


NUTRIENTS AND ANTI-NUTRIENTS COMPOSITION OF COMPLEMENTARY FOOD MADE FROM FERMENTED MILLET, SPROUTED SOYBEAN AND CARROT BLENDS		Comment by USER: Some grammatical error, please re-check
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ABSTRACT	Comment by USER: Too long; reads like a detailed summary so can reduce to 200-250 words

Missing specific % improvements or statistical highlights

The increased rate of protein energy undernutrition among children has raised an alarm on the need for formulation of rich home-based complementary foods through careful selection and combination of household foodstuffs. This study sought to evaluate complementary food produced from fermented millet, sprouted soybean and carrot. The materials were purchased at Relief market in Owerri, Imo state, Nigeria. Millet was sorted, cleaned, fermented for 72h, oven dried at 60 for 5h, milled and sieved. Soybean was sorted, soaked for 24h, sprouted for 96h, oven dried for 5h at 65, toasted for 30m, milled and sieved. Carrot was sorted, washed, peeled, diced, dehydrated for 2h at 50, milled and sieved. Three blends: MSsC_A, MSsC_B, MSsC_C and a control, M100% (Fermented millet) was formulated. The samples were analyzed using standard methods. Results were expressed in means and standard deviations, and statistical analysis was performed using ANOVA, followed by tukey test at p≤0.05.  Results showed that Protein (22.62g/100g) and ash (2.77g/100g) were highest in sample B. Fat (2.07-3.18g/100g) and fiber (1.14-3.34g/100g) were within acceptable ranges for infant foods. Carbohydrate (83.22g/100g) was highest in Sample D. Mineral and vitamin analyses indicated that Calcium (53.27mg/100g), Magnesium (615.34mg/100g), Vit A (2229.20mcg/100g) and Vit C (23.05mg/100g) were highest in sample C. Oxalate (1.30mg/100g), and Trypsin inhibitor (0.53mg/100g) were within safe limits.  Sensory evaluation revealed that sample A was the most preferred. The study concluded that complementary food made from fermented millet, sprouted soybean and carrot blends are nutritionally adequate, safe, and acceptable for infant consumption.
KEYWORDS: Fermented millet, Sprouted soybean, Carrot, Complementary foods.
1. INTRODUCTION	Comment by USER: Add global and Nigerian infant malnutrition statistics (UNICEF/WHO)
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Infant feeding during the first year of life has a profound impact on long-term health outcomes (WHO, 2021). From six months, breast milk alone becomes inadequate, and the timely introduction of complementary foods is required to prevent malnutrition, like stunting, wasting, and overweight (WHO, 2018). The initiation of complementary feeding is influenced by multiple factors, such as the child’s age, maternal and child health, cultural beliefs, maternal occupation, and caregiver practices (Abate et al., 2023). In many low and middle-income countries, complementary diets are often derived from local staples such as cereals and tubers due to high cost of animal source of food (Okafor et al., 2022). 
Millets, particularly finger millet (Eleusine coracana), are starchy and protein-rich grains valued for their nutritional significance. Finger millet is especially notable because it contains more calcium than any other cereal, making it a rich source of minerals such as calcium, phosphorus, and magnesium (Devi et al., 2011). Beyond their mineral content, millets are naturally gluten-free, which makes them suitable for individuals with gluten intolerance or celiac disease (Kaur et al., 2014). They are also good sources of antioxidants, soluble dietary fiber, and protein, attributes that have been associated with improved digestive health (Saleh et al., 2013). Furthermore, regular consumption of millets has been shown to lower cholesterol and regulate blood sugar levels, thereby supporting the prevention and management of metabolic disorders (Chandra et al., 2016).
Soybean (Glycine max L.) sprouts are a highly digestible, year-round vegetable valued for their rich nutritional composition. A distinct feature of soybean, unlike most plant proteins, is that it provides all the essential amino acids in adequate proportions, making it one of the few plant-based complete proteins (Cheng et al., 2019). The sprouting process activates metabolic pathways that enhance both primary and secondary metabolite accumulation in the seed (Wang et al., 2022). Sprouted soybeans are excellent sources of protein, essential amino acids, and vitamins, which contribute to improved nutritional quality and health benefits (Cheng et al., 2019). Importantly, sprouting reduces anti-nutritional compounds such as phytic acid and trypsin inhibitors, thereby improving nutrient availability and protein digestibility (Wang et al., 2022). Furthermore, germination has been shown to decrease lipoxygenase and urease activities while reducing oxalate and phytic acid contents, alongside an increase in protein levels (Yılmaz Tuncel et al., 2025). These nutritional transformations make sprouted soybean a valuable functional food with enhanced health potential.
Carrots (Daucus carota) are root vegetables widely recognized for their rich nutritional and bioactive composition. They contain carotenoids, flavonoids, polyacetylenes, vitamins such as A, C, and K1, as well as minerals including potassium, calcium, magnesium, and phosphorus, which together contribute to diverse health benefits (Leja et al., 2019). The high carotenoid content of carrots, particularly β-carotene, is linked to improved eye health and reduced risk of vision-related disorders (Sharma et al., 2020). In addition, carrots provide polyphenols and vitamins that act as antioxidants, helping to neutralize free radicals and reduce oxidative stress (da Silva Dias, 2019). These compounds also exhibit anticancer properties and play a role in strengthening the immune system (Santos et al., 2021). Altogether, carrots are a valuable functional food with strong nutritional and protective health potential.
2. Materials and Methods	Comment by USER: Specify analytical equipment with brand or model
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Procurement of raw materials
All materials (millet, soybean, carrot) was purchased at Relief Market in Owerri, Imo state. 

