


Development and evaluation of functional bread from whole wheat, red kidney beans and defatted coconut flour blends 


Abstract 
      Growing consumer awareness of the relationship between dietary patterns and health outcomes has significantly driven the demand for functional foods.This study evaluated the quality characteristics of functional bread developed from the blends of whole wheat (WH), red kidney beans (RKB), and coconut flour (CF). Flours were produced from whole wheat (WW), RKB, and CF, and used to formulate six samples: S1 (100% refined wheat), S2 (100% WW), S3 (90% WW, 5% RKB, 5% CF), S4 (85% WW, 10% RKB, 5% CF), S5 (80% WW, 15% RKB, 5% CF), and S6 (75% WW, 20% RKB, 5% CF). The flour blends were processed into bread and analyzed for in vitro glycaemic index, total flavonoid, and phenolic contents, and antioxidant properties (radical scavenging activity by 1,1-diphenyl-2-picrylhydrazyl (DPPH). The glycaemic index, of the optimized bread were significantly higher (p < 0.05) than in the control sample having 2.65 % (sample S1) to 3.5 % (sample S6). The total phenolic and flavonoid contents of the control and optimized bread were significantly (p < 0.05) different with values ranging from 0.77 mg FAE /g (sample S1) to 1.74 mg FAE /g (sample S6) and 20.60 µg CE /g (sample S1) to 33.86 µg CE /g (sample S6) respectively.  A significant (P<0.05) variation was observed in the DPPH with values ranging from 2.65 (sample S1) to 3.50 (sample S6).  The findings indicate that the glycaemic index and antioxidant capacity of the developed functional bread substantiate its potential health-promoting benefits.
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1. Introduction 
        

The growing level of consumer awareness and interest in health, wellness, and nutrition has markedly increased the demand for foods that promote health and prevent disease, commonly termed functional foods (Ndife et al., 2011a). These foods are characterised by the presence of bioactive constituents capable of delivering physiological benefits beyond basic nutritional functions (Saleh et al., 2013). Such benefits are largely attributed to compounds including phytochemicals, dietary fibres, and proteins. Evidence from several studies suggests that the development and consumption of functional foods can enhance nutritional status and contribute to reducing the risk of degenerative diseases associated with contemporary lifestyles (Olaiya et al., 2016). Furthermore, the global emphasis on functional foods in health management has intensified, with reports indicating that widespread consumption may reduce healthcare expenditure by up to 20% (Ibidapo et al., 2020).

Bread represents one of the principal products within the bakery sector and serves as an effective vehicle for the fortification of micronutrients and incorporation of functional ingredients, thereby enhancing its nutritional value. It is defined as a fermented and leavened product primarily produced from wheat flour, combined with ingredients such as yeast, salt, sugar, and water (Kouassi-Koffi et al., 2016). Bread is widely recognised as a significant source of dietary carbohydrates and remains a staple food consumed across diverse socio-economic groups worldwide. Its broad acceptability among both children and adults underscores its dietary importance. In Nigeria, bread has been identified as the second most consumed non-indigenous staple food after rice (Nwakaegho et al., 2017). Annual supply estimates indicate approximately 6.2 billion loaves (equivalent to 5.2 million tonnes) entering the Nigerian market through domestic production from over 20,000 bakeries, as well as imports from neighbouring countries (Nwakaegho et al., 2017).

Wheat flour (Triticum aestivum) remains the predominant raw material for bread production due to its superior baking properties, including dough extensibility and viscoelasticity, which are primarily attributed to gluten proteins (Al-hajj et al., 2023). However, bread produced from refined wheat flour is often associated with reduced nutritional quality and diminished antioxidant capacity as a consequence of milling processes. This limitation necessitates dietary interventions involving the incorporation of functional ingredients to enhance its health-promoting properties (Manonmani et al., 2014). The development of functional bread enriched with bioactive components such as proteins, dietary fibres, and phenolic antioxidants has been widely investigated and shown to improve nutritional quality (Ndife et al., 2011; Dooshima et al., 2014). Moreover, increasing consumer demand for functional bread has been documented, largely due to its perceived therapeutic benefits (Ibidapo et al., 2020). Consequently, bread may be regarded as an ideal food matrix for delivering functional attributes while maintaining desirable sensory characteristics.

