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Abstract 
Weaning foods are essential for transitioning infants from breast milk to a mixed diet, providing vital nutrients  

for growth and development. This study explored the potential of developing weaning food formulations utilizing 

millet, soybeans, and fish meal. The formulations were evaluated for chemical and sensory qualities. The proximate 

contents of the weaning foods ranged 6.56 – 8.96%, 13.23 – 22.63%, 2.02 – 6.32%, 4.32 – 6.32%, 1.32 – 2.96%, and 

55.62 – 69.85%, respectively, for moisture, crude protein, crude fat, ash, dietary fibre, and carbohydrate. The mineral 

contents ranged from 53.67 – 88.72 mg.100 g-1, 313.87 – 695.93 mg.100 g-1, 172.75 – 365.25 mg.100 g-1, 1.15 – 3.54 

mg.100 g-1, 2.57 – 6.34 mg.100 g-1, 43.16 – 76.42 mg.100 g-1, 51.23 – 76.42 mg.100 g-1, and 0.37 – 1.93 mg.100 g-1, 

respectively. Sensory scores shows that the formulations were generally well-received by the panellist but sample  

O (50M:25S:10F) was preferred over others due to its balanced flavour, smooth texture, and appealing appearance. 

Overall, the nutritional profile of the formulations met recommended dietary guidelines, making them suitable for 

consumption. These locally sourced ingredients provide an adequate solution to address protein-energy malnutrition 

and micronutrient deficiencies prevalent in developing countries. 
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Introduction 

Weaning is the gradual process of introducing foods 

other than breast milk into a baby's diet. These 

weaning foods are used in the shifting phase from 

breastfeeding or infant formula to a mixed diet. They 

are used to supplement breast milk, replace it 

gradually, and eventually assist the child in 

transitioning to adult foods. Breast milk as a first food 

does not provide sufficient sustenance to support 

rapid growth and development once the child reaches 

six months of age (Msheliza et al. 2018a). At this 

point it is time to add appropriate weaning food (i.e., 

energy- and protein-dense food other than breast 

milk) to supplement breast milk for the healthy 

growth and development of the child. If proper food 

is not given to the baby, it can result in malnutrition, 

which is a common problem in developing countries 

(Asma et al. 2006; Eshun et al. 2011). 

Commercially standardised foods are of a high 

quality and provide an adequate dietary supply for 

young children. Nevertheless, this type of food is 

expensive and mostly available only to the few rich 

classes who can afford to pay for them. This has led 

to great interest from food processors and researchers 

in many developing countries to formulate and 

develop nutritious weaning foods based on local and 

readily available raw materials (Alawode et al. 2017). 

For instance, Nkama et al. (2001) formulated 

weaning foods from pearl millet, cowpea, and 

groundnut. Weaning food was also formulated with 

pearl millet, cowpea, and groundnut by Badau et al. 

(2005). Eshun et al. (2011) evaluated the nutritional 

composition of weaning food from soybean, 

groundnut, and rice blends. Muhimbula et al. (2011) 

developed supplementary diets based on the staple 

foods maize, sorghum, and finger millet, and protein 

supplements including common beans, cowpeas, and 

green peas. Achidi et al. (2016) developed weaning 

foods using a mixture of cereal, legumes, tubers, 

vegetables, and crayfish. Tiencheu et al. (2016) 

produced instant weaning foods from blends of 

maize, pawpaw, red beans, and mackerel fish meal. 

Alawode et al. (2017) developed complementary 

foods from combinations of orange flesh, sweet 

potato, sorghum, and soybean. Maize-based 

complementary foods supplemented with black bean 

and crayfish flours were developed by Okoye and 

Ene (2018). 

In addition, Okoye et al. (2021) formulated ready-

to-eat complementary foods by combining malted 

sorghum, soybean, and Irish potato flour. Likewise, 

Mohammed et al. (2021) formulated a 

complementary food using blends of fermented 

yellow maize (the improved variety), soybean, and 

African catfish meal, among others. The list of such 

endeavours continues to grow. Nonetheless, chronic 

malnutrition remains an enduring issue among 

young children in sub-Saharan Africa (Asma et al. 

2006; Eshun et al. 2011). Persistent hunger and 

malnutrition inflict significant human suffering, 

with protein-energy malnutrition, kwashiorkor, and 

marasmus being commonly observed in infants and 

young children (Mohammed et al. 2021). Protein-

energy malnutrition, in various forms, poses the 

most severe nutritional deficiencies, particularly 

impacting young children. Iron deficiency is highly 

prevalent in developing countries, serving as the 

leading cause of anaemia in children aged 6 to 36 

months, affecting 17 to 44% of this population 

(Lanzkowsky 2013). Iron deficiency is linked to 

poor development, cognitive function, and 

behavioural differences in children. Calcium 

deficiency leads to improper bone development in 

growing children, resulting in various skeletal 

deformities. 

The study explores the integration of finger millet, 

soybeans, and fish meal in weaning foods, 

highlighting their nutritional benefits and potential 

to prevent protein-energy malnutrition and 

micronutrient deficiencies in infants and young 

children. 

Materials and Methods 

Materials and their preparations. Finger millet, 

soybeans, and catfish were procured from Jimata 

modern market. All samples were maintained in a 

moisture-free condition until required. The 

chemicals and reagents used were of analytical 

grade obtained from the laboratories of Food 

Science and Technology, Modibbo Adama 

University of Technology, Yola, and Federal 

Polytechnic, Mubi, both in Adamawa State. Each of 

the finger millet and soybean samples were 

manually cleaned to remove sand, foreign seeds, 

broken seeds, infested seeds, dirt, and other 

contaminants. 
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Methods 

Processing of finger millet grains into flour. 
Finger millet grains were processed according to the 

method outlined by Usman et al. (2018). The sorted 

grains were steeped in thrice the weight of water at 

room temperature for 12 h, after which it was 

subjected to an air rest for 1 h at 6 h of steeping. The 

steeping water was replaced between every air rest. 

Following completion of the steeping procedure, a 

sterilization of the grains was conducted by placing 

them in a 1% sodium hypochlorite solution for 5 

minutes. After sterilization, the grains were drained 

for germination. They were then spread over wet 

jute sacks, covered with a wet cotton cloth, and 

allowed to germinate at ambient temperature 

(32±2°C). The grain millet was malted by sprouting 

its grains and then dried at 60°C in a cabinet drier 

for 48 hours. The sprouted grains were squeezed 

between the palms to separate the germs, which 

were dry-cleaned by blowing air. Those grains were 

later milled into flour. Finely milled flour was 

achieved by sieving the malted millet flour through 

a 250 µm aperture-sized sieve. Then, the flour was 

bagged in low-density polyethylene and stored at 

room temperature until use. 

Processing of soybeans into flour. The soybean 

flour was prepared according to the method 

described by Nwakalor and Obi (2014) with some 

modifications. The soybeans were meticulously 

sorted to remove stones, rot, and physical 

imperfections. The defect-free beans were soaked 

for 3 h, dehulled, and boiled for 15 min post-

cleaning. Thereafter, the seeds were dried in an oven 

(model TO008GA-34; AKAI-TOKYO, Japan) at a 

temperature of 80°C for 24 h. This gold-brown 

colour was achieved by roasting the beans for 30 

minutes under an open flame. After that, the grains 

were ground in a commercial grinder and converted 

into flour. The flour was passed through a local 

sieve having approximately 1 mm in diameter to 

obtain the fine particle size. Finally, the flour was 

safely stored in a plastic container and sealed until 

it is used. 

Processing of fresh African catfish in fish meal 

flour. The process described in the study of 

Mohammed et al. (2021) was used to convert fresh 

African catfish into fish meal. Five hundred grams 

of the fresh fish was washed in salted water and cut 

into small pieces. The fish pieces were dried with a 

hot air oven (Model: TO008GA-34, AKAI-

TOKYO, JAPAN) at 40°C until a constant dry 

weight. After the fish was dried, it was ground into 

flour by using a Kenwood blender (Philips HR 

2001, China) to produce the fishmeal fine flour. The 

fishmeal flour was stored at 4°C in airtight plastic 

storage bags until further use. 

Experimental design and formulation of weaning 

foods. The Response Surface Methodology 

(RSM) with Central Composite Rotatable 

Composite Design (CCRD) was adopted for 

prediction of responses against a few numbers 

of experimental data that varied all factors 

within the selected range (Filli et al. 2013). An 

experimental design based on three factors and 

three levels was considered for this work as 

illustrated in Table 1. The independent 

variables observed were the percentage level of 

millet (X1), the percentage level of soybean 

(X2), and the percentage level of fishmeal (X3). 

In Table 1, the independent variables as well as 

their levels of variation are presented as well. 