Production of Fermented Millet Flour
The method of Sengev et al. (2021) was adopted for the production of millet flour. The millet was sorted, cleaned, fermented for 72 h, washed and drained. It was oven-dried at 60 degrees centigrade for 5 h. It was milled into fine flour and sieved using 70mm mesh. The millet flour was stored in an air-tight container and stored in refrigerator for further use.
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Figure 1: Flowchart for the production of fermented millet flour	Comment by USER: Flowcharts are good, but details could be more concise. Need clarity on:
Fermentation conditions by microorganisms present?
Water to sample ratio during sensory evaluation preprocessing


Preparation of sprouted soybean flour
Soybean seeds were separately cleaned by hand, sorted and floated to remove broken grains and extraneous materials. The seeds were separately soaked for 24h at ambient temperature. The hydrated grains were drained and spread thinly on a wet jute bag and covered with another layer of jute bag. The grains and seeds were germinated for four days with watering every 6h. Un-germinated grains were discarded while the sprouted soybean were oven dried for 5h at 65 degrees centigrade. It was then toasted for 30m before milling to flour, sieved with a 70mm mesh and packaged in air tight container and kept for analysis.
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Figure 2: Flowchart for sprouted soybean flour production
Production of carrot flour
The method of Tadesse et al. (2020) was adopted for the production of carrot flour; the carrot was washed with clean water, scraped (peeled), diced into smaller pieces and dehydrated using Bosh Multipurpose food dehydrator at 50 degrees centigrade for 2h, after which the dehydrated carrot was milled, sieved into fine flour using a 70mm mesh, packaged in airtight polyethylene bags and stored for analysis
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Figure 3: Flowchart for carrot flour production

SAMPLE FORMULATION
Sample formulation was carried out following the approach of Adeoye et al. (2024) with slight modification based on protein basis. 


Table 1: Formulation of fermented millet, sprouted soybean, and carrot complementary food blends

SAMPLE    FERMENTED MILLET(g)  SPROUTED  SOYBEAN (g)    CARROT(g)
MSsC_A                  70                                            15                                            15
MSsC_B                  60                                            25                                            15
MSsC_C                  50                                            20                                            30
M100%_D              100   	                0                                              0  
Means are values of triplicate determinants. Mean values with different superscript in the same rows are significantly (P≤ 0.05) different.
Keys:
MSsC_A: Fermented millet 70%: Sprouted soybean 15%: Carrot 15%
MSsC_B: Fermented millet 60%: Sprouted soybean 25%: Carrot 15%
MSsC_C: Fermented millet 50%: Sprouted soybean 20%: Carrot 30%
M100%_D: Fermented millet 100%: Sprouted soybean 0%: Carrot 0%

Table 2: Cost analyses of the complementary food 

Materials      Price per    MSsC_A      Cost(₦)    MSsC_B    Cost(₦)     MSsC_C    Cost(₦)    M100%D   Cost(₦)                                                                                                          
                       gram (₦)   Weight(g)                     Weight(g)                     Weight(g)                   Weight(g)