          Red kidney bean (Vigna angularis) is a leguminous crop widely recognised as a staple food and an affordable source of dietary protein. It is extensively consumed in many developing countries, where protein–energy malnutrition remains prevalent, as well as in developed regions where such deficiencies are less common.Because of their high protein, mineral and fibre content, legumes (beans) are consumed instead of meat in underdeveloped and developing countries (Nwagbaoso et al., 2018). A key functional benefit of red kidney beans lies in their high dietary fiber content, particularly soluble fiber, which aids in lowering blood cholesterol and improving glycemic control. This makes them especially valuable in the management of cardiovascular disease and type 2 diabetes (Anderson et al., 2009). These legumes are also notable for their antioxidant profile. They contain high levels of polyphenols, especially flavonoids and tannins, which help reduce oxidative stress and inflammation in the body—two underlying factors in the development of chronic diseases such as cancer, obesity, and neurodegenerative disorders (Ranilla et al., 2009; Pérez-Hernández et al., 2016). Red kidney beans also provide a sustainable source of plant-based protein, supporting muscle repair, immune function, and overall nutritional adequacy in both vegetarian and omnivorous diets (Mitchell et al., 2009). They are particularly rich in lysine, an amino acid often limited in cereal-based diets. However, it is important to properly cook red kidney beans before consumption. Raw or undercooked beans contain phytohemagglutinin, a naturally occurring toxin that can cause nausea and vomiting. Boiling for at least 10 minutes effectively destroys this toxin (FDA, 2017).
       Defatted coconut flour (DCF) is a byproduct obtained after oil extraction from coconut meat (Cocos nucifera). Though traditionally considered a waste material, it has gained recognition as a functional food ingredient due to its rich content of dietary fiber, protein, and bioactive compounds. Its nutritional profile and physiological effects make it highly beneficial to human health. One of the most notable attributes of DCF is its very high fiber content, especially insoluble fiber, which can support digestive health by promoting bowel regularity, reducing the risk of constipation, and aiding in detoxification (Trinidad et al., 2006). The high fiber content also contributes to satiety, helping in weight management by reducing overall calorie intake. DCF is also associated with glycemic control. Studies have shown that incorporating DCF into carbohydrate-rich foods can lower their glycemic index, thereby improving blood sugar regulation—an important factor for managing and preventing type 2 diabetes. Furthermore, DCF contains residual phenolic compounds and antioxidants that may help reduce oxidative stress and inflammation, offering protective effects against chronic diseases such as cardiovascular diseases and cancer (Dayrit, 2014). In terms of nutrient content, defatted coconut flour is a good source of plant-based protein, iron, and zinc, contributing to immune support and cellular metabolism. Being gluten-free, it is also ideal for individuals with celiac disease or gluten sensitivity. Incorporating DCF into baked products, smoothies, and dietary formulations not only improves the nutritional value but also offers functional benefits for metabolic health, digestive well-being, and chronic disease prevention.
        

The application of composite flour technology, whereby a proportion of wheat flour is substituted with locally cultivated crops such as cereals, legumes, and roots and tubers, has attracted considerable research interest for enhancing the nutritional quality of bread and facilitating the development of functional bakery products (Ndife et al., 2011a). Nevertheless, there is a paucity of information regarding the production of functional bread using blends of whole wheat, red kidney bean, and coconut flours. Accordingly, the present study aims to develop and evaluate the quality characteristics of functional bread formulated from composite flours comprising whole wheat, red kidney bean, and coconut.
2. Materials and methods
2.1 Materials Procurement   
       Whole wheat grains, red kidney bean and coconut fruits were sourced from a local market Makurdi metropolis of Benue state Nigeria 
2.2 Preparation of raw materials  
[bookmark: _Toc125647525]2.2.1 Preparation of whole wheat flour 
         The whole wheat grains were cleaned of dirt by sorting out contaminants such as sands, stones, sticks and leaves.  This was followed by washing with clean water to remove dust and other contaminants which cannot be removed by sorting. After this, the grains were immediately oven dried at 55oC for 6 hours. Finally the grains were milled using  an attrition mill and sieved (0.5mm) into fine flour (Ndife et al., 2011;  Pandit and  Kaur, 2020). 
[bookmark: _Toc125647526]2.2.2 Preparation of red kidney bean flour 
         The kidney bean flour was prepared using the method described by Inyang et al. ( 2018); Noah & Adedeji, (2020) and   Ukeyima et al. (2019).  The beans were thoroughly cleaned. This was followed by soaking in clean water for 12 hours. After this the beans were washed twice with clean water, blanched in hot water at 85oC for 30minutes, dehulled and washed with fresh water. The blanched beans were dried in a conventional oven at 55oC for 20 hours. The dried beans were milled into flour, sieved (0.05mm) and stored in air-tight containers. 
[bookmark: _Toc125647527]2.2.3 Preparation of defatted coconut flour 
        
Mature coconut fruits were processed into defatted coconut flour using a wet extraction method. The coconuts were first dehusked, and the coconut water was drained. The kernel was subsequently cut into smaller pieces using a stainless steel knife and transferred into a liquidiser containing boiling water, where it was blended for approximately 5 minutes until a uniform pulp was obtained. The resulting slurry was filtered through cheesecloth to separate the liquid fraction from the solid residue. The residue was further washed with hot water (100 °C) to facilitate additional oil extraction. Thereafter, the defatted residue was weighed and dried in a hot air oven dryer (Apex, Royce Ross Ltd) at 55 °C for 7 hours. The dried material was milled into flour using a plate mill (Quaker City Grinding Co., Model 4-E, Phoenixville, PA) and subsequently sieved through a 0.5 mm mesh. The resulting coconut flour was packaged in polyethylene bags, stored at ambient temperature, and utilised for bread production (Mihiranie et al., 2017; Afoakwah et al., 2019).
2.3 Bread formulation 
[bookmark: _Toc97294748][bookmark: _Toc125613325]Table 1: Formulation of flour blends for the preparation of bread
	Samples
	Refined Wheat flour
	whole wheat flour
	Red kidney bean flour
	coconut  flour

