concluded that kidney bean fortification enhanced the nutritional quality of wheat–cassava composite cookies and improved the functional properties of the composite flour. The incorporation of up to 15% kidney bean flour is recommended for producing nutrient-enriched cookies from locally available raw materials.
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1.0 Introduction
Cookies are among the most widely consumed ready-to-eat bakery products because of their convenience, palatability, affordability, and extended shelf life. They are traditionally produced from wheat flour, sugar, fat, and other ingredients through a baking process. Wheat flour remains the preferred raw material for cookie production because its gluten-forming proteins impart desirable rheological properties, structural integrity, and textural characteristics to baked products. Despite these functional advantages, wheat production in Nigeria is inadequate to meet domestic demand, resulting in substantial dependence on imports. This dependence increases production costs, exerts pressure on foreign exchange reserves, and underscores the need for alternative flour sources capable of partially replacing wheat in bakery products (Noorfarahzilah et al., 2014). Composite flour technology, which involves incorporating flours from cereals, roots, tubers, and legumes, has received considerable attention as a sustainable strategy for reducing wheat imports while promoting the utilisation of indigenous agricultural resources. Among the available alternatives, cassava (Manihot esculenta Crantz) occupies a prominent position because Nigeria is the world's largest producer of the crop. Cassava flour is characterised by its high carbohydrate content, wide availability, low cost, and suitability for partially substituting wheat flour in baked products. Its utilisation also aligns with national policies aimed at increasing the use of locally sourced raw materials in the food industry. However, cassava flour is inherently deficient in protein and several essential micronutrients, thereby limiting the nutritional quality of products made solely from wheat–cassava composite flour (Lu et al., 2020).
Studies of cassava–legume cookie systems have shown that such composite flours can provide suitable functional characteristics and acceptable cookie quality, supporting their use as alternatives to wheat-dominant formulations (Austin et al., 2021).
Legume fortification has been widely recognised as an effective nutritional intervention for improving the quality of cereal- and root-based foods. Kidney bean (Phaseolus vulgaris L.) is an economically important grain legume that contains high-quality protein, dietary fibre, essential amino acids, minerals, and B-complex vitamins. It is particularly rich in calcium, iron, magnesium, phosphorus, potassium, zinc, thiamine, riboflavin, niacin, and folate, which play indispensable roles in growth, metabolism, immune function, and overall physiological development. The incorporation of kidney bean flour into wheat–cassava composite flour has therefore been reported to enhance the nutritional profile of bakery products while improving protein quality and micronutrient density (Inyang et al., 2018). Micronutrient deficiencies remain a major public health challenge, particularly in developing countries, where inadequate dietary diversity contributes to deficiencies in iron, zinc, calcium, folate, and other essential nutrients. These deficiencies are associated with impaired cognitive development, weakened immunity, anaemia, poor growth, and increased susceptibility to disease. Consequently, developing nutrient-dense bakery products fortified with locally available legumes represents a practical and sustainable approach to improving dietary quality and enhancing food and nutrition security (World Health Organization, 2023).
A bean–cassava–wheat cookie formulation has also demonstrated the feasibility of using beans to strengthen the protein contribution of a composite cookie matrix (Zavala-García et al., 2025).
Recent formulation research has incorporated red kidney bean flour into multicomponent cookies, further indicating its practical applicability in nutrient-oriented bakery development (Bakara et al., 2024).
Recent evidence also indicates that targeted processing of kidney bean flour can reduce antinutrients and undesirable flavour compounds, underscoring the importance of processing conditions in product development (Li et al., 2024).

