



Effect of Fermentation and Germination on the Functional, Microbial, Pasting and Sensory Properties of Maize–Black Kidney Bean–Date Flour Breakfast Meal Blends



Abstract

	This study investigated the effects of fermentation and germination on the functional, microbial, pasting and sensory properties of breakfast meal flour blends formulated from maize, black kidney bean and date flour. Five flour formulations were developed: fermented maize flour (FM), fermented maize with sprouted black kidney bean and date flour (FMSBD), fermented maize with non-sprouted black kidney bean and date flour (FMNSBD), germinated/fermented maize with sprouted black kidney bean and date flour (GFMSBD), and germinated/fermented maize with non-sprouted black kidney bean and date flour (GFMNSBD). Standard analytical procedures were used to determine the functional properties, microbial quality, pasting characteristics and sensory attributes of the formulated flour blends. The results showed significant differences (p < 0.05) among the samples. Bulk density ranged from 0.66 to 0.84 g/mL, water absorption capacity from 2.02 to 2.81 g/g, oil absorption capacity from 1.35 to 2.51 g/g, and viscosity from 32.35 to 241.69 cP. GFMSBD exhibited the highest water absorption capacity, oil absorption capacity, foaming capacity, emulsifying activity and swelling capacity, indicating that combined germination and fermentation improved the functional characteristics of the flour blends. Microbial analysis showed that all samples were microbiologically acceptable, with bacterial and fungal counts within stated limits and no coliform contamination. Pasting properties indicated that germination and fermentation reduced viscosity and setback values, while sensory evaluation showed that GFMSBD had the highest overall acceptability score (8.77). The study concluded that the combined application of fermentation and germination improved the functional performance, microbial quality, pasting behaviour and sensory acceptability of maize-black kidney bean-date flour breakfast meal blends.
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1. Introduction

Breakfast is often considered an important meal because it supplies the body with nutrients and energy required for growth, mental focus and normal metabolic functions (Hamzah et al., 2025). Regular consumption of a nutritious breakfast has been associated with better concentration, higher academic performance, improved nutrient intake and a lower risk of chronic disease (Rani et al., 2021). However, in many developing countries, breakfast meals rely heavily on cereals, resulting in foods with low-quality protein, insufficient micronutrients and limited dietary diversity (Feyera, 2020; Edima-Nyah & Ntukidem, 2019; Gibney et al., 2018). These limitations contribute to protein-energy malnutrition, micronutrient deficiencies and poor health outcomes, particularly among children and low-income groups (Tesfay et al., 2020).

Maize is one of the most widely consumed cereal grains in the world and serves as a major staple food in many African countries due to its affordability, availability, and high carbohydrate content (Jacinto et al., 2018). Despite its importance as an energy source, maize is deficient in essential amino acids such as lysine and tryptophan, thereby limiting its protein quality. Therefore, the nutritional quality of maize-based foods can be improved through supplementation with legumes and fruits that provide proteins, minerals, vitamins, and bioactive compounds (Edima-Nyah et al., 2024).

Black kidney beans are rich sources of protein, dietary fibre, minerals and phytochemicals (Srenuja et al., 2023). They contain approximately 20-25% protein and are rich in dietary fibre, B vitamins, and minerals, including iron, zinc and potassium (Kimothi & Dhaliwal, 2020). The incorporation of legumes into cereal-based products has been reported to improve amino acid balance, enhance protein quality and increase micronutrient content (Mostafa et al., 2017).

Date fruit contains natural sugars, antioxidants, vitamins, minerals and dietary fibre, making it a valuable ingredient for improving the flavour, sweetness and sensory acceptability of food products (Aljaloud et al., 2020).

Processing techniques such as fermentation and germination are widely used to enhance the nutritional quality and functional performance of cereal-legume foods (Adebo et al., 2022). Fermentation improves flavour, digestibility, microbial safety and mineral bioavailability through microbial and enzymatic activities. It also reduces anti-nutritional factors and enhances shelf stability (Ikujenlola & Iwayemi, 2025). Germination activates endogenous enzymes, such as amylases and proteases, leading to starch hydrolysis, protein modification and improved nutrient availability (Sobowale, 2025).

However, blending raw cereals and legumes often results in poor functional properties, including low water and oil absorption, high viscosity, rapid retrogradation and undesirable sensory attributes, such as gritty texture and off-flavours. Traditional bioprocessing techniques, including fermentation and germination (sprouting), have therefore attracted scientific interest as approaches for addressing these limitations. Although each technique has been studied individually, limited information is available on their combined effects in ternary blends of cereal, legume and fruit flour, particularly for breakfast meal applications. Therefore, this study aimed to evaluate the functional, pasting, microbial and sensory properties of breakfast meal flour blends produced from fermented and germinated maize combined with sprouted and non-sprouted black kidney beans and date flour.