Table 1. Independent variables and levels used for central composite rotatable design 

Variables Symbol Coded variable level 

-1.68 -1 0 1 1.68 

Finger millet [M], % X1 33.18 40 50 60 66.82 

Soybean [S], % X2 16.59 20 25 30 33.41 

Fishmeal [F], % X3 1.59 5 10 15 18.41 

Transformation of coded variable (xi) levels to uncoded variables (X1) levels could be obtained from  

X1 = 10x1 + 50; X2 = 5x2 + 25 and X3 = 5x3 + 10 

According to literature information and preliminary 

trials, levels of each variable were set. Table 2 

presents the complete design comprising 20 

experimental points, including response values. 



Food Science and Applied Biotechnology, 2025, 9(1), 14-34 

Tumba et al., 2025 Nutrient-enriched weaning food from millet, soybeans, and fish meal … 

Page 17 

Statistical analysis was performed by using the 

Design Expert version 13.0 (Stat-Ease Inc., 

Minneapolis, MN, USA). The simultaneous 

optimisation of the multiple responses was 

performed by the Design Expert (Stat-Ease Design 

Expert 13.1.2.0) software. To evaluate the effects of 

millet (X1), percentage level of soybean (X2), and 

percentage level of fishmeal (X3) on each objective, 

the response was regressed into a second-order 

polynomial regression equation (Equation 1), 

defined as: 

𝑌 = 𝑓(𝑦) = 𝛽0 + ∑ 𝛽𝑖𝑋𝑖 + ∑ 𝛽𝑖𝑖𝑋𝑖
2𝑘

𝑖=1 +𝑘
𝑖=1

∑ ∑ 𝛽𝑖𝑗𝑋𝑖𝑋𝑗
𝑘
𝑖=1 + 𝜀𝑘

𝑖=1  (1) 

Where Y is the predicted response, which is the 

dependent variable, k is the number of independent 

variables that are taken into consideration in the 

experiment; ßo is the constant coefficient, and ßi and 

ßij are the coefficients of linear interaction and 

square terms, respectively, whereas e is the random 

error term. The adequacy and fitness of the models 

were evaluated using the coefficient of 

determination (R2) and adjusted (R2
adj) and adequate 

precision value of the responses. Response surface 

and contour plots were subsequently performed 

using the same software after removing non-

significant terms. 

Table 2. Experimental design for formulation of weaning foods in their coded form and natural units 

Design 

points 

Independent variables in coded form Experimental variables in their natural form 

Finger millet Soybean Fishmeal Finger millet Soybean Fishmeal 

1 -1 -1 -1 40 20 5 

2 1 -1 -1 60 20 5 

3 -1 1 -1 40 30 5 

4 1 1 -1 60 30 5 

5 -1 -1 1 40 20 15 

6 1 -1 1 60 20 15 

7 -1 1 1 40 30 15 

8 1 1 1 60 30 15 

9 -1.682 0 0 33.1821 25 10 

10 1.682 0 0 66.8179 25 10 

11 0 -1.682 0 50 16.591 10 

12 0 1.682 0 50 33.409 10 

13 0 0 -1.682 50 25 1.59104 

14 0 0 1.682 50 25 18.409 

15 0 0 0 50 25 10 

16 0 0 0 50 25 10 

17 0 0 0 50 25 10 

18 0 0 0 50 25 10 

19 0 0 0 50 25 10 

20 0 0 0 50 25 10 

Determination of the proximate composition of 

the developed weaning blends. The proximate 

constituents were determined according to AOAC 

(2016) methods. In the preheated oven Fisher 

Scientific Isotemp Oven, model 655F (Chicago, 

USA), 2 g of each sample were dried at 105°C for 

3 hours. The difference in weight was evaluated as 

the percentage moisture content of the sample. 

Protein was analysed by using the micro-Kjeldahl 

method. A heating tube was filled with 2 g of each 

of the samples followed by 10 ml of concentrated 

H2SO4. Then, one tablet (selenium catalyst) was 

placed into the tube and heated in a fume cupboard. 

The digest was then transferred to a 250 ml 
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volumetric flask and made up to the mark with 

distilled water. Ten millilitres (10 ml) of the digest 

were added with 10 ml of 45% NaOH and distilled 

by Kjeldahl apparatus. The liquid produced was 

subsequently collected in a 4% boric acid solution 

containing three drops of methyl red indicator. A 

total of 100 ml of distillate was titrated with 0.1N 

hydrochloric acid, and the average value was 

recorded. Nitrogen concentration was measured 

and multiplied by 6.25 to calculate crude protein 

concentrations. 

Fat was quantified based on the method of Soxhlet 

extraction. Each sample (2 g) was loosely wrapped 

in filter paper and inserted into the extracting 

thimble, which was connected to a round-bottom 

flask with 120 ml of n-hexane. A heating mantle 

heated the experimental apparatus to 70°C and 

allowed it to reflux for 5 hours. The weight 

difference was reported as mass fat, expressed as a 

percentage of the sample. Crucibles containing 2 g 

of samples were placed in a heated furnace (Fisher 

Isotemp Muffle Furnace, model 186A, USA) at a 

temperature of 600°C for 6 hours, then cooled to 

room temperature in desiccators and weighed. The 

residues were weighed as a function of ash mass. 

The total dietary fiber content was determined 

using Enzymatic-Gravimetric method as described 

by AOAC (2020). The defatted dried sample (2 g) 

was treated with α-amylase to remove starch. 

Thereafter, protease was added to break down 

proteins, and amyloglucosidase was also added to 

completely digest the remaining starch in the 

sample. Ethanol was used in the resultant solution 

to precipitate soluble fibre. The residue was further 

filtered via vacuum filtration and dehydrated in an 

oven (Fisher Scientific Isotemp Oven, model 655F, 

Chicago, USA) at 105°C to eliminate moisture. The 

desiccated residue was combusted in a furnace at 

550°C to eliminate any mineral impurities. The 

carbohydrate content was calculated as 100 – (% 

moisture + % protein + % fat + % fibre + % ash). 

Determination of the minerals elements of the 

developed weaning blends. The mineral element 

was analysed by the technique of Atomic 

Absorption Spectrophotometer (AAS) (Buck 230, 

Buck Scientific Las Vegas, USA) as described by 

AOAC (2020). Five grams each of the samples 

were weighed and placed into Kjeldahl flasks with 

25 ml of digestion acid (Aqua regia HCl: HNO3 

3:1). Swirl and heat gently initially (in a fume hood) 

until frothing ceases, then more vigorously until a 

clear pale-yellow solution is obtained; cool and 

transfer the digest into a 100-ml volumetric flask. 

Filter the solution using Whatman No. 1 filter paper 

and make up to the mark with distilled water. The 

filtrate was transferred to the AAS. A lamp for each 

of its desired metals was placed in position to the 

instrument, and the wavelength for each heavy 

metal was set for determinations using the air-

acetylene integrated flame mode. Standards of 

Sodium (Na), Potassium (K), Iron (Fe), Manganese 

(Mn), Magnesium (Mg), Zinc (Zn), Copper (Cu) 

and Calcium (Ca) were run using lamps of the same 

standards. The concentration of each metal was 

determined by extrapolating from the calibration 

curve generated by the standards. Then 

concentration multiplied by 100 gave the 

percentage value. 

Phosphorus in the sample solution is measured as a 

yellow phosphor-vanado-molybdate complex in a 

spectrophotometer. Five (5 ml) of the sample 

filtrates were pipetted into a 50 ml volumetric flask. 

Ten (10 ml) of vanado-molybadate reagent was 

added and mixed well. The solution was then made 

to the volume with distilled water, mixed, and 

allowed to stand for 10 min. Absorbance was 

measured at 470 nm on the spectrophotometer. The 

reading was then assessed from the standard curve. 

Sensory evaluation of the developed weaning 

blends. The prepared powder (30 g) was mixed 

with warm water (about 200 ml). The mixture was 

stirred continuously to avoid lumps and cooked at 

75°C for 5-10 min until it thickened. The resulting 

mixture was then allowed to cool before being 

served for evaluation. Twenty semi-training 

nursing mothers were selected from the students 

and staff of the Departments of Food Science and 

Technology, Modibbo Adama University of 

Technology, Yola, and Federal Polytechnic, Mubi, 

both in Adamawa State, Nigeria. Before the sensory 

test was conducted, the panellists were exposed to 

a two-day structured training on evaluating the 

sensory test. This training involved the introduction 

to some of the major sensory attributes, including 

appearance, taste, texture, aroma, and acceptability 

in general, with well-defined reference points. 

Through commercial weaning foods, practice 

sessions were held to aid in the calibration of their 

responses and equalising that of the group. The 
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scoring mechanism and the implementation of 

sample identifiers in the form of code were also 

explained to the panellists to minimise bias. 

