


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


Abstract 
 Consumer interest and recognition of the link between health and diet have spurred 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 study revealed that the glycaemic index and antioxidant properties of the developed functional bread validate its potential health-promoting effects
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1. Introduction 
The increasing surge of consumer awareness and interest in wellness, health, and nutrition has led to increased demand for health-promoting and disease-preventing food products usually referred to as functional foods (Ndife et al., 2011a). These are foods containing bioactive components that can provide health benefits beyond basic nutrition ( Saleh et al., 2013) . The physiological benefits displayed by these functional foods attributed to bioactive compounds such as phytochemicals, dietary fibers, and proteins they contained. Several reports confirmed that the development and consumption of such functional foods would not only improve the nutritional status of consumers but also help to prevent the risk of some degenerative diseases which have been associated with modern lifestyles (Olaiya et al., 2016). Moreover, the utilization of functional food products for health management is now given attention globally because reports have shown that there could be a reduction of health-care expenditure by 20% with extensive consumption of functional foods (Ibidapo et al., 2020) .
Bread and form the major products in the bakery sector and they are considered excellent delivery for micronutrients fortification and functional ingredients in foods, thereby promoting value addition. Bread can be defined as a fermented and leavened confectionery product produced from wheat flour as the basic ingredient with the addition of other ingredients such as yeast, salt, sugar, and water (Kouassi-Koffi et al., 2016). It is usually known as an important source of carbohydrate in the food pyramid because it is capable of supplying all the nutrition needed by the body. It is one of the oldest and convenient foods widely consumed by the general populace in the world, cutting across all the socio-economic classes, and it is acceptable to both children and adults. In Nigeria, it is reported that bread is widely consumed as the second most widely consumed non-indigenous staple food after rice (Nwakaegho et al., 2017). The report indicated that about 6.2 billion loaves (or 5.2 million tons) of bread are supplied into the Nigerian market annually through domestic production in over 20,0 0 0 bakeries in Nigeria and through influx from neighboring countries (Nwakaegho et al., 2017). Wheat flour ( Triticum aestivum ) is the ancient and important flour used for bread making due to its unique baking qualities namely dough extensibility and viscoelasticity structure which is related to the presence of its constituent gluten protein (Al-hajj et al., 2023) . However, bread made from refined wheat flour is characterized by low nutritional value and antioxidant potential as a result of milling processes, and would, therefore, be a notable dietary intervention requiring the incorporation of functional ingredients to improve its health benefits (Manonmani et al., 2014). The development of functional bread using bioactive ingredients such as protein, dietary fiber, and phenolic antioxidant and improving nutritional quality had been well (Ndife et al., 2011; Dooshima et al., 2014). Several kinds of research have established increased demand and consumption of functional bread because of its therapeutic benefits (Ibidapo et al., 2020). Therefore, bread can be considered an ideal matrix by which functionality could be delivered to consumers with appealing organoleptic properties.
Red kidney bean (Vigna angularis) is a legume recognized as a staple and low- cost protein source, consumed in several under- developed countries, where protein malnutrition is widely prevalent, as well as in the developed countries where protein malnutrition is low. 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 adoption of composite flour technology in which a portion of wheat flour is replaced by locally grown crops such as cereals, legumes, and root and tubers for improving the nutritional quality of bread and making functional bread has received increased attention by several researchers (Ndife et al., 2011a). However, there was no available information on the development of functional bread using whole wheat- red kidney beans - coconut flour blends. Therefore, the objective of this study is to develop and evaluate the quality of functional bread from the blends of whole wheat, red kidney beans and coconut flours.
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 
A bunch of matured coconut fruits were processed into defatted coconut flour using the wet method of oil extraction. The coconuts were de-husked and the liquid drained.  The meat was cut into smaller pieces using a stainless steel knife. It was then transferred into a liquidizer containing boiling water and was blended for 5 minutes, until the pulp was smooth. The juice was separated from the meal using cheesecloth. The meal was washed again in hot (100°C) water to extract the oil. The residue obtained was then weighed and dried using Hot Air Oven Dryer (Apex, Royce Ross Ltd) at 55°C for 7 hours. The dried coconut was then milled into flour using plate mill (Quaker City Grinding Co, Model 4-E, Phoenixville, PA). The coconut flour was sieved using a 0.5mm mesh sieve. The flour obtained was stored in polyethylene bags at room temperature and was used for the preparation of the bread (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 was determined according to the method described  by Edima et al. (2019). Exactly 50 mg of samples were mixed with 10 ml HCl-KCl buffer (pH 1.50). The mixtures were homogenized for 2 minutes using a vortex (Buck Scientific Limited, LV, USA). Exactly 0.20 ml of pepsin solution containing 1 mg pepsin in 10 ml of HCl–KCl buffer (pH 1.50), was added to each mixture.  Mixtures were incubated at 40°C in a water bath for 60 minutes with constant shaking. The digests were diluted to 25 ml by adding 15 ml Tris-maleate buffer (pH 6.9). Starch hydrolysis was initiated by adding 5 ml tris-maleate buffer containing 2.60 IU porcine pancreatic α-amylase. The mixtures were incubated at 37°C in a water bath maintain at moderate agitation. Exactly 1ml sample were taken from each flask every 30 minutes from 0 to 3 hour. The α-amylase was inactivated immediately by holding the flask in a boiling water bath for 5 minutes. Then, 3 ml of 0.40 M sodium acetate buffer (pH 4.75) followed by 60 μl amyloglucosidase from Aspergillus niger was added and the mixture was incubated at 60°C for 45 minutes. The glucose concentration was determined using a glucose oxidase-peroxidase kit (Baloworld scientific G3254 – Acap 01). The rate of starch digestion was expressed as a percentage of the total starch hydrolyzed at different times (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 effect of the bread extract was determined using the DPPH free radical method as described by Ibidapo et al. (2020). The activity of the test sample was determined by the level of reduction of DPPH radical which indicated its level of inhibition which increased with an increasing percentage of the free radical inhibition. DPPH free radical scavenging activity was expressed as the percentage of scavenging activity and studied at five different concentrations (20 μg/ml, 40 μg/ml, 60 μg/ml, 80 μg/ml 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 property of the extracts was determined by assessing the ability of the extract to reduce ferric chloride (FeCl3)  solution as described by Adetuyi & Ibrahim, (2014). A 2.5 mL aliquot was mixed with 2.5 mL of 200 mm sodium phosphate buffer (pH 6.6) and 2.5 mL of 1 % potassium ferricyanide. The mixture was incubated at 50 oC for 20 min; thereafter 2.5 mL of 10 % trichloroacetic acid was added. This mixture was centrifuged at 2 000 x g for 10 min; 5 mL of the supernatant was mixed with an equal volume of water and 1 mL of 0.1 % ferric chloride. The absorbance was measured at 700 nm in a spectrophotometer (JENWAY 6305) and ferric reducing antioxidant property was subsequently calculated using ascorbic acid as standard and result expressed mg of ascorbic acid (mgAAE/100 g).