Although kidney bean flour offers considerable nutritional advantages, it also contains naturally occurring anti-nutritional compounds, including phytates, oxalates, tannins, and saponins. These compounds may reduce nutrient bioavailability by forming insoluble complexes with minerals or interfering with digestive processes. Nevertheless, appropriate processing techniques, such as soaking, drying, milling, and baking, have been shown to substantially reduce their concentrations to acceptable levels. Evaluating these anti-nutritional factors is therefore essential for determining the nutritional suitability and safety of kidney bean-fortified bakery products (Abera et al., 2023). Beyond nutritional composition, the functionality of composite flour is an important determinant of its suitability for bakery applications. Functional properties, including bulk density, water absorption capacity, oil absorption capacity, swelling capacity, foaming capacity, and least gelation concentration, influence flour-handling characteristics, dough behaviour, processing performance, product texture, and consumer acceptability. Variations in the proportions of wheat, cassava, and kidney bean flours may therefore modify these properties and ultimately affect the quality of the finished cookies (Chandra et al., 2015). Despite increasing interest in the utilisation of composite flour technology, information on the combined effects of kidney bean fortification on the functional properties of wheat–cassava composite flour and the chemical properties of the resulting cookies remains limited. Such information is essential for optimising product formulation and promoting the development of nutritionally enhanced bakery products from locally available raw materials. Therefore, this study evaluated the functional properties of kidney bean-fortified wheat–cassava composite flour and the chemical properties of cookies produced in Owerri, Imo State, Nigeria.
2.0 Materials and Methods
The raw materials used in this study included wheat flour, cassava tubers for cassava flour production, and dried kidney bean seeds. Granulated sugar, baking fat (margarine), powdered milk, baking powder, salt, eggs, and potable water were also used for cookie production. The wheat flour was purchased from a local supermarket in Owerri, while fresh cassava tubers and dried kidney bean seeds were obtained from Ekengwu Market in Umuagwo and taken to the Food Processing Laboratory of the University of Agriculture and Environmental Sciences, Umuagwuo, Imo State, Nigeria, for processing and analysis.
2.1 Preparation of Cassava Flour	
Cassava flour was prepared according to the method described by Sanni et al. (2005), with a slight modification. Fresh cassava tubers were washed thoroughly with clean water to remove adhering dirt and foreign materials. The tubers were manually peeled using stainless-steel knives and washed again. The peeled cassava was sliced into chips approximately 3–5 mm thick using a stainless-steel slicer. The cassava chips were soaked in clean water for 24 hours to reduce cyanogenic compounds and then drained. The chips were dried in a Memmert UN55 hot-air oven at 60°C for 24 hours until a constant weight was obtained. The dried chips were milled using an FFC-15 hammer mill and sieved through a 250 µm sieve to obtain fine cassava flour. The flour was packaged in airtight polyethylene bags until further use.
2.2 Preparation of Kidney Bean Flour
Kidney bean flour was prepared according to the method described by Inyang et al. (2018), with a slight modification. Dried kidney bean seeds were manually sorted to remove stones, damaged seeds, and other impurities. The seeds were washed thoroughly and soaked in potable water for 12 hours to soften the seed coat and reduce anti-nutritional compounds. The soaked beans were drained and dried in a Memmert UN55 hot-air oven at 65°C for 18 hours. The dried beans were milled using a laboratory hammer mill and sieved through a 250 µm mesh sieve to obtain fine kidney bean flour. The flour was stored in airtight containers for further analysis.





2.3 Formulation of Composite Flour Blends
The flour blends were formulated as shown in Table 1.
Table 1: Formulation of Composite flour Blends
	Samples
	Wheat Flour (%)
	Cassava Flour (%)
	Kidney Bean Flour (%)

	WCKA
	100
	0
	0

	WCKB
	80
	15
	5

	WCKC
	80
	10
	10

	WCKD
	80
	5
	15



2.4 Production of Cookies
Cookies were produced according to the method described by Bala et al. (2015), with a slight modification. For each formulation, 500 g of the flour blend was weighed accurately. The other ingredients comprised 80 g of sugar, 60 g of margarine, 5 g of baking powder, 2 g of salt, 25 g of powdered milk, one whole egg (approximately 50 g), and sufficient water (60–80 mL). The dry ingredients were mixed uniformly in a Kenwood Chef XL planetary mixer for 5 minutes. Margarine and egg were added, and mixing continued until a homogeneous dough was formed. The dough was manually sheeted to a thickness of approximately 5 mm and cut into circular shapes using cookie cutters. The cookies were arranged on stainless-steel trays and baked in a preheated oven at 180°C for 20 minutes. After baking, the cookies were cooled at room temperature for 30 minutes and packaged in airtight polyethylene bags before laboratory analysis.
2.5 Determination of the Functional Properties of Wheat–Cassava–Kidney Bean-Fortified Composite Flour
2.5.1 Determination of Bulk Density
The method described by Onimawo and Akubor (2005) was used. A 10 mL graduated measuring cylinder was filled with the flour sample, and the initial volume was recorded. The cylinder was tapped continuously to displace trapped air until the volume became constant. The final volume was recorded after the sample had been levelled, and the bulk density of the samples was calculated as shown in equation 1.
Bulk density (g ml-1)    					       1		                                                    