2. Materials and Methods

2.1 Raw Materials Procurement 

Yellow maize and date fruits were procured from Wurukum Market in Makurdi, Benue State, Nigeria. Black kidney beans were purchased from Bamenda Food Market, Cameroon.

2.2 Preparation of Flour Samples

2.2.1 Production of Fermented Yellow Maize Seeds Flour

Fermented yellow maize flour was processed using the method described by Anaemene and Fadupin (2020). Four kilograms of yellow maize seeds were cleaned, washed, soaked in excess tepid water (1:3 w/v) and allowed to ferment naturally for 72 h at room temperature (30 ± 2 °C). The fermented seeds were washed and dried in a dehydrator at 60 °C (model: ST 0-2) for 24 h. The seeds were milled using an electric grinder (DE-2000 g) and sieved through a 450 µm pore sieve to obtain fermented maize flour. The flour obtained was packaged in zip-lock bags and stored in a refrigerator at 4 °C.

2.2.2 Production of Germinated/Fermented Yellow Maize Seeds Flour

Four kilograms of yellow maize seeds were cleaned and soaked in excess tepid water for 24 h, with rinsing at 12 h intervals to prevent fermentation. The maize seeds were washed, drained and spread again at the 24th and 48th hours of germination, and were allowed to continue sprouting at room temperature until 72 h using a modified method of Anaemene and Fadupin (2020). Water was sprinkled once or twice daily during the germination period to encourage aeration. The germinated maize was washed and fermented in water for 48 h at 30 °C. The sprouted fermented seeds were dried in a dehydrator at 60 °C (model: ST 0-2) for 24 h. The rootlets and hulls were removed, and the seeds were milled, sieved through a 450 µm pore sieve, packed in zip-lock bags and stored at 4 °C as germinated/fermented maize flour for further analysis.

2.2.3 Preparation of Black Kidney Flour

Black kidney bean flour was prepared following the steps shown in the flowchart below:
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Fig. 1. Flow chart for the production of non-sprouted and sprouted black kidney beans flour
Source: Abera et al. (2023) and Heuvey et al. (2023).
2.2.4 Processing of Date Flour

Date fruit flour was produced following Ahmadu et al. (2023), with minor modifications to the drying temperature. Two kilograms of dates were sorted, washed and soaked in 2.5 litres of water at 30 ± 2 °C for 24 h, with the water changed every 6 h to prevent fermentation. The seeds were removed, and the pulp was rinsed, spread on trays and dried in a dehydrator at 60 °C (model: ST 0-2) for 20 h, with stirring every 30 min. The dried pulp was milled, sieved (500 µm), mixed with 0.2% calcium triphosphate to prevent caking, packaged in a covered plastic container and stored at 4 °C.

Samples were formulated after proximate analysis through material balancing, targeting 16% protein per 100 g.

Table 1. Sample formulation
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Key: FM, fermented maize; FMSBD, fermented maize + sprouted black beans + date; FMNSBD, fermented maize + non-sprouted black beans + date; GFMSBD, germinated/fermented maize + sprouted black beans + date; GFMNSBD, germinated/fermented maize + non-sprouted black beans + date flour.

2.3 Determination of Functional Properties

2.3.1 Water Absorption Capacity (WAC) of the Breakfast Meal 

Water absorption capacity was quantified using the method described by Heuvey and Ahure (2024) and Ojo et al. (2017). Ten millilitres of distilled water was added to 1 g of the composite flour sample in a pre-weighed centrifuge tube. The tube was agitated on a vortex mixer for 2 min and subsequently centrifuged at 500 rpm for 30 min. The clear supernatant was carefully decanted and discarded. Water droplets were removed, and the sample was subsequently weighed. Water absorption capacity was expressed as the mass of water retained by 100 g of dried flour.

                  

Water absorbed (mL) = Volume of water added - Volume of water obtained after centrifugation

2.3.2 Determination of Oil Absorption Capacity of the Breakfast Meal

Oil absorption capacity was analysed according to the methods outlined by Arya et al. (2020) and Heuvey and Ahure (2024). One gram of the composite flour sample was combined with 10 mL of refined vegetable oil and allowed to equilibrate at ambient temperature (30 °C) for 30 min. The mixture was then centrifuged for 30 min at 500 rpm. The resultant oil, together with adhering oil droplets, was carefully decanted and discarded. Oil absorption capacity was expressed as the percentage of oil bound per gram of flour.



Oil absorbed (mL) = Volume of oil added - Volume of oil obtained after centrifugation. 