Millet           2.5            700          1,750      600          1,500       500        1,250       990         2,475
Soybean       3.5            150          525         250          875          200        700           0               0
Carrot          2               150          300         150          300          300        600           0               0
Milk             60              10            600         10            600          10          600          10            600
Sugar           2.4              5             12            5              12            5            12            5              12
Total                                             3,187                       3,287                    3,162                      3,087

Nutrients and Anti-Nutrients Analysis of Samples
The proximate composition of each sample was determined using standard official methods from AOAC (AOAC, 2023). Mineral analysis was performed by atomic absorption spectrophotometry following recent validated procedures for food samples (Messele et al., 2024). Vitamin analysis (simultaneous determination of water- and fat-soluble vitamins) was carried out using a validated reverse-phase HPLC method for simultaneous vitamin profiling (Mateeva et al., 2022). Oxalate content was determined by the digestion–precipitation procedure followed by potassium permanganate titration as described in recent food-analysis studies (Tadesse et al., 2023). Phytate (total inositol phosphates) was quantified using widely accepted spectrophotometric/colorimetric methods for phytic acid determination as reviewed in recent analytical method overviews (Marolt et al., 2020). Tannin (condensed/total phenolic tannins) was determined using modern colorimetric assays (vanillin–HCl / spectrophotometric approaches) recommended in recent analytical reviews (Purohit et al., 2023). Trypsin inhibitor activity was measured using a standardized enzyme-inhibition assay protocol based on contemporary validated procedures (Liu, 2021). All analyses were performed in triplicate and results are reported as mean ± standard deviation.	Comment by USER: Adjust the writing format - spacing
Statistical Analysis
The obtained results were expressed as mean ± standard deviation of triplicate determinants. Analysis of variance (ANOVA) and tukey test was employed in comparing and separation of the means. 5% level of significance (p≤0.05) was ensured in all the calculations.	Comment by USER: What is software used for ANOVA?
Sensory evaluation
Sensory evaluation of the products was carried out by a group of 20 Final year students who volunteered to be panelists from the Department of Nutrition and Dietetics. The evaluation was carried out in the food laboratory of the Department. The panelists rated the products using a nine-point hedonic scale where 9 = like extremely and 1 = dislike extremely. Panelists scored the sample for four sensory attributes – colour, aroma, taste and mouth-feel. A can of water was given to a panelist to rinse his/her mouth after each tasting.
RECIPE FOR BLEND PREPARATION
Ingredients
100g of each composite flour	Comment by USER: Put into the table formulation
20g of milk powdered milk
32g of sugar
240cl of boiling water

METHOD
One hundred grams of one composite flour sample was weighed into a clean bowl. From the 240cl of water set aside for preparation, 60cl was boiled to 100 ºC and immediately added to the flour. The mixture was stirred continuously until a smooth gruel was formed. The gruel was then heated on a Thermacool table gas cooker at low flame, stirred gently for two minutes, and removed from the heat source. Thereafter, 4g of milk and 2g of sugar were added and thoroughly stirred using a clean tablespoon. The procedure was then replicated for the remaining three samples, and the prepared gruels were presented to the panelists for sensory evaluation.

3. RESULTS AND DISCUSSION	Comment by USER: Detailed and well supported by literature but have some improvements:
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3.1 Results
Proximate composition of complementary food made from fermented millet, sprouted soybean and carrot blends.
The proximate composition of complementary food made from fermented millet, sprouted soybean and carrot blends was presented in table 3. Protein (22.62±0.09%) and ash (2.77±0.11) contents of the complementary food were significantly (p≤0.05) higher in sample MSsC_B. Fat content ranged from 2.07±0.12% (sample M100%D) to 3.18±0.04% (sample MSsC_B). There was no significant (P≥0.05) difference among the samples. Fiber ranged from 1.14±0.10% (Sample MSsC_C) to 3.34±0.06% (MSsC_A), there was no significant (P≥0.05) difference among the samples. Carbohydrate content of the complementary food was significantly (P≤0.05) higher in Sample M100%_D (83.22±2.03) while moisture was significantly (P≤ 0.05) higher in Sample MSsC_C (8.07±0.10). All the samples were slightly below codex recommended energy density for complementary foods, this is common with low-fat formulations.
Table 3: Proximate composition of complementary food made from fermented millet, sprouted soybean and carrot blends	Comment by USER: Data tables well organized with statistical comparison
	Proximate 	                             Complementary food samples                                   Codex 
Composition (%)   MSsC_A       MSsC_B         MSsC_C      M100%_D    RDA (g/d)   Standard(%)



