



CHEMICAL AND PHYSICAL PROPERTIES OF BREAD PRODUCED FROM BLENDS OF MILLET FLOUR AND PIGEON PEA FLOUR


ABSTRACT
This study evaluated the chemical and physical properties of bread produced from blends of millet flour and pigeon pea flour with the aim of developing nutritionally enriched composite bread capable of improving dietary quality while promoting the utilization of locally available cereal and legume resources. Composite flour technology has been recognized as an effective strategy for enhancing the nutritional quality of bread through the complementary amino acid profiles of cereals and legumes, while simultaneously increasing the phytochemical and antioxidant potential of the final product. Bread samples were formulated using varying substitution levels of millet and pigeon pea flours and analyzed for their chemical composition and physical properties using standard analytical procedures. The results demonstrated significant improvements in the nutritional composition of bread as the proportion of millet and pigeon pea flour increased. Ash content ranged from 9.93 to 16.71%, moisture content varied from 3.29 to 3.94%, fat content increased from 5.23 to 7.73%, while crude fiber ranged from 1.42 to 1.64%. Protein content increased from 9.89 to 13.44 and carbohydrate content ranged from 55.94 to 70.40%. Phytochemical analysis revealed progressive increases in bioactive compounds with increasing composite flour substitution. Tannin content ranged from 18.72 to 21.29 mg/100 g, saponin from 3.08 to 3.70 mg/100 g, flavonoids from 3.27 to 8.51 mg/100 g, and alkaloids from 5.60 to 6.88 mg/100 g. These phytochemicals are known for their antioxidant, antimicrobial, anti-inflammatory, and disease-preventive properties, suggesting that the composite breads possess enhanced functional food potential beyond basic nutrition.The physical evaluation showed loaf volume values ranging from 423.01 to 470.13 cm³. Although composite flour incorporation can influence gluten network formation, the recorded loaf volumes demonstrate that acceptable baking performance was achieved. The study concludes that millet–pigeon pea composite flour is a promising alternative for producing nutritionally superior bread with enhanced protein, mineral, fiber, and phytochemical contents. Such composite bread has the potential to contribute to improved food security, dietary diversification, value addition to indigenous crops, and reduced dependence on imported wheat while providing consumers with healthier bakery products possessing functional health benefits.
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Introduction 
Background of the Study
Bread is one of the most widely consumed bakery products globally due to its convenience, affordability and high nutritional value. Traditionally, bread is produced primarily from wheat flour because of its gluten content, which provides elasticity and gas retention during dough fermentation, resulting in desirable loaf structure and texture. However, dependence on wheat flour in many developing countries poses economic and nutritional challenges because wheat is often imported and relatively expensive (Olanipekun et al., 2018). 
In recent years, there has been increasing interest in the use of composite flours, which are blends of cereal and legume flours, for bakery production. Composite flour technology is aimed at reducing reliance on imported wheat, improving nutritional value of baked products, and promoting utilization of locally available crops. Cereals such as millet and legumes such as pigeon pea are promising candidates for composite flour production due to their complementary nutritional profiles.