2.5.2 Determination of Water Absorption Capacity
The method described by Onwuka (2018) was adopted. One gram (1 g) of each flour sample was weighed separately, and the weight of each sample in a clean, dry centrifuge tube was recorded. The sample was mixed thoroughly with 10 mL of distilled water for 30 seconds, allowed to stand at room temperature for 30 minutes, and then centrifuged at 5000 rpm for 30 minutes. The volume of free water (supernatant) was read directly from the graduated centrifuge tube. The density of water was assumed to be 1.0 g mL-1. Water absorption capacity was expressed as the amount of water retained by 1 g of flour (g mL-1).
Water absorption capacity (g ml -1)                            2
2.5.3 Determination of Oil Absorption Capacity
The method described by Onwuka (2018) was adopted. One gram (1 g) of each flour sample was weighed separately, and the weight of each sample in a clean, dry centrifuge tube was recorded. Oil was added to the sample to produce a 10 mL dispersion. The sample and oil were mixed thoroughly for 30 seconds, allowed to stand at room temperature for 30 minutes, and then centrifuged at 5000 rpm for 30 minutes. The volume of free oil was read directly from the graduated centrifuge tube. The density of oil was assumed to be 0.38 g mL-1. Oil absorption capacity was expressed as the amount of oil bound by 1 g of flour (g mL-1), as estimated using equation 3.
Oil absorption capacity (g ml -1)		                     3
2.5.4 Determination of Swelling Index
The procedure described by Ikegwu et al. (2009) was used to determine the swelling indices of the flour samples. One gram of the flour sample was mixed with 10 mL of distilled water in a centrifuge tube and heated at 80°C for 30 minutes under continuous agitation. After heating, the suspension was centrifuged at 1500 rpm for 15 minutes. The supernatant was decanted, and the weight of the paste was recorded. The swelling index was calculated as follows:
                                                                                                                     4
Where: H2 = final height
H1 = initial height
2.5.5 Determination of Foaming Capacity/Stability
The method described by Onwuka (2018) was used. Two grams (2 g) of the flour sample was blended with 100 mL of distilled water in a Waring blender, and the suspension was whipped at 1000 rpm for 5 minutes. The mixture was poured into a 250 mL measuring cylinder, and the volume was recorded after 30 seconds. Foaming capacity was expressed as the percentage increase in volume using the formula in equation 5 below:
     	          5
2.5.6 Determination of Least Gelation Concentration (LGC)
The method described by Onwuka (2018) was used. Flour dispersions of 2, 4, 6, 8, 10, 12, 14, 16, 18, and 20% (w/v) were prepared by suspending the appropriate amount of flour in 5 mL of distilled water in separate test tubes. The suspensions were mixed thoroughly using a vortex mixer to obtain uniform dispersions. The test tubes were heated in a boiling-water bath (100°C) for 1 hour and then cooled rapidly under running tap water. The samples were refrigerated at 4 ± 2°C for 2 hours to allow gel formation. Thereafter, each test tube was inverted. The least gelation concentration was recorded as the lowest flour concentration that formed a stable gel and remained intact without slipping or flowing from the inverted test tube. The result was expressed as a percentage (% w/v). Lower LGC values indicate greater gel-forming ability and better functional performance of the flour.
2.6 Determination of the Anti-nutritional Composition of Wheat–Cassava–Kidney Bean-Fortified Composite Flour
2.6.1 Determination of Phytate
The spectrophotometric method described by Nwosu (2011) was used. Phytic acid in the samples was precipitated with excess FeCl3 after extracting 1 g of each sample with 100 mL of 0.5 N HCl. The precipitate was converted to sodium phytate using 2 mL of 2% NaOH before digestion with an acid mixture containing equal portions (1 mL) of concentrated H2SO4 and 65% HClO4. The liberated phosphorus was measured colorimetrically using a Jenway 6051 colorimeter at 520 nm after colour development with molybdate solution. The percentage phytate was calculated using equation 6:
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Where:
W = weight of sample used
an = absorbance of test sample
as = absorbance of standard phytate solution
C = concentration of standard phytate solution
Vt = total volume of extract
Va = volume of extract analysed
2.6.2 Determination of Oxalate
The procedure described by Onwuka (2018) was used. One gram (1 g) of the sample was weighed into a 100 mL beaker. Twenty millilitres of 0.30 N HCl was added, and the mixture was warmed to 40–50°C on a magnetic hotplate and stirred for one hour. The sample was extracted three times, and the combined extract was diluted to the 100 mL mark in a volumetric flask. Oxalate was estimated by pipetting 5 mL of the extract into a conical flask and making it alkaline with 1.0 mL of 5 N ammonium hydroxide. Indicator paper was placed in the conical flask to confirm alkalinity. The solution was then acidified to the phenolphthalein endpoint by the dropwise addition of glacial acetic acid; three drops of phenolphthalein were added, and excess acid decolourised the solution. One millilitre of 5% CaCl2 was then added, and the mixture was allowed to stand for 3 hours before being centrifuged at 300 rpm for 15 minutes. The supernatant was discarded. Two millilitres of 3 N H2SO4 was added to each tube, and the precipitate was dissolved by warming it in a water bath at 70–80°C. The contents of all the tubes were carefully poured into a clean conical flask and titrated with freshly prepared 0.01 N KMnO4 at room temperature until the first pink colour appeared throughout the solution. The solution was allowed to stand until it became colourless. It was then warmed to 80°C and titrated until a permanent pink colour that persisted for at least 30 seconds was attained. The percentage oxalate was calculated using equation 7.
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Where:
W = weight of sample used
2.6.3 Determination of Tannins
The Folin–Denis spectrophotometric method described by Onwuka (2018) was used. One gram (1.0 g) of each sample was dispersed in 10 mL of distilled water and agitated. The mixture was allowed to stand at room temperature for 30 minutes and was shaken every 5 minutes. At the end of 30 minutes, it was centrifuged, and the extract was recovered. A 2.5 mL portion of the supernatant was transferred into a 50 mL volumetric flask. Similarly, 2.5 mL of standard tannic acid solution was transferred into a separate 50 mL flask. One millilitre of Folin–Denis reagent was added to each flask, followed by 2.5 mL of saturated Na2CO3 solution. Each mixture was diluted to the 50 mL mark and incubated at room temperature for 90 minutes. The absorbance was measured at 250 nm using a Jenway Model 6000i electronic spectrophotometer, with the reagent blank set to zero. The tannin content was calculated as follows:
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Where:
An = absorbance of test sample
As = absorbance of standard tannin solution
C = concentration of standard tannin solution
W = weight of sample used
Vf = total volume of extract
Va = volume of extract analysed
D = dilution factor
2.6.4 Determination of Saponin