2.5 Data Analysis 
 Data obtained were analysed using the one-way ANOVA and mean separated using Duncan’s Multiple Range Test (DMRT) at 5% limit of significant using Statistical package for social science (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 

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 predominantly made up of long chains glucose, called amylose and amylopectin. Bean have a relatively high proportion of amylose (30-40%) compared to most other dietary sources of starch (like cereals). Amylose is not as digestible as amylopectin. For this reason, bean starch slowly-releases carbohydrate, its digestion takes longer and it causes lower and more gradual rise in blood sugar than other types of starch, making it particularly beneficial for people with diabetes.  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%. GI is a scientific ranking of carbohydrate foods from 0 to 100 based on how quickly and how much it raises blood sugar levels after being eaten. This is related to how quickly a carbohydrate containing food is broken down into glucose. Dietary fiber viscose and fibrous structure can control the release of glucose with time in the blood, thus helping in the proper control and management of the diabetics’ mellitus and obesity. Glycaemic index value food are generally classified as follows: High GI (70-100%): carbohydrates that break down quickly during digestion, release blood sugar rapidly into the bloodstream, causing rapid fluctuations in blood sugar levels. Medium GI (56-69%): carbohydrates that break down moderately during digestion and release blood sugar moderately into the bloodstream. Low GI (0-55%): Carbohydrates that break down slowly during digestion, release blood sugar gradually into the bloodstream, and keep blood sugar levels steady (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.  
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