


Nutritional and Functional Evaluation of Maize–Groundnut Cake-Based Complementary Food as a Potential Alternative to Commercial Weaning Diets

Abstract
The quality of Maize and Groundnut Cake Based Formulated Foods Products as influenced by malting and fermentation was evaluated.  Maize grains were divided into four treatment groups, namely: malted-fermented maize (MFM), malted non-fermented maize (MNFM), non-malted fermented maize (NMFM) and non-malted non-fermented maize (NMNFM). Maize and Groundnut cake based products (MFMG, MNFMG, NMFMG and NMNFMG) from all four maize grains were formulated using material balancing. Germination and fermentation were investigated as methods of improving the nutritional and functional properties of the formulations. Inocula recycling (use of 50% fermenting mixture as starter) resulted in a pH reduction from 5.61 to 3.35 in non-germinated products and from 5.37 to 3.27 in malted samples during fermentation. The increase in titratable acidity (expressed as lactic acid/100g) from 0.14 to 0.18 in non-germinated products and from 0.14 to 0.19 in malted samples was not significant (p< 0.05). Malting increased the titratable acidity of the medium. The crude protein values decreased from 12.70g/100g for the MFM to 10.80.g/100g for NMNFM product fermentation and malting increased the crude protein content of the foods product. The MFM had the lowest carbohydrate content (75.19g/100g). Malting and fermentation decreased the carbohydrate content of the foods product. No significant difference (p<0.05) was obtained in the variation of the ash content between 1.08g/100g for MFM to 1.13g/100g for MNFM and NMNFM had the highest energy value of 377.85Kcal/100g while the MFM had the lowest (374.33 Kcal/100g). fermentation and malting lead to decreased in the ash and energy content of the foods product. malting resulted in a significant (p<0.5) increase in digestibility. A combination of germination and fermentation further improved protein   digestibility (%) of the foods product. The PER of the germinated and fermented product (0.92) was significantly (p<0.5) higher than that of the non- germinated non-fermented product (PER=0.80). NMNFMG had the highest viscosity value of 60 cP 5 % w/v while MFMG had the lowest 35 Cp 5 % w/v. Malting and fermentation decrease viscosity of the formulated product. Germination and/or fermentation of maize improved the quality and functional property of the formulated product.The addition of groundnut cake further improved the quality of the formulated product which can used as weaning foods. 
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1. Introduction 
Maize (Zea mays) is one of the most widely consumed cereal grains globally, serving as a staple food in many regions, particularly in developing countries”( Egbegbedia et al., 2025). “It is valued for its versatility and ability to provide essential nutrients and dietary energy. However, raw maize has limitations, including low protein quality, reduced bioavailability of certain nutrients, and the presence of anti - nutritional factors such as phytates and tannins” (Samtiya et al., 2020). These challenges necessitate processing techniques (fermentation and malting) that can enhance the nutritional and functional qualities of maize.
Groundnut is one of the most important source of edible vegetable oils in Nigeria and is cultivated principally for this purpose (Hussaini & Oladimeji, 2025). It nutty and agreeable flavor, makes it a particularly suitable vegetable food when roasted. It is often cooked and eaten with maize in some parts of the country. Groundnut flour is used as food condiment in soups, stew, sauces, confectionaries, pudding and bakery products (Srivastava et al., 2018). The flour is used increasingly to fortify or supplement carbohydrate foods such as cassava flour, gari, maize and yam flour in order to raise their protein content for the use of infant and children and other vulnerable groups (Chuku & Okogbule, 2017). 
“Malting and fermentation and are traditional processing methods that have been extensively used to improve the quality of cereal grains, including maize (Ocheme et al., 2015). The process of malting is essentially physiological in nature and is the result of the action of enzymes”(Forwoukeh et al., 2024) “Malting, a process involving controlled germination and drying, activates endogenous enzymes that break down complex carbohydrates, proteins, and anti- nutritional factors, enhancing nutrient bioavailability and functional properties”(Guzmán-Ortiz et al., 2019). It is known to be the most effective method of reducing viscosity of gruels and improvement in nutrient composition of the malted grains. Malting (Germination) improves nutritive value of legume in terms of vitamin C, riboflavin, digestibility and appetizing flavours are developed. Agu  et al. (2015) reported that protein content of acha expressed on a percentage dry matter increased with increased days of malting because of dry matter loss. This is because a considerable proportion of the insoluble protein