


MICRONUTRIENT COMPOSITION OF BREAD PRODUCED FROM MILLET AND PIGEON PEA FLOUR



Abstract
In order to develop nutritionally enriched bread products from locally accessible crops, this study examined the micronutrient makeup of bread made from blends of millet and pigeon pea flour.The use of nutrient-rich grains and legumes in bread manufacturing has been stimulated by the growing demand for healthier baked goods and the need to lessen reliance on imported wheat flour.While pigeon pea is a protein-rich legume that provides crucial vitamins and minerals, millet is a significant cereal recognized for its high mineral content and health advantages.When these crops are combined to make bread, there is a chance for increased food security, dietary diversity, and nutritional quality. Millet and pigeon pea were combined to create composite flours in different ratios, which were then utilized to make bread using conventional baking techniques. Standard analytical techniques were used to ascertain the bread samples' micronutrient makeup. The mineral and vitamin contents of the bread samples varied significantly, according to the results. The potassium and magnesium contents varied from 150.20 to 344.08 mg/100 g and 103.56 to 139.58 mg/100 g, respectively. The bread samples were good suppliers of important minerals needed for bone development, nerve transmission, muscular function, and metabolic activities, as evidenced by the calcium content, which varied from 136.94 to 187.72 mg/100 g. Phosphorus concentration varied from 25.08 to 48.08 mg/100 g, whereas iron content varied from 0.50 to 0.90 mg/100 g. The addition of millet and pigeon pea flours, which are naturally high in micronutrients, was responsible for the rise in mineral content shown in the bread samples. Vitamin B3 content ranged from 0.13 to 0.33 mg/100 g, Vitamin B2 from 0.09 to 0.37 mg/100 g, and Vitamin B1 from 0.00 to 0.23 mg/100 g, according to the vitamin analysis. The findings showed that adding blends of millet and pigeon pea flour enhanced the bread samples' nutritional content. These vitamins are vital for the neurological system, energy metabolism, and general health of the organism. Millet and pigeon pea flour may be useful ingredients for the creation of functional baked goods with improved nutritional advantages, according to the reported increase in vitamin content. The study found that bread made with blends of millet and pigeon pea flour had significant levels of important vitamins and minerals and can be a healthy substitute for traditional wheat bread. Using millet and pigeon pea flour to make bread may boost nutrient intake, encourage local crops, lessen reliance on wheat, and increase food security. Therefore, it is advised to use millet and pigeon pea composite flour while making bread in order to create functional and micronutrient-enriched baked goods that are appropriate for both domestic and commercial use.
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1.1 Background of the Study
Due to its affordability and ease of use, bread is a basic item that is consumed by people all over the world. However, traditional bread prepared from wheat flour frequently lacks important micronutrients like vitamins, iron, and zinc, which contributes to malnutrition in developing nations. The necessity of using locally accessible, nutrient-dense crops in food items has been highlighted by recent studies. Iron, calcium, magnesium, and B vitamins are among the nutrients found in millet, an underutilized cereal (Ramashia et al., 2025). In a similar vein, the legume pigeon pea (Cajanus cajan) has a high protein and micronutrient content, including vitamins, iron, and zinc (Aiholli et al., 2025). Because of their complimentary nutrient profiles, grains and legumes have been demonstrated to enhance micronutrient density and nutritional quality (Ahmed & Pandey, 2024). Significant gains in mineral content, especially calcium and iron, which are critical for human health, have been observed in studies on millet–pigeon pea blends (Oyarekua et al., 2022). mixes of wheat and other flours used to make baked goods, or non-wheat mixes used for the same reason, are referred to as composite flour. Combining wheat with other flours is done for two reasons: economical and nutritive (Emojorho et al. 2024). In order to create baked goods with enhanced nutritional and functional qualities, composite flour technology combines flours from various crops, including cereals, legumes, roots, and tubers (Emojorho et al. 2024). This strategy encourages the use of local crops while lowering dependency on wheat flour. It has been demonstrated that using composite flours made from legumes and tubers can enhance the protein, fiber, mineral, and functional qualities of baked goods like breads and biscuits.  
In contrast, the pigeon pea (Cajanus cajan) is a legume that is high in protein and contains vital amino acids, vitamins, and minerals like calcium, potassium, and iron (Olagunju et al., 2018). Additionally, it is a great source of minerals, particularly B vitamins. The complementing protein and micronutrient compositions of grains and legumes enhance nutritional quality. As a result, making cake with fermented sorghum and pigeon pea flour may increase the amount of micronutrients, including vitamins and minerals, while encouraging the use of regional crops and lowering reliance on imported wheat flour. Millets contain about 8% protein and 4% fat. They are rich in vitamins and minerals. Millets are especially rich in calcium (Emojorho et al. 2025). Millets also contain a rather large amount of carbohydrates. Starch is the main carbohydrate component, along with a greater proportion of non-starchy polysaccharides (dietary fiber). Micronutrient deficiencies, also known as "hidden hunger," continue to be a major public health concern in underdeveloped nations. Reducing reliance on imported wheat and increasing dietary micronutrient intake are two benefits of using millet and pigeon pea in bread making. In Nigeria and other poor nations, micronutrient deficiencies—particularly those involving iron and zinc—remain common. These deficiencies lead to decreased immunity, anemia, and impaired cognitive development.  Despite its widespread use, conventional wheat bread lacks the micronutrients needed for good health. This has made it necessary to investigate more nutritious raw resources. According to recent research, dietary products made from mixes of millet and pigeon peas have better micronutrient profiles, such as increased levels of vitamins, calcium, and iron (Adeoye et al., 2024). Co-fermented millet-pigeon pea products have also shown notable increases in vitamin and mineral content (Oyarekua et al., 2022). Despite these results, little study has been done expressly on the micronutrient makeup of bread made from blends of millet and pigeon pea flour. The study's goal is to assess the micronutrient content of bread made with millet and pigeon pea flour.
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MATERIALS AND METHODS
2.1 Material: Pigeon peas and millet were brought from Asaba, Delta State, Nigeria. We'll get wheat flour, yeast, butter, sugar, and milk from a bakery in Ozoro, Delta State. 
2.2 Millet flour Production:  Millet grain was stone-milled into fine flour after being bought from the grain market in north Khartoum, Sudan. Until analysis, the flour was stored at 25°C. Before being analyzed, all samples will be dried, ground into a fine powder, and stored in polyethylene bags at 4ºC.
2.3 Preparation of Fermented Pigeon Pea Flour: As stated by Akubor (2017), a part of the raw pigeon pea flour (RPPF) will be combined with water in a covered plastic bowl at a ratio of 3.2 (water: flour). The paste will undergo five days of fermentation, oven drying at 60°C for three hours, attrition milling, and screening through a 60 mesh sieve (0.1 mm). Before being used, all of the flour samples will be kept in high density polyethylene (HDPE) bags that are 0.77 mm thick.
2.4 Formulation of Composite Flour: Composite flour blends will be prepared in the following ratios:

List 1. Formulation of Composite Flour
	Sample 
	Wheat (%)
	Millet (%)
	Pigeon Pea (%)

	A
	100
	0
	0

	B
	90
	10
	0

	C
	80
	20
	0

	D
	90
	0
	10

	E
	80
	0
	20

	F
	50
	25
	25



2.5 Production of Bread: The loaves will be created with about 50g of flour, 4g of sugar, 2g of salt, 8g of margarine, 25ml of water, 1g of yeast, and 10g of powdered milk. The rubbing method will be used for the dry materials. The mixture of milk and water will be mixed with yeast in a basin once the items have been weighed. The dissolved yeast will be added once a hole has been made in the center of the flour mixture. This will be covered with cheesecloth and fermented at 35°C. The dough will be hand-kneaded until it is smooth and stick-free after the remaining milk-water mixture, butter, sugar, and salt are added. The remaining dough was returned to the basin, covered with cheesecloth, and heated at 35 degrees Celsius to proof. After the doughs were proofed, they were gently covered with egg, put in fat-oiled pans, and cooked for 10 minutes at 220°C (Adinkwu et al. 2025).  
2.6 Determination of mineral and vitamin composition
Determination of Mineral Composition of Flour Samples
In accordance with standard procedures advised by the Association of Official Analytical Chemists (AOAC, 2019) and other recent analytical studies (Adepoju et al., 2021; Ibrahim et al., 2020), the mineral contents of the flour samples, which are phosphorus, iron, calcium, magnesium, and potassium, were determined using wet acid digestion followed by Atomic Absorption Spectrophotometry (AAS), flame photometry, as well as UV-visible spectrophotometric techniques.
Sample Preparation and Wet Digestion
A digestion flask was filled with precisely 2 g of each flour sample. The material was mixed with around 20 milliliters of concentrated nitric acid (HNO₃), perchloric acid (HClO₄), and sulfuric acid (H₂SO₄) in a 9:2:1 ratio. A clear solution was achieved by gradually heating the mixture on a digesting block in a fume cupboard. For mineral analysis, the digest was chilled, filtered through Whatman No. 1 filter paper into a 100 mL volumetric flask, and then filled to capacity with distilled water (AOAC, 2019; Chukwu et al., 2022).
Determination of Calcium
According to AOAC (2019), Atomic Absorption Spectrophotometry (AAS) was used to determine the calcium concentration. Analytical-grade calcium standards were used to create standard calcium solutions for the instrument's calibration. At a wavelength of 422.7 nm, the digested samples were aspirated into the Atomic Absorption Spectrophotometer. The calcium concentration was determined by comparing the measured absorbance values with those of standard solutions using the calibration curve. The mg/100 g sample was used to express the results (Iwe et al., 2021).
Determination of Magnesium
Calcium content was determined using Atomic Absorption Spectrophotometry (AAS) according to AOAC (2019). Standard calcium solutions were prepared from analytical-grade calcium standards for calibration of the instrument. The digested samples were aspirated into the Atomic Absorption Spectrophotometer at a wavelength of 422.7 nm. The absorbance values obtained were compared with those of standard solutions, and calcium concentration was calculated from the calibration curve. Results were expressed as mg/100 g sample (Iwe et al., 2021).
Determination of Iron
The Atomic Absorption Spectrophotometric technique, as described by AOAC (2019), was used to determine iron. At a wavelength of 248.3 nm, the digested sample solutions were inhaled into the AAS. The concentration of iron in the samples was determined using the calibration curve and standard iron solutions for calibration. The findings were reported as mg/100 g of the sample (Olagunju et al., 2021).
Determination of Potassium
The Atomic Absorption Spectrophotometric technique, as described by AOAC (2019), was used to determine iron. At a wavelength of 248.3 nm, the digested sample solutions were inhaled into the AAS. The concentration of iron in the samples was determined using the calibration curve and standard iron solutions for calibration. The findings were reported as mg/100 g of the sample (Olagunju et al., 2021).
Determination of Phosphorus
The molybdovanadate colorimetric method, as outlined by AOAC (2019), was used to estimate the phosphorus concentration. Ammonium molybdate and ammonium vanadate reagents were added to a test tube containing an aliquot of the digested material. Using a UV-visible spectrophotometer, the yellow complex that generated was detected spectrophotometrically at 420 nm. A standard phosphorus calibration curve was used to determine the phosphorus concentration, which was then expressed as mg/100 g sample (Oluwalana et al., 2020).
Determination of Vitamin B1 (Thiamine)
The spectrophotometric method outlined by AOAC (2019) was used to measure vitamin B1 (thiamine). To extract thiamine, around 5 g of the flour sample was homogenized with diluted hydrochloric acid and cooked in a water bath. Fluorescent thiochrome was created by filtering the extract and treating it with an alkaline potassium ferricyanide solution. A UV-visible spectrophotometer was used to detect the absorbance, and standard thiamine solutions were used to compute the thiamine concentration. The mg/100 g sample was used to express the results (Akinjayeju et al., 2021).

Determination of Vitamin B2 (Riboflavin)
The method outlined by AOAC (2019) was used to determine vitamin B2 (riboflavin). Samples of flour were filtered after being extracted using a diluted acid solution. Before determining absorbance using a UV-visible spectrophotometer at the proper wavelength, the filtrate was properly treated to liberate bound riboflavin. The calibration curve was created using standard riboflavin solutions, and the concentration of riboflavin was determined and expressed as mg/100 g sample (Okorie et al., 2022).
Determination of Vitamin B3 (Niacin)
The colorimetric method outlined by AOAC (2019) was used to determine vitamin B3 (niacin). After being extracted using an acidic solution, the flour samples were filtered. A colorful complex was created by reacting the filtrate with cyanogen bromide and aromatic amine reagents. The generated color's absorbance was measured using spectrophotometry, and the calibration curve made with standard niacin solutions was used to calculate the niacin content. According to Adegunwa et al. (2020), the results were represented as mg/100 g sample.
2.8 Experimental Design
completely randomized design. ANOVA was used to examine the data. Level of significance: p < 0.05
RESULTS AND DISCUSSIONS 
3.1 Mineral concentration of bread produced from blends of wheat, pigeon pea and millet flour
Table 1: mineral concentration of bread produced from blends of wheat, pigeon pea and millet flour
The mineral composition of the bread samples are shown in table 1.
	SAMPLE
	PHOSPHORUS
	
	IRON
	
	CALCIUM
	
	MAGNESIUM
	POTASSIUM

	Control
	25.08a+1.46
	0.61a+0.02
	136.94a+1.94
	103.56a+0.81
	150.20a+0.11

	MB150
	31.23b+1.06
	0.55b+0.01
	163.11b+1.28
	127.23b+1.01
	214.73c+1.11

	MB300
	48.08b+1.56
	0.50b+0.05
	182.10b+1.28
	139.58b+1.21
	334.47c+1.61

	PB150
	29.13c+1.03	Comment by Sunandita Ghosh: Please check the significant letters
	0.66c+0.03	Comment by Sunandita Ghosh: This should be 0.66a?
	179.61b+2.14
	120.02b+0.09
	244.40b+1.03	Comment by Sunandita Ghosh: The significant letters of 334.47c and 244.40b may be interchanged?

	PB300
	40.36c+1.38
	0.90c+0.04
	187.72b+2.14
	131.64b+0.11
	344.08b+1.39


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' potassium level varied from 150.20 to 344.08 mg/100g, with the 100% wheat flour bread having the lowest value at 150.20 mg/100g. Bread made with millet flour has lower values than bread made with pigeon pea flour. For biscuits made from composite flour, the values were somewhat higher than those reported by Onuoha et al. (2025) and Emojorho et al. (2023), which were 149.94 to 195.54 mg/100g and 156.49 to 270.271 mg/100g, respectively. With greater amounts of millet and pigeon pea flour, the bread's potassium levels rose noticeably. The bread formulation with 50% pigeon flour had the greatest value (344.08 mg/100g).
The bread samples' magnesium concentration varied from 103.56 to 139.58 mg/100g, with the 100% wheat flour bread having the lowest value at 103.56 mg/100g. Bread made with millet flour has higher qualities than bread made with pigeon pea flour. For biscuits made using composite flour, the values were marginally higher than the 126 to 168.34 mg/100g magnesium reported by Onuoha et al. (2025). With greater amounts of millet and pigeon pea, the bread's magnesium levels rose noticeably. The formulation with 50% millet flour had the greatest value (139.58 mg/100g).	Comment by Sunandita Ghosh: The numbers did not change significantly according to the table.
The bread samples' calcium level varied from 136.94 to 187.72 mg/100g, with the bread made entirely of wheat flour having the lowest value at 136.94 mg/100g. Bread made with millet flour has lower values than bread made with pigeon pea flour. According to Adinkwu et al. (2025), the values for bread made with composite flour ranged from 413.28 to 453.21. Higher quantities of millet and pigeon pea led to a considerable rise in the bread's calcium content. The formulation with 50% pigeon flour had the highest result (187.72 mg/100g).	Comment by Sunandita Ghosh: Again the numbers are don’t show significant increase in each category
The bread samples' iron level varied from 0.50 to 0.90 mg/100g, with the 50% millet flour bread having the lowest value at 0.50 mg/100g. Bread made with millet flour has lower values than bread made with pigeon pea flour. For tortilla bread biscuits made with composite flour, the values were marginally higher than the 2.92 to 5.05 mg/100g iron reported by Emojorho et al. (2025). Higher pigeon pea proportions resulted in far higher iron levels in the bread, but higher millet amounts produced lower iron concentrations. The formulation with 50% pigeon flour had the greatest result (0.90 mg/100g).
The bread samples' phosphorus concentration varied from 25.08 to 48.08 mg/100g, with the 100% wheat flour biscuits having the lowest value at 25.08 mg/100g. The results were less than the 41.63 to 88.37 mg/100g reported by Adinkwu et al. (2025) for bread made with sorghum and Bambara groundnut composite flour. Higher percentages of millet and pigeon pea flour led to a considerable increase in the biscuits' phosphorus levels. The formulation with 50% millet flour had the highest result at 48.08 mg/100g.
3.1 Vitamin concentration of bread produced from blends of wheat, pigeon pea and millet flour
Table 2: Vitamin concentration of bread produced from blends of wheat, pigeon pea and millet flour (mg/100g) 

The vitamin composition of the bread samples are shown in table 2.	Comment by Sunandita Ghosh: The significant letters don’t look correct
	SAMPLE
	B1
	
	B2
	
	B3
	

	CONTROL
	0.00b+0.00
	0.09b+0.00
	0.13b+0.00

	MB150
	0.09b+0.00
	0.10b+0.00
	0.18a+0.00

	MB300
	0.13b+0.00
	0.17b+0.00
	0.27a+0.00

	PB150
	0.10a+0.00
	0.24a+0.01
	0.23c+0.00

	PB300
	0.23a+0.00
	0.37a+0.01
	0.33c+0.00


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' vitamin B3 level varied from 0.13 to 0.33 mg/100g, with the 100% wheat flour bread having the lowest value at 0.13 mg/100g. Bread made with millet flour had lower vitamin B3 levels than bread made with pigeon pea flour. For biscuits made with composite flours, the readings were less than the 0.56 to 1.63 mg/100g reported by Emojorho et al. (2023). Higher percentages of millet and pigeon pea flour led to a considerable rise in the bread's vitamin B3 levels. The bread mixture with 50% pigeon flour had the greatest value, 0.33 mg/100g.
The bread samples' vitamin B2 level varied from 0.09 to 0.37 mg/100g, with the 100% wheat flour bread having the lowest value at 0.09 mg/100g. Bread made with millet flour has lower values than bread made with pigeon pea flour. For tortilla bread made with composite flour, the values were less than the 0.03 to 0.14 mg/100g vitamin B2 reported by Emojorho et al. (2025). Higher amounts of millet and pigeon pea flour led to a considerable rise in the bread's vitamin B2 levels. The bread mixture with 50% pigeon flour had the greatest value, 0.37 mg/100g.
The bread samples' vitamin B1 level varied from 0.00 to 0.23 mg/100g, with the 100% wheat flour bread having the lowest value at 0.00 mg/100g. Bread made with millet flour has lower values than bread made with pigeon pea flour. For tortilla bread made with composite flour, the values were less than the 0.03 to 0.14 mg/100g vitamin B2 reported by Emojorho et al. (2025).  Higher amounts of millet and pigeon pea flour led to a considerable rise in the bread's vitamin B levels. The bread formulation with 50% pigeon flour had the greatest amount (0.23 mg/100g).








Conclusion
In order to improve the nutritional value of traditional wheat bread, this study assessed the micronutrient composition of bread made from composite mixes of millet and pigeon pea flour. The study's conclusions unequivocally showed that adding millet and pigeon pea flour to bread recipes greatly increased the bread samples' mineral and vitamin contents. The significant nutritional potential of these locally accessible crops in bread manufacturing is demonstrated by the steady increase in phosphorus, calcium, potassium, iron, and magnesium contents with increasing replacement levels of millet and pigeon pea flour. Since phosphorus is crucial for cellular processes and skeletal development, the higher phosphorus content of the composite bread predicts better energy metabolism and bone development potential. In a similar vein, the greater calcium level seen in the composite bread samples suggests that millet and pigeon pea flour can support healthy bones, the development of teeth, and appropriate muscle function. Because potassium is necessary for maintaining fluid balance, neuronal transmission, and blood pressure regulation, the higher potassium levels seen in the bread samples are advantageous from a nutritional standpoint.
Higher inclusion levels of millet and pigeon pea flour also boost the iron content, which is very important nutritionally, especially in underdeveloped nations where iron deficiency anemia is still a serious public health issue. Because magnesium is involved in a number of metabolic and enzymatic processes in the human body, the increased magnesium concentration also improves the bread's nutritional profile. As the amounts of millet and pigeon pea flour in the bread samples rose, the study also found a significant improvement in vitamin B complex, notably vitamin B1 (thiamine), vitamin B2 (riboflavin), and vitamin B3 (niacin). These vitamins are necessary for healthy growth and development, nervous system function, and energy metabolism. Therefore, the enhanced vitamin composition suggests that the composite bread can be used as a functional food that can help consumers meet their daily micronutrient needs.
The study's findings further demonstrate that millet and pigeon pea flour have superior nutritional properties and can be used to make composite bread without sacrificing the product's micronutrient quality. Reducing reliance on imported wheat, promoting local agriculture, encouraging crop diversification, and improving food security are just a few of the significant economic and agricultural ramifications of using these neglected indigenous crops in bread production. Overall, the study finds that bread made from millet and pigeon pea composite flour has a better micronutrient composition than traditional wheat bread. As a result, it can be suggested as a wholesome substitute for enhancing dietary quality and preventing micronutrient deficiencies in consumers.
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    MICRONUTRIENT COMPOSITION OF BREAD PRODUCED FROM  MILLET AND PIGEON PEA FLOUR         Abstract   In order to develop nutritionally enriched bread products from locally accessible crops, this study  examined the micronutrient makeup of bread made from blends of millet and pigeon pea flour.The  use of nutrient - rich grains and legumes in bread manufacturin g has been stimulated by the growing  demand for healthier baked goods and the need to lessen reliance on imported wheat flour.While  pigeon pea is a protein - rich legume that provides crucial vitamins and minerals, millet is a  significant cereal recognized f or its high mineral content and health advantages.When these crops  are combined to make bread, there is a chance for increased food security, dietary diversity, and  nutritional quality.   Millet and pigeon pea were combined to create composite flours in diff erent  ratios, which were then utilized to make bread using conventional baking techniques.   Standard  analytical techniques were used to ascertain the bread samples' micronutrient makeup. The mineral  and vitamin contents of the bread samples varied  significantly, according to the results. The  potassium and magnesium contents varied from 150.20 to 344.08 mg/100 g and 103.56 to 139.58  mg/100 g, respectively. The bread samples were good suppliers of important minerals needed for  bone development, nerve  transmission, muscular function, and metabolic activities, as evidenced  by the calcium content, which varied from 136.94 to 187.72 mg/100 g. Phosphorus concentration  varied from 25.08 to 48.08 mg/100 g, whereas iron content varied from 0.50 to 0.90 mg/100  g.  The addition of millet and pigeon pea flours, which are naturally high in micronutrients, was  responsible for the rise in mineral content shown in the bread samples. Vitamin B3 content ranged  from 0.13 to 0.33 mg/100 g, Vitamin B2 from 0.09 to 0.37 mg/1 00 g, and Vitamin B1 from 0.00  to 0.23 mg/100 g, according to the vitamin analysis. The findings showed that adding blends of  millet and pigeon pea flour enhanced the bread samples' nutritional content. These vitamins are  vital for the neurological system,   energy metabolism, and general health of the organism. Millet  and pigeon pea flour may be useful ingredients for the creation of functional baked goods with  improved nutritional advantages, according to the reported increase in vitamin content.   The study  found that bread made with blends of millet and pigeon pea flour had significant levels of important  vitamins and minerals and can be a healthy substitute for traditional wheat bread. Using millet and  pigeon pea flour to make bread may boost nutrient intak e, encourage local crops, lessen reliance  on wheat, and increase food security. Therefore, it is advised to use millet and pigeon pea  composite flour while making bread in order to create functional and micronutrient - enriched baked  goods that are appropria te for both domestic and commercial use.   Keywords: bread, pigeon pea; millet; mineral; vitamin        