	S1 control 1
	100
	0
	0
	0

	S2 control 2
	0
	100
	0
	0

	S3
	0
	90
	5
	5

	S4
	0
	85
	10
	5

	S5
	0
	80
	15
	5

	S6
	0
	75
	20
	5



2.4 Bread analyses
2.4.1 In vitro glycaemic index analysis of the bread samples 
[bookmark: _Toc121208363][bookmark: _Toc121275078][bookmark: _Toc121208364][bookmark: _Toc121275079][bookmark: _Toc121362643]         The in vitro glycaemic index (GI) of the bread samples was determined following the method described by Edima et al. (2019). A 50 mg portion of each sample was mixed with 10 ml of HCl–KCl buffer (pH 1.50) and homogenised for 2 minutes using a vortex mixer (Buck Scientific Limited, LV, USA). Subsequently, 0.20 ml of pepsin solution (1 mg pepsin in 10 ml HCl–KCl buffer, pH 1.50) was added to each mixture. The samples were then incubated in a water bath at 40 °C for 60 minutes with continuous agitation.

Following incubation, the digests were diluted to a final volume of 25 ml with 15 ml of Tris–maleate buffer (pH 6.9). Starch hydrolysis was initiated by the addition of 5 ml Tris–maleate buffer containing 2.60 IU of porcine pancreatic α-amylase. The mixtures were incubated at 37 °C under moderate agitation. Aliquots of 1 ml were withdrawn from each flask at 30-minute intervals over a period of 3 hours. Enzyme activity was immediately terminated by placing the samples in a boiling water bath for 5 minutes.

Thereafter, 3 ml of 0.40 M sodium acetate buffer (pH 4.75) and 60 μl of amyloglucosidase from Aspergillus niger were added, followed by incubation at 60 °C for 45 minutes. The glucose concentration was subsequently determined using a glucose oxidase–peroxidase assay kit (Baloworld Scientific G3254 – Acap 01). The extent of starch hydrolysis was expressed as the percentage of total starch digested at specific time intervals (30, 60, 90, and 120 minutes). A non-linear model was applied to describe the kinetics of the starch hydrolysis. The first order equation had the form
[bookmark: _Toc121208365][bookmark: _Toc121275080][bookmark: _Toc121362644][bookmark: _Toc125647560]C = C ∞ (1 – e –kt)                                               (1)
[bookmark: _Toc121208366][bookmark: _Toc121275081][bookmark: _Toc121362645][bookmark: _Toc125647561]And the areas under the Hydrolysis Curve (AUC) were calculated using the following equation: 
[bookmark: _Toc121208367][bookmark: _Toc121275082][bookmark: _Toc121362646][bookmark: _Toc125647562]AUC = C∞ (tf–t0) – (C∞/k) [1 –exp (tf – to) ]          (2)
[bookmark: _Toc121208368][bookmark: _Toc121275083][bookmark: _Toc121362647][bookmark: _Toc125647563]C = Percentage of starch hydrolyzed at time t, C∞= Equilibrium percentage of starch hydrolyzed after 120 minutes, k = Kinetic constant, t = Time, tf= Final time (120 minutes) and to = Initial time (0 min)
[bookmark: _Toc121208369][bookmark: _Toc121275084][bookmark: _Toc121362648][bookmark: _Toc125647564]The Hydrolysis Index (HI) was obtained by dividing the area under the hydrolysis curve of each sample by the corresponding area of a reference sample (glucose).
[bookmark: _Toc121208370][bookmark: _Toc121275085][bookmark: _Toc121362649][bookmark: _Toc125647565]  HI =                            (3)
[bookmark: _Toc121208371][bookmark: _Toc121275086][bookmark: _Toc121362650][bookmark: _Toc125647566]The Glycaemic Index (GI) was calculated using this equation: 
[bookmark: _Toc121208372][bookmark: _Toc121275087][bookmark: _Toc121362651][bookmark: _Toc125647567]GI = 39.71+ (0.549× HI)              (4)
2.4.2 Determination of total phenolic content 
       The amount of total phenol was determined using the analytical procedure described by Ibidapo et al. (2020) in which Folin-Ciocalteau reagents were used with ferulic acid as a standard phenolic compound. 
2.4.3 Determination of total flavonoid content 
        The total flavonoid content of the extract was estimated using aluminum chloride method as described by Ibidapo et al. (2020) using catechin acid as the reference standard and the total flavonoid content was expressed as mg catechin acid /g of extract.
2.4.4 Determination of antioxidant properties (1, 1-diphenyl-2-picrylhydrazyl (DPPH) antioxidant power of the bread samples)
         The free radical scavenging activity of the bread extract was evaluated using the DPPH assay, following the procedure described by Ibidapo et al. (2020). The antioxidant capacity of the sample was assessed based on its ability to reduce the DPPH radical, with higher levels of reduction corresponding to greater inhibitory activity. The scavenging effect was expressed as a percentage inhibition of the DPPH radical and was analysed across five concentrations (20, 40, 60, 80, and 100 μg/ml). The scavenging effect was calculated using the expression:
% inhibition = [A0 −A1]/A0 ×100
[bookmark: _Toc161476609][bookmark: _Toc200200258]2.4.5 Determination of antioxidant properties (Ferric reducing antioxidant power (FRAP) of the bread samples) 
        