is transformed into soluble components. According to Egbegbedia et al. (2025) malting process increases riboflavin, niacin and iron content and malted flour thicken gruels less than plain flours. The changes in the starch composition which occur during germination represent the result of localized action of alpha-amylase and to some extent beta-amylases ( Egbegbedia et al., 2025). Dextrin and free sugars are liberated and there is an increased amount of damaged starch granules. Nkhata et al. (2018) reported that germination improve functional and nutritive value of substrates. Amino acid composition of malted sorghum showed a general increase in lysine, aspartic acid, glycine, and valine with increase in days of malting while glutamic acid, proline, phenylalanine and cystine decreased (Nkhata et al., 2018). 
“Fermentation has been defined as the biochemical modification of primary food products brought about by the action of microorganisms or their enzymes” (Nkhata et al.., 2018) Fermentation, a biological process driven by microorganisms, improves the nutritional profile, enhances flavor, reduces anti - nutritional factors, and increases the production of beneficial organic acids (Forwoukeh et al., 2024). “In the context of cereals, legumes and tuber, fermentation refers to the action of microorganisms and/or enzymes that partially use carbohydrates as their main substrate and bring about changes in the product” (Nkhata et al., 2018). “Microorganisms involved in the natural fermentation come mainly from the surface flora of the seeds, and changes are mainly due to enzymatic activity exerted by these microorganisms and/ or the indigenous enzymes in the grain (Hotz & Gibson, 2007). These bioprocesses bring about many changes that eventually affect the organoleptic properties (e.g., appearance, generation of sour taste and new aroma compounds, and textural changes such as consistency or viscosity), nutritional value, and microbial safety of the food” (Senanayake et al.,  2023). “The microorganisms involved in the fermentation process fall into three categories: bacteria, yeast, and molds” (Nkhata et al.., 2018).  “Yeasts are the principal microorganisms involved in the fermentation of breads, whereas molds are mainly used in processing cheese and legumes. Bacteria are involved exclusively in the fermentation of cereal products. Those involved in cereal and tuber fermentation are lactic and acetic acid producing bacteria (Ariahu et al., 1999). Occasionally, yeast can be a part of mixed microbial fermentations dominated by bacteria, as in weaning foods; more often, however, yeast alcoholic fermentations may not be entirely desirable” (Soccol et al., 2017). This study investigates the effects of malting and fermentation on the nutritional and functional properties of maize flour, with specific focus on parameters such as pH, total titratable acidity (TTA), proximate composition, nutritional parameters and viscosity. These parameters provide critical insights into the quality, nutritional value, and suitability of maize flour for various applications. The findings of this research will contribute to understanding how these processing methods can be optimized to improve the nutritional and functional properties of maize, thereby supporting its role in food security and industrial utilization.
2. MATERIALS AND METHODS 
2.1 Sourcing of raw Materials 
Maize grains were obtained from a local market in Makurdi, Benue State, Nigeria. The grains were cleaned prior to use.  
2.2 Raw Material Preparation
2.2.1 Preparation of non-malted and malted maize flour 
Malting was performed following the method described by Eli  et al., (2022). Maize grains were disinfected with a 5% NaCl solution, soaked in tap water at 30 ± 2°C for 12 hours (changing the water every 4 hours), and germinated for 72 hours on a moistened bag, with water sprayed every 12 hours. After germination, the grains were dried at 60°C in an air draft oven for 3 days. The dried seeds were manually split to remove testa and rootlets, which were winnowed off. The cotyledons were milled into flour (0.2 mm particle size). The resulting non-malted (NMM) and malted (MM) maize flours were packaged in airtight polyethylene bags and stored at 30 ± 2°C for product formulation and analysis.
2.2.2 Preparation Fermentation maize flour 
Fermented maize dough was prepared using an accelerated natural lactic acid fermentation method (back – slopping). Non-malted (NM) and malted (MM) maize flours (120 g each) were mixed with 80 mL of distilled water and fermented in covered glass beakers at room temperature (30 ± 2 °C) for 24 hours. Half of the fermented mixture was used as a starter culture for subsequent fermentation cycles. The pH and titratable acidity were monitored until the pH stabilized. The fermented mixtures were dried at 60 °C for 3 days, milled to a 0.2 mm particle size, and packaged in low-density polyethylene bags. The flours were stored in airtight containers at ambient conditions prior to product formulation and analysis (Forwoukeh et al., 2024).











