
MICRONUTRIENTS COMPOSITION OF CAKE PRODUCED FROM FERMENTED SORGHUM AND PIGEON PEA COMPOSITE FLOUR

Abstract
This study evaluated the micronutrient composition of cakes produced from fermented sorghum and pigeon pea composite flours. Sorghum and pigeon pea are locally available crops with potential for improving the nutrient profile of bakery products and reducing reliance on wheat flour. Fermented sorghum and pigeon pea flours were prepared and incorporated into cake formulations at different substitution levels, while a 100% wheat flour cake served as the control. The cakes were analysed for selected minerals and B vitamins using standard analytical procedures. The results showed that all cake samples contained measurable amounts of the assessed micronutrients. Magnesium ranged from 173.55 to 197.81 mg/100 g, potassium from 352.06 to 387.07 mg/100 g, calcium from 301.77 to 322.14 mg/100 g, phosphorus from 34.98 to 46.25 mg/100 g and iron from 0.34 to 6.73 mg/100 g. The inclusion of fermented sorghum and pigeon pea flours increased potassium, calcium, magnesium and phosphorus contents, although iron decreased with increasing substitution. Vitamin B1 ranged from 0.021 to 0.035 mg/100 g, vitamin B2 from 0.328 to 0.377 mg/100 g and vitamin B3 from 0.002 to 0.023 mg/100 g. The findings indicate that fermented sorghum and pigeon pea flours can improve selected mineral and vitamin contents of cakes and may support the development of value-added bakery products from local crops. 
Keywords: Fermented sorghum flour; pigeon pea flour; composite flour; cake; micronutrients; minerals; B vitamins; wheat substitution; fermentation; gluten-free baked products.