	Protein                   17.43b±0.07    22.62d±0.09    19.53c±0.46   7.34a±1.07          11-13            15-20
Ash                        1.84b±0.05      2.27c±0.11       1.47a±0.05     1.86b±0.17              -                 <5	
Fat                          2.32ab±0.68    3.18b±0.04       2.45ab±0.10    2.56b±0.39            30                 5-10
Fiber                       3.34b±0.06     2.87b±0.79       1.14a±0.10     2.95a±0.58             11                <5	
Moisture                 6.60b±0.20      6.18b±0.08       8.07c±0.10     2.95a±0.58               -	5-10
Carbohydrate          68.46b±0.59    62.38a±0.94     66.34b±1.09   83.22c±2.03       90-130	60-75
Gross Energy           364.44             368.62             365.53             385.28                 -                 400-425


Means are values of triplicate determinants. Mean values with different superscript in the same rows are significantly (P≤ 0.05) different.
Keys:
MSsC_A: Fermented millet 70%: Sprouted soybean 15%: Carrot 15%
MSsC_B: Fermented millet 60%: Sprouted soybean 25%: Carrot 15%
MSsC_C: Fermented millet 50%: Sprouted soybean 20%: Carrot 30%
M100%_D: Fermented millet 100%: Sprouted soybean 0%: Carrot 0%


Mineral composition of complementary food made from fermented millet, sprouted soybean and carrot blends
The mineral composition of complementary food made from fermented millet, sprouted soybean and carrot blends was presented in table 4. Calcium (53.27±0.65), Magnesium (615.34±14.50) and Zinc (7.30±0.03) contents of the complementary foods were significantly (P≤ 0.05) higher in sample MSsC_C. Iron content ranged from 1.73±0.35% (sample MSsC_C) to 6.76±1.67% (MSsC_A). There was no significant (P≥ 0.05) difference among the samples. Copper content (2.31±0.04) of the complementary foods were significantly (P≤ 0.05) higher in sample MSsC_B. Potassium content (1790.05±8.70) of the complementary food was significantly (P≤ 0.05) higher in sample MSsC_C.
Table 4. Mineral composition of complementary food made from millet, sprouted soybean and carrot blends
	Mineral Com-	                   Complementary food samples                RDA             Codex
Position              MSsC_A       MSsC_B       MSsC_C       M100%_D    6-12mo    1-3yr  Standard(%)


Calcium(mg/100g)       26.49a±0.14       41.57b±1.27      53.27c±0.65          26.28a±0.24               -                  -	50-60
Magnesium(mg/100g)  405.51b±4.94     425.12b±9.24    615.34c±14.50      342.67a±15.31   75mg/d           80mg/d	    -
Potassium(mg/100g)  1262.02b±10.57   1739.76c±4.48  1790.05d±8.70       888.76a±3.28         -                    -                    -
Zinc(mg/100g)             5.12b±0.03         5.83c±0.04         7.30d±0.03            4.71a±0.06         3mg/d             3mg/d            3-5
Iron(mg/100g)              6.76b±1.67         5.72b±0.06         6.22b±0.17            1.73a±0.35         11mg/d           7mg/d            5-8
Copper(mg/100g)          1.20b±0.02         2.31d±0.04         1.32c±0.02            0.48a±0.02       0.22mg/d       0.34mg/d           -
	Means are values of triplicate determinants. Mean values with different superscript in the same rows are significantly (P≤ 0.05) different.
Keys:
MSsC_A: Fermented millet 70%: Sprouted soybean 15%: Carrot 15%
MSsC_B: Fermented millet 60%: Sprouted soybean 25%: Carrot 15%
MSsC_C: Fermented millet 50%: Sprouted soybean 20%: Carrot 30%
M100%_D: Fermented millet 100%: Sprouted soybean 0%: Carrot 0%



Vitamin composition of complementary food made from fermented millet, sprouted Soybean and Carrot
The vitamin composition of complementary food made from fermented millet, sprouted soybean and carrot was presented in table 5. Vitamin A (2229.20±0.78) and Vitamin C (23.05±0.04) contents of the complementary foods were significantly (P≤ 0.05) higher in sample MSsC_C.