Panellists were selected using the following 

criteria: familiarity with the sensory attributes of 

this weaning food; availability to attend every 

session throughout the evaluation process; interest 

and willingness to participate; and allergy or 

sensitivities to the product being evaluated. In the 

ranking task, panellists were asked to score 

weaning food products for quality attributes 

(appearance, taste, texture, aroma, and overall 

acceptability). This was achieved through a 9-point 

Hedonic scale, in which the score of 1 corresponds 

to extreme dislike and the score of 9 corresponds to 

extreme liking (Iwe 2010). 

The weaning foods were provided in clear plastic 

cups to the panellists. They were asked to rinse their 

mouths with room-temperature water between each 

new serving. The samples were placed in coded 

containers that were kept apart before testing to 

avoid crowding, and the panellists performing the 

analysis did not know the compositions of each 

sample to avoid bias and ensure independent 

judgement. 

Statistical analysis. All experiments were 

performed independently three times, with results 

shown as mean ± standard error (SE). Analysis of 

variance (ANOVA) was used to identify any 

significant differences in the measurements using 

the SPSS statistical software (SPSS 20.0 for 

Windows; SPSS Inc., Chicago, IL, USA), at a 

confidence level of 95%. The differences among 

the means were statistically analysed via Duncan's 

Multiple Range Test; differences were considered 

significant when p < 0.05 (Hussein et al. 2016). 

Results and Discussion 

Proximate compositions of the formulated 

weaning foods. The results of the proximate 

composition of the weaning foods prepared from 

the blends of millet, soybean, and fishmeal are 

shown in Table 3. The moisture levels of these 

samples ranged from 6.56% (Sample F 

[60M:20S:18.15F]) to 8.96% (Sample N 

[50M:25S:18.41F]). The lowest value in Sample F 

with high millet component (60%) and low soybean 

component (20%) could be explained by the lower 

hygroscopicity of millet as well as the high starch 

content which has tendency to less binding water 

molecules following cooking and drying. Sample N 

on the contrast was found to contain the highest 

amount of moisture, which is probably caused by 

the protein and lipid recovered in the fish meal that 

can elevate water retention when associated with 

protein-water binding or fat-water binding during 

preparation (Ween et al. 2017). Soybeans also add 

soluble fibers and proteins that bind and hold water, 

thus increasing moisture levels in soy high 

formulations such as Samples D (60M:30S:5F) and 

H (60M:30S:15F). Moisture content is a major 

determinant of the shelf-life, storage stability, and 

microbial safety of food products. Msheliza et al. 

(2018a) reported similar levels of moisture content 

in complementary foods, which ranged from 6–

10%. A lesser moisture content is beneficial for 

better storage stability.  

Protein of the samples varied from 10.63% (Sample 

M [50M:25S:1.59F]) to 24.95% (Sample G 

[20M:20S:15F]). A similar protein content 

variation from 11.43% to 26.72% was reported by 

Msheliza et al. (2018a) in a cereal-legume weaning 

blend. Protein is important for growth and 

development, so protein is an important component 

of weaning foods. The protein content in these 

formulations is significantly higher compared to 

conventional cereal-based weaning foods. The 

increased protein content of these samples (Sample 

G in particular) is likely due to the use of soybean 

and fishmeal, which are both excellent protein 

sources. Thus, these formulations could be more 

effective than traditional weaning foods in 

enhancing infant growth. Though a fair protein 

source, millet is less protein-dense than legumes 

such as soybeans. This is reflected in samples like 

Sample M, where increased millet content is 

associated with decreased protein level. Hence, it is 

important to mix millet with high-protein foods, 

such as soybean and fishmeal, to ensure that the 

protein requirement for infants' growth and 

development is met. 

These results also demonstrated that the soy 

sustainably contributes to the protein enrichment of 

these preparations. For example, Samples G and H, 

with the highest soybean content, show the highest 

levels of protein at 24.95% and 24.12%, 

respectively. This is critical for weaning foods, 

because protein is crucial for tissue development, 

immune function, and overall growth in infants. 
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Samples that contain fish meal, especially in 

combination with soybean, show an increased 

protein content. Fishmeal delivers the high 

biological value protein in these formulations that 

is better absorbed by the body and contributes to 

growth and repair. Adebayo-Oyetoro et al. (2019); 

Msheliza et al. (2018a); Malomo and Abiose (2019) 

have also reported similar findings that traditional 

cereal-legume blends often do not supply adequate 

protein and fat; hence fortification is required. 

Consequently, the participation of soybean and 

fishmeal during this study plays a significant role in 

overcoming these shortcomings; the high amounts 

of protein and fat help to meet the nutrition of 

budding infants. 

The fat percentage of these samples ranged from

Table 3. Proximate compositions of the weaning foods prepared from the blends of millet, soybean, and fishmeal 

Samples Moisture,  

% 

Crude 

protein, % 

Fat,  

% 

Ash, 

 % 

Dietary 

fibre, 

 % 

Carbohydrates, 

% 

A [40M:20S:5F] 7.00 ± 0.01j 16.95 ± 0.01fg 3.61 ± 0.01abc 6.37 ± 0.02e 2.62 ± 0.02b 62.46 ± 0.05b 

B [60M:20S:5F] 7.51 ± 0.01h 17.20 ± 0.01f 3.82 ± 0.02ab 6.72 ± 0.02de 2.62 ± 0.02b 60.15 ± 0.06c 

C [40M:30S:5F] 8.02 ± 0.02d 19.40 ± 0.01e 3.81 ± 0.01ab 6.81 ± 0.01cde 2.61 ± 0.01b 56.36 ± 0.05d 

D [60M:30S:5F] 8.21 ± 0.01c 21.96 ± 0.01d 3.95 ± 0.01a 6.97 ± 0.02bcd 2.96 ± 0.01a 51.96 ± 0.06e 

E [40M:20S:15F] 8.35 ± 0.03b 22.63 ± 0.01cd 3.58 ± 0.01abc 7.49 ± 0.02ab 2.37 ± 0.02e 50.60 ± 0.07ef 

F [60M:20S:15F] 6.56 ± 0.01k 13.96 ± 0.01ij 2.65 ± 0.01cd 4.73 ± 0.01gh 1.32 ± 0.01i 64.79 ± 0.04a 

G [40M:30S:15F] 7.00 ± 0.01j 24.95 ± 0.01a 3.61 ± 0.01abc 7.37 ± 0.02abc 2.62 ± 0.02b 47.46 ± 0.04g 

H [60M:30S:15F] 7.57 ± 0.01g 24.12 ± 0.01ab 3.82 ± 0.01ab 7.73 ± 0.01a 2.97 ± 0.02a 45.80 ± 0.06gh 

I [33.18M:25S:10F] 7.57 ± 0.02g 14.84 ± 0.02hi 2.02 ± 0.02d 4.76 ± 0.02g 1.35 ± 0.02i 60.48 ± 0.08c 

J [66.82M:25S:10F] 7.89 ± 0.01e 13.23 ± 0.98j 2.67 ± 0.01cd 4.32 ± 0.02gh 2.43 ± 0.01d 59.47 ± 0.09c 

K [50M:16.59S:10F] 7.12 ± 0.01i 23.52 ± 0.01bc 3.54 ± 0.01abc 7.39 ± 0.01abc 2.56 ± 0.01c 44.89 ± 0.03h 

L [50M:33.41S:10F] 7.74 ± 0.01f 24.62 ± 0.01ab 3.82 ± 0.02ab 4.48 ± 0.01k 2.62 ± 0.01b 67.72 ± 0.06e 

M [50M:25S:1.59F] 7.02 ± 0.02j 10.63 ± 0.01k 2.36 ± 0.98d 4.66 ± 0.02j 1.62 ± 0.01h 67.71 ± 0.09e 

N [50M:25S:18.41F] 8.96 ± 0.01a 15.84 ± 0.01gh 2.28 ± 0.52d 5.37 ± 0.02h 1.85 ± 0.02g 64.22 ± 0.07f 

O [50M:25S:10F] 8.35 ± 0.01b 16.80 ± 0.02fg 2.86 ± 0.01bcd 5.78 ± 0.01g 1.93 ± 0.01f 63.29 ± 0.03h 

All results are mean of triplicate readings. Any two-mean having same letters are not significantly different (p≤0.05) 

2.02% (Sample I [33.15M:25S:10F]) to 3.95% 

(Sample D [60M:30S:5F]). Fat is an important 

component of weaning foods that provides energy, 

facilitates fat-soluble vitamin absorption, and 

improves sensory characteristics of the food. Our 

findings are consistent with the previous findings 

by Adegunwa et al. (2014), Adebayo-Oyetoro et al. 