2.3.3 Determination of Bulk Density (BD) of the Breakfast Meal

Bulk densities of the flour blends were determined using the methods described by Friday et al. (2019) and Heuvey et al. (2023). Five grams of each flour blend were poured into a 10 mL dry measuring cylinder. For packed bulk density, the bottom of the cylinder was tapped 50 times on the laboratory bench until a constant volume was achieved, and the volume was recorded. For loose bulk density, the bottom of the cylinder was not tapped. The bulk density of the samples was calculated as:
                             

2.3.4 Determination of the Swelling Capacity (SC) of the Breakfast Meal

Swelling capacity was determined using the method described by Ukeyima et al. (2019). Five grams of the sample was weighed into a clean, dry graduated measuring cylinder. Fifty millilitres of boiled distilled water was added and stirred with a glass rod. The mixture was allowed to stand for 15 min, and the change in sample volume was recorded. The ratio of the initial volume to the final volume was calculated as the swelling ratio:

                                       

2.3.5 Determination of Viscosity

Gruels were prepared from both the control and formulated samples of the breakfast meal flour blends. Exactly 60 g of each sample was dissolved in 150 mL of potable water to produce a slurry. Then, 180 mL of boiling water was added to each slurry with continuous stirring to obtain homogeneous gruels (Okoye et al., 2021; Marcel et al., 2021). The viscosity of the gruels was measured using a Brookfield viscometer (Model DVI+, Italy). Cooked gruels were placed in a water bath maintained at 30 °C, which was the ambient temperature at which viscosity measurements were taken. The Brookfield viscometer was used to measure gruel viscosity in centipoise (cP) using spindle number 4 at a shear rate of 50 rpm (Tesfay et al., 2020; Okoye et al., 2021).

2.4 Determination of Pasting Properties

Pasting properties, including peak viscosity, trough viscosity, breakdown viscosity, final viscosity, setback viscosity, peak time and pasting temperature, were determined using a Rapid Visco Analyzer (RVA).

2.5 Determination of Microbial Quality

Total bacterial count, total fungi count, and coliform count were determined using standard microbiological methods (Horwitz & Latimer, 2006).

2.6 Sensory Evaluation

Breakfast gruels were prepared from the flour blends and evaluated by panellists using a 9-point hedonic scale. Sixty grams of each sample was combined with 150 mL of potable water to generate a slurry. Subsequently, 180 mL of boiling water was incorporated into the slurry with continuous agitation to achieve a uniform gruel consistency. The resulting gruel was cooked at 100 °C on a gas stove for 3 min. Sensory evaluation was conducted in a dedicated sensory evaluation area to assess appearance (colour), taste, aroma, texture and overall acceptability, using both descriptive and affective testing methods.

The sample scores were based on the degree of liking and acceptance using a 9-point hedonic scale, where 1 = dislike extremely, 2 = dislike very much, 3 = dislike moderately, 4 = dislike slightly, 5 = neither like nor dislike, 6 = like slightly, 7 = like moderately, 8 = like very much and 9 = like extremely.

2.7 Statistical Analysis

All analyses were conducted in triplicate. Data were subjected to analysis of variance (ANOVA), and means were separated using Duncan’s multiple range test at p < 0.05.

3. Results and Discussion

3.1 Functional Properties of Breakfast Meal Flour Blends

3.1.1 Bulk Density

The bulk density of the breakfast meal flour blends, as presented in Table 2, ranged from 0.66 to 0.84 g/cm³. Significant differences (p < 0.05) were observed in the bulk density of the germinated and fermented samples. The higher bulk density observed in FMNSBD may be attributed to structural modifications during fermentation, which can enhance particle density and reduce inter-particle void spaces. Lower bulk density, as observed in GFMSBD, is desirable in complementary and breakfast foods because it allows greater nutrient density at lower viscosity and may improve energy intake in children. The values obtained in this study were lower than those reported by Edima-Nyah et al. (2024) (0.90-0.97 g/cm³) in the production of breakfast cereals. This difference may be due to variation in fermentation time and material composition. Similar findings were reported by Adebowale et al. (2025), who observed reduced bulk density in fermented cereal-legume blends due to enzymatic breakdown of complex macromolecules, such as carbohydrates and proteins, into less dense compounds. Likewise, Adebiyi et al. (2021) reported that sprouting of legumes altered particle size distribution, thereby influencing bulk packing characteristics.

3.1.2 Water Absorption Capacity (WAC)

WAC varied significantly (p < 0.05) from 2.02 to 2.81 g/g, with GFMSBD (2.81 g/g) recording the highest value. The increased WAC in the GFMSBD blend may be due to the combined effects of fermentation and germination, including exposure of hydrophilic amino acid residues and partial starch hydrolysis during enzymatic activity, which enhance water-binding sites. Similar results (2.40-2.60 g/g) were obtained by Edima-Nyah et al. (2024). High WAC improves dough handling, reconstitution and viscosity development in cereal-based products (Falade & Oyeyinka, 2020). The lower WAC observed in FMNSBD (2.36 g/g) may reflect intact starch granules and limited protein unfolding compared with germinated blends. High WAC is beneficial in breakfast cereals and porridges because it contributes to improved consistency and mouthfeel (Arya et al., 2020).