  

Washing 
Drying 
Drying 
Milling 
Milling 
Fermentation 
Fermentation 
Drying 
Milling 
Drying 
Milling 
Mixing 
Mixing 
Maize 
Mixing 
Malting 
Mixing 







 

 








G                                                                                   G

                MFMG                    MNFMG                                          NMFMG                 NMNFMG

Figure 1: Production of various maize + groundnut cake Products

Figure legend:
MFMG: Malted fermented maize flour, MNFMG: Malted non fermented maize flour, NMNFMG: Non malted non fermented maize flour, NMFM: Non malted fermented maize flour, G: Groundnut


2.3 Product formulation
Material balancing was used to compute the amount of each maize and groundnut flour required to obtain 16g protein/100g from their respective proximate composition to obtain four blends of maize and groundnut cake consisting non  germinated, non-fermented maize + groundnut cake  [NMNFMG], germinated, non-fermented maize + groundnut cake  (MNFMG), non-germinated, fermented maize + groundnut cake  (NMFMG) and germinated fermented maize +groundnut cake  (MFMG) in accordance with material balancing described by Ariahu et al. (2009). In this method, the amount of ingredients required in the final product is obtained by calculation based on pre-determined percentage composition.
2.4 Determination of pH 
Determination of pH was done by the method of Onyango et al. (2013). The pH meter (TOA pH Meter HM–7B, Tokyo, Japan) was standardized using buffer solutions of acidic and basic values of 4.01 and 9.08 at 25 C. The electrode was rinsed with distilled water before taking measurements. The fermented samples, (slurry mixtures of flour and water) were homogenized by stirring to achieve uniformity. pH readings were taken by dipping the electrode in the fermented mix and measurements taken from the display screen when the readings stabilized.
2.5 Total titratable acidity (TTA) 
TTA analysis was done using AOAC method as described  Onyango et al. (2013). Approximately 10 mL of sample was pipetted into a conical flask and two drops of phenolphthalein indicator used. Titration was done using 0.1N NaOH to a faint pink colour for at least one min (compared against a white background). The titre volume was noted and used for calculations of TTA which was expressed as percentage lactic acid. Calculations of TTA was determined and expressed as follows:

Where: A = mL of 0.1 NaOH required for the titration; and V = mL of sample taken for the test. 0.009 is a Constant.
2.6 Determination of the Proximate Composition of the Maize and Groundnut Cake used in product formulation
Proximate composition was determined using standard analytical methods (AOAC, 2012)
2.7 Feeding Trial
The animal feeding experiments were performed using weanling wistar male rats following a modification of the method described by Sengev et al. (2016) . Instead of one animal per cage, 20 animals were randomly distributed to five metallic wire mesh cages with 4 animals per cage. Approximately 62.5g of each of the formulated maize/mushroom blends and Nutrend (Manufactured by Nestle foods, Nigeria) were blended with 37.5g of a formulated basal diet to give 10g protein/100g of each test diet. The basal diet (protein free diet) consisted of cornstarch, 80g/100g; corn oil 10g/100g: rice husks, 5g/100g, common table salt, 4g/100g and vitamin mix, 1g/100g Each animal group was fed one of the test diets while the fifth group was fed the basal diet. Food and water were given ad libitum. The feed intake and weight of the rats in the various groups were recorded at 3 day intervals over a period of 28 days. Plastic containers were placed underneath the feeding troughs to collect and account for spillages. The weight gain (g) and food intake (g) for each group were used for estimating net protein ratio (NPR) and protein efficiency ratio (PER) after 14 and 28 days of feeding, respectively. Ethical clearance was collected from Benue State University Teaching Hospital Makurdi, Nigeria. 


 

The relative PER (R-PER) and relative NPR (R-NPR) values were obtained by relating the PER and NPR values, respectively, to those of Animal Nutrition Research Council (ANRC) Casein which are 2.5 for PER AND 4.02 FOR NPR (Ariahu et al., 2009)
R-PER and R-NPR were calculated using;


Apparent digestibility: The faeces from each group were collected during the period of 16th and 26th day of the experiment and the nitrogen contents used in the calculation of the protein digestibility. Feaces was separated from adhering particles of diet before they were ground for nitrogen determination (Sengev et al., 2016) . 
 
2.8 Determination of Viscosity
Porridges were prepared from each product using 5 - 25 % w/w concentrations of flour to water by boiling and stirring of the slurries in 200mLglass beakers for 10 minutes. The cooked paste viscosities of the gruels were measured using a Brookfield Viscometer (LV – 8, Viscometers, UK). Brookfield evaluations were performed using spindle number 4 and 12 rmp at 30 OC (Araro et al., 2020) 
2.9 Statistical analysis
Significant (P<0.05) differences in chemical composition, in vivo protein digestibility, PER, NPR and slurry viscosity were determined by analysis of variance  (Forwoukeh et al., 2023). Duncan’s multiple range was used for separating the means.






3. Results and Discussion 
3.1. changes in pH and titratable acidity with fermentation time of concentrates of malted and non- malted maize  
Table 1: changes in pH and titratable acidity with fermentation time of concentrates of malted and non- malted maize  
	
Parameter 
	
	Fermentation (days)
	
	
	
	

	
	Pastes 
	0
	1
	2
	3
	4

	pH
	Malted maize 
Non malted maize 
	5.37a±0.02

5.61a ±0.01

	3.62b ±0.01

4.56b ± 0.04
	3.58 c±0.04

4.0b ± 0.06
	3.27d ±0.01

3.35c ± 0.03 
	3.27d± 0.11

3.35c ± 0.08

	Titratable acidity (%  lactic acid)
	Malted maize 
Non – malted maize 
	0.14c ±0.05

0.14c ± 0.01
	0.17b± 0.22

0.16b± 0.33
	0.18b ± 0.23

0.17b ± 0.04
	0.19a ± 0.05

0.18a ± 0.03
	0.19a ± 0.04

0.18a ± 0.06


Values are means of triplicate determinations ± S.D. Means followed by different superscript letters in the same row indicate significant difference at (p<0.05). 
Variation in pH and titratable acidity of paste from malted and non - malted maize during accelerated natural fermentation are presented in Table 1.  Inocula recycling resulted in a pH reduction from 5.61 to 3.35 in non-malted products and from 5.37 to 3.27 in the malted samples during fermented. The titratable acidity significantly (p<0.05) increased from 0.14 to 0.18 in non - malted products and from 0.14 to 0.19 in-malted sample. The observed increase in titratable acidity could be due to dominance by lactic acid bacteria which degrade carbohydrates resulting in acidification. Lactic acid is used as an index of activity for certain bacteria such as: Streptococcus, Leuconostoc and Lactobacillus species, which were isolated from the maize/ goundunt cake products (Ariahu et al, 2009). These microorganisms produce lactic acid in considerable amounts and are used in the manufacture of acid foods. Pure cultures of these bacteria are added to the raw material or the naturally occurring bacteria are encouraged to multiply as is done with accelerated fermentations. These observations are in conformity with earlier studies by Mohammed et al.( 2017); Egbegbedia et al.  (2025), according to their report on cereal weaning foods. The lower pH or higher acidity observed in the germinated meal could be due to availability of more readily fermentable sugars as a result of accumulation through the breakdown of polysaccharides during the germination process (Ariahu et al., 2009). Both pH and titratable acidity of the samples stabilized after 3-4 days of accelerated fermentation by remaining fairly constant with further increase in fermentation cycles.  