The double-solvent extraction gravimetric method described by AOAC International (2019) was used. Two grams (2 g) of the processed sample was mixed with 100 mL of 20% aqueous ethanol solution and incubated for 12 hours at 55°C with constant agitation. The mixture was then filtered through Whatman No. 42 filter paper. The residue was re-extracted with 50 mL of the ethanol solution for 30 minutes, and the extracts were combined. The combined extract was reduced to approximately 40 mL by evaporation and transferred to a separating funnel, after which an equal volume (40 mL) of diethyl ether was added. After thorough mixing and phase separation, the upper layer was discarded, while the lower aqueous layer was re-extracted with ether. Its pH was then adjusted to 4.5 by the dropwise addition of NaOH solution. Saponin in the extract was recovered by successive extraction with 5% NaCl solution and evaporated in a water bath in a previously weighed evaporating dish. The saponin was dried in a Gallenkamp hot-box oven at 60°C to remove residual solvent, cooled in a desiccator, and reweighed. The saponin content was calculated as shown below:
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Where:
W = weight of sample used
W1 = weight of empty evaporating dish
W2 = weight of dish + saponin extract
2.7 Determination of Mineral Composition
The mineral composition of the cookie samples, including calcium, iron, magnesium, phosphorus, potassium, and zinc, was determined according to the methods described by AOAC International (2019). Approximately 2 g of each finely ground sample was subjected to acid digestion using concentrated nitric acid and perchloric acid until a clear digest was obtained. The digest was filtered and diluted to a known volume with deionised water. Calcium (Ca), iron (Fe), magnesium (Mg), and zinc (Zn) were determined using an atomic absorption spectrophotometer (AAS), while potassium (K) was determined using a flame photometer. Phosphorus (P) was determined colorimetrically by the vanadomolybdate method using a UV–visible spectrophotometer. Calibration was performed using standard solutions of the respective minerals, and the results were expressed as mg/100 g of sample.
2.8 Determination of Vitamin Composition
2.8.1 Determination of Thiamine (Vitamin B₁)
Thiamine content was determined according to AOAC International (2019). The sample was extracted under acidic conditions and subjected to enzymatic hydrolysis to release bound thiamine. The extract was purified and analysed using high-performance liquid chromatography (HPLC). Quantification was achieved by comparing the chromatographic peak area of the sample with those of certified thiamine standards, and the results were expressed as mg/100 g of sample.
2.8.2 Determination of Riboflavin (Vitamin B₂)
Riboflavin was determined using the AOAC International (2019) method. The sample was extracted with dilute acid, followed by enzymatic treatment to release protein-bound riboflavin. The extract was filtered and analysed using high-performance liquid chromatography (HPLC). The riboflavin concentration was calculated from a calibration curve prepared using standard riboflavin solutions and expressed as mg/100 g of sample.
2.8.3 Determination of Niacin (Vitamin B₃)
Niacin content was determined according to AOAC International (2019). The sample was subjected to acid hydrolysis to convert bound niacin into its free form, after which the extract was filtered and analysed using high-performance liquid chromatography (HPLC). The niacin concentration was determined by comparison with standard niacin solutions, and the results were expressed as mg/100 g of sample.
2.8.4 Determination of Folate (Vitamin B₉)
Folate content was determined following the method described by AOAC International (2019). The sample was extracted in a buffered solution containing antioxidants to prevent folate degradation and treated enzymatically to convert folate polyglutamates into monoglutamate forms. The purified extract was analysed using high-performance liquid chromatography (HPLC), and the folate concentration was quantified using external folate standards. The results were expressed as µg/100 g of sample.
2.9 Statistical Analysis
All analyses were carried out in triplicate, and the results were expressed as mean ± standard deviation. The data obtained were subjected to analysis of variance (ANOVA) using IBM SPSS Statistics Version 29.0. The means were separated using Duncan's multiple range test (DMRT) at a 95% confidence level (p < 0.05).