(2019), and Msheliza et al. (2018a) that also 

reported fat content between 2% and 7% for similar 

weaning formulations. The added fat of Sample D 

(with more soy content) implies higher caloric 

density, which supports growth in older infants who 

need extra calories. The higher fat content of 3.95% 

in Sample D is directly attributed to the fat content 

from the addition of soybean. This fat is vital for 

energy and to help absorb fat-soluble vitamins (A, 

D, E, K), important for growing babies. Anigo et al. 

(2010) found that oil-rich soybeans, when included 

in complementary diets, not only enhance energy 

density but also serve as fat-soluble vitamin 

carriers. Furthermore, Adedeji et al. (2015) also 

stated that the high fat levels of the flour may 

provide a large amount of energy, but the presence 

of high fat levels in the foodstuff is susceptible to 

hydrolytic and oxidative rancidity, which 

contributes to the emergence of off-flavours 

compromising the overall acceptability and storage 

stability of the product. However, the fat contents 

of these products are low enough to ensure good 

storage stability; an ideal storage package is all that 

is needed to ensure they stay fresh and acceptable 

over time. 

Ash content in the food samples ranged from a 

minimum of 2.28% (Sample N) to a maximum of 
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7.73% (Sample H). The ash content is relatively 

high, suggesting a high mineral content, which is 

important for the nutrition of infants. Adepeju et al. 

(2011) reported ash content of complementary 

foods between 3% and 6%, which were lower than 

those found in these samples. Higher levels of ash 

in these weaning food formulations may be 

attributed to the inclusion of fishmeal, which 

contains a high mineral profile, particularly calcium 

and phosphorus, important for bone development in 

infants. Soybean and fishmeal addition have a 

significant effect on the ash content of these 

products. Also, the contribution of soybean to the 

ash content and the rich mineral composition (e.g., 

calcium, potassium, iron) of soybean adds some 

healthful characteristics to the formulations. Higher 

levels of ash content in Sample H (7.73%) show a 

minerals-rich profile necessary for the growth of 

bones and general health requirements of infants. 

Fishmeal is a significant contributor to increasing 

ash content (a measure of the total mineral content 

in the diet) due to its richness in essential minerals 

that play an important role in calcium and 

phosphorus availability for growing and developing 

bones in infants. Dietary fibre content of these 

samples ranged from 1.32% (Sample F) to 2.97% 

(Sample H). Samples H (60M:30S:15F) and D 

(60M:30S:5F) contained the highest fibre, with 

high inclusion of millet (60%), and soybean (30%). 

Millet is high in insoluble fibre whereas soy has 

soluble fibre in fermentable form, like 

oligosaccharides and hemicellulose. These 

fomulations have the advantage of fibre synergy 

that enhances gut health functionality. Sample F 

(60M:20S:15F) showed the lowest fibre, probably 

as a result of replacing fibre-rich millet with fish 

meal. Moreover, Sample M (50M:25S:1.59F) was 

low in fibre because it contained little fish and 

moderate soybean. These differences demonstrate 

the considerable impact of the proportion of millet 

and soy on the amount of dietary fibre. Fibre is an 

important part of our diet and is necessary because 

it helps with digestion and prevents constipation. 

Fibre contents of these formulations are still 

consistent with those reported by Msheliza et al. 

(2018a), who found that the fibre content of 

common weaning foods usually ranges from 1% to 

3%. Agostoni et al. (1995) highlighted the need of 

maintaining adequate fibre content in weaning 

foods, as excessive amounts may interfere with 

nutrient absorption and may also be too strong for 

the digestive system of an infant. These 

formulations appear to be well balanced, providing 

a sufficient amount of fibre to encourage healthy 

digestion without overloading the infant digestive 

tract. 

Carbohydrate contents of the samples ranged from 

Sample D (60M:30S:5F) at 51.96% to 64.79% in 

Sample F (60M:20S:15F). For weaning foods, 

carbohydrates are key to meeting the energy 

demands from the high growth rates of young 

infants. These levels in these samples are similar to 

previous findings, which indicated carbohydrates 

as making up 55% to 70% in weaning foods 

(Msheliza et al. 2018a; Abimbola et al. 2024). 

Samples such as K (50M:16.59S:10F) and I 

(33.15M:25S:10F) exhibit elevated carbohydrate 

content, revealing that they are energy-rich and 

advantageous for infants who require more energy 

to support both growth and an increase in activity 

level. These formulations contain balanced 

carbohydrates, indicating their capacity to provide 

a sustained release of energy. Sample G 

(40M:20S:15F) and Sample H (60M:30S:15F) with 

higher soybean and fishmeal content demonstrate 

elevated protein levels (between 24.95% and 

24.12%), thus possessing nutrition that is especially 

beneficial for supporting healthy growth and 

development. But soybeans and fishmeal, being 

low in carbohydrates, require further addition of 

carbohydrate sources such as finger millet to 

balance the weaning foods nutritionally aside from 

protein content. In addition, the proteins of soybean 

and fishmeal are complemented by the 

carbohydrates of finger millet, promoting a high 

energy density and making these weaning foods 

ideal for an infant with a small stomach capacity 

requiring high levels of nutrients. Together, they 

provide the protein requirements of infants along 

with their growth and development. 

Model fitting and validation for proximate 

compositions of the formulated weaning foods. 

The independent and response variables were fitted 

to the second-order polynomial equation (Equation 

1), and its goodness of fit was analysed based on 

analysis of variance (ANOVA) and coefficient of 

determination (R2 and R2
adj). Equations 2 to 7, 

respectively, present the predictive regression 

models developed for the relationship between the 

dependent (y) and independent (X) in the proximate 

compositions of the formulated weaning foods. The 
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coefficients with one factor (X1, X2, and X3) 

represent the independent effect of a variable. 

While the coefficients with two factors (X1X2, 

X1X3, and X2X3) and the ones that had 

quadratic/second-order terms (X12, X22, and X32) 

represent the interaction between the three factors 

and quadratic effects. The positive sign infront of 

the regression term, it indicates a synergetic 

relation, and a negative, it indicates an antagonistic 

relation. 

In equation 2, the positive sign in the coefficients 

with one factor, indicates that moisture increases 

slightly with more millet and soybean and incraeses 

significantly (+0.58x3) with increasing fish meal. 

The negative values the quadratic (squared) terms 

showed curvature, which implies that too much of 

any one ingredient decreases moisture. The higher-

order interaction (−0.74x1
2x3) showed a strong 

negative effect when millet is squared and 

combined with fish. This suggests that high millet 

and fish content significantly reduce moisture. In 

equation 3, fish meal has the strongest positive 

effect (+1.38x3) on protein (as expected), while 

soybean has a strong quadratic (+3.21x2
2) effect, 

which shows that moderate soybean increases 

protein significantly. On the other hand, it was 

observed that millet reduces protein content (–

0.69x1), however, at certain levels, high millet 

combined with fish (+2.13x1
2x3) positively 

influences protein. Equation 4 showed that soybean 

significantly increases fat content (+0.15x2 and 

+0.47x2
2), especially at higher levels, while the 

combination of millet and fishmeal (–0.13x1x3) 

slightly decreases the fat contents. Jin et al. (2019) 

and Tomar et al. (2022) reported that lipid–starch 

interactions can reduce extractable fat, especially 

when millet is the dominant matrix. 

It was observed from equations 5 and 6 that 

soybeans contribute significantly to the ash 

contents and dietary fibre in the weaning blends. A 

similar observation was reported by Abimbola et al. 

(2024) that the inclusion of soybean in weaning 

food blends elevates ash content because of its high 

mineral concentration, particularly compared to 

low-ash cereals like millet. These findings suggest 

that the inclusion of soybeans in weaning food 

blends not only increases ash content but also 

enhances dietary fibre levels, making it a beneficial 

ingredient for nutritional fortification. Thus, the 

combination of millet, fishmeal, and soybeans in 

weaning blends can result in a balanced nutrient 

profile for infants and young children. 

𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 = +8.35 + 0.10𝑥1 + 0.18𝑥2 +
0.58𝑥3 + 0.26𝑥1𝑥2 − 0.24𝑥1𝑥3 − 0.26𝑥2𝑥3 −
0.25𝑥1

2 − 0.36𝑥2
2 − 0.16𝑥3

2 + 0.33𝑥1𝑥2𝑥3 −
0.74𝑥1

2𝑥3 − 0.16𝑥1𝑥2
2 (2) 

𝑃𝑟𝑜𝑡𝑒𝑖𝑛 = +16.70 − 0.69𝑥1 + 0.11𝑥2 +
1.38𝑥3 + 1.27𝑥1𝑥2 − 1.54𝑥1𝑥3 + 0.66𝑥2𝑥3 −
0.34𝑥1

2 + 3.21𝑥2
2 − 0.62𝑥3

2 + 0.69𝑥1𝑥2𝑥3 +
2.13𝑥1

2𝑥3 (3) 

𝐹𝑎𝑡 = +2.82 + 0.05𝑥1 + 0.15𝑥2 − 0.12𝑥3 +
0.13𝑥1𝑥2 − 0.13𝑥1𝑥3 + 0.47𝑥2

2 (4) 

𝐴𝑠ℎ = +5.48 − 0.19𝑥1 + 0.27𝑥2 + 0.12𝑥3 +
0.37𝑥1𝑥2 − 0.36𝑥1𝑥3 + 0.27𝑥2𝑥3 + 0.89𝑥2

2       (5) 

𝐹𝑖𝑏𝑟𝑒 = +1.99 + 0.11𝑥1 + 0.17𝑥2 − 0.08𝑥3 +
0.22𝑥1𝑥2 + 0.20𝑥1𝑥3 + 0.32𝑥2

2 (6) 

𝐶𝐻𝑂 = +49.25 − 0.30𝑥1 − 0.94𝑥2 − 2.68𝑥3 −
2.24𝑥1𝑥2 + 2.40𝑥1𝑥3 − 0.98𝑥2𝑥3 + 4.07𝑥1

2 −
1.83𝑥2

2 + 2.92𝑥3
2 − 1.72𝑥1𝑥2𝑥3 − 3.61𝑥1

2𝑥2 −
0.10𝑥1

2𝑥3 + 1.03𝑥1𝑥2
2 (7) 

An analysis of variance was conducted at the 95% 

confidence level to assess the statistical 

significance of the model. In Table 4 we can find 

the results of the analysis of variance. The F-value 

is the ratio of the model mean square to the error 

mean square in the ANOVA table. As this ratio 

increases, the F-value also becomes larger, and the 

probability that variance attributed to the model is 

substantially greater than a chance error increases 

(Krishna et al. 2013). From Table 4, it could be seen 

that the model regression coefficient is significant 

for moisture content (F-value = 63.20, p-value = 

0.0001), crude protein (F-value = 7.02, p-value = 

0.0052), crude fat (F-value = 3.11, p-value = 

0.0409), ash (F-value = 3.36, p-value = 0.0318), 

dietary fibre (F-value = 3.29, p-value = 0.0340), 

and carbohydrates (F-value = 63.12, p-value = 

0.0001). The model coefficient that has F-values of 

high magnitude indicates that most of its variation 

could be described by the regression equations 

(Filli et al. 2013; Danbaba et al. 2015). 

Similarly, the linear and square asterisk terms of the 

equation were also significant for the same test 

(p≤0.05). This means that from the ANOVA table, 

the model selected is adequate for proximate 

composition of the weaning food formulated. The 
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results were also used to assess the importance of 

the model equations and the goodness of fits based 

on the R2 and adjusted R2 metrics. The R2 and 

adjusted R2 values obtained were within the range 

of between 0.5891 to 0.9927 and 0.3998 to 0.9770, 

respectively, showing the soundness of the model 

equation in estimating the proximate compositions 

of the weaning foods when the three processing 

variables are combined mathematically. Hussein et 

al. (2023) state that the fit of an actual empirical 

model to data is better when R2 approaches unity, 

but R2 value must be greater than or equal to 0.8 to 

have a good fit of the regression model. The 

interrelation of dependent and independent 

variables was illustrated in the joint surface and 

contour plots (Fig. 1). The plots represent 

combinations of 2 test variables (percent millet and 

soybean), with the 3rd test variable (fishmeal) fixed 

at zero levels. The proximate values were increased 

with percentage inclusion of soybean and fishmeal. 

Table 4. Analysis of variance (ANOVA) for the fitted polynomial equations for proximate compositions of  

the weaning food samples 

 
 

Mineral compositions of the formulated 

weaning foods. The results for the proximate 

compositions of the weaning foods prepared from 

the blends of millet, soybean, and fishmeal are 

presented in Tables 5a and 5b. The mineral 

composition of weaning foods is crucial for the 

growth and development of infants, including 

various essential minerals like magnesium (Mg), 

potassium (K), calcium (Ca), zinc (Zn), iron (Fe), 

sodium (Na), manganese (Mn), and copper (Cu) 

for a range of physiological processes. For 

example, magnesium is necessary for bone and 

enzyme development. The content of Mg ranged 

between 53.67 mg.100 g-1 in sample L 

(50M:33.41S:10F) to 88.72 mg.100 g-1 in sample 

F (60M:20S:15F), with the highest values being 

recorded in those formulations having greater 

proportion of millet and fish meal. Millet contains 

magnesium abundantly and fish meal increases 

Mg concentration since it contains bone and 

muscle tissues. Sample L was a soy-rich blend 

that reflected low magnesium reading, probably 

because of the interference by phytate, which 

reduces extractability and bioavailable minerals. 

Osuchukwu et al. (2018) has reported a range of 

5.6 to 8.0 mg.100 g-1 for magnesium content in 

weaning foods produced from the cornstarch 

flour enriched with soybean flour. This thus 

points to the greater importance of these samples, 

which possessed higher Mg to positively 

influence bone and metabolic functions in 

infants. 
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Figure 1. The combined surface and contour plot for the proximate compositions of the weaning food samples. 

Potassium is necessary for the maintenance of fluid 

balance, muscle activity, and nerve action, with K 

of the samples studied varying between 313.87 

mg.100 g-1(sample F) and 695.93 mg.100 g-

1(sample E). Sample E (40M:20S:15F) with fish 

meal, millet, and soybean in significant amounts 

showed the highest value. However, samples with 

increased millet and reduced soy (e.g. sample F 

[(60M:20S:15F]) had a surprisingly reduced 

potassium, which possibly indicated the antagonism 

or binding impacts of phytochemicals or dilution of 

the formulation. As reported by Adebayo-Oyetoro 

et al. (2021), the potassium content of weaning 

foods ranges from 300 to 600 mg.100 g-1. It is 

known that Sample E has the highest and most 

mineral content, possibly due to the presence of 

millet, soybeans, and fishmeal, providing adequate 

potassium levels, which is very important for the 

proper function of babies' muscles and nerves. 

Calcium plays a very significant role in the 

development of bones and teeth and is available at 

different proportions in the formulations, from 

172.75 mg.100g-1 in sample F to 365.25 mg.100g-1 

in sample E. According to Mario et al. (2024), the 

recommended calcium content of cereal-based 

weaning foods falls between 100 and 300 mg.100g-

1, providing an indication of the excellent calcium 

contributor that is Sample E, most likely due to the 

inclusion of calcium-enriched fishmeal. 

Zinc is essential for immune system function and 

protein synthesis. Sample F had the least amount, 

which was 1.15 mg.100g-1, and Sample E, which 

had the highest, of 3.54 mg.100g-1. Gupta et al. 

(2015) reported that zinc is present in soybeans and 

the absorption is lower due to high contents of 

antinutrimental factors, including phytic acid. Also, 

the zinc contribution of millet was small and can be 

inhibitory. Therefore, zinc showed the highest value 

in blends in which fish meal was high and soy was 

not. Adebiyi et al. (2018) reported Zn in weaning 

foods as being from 1 to 3 mg.100g-1, suggesting 

that Sample E may serve better than these 

traditional weaning foods in supporting immunity 

and growth. All of this gives pieces of the picture, 

but clearly, the Zn content of these mixtures, 

especially in samples E and F, indicates that they 

can be beneficial to babies' health in myriad ways, 

from forming their bones to supporting their 

immune systems. This makes them ideal for 

weaning foods. Also, the fact that the samples 

containing both soy and fishmeal produce a 

relatively high ash value indicates that the  
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Table 5a. Mineral compositions of the weaning foods prepared from the blends of millet, soybean, and fishmeal  