Ferric Reducing Antioxidant Power (FRAP): The reducing capacity of the extracts was evaluated based on their ability to convert ferric chloride (FeCl₃) to its reduced form, following the method described by Adetuyi and Ibrahim (2014). Briefly, 2.5 ml of the sample extract was combined with 2.5 ml of 200 mM sodium phosphate buffer (pH 6.6) and 2.5 ml of 1% potassium ferricyanide. The resulting mixture was incubated at 50 °C for 20 minutes, after which 2.5 ml of 10% trichloroacetic acid was added to terminate the reaction. The mixture was then centrifuged at 2000 × g for 10 minutes. Subsequently, 5 ml of the supernatant was mixed with an equal volume of distilled water and 1 ml of 0.1% ferric chloride solution. Absorbance was measured at 700 nm using a spectrophotometer (Jenway 6305). The ferric reducing antioxidant power was calculated using ascorbic acid as the standard and expressed as milligrams of ascorbic acid equivalents per 100 g of sample (mg AAE/100 g).


2.5 Data Analysis 
       

The data obtained were analysed using one-way analysis of variance (ANOVA), and significant differences among means were separated using Duncan’s Multiple Range Test (DMRT) at a 5% level of significance. All statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS), version 26.

3. Results and discussion 
[bookmark: _Toc125647617]3.1 In vitro glycermic index (GI) analysis of bread samples 
[bookmark: _Toc121208430]      The glycaemic index (GI) analysis of the bread is presented in Figure 1. The Glycermic index (GI) of the bread samples ranged from 78.62±1.46% (sample S1) to 51.38±0.03% (sample S6). There was a decrease in GI from sample S1 to sample S6 with the addition of red kidney bean and deffated coconut flour.  

[bookmark: _Toc97272580][bookmark: _Toc125648433]Figure 1: In vitro Glycermic index of bread produced from refined wheat, whole wheat, red kidney bean and coconut flour blends. S1= 100% refined wheat flour control 1, S2= 100% whole wheat flour control 2, S3= 90% whole wheat, 5% red kidney bean and 5% coconut flour blend, S4= 85% whole wheat, 10% red kidney bean and 5% coconut flour blend, S5= 80% whole wheat, 15% red kidney bean and 5% coconut flour blend, S6= 75% whole wheat, 20% red kidney bean and 5% coconut flour blend 

[bookmark: _GoBack]     There was a significant (p<0.05) decrease in Glycaemic index from S1 to S6, with S1 having the highest and S6 with the least values Figure 1.   The decreased in GI value could be due to increase in the dietary fiber content and low carbohydrate content of the bread samples (Marianna et al., 2021; Trinidad et al., 2006; Afolabi et al., 2016). Starch is primarily composed of long-chain glucose polymers, namely amylose and amylopectin. Pulses contain a comparatively high amylose content (30–40%) relative to most other dietary starch sources, such as cereals. Amylose exhibits lower digestibility than amylopectin. Consequently, starch derived from pulses provides a slow-release form of carbohydrate, as its digestion occurs more gradually. This results in a lower and more sustained postprandial glycaemic response compared with other starch types, rendering it particularly advantageous for individuals with diabetes mellitus. This work is similar to finding reported by Björck and  Liljeberg, (2003); Akinjayeju et al., (2020); Edima et al., (2019), who noted that whole wheat products contain higher resistance starch (dietary fibre) resulting to low G1 value of less than 55%. The glycaemic index (GI) is a scientific scale ranging from 0 to 100 that classifies carbohydrate-containing foods according to the rate and extent to which they elevate postprandial blood glucose levels. This response is determined by the speed at which dietary carbohydrates are digested and converted into glucose. Dietary fibre, particularly through its viscous and structural properties, can modulate the rate of glucose release into the bloodstream, thereby contributing to improved regulation and management of diabetes mellitus and obesity.
Foods are generally categorised based on their GI values as follows: high GI (70–100), comprising carbohydrates that are rapidly digested and absorbed, leading to swift increases and marked fluctuations in blood glucose levels; medium GI (56–69), which are digested and absorbed at a moderate rate, resulting in a moderate glycaemic response; and low GI (0–55), consisting of carbohydrates that are digested slowly, leading to gradual glucose release and more stable blood glucose levels (Trinidad et al., 2006). Samples S2 to S6, could be classified as low glycaemic load foods, since their values were within the recommended value for low glycaemic load foods. This implies that the bread samples will very good for diabetics’ persons. 
[bookmark: _Toc125647619]3.2 Phytochemical content of bread samples
[bookmark: _Toc121208433][bookmark: _Toc121275148]      The Phyto-chemical composition of the bread is presented in Table 2. The total phenols content (TPC) of the bread ranged from 0.77±0.01mg FAE /g (sample S1) to 1.74±0.02mg FAE /g (sample S6). There was increase in TPC of the bread sample with the addition of red kidney bean and deffated coconut flour. The flavonoid content of bread sample ranged from 20.60c±0.26 µg CE /g (sample S1) 33.86±0.0626 µg CE /g (sample S6). There was increase in the flavonoid content of the bread with the addition of red kidney bean and deffated coconut flour.  
[bookmark: _Toc97294759][bookmark: _Toc125613335]Table 2:  Phenols and flavonoid content of bread samples 
	Bread sample 
	Total Phenols  (mg FAE /g)
	Flavonoid (µg CE /g)