Millet is an important cereal crop widely cultivated in Africa and Asia. It is known for its high nutritional value, including significant amounts of carbohydrates, dietary fiber, vitamins, and minerals such as calcium, iron and magnesium. Millet is also drought-resistant and adaptable to harsh climatic conditions, making it a valuable crop for food security in developing regions (Springer, 2024).  Pigeon pea (Cajanus cajan) is an underutilized legume rich in protein, essential amino acids, minerals and dietary fiber. Legumes such as pigeon pea are often used to complement cereals nutritionally because cereals are generally low in lysine while legumes are rich in this essential amino acid. The incorporation of pigeon pea flour into cereal-based foods can therefore improve protein quality and overall nutritional value of the final product (Sobowale et al., 2025).  Research has shown that increasing the proportion of pigeon pea flour in cereal-based products significantly enhances protein, ash, and fiber contents. For example, studies on cereal-legume composite products reported increased protein levels and improved nutritional quality with increasing levels of pigeon pea flour substitution (Heliyon, 2025). 
Beyond nutritional benefits, composite flours also influence the chemical, physicochemical and physical characteristics of baked products. Chemical properties include proximate composition such as moisture, protein, fat, ash, fiber and carbohydrate content. Physicochemical properties include parameters such as pH, water absorption capacity, swelling capacity, and bulk density. Physical properties refer to characteristics of the baked product such as loaf volume, crumb structure, texture, and crust color.
Previous studies on millet-pigeon pea flour blends demonstrated good functional and nutritional properties, suggesting their suitability for bakery applications. For example, millet-pigeon pea composite flour has been reported to possess good water absorption capacity, swelling capacity and acceptable nutritional composition (Omah & Okafor, 2015). 
Despite these promising findings, the application of millet and pigeon pea composite flour in bread production remains relatively underexplored compared with other bakery products such as biscuits and snacks. The usage of composite flour can assist minimize wheat imports for the production of food products such as baked goods, as well as reduce reliance on wheat imports, conserve foreign exchange, and productively employ our youth (Emojorho et al. 2024a). Emojorho et al (2024b) revealed that composite flour with debittered orange seed flours were highly rich in minerals when compared to whole wheat flour. Since bread is a staple food consumed daily by many people, improving its nutritional quality using locally available ingredients could significantly contribute to addressing protein deficiency and malnutrition. Therefore, this study aims to investigate the chemical, physicochemical and physical properties of bread produced from millet and pigeon pea flour, with the goal of evaluating its nutritional potential and technological suitability as an alternative to conventional wheat bread. Bread produced from refined wheat flour is widely consumed worldwide; however, it has several limitations, particularly in developing countries. First, wheat flour is often imported, leading to high production costs and increased dependence on foreign agricultural commodities. This dependence poses economic challenges and affects food security in countries where wheat production is limited. Second, wheat-based bread is relatively low in certain essential nutrients, especially lysine, an essential amino acid required for growth and tissue repair. Consequently, diets heavily dependent on wheat products may contribute to protein malnutrition, especially in regions where animal protein consumption is limited. 