3.2 Proximate composition of maize and groundnut cake used in product formulations 
Table 2: Proximate composition (g/100g solid) of maize and groundnut cake used in product formulations 
	
	Product
	

	Nutrient 
	MFM
	MNFM
	NMFM
	NMNFM
	GC 

	Moisture 
	8.53a ± 0.11
	8.00a ± 0.01
	9.00a ± 0.03
	9.17a ± 0.02
	6.50b ± 0.08

	Protein 
	12.70b ± 0.31
	11.93c ± 0.91
	11.80d ± 0.01
	10.80e ± 0.01
	57.80a ± 0.91

	Crude fat 
	2.53e ± 0.11
	3.30c± 0.01
	3.01d± 0.32
	3.77b± 0.05
	8.50a ± 0.04

	Ash 
	1.08b ± 0.08
	1.13b ± 0.05
	1.11b ± 0.01
	1.08b ± 0.02
	3.60a ± 0.03

	Carbohydrate 
	75.19a ± 0.05
	75.64a ± 0.21
	75.08a ± 0.01
	75.35a± 0.06
	23.60b ± 0.27

	Energy (kcal)
	374.33b ± 0.08
	379.85b ± 0.07
	374.61b ± 0.51
	377.85b ± 0.01
	402.00a ± 0.02


Values are means of triplicate determinations ± S.D. Means followed by different superscript letters in the same row indicate significant difference at (p<0.05). MFM:  Malted Fermented Maize, MNFM:   Malted Non - Fermented Maize, NMFM:  Non- Malted Fermented Maize, NMNFM: Non- Malted Non - Fermented Maize, GC: Groundnut cake 
The proximate composition of maize and groundnut cake used in product formulations are presented in Table 2. Germination and/or fermentation resulted in a significant (<0.05) increase in protein content. The increase in protein content in mated – fermented samples could be attributed to the possible secretion of some extracellular enzymes (proteins) such as amylases, linamarases and cellulose. This might also result from the increase in the cell number of the fermenting microorganisms or their ability to synthesize them (biosynthesis). Protein and fat were parts of the major constituents of microbial cells (Igbabul  et al., 2014). Fermentation for 24 hour increased protein content due to loss of carbohydrates (Osman, 2011). The multiplication of the fungi in the mash in the form of single-cell proteins could also provide an explanation for the increase in the protein content of fermented products. The result of this research agrees with the earlier reports by Igbabul  et al., (2014). Utilization  of  carbohydrates  by microorganisms  for  energy  purposes  during fermentation  leads  to  concentration  of  nitrogen  content which is an index of protein content in foods ( Uchegbu Nneka et al., 2019).  The MNFM had highest energy value of 379. Kcal/kg of the maize seeds and 402 Kcal/kg of groundnut cake while the MFM had the lowest value of 374.3 Kcal/kg. The results show no significant (p<0.05) decrease.  The lower energy and carbohydrates, values of the malted and/or-fermented product could be due to utilization of the nutrients by microorganisms for growth. These observations are in conformity with earlier studies by Ariahu et al. (2009) Fermentation  makes food safe by not only inhibiting growth of pathogenic bacteria due to antimicrobial activity of lactic acid, but also detoxifies aflatoxin (Chaves-Lopez et al., 2014). With these desirable benefits, fermentation has been considered as an effective way to reduce the risk of mineral deficiency among populations, especially in developing countries where unrefined cereals and/or pulses are highly consumed