	S1
	0.77f±0.01
	20.60c±0.26

	S2
	1.57e±0.02
	33.43b±0.06

	S3
	1.61d±0.01
	33.54b±0.02

	S4
	1.65c±0.01
	33.67a±0.02

	S5
	1.70b±0.01
	33.76a±0.04

	S6
	1.74a±0.02
	33.86a±0.06


Values are means of triplicate determinations ± S.D. Means followed by different superscript letters in the same column indicate significant difference at (p<0.05). S1= 100% refined wheat flour control 1, S2= 100% whole wheat flour control 2, S3= 90% whole wheat, 5% red kidney bean and 5% coconut flour blend, S4= 85% whole wheat, 10% red kidney bean and 5% coconut flour blend, S5= 80% whole wheat, 15% red kidney bean and 5% coconut flour blend, S6= 75% whole wheat, 20% red kidney bean and 5% coconut flour blend. FAE = ferulic acid equivalents, CE = catechin equivalents
[bookmark: _Toc125647620]3.2.1 Total phenols content (TPC) of bread samples 
[bookmark: _Toc125647621]         There was significant difference (p<0.05) between the controls (S1, S2) and the test samples (S3 to S6). This could be due to the addition of red kidney bean and deffated coconut. This report agrees with finding by Lilei et al., (2013),  who reported high TPC for whole wheat bread than refined wheat bread. This could be because refining removed the essential part (bran) of the grain which contents the phenols. This explains why the TPC of S2 is significantly (p<0.05) higher than S1. In this present study the values presented are far higher than those reported due to the incorporation of red kidney beans and coconut flours.    Also  Roy et al., 2020, reported a significant increase in TPC of biscuit when fortified with red kidney bean powder. High phenols content could imply high anti - oxidant activity of the bread since phenols has antioxidant properties (Asfaw, 2022). 
3.2.2 Flavonoid content of bread samples 
        There was significant increased (p<0.05) between the control (S1) and the test samples. The increased in the flavonoid content could be due to the incorporation of red kidney and coconut flour which have been reported to contain phyto-chemicals (Ojobor et al., 2018). This report is in agreement with finding by Chlopicka et al., (2012); Roy et al., (2020); Dimelu et al, (2019) which reported addition of , amaranth, legumes ( Red kidney bean) or fruit ( moringa pod) to wheat biscuit and bread resulted to significant high flavonoid content. Lilei et al., 2013 also reported that the used of whole wheat flour for bread production gives bread with high flavonoid content than the refined flour. This explains why control 1 is significantly (p<0.05) lower than control 2.  High flavonoid content could imply high anti- oxidant activity of the bread since flavonoid has anti-oxidant properties against oxidative stress (Banjarnahor & Artanti, 2014).
[bookmark: _Toc125647622]3.3 Antioxidant capacity of bread samples 
3.3.1 DPPH (2, 2-diphenyl-1-picrylhydrazyl) radical scavenging activities 
[bookmark: _Toc121208437][bookmark: _Toc121275152][bookmark: _Toc121362708][bookmark: _Toc125647623]        The antioxidant (DPPH) capacity of the bread samples are presented in Figure 2. The DPPH values for bread ranged from 2.65 (S1) - 3.50 µmol TE/g) (S6). There was increase in the DPPH values from sample S1 to sample S6 with the addition of red kidney bean and deffated coconut flour.






µmol TE/g)

[bookmark: _Toc97272581][bookmark: _Toc125648434]Figure 2: Antioxidant capacity DPPH (2, 2-diphenyl-1-picrylhydrazyl) of bread produced from refined wheat, whole wheat, red kidney bean and coconut flour blends. S1= (100% refined wheat flour), S2= (100% whole wheat flour), S3= (90% whole wheat, 5% red kidney bean and 5% coconut flour blend), S4= (85% whole wheat, 10% red kidney bean and 5% coconut flour blend), S5= (80% whole wheat, 15% red kidney bean and 5% coconut flour blend), S6= (75% whole wheat, 20% red kidney bean and 5% coconut flour blend). µmol TE/g:  micromole trolox equivalents per gram 

       The control samples (S1, S2) were significantly (p<0.05) lower than the test samples.  The increased in the DPPH values could be due to the increased in the quantity of red kidney bean and coconut flour which is known to contain bioactive components (like phenols, tannins, vitamin E) which have antioxidant ability (Ojobor et al., 2018; Roy et al., 2020). This report agrees with work presented by Lilei et al., (2013); Sedej et al. (2010), who reported that whole wheat bread have high antioxidant activity than refined wheat bread. This could be because the process of refining removes the bran which accounts for the antioxidant properties of whole wheat (Sedej et al., 2010). The high DPPH values are indication that the bread samples have the potential to limit oxidation reactions in the body (Banjarnahor & Artanti, 2014).
3.3.2 Ferric reducing antioxidant power (FRAP) of the bread samples 
        The Ferric Reducing Antioxidant Power (FRAP) of the bread samples increased significantly (from 2.05 to 3.47 mgAAE/100 g) as shown in Figure 3.