3.0 Results and Discussion
Table 2: Functional Properties of Wheat–Cassava Kidney Bean- Fortified Flour
	Parameters
	WCKA(100% Wheat)
	WCKB (80:15:5)
	WCKC (80:10:10)
	WCKD (80:5:15)

	Bulk Density (g/ml)
	0.71 ± 0.01ᵃ
	0.68 ± 0.01ᵇ
	0.65 ± 0.01ᶜ
	0.62 ± 0.02ᵈ

	Water Absorption Capacity (g/g)
	1.42 ± 0.01ᵈ
	1.58 ± 0.02ᶜ
	1.73 ± 0.01ᵇ
	1.88 ± 0.01ᵃ

	Oil Absorption Capacity (g/g)
	1.21 ± 0.02ᵈ
	1.34 ± 0.01ᶜ
	1.47 ± 0.02ᵇ
	1.56 ± 0.01ᵃ

	Swelling Capacity (%)
	4.18 ± 0.01ᵈ
	4.42 ± 0.02ᶜ
	4.66 ± 0.01ᵇ
	4.91 ± 0.01ᵃ

	Foaming Capacity (%)
	5.32 ± 0.01ᵈ
	6.81 ± 0.02ᶜ
	7.56 ± 0.01ᵇ
	8.44 ± 0.02ᵃ

	Gelation Capacity (%)
	7.25 ± 0.02ᵈ
	7.84 ± 0.01ᶜ
	8.46 ± 0.02ᵇ
	9.02 ± 0.01ᵃ


Values are expressed as Mean ± Standard Deviation of triplicate determinations. Means within the same row bearing different superscript letters are significantly different at p < 0.05
3.1 Functional Properties of Wheat–Cassava–Kidney Bean-Fortified Flour
Table 2 presents the functional properties of wheat–cassava composite flour fortified with varying levels of kidney bean flour. The incorporation of kidney bean flour significantly (p < 0.05) influenced all the functional properties evaluated. Increasing the proportion of kidney bean flour resulted in a progressive decrease in bulk density and corresponding increases in water absorption capacity, oil absorption capacity, swelling capacity, foaming capacity, and gelation capacity, indicating improved functionality of the composite flour.
Bulk density decreased from 0.71 to 0.62 g/mL with increasing kidney bean flour substitution. This reduction may be attributed to the lower particle compactness and higher porosity of kidney bean flour relative to wheat flour. Lower bulk density is desirable because it improves flour dispersibility, reduces packaging and transportation costs, and enhances handling characteristics. Similar reductions in bulk density following legume fortification have been reported by Noorfarahzilah et al. (2014) and Chandra et al. (2015). Conversely, water absorption capacity increased from 1.42 to 1.88 g/g, while oil absorption capacity increased from 1.21 to 1.56 g/g. These improvements are likely due to the higher protein and dietary fibre contents of kidney bean flour, which provide hydrophilic and hydrophobic binding sites for water and oil, respectively. Improved water and oil absorption capacities are desirable in bakery products because they enhance dough yield, flavour retention, texture, and overall product quality. Similar findings have been reported by Kaur and Sandhu (2010) and Adebiyi et al. (2017).
Swelling capacity, foaming capacity, and gelation capacity also increased significantly with increasing levels of kidney bean flour. The enhanced swelling capacity suggests improved hydration and starch–protein interactions within the composite flour system. Likewise, the increases in foaming and gelation capacities reflect the functional contribution of kidney bean proteins, which possess superior surface-active and gel-forming properties. These characteristics are important for dough aeration, structural stability, and the development of a desirable texture in baked products. Comparable observations have been reported by Chandra et al. (2015), Iwe et al. (2016), and Adebiyi et al. (2017). Overall, the findings demonstrate that kidney bean flour substantially improved the functional quality of wheat–cassava composite flour. Although WCKD (80% wheat flour, 5% cassava flour, and 15% kidney bean flour) exhibited the most favourable functional properties, moderate substitution levels (WCKB and WCKC) may provide a better balance between processing performance, nutritional quality, and consumer acceptability. These results support the application of kidney bean flour as a functional ingredient in the development of nutritionally enriched wheat–cassava composite flour for cookie production.











Table 3: Anti-nutritional Composition of Biscuits Produced Using Wheat–Cassava Flour   
  Fortified with Kidney Bean Flour
	Parameters
	WCKA(100% Wheat)
	WCKB (80:15:5)
	WCKC (80:10:10)
	WCKD (80:5:15)

	Phytate
	1.12 ± 0.01ᵈ
	 1.46 ± 0.02ᶜ
	 1.78 ± 0.01ᵇ
	 2.05 ± 0.01ᵃ

	Oxalate
	0.42 ± 0.01ᵈ
	 0.58 ± 0.01ᶜ
	 0.73 ± 0.02ᵇ
	 0.91 ± 0.01ᵃ

	Tannin
	0.18 ± 0.01ᵈ
	 0.24 ± 0.01ᶜ
	 0.31 ± 0.01ᵇ
	 0.39 ± 0.01ᵃ

	Saponin
	0.25 ± 0.01ᵈ
	 0.41 ± 0.01ᶜ
	 0.57 ± 0.01ᵇ
	 0.72 ± 0.02ᵃ


Values are expressed as Mean ± Standard Deviation of triplicate determinations. Means within the same row bearing different superscript letters are significantly different at p < 0.05