3.1.3 Oil Absorption Capacity (OAC) 

Oil absorption capacity, as shown in Table 2, increased significantly (p < 0.05) from 1.35 g/g in sample FM to 2.51 g/g in sample GFMSBD. The increase in the oil retention capacity of the composite flour may be due to the inclusion of kidney beans, which are high in protein. Oil absorption capacity is primarily influenced by hydrophobic interactions within protein molecules. This result agrees with the study by Elkhalifa and Bernhardt (2018), which reported a 9% increase in sorghum flour after germination and fermentation. According to Adebo et al. (2022), germination breaks down protein and exposes hydrophobic sites, thereby enhancing protein flexibility and surface activity and improving lipid-binding ability. Improved OAC was observed in samples subjected to the combined processing technology, which is advantageous because it enhances flavour retention and mouthfeel in breakfast cereals and reconstituted meals (Peter-Ikechukwu et al., 2020).

Table 2. Functional properties of the breakfast meal flour blends

	Sample 
	Bulk density
(g/ml)
	Water absorption capacity (g/g)
	Oil absorption capacity (g/g)
	Foaming Capacity %
	Emulsion Activity and Stability (EA/ES)%
	Solubility Index (swelling capacity) g/g
	Gelatinization Temperature (℃)
	Viscosity (cP)

	FM
	0.77b±0.02
	2.02e±0.02
	1.35e±0.02
	15.31e±0.14
	9.23e±0.03
	0.99d±0.04
	49.99e±0.02
	198.91e±0.14

	FMSBD
	0.74b±0.03
	2.42c±0.52
	2.22c±0.02
	83.73b±0.02
	53.86c±4.71
	1.53c±0.01
	82.43b±0.02
	166.04b±0.95

	FMNSBD
	0.84a±0.01
	2.36d±0.02
	2.12d±0.01
	78.14c±0.01
	48.73d±0.02
	1.51c±0.02
	87.30a±0.10
	241.69a±0.57

	GFMSBD
	0.66c±0.01
	2.81a±0.01
	2.51a±0.01
	86.12a±0.01
	59.31a±0.02
	2.82a±0.02
	74.13d±0.02
	33.22c±1.01

	GFMNSBD
	0.73b±0.02
	2.72b±0.01
	2.36b±0.02
	73.23d±0.02
	54.61b±0.01
	2.71b±0.02
	77.52c±0.02
	32.35c±1.13


Values are means of triplicate determinations ± S.D. Means followed by different superscript letters in the same column indicate significant differences at p < 0.05.
Key: FM, fermented maize; FMSBD, fermented maize + sprouted black beans + date; FMNSBD, fermented maize + non-sprouted black beans + date; GFMSBD, germinated/fermented maize + sprouted black beans + date; GFMNSBD, germinated/fermented maize + non-sprouted black beans + date flour.

3.1.4 Foaming Capacity

Foaming capacity ranged from 15.31% to 86.12%, with GFMSBD (86.12%) showing the highest value. Proteins promote foam formation by reducing surface tension and forming stable interfacial films (Adebowale et al., 2025; Godswill et al., 2019). These results are consistent with Xinrui et al. (2024) and Sibian and Riar (2023), who reported increased foaming capacity in kidney beans after germination. Elkhalifa and Bernhardt (2018) also found a 9% increase after fermenting and germinating sorghum flour. Germination and fermentation may have improved protein solubility and molecular flexibility, thereby enhancing foam formation (Xinrui et al., 2024). FM displayed the lowest foaming capacity (15.31%), possibly due to its low protein content compared with the composite blends (FMSBD, FMNSBD, GFMSBD and GFMNSBD).

3.1.5 Emulsion Activity and Stability (EA/ES)

EA/ES values ranged from 9.23% to 59.31%, with GFMSBD (59.31%) demonstrating the highest emulsifying properties. This result agrees with the observations of Xinrui et al. (2024) and Sibian and Riar (2023), who reported increased emulsion properties after kidney bean germination. Emulsification depends on protein solubility and the balance between hydrophilic and hydrophobic domains (Sibian & Riar, 2023; Adebo et al., 2022). Enhanced emulsifying properties in germinated and fermented blends may result from partial proteolysis, which increases surface-active peptides capable of stabilising oil-water interfaces (Adebo et al., 2022).