1.1 Background of the Study
Cake is one of the most popular bakery products worldwide because of its sensory appeal, affordability and convenience. Wheat flour has traditionally been used as the main ingredient in cakes because of its ability to form gluten, which contributes to the desired structure and texture. However, in many developing countries, including Nigeria, wheat flour is highly dependent on imports and is limited in some micronutrients; this increases production costs and contributes to food insecurity (FAO, 2022). Cake is traditionally produced from wheat flour, but individuals with gluten-related conditions, such as coeliac disease, may be intolerant to wheat because it contains gluten (Biesiekierski, 2017). Sorghum and pigeon pea composite flour may therefore provide a possible substitute for producing gluten-free and nutrient-dense cakes. The growing demand for wholesome and functional foods has encouraged research on alternative flours produced from indigenous crops such as sorghum and pigeon pea. Sorghum (Sorghum bicolor L.) is a major cereal crop widely cultivated in Asia and Africa. It is rich in carbohydrates, minerals such as iron, magnesium and phosphorus, and bioactive compounds with antioxidant properties (Emojorho et al., 2025). However, the protein quality of sorghum is limited by its relatively low lysine content, an essential amino acid. Cereal and legume grains constitute a substantial part of human diets, particularly in developing countries, where they provide inexpensive sources of vitamins, minerals, proteins and carbohydrates. Sorghum is one of the most important cereal crops globally and ranks fifth in production after wheat, rice, barley and maize (Emojorho et al., 2025). Because of its drought tolerance and adaptability to harsh environmental conditions, it is widely grown in Asia and Africa. Sorghum grains are rich in carbohydrates, dietary fibre, iron, phosphorus and B-complex vitamins, but they are low in some essential amino acids, including lysine (Ratnavathi & Komala, 2016). Conversely, legumes are valuable sources of protein and vitamins. Pigeon pea is an underutilised tropical legume that is rich in protein, iron, zinc, calcium and vitamins (Saxena et al., 2010). It has been identified as a useful crop for improving nutritional security, particularly in areas affected by micronutrient and protein deficiencies.
Recent assessment of sorghum varieties also indicates that proximate composition and phytic acid content differ among varieties, supporting the need to evaluate sorghum-based products in relation to nutrient contribution and anti-nutritional constraints (Hein et al., 2025).
After barley, rice, maize and wheat, sorghum is the fifth most widely cultivated cereal crop in the world (Emojorho et al., 2025). Sorghum grains and sorghum flour (SF) are rich in proteins, minerals, vitamins, phenolic compounds, micronutrients, macronutrients and bioactive substances (Emojorho et al., 2025). Sorghum has binding properties that support the formation and retention of food structures because of its distinct protein composition. SF can absorb and retain emulsifiers, lipids and oils. This property is beneficial in baked goods because it can improve the volume, tenderness and storage duration of bread, cakes and pastries (Emojorho et al., 2025). Pigeon pea (Cajanus cajan) is a protein-rich legume that also contains essential amino acids, vitamins and minerals such as calcium, potassium and iron (Olagunju et al., 2018). It is also a good source of nutrients, particularly B vitamins. The complementary protein and micronutrient compositions of cereals and legumes enhance nutritional quality. Consequently, the production of cake with fermented sorghum and pigeon pea flours may increase micronutrient content, including vitamins and minerals, while promoting the use of local crops and reducing dependence on imported wheat flour (Olagunju et al., 2018).
Fermentation of pigeon pea flour has been reported to improve selected functional and proximate properties, indicating its suitability as a supplementary ingredient in food formulations (Olanipekun et al., 2021).
The nutritional value and functional properties of baked products, including bread, biscuits and cakes, have been improved successfully through the use of sorghum-legume composite flours. Despite their nutritional benefits, sorghum and pigeon pea contain anti-nutritional factors such as phytates, tannins and oxalates, which can reduce mineral absorption (Nkhata et al., 2018). Fermentation is a traditional food-processing method that can increase vitamin content, improve mineral absorption, enhance nutrient bioavailability and reduce anti-nutritional factors such as tannins and phytates (Adebo & Medina-Meza, 2020). Fermentation can also improve the functional and sensory properties of flour. Microorganisms such as Saccharomyces cerevisiae and Lactobacillus are involved in fermentation and produce enzymes that degrade anti-nutritional compounds and synthesise some vitamins (Marco et al., 2021). Combining cereals with legumes enhances the nutritional value of food because of their complementary amino acid profiles and increased micronutrient density. Therefore, this study evaluated the effect of fermentation on the mineral and vitamin composition of cake produced from sorghum and pigeon pea flours. The aim of this study was to assess the mineral, vitamin and phytochemical content of cake produced from fermented sorghum and pigeon pea composite flours. In developing countries such as Nigeria, micronutrient deficiencies, especially deficiencies in iron, zinc, calcium and vitamins, remain a serious public health concern (World Health Organization, 2021). Traditional cakes prepared with refined wheat flour often contain low levels of vitamins and phytochemicals because of processing losses and the absence of fortification. In addition, reliance on wheat imports is high because wheat is not commonly grown in tropical regions. This situation supports the need to develop bakery products from nutrient-dense, locally available crops such as pigeon pea and sorghum. Although sorghum and pigeon pea are nutritionally valuable, anti-nutritional compounds such as phytates and tannins may restrict mineral absorption. Nkhata et al. (2018) reported that these compounds bind minerals and reduce their absorption in the human body. Fermentation has been shown to improve mineral and vitamin bioavailability; however, limited research exists on the mineral and vitamin composition of cake produced from fermented sorghum and pigeon pea flour blends. In addition, cakes produced from conventional wheat flour may not provide sufficient micronutrients and may be unsuitable for gluten-intolerant individuals.
Recent work on pigeon pea flour cookies showed that germination and solid-state fermentation can alter chemical, functional and nutritional properties while supporting the use of fermented pigeon pea flour in cookie-type products (Sobowale et al., 2024).
Similarly, whole sorghum flour has recently been examined in gluten-free cake formulation, underscoring the need to evaluate how sorghum processing and inclusion affect technological, antioxidant and sensory quality in cake systems (Teles et al., 2025).
Nevertheless, evidence remains limited on how fermented sorghum and pigeon pea flours, when used in cake formulations, influence the specific mineral and B-vitamin composition of the final product.
Objective of the Study
The objective of this study was to determine the micronutrient content of cake produced from blends of fermented sorghum and pigeon pea flours.
MATERIALS AND METHODS
2.1 Materials: Sorghum grains, pigeon pea seeds, wheat flour (control), sugar, butter, eggs, baking powder, milk, vanilla flavour, nitric acid, hydrochloric acid, standard mineral solutions and vitamin standards were purchased from the Ozoro and Asaba main markets.
2.2 Preparation of Fermented Sorghum Flour: Fermented sorghum flour was prepared using wet milling. The sorghum grains were cleaned to remove extraneous materials and broken grains. The grains were cooked in water (1:2 w/v) at 100 ± 2 ºC for 2 min. In a professional sorghum mill, the cooked grains were wet milled and filtered through cheesecloth with additional water. The resulting slurry was allowed to settle and ferment at room temperature (27 ± 2 ºC) for three days. After the water had been decanted, the resulting paste was oven-dried at 40 ºC for two days. The dried mixture was ground into flour using a sorghum mill (type Corona-2N, England). The flour was sieved (45 µm), packaged in 55 µm-thick polyethylene bags and stored in a refrigerator at 4 ºC until required (Ityotagher et al., 2022).
2.3 Preparation of Fermented Pigeon Pea Flour: As described by Akubor (2017), a portion of the raw pigeon pea flour (RPPF) was mixed with water in a covered plastic bowl at a ratio of 3.2 (water: flour). The paste underwent three days of fermentation, oven drying at 60 °C for three hours, attrition milling and screening through a 60-mesh sieve (0.1 mm). Before use, all flour samples were stored in high-density polyethylene (HDPE) bags that were 0.77 mm thick.
2.4 Flour Formulation
Composite flour blends were prepared in the following ratios:
	Sample 
	Wheat (%)
	Sorghum (%)
	Pigeon Pea (%)