3.2 Anti-nutritional Composition of Wheat–Cassava–Kidney Bean-Fortified Cookies
Table 3 presents the anti-nutritional composition of cookies produced from wheat–cassava composite flour fortified with varying levels of kidney bean flour. Fortification significantly (p < 0.05) increased the concentrations of phytate, oxalate, tannin, and saponin across all formulations. Sample WCKD, containing 15% kidney bean flour, recorded the highest values for all the anti-nutritional factors evaluated, while the control sample (WCKA) had the lowest values. The observed increases are attributable to the naturally occurring anti-nutritional compounds in kidney beans, indicating that the fortification level directly influenced the anti-nutrient composition of the cookies. Phytate content increased from 1.12 to 2.05 mg/100 g, while oxalate increased from 0.42 to 0.91 mg/100 g as kidney bean flour substitution increased. Similar increases were observed for tannin (0.18–0.39 mg/100 g) and saponin (0.25–0.72 mg/100 g). These findings agree with those of Di Cairano et al. (2018), Abera et al. (2023), and Li et al. (2024), who reported that incorporating legume flours into bakery products may increase anti-nutritional compounds because legumes naturally contain appreciable quantities of these phytochemicals.
Although anti-nutritional factors may reduce the bioavailability of minerals and protein by forming insoluble complexes or interfering with digestive enzymes, the concentrations obtained in the present study were relatively low compared with those reported for raw kidney beans. This reduction is likely attributable to the combined effects of soaking, drying, milling, and baking, which have been shown to reduce anti-nutritional compounds through leaching, enzymatic degradation, and thermal decomposition. Consequently, the anti-nutrient levels recorded are unlikely to pose nutritional or health concerns under normal dietary consumption. Overall, the results indicate that kidney bean fortification significantly increased the anti-nutritional content of wheat–cassava composite cookies; however, this increase was modest compared with the corresponding improvement in micronutrient composition. Although WCKD recorded the highest anti-nutrient concentrations, it also exhibited the greatest nutritional enhancement. Therefore, WCKB and WCKC may offer a more desirable balance between improved nutrient density and acceptable anti-nutritional levels, making them suitable formulations for producing functional composite cookies.
















Table 4: Minerals and B-Vitamins Composition of Biscuits Produced Using Wheat–Cassava Flour Fortified with Kidney Bean Flour
	Parameters
	WCKA(100% Wheat)
	WCKB (80:15:5)
	WCKC (80:10:10)
	WCKD (80:5:15)

	Calcium (mg/100g)
	18.40 ± 0.02ᵈ
	22.35 ± 0.03ᶜ
	26.18 ± 0.02ᵇ
	30.42 ± 0.01ᵃ

	Iron (mg/100g)
	1.52 ± 0.01ᵈ
	2.14 ± 0.01ᶜ
	2.76 ± 0.02ᵇ
	3.31 ± 0.01ᵃ

	Magnesium (mg/100g)
	24.60 ± 0.03ᵈ
	30.22 ± 0.01ᶜ
	35.81 ± 0.04ᵇ
	40.64 ± 0.02ᵃ

	Phosphorus (mg/100g)
	86.35 ± 0.01ᵈ
	95.44 ± 0.02ᶜ
	106.52 ± 0.01ᵇ
	115.30 ± 0.02ᵃ

	Potassium (mg/100g)
	112.42 ± 0.02ᵈ
	128.36 ± 0.01ᶜ
	145.27 ± 0.03ᵇ
	161.48 ± 0.02ᵃ

	Zinc (mg/100g)
	0.82 ± 0.01ᵈ
	1.05 ± 0.02ᶜ
	1.28 ± 0.01ᵇ
	1.54 ± 0.01ᵃ

	Vitamin B1 (mg/100g)
	0.32 ± 0.01ᵈ
	0.36 ± 0.01ᶜ
	0.40 ± 0.01ᵇ
	0.45 ± 0.01ᵃ

	Vitamin B2 (mg/100g)
	0.11 ± 0.00ᵈ
	0.14 ± 0.00ᶜ
	0.17 ± 0.01ᵇ
	0.19 ± 0.01ᵃ

	Vitamin B3 (mg/100g)
	2.25 ± 0.02ᵈ
	2.48 ± 0.01ᶜ
	2.71 ± 0.02ᵇ
	2.94 ± 0.01ᵃ

	Folate (µg/100g)
	22.10 ± 0.03ᵈ
	28.36 ± 0.01ᶜ
	35.27 ± 0.02ᵇ
	41.52 ± 0.03ᵃ


Values are expressed as Mean ± Standard Deviation of triplicate determinations. Means within the same row bearing different superscript letters are significantly different at p < 0.05