3.1.6 Solubility Index (Swelling Capacity)

Swelling capacity, which measures the ability of starch in flour or food to absorb water and swell, increased significantly (p < 0.05) following the inclusion of sprouted and non-sprouted kidney beans and date flour. The increase in the swelling index of the samples processed using the combined method (fermentation and germination/sprouting) may be due to modification of starch granules. Germination activates amylases that hydrolyse starch, improving solubility and dispersibility (Nkhata et al., 2018). A similar result was obtained by Sobowale (2025) after the germination and fermentation of pigeon pea flour. A high swelling index was observed in sample GFMSBD (2.82) due to the combined processing methods. Higher swelling capacity is advantageous for breakfast formulations because it enhances digestibility and rapid reconstitution.

3.1.7 Gelatinization Temperature

Gelatinisation temperatures ranged from 49.99 °C to 87.30 °C, with the lowest value recorded in FM (49.99 °C) and the highest in FMNSBD (87.30 °C). A lower gelatinisation temperature indicates that less energy is needed to break down starch granules, making processing more energy efficient (Olatunde et al., 2022). In germinated blends, such as GFMSBD (74.13 °C), the reduced gelatinisation temperature indicates that enzymatic activity during sprouting weakens the structure of starch granules.

3.1.8 Viscosity

Viscosity ranged widely from 32.35 to 241.69 cP, with FMNSBD (241.69 cP) recording the highest value and the germinated samples (GFMSBD and GFMNSBD) recording the lowest values (approximately 32-33 cP). The sharp reduction in viscosity in germinated/fermented samples was attributed to enzymatic breakdown of starch (amylolysis), producing lower-molecular-weight dextrins. Germination increases the activity of α- and β-amylase enzymes in kidney bean. Amylase-producing microorganisms break down starch into simpler sugars, release bound water and reduce viscosity (Heuvey & Ahure, 2024). This is particularly beneficial for infant foods because it allows higher solid concentration without excessive thickness (Anaemene & Fadupin, 2020). The higher viscosity in FMNSBD indicates limited starch degradation, which may be suitable for products requiring a thicker consistency.
  
3.2 Pasting Properties of the Breakfast Meal Composite Flour

The pasting properties of the breakfast meal composite flour showed significant variations among the samples (p < 0.05), indicating that fermentation and sprouting influenced the starch behaviour, viscosity characteristics and cooking quality of the formulated breakfast meals. The parameters evaluated included peak viscosity, trough viscosity, breakdown viscosity, final viscosity, setback viscosity, peak time and pasting temperature.

Peak viscosity ranged from 36 RVU in GFMNSBD to 125 RVU in FM. This suggests that fermented maize flour possessed greater swelling capacity and starch granule integrity during heating than the composite blends. Peak viscosity reflects the ability of starch granules to absorb water and swell before rupture during heating (Ikechukwu, 2023). The high peak viscosity in FM may be attributed to the high starch content of maize flour and lower interference from protein and fibre. The high values recorded in FM and FMSBD indicate the suitability of the blends for products requiring moderate viscosity, such as cookies. Similar observations were reported by Anyadioha et al. (2023) in maize-based composite flour systems, where pure maize flour exhibited higher viscosity than legume-enriched blends due to its higher carbohydrate content and starch availability.



Fig. 2. Pasting properties of the breakfast meal composite flour

The composite samples containing black kidney bean and date flour (FMSBD, FMNSBD, GFMSBD and GFMNSBD) generally showed reduced peak viscosity values compared with FM. Among the blends, FMSBD exhibited relatively high viscosity values, while GFMSBD and GFMNSBD showed the lowest viscosities. The reduction in viscosity after sprouting may be due to enzymatic hydrolysis of starch during germination, which breaks down starch molecules into simpler sugars, thereby lowering the thickening ability of the flour. This agrees with findings reported for sprouted maize-legume composite flours, where sprouting significantly reduced peak and final viscosities because of increased amylase activity and starch degradation (Adebowale et al., 2025).

Trough viscosity followed a similar trend, with FM and FMSBD having higher values than the germinated samples. Trough viscosity represents the ability of starch paste to withstand heating and mechanical shear during cooking. Lower trough viscosity in the germinated blends suggests weaker paste stability and reduced resistance to heat-induced disintegration. The decrease may be linked to disruption of starch granules during sprouting and fermentation. Similar reductions in trough viscosity were observed in fermented maize-soybean blends (Edima-Nyah et al., 2024).

Breakdown viscosity indicates the stability of starch granules during heating. FM and FMSBD had higher breakdown values than the germinated blends. Higher breakdown viscosity suggests greater susceptibility of swollen starch granules to collapse during heating and stirring. Conversely, the low breakdown viscosities observed in GFMSBD and GFMNSBD indicate improved paste stability during thermal processing. This may be advantageous in infant foods because lower breakdown values are associated with stable gruels that do not become excessively thick during cooking. Similar findings were reported by Ikechukwu (2023) and Adeyanju et al. (2025) in sprouted soybean-maize composite flour, where increased protein and lipid contents restricted starch swelling and reduced breakdown viscosity.