Figure 3: Ferric Reducing Antioxidant Power (FRAP) of the bread samples: S1= (100% refined wheat flour), S2= (100% whole wheat flour), S3= (90% whole wheat, 5% red kidney bean and 5% coconut flour blend), S4= (85% whole wheat, 10% red kidney bean and 5% coconut flour blend), S5= (80% whole wheat, 15% red kidney bean and 5% coconut flour blend), S6= (75% whole wheat, 20% red kidney bean and 5% coconut flour blend). MgAAE/ 100g: milligram ascorbic acid equivalents per gram

         This trend reflects the progressive substitution of whole wheat flour with red kidney bean and defatted coconut flour in the bread formulation. Sample S1, which consisted entirely of refined wheat flour, exhibited the lowest FRAP value (2.05 µmol Fe²⁺/g), confirming that refined wheat flour has limited antioxidant potential due to the removal of bran and germ during milling (Gani et al., 2012). In contrast, Sample S2, made from 100% whole wheat flour, had a markedly higher FRAP value (3.08 mgAAE/100 g), attributable to the retention of natural antioxidants like phenolic compounds and dietary fiber in whole wheat (Zhu et al., 2015). The FRAP values further increased from S3 to S6, reaching the highest value in S6 (3.47 mgAAE/100 g), which contained 75% whole wheat, 20% red kidney bean flour, and 5% defatted coconut flour. The increase in antioxidant capacity with higher proportions of red kidney bean flour can be linked to the high content of bioactive compounds in legumes, particularly phenolic acids, flavonoids, and anthocyanins (Chandrasekara & Shahidi, 2011). Similarly, defatted coconut flour is a good source of polyphenols and dietary fiber, which can also contribute to antioxidant activity (Trinidad et al., 2006). The synergy between the whole wheat, red kidney bean flour, and defatted coconut flour likely amplified the antioxidant potential of the bread samples through cumulative effects of their phytochemicals. This demonstrates the functional potential of composite flours in enhancing the health benefits of bakery products.
Conclusion
       The substitution of wheat flour with alternative flours in bread production led to notable improvements in the nutritional and functional properties of the final product. Specifically, the modified breads exhibited a reduced glycemic index, along with increased levels of total phenols, flavonoids, and antioxidant capacity. These enhancements suggest that such flour substitutions not only support better glycemic control but also provide added health benefits through improved antioxidant activity. Therefore, incorporating these blends in bread formulation offers a promising strategy for developing functional bakery products that align with current dietary and health trends.  
      The study revealed that the glycemic index and antioxidant properties of the developed functional bread validate its potential health-promoting effects. The substitution of wheat flour with alternative flours in bread production led to notable improvements in the nutritional and functional properties of the final product
Disclaimer (Artificial intelligence)
Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 