	Vitamin                                   Complementary food samples                 RDA                   Codex
Composition           MSsC_A       MSsC_B     MSsC_C       M100%_D      6-12mo           1-3yr          (%)


Table 5. Vitamin composition of complementary food made from fermented millet, sprouted soybean and carrot
[bookmark: _Hlk208351583]Vitamin A(McgRAE/100g)  2218.6b±0.06  2218.6b±0.05  2229.20c±0.78  740.74a±0.03     500µgRAE/d  300µgRAE/d   400-500
Vitamin C(mg/100g)             16.25b±0.03   18.35c±0.05    23.05d±0.04       5.13a±0.04        50mg/d               15mg/d           30-60
	Means are values of triplicate determinants. Mean values with different superscript in the same rows are significantly (P≤ 0.05) different.
Keys:
MSsC_A: Fermented millet 70%: Sprouted soybean 15%: Carrot 15%
MSsC_B: Fermented millet 60%: Sprouted soybean 25%: Carrot 15%
MSsC_C: Fermented millet 50%: Sprouted soybean 20%: Carrot 30%
M100%_D: Fermented millet 100%: Sprouted soybean 0%: Carrot 0%



Anti-nutrient composition of complementary food made from fermented millet, sprouted soybean and carrot blends
The anti-nutrient composition of complementary food made from fermented millet, sprouted soybean and carrot blends was presented in figure 4. Phytate and Tannin contents ranged from 0.01±0.01% (sample MSsC_B) to 1.27±0.03% (sample M100%D) and 0.02±0.01 (sample MSsC_B) to 0.42±0.03 (sample M100%D) respectively. There was no significant (P≥ 0.05) difference among the samples. Oxalate content (1.30±0.02) of the complementary food was significantly (p≤0.05) higher in sample MSsC_C. Trypsin inhibitor content (0.53±0.03) of the complementary food was significantly (p≤0.05) higher in sample MSsC_B.

Figure 4. Values are means± standard deviation of triplicate determinations.

Sensory characteristics of complementary food made from fermented millet, sprouted soybean and carrot blends
The sensory characteristics of complementary food made from fermented millet, sprouted soybean and carrot blends was presented in table 6. Taste (8.10±0.10) of the complementary foods was significantly (p≤0.05) higher in sample MSsC_C. Aroma (7.80±0.79) of the complementary foods was significantly (p≤0.05) higher in sample MSsC_B. Mouth feel (8.30±0.67), Colour (8.00±0.82) and Overall acceptability (8.10±0.74) of the complementary food were significantly (p≤0.05) higher in sample MSsC_A and it was the most preferred.








	Sensory	 Complementary food samples
Characteristics                            MSsC_A          MSsC_B             MSsC_C            M100%_D


 Table 6. Sensory scores of complementary food samples
Taste	     7.60a                7.90a                      8.10a                    7.30a
Aroma	     7.40a               7.80a                      7.40a                    7.60a
Mouth-feel                                          8.30a               7.70a                      7.60a                    7.40a
Colour                                                 8.00a               7.60a                      7.80a                    7.40a
Overall acceptability                          7.83a                7.75a                      7.73a                    7.43a
	Means are values of triplicate determinants. Mean values with different superscript in the same rows are significantly (P≤ 0.05) different.
Keys:
MSsC_A: Fermented millet 70%: Sprouted soybean 15%: Carrot 15%
MSsC_B: Fermented millet 60%: Sprouted soybean 25%: Carrot 15%
MSsC_C: Fermented millet 50%: Sprouted soybean 20%: Carrot 30%
M100%_D: Fermented millet 100%: Sprouted soybean 0%: Carrot 0%