Samples Mg,  

mg.100 g-1 

K,  

mg.100 g-1 

Ca,  

mg.100 g-1 

Zn,  

mg.100 g-1 

A [40M:20S:5F] 65.06 ± 0.01m 421.87 ± 0.01l 231.54 ± 0.01h 2.02 ± 0.02f 

B [60M:20S:5F] 68.79 ± 0.01j 442.12 ± 0.01i 243.86 ± 0.03gh 2.78 ± 0.01e 

C [40M:30S:5F] 72.53 ± 0.03f 483.66 ± 0.01f 291.75 ± 0.01c 2.95 ± 0.00c 

D [60M:30S:5F] 76.65 ± 0.01e 511.04 ± 0.01c 336.01 ± 0.01b 3.16 ± 0.01b 

E [40M:20S:15F] 84.89 ± 0.01b 695.93 ± 0.00a 365.25 ± 0.01a 3.54 ± 0.02a 

F [60M:20S:15F] 88.72 ± 0.01a 313.87 ± 0.01o 172.75 ± 0.00j 1.15 ± 0.00l 

G [40M:30S:15F] 83.56 ± 0.01c 361.22 ± 0.01n 254.66 ± 0.01fg 1.67 ± 0.01h 

H [60M:30S:15F] 77.34 ± 0.01d 437.33 ± 0.01j 263.36 ± 0.01ef 1.88 ± 0.01g 

I [33.18M:25S:10F] 71.06 ± 0.01h 481.78 ± 0.01g 282.73 ± 0.01cd 1.33 ± 0.02k 

J [66.82M:25S:10F] 68.12 ± 0.01l 412.62 ± 0.01m 290.47 ± 0.01c 1.67 ± 0.01h 

K [50M:16.59S:10F] 61.52 ± 0.01n 511.36 ± 0.01b 272.65 ± 0.01de 1.43 ± 0.02j 

L [50M:33.41S:10F] 53.67 ± 0.02o 495.35 ± 0.01d 211.32 ± 0.02i 1.48 ± 0.01i 

M [50M:25S:1.59F] 68.73 ± 0.00k 492.46 ± 0.01e 249.69 ± 0.01fg 1.65 ± 0.02h 

N [50M:25S:18.41F] 69.86 ± 0.00i 471.34 ± 0.00h 277.22 ± 0.01cde 2.77 ± 0.02e 

O [50M:25S:10F] 71.35 ± 0.02g 426.46 ± 0.02k 281.53 ± 0.02cd 2.84 ± 0.02d 

All results are mean of triplicate readings. Any two-mean having same letters are not significantly different (p≤0.05) 

 

Table 5b. Mineral compositions of the weaning foods prepared from the blends of millet, soybean, and fishmeal  

Samples Fe,  

mg.100 g-1 

Na,  

mg.100 g-1 

Mn,  

mg.100 g-1 

Cu,  

mg.100 g-1 

A [40M:20S:5F] 3.62 ± 0.01g 43.16 ± 0.01m 64.83 ± 0.01g 0.37 ± 0.01h 

B [60M:20S:5F] 4.13 ± 0.01d 46.73 ± 0.05k 66.65 ± 0.01d 0.42 ± 0.01g 

C [40M:30S:5F] 4.25 ± 0.00c 53.41 ± 0.01j 67.43 ± 0.01b 0.46 ± 0.01f 

D [60M:30S:5F] 4.85 ± 0.01b 53.97 ± 0.01i 67.13 ± 0.01c 0.64 ± 0.01d 

E [40M:20S:15F] 6.34 ± 0.01a 78.13 ± 0.01a 76.42 ± 0.01a 1.93 ± 0.00a 

F [60M:20S:15F] 2.84 ± 0.01k 44.34 ± 0.01l 48.00 ± 0.00m 0.37 ± 0.01h 

G [40M:30S:15F] 2.57 ± 0.02l 44.57 ± 0.02l 41.24 ± 0.02o 0.47 ± 0.02f 

H [60M:30S:15F] 2.84 ± 0.02k 58.13 ± 0.01h 42.57 ± 0.02n 0.44 ± 0.01fg 

I [33.18M:25S:10F] 3.16 ± 0.01j 61.02 ± 0.02g 48.46 ± 0.01l 0.46 ± 0.01f 

J [66.82M:25S:10F] 3.63 ± 0.02g 62.36 ± 0.01f 56.25 ± 0.01h 0.52 ± 0.01e 

K [50M:16.59S:10F] 3.19 ± 0.01ij 68.13 ± 0.02b 52.77 ± 0.01i 0.52 ± 0.01e 

L [50M:33.41S:10F] 3.22 ± 0.01i 65.04 ± 0.02d 51.23 ± 0.01k 0.67 ± 0.02d 

M [50M:25S:1.59F] 3.45 ± 0.00h 64.24 ± 0.01e 52.02 ± 0.02j 0.75 ± 0.02c 

N [50M:25S:18.41F] 3.67 ± 0.01f 54.12 ± 0.01i 65.93 ± 0.01e 0.86 ± 0.00b 

O [50M:25S:10F] 3.78 ± 0.01e 67.46 ± 0.02c 65.14 ± 0.02f 0.65 ± 0.02d 

All results are mean of triplicate readings. Any two-mean having same letters are not significantly different (p≤0.05) 

contribution of these minerals is additive possibly 

synergistic and especially those of calcium and 

zinc.  

The iron content of these samples varies from 3.7 

mg.100g-1 in Samples A (40M:20S:5F) and F 

(60M:20S:15F) to 19.3 mg.100g-1 in Sample E, and 

as the literature describes, complementary foods 

can contain 2 to 15 mg.100g-1 of iron (Hurrell and 

Egli 2010), but in this particular sample, E, the iron 

exceeds this range, implying it is a rich source of 
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iron that is required for brain and hormonal 

development. Finally, these mineral-rich 

formulations, especially Sample E (40M:20S:15F), 

contain small-sized but significant quantities of 

different minerals that are crucial for supporting 

numerous physiological functions in infants, 

ensuring that these weaning foods are extremely 

nutritious and efficient in stimulating healthy 

growth and development. 

Sodium (Na) is important for fluid balance and 

nerve function. The Na found in these samples 

varies from 43.16 mg.100 g-1 (Sample A) to 78.13 

mg.100 g-1 (Sample E). The sodium content of 

weaning food met the RDA as the average was 1-2 

mg.g-1 (Kabeer et al. 2023). These results fulfil the 

acceptable limits for infant foods. However, special 

care should be taken, and sodium should be in safe 

limits, as higher sodium is not good for infants. 

Manganese (Mn) is essential for bone formation 

and metabolism. The Mn content in these 

formulations varies from 41.24 mg (Sample G) to 

76.415 mg (Sample E). Tiencheu et al. (2016) 

reported a typical range of 2.97 to 5.55 mg.100g-1 

for weaning foods produced from maize, pawpaw, 

red beans, and mackerel fish meal blends. These 

results were slightly higher than those obtained for 

these formulations, where Sample E had a higher 

Mn content, which could play an important role in 

sustaining metabolic processes and promoting bone 

development in infants. 

Copper, which is vital for iron metabolism and the 

generation of red blood cells. Sample A and Sample 

F have 0.37 mg.100g-1 Cu, while Sample E has the 

highest Cu content of 1.93 mg.100g-1. The sample 

with the highest copper concentration (Sample E), 

may be advantageous for iron metabolism and red 

blood cell formation. Overall, these findings 

indicate that the weaning food blends have the 

potential to be a good source of growth and 

development promoting essential minerals in 

infants. 

Overall, millet, soybean, and fishmeal together 

increase the mineral ingredient concentrations in 

weaning foods. Millet is a source of manganese, 

potassium, and magnesium, all of which aid in 

healthy bones and metabolic processes. Iron, 

calcium, and potassium are also amplified because 

of the soybeans, which act as a great addition to the 

essential minerals in a canine, particularly iron and 

calcium for their bone growth and the transfer of 

oxygen. When combined with fishmeal, which is 

rich in calcium, iron, and zinc, greater added value 

will be achieved, especially in Sample E, where 

these minerals were most abundant, preventing the 

appearance of deficiencies. 

Model fitting and validation for mineral 

compositions of the formulated weaning foods. 

The derived predictive regression equations for the 

relationships between y (dependent) and X 

(independent) with minerals, respectively, are 

shown in Equations 8 to 15 for Mg, K, Ca, Zn, Fe, 

Na, Mn, and Cu contents. The single factor 

coefficients (X1, X2, and X3) demonstrate the 

standalone effect of a given variable. On the other 

hand, the coefficients with two factors (X1X2, X1X3, 

and X2X3) and the coefficients with second-order 

terms (X12, X22, and X32) correspond to interactions 

between three and quadratic impacts. Where a 

positive sign in front of the corresponding 

regression term suggests a synergetic relationship, 

a negative sign indicates an antagonistic 

relationship. 