  References 
 Abimbola, A. N., & Olabisi A. B.  (2020).  Microbial , Nutrient Composition and Sensory Qualities of Cookies Fortified with Red Kidney Beans ( Phaseolus vulgaris L . ) and Moringa Seeds ( Moringa oleifera ). International Journal of Microbiology and Biotechnology, 5(3), 152–158. https://doi.org/10.11648/j.ijmb.20200503.20
Adetuyi, F. O., & Ibrahim, T. A. (2014). Effect of Fermentation Time on the Phenolic, Flavonoid and Vitamin C Contents and Antioxidant Activities of Okra (Abelmoschus esculentus) Seeds. Nigerian Food Journal, 32(2), 128–137. https://doi.org/10.1016/s0189-7241(15)30128-4
Afoakwah, N. A., Owusu, J., & Owusu, V. (2019). Characteristics of Coconut (Cocos nucifera) Flour and Its Application in Cake. Asian Food Science Journal, 13(1), 1–11. https://doi.org/10.9734/afsj/2019/v13i130095
Afolabi, O.A., Osamudiamen, P.M. and Osundahunsi, O. F. (2016). Chemical Properties , in vitro Starch Digestibility and the Estimated Glycemic Index of Water Yam , Cocoyam , Sweet Potato and Cassava. Journal of Applied Tropical Agriculture, 21(3), 19–26.
Akinjayeju O, Ijarotimi OS, Awolu OO, & Fagbemi TN. (2020). Nutritional Composition , Glycaemic Properties and Anti-Diabetic Potentials of Cereal-Based Soy-Fortified Flours for Functional Dough Meal in Diabetic Induced Rats. Journal of Food Science and Research, 3(2), 102–120. https://doi.org/10.26502/jfsnr.2642-11000042
Al-hajj, N. Q. M., Al-moalimi, S., Al-tatar, H., Altabatebi, A., Heba, A., & Alansi, S. (2023). A Review on Substitution of Wheat Flour as a Solution to Production of Sustainable. Journal of Nutrition Food Science and Technology, 4(1), 1–12.
Anderson, J. W., Baird, P., Davis, R. H., Ferreri, S., Knudtson, M., Koraym, A.,  & Williams, C. L. (2009). Health benefits of dietary fiber. Nutrition Reviews, 67(4), 188–205. https://doi.org/https://doi.org/10.1111/j.1753-4887.2009.00189.x
Asfaw, D. E. (2022). Antioxidant Properties of Phenolic Compounds to Manage Oxidative Stress / A Review. Journal of Advances in Agronomy and Crop Science, 1(202), 1–16.
Banjarnahor, S. D. S., & Artanti, N. (2014). Antioxidant properties of flavonoids. Medical Journal of Indonesia, 23(4), 239–244. https://doi.org/10.13181/mji.v23i4.1015
Björck, I., & Liljeberg, E. H. (2003). The glycaemic index: importance of dietary fibre and other food properties. Journal of Proceeding of the Nutrition Society, 62, 201–206. https://doi.org/10.1079/PNS2002239
Chandrasekara, A., & Shahidi, F. (2011). Determination of antioxidant activity in free and hydrolyzed fractions of millet grains and characterization of their phenolic profiles by HPLC–DAD–ESI-MSn. Journal of Functional Foods, 3(3), 144–158.
Chlopicka, J., Pasko, P., Gorinstein, S., Jedryas, A., & Zagrodzki, P. (2012). Total phenolic and total fl avonoid content , antioxidant activity and sensory evaluation of pseudocereal breads. Journal of Food Science and Technology, 46(2), 548–555. https://doi.org/10.1016/j.lwt.2011.11.009
Dayrit, F. M. (2014). The properties of coconut oil and its health benefits. Asian and Pacific Coconut Community Publication, 1–25.
Dimelu, I. N., Eze, E. I., Chukwuone, A. A., & Ndubuaku, U. M. (2019). Assessment of nutritional qualities and acceptability of breads produced with moringa oleifera pod flour. International Journal of Advanced Research (IJAR), 7(11), 49–55. https://doi.org/10.21474/IJAR01/9973
 Dooshima, I.B., Amove, J. & Okoh, A. (2014). Quality evaluation of composite bread produced from wheat, defatted soy and banana flours. International Journal of Nutrition and Food Science, 3, 471–476. https://doi.org/doi: 10.11648/j.ijnfs.20140305.26 .
Edima-Nyah, A. P., Ojimelukwe, P. C., & Nwabueze, T. U. (2019). In Vitro Nutrient Analysis of High Fibre Snack Bars Produced From Blends of African Breadfruit, Maize and Coconut. IOSR Journal of Environmental Science, Toxicology and Food Technology (IOSR-JESTFT), 13(10), 52–61.
FDA. (2017). Bad Bug Book: Foodborne Pathogenic Microorganisms and Natural Toxins Handbook (2nd ed.). U.S. Food and Drug Administration.
Gani, A., Wani, S. M., Masoodi, F. A., & Hameed, G. (2012). Whole-grain cereal bioactive compounds and their health benefits: A review. Journal of Food Processing & Technology, 3(3), 1–10.
Ibidapo, O. P., Henshaw, F. O., Shittu, T. A., & Afolabi, W. A. (2020). Quality evaluation of functional bread developed from wheat, malted millet (Pennisetum Glaucum) and ‘Okara’ flour blends. Scientific African, 10. https://doi.org/10.1016/j.sciaf.2020.e00622
Inyang, U. E., Daniel, E. A. and, & Bello, F. A. (2018). Production and Quality Evaluation of Functional Biscuits from Whole Wheat Flour Supplemented with Acha ( Fonio ) and Kidney Bean Flours. Asian Journal of Agriculture and Food Sciences, 06(06), 193–201.
Kouassi-Koffi1, J. D., Ahi, A. P., Faulet, B. M., Jeangonnety, T., Muresan, V., Mudura, E., & Assemand, E. (2016). Essential Steps of Bread making Process Due to Relevant Rheological Parameters of the Raw Material. International Journal of Pure & Applied Bioscience, 4(2), 58–70. https://doi.org/10.18782/2320-7051.2265
Manonmani, D., Soumya Bhol, S. J. and Bosco, D. (2014). Effect of Red Kidney Bean ( Phaseolus vulgaris L .) Flour on Bread Quality. Open Access Library Journal, 1, 1–6. https://doi.org/http://dx.doi.org/10.4236/oalib.1100366