Furthermore, the increasing prevalence of malnutrition and protein deficiency in many developing countries necessitates the exploration of nutrient-dense food sources. Legumes such as pigeon pea are rich in protein and essential amino acids and have the potential to enhance the nutritional value of cereal-based foods when used in composite flour formulations. Although several studies have examined the use of composite flours in biscuits, snacks and other bakery products, limited research has focused specifically on bread produced from millet and pigeon pea flour. Additionally, the effects of these flours on the chemical composition, physicochemical properties and physical quality characteristics of bread are not yet fully understood. Without adequate knowledge of these properties, it is difficult to optimize formulation, processing conditions and consumer acceptability of bread produced from millet and pigeon pea flour. Therefore, there is a need to systematically investigate the chemical, physicochemical and physical properties of bread produced from millet and pigeon pea composite flour.
The increasing demand for nutritious, affordable and locally sourced foods has stimulated interest in the development of composite flour products. The use of millet and pigeon pea flour in bread production offers several advantages. Firstly, millet is widely cultivated in many developing countries and is relatively inexpensive compared to imported wheat. Utilizing millet in bread production can reduce dependence on imported wheat and promote the use of indigenous crops. Secondly, pigeon pea is an excellent source of plant protein and essential amino acids. Incorporating pigeon pea flour into bread formulations can improve the protein content and amino acid profile of bread, thereby enhancing its nutritional value. Thirdly, composite flour technology has the potential to improve food security by encouraging the utilization of locally available crops and reducing production costs associated with imported ingredients.
Furthermore, studying the chemical, physicochemical and physical properties of bread produced from millet and pigeon pea flour will provide valuable scientific data that can guide food processors and researchers in developing nutritionally improved bakery products. Finally, the results of this study may contribute to the diversification of bakery products and encourage the commercialization of composite flour bread products. The aim of this study is to evaluate the chemical and physical properties of bread produced from millet and pigeon pea flour.The study will provide information on how millet and pigeon pea flour can improve the nutritional quality of bread by utilizing locally available crops such as millet and pigeon pea that can reduce dependence on imported wheat and promote sustainable food production. Incorporating pigeon pea flour into bread can enhance protein intake, helping to combat malnutrition. The results of the study may provide useful data for the bakery industry in developing new functional and nutritious bread products.
Material and Methods
3.1 Material: Millet and pigeon pea were purchased from Asaba, Delta State, Nigeria. Wheat flour, yeast, butter, sugar and were purchased from a baking shop in Ozoro, Delta State. 
3.2 Millet flour Production: Samples collection Millet grain were purchased from the grain market in Asaba, Delta State, and was stone milled into fine flour. The flour was kept at 25°C until analysis. All samples will be dried then ground to a fine powder and kept at 4ºC in polyethylene packs until analysis (Emojorho et al. 2026a)
3.3 Preparation of Fermented Pigeon Pea Flour: A portion of the raw pigeon pea flour (RPPF) will be mixed  with  water  at  3.2  (water:  flour)  ratio  in  a covered  plastic  bowl  as  described  by  Emojorho (2026a). The  paste  will be  fermented  for  5  days, oven  dried  (60°C,  3h),  milled  in  attrition  and screened  through  a  60  mish  sieve  (0.1  mm). All the  flour  samples  will be stored  in  high  density polyethylene (HDPE) (0.77mm thick) bag prior to use (Emojorho et al. 2026a)
Table 1 :  Formulation of Composite Flour: Composite flour blends will be prepared in the following ratios:
	Sample 
	Wheat (%)
	Millet (%)
	Pigeon Pea (%)