3.3:  Nutritional parameters of maize and groundnut cake formulated food products 
Table 3: Nutritional parameters of maize and groundnut cake formulated food products 
	
Paramters 
	
	Food products
	

	
	MFMG
	MNFMG
	NMFMG
	NMNFMG
	NUTREND 

	PER
	0.92b ± 0.54
	0.83c ± 0.65
	0.81c ± 0.01
	0.80c ± 0.04
	2.20a ± 0.01

	R -PER
	0.047b ± 0.01
	0.32d ± 0.02
	0.32d ± 0.02
	0.40c ± 0.01
	0.87a ± 0.23

	NPR
	4.00a ± 0.02
	3.60b ±0.31
	2.65d ± 0.04
	2.25d ± 0.76
	3.37c ± 0.02

	R - NPR
	0.99a ± 0.41
	0.90b ± 0.01
	0.80c ± 0.03
	0.65d ± 0.07
	0.84c ± 0.45

	Apparent digestibility (%)
	97.40a ± 0.54
	89.70b ± 0.03
	87.80b ± 0.32
	79.00c ± 0.43
	71.50 d ± 0.54


Values are means of triplicate determinations ± S.D. Means followed by different superscript letters in the same row indicate significant difference at (p<0.05). MFMG:  Malted Fermented Maize and groundnut cake, MNFMG:   Malted Non - Fermented Maize and groundnut cake, NMFMG:  Non- Malted Fermented Maize and groundnut cake, NMNFMG: Non- Malted Non - Fermented Maize and groundnut cake. PER (Protein Efficiency Ratio), R-PER (Relative Protein Efficiency Ratio), NPR (Net Protein Ratio), R-NPR (Relative Net Protein Ratio).
In vivo protein quality evaluation are shown in Table 3: Germination and fermentation resulted in higher digestibility than the value of 71.5 % obtained for Nutrend. Germination resulted in a significant (p<0.05) increase in digestibility. A combination of germination and fermentation further improved protein digestibility. The increase in protein digestibility as shown in Table 3 could be due to processing and other factors playing significant roles in improving protein digestion in the products. Cooking with water or moist heat, for example, tends to soften and break down indigestible fibres, generally increases digestibility of nutrients and phytochemicals. Fermentation has also been identified to significantly improve the nutritional value of maize-based foods and as well reduce their anti-nutritional factors (Egbegbedia et al., 2025). Phytate reduction may be playing significant roles in improving protein digestion in the products (Ariahu et al., 2009; Osman, 2011; Nkhata et al., 2018;  Day & Morawicki, 2018).  
Both PER and NPR are indices of protein quality. The PER indicated the relationship between weight gain in the test animals and corresponding protein intake while NPR relates the weight changes in the animals fed the test diets to those on the basal diet. The PERS of MFMG, MNFMG, NMFMG and NMNFMG were lower than value of 2.1 recommended by the Protein Advisory Group(PAG) for weaning foods (Ariahu et al., 2009; Sengev et al., 2016).. while that of nutrend was higher. Since the relative values of PER and NPR were less than a unit, this indicates that the ANRC- casein is superior to the diets in terms of PER and NPR. The higher protein digestibility (in-vivo), PER and NPR Values observed in the germination and fermented products could therefore be due to modification of the tissues structures to increase surface areas for action of enzymes initiated by the two catabolic processes. The improvement could also be due to enzymes degradation of protein and carbohydrates macromolecules into smaller units, thereby, increasing the surface of the substrates for a facilitated digestion and subsequent absorptions by the weaning animals (Nkhata et al., 2018). This observations were consistent with earlier reports by Ariahu et al.,  2009; Tope & Soji, 2013; Kaur et al., 2020; Alrosan et al., 2022; that increases in PER were as a result of germination and fermentation of cereals and legumes. 
Table 4: Effect of slurry concentration on the viscosity (CP) of germinated – fermented maize and groundnut cake food formulations 
	
products 
	Viscosity (CP)
	