	CC
	100
	0
	0

	CP25
	75
	25
	0

	CP50
	50
	50
	0

	SC25
	75
	0
	25

	SC50
	50
	0
	50



2.5 Cake Production Procedure: The cakes were produced using the creaming method. Baking powder, baking soda and Amul powder were sieved into the flour. The oil and sugar were creamed in a container using a hand blender, and the other ingredients were added. The cream was mixed with the sieved flour mixture. The batter was prepared by proper mixing, and milk or water was used to maintain the required consistency. After preparation, the batter was poured into a greased cake tin, baked at 180 °C, allowed to cool and stored at room temperature.

2.6 Determination of mineral and vitamin composition
In accordance with standardised procedures stipulated by the Association of Official Analytical Chemists (AOAC International, 2023) and Adeyanju et al. (2021), the mineral contents of the samples, namely phosphorus, iron, calcium, magnesium and potassium, were determined. AOAC International (2023) was used to measure vitamin B1 (thiamine), vitamin B2 and vitamin B3.
2.9 Experimental Design: The experiment was conducted using a completely randomised design. The collected data were analysed using analysis of variance (ANOVA). The least significant difference (LSD) test was used to identify significantly different means. Significance was accepted at p < 0.05.
RESULTS AND DISCUSSION
3.1 Mineral concentration of cakes produced from blends of wheat, pigeon pea and sorghum flour
Table 1: mineral concentration of cakes produced from blends of wheat, pigeon pea and sorghum flour
The mineral composition of the cake samples is shown in Table 1.
	SAMPLE
	P
	
	Fe
	
	Ca
	
	Mg
	
	K
	

	CP25
	40.26c+0.04
	2.08b+0.01
	309.44d+0.02
	185.74d+0.04
	362.67c+0.64

	CP50
	47.86a+0.08
	0.34d+0.01
	316.28b+1.17
	192.25b+0.25
	372.00b+2.02

	SC25
	39.00d+0.05
	2.17c+0.04
	311.63c+0.04
	189.45c+0.15
	373.20b+0.65

	SC50
	46.25b+0.47
	0.35d+0.01
	322.14a+0.20
	197.81a+0.62
	387.07a+0.48

	CC
	34.98e+0.97
	6.73a+0.40
	301.77e+0.47
	173.55e+0.97
	352.06c+0.23


The values represent three replications' means ± standard deviations. Values in the same column with similar superscripts do not differ substantially (p>0.05), however values in the same column with varying superscripts differ significantly (p<0.05). CP25: cake made with 25% pigeon pea flour; CP50: cake made with 50% pigeon pea flour; CS: CS25: cake made with 25% sorghum flour; CS50: cake made with 50% sorghum flour;