	CB:100
	100
	0
	0

	MB:25
	75
	25
	0

	MB:50
	50
	50
	0

	PB:25
	75
	0
	25

	PB:50
	50
	0
	50



3.5 Production of Bread: About 50g of flour, 4g of sugar, 2g of salt, 8g of margarine, 25ml of water, 1g of yeast, and 10g of powdered milk made up the formula will be used to make the breads. For the dry materials, the rubbing process will be employed. After weighing the materials, the milk-water combination will be combined with yeast in a basin. After creating a hole in the middle of the flour mixture, the dissolved yeast will be added. This will be fermented at 35°C while covered with cheesecloth. After adding the remaining milk-water combination, butter, sugar, and salt, the dough will be hand kneaded until it was smooth and free of stickiness. The leftover dough was put back in the bowl, covered with cheesecloth, and allowed to prove at 35 degrees Celsius. The proofed doughs were then gently smeared with egg, placed in pans that had been oiled with fat, and baked in a baking oven set to 220°C for 10 minutes (Adinkwu et al. 2025).  
3.6Analysis
Determination of Moisture Content
The biscuits samples' moisture, protein, fat, fiber, ash, and carbohydrate contents were measured using the AOAC's (2023) methodology. 
Determination of phytochemicals and physicochemical properties
Determination of Alkaloids
The alkaloid precipitation gravimetric method, as outlined by Ezeonu and Ejikeme (2016) methods, were used to estimate the alkaloid content of the biscuit samples. A 200 mL solution of 10% acetic acid in ethanol was used to extract approximately 5 g of finely ground biscuit sample from a 250 mL beaker. The mixture was covered and allowed to stand for four hours with periodic shaking to ensure complete extraction. The extract was filtered through Whatman No. 1 filter paper and concentrated to a quarter of its original volume in a water bath maintained at 55°C. Dropwise additions of concentrated ammonium hydroxide solution were made until full precipitation was achieved. After allowing the precipitate to settle, it was filtered using filter paper that had been previously weighed. After being cleaned with a diluted ammonium hydroxide solution, the residue was dried to constant weight at 60°C in an oven. A percentage of the sample weight was used to express the alkaloid content. 
The alkaloid content was calculated as:
Alkaloid (%) =Weight of alkaloid precipitate        ×100
                                Weight of sample                        
Determination of Tannins
The Folin–Ciocalteu spectrophotometric method was used to measure the tannin content of the biscuit samples. 50 mL of distilled water was added to a conical flask that held about 0.5 g of the finely ground biscuit sample. The flask was then continuously shaken for an hour. The mixture was filtered using Whatman No. 1 filter paper.Next, 5 mL of the filtrate, 2 mL of Folin-Ciocalteu reagent, and 2.5 mL of sodium carbonate solution were added to a 50 mL volumetric flask. The mixture was diluted to volume with distilled water and let to sit at room temperature for forty minutes in order to develop color. The absorbance at 760 nm was measured using a UV-visible spectrophotometer. Tannic acid was used to produce the standard calibration curve, and the results were expressed as mg of tannic acid equivalent (TAE) per 100 g of material. (Ohizua et al., 2017). 
Flavonoid Determination
The aluminum chloride colorimetric test, a recently validated technique for flavonoid quantification in food and plant materials, was used to evaluate the flavonoid concentration (Shraim et al., 2021). 50 mL of 80% methanol was used to extract about 5 g of powdered biscuit sample, which was then filtered after two hours at room temperature. For color development, five milliliters of the filtrate and five milliliters of a 2% aluminum chloride solution were combined and let to stand at room temperatu. A UV-visible spectrophotometer was used to measure the absorbance of the resultant solution at 415 nm. Flavonoid content was measured in milligrams of quercetin equivalent (QE) per 100 grams of sample using a quercetin standard solution. 
Physical Properties Determination
The methods described by Emojorho et al. (2023), were used to determine the loaf weight and loaf volume.
3.7 Statistical Analysis: The experiment was conducted using a complete randomized design. The gathered data was examined using analysis of variance (ANOVA). The least significant difference (LSD) test was used to find significantly different means. At p < 0.05, significance was acknowledged.


Result and Discussion 
3.1 Proximate composition of bread produced from blends of wheat, pigeon pea and millet flour
Table 2: Proximate composition of bread produced from blends of wheat, pigeon pea and millet flour (%)
The mineral composition of the bread samples are shown in table 2.
	SAMPLE
	ASH
	
	MOISTURE
	FAT
	
	FIBRE
	
	PROTEIN
	
	CHO
	

	PB:25
	10.10d±0.60
	3.94a±0.36
	6.81b±0.36
	1.48c±0.00
	12.05ab±1.20
	60.85b±1.05

	PB:50
	11.23c±0.32
	3.60b±0.68
	7.73a±0.29
	1.59b±0.01
	13.44a±0.30
	55.94c±0.69

	MB:25
	14.13b±1.22
	3.68ab±0.23
	6.76bc±0.37
	1.57b±0.02
	10.30c±0.14
	62.79ab±3.17

	MB:50
	16.71a±1.18
	3.29c±0.36
	6.27bc±0.38
	1.64a±0.02
	9.86c±0.09
	58.64c±1.72

	CB:100
	9.93d±0.12
	3.49b±0.17
	5.23c±0.16
	1.42c±0.00
	11.20b±0.49
	70.40a±5.82


Values are means ± SD of two determinations. Values in the same column bearing similar superscripts are not significantly (p>0.05) different, while values in the same column with different superscript are significantly (p<0.05) different.