	
	                        Slurry concentration (%w/v)

	
	5
	10
	15
	20
	30

	MFMG (Ns/m2)
	35.01a±0.02
	75.04a±0.05
	100.02a±0.01
	2000.03a±0.1
	4200.02a±0.03

	MNFMG
	40.02b±0.05
	110.06b±0.06
	190.02b±0.03
	2460.02b±0.02
	8360.02b±0.02

	NMFMG 
	50.04c±0.06
	145.01c±0.01
	250.02c±0.05
	2610.05c±0.03
	9100.03c±0.03

	NMNFMG 
	60.50d± 0.06
	150.01d±0.02
	500.02d±0.02
	2840.04d±0.04
	10500.03d±0.03


MFMG:  Malted Fermented Maize and groundnut cake, MNFMG:   Malted Non - Fermented Maize and groundnut cake, NMFMG:  Non- Malted Fermented Maize and groundnut cake, NMNFMG: Non- Malted Non - Fermented Maize and groundnut cake 
The viscosity of maize and groundnut cake formulations are presented in Table 4:  At comparable slurry concentrations, germination and/or fermentation resulted in a significant (<0.05) decreases in porridge viscosities compared to those from non - germinated non- fermented maize – groundnut cake. The reduction in viscosity in the germinated and fermented products could be due to breakdown of macro- molecules such as polysaccharides and polypeptides to smaller units such as simple sugars (glucose, mattose), dextrins and peptides by the enzymes mobilized during the sprouting and fermentation processes (Chinma et al., 2017; Nitya Sharmaa et al., 2018). This is nutritionally advantageous since for equal volumes, germination and fermentation would permit the addition of higher quantities of food solids to the gruels in comparison with the NMNFMG product. According to Ariahu et al. (1999), the reduction in viscosity in the germinated and fermented products could be due to breakdown of macromolecules such as polysaccharides and polypeptides to smaller units such as dextrins and peptides, respectively, by the enzymes (proteases, peptidases etc) mobilized during the sprouting and fermentation processes. This is nutritionally advantageous since for equal volumes, germination and fermentation would permit the addition of higher quantities of food solids to the gruels in comparison with the NMNFMG product. These observations are in conformity with earlier reports  Ariahu et al. (1999); Ariahu et al. (2009); Simwaka et al. (2015);  Mohammed et al. (2017); Sengev et al. (2018) Eli et al. (2022) on cereal and legume based gruels.  Typically, high viscosity (and thus, low energy density) of cereal gruels consumed by infants in many developing countries has been viewed as a cause of low energy intake because of more dilutions to reduce viscosity of gruels. A viscosity value of 1,000–3,000 cP is suggested to be appropriated consistency of complementary foods that is easy to swallow for infants and young children (Amagloh, 2022). 
CONCLUSION
The study demonstrates that malting and fermentation are effective processing techniques for improving the nutritional and functional quality of maize–groundnut cake–based complementary foods. Both treatments enhanced protein digestibility and reduced viscosity, making the formulations more suitable for infant feeding. Although slight reductions in carbohydrate, ash, and energy values were observed, these changes did not compromise the overall nutritional adequacy of the products. The decrease in pH and increase in titratable acidity indicate improved microbial stability and safety. Importantly, the combined application of germination and fermentation yielded the best results in terms of protein quality and digestibility, as reflected in higher PER values. The inclusion of groundnut cake further enriched the protein content of the formulations. Overall, the developed products show strong potential as affordable, locally sourced alternatives to commercial weaning foods, particularly in resource-limited settings.
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