Mihiranie, S., Jayasundera, M., & Perera, N. (2017). Development of snack crackers incorporated with defatted coconut flour. Journal of Microbiology, Biotechnology and Food Sciences, 7(2), 153–159. https://doi.org/doi: 10.15414/jmbfs.2017.7.2.153-159
Mitchell, D. C., Lawrence, F. R., Hartman, T. J., & Curran, J. M. (2009). (2009). Consumption of dry beans, peas, and lentils could improve diet quality in the US population. Journal of the American Dietetic Association, 109(5), 909–913. https://doi.org/https://doi.org/10.1016/j.jada.2009.02.029
Ndife, J., Abdulraheem, L. O., & Zakari, U. M. (2011). Evaluation of the nutritional and sensory quality of functional breads produced from whole wheat and soya bean flour blends. African Journal of Food Science, 5(8), 466–472. http://www.academicjournals.org/ajfs
Nwagbaoso, O. ., Okoronkwo, K. A., & Awah, A. I. (2018). Investigation into the Functional and Sensory Properties of Two Varieties of Local Black Beans ( Phaseolus Vulgaris ) Flour. IOSR Journal of Environmental Science, Toxicology and Food Technology (IOSR-JESTFT), 12(7), 39–45. https://doi.org/10.9790/2402-1207023945
Nwakaegho Gloria Elemo, Osibanjo Adetola Adetokunbo, Ibidapo Olubunmi Phebean, & Ogunji Akinyele Oluwatosin. (2017). Rheological characteristics and bak- ing quality of flours from Nigerian grown wheat. African Jornal of Food Science, 11(12), 276–282. https://doi.org/https://doi.org/, doi: 10.5897/AJFS2017.1565 .
Olaiya, C.O., Soetan, K.O &Esan A. (2016). The role of nutraceuticals, functional foods and value added food products in the prevention and treatment of chronic diseases. African Jornal of Food Science, 10(10), 185–193. https://doi.org/doi: 10.5897/AJFS2015.1402 .
Ojobor CC, Anosike CA, Ezeanyika LUS.(2018). Evaluation of Phytochemical, Proximate and Nutritive Potentials of cocos nucifera (coconut) seeds. Journal of Experimental Research, 6(2), 11–18.
Pandit, M. and, & Kaur, N. (2020). Physico-chemical characteristics and anti-nutritional factors of wheat , soybean , oats and pumpkin leaves. Journal Chemical Science Review and Letters, 9(34), 260–267. https://doi.org/10.37273/chesci.CS20510126
Pérez-Hernández, L. M., Martínez-Téllez, M. A., & Cruz-Hernández, A. (2016). Phenolic content and antioxidant activity of common beans (Phaseolus vulgaris L.). Journal of Food Research, 5(2), 1–8.
Raczyk, M., Kruszewski, B., & Michałowska, D. (2021). Effect of Coconut and Chestnut Flour Supplementations on Texture, Nutritional and Sensory Properties of Baked Wheat Based Bread. Journal of Molecules, 26(4641). https://doi.org/https://doi.org/10.3390/molecules26154641
Ranilla, L. G., Genovese, M. I., & Lajolo, F. M. (2009). Polyphenols and antioxidant capacity of seed coat and cotyledon from Brazilian and Peruvian bean cultivars (Phaseolus vulgaris L.). Journal of Agricultural and Food Chemistry, 55(1), 90–98. https://doi.org/https://doi.org/10.1021/jf062836f
Roy, M., Mohammad, S., Haque, N., Das, R., Sarker, M., Faik, A. Al, & Sarkar, S. (2020). Evaluation of Physicochemical Properties and Antioxidant Activity of Wheat-Red Kidney Bean Biscuits. World Journal of Engineering and Technology, 8, 689–699. https://doi.org/10.4236/wjet.2020.84049
Saleh, A.S.M., Zhang , Q., Chen, J., and Shen, Q. (2013). Millet grains: nutritional quality,processing,and potential health benefits,Comprehens. Journal of Food Science, 12, 281–295.
Sedej, I.; Mandic, A.; Sakac, M.; Misan, A.; & Tumbas, V. (2010). Comparison of Antioxidant Components and Activity of Buck wheat and Wheat Flours. Cereal Chemistry, 87, 387–392.
Trinidad, T. P., Valdez, D. H., Loyola, A. S., Mallillin, A. C., & Askali, F. C. (2006). Coconut flour from residue: A good source of functional fiber. Innovative Food Science & Emerging Technologies, 7(4), 309–317. https://doi.org/https://doi.org/10.1016/j.ifset.2006.04.004
Trinidad, T. P., Valdez, D. H., Loyola, A. S., Mallillin, A. C., Askali-Mercado, F. C., & Dolke, L. A. (2006). Coconut flour from residue: a good source of dietary fiber and protein. Innovative Food Science & Emerging Technologies, 7(3), 309–317.
Trinidad, T. P., Mallillin, A. C., Valdez, D. H., Loyola, A. S., Askali-Mercado, F. C., Castillo, J. C., Encabo, R. R., Masa, D. B., Maglaya, A. S., & Chua, M. T. (2006). Dietary fiber from coconut flour: A functional food. Innovative Food Science and Emerging Technologies, 7(4), 309–317. https://doi.org/10.1016/j.ifset.2004.04.003
Ukeyima, M. . T., Dendegh, T. A., & Isusu, S. E. (2019). Quality Characteristics of Bread Produced from Wheat and White Kidney Bean Composite Flour. European Journal of Nutrition & Food Safety, 10(4), 263–272. https://doi.org/10.9734/EJNFS/2019/v10i430120
Yu, L., Nanguet, A., & Beta, T. (2013). Comparison of Antioxidant Properties of Refined and Whole Wheat Flour and Bread. Journal of Antioxidants, 2, 370–383. https://doi.org/10.3390/antiox2040370


S1	S2	S3	S4	S5	S6	2.0499999999999998	3.08	3.26	3.32	3.39	3.47	


s1	s2	s3	s4	s5	s6	78.61999999999999	53.290000000000013	53.25	52.38	51.63	51.38	Samples  
%
S1	S2	S3	S4	S5	S6	2.65	3.3	3.38	3.4099999999999997	3.46	3.5	Samples 


7