𝑀𝑔 = +70.96 + 0.04𝑥1 − 0.78𝑥2 + 3.91𝑥3 −
1.21𝑥1𝑥2 − 1.28𝑥1𝑥3 − 3.50𝑥2𝑥3 + 1.92𝑥1

2 −
2.32𝑥2

2 + 1.82𝑥3
2 (8) 

𝐾 = +429.34 − 27.43𝑥1 − 7.87𝑥2 − 6.29𝑥3 +
58.16𝑥1𝑥2 − 44.20𝑥1𝑥3 − 42.74𝑥2𝑥3 +
22.24𝑥2

2 + 14.65𝑥3
2 + 56.38𝑥1𝑥2𝑥3 (9) 

𝐶𝑎 = +281.31 + 2.30𝑥1 − 18.24𝑥2 + 8.18𝑥3 +
29.14𝑥1𝑥2 − 30.05𝑥1𝑥3 − 21.54𝑥2𝑥3 +
3.26𝑥1

2 − 12.52𝑥2
2 − 4.92𝑥3

2 + 21.16𝑥1𝑥2𝑥3 +
34.78𝑥1

2𝑥2 − 14.08𝑥1
2𝑥3 − 18.21𝑥1𝑥2

2 (10) 

𝑍𝑛 = +2.76 − 0.05𝑥1 + 0.02𝑥2 + 0.33𝑥3 +
0.25𝑥1𝑥2 − 0.39𝑥1𝑥3 − 0.31𝑥2𝑥3 − 0.31𝑥1

2 −
0.33𝑥2

2 + 0.39𝑥1𝑥2𝑥3 − 0.67𝑥1
2𝑥3 (11) 

 𝐹𝑒 = +3.72 − 0.10𝑥1 + 0.17𝑥2 − 0.14𝑥3 +
0.48𝑥1𝑥2 − 0.54𝑥1𝑥3 − 0.64𝑥2𝑥3 + 

0.46𝑥1𝑥2𝑥3 (12) 

𝑁𝑎 = +65.89 − 1.01𝑥1 − 0.55𝑥2 + 0.80𝑥3 +
5.54𝑥1𝑥2 − 3.04𝑥1𝑥3 − 4.66𝑥2𝑥3 − 3.79𝑥1

2 −
4.68𝑥3

2 + 6.30𝑥1𝑥2𝑥3 (13) 

𝑀𝑛 = +64.13 + 2.31𝑥1 − 2.94𝑥2 + 4.14𝑥3 +
3.45𝑥1𝑥2 − 3.58𝑥1𝑥3 − 5.46𝑥2𝑥3 − 3.26𝑥1

2 −
3.39𝑥2

2 + 3.98𝑥1𝑥2𝑥3 − 11.36𝑥1
2𝑥3 −

5.51𝑥1𝑥2
2  (14) 
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𝐶𝑢 = +0.65 + 0.02𝑥1 + 0.04𝑥2 + 0.03𝑥3 +
0.21𝑥1𝑥2 − 0.23𝑥1𝑥3 − 0.21𝑥2𝑥3 + 0.05𝑥1

2 −
0.02𝑥2

2 + 0.06𝑥3
2 + 0.18𝑥1𝑥2𝑥3 − 0.18𝑥1

2𝑥2 +
0.13𝑥1

2𝑥3 − 0.19𝑥1𝑥2
2 (15) 

The generated response surface models of the 

mineral content of the weaning food blends 

(Equations 8-15) showed the significant individual 

and interactive effects of millet, soybean, and fish 

meal. There was a pronounced positive effect of 

fish meal on the concentrations of various important 

minerals, such as Mg (+3.91x3), Ca (+8.18x3), Zn 

(+0.33x3), Na (+0.80x3), and Mn (+4.14x3). The 

trend corresponds to earlier findings suggesting that 

a fish meal is a highly concentrated source of 

bioavailable minerals with a high amount of 

skeletal residues along with marine-sourced trace 

elements (Hussain et al. 2024). Soybean, despite its 

nutritional value, proved to behave in a more 

intricate way. Because its addition only raised Fe 

and Cu contents a little (as manifested by positive 

linear parameters in their related models) (+0.17x2 

and +0.04x2), such effects may likely have been a 

reflection of its own unique mineral composition 

(Rizzo and Baroni 2018). Nonetheless, soybean 

also depicted great adverse effects on Mg (-0.78x2), 

K (-7.87x2) and Ca 

(-18.24x2). It is possible to explain this inhibitory 

effect by the such high levels of phytic acid and the 

case in which it has been proven that phytic acid 

binds divalent minerals, proving their reduced 

bioavailability (Gupta et al. 2015). 

Millet showed a strong influence on some minerals 

like Mn (+2.31x1) and an insignificant impact on 

other minerals like Fe (-0.10x1) and K (-27.43x1). 

These findings concur with the literature findings 

on millet as a moderate cereal grain in respect to 

minerals, but which is also susceptible to 

interference of antinutrients (Bheemaiah 

Balyatanda et al. 2024). The synergistic effect, 

especially the three-way interaction term (x1x2x3) 

was positive in K (+56.38) and Cu (+ 0.18), 

indicating that an optimal formulation can 

positively influence the mineral bioavailability. 

Thus, the data highlights the necessity of the precise 

optimization of the proportion settings in order to 

achieve the maximal density of minerals and reduce 

the loss that occurs with the opposition in 

interaction. The addition of fish meal seems to be 

especially useful to improve the micronutrient 

quality of the mixture, as this should be 

counterbalanced by the effects of phytate-high 

constituents such as soybean. This supports the 

importance of response surface methodology in the 

formulation of weaning foods that are nutritionally 

adequate and of functional quality. 

The 95% confidence level was set to analyse the 

significance of the model using analysis of 

variance. The analysis of variance results is 

presented in Tables 6a and 6b. In the ANOVA table, 

the F-value is the ratio of the model mean square to 

the related error mean square. A greater ratio leads 

to a larger F-value and increases the likelihood of 

variance assigned by the model being significantly 

greater than random error (Krishna et al. 2013). It 

was observed from Tables 6a and 6b that the 

regression coefficient of the model was significant 

for potassium content (F-value = 51.93, p-value = 

0.0001), calcium content (F-value = 92.53, p-value 

= 0.0001), zinc content (F-value = 3.55, p-value = 

0.0348), iron content (F-value = 7.02, p-value = 

0.0018), manganese content (F-value = 6.82, p-

value = 0.0057), and copper content (F-value = 

3130.25, p-value = 0.0001). Whereas the model was 

not significant for magnesium (F-value = 0.9404, p-

value = 0.5321) and sodium content (F-value = 

2.84, p-value = 0.0595). High F-value of the model 

coefficient implies that most of the variation is 

being explained by regression equations (Filli et al. 

2013; Danbaba et al. 2015). 

Additionally, the linear and square terms with an 

asterisk were also significant (p < 0.05). Thus, from 

the ANOVA Table, we can infer that the 

appropriate model satisfactorily establishes the data 

for mineral contents of the formulated weaning 

food. The model equations were assessed for their 

strength using the R2 and adjusted R2 for goodness 

of fit. R2 and adjusted R2 values of the derived 

model were found to be 0.8037 to 0.9999 and 

0.6892 to 0.9995, respectively, suggesting 

homogeneity of the model equation in predicting 

the weaning foods mineral properties on a 

mathematical combination of the three processing 

variables. Hussein et al. (2023) reported that the 

closer R2 to unity, the better the empirical model 

that describes the actual data, and for the regression 

model to fit well, R2 must be at least 0.8. The 

combined surface and contour plots also 

demonstrate the interrelation between dependent 

and independent variables (Fig. 2). 
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Plots show combinations between the two test 

variables (percent millet and soybean), retaining 

levels of the other variable fishmeal at zero. As the 

percentages of soybean and fishmeal increased, so 

did the mineral values. Compared to that, it gained 

with adding millet until a certain level and then 

dropped. The response demonstrated the 

importance of including both soybean and fishmeal 

in weaning products. 

Sensory evaluation of the formulated weaning 

foods. Table 7 presents the sensory scores of the 

weaning foods produced from the blends of millet, 

soybean, and fishmeal. Some optimal sensory 

properties of developed food formulations can help 

us to better understand our product acceptability. It 

is these factors that play a pivotal role in whether 

the formulations will be accepted by 

infants/parents/carers. When it comes to weaning 
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Figure 2. The combined surface and contour plot for the mineral compositions of the weaning food samples 

 

foods, appearance is especially important, as 

presentation can heavily influence both what carers 

choose to offer and whether an infant is willing to 

eat. The appearance ratings ranged from 5.27 for 

Sample M (50M:25S:1.59F) to 6.97 for Sample O 

(50M:25S:10F), where the very high score of 

Sample O likely indicates a more visually appealing 

appearance. In the case of Sample M, the lowest 

scoring sample, its appearance may not have been 

as attractive, possibly due to the colour or texture 

issues. Msheliza et al. (2018b) reported that 

weaning foods that are coloured to indicate 

freshness or health, such as golden yellow in millet 

or soy-based products, tend to be preferred. These 

observations are consistent with these results, as the 

colour of Sample O is likely used to describe a more 

favoured colour compared to Sample K 

(50M:16.59S:10F), contributing to a higher 

appearance score. 

The aroma is an important factor in food 

acceptability and can make a more pleasant or less 

pleasant impression on a meal. The aroma ratings in 

these weaning formulations vary from 4.8 in 

Sample C to 6.6 in Sample O, where the highest 

score, indicating a pleasant smell, is again given to 

Sample O, which may be attributed to a balanced 

montage of ingredients or aromatic compounds 

originating from the fishmeal or soybean. The 

lowest aroma score recorded was Sample C 

(40M:30S:5F), which may have had an unpleasant 

odour or low aromatic intensity. According to 

Oyarekua et al. (2023), the formulae used 

significantly affect the aroma of weaning foods, 

with some legume-based products presenting a 

stronger and less preferred aroma. These results 

show that Sample O was well-balanced in aroma, 

making said formulations more palatable. 

Additionally, Amankwah et al. (2009) fish meal has 

been shown to successfully enhance the aroma of 

weaning foods when used in ideal proportions; they 

found that fish meal improved the aroma of 

weaning foods when used in appropriate 

proportions, which may account for the higher 

aroma scores for fish meal-containing samples. 

Overall, Sample O has appealing characteristics in 

terms of both visual and olfactory characteristics, 

which, based on previous studies, may play a role 

in the preference of infants and carers. The 

nutritional composition of these formulations, along 

with their sensory characteristics, highlights the 

opportunity to create balanced weaning foods with 

the potential to fulfil both nutritional and sensory 

requirements. 
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Table 7. Sensory evaluation of the weaning foods prepared from the blends of millet, soybean, and fishmeal 

Sample Appearance Aroma Taste Texture Overall 

acceptability 

A [40M:20S:5F] 5.93 ± 0.35ab 4.87 ± 0.39d 5.47 ± 0.35a 5.80 ± 0.41ab 6.30 ± 0.38ab 

B [60M:20S:5F] 5.93 ± 0.35ab 5.60 ± 0.41abcd 5.63 ± 0.40a 5.40 ± 0.39ab 6.07 ± 0.39ab 

C [40M:30S:5F] 6.07 ± 0.45ab 4.80 ± 0.37d 5.60 ± 0.33a 5.93 ± 0.31ab 6.23 ± 0.34ab 

D [60M:30S:5F] 5.43 ± 0.52b 5.27 ± 0.35bcd 5.73 ± 0.43a 5.63 ± 0.37ab 5.77 ± 0.36b 

E [40M:20S:15F] 6.00 ± 0.39ab 5.17 ± 0.46cd 5.77 ± 0.43a 5.43 ± 0.45ab 6.40 ± 0.33ab 

F [60M:20S:15F] 5.63 ± 0.45ab 5.20 ± 0.44cd 6.17 ± 0.31a 5.93 ± 0.34ab 5.70 ± 0.40b 

G [40M:30S:15F] 5.80 ± 0.44ab 5.17 ± 0.40cd 5.50 ± 0.36a 6.20 ± 0.44ab 6.63 ± 0.43ab 

H [60M:30S:15F] 6.10 ± 0.47ab 5.37 ± 0.39abcd 5.97 ± 0.40a 5.77 ± 0.38ab 6.13 ± 0.40ab 

I [33.18M:25S:10F] 6.30 ± 0.36ab 6.47 ± 0.26ab 5.93 ± 0.40a 5.93 ± 0.31ab 6.97 ± 0.23ab 

J [66.82M:25S:10F] 6.03 ± 0.38ab 5.93 ± 0.34abcd 6.60 ± 0.33a 6.03 ± 0.36ab 6.53 ± 0.41ab 

K [50M:16.59S:10F] 5.90 ± 0.51ab 6.30 ± 0.37abc 6.23 ± 0.42a 5.90 ± 0.41ab 6.37 ± 0.42ab 

L [50M:33.41S:10F] 5.47 ± 0.50b 5.90 ± 0.39abcd 6.03 ± 0.39a 6.07 ± 0.36ab 5.90 ± 0.49b 

M [50M:25S:1.59F] 5.27 ± 0.47b 5.14 ± 0.41cd 6.33 ± 0.43a 5.00 ± 0.46b 5.67 ± 0.41b 

N [50M:25S:18.41F] 5.87 ± 0.37ab 5.73 ± 0.42abcd 5.97 ± 0.37a 5.60 ± 0.38ab 5.97 ± 0.40b 

O [50M:25S:10F] 6.97 ± 0.37a 6.60 ± 0.38a 6.23 ± 0.31a 6.53 ± 0.34a 7.30 ± 0.34a 

All results are mean of triplicate readings. Any two-mean having same letters are not significantly different (p≤0.05)

Taste may be the most important sensory property 

with a direct effect on food acceptance by the infant. 

For these formulations, the lowest taste score was 

observed at Sample A at 5.47 and the highest taste 

score in Sample J at 6.60. The highest taste score 

observed at Sample J indicates that Sample J had a 

delightful flavour profile owing to a good balance 

of ingredients. In contrast, Sample A, which scored 

lowest, might have had a less satisfactory taste, 

perhaps due to one particular ingredient 

overpowering or an imbalance in taste. 

Balasubramanian et al. (2014) reported that fats and 

proteins in weaning foods often improve taste 

acceptability, causing a fuller taste. This 

corresponds with these results, as higher-scoring 

samples for taste may have contributed to a 

balanced taste, potentially as a result of the presence 

of soybean and fishmeal, providing umami tastes 

and fat. More palatable millet-based 

complementary foods for infants can be developed 

by adding fishmeal to the mixture in proportion to 

millet and soybean, which could be the reason for 

the highest score for Sample J. 

Texture is crucial in weaning foods, as it affects 

how easily the baby eats and the overall mouthfeel. 

The texture scores range from 5.00 in Sample M to 

6.53 in Sample O. Sample O, having the highest 

texture score, suggests that this formulation has a 

somewhat smooth and consistent texture, 

facilitating easier consumption for infants. Sample 

M, having the least texture score, on the other hand, 

may show some better texture also but may not be 

good for the mouthfeel, possibly due to coarseness 

or non-homogeneous mixing. According to 

Adepeju et al. (2011), the texture of weaning foods 

should be smooth without any lumps to facilitate 

swallowing by infants. Additionally, these results 

propose that ideally, Sample O would have reached 

such a texture that is most suitable. Higher texture 

scores suggest that the formulation, especially in 

Sample O, was processed to a fine and smooth 

mass, which is critical for infant foods. 

Overall acceptability is a composite score that 

combines the joint effect of appearance, aroma, 

taste, and texture on the perception of food quality. 

These samples had overall acceptability scores 

ranging from 5.67 for Sample M to 7.30 for Sample 

O, the most preferred of the three and highest in 

overall acceptability, all attributable to high scores 

across all sensory attributes evaluated. On the other 

hand, sample M, which presented the lowest 

general acceptability, could undergo reformulation 

or alteration in order to enhance its sensory 

characteristics. Balasubramanian et al. (2014) and 

Msheliza et al. (2018b) reported that the overall 



Food Science and Applied Biotechnology, 2025, 9(1), 14-34 

Tumba et al., 2025 Nutrient-enriched weaning food from millet, soybeans, and fish meal … 

Page 31 

acceptability of weaning foods is highly correlated 

with taste and texture, and typically well-accepted 

foods score highly in these parameters. Sample O 

achieved the highest overall score, lending credence 

to this idea, since a well-balanced combination of 

flavours, smooth texture, and appealing appearance 

results in a product more likely to be accepted by 

both infants and carers. In addition, the sample with 

the best sensory attribute is sample O, in which all 

sensory attributes are balanced, thus showing the 

common concept of good weaning food 

formulations without extensive bitter or pungent 

attributes. 

Conclusion 

Weaning foods were successfully developed and 

evaluated from composite blends of millet, 

soybean, and fishmeal, illustrating their potential 

nutrient density, sensory characteristics, and their 

acceptance and appeal as a complementary infant 

food. It was shown in the analysis that: 

 Optimal blends, particularly the 50M:25S:10F 

formulation, achieved high protein, mineral 

density, and sensory appeal, meeting essential 

dietary requirements.  

 Ingredient interactions significantly influenced 

moisture retention, nutrient bioavailability, and 

organoleptic properties. Fishmeal consistently 

enhanced mineral content, especially Ca, Zn, and 

Fe, while millet and soybean contributed dietary 

fibre, Mg, and texture.  

 Sensory evaluation by semi-trained nursing 

mothers showed general acceptability across 

formulations, with the blend containing 50% 

millet, 25% soybean, and 10% fish meal receiving 

the highest scores in appearance, taste, texture, 

and overall acceptability. 

 The use of RSM facilitated the identification of 

optimal ingredient ratios to maximise nutritional 

content without compromising sensory attributes. 

The RSM also confirmed significant effects of 

component proportions, which demonstrated the 

practical utility of RSM in refining formulation 

parameters. 

Despite improved gene profiles, long-term studies 

on their impact on infant health and growth still 

need to be performed. Further investigation should 

take place to scale up the production of these 

weaning foods to determine their viability in mass 

production. Carers and parents should also be 

educated on the advantages of the use of available 

ingredients such as millet, soybean, and fishmeal in 

the production of weaning foods. 
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