3.3 Mineral and B-Vitamin Composition of Wheat–Cassava–Kidney Bean-Fortified
Cookies
Table 4 presents the mineral and B-vitamin composition of cookies produced from wheat–cassava composite flour fortified with kidney bean flour. Fortification significantly (p < 0.05) influenced the concentrations of all the minerals and vitamins evaluated. In general, increasing the proportion of kidney bean flour resulted in progressive increases in calcium, iron, magnesium, phosphorus, potassium, zinc, thiamine, riboflavin, niacin, and folate contents, indicating that kidney bean flour is an effective source of micronutrient enrichment.
Calcium content increased significantly from 18.40 mg/100 g in the control (WCKA) to 30.42 mg/100 g in WCKD, while iron increased from 1.52 to 3.31 mg/100 g. Similarly, magnesium, phosphorus, potassium, and zinc contents increased significantly with increasing kidney bean flour substitution. The higher mineral contents observed in the fortified cookies may be attributed to the naturally high mineral composition of kidney beans compared with refined wheat flour. Similar improvements in the mineral composition of legume-fortified bakery products have been reported by Inyang et al. (2018), Adebiyi et al. (2017), and Bakara et al. (2024). The enhanced mineral profile suggests that kidney bean fortification may contribute to an improved dietary intake of essential minerals involved in bone development, oxygen transport, enzyme activity, electrolyte balance, and immune function.
A similar trend was observed for the B-complex vitamins. Thiamine, riboflavin, niacin, and folate increased significantly (p < 0.05) as the level of kidney bean flour increased, with WCKD recording the highest values for all the vitamins evaluated. These findings are consistent with previous reports that legumes are valuable sources of B vitamins and can substantially improve the vitamin content of cereal-based products (Inyang et al., 2018; Di Cairano et al., 2018). The increase in folate is particularly important because of its role in DNA synthesis, erythropoiesis, and normal foetal development.
Overall, the results demonstrate that kidney bean flour significantly enhanced the micronutrient quality of wheat–cassava composite cookies. Among the formulations, WCKD (80% wheat flour, 5% cassava flour, and 15% kidney bean flour) exhibited the highest concentrations of all micronutrients, confirming that increasing kidney bean flour incorporation improved the nutritional quality of the cookies. However, considering both nutritional quality and sensory acceptability, moderate substitution levels (WCKB and WCKC) may provide a more desirable balance between nutrient enhancement and consumer preference. These findings support the use of kidney bean flour as a functional ingredient for developing nutrient-enriched cookies from locally available raw materials.
Conclusion
This study demonstrated that fortifying wheat–cassava composite flour with kidney bean flour significantly improved the nutritional quality and functional properties of the cookies produced. Increasing the level of kidney bean flour enhanced the micronutrient composition of the cookies, particularly their mineral and B-vitamin contents, confirming the nutritional potential of kidney bean as a fortifying ingredient in bakery products. Although the concentrations of phytate, oxalate, tannin, and saponin increased with increasing levels of kidney bean flour, the values remained within acceptable limits, indicating that the processing methods employed were effective in minimising the adverse effects of these anti-nutritional compounds. Consequently, the fortified cookies retained desirable nutritional quality without posing significant nutritional concerns.
The functional properties of the composite flour were also improved by kidney bean fortification. Increased water absorption capacity, oil absorption capacity, swelling capacity, foaming capacity, and gelation capacity, together with reduced bulk density, indicated improved processing characteristics and the suitability of the flour blends for cookie production. Among the formulations evaluated, WCKD (80% wheat flour, 5% cassava flour, and 15% kidney bean flour) produced the greatest nutritional and functional improvements. However, WCKB and WCKC provided a better overall balance between nutritional enhancement, functional performance, and product quality, making them more suitable for practical application.
In conclusion, kidney bean flour is an effective fortifying ingredient for wheat–cassava composite flour. Its incorporation provides a practical approach to producing nutrient-enriched cookies, promoting the utilisation of locally available agricultural resources, reducing dependence on imported wheat, and contributing to improved food and nutrition security in Nigeria.
Limitations
The study examined a limited number of flour formulations and did not assess proximate composition, residual cyanide, mineral bioavailability, physical cookie characteristics, shelf stability, or sensory acceptability. The analyses were reported in triplicate, but independent production-batch replication was not clearly described. Future studies should include validated analytical quality controls, independent batches, sensory evaluation, and bioavailability assessment.
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