The bread samples' ash concentration varied from 9.93 to 16.71 %, with the 100% wheat flour biscuits having the lowest value at 9.93 %. For biscuits made from composite flour, the values above the 6.26 to 8.01% ash reported by Onuoha et al. (2025) and also 3.73 to 3.99 % of biscuits reported by Emojorho et al. (2025) (3). Higher amounts of pigeon pea and millet flour led to a considerable increase in the ash levels in the bread. Compared to bread made with 100% wheat flour, pigeon pea and millet flour substitution produced significantly higher ash concentrations; the formulation with 50% millet flour had the highest value at 16.71 %.
The bread samples' moisture content varied from to 3.29 to 3.94 %, with the bread made with 50% millet flour having the lowest value at 3.29 %. The results were marginally less than the 6.25 to 14.26 percent reported by Emojorho et al. (2025a) for biscuits made with sorghum and Bambara groundnut composite flour. The values were also lesser than 2.48 to 19.22 % of composite flours and biscuits under storage as reported by Emojorho et al. (2025 c). Notably, bread made with 50% millet flour had the highest moisture content (3.98%).
The bread samples' fat content varied from 5.23 to 7.73 percent, with bread made with 50% pigeon pea flour having the highest value at 7.73 percent. According to Emojorho et al. (2025b), the fat content of biscuits made with millet and soybean flour ranged from 7.81 to 9.56%. The values were also lesser than 13.01 to 16. 23 % fat as reported by Emojorho et al. (2025 d) (4) for biscuits produced from composite flour. Higher amounts of pigeon pea and millet flours considerably raised the bread' fat content, Interestingly, compared to bread made with 100% wheat flour, those made with pigeon pea and millet flour substitute had higher fat concentrations.

The bread samples' fiber content varied from 1.42 to 1.64 percent, with the bread made entirely of wheat flour having the lowest value at 1.42 percent. The results were comparable to the 0.80 to 2.33% reported by Emojorho et al. (2025b) for biscuits made with a blend of wheat, millet, and soybean flour. The results were lesser than 1.01 to 3.03 % fiber reported by Onuoha et al. (2025) (5) for baked snacks produced from composite flours. Higher percentages of pigeon pea and millet flours led to a significant rise in the biscuits' fiber content. Compared to biscuits made with 100% wheat flour, pigeon pea and millet flour substitution produced significantly higher fiber concentrations; the formulation with 50% millet flour had the highest value at 1.42 %.
The bread samples' protein level varied from 9.89 to 13.44 %, with the bread made with 50% of pigeon pea flour having the highest value at 10.30 %. The values were higher than 7.22 to10. 90 % protein reported by Onuoha et al. (2025) for baked snaks made from composite flour, but similar to  than 10.41 to 14.26% protein reported by Emojorho et al. (2025) (4) for biscuits made from composite flour of sorghum, bambara groundnut, and wheat flours. Higher amounts of pigeon pea flour considerably raised the bread' protein content, but higher amounts of millet flour resulted in a decrease. Compared to biscuits added with 100% wheat flour, pigeon pea flour substitution produced notably greater protein concentrations; but the formulation with 50% millet  flour had the lowest value at 9.86 %.
The bread samples' carbohydrate content varied from 55.94 to 70.40%, with the bread made with 50% pigeon pea flour having the lowest value at 55.94%. The results for bread made using composite flour were marginally lower than the 52.01 to 59.82% reported by Emojorho et al. (2025a) 4. The results were also lower than 56.33 to 74.70 % reported by Chiedu et al. (2023) for composite flour. Higher amounts of pigeon pea and millet flours caused the bread' carbohydrate content to decrease noticeably. Significantly, bread made with pigeon pea were lower than millet flour bread. 
3.2 Phytochemical concentration of bread produced from blends of wheat, pigeon pea and millet flour
Table 3: Phytochemical concentration of bread produced from blends of wheat, pigeon pea and millet flour (mg/100g)
The phytochemical composition of the bread samples are shown in table 3.
	SAMPLE
	TANIN
	