The potassium content of the cake samples ranged from 352.06 to 387.07 mg/100 g, with the 100% wheat flour cake having the lowest value of 352.06 mg/100 g. According to Onuoha et al. (2025) and Emojorho et al. (2023), these values were higher than the 149.94 to 195.54 mg/100 g and 156.49 to 270.271 mg/100 g reported, respectively, for biscuits produced from composite flour. Higher levels of sorghum and pigeon pea flours significantly increased the potassium content of the cakes. Potassium concentrations were higher when sorghum flour was used than when pigeon pea flour was supplemented; the formulation containing 50% sorghum flour had the highest value of 387.07 mg/100 g. The potassium concentrations of the cakes differed significantly (p < 0.05).
The magnesium content of the cake samples ranged from 173.55 to 197.81 mg/100 g, with the cake produced entirely from wheat flour having the lowest value of 173.55 mg/100 g. The values were slightly higher than the 126.75 to 168.34 mg/100 g reported by Onuoha et al. (2025) for biscuits produced from composite flour. Higher proportions of sorghum and pigeon pea flours significantly increased the magnesium content of the cakes. Adinkwu et al. (2025) also reported elevated levels in bread samples containing sorghum flour, ranging from 123.43 to 182.34 mg/100 g. Magnesium concentrations were higher when sorghum flour was substituted than when pigeon pea flour was supplemented, reaching a maximum of 197.81 mg/100 g in the formulation containing 50% sorghum flour. The magnesium concentrations of the cakes differed significantly (p < 0.05).

The calcium content of the cake samples ranged from 301.77 to 322.14 mg/100 g, with the cake produced entirely from wheat flour having the lowest value. These values were higher than the 0.45 to 1.02 mg/100 g reported by Ihedinachi et al. (2025) for complementary food produced from composite flour. Higher levels of sorghum and pigeon pea flours significantly increased the calcium content of the cakes. Calcium concentrations were higher when sorghum flour was substituted than when pigeon pea flour was supplemented, reaching a peak of 322.14 mg/100 g in the formulation containing 50% sorghum flour. The calcium concentrations of the cakes differed significantly (p < 0.05).
The iron content of the cake samples ranged from 0.34 to 6.73 mg/100 g, with the cake produced entirely from wheat flour having the highest value of 6.73 mg/100 g and the cake supplemented with 50% pigeon pea flour having the lowest value of 0.34 mg/100 g. The findings were slightly higher than the 0.44 to 1.17 mg/100 g reported by Ihedinachi et al. (2025) for complementary food produced from composite wheat. The iron content of the cakes decreased significantly with increasing levels of sorghum and pigeon pea flours. Notably, pigeon pea substitution resulted in lower phosphorus concentrations than sorghum supplementation. The iron contents of the cakes varied significantly (p < 0.05). The reduction in iron content may be associated with leaching during fermentation.
The phosphorus content of the cake samples ranged from 34.98 to 46.25 mg/100 g, with the 100% wheat flour cake having the lowest value of 34.98 mg/100 g. The results were slightly lower than the 40.64 to 51.97 mg/100 g reported by Onuoha et al. (2025) for biscuits produced with composite flour. Higher levels of sorghum and pigeon pea flours significantly increased the phosphorus content of the cakes. According to Adinkwu et al. (2025), bread samples with increased sorghum flour had higher phosphorus levels. Phosphorus concentrations were significantly higher when pigeon pea flour was substituted than when sorghum flour was used, reaching a peak of 47.86 mg/100 g in the formulation containing 50% pigeon pea flour. The phosphorus concentrations of the cakes differed significantly (p < 0.05).
3.2 Vitamin concentration of cakes produced from blends of wheat, pigeon pea and sorghum flour
Table 2: Vitamins. Concentration of cakes produced from blends of wheat, pigeon pea and sorghum flour (mg/100g)
The vitamin composition of the cake samples is shown in Table 2.
	SAMPLE
	B1
	