Bioavailability of Minerals Using the Molar Ratio Approach 
Determination of Phytate-Mineral Molar Ratios 
The bioavailability of selected minerals (iron, zinc, and calcium was estimated using the phytate to-mineral molar ratio approach, following methods used in recent complementary food research (e.g Tamiru et al., 2019; Adebayo-Oyetoro et al., 2021). Phytate content (mg/100g) was divided by its molecular weight (660 g/mol), and mineral contents (mg/100g) were divided by their atomic weghts: iron (56 g/mol), zinc (65.38 g/mol), calcium (40 g/mol). The molar ratio was the computed as: 

Phytate: Mineral Molar Ratio=         Phytate (mg/100 g)
                                                                    660
		                                  Mineral (mg/100 g)
                                                     Atomic weight of mineral

Lower molar ratios indicate greater potential bioavailability, as phytate binds minerals and reduces
their absorption (Tamiru et al., 2019; Bello et al., 2020).


Phytate-Mineral Molar Ratios of the Complementary Food Samples
The phytate: iron, phytate: zinc and phytate: calcium molar ratios of the complementary food made from fermented millet, sprouted soybean and carrot blends are presented in table 7. The critical cut-off values beyond which bioavailability is considered impaired are 1.0 for iron, 15.0 for zinc, and 0.24 for calcium (Tamiru et al., 2019; Egwunyenga et al., 2022). All observed molar ratios are well under common critical limits, suggesting good potential bioavailability of these minerals in the formulations. 

	SAMPLES                      Phy: Fe                Phy: Zn                Phy: Ca                       


Table 7. Phytate-Mineral Molar Ratios of the Complementary Food Samples

MSsC_A	0.00113                 0.00170                 0.00021 	
MSsC_B                           0.00015	                 0.00017                 0.00001	
MSsC_C                           0.00041                 0.00041                 0.00003
M100%_D                        0.07230                 0.02689                 0.00293
Critical Limit                    1.00      	15.00	0.24
	


Implications of the Phytate-Mineral Molar Ratios on Mineral Bioavailability
The very low phytate: iron, phytate: zinc, and phytate: calcium molar ratios in all samples compared to established thresholds indicate that iron, zinc and calcium in the complementary blends are likely to be highly bioavailable. Only sample D approaches higher ratio but remains below the critical cut-off. These favorable ratios are likely the result of the processing methods used, fermentation of millet and sprouting of soybean. Recent studies (Tamiru et al., 2019; Bello et al., 2020) show that fermentation activates microbial phytases which degrade phytic acid, while sprouting activates endogenous seed phytases resulting in reduced phytate content. Carrot inclusion may also dilute phytate per gram of food. These combined processes reduce the mineral-binding capability of phytate, thus improving the potential bioavailability of iron, zinc, and calcium. Thus, the results support that the processing sequence (sprouting, fermentation) is effective in improving micronutrient bioavailability in plant-based complementary foods, in line with other findings (like Adebayo-Oyetoro et al., 2021; Egwunyenga et al., 2022).