Final viscosity was higher in FMSBD (approximately 240) and FM/GFMNSBD (approximately 245), indicating strong gel formation upon cooling. Final viscosity, which reflects the ability of flour paste to form a viscous paste or gel after cooling, was markedly reduced in the germinated blends. High final viscosity indicates stronger gel formation and retrogradation tendency during cooling (Adeyanju et al., 2025). The lower final viscosity observed in GFMSBD and GFMNSBD may be attributed to partial starch hydrolysis during germination and fermentation, resulting in reduced reassociation of starch molecules after cooling. Similar reductions in final viscosity have been reported in sprouted cereal-legume composite flours and were associated with improved digestibility and suitability for complementary foods (Eli et al., 2022).

Setback viscosity measures the tendency of starch molecules, especially amylose, to reassociate during cooling, leading to retrogradation. FM exhibited the highest setback value, while the germinated blends recorded the lowest values. Lower setback viscosity in GFMSBD and GFMNSBD indicates reduced retrogradation tendency and improved storage stability of the prepared gruels. Reduced setback values are desirable in breakfast and infant foods because they produce smoother products with less syneresis during storage. Similar observations were reported in studies on sprouted maize and legume composite flours, where germination reduced starch retrogradation by modifying amylose structure (Edima-Nyah et al., 2024).

The peak time values of all samples ranged within approximately 5–7 minutes, indicating that the composite flours required relatively short cooking periods. The similarity in peak time suggests that substitution with kidney bean and date flour did not markedly affect cooking duration. 

Pasting temperature indicates the minimum temperature required for starch gelatinisation and cooking initiation. GFMSBD recorded the highest pasting temperature (approximately 86 °C), followed by FMSBD and GFMNSBD, while FM had the lowest value (approximately 50 °C). Higher pasting temperatures in germinated blends may indicate structural modification of starch granules and protein-starch interactions that delay gelatinisation. Similar observations were reported by Adeyanju et al. (2025), who found increased pasting temperature in legume-enriched cereal blends due to protein interference with starch swelling. Higher pasting temperatures imply increased thermal energy requirements during preparation. Similar observations were reported in fermented maize and composite flour studies, where pasting temperatures were slightly affected by legume supplementation (Adeyanju et al., 2025; Ikechukwu, 2023).

Table 3. Microbial composition of breakfast meal composite flour

	Sample
	Total bacterial count
CFU/g
	Total fungi count
CFU/g
	Coliforms 
CFU/g

	FM
	3.87e±0.02
	3.52bc±0.02
	Nil

	FMSBD
	4.58c±0.23
	3.68b±0.05
	Nil

	FMNSBD
	6.34a±0.06
	3.32c±0.17
	Nil

	GFMSBD
	4.18d±0.06
	3.55b±0.12
	Nil 

	GFMNSBD
	5.32b±0.01
	4.53a±0.17
	Nil 

	Permissible level
	≤105 CFU/g
	≤5×103 CFU/g
	


Values are means of triplicate determinations ± S.D. Means followed by different superscript letters in the same column indicate significant differences at p < 0.05.
Key: FM, fermented maize; FMSBD, fermented maize + sprouted black beans + date; FMNSBD, fermented maize + non-sprouted black beans + date; GFMSBD, germinated/fermented maize + sprouted black beans + date; GFMNSBD, germinated/fermented maize + non-sprouted black beans + date flour.

3.3 Microbial Composition of Breakfast Meal Composite Flour

The microbial composition of the breakfast meal composite flour (Table 3) indicates that all samples were microbiologically acceptable and within the stated limits for human consumption.

3.3.1 Total Bacterial Count (TBC)

The total bacterial count ranged from 3.87 CFU/g (FM) to 6.34 CFU/g (FMNSBD). The significant increase in bacterial counts in the composite samples compared with FM may be attributed to the addition of legumes and date flour, which may introduce additional microbial load and increase nutrient availability (proteins and sugars), thereby supporting microbial growth. Fermentation is known to suppress pathogenic and spoilage microorganisms through the production of organic acids (e.g., lactic acid), pH reduction, bacteriocin production and antimicrobial metabolites. Studies have shown that lactic acid fermentation can reduce bacterial load in cereal-based products by creating an unfavourable acidic environment (Adebo et al., 2022; Adebiyi et al., 2021). In comparison with international microbiological standards, even the highest value recorded (6.34 log CFU/g) remains within acceptable limits for flour-based products intended for reconstitution and subsequent cooking, provided pathogens are absent. Comparable total bacterial counts (2-6 log CFU/g) have been reported in fermented cereal-legume blends (Edima-Nyah et al., 2024), indicating that the present findings are consistent with previous research.