	SAPONIN
	
	FLAVONOID
	ALKALOID
	

	PB:25
	17.66c±1.04
	2.89c±0.05
	7.49b±0.27
	6.00a±0.06

	PB:50
	20.00ab±0.49
	2.71c±0.03
	8.51a±0.23
	5.60b±0.05

	MB:25
	20.35ab±0.08
	3.34ab±0.07
	6.40c±0.19
	6.80a±0.18

	MB:50
	21.29a±0.08
	3.70a±0.11
	7.47b±0.28
	6.88a±0.08

	CB:100
	18.72b±0.64
	3.08b±0.07
	3.27d±0.14
	6.04a±1.28


Values are means ± SD of two determinations. Values in the same column bearing similar superscripts are not significantly (p>0.05) different, while values in the same column with different superscript are significantly (p<0.05) different.

The bread samples' tannin level varied from 18.72 to 21.29 mg/100g, with the 100% wheat flour bread having the lowest value at 18.72 mg/100g.The values were higher than 0.03 to 3.78 mg/100g of tannin in the biscuits samples reported by Emojorho et al. (2025) (3).  The pigeon pea and millet flour increased the tannin concentration of the bread samples, with the highest value recorded for 50 % millet flour bread.

The bread samples' saponin concentration varied from 3.08 to 3.70 mg/100g, with the 50% pigeon pea bread having the lowest value at 2.71 mg/100g, while the 100% wheat bread had the value of 3.08 mg/100g. The saponin level decreased with increasing level of pigeon pea flour in the bread samples.  Higher amounts of millet flour led to a considerable rise in the bread saponin content. Notably, compared to 100% wheat flour, the substitution of millet flour produced significant higher saponin concentrations
The bread samples' flavonoid concentration varied from 3.27 to 8.51 mg/100g, with the 50% pigeon pea bread having the highest value at 8.51 mg/100g, while the 100% wheat bread had the lowest value of 3.27 mg/100g. The findings were less than the range of 0.55 to 29.17 mg/100g reported by Emojorho and Akubor (2016) for orange seed and wheat flours.  Higher amounts of pigeon pea and millet flour led to a considerable rise in the biscuits' flavonoid content. Notably, compared to 100% wheat flour, the substitution of pigeon pea and millet flour produced higher flavonoid concentrations. 

The bread samples' alkaloid level varied from 5.60 to 6.88 mg/100g, with the 100% wheat flour bread having the value of 6.04 mg/100g. The alkaloid level of the bread samples, increased with increase in the level of millet flour, however increasing level of pigeon pea reduced the alkaloids concentration in the bread samples. The soaking and fermentation process reduced the alkaloids concentration of the pigeon pea flours. Although alkaloids are most commonly associated with pharmaceuticals, they can also be found in foods, potential foods, or food pollutants. In order to assess or minimize risks, it is crucial for quality assurance to properly screen some common food commodities and foods being developed from novel sources (Emojorho and Akubor, 2016).
3.3 Physical Properties of bread produced from blends of wheat, pigeon pea and millet flour
Table 4: Physical Properties of bread produced from blends of wheat, pigeon pea and millet flour 
The physical properties of the bread samples are shown in table 4.
	SAMPLE
	LOAF WEIGHT
(g)
	LOAF VOLUME
(cm3)