3.2 Discussion
The protein content of the samples obtained from this study was sufficient and as well exceeds 100% of the WHO’s recommended daily requirement for infants’ protein intake (11-13g). The present study was similar to the results obtained from previous studies (Ademulegun et al., 2020, Okudo et al., 2020, and Amadi et al., 2018) with protein values ranging from 11.45±0.12 to 20.39±0.13, 9.21±0.01 to 9.68±0.01, and 13.34±0.22 to 14.79±0.12, respectively. The high protein content could be attributed to the sprouted soybean used. Sprouting enhances the nutritional profile of grains by increasing protein content, elevating calcium levels, and improving the balance of omega-3 fatty acids (Al-Taher & Nemzer, 2023). Soybean is an excellent source of protein that is inexpensive with an array of health benefits like lowering cholesterol levels, cancer, cardiovascular diseases, abdominal fats, osteoporosis (Qin et al., 2022). This product can also be used to manage PEU because it is high in protein, it is worthy of note because the protein will be bioavailable due to the chemical breakdown of protein-tannin and protein-phytate complexes during sprouting of soybean. Proteins are required by all body tissues; they are thus crucial during growth, pregnancy and wound healing. A 100g meal of the complementary food produced in this study will therefore satisfy 100% of the protein needs of under-5 children.
Fiber is well-known for its ability to help increase stool volume by transporting faecal water. The complementary food’s crude fiber concentration was consistent with that of Okudo et al. (2020) who had 3.4% fiber in his work on finger millet biscuits. The fiber level of the product was also consistent with that of Amadi et al. (2018) who reported 2.7% level of fiber on the study of nutrient, anti-nutrient and sensory composition of complementary food with pigeon pea, orange fleshed sweet potato and carrot. Due to the issues of indigestibility it can pose, high fiber content is not generally advocated for on the production of infant food. The composite sample can be categorized as an acceptable source of fiber because of its 2.4% level. The inclusion of oil-dense legume soybean may have contributed to the low percentage of crude fat of 2.7%. Fat is a highly energy-dense macronutrient and plays a critical role in children’s optimal development, not only by providing energy, but also by supplying essential fatty acids that support neurological, immunological, and overall functional development (FAO/WHO, 2018). On the other side, a high fat content in a formulated complementary food may lead to an excessive calorie intake, especially if the carbohydrate level of the blend is high, which will result in rapid weight gain that is undesirable in infants. Furthermore, the high fat content of the complementary food may have an effect on the keeping quality of foods after prolonged storage and frequent exposure due to the oxidation of polyunsaturated fatty acids (rancidity) that occurs during storage. The fat content of the complementary food was thereby at an acceptable level.
Because the control sample is exclusively high in carbohydrate, its carbohydrate content was highly significant than that of the composite samples. The carbohydrate levels of the composites was similar to those obtained by Amadi et al. (2018), Okudo et al. (2020). Sample D recorded the lowest moisture level, which were however typically low across all samples. Higher moisture content would promote the growth of microorganisms, rendering the food unfit for consumption. The moisture contents of the complementary food recorded lower levels when compared to that of Okudo et al. (2020) and Amadi et al. (2018). These lower levels are however advantageous because it will lengthen the products’ shelf-lives. Ash is defined as the inorganic, non-volatile residue remaining after complete combustion or oxidation of organic material, serving as an indicator of total mineral content in food (Quirino, 2023). The lowest ash was found in sample C, yet still okay in the bid to meet infants’ nutritional needs. It is similar to that recorded by Okudo et al. (2020) and a bit lower than that of Amadi et al. (2018).

According to the mineral results, the composite samples had significantly higher levels of calcium, magnesium, potassium, iron and copper than that of the control sample. Magnesium, potassium and iron were considerably greater in the composites’. Potassium was the most common overall followed by magnesium. Iron is an essential component of hemoglobin in red blood cells, playing a vital role in oxygen transport and overall physiological function, and iron deficiency affects an estimated 16–25% of the global population, making it one of the most prevalent micronutrient deficiencies worldwide (GBD 2021 Dietary Iron Deficiency Collaborators, 2025). The Iron values obtained in this study were much higher in the composite samples compared to the control’s sample level. The values of the formulated samples were also higher than those reported by other researcher (Okudo et al., 2020), who reported Iron level of 2.7% in his work. The values of Calcium obtained from this study was higher than that of the control (M100%), however lower than that obtained by Amadi et al. (2018). For the development of their bones and teeth, the health of their muscles and nervous systems, blood coagulation, and immune defense, calcium is a critical nutrient in infants and young children (Razzaque, 2025). Potassium is a crucial electrolyte for maintaining the fluid equilibrium in the body. The composite blend is composed on average 1420.15mg/100g of potassium. The high level of this nutrient shows that the weaning food could provide alternative source of potassium in food. Potassium is required in large quantity by the body for the maintenance of acid-base balance, body water balance and nerve function. The recommended daily allowance of potassium for infants is 500-2500mg/100g. Its absence may result in muscular weakness, paralysis. Copper was analyzed to ensure that the composite blends were not significantly concentrated with heavy metal. The averaged 1.61mg/100g of Copper indicates that small amounts of the samples could meet daily copper needs. The mix contains on average 432mg/100g of magnesium, indicating that the weaning food could serve as an alternative source of magnesium in diets. Magnesium is required in substantial amounts for the activation of enzymes involved in protein synthesis; its absence in the body may result in growth failure, behavioral disruption, weakness, and spasms (Fiorentini et al., 2021). Zinc serves as a critical cofactor in approximately 300 enzymes spanning all major metabolic pathways, playing essential catalytic, structural, and regulatory roles (Molloy & Rink, 2022). The zinc content of the samples exceeded the recommended level of 4–6 mg/100g specified in the Codex Alimentarius Guidelines on formulated complementary foods for older infants and young Children, last amended in 2017 (FAO/WHO, 2017), and the formulated study was higher than that in Okudo et al. (2020) and lesser than that in Amadi et al. (2018).
Due to the presence of carrot in the formulations, composite flours demonstrated nutritional superiority in terms of vitamin levels. The two vitamins examined were significantly greater in the composite samples, with sample C having the highest levels in both vitamins compared to other samples. According to the results of the study, carrot is a good source of pro-vitamin A and Vitamin C. Vitamins are well known for their contributions in improving bodily metabolism. Carotene improves the immune system, reduces the risk of illnesses and prevents cataract formation. Vitamins are also essential for the body’s ability to metabolize carbohydrates, fats and proteins. In order to increase the levels of vitamins and some minerals in infant foods, it is recommended to utilize fruits as basic ingredient in the formulation.
Sprouting has been shown to enhance the nutritional value of legumes and significantly reduce anti-nutritional factors such as phytic acid and tannins through germination-induced enzymatic processes (Frontela et al., 2021). While there are no specific established maximum levels for tannins in infant formula, it is generally recommended to keep tannin levels as low as possible. Due to the proteolytic activity of enzymes that are triggered during sprouting, the values of tannin was really reduced to the safest level. Also, due to the potential for increased phytase activity by 3 to 5 times in legume seeds, sprouting lowered the phytic acid concentration, this was also seen in the phytate levels of the formulated food and it’s consistent with that of other researcher (Frontela et al., 2021). Acceptable levels of phytate in infant formula can vary, but it is generally recommended to keep the phytate levels below 0.5% to 1% to minimize the impact on mineral availability and this was done in this infant formula. Fermentation is a metabolic process which converts complex material into simpler form with the help of micro-organism. Recent research shows that fermentation significantly reduces anti-nutritional factors, including phytic acid, tannins, and trypsin inhibitors in legumes (Ogodo et al.,2019). Due to fermentation process employed during processing of these products, the fermented (M100%_D) trypsin inhibitor level was reduced to the least level of Zero, its little level in the composites’ was due to its presence in other parameters. During fermentation, certain microorganisms, such as lactic acid bacteria, utilize and metabolize oxalates. These bacteria produce oxalate-degrading enzymes, such as oxalate decarboxylase, which break down oxalates into carbon dioxide and other harmless by-products. This enzymatic activity leads to a decrease in the oxalate content of the fermented food. This was clearly displayed in the obtained result, oxalate levels was greatly reduced especially on the fermented sample (M100%_D). The results were however a bit higher than those obtained by Amadi et al. (2018).
The composites’ taste, mouth feel and colour were preferable than the controls’ in all aspects. The acceptance of the composite samples may have been impacted by the darker and unique appearance(s) when compared to the controls’. The aroma of sample A and C was similar. Overall, all sample products were well received and sample A was the most preferred. The inclusion of CODEX standard and RDA comparisons strengthens the nutritional adequacy claims of these blends. Although many of the samples exceeded CODEX benchmarks for protein, calcium, iron, and vitamin A, the consistently low fat content suggests that either more oil/fat-rich ingredient is needed or processing losses must be minimized. The cost analyses showed that the formulation is very feasible for home-based complementary feeding in Nigeria, especially given that many commercial complementary foods cost many times this amount. Thus, the blend not only meets nutritional criteria (for RDA & CODEX) but also offers a cost-effective healthy alternative.


4.0 CONCLUSION	Comment by USER: Add statement on potential commercialization and recommendation for future studies e.g. shelf-life or pilot trial in community

Put the quantitative result and anova on conclusion
The formulated complementary food demonstrated enhanced nutritional quality, particularly in protein, minerals, and vitamins. Sprouting and fermentation improved protein bioavailability and reduced anti-nutritional factors, making the products safe and suitable for infants. The inclusion of carrot contributed significantly to Vitamin A and C content, supporting immune function and growth. Moisture, fiber, and fat levels were within acceptable ranges, ensuring shelf stability and digestibility. Overall, the composite food is nutritionally adequate, acceptable in sensory quality, and can serve as a viable alternative for infant and young child feeding.
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Anti-Nutrients Composition of Complementary Food Blends

Phytate	
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