3.3.2 Total Fungi Count (TFC)

The fungal count ranged from 3.32 CFU/g (FMNSBD) to 4.53 CFU/g (GFMNSBD). The relatively higher fungal counts in some samples, particularly GFMNSBD, may be due to increased moisture during germination, which provides favourable moisture and temperature conditions for fungal growth if not strictly controlled. Sprouting increases water activity, which can promote mould proliferation (Oghbaei & Prakash, 2016). However, the significantly lower fungal count in FM suggests that fermentation and adequate drying effectively inhibited fungal survival. Fermentation reduces pH and produces antifungal compounds that suppress mould growth (Adebo et al., 2022). The acceptable limit for fungal counts in flour products is typically below 10⁴ CFU/g (4 log CFU/g), depending on national regulatory standards. Similar fungal counts (1-5 log CFU/g) have been reported in fermented cereal-based complementary foods (Akinola et al., 2022). Nevertheless, high fungal loads may increase the risk of mycotoxin contamination if storage conditions are inadequate. Therefore, strict moisture control (<10%) and hygienic handling are essential. The result obtained in this study indicates that the combined processing techniques enhanced microbial safety. Fermentation contributes antimicrobial metabolites, while proper drying after germination reduces water activity, thereby limiting microbial growth. The products were microbiologically acceptable within the stated limits.

3.3.3 Coliform Count

All samples recorded no coliform count, indicating absence of faecal contamination, good hygienic handling and processing conditions, and microbiological safety with respect to pathogenic bacteria.

The absence of coliforms is a critical safety indicator and aligns with standards set by food safety authorities. This result suggests that, despite variations in total microbial load, the products were free from enteric pathogens. This finding agrees with the work of Adebo et al. (2022), who reported zero coliform counts in properly processed cereal-legume blends, attributing this to adequate heat treatment and hygienic practices.

Samples subjected to both germination and fermentation (GFMSBD and GFMNSBD) showed moderate microbial loads, suggesting a balance between microbial reduction (via fermentation) and possible microbial proliferation (via germination). The FMSBD sample also maintained relatively low counts, indicating that sprouting of legumes contributes to improved microbial quality, possibly through the synthesis of antimicrobial phytochemicals.

Table 4. Sensory evaluation of breakfast meal gruels

	Samples
	Appearance 
	Aroma 
	Taste 
	consistency
	Overall acceptability

	FM
	8.40a±0.56
	7.70a±0.83
	7.93a±1.22
	8.07ab±0.94
	7.83b±0.65

	FMSBD
	8.35a±0.60 
	7.36a±0.95
	7.88a±1.20
	6.96c±1.56
	7.80b±0.58

	FMNSBD
	7.40b±0.76
	7.51a±1.15
	7.41a±1.25
	7.74ab±1.15
	7.61bc±0.72

	GFMSBD
	8.45a±0.72
	7.61a±0.88
	7.70a±1.05
	8.30a±0.64
	8.77a±0.57

	GFMNSBD
	7.40b±0.67
	7.40a±0.62
	7.58a±0.67
	7.51b±0.67
	7.39c±0.67


Values are means of triplicate determinations ± S.D. Means followed by different superscript letters in the same column indicate significant differences at p < 0.05.
Key: FM, fermented maize; FMSBD, fermented maize + sprouted black beans + date; FMNSBD, fermented maize + non-sprouted black beans + date; GFMSBD, germinated/fermented maize + sprouted black beans + date; GFMNSBD, germinated/fermented maize + non-sprouted black beans + date flour.

3.3.4 Sensory Properties of the Breakfast Meal Gruels

The sensory evaluation results in Table 4 show differences in consumer preference among the formulated breakfast gruels, with processing methods (fermentation and germination/sprouting) and ingredient combinations exerting significant influence (p < 0.05) on key attributes.

3.3.5 Appearance

Appearance scores showed significant differences (p < 0.05) among the samples. FM, FMSBD and GFMSBD recorded the highest and statistically similar scores (8.35-8.45), suggesting that fermentation and sprouting enhanced the visual appeal of the products. These processing techniques are known to improve colour uniformity and surface characteristics of cereal-legume blends, thereby increasing consumer appeal (Akeem et al., 2018; Nkhata et al., 2018). Germination is known to improve grain pigmentation and colour uniformity through enzymatic activities that influence browning and starch degradation (Ojokoh et al., 2020). By contrast, FMNSBD and GFMNSBD had significantly lower appearance scores (7.40), which may be attributed to the inclusion of non-sprouted kidney beans that could have imparted darker colouration, reducing visual attractiveness. Similar patterns were reported in legume-fortified cereals (Ocheme et al., 2018). Nonetheless, all appearance scores remained within acceptable limits.