	CB:100
	235.25c±0.07
	470.13a±0.03

	PB:25
	278.12b±0.03
	461.26a±0.05

	PB:50
	299.45a±0.03
	453.25b±0.05

	MB:25
	218.13d±0.04
	444.25bc±0.03

	MB:50
	201.06e±0.04
	423.01c±0.01


The values represent two determinations' means ± SD. While values in the same column with different superscripts differ considerably (p<0.05), values in the same column with comparable superscripts do not differ significantly (p>0.05).
The weight of the loaf increased as the amount of pigeon pea flour increased, but the weight of the bread reduced with increase in millet flour, however Emojorho et al. (2023a) found that the weight reduced when wheat flour was diluted with orange seed flour. The loaf volume varied from 423.01 to 470.13 cm3, while the loaf weight varied from 201.06 to 299.45 cm. As the amount of millet flour flour increased, the loaf's weight and volume fell, but increased with increase in pigeon pea flour The decrease in wheat flour dilution was comparable to the findings of Emojorho et al. (2023b) in biscuits made with orange seed flour
CONCLUSION
The findings of this study clearly demonstrate that the incorporation of millet and pigeon pea flours into bread formulation significantly enhanced the chemical and physical qualities of the resulting composite breads. The progressive substitution of wheat flour with millet and pigeon pea flour improved the nutritional composition by increasing ash, crude fat, crude fiber, protein, and carbohydrate contents, indicating enhanced mineral availability, energy value, dietary fiber, and protein quality.One of the major achievements of this research is the substantial improvement in protein content, with increasing levels of millet and pigeon pea flour. This confirms the nutritional advantage of combining cereals with legumes, as pigeon pea effectively complements the amino acid deficiencies commonly associated with cereal proteins. Such improvement makes the composite bread more suitable for addressing protein-energy malnutrition, especially in developing countries where bread is consumed as a staple food. The increase in ash content further demonstrates the contribution of millet and pigeon pea flours to mineral enrichment. Similarly, the increase in dietary fiber enhances the physiological benefits of the bread by promoting digestive health, improving bowel function, lowering cholesterol levels, regulating blood glucose, and increasing satiety. The moisture contents remained relatively low, indicating that the breads may possess improved storage stability due to reduced susceptibility to microbial spoilage. Fat content increased moderately, contributing to improved energy density and possibly enhancing flavour and mouthfeel.
Phytochemical analysis revealed increased concentrations of tannins, saponins, flavonoids, and alkaloids with increasing substitution levels. Although tannins and saponins may exhibit mild antinutritional effects at very high concentrations, the values obtained remain within acceptable levels while contributing beneficial antioxidant, antimicrobial, anti-inflammatory, and protective physiological activities. The marked increase in flavonoids particularly suggests enhanced antioxidant capacity capable of reducing oxidative stress and lowering the risk of chronic diseases. The use of these locally available crops provides an effective strategy for reducing dependence on imported wheat, promoting agricultural diversification, supporting local farmers, enhancing food security, and developing healthier bakery products for consumers. Therefore, millet and pigeon pea flour blends represent viable raw materials for commercial composite bread production.
RECOMMENDATIONS
Based on the findings of this study, the following recommendations are made:
1. Commercial bakeries should consider incorporating millet and pigeon pea flour into bread production to improve the nutritional quality of bread while reducing reliance on imported wheat flour. 
2. Government agencies should encourage the production and utilization of millet and pigeon pea through agricultural support programmes, farmer incentives, and policies promoting indigenous crops for food security. 
3. Nutritionists and public health professionals should promote composite breads containing millet and pigeon pea flour as healthier alternatives to conventional wheat bread because of their higher protein, dietary fiber, mineral, and phytochemical contents. 
4. Further studies should investigate the amino acid profile, mineral bioavailability, antioxidant activity, glycaemic index, and vitamin composition of millet–pigeon pea composite bread to provide a more comprehensive nutritional evaluation. 
5. Additional research should examine the effects of different processing methods, such as fermentation, germination, malting, roasting, and enzyme treatment, on the nutritional quality and reduction of antinutritional factors in composite breads. 
6. Shelf-life studies should be conducted to determine the microbiological stability, storage characteristics, packaging requirements, and quality retention of millet–pigeon pea composite breads under different environmental conditions. 
7. Comprehensive sensory evaluation involving a larger consumer population should be undertaken to determine market acceptance and identify the optimum substitution level that balances nutritional enhancement with consumer preference. 
8. Economic feasibility studies should be carried out to determine the production cost, profitability, and commercial viability of large-scale production of millet–pigeon pea composite bread. 
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