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1 Introduction
World’s population increase by over 9 billion and almost 

ten million people are determined to be protein or energy 
malnourished (Alexandratos & Bruinsma, 2012). By 2050, it 
would be needed two times more food production as compared 
to recent food production worldwide to meet the demand of 
the times. Nutritionists and other scientists follow similar 
observations that animal and plant sources will play a more 
important role in fulfilling the increased future food and energy 
requirements worldwide (Alexandratos  &  Bruinsma, 2012; 
Sass  et  al.,  2020). Sufficient nutrition requirements through 
infancy and early childhood are necessary for the growth of 
a beach child’s full human potential. It is fully noticed that 
the first 2 years of children’s age is a “critical window” for 
the development of health, optimal growth, and behavioral 
improvement. When a child attains 2 years of age, it is quite 
challenging to change the stunting that has happened earlier 
(Bernard et al., 2016). The instant results of inadequate nutrition 
throughout these developmental years include significant 
delays in motor and mental growth and significant morbidity 
and mortality. So, this early stage of nutritional deficiency is 
associated with impairments in mind (Bernard  et  al.,  2016; 
Martorell et al., 1994). Complementary feeding starts when mother 
milk individually no longer adequate to satisfy the nutritional 

demands of infants. So, that’s why the other liquids and foods 
are required, accompanied by mother milk. Complementary 
feeding commonly starts at 6 months up to 24 months of age 
(United Nations Children’s Fund, 1998). More than one-third 
of child mortality occurs due to nutrition deficiency and from 
extended severity of disease (Addis et al., 2013). In Pakistan, 