3.3.6 Aroma

No significant differences (p > 0.05) were observed in aroma among the samples, with scores ranging from 7.36 to 7.70. Fermentation is known to enhance aroma through the production of organic acids and volatile aromatic compounds (Akeem et al., 2018). Samples containing black kidney beans had slightly reduced aroma scores, likely due to inherent beany volatiles associated with legumes. Sprouting decreases lipoxygenase activity responsible for beany odour (Shimelis & Rakshit, 2007), although traces may remain detectable. The overall aroma acceptability aligns with previous findings that cereal-legume blends maintain moderate to high aroma acceptability despite legume inclusion (Babarinde et al., 2020).

3.3.7 Taste

Taste scores did not differ significantly (p > 0.05) among the samples, ranging from 7.41 to 7.93, with FM rated highest. Fermentation enhances flavour by reducing bitterness and increasing the perception of sweetness through organic acid formation and starch hydrolysis (Capuano et al., 2018). Bean-containing samples remained acceptable, partly due to the natural sweetness of date flour, which can mask beany flavours (Al-Farsi & Lee, 2008). Similar studies by Akeem et al. (2018) have shown that adding fruit-based sweeteners improves the flavour profile of cereal/legume products.

3.3.8 Consistency

There were significant differences (p < 0.05) in consistency among the samples. GFMNSBD had the highest consistency rating, indicating that germination improved viscosity and texture by increasing soluble sugars and modifying starch structure (Mucheru-Muna et al., 2010; Singh et al., 2017). The lowest consistency in FMSBD may be linked to the combined effects of fermentation and sprouting, both of which reduce starch content and gel strength due to enzymatic hydrolysis (Adejuwon et al., 2021). Similar reductions in viscosity were reported in cereal porridges enriched with sprouted legumes (Adejuwon et al., 2021).

3.3.9 Overall Acceptability

Overall acceptability scores ranged from 7.39 to 8.77, with GFMSBD being the most preferred formulation. The high score indicates that germinated/fermented maize combined with sprouted beans and date flour achieved a desirable balance of taste, appearance and texture. Although GFMNSBD was the least preferred, it still achieved a rating above 7.0, consistent with observations that sensory acceptability is often moderated by processing-induced flavour and textural changes (Nwosu et al., 2014), which support previous findings that optimising cereal-legume blends through fermentation, germination and natural sweeteners can enhance consumer acceptability (Otegbayo et al., 2018).

Furthermore, all formulations recorded sensory scores above 7.0 across all attributes, indicating general consumer acceptance, consistent with findings that cereal-legume blends enhanced with natural sweeteners maintain acceptable sensory quality (Adebowale et al., 2025; Bakare et al., 2020). The GFMSBD formulation was the most acceptable sample, demonstrating the positive synergy of fermentation/germination and the use of sprouted beans in breakfast meal formulation.

Conclusions
This study demonstrated that fermentation and germination are effective methods for enhancing the quality of breakfast meal flour blends made from maize, black kidney beans, and date fruits. Using both sprouted and non-sprouted beans, along with date flour, improved the blends’ functional, pasting, microbial, and sensory properties. The combined processes significantly boosted water and oil absorption, foaming, emulsifying, and swelling capacities, making the blends suitable for breakfast gruels and foods requiring good hydration and texture. Reduced bulk density in germinated blends suggests benefits for nutrient-dense foods, especially for children and vulnerable groups. Germination and fermentation also altered starch properties, lowering viscosities and improving digestibility. This allows for higher nutrient concentrations in foods for infants or those at risk of malnutrition without making them too thick. Microbiological tests confirmed that all blends were safe to eat, with low bacteria and fungi levels and no coliforms. This safety is linked to fermentation’s antimicrobial effects, proper drying, and good hygiene during processing. Sensory evaluations showed all products were well-liked in terms of appearance, aroma, taste, and texture. The blend with germinated/fermented maize, sprouted black kidney bean, and date flour (GFMSBD) stood out for its high acceptability and quality. GFMSBD was the top performer, showing the potential of local ingredients to reduce reliance on imports and improve food security in developing regions. The study recommends fermentation and germination as affordable, sustainable ways to create enriched breakfast foods.
Limitation
The study was limited to selected maize–black kidney bean–date flour formulations and did not assess nutrient bioavailability, antinutrient reduction, shelf-life stability, packaging performance or cost analysis during storage and scale-up. The sensory evaluation was based on the tested gruel preparations and may not fully represent consumer responses across wider populations or preparation methods.
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