	B2
	
	B3
	

	CP25
	0.028b+0.001
	0.367ab+0.001
	0.004c+0.000

	CP50
	0.027b+0.002
	0.377a+0.006
	0.002c+0.000

	SC25
	0.030ab+0.001
	0.333d+0.002
	0.009b+0.001

	SC50
	0.035a+0.004
	0.340b+0.004
	0.023a+0.001

	Control
	0.021c+0.001
	0.328c+0.004
	0.006b+0.003


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 vitamin B1 content of the cake samples ranged from 0.021 to 0.035 mg/100 g, with the 100% wheat flour cake having the lowest value of 0.021 mg/100 g. The values were comparable to the 0.035 to 0.315 mg/100 g reported by Aniemena et al. (2024) for cupcakes produced from wheat-garri flour blends, but lower than the 1.00 to 2.33 mg/100 g reported by Anene et al. (2023) for composite flour. With higher levels of sorghum and pigeon pea flours, the vitamin B1 contents of the cakes increased markedly. Vitamin B1 concentrations were higher when sorghum flour was substituted than when pigeon pea flour was supplemented; the formulation containing 50% sorghum flour had the highest value of 0.035 mg/100 g. The vitamin B1 concentrations of the cakes differed significantly (p < 0.05).
The vitamin B2 content of the cake samples ranged from 0.328 to 0.377 mg/100 g, with the 100% wheat flour cake having the lowest value of 0.328 mg/100 g. According to Adinkwu et al. (2025), the values reported for bread produced with sorghum flour ranged from 0.99 to 1.04 mg/100 g. As the levels of sorghum and pigeon pea flours increased, the vitamin B2 content of the cakes increased markedly. Vitamin B2 concentrations were higher when pigeon pea flour was substituted than when sorghum flour was supplemented; the formulation containing 50% pigeon pea flour had the highest value of 0.377 mg/100 g. There were significant differences (p < 0.05) in the vitamin B2 contents among the cakes.

The vitamin B3 content of the cake samples ranged from 0.002 to 0.023 mg/100 g, with the 50% pigeon pea cake having the lowest value of 0.002 mg/100 g. The values were lower than the 0.56 to 1.63 mg/100 g reported by Emojorho et al. (2023) for biscuits produced from composite flours. When the amount of sorghum flour in the cake increased, the vitamin B3 content increased noticeably, whereas increased pigeon pea flour reduced the vitamin B3 content. Vitamin B3 concentrations were higher when sorghum flour was substituted than when pigeon pea flour was supplemented; the formulation containing 50% sorghum flour had the highest value of 0.023 mg/100 g. The vitamin B3 contents of the cakes differed significantly (p < 0.05).


Conclusion
The current study showed that adding sorghum and pigeon pea flours to cake formulations improved the mineral and vitamin contents of the cakes. The findings showed that as the level of sorghum and pigeon pea substitution in the flour blends increased, the concentrations of potassium, calcium, magnesium, vitamin B1 (thiamine), vitamin B2 (riboflavin) and vitamin B3 (niacin) also increased; however, the iron content decreased with increased levels of sorghum and pigeon pea. Fermentation and soaking reduced the iron contents of sorghum and pigeon pea flours, possibly because of leaching. This suggests that the composite flour cakes had improved micronutrient quality when compared with cakes produced solely from traditional wheat flour.
The observed improvement in mineral and vitamin contents highlights the nutritional potential of sorghum and pigeon pea as useful ingredients in baked products. The inclusion of these locally grown crops in cakes may enhance the dietary intake of micronutrients required for healthy physiological functions and general well-being. In addition, using pigeon pea and sorghum flours in cake production could promote the use of underutilised indigenous crops, diversify bakery raw materials and reduce reliance on imported wheat flour.
Cakes produced from blends of sorghum and pigeon pea flours can therefore be considered nutritionally improved in terms of minerals and vitamins, and they may contribute to the development of value-added functional bakery products for consumers seeking healthier dietary options. Further research could focus on nutrient bioavailability, storage stability and sensory acceptance of the developed products.
Limitation
This study was limited to the determination of selected minerals and B vitamins in cake samples produced from fermented sorghum and pigeon pea composite flours. It did not evaluate nutrient bioavailability, anti-nutritional reduction after fermentation, sensory acceptance, shelf stability or consumer preference. These aspects should be investigated in future studies to support wider application.
Recommendations
1. Because sorghum and pigeon pea flours can improve the nutritional quality of cakes, especially in terms of mineral and vitamin content, their increased use in baked products is recommended.
2. As healthier substitutes for traditional wheat-based cakes, the food industry and commercial bakers should investigate the large-scale production of composite flour cakes.
3. To help address micronutrient deficiencies, particularly in developing countries, nutritionists and public health organisations should promote the intake of products produced from sorghum and pigeon peas.
4. Further research should be conducted on the sensory properties, shelf stability, consumer acceptability and storage characteristics of cakes produced using blends of sorghum and pigeon pea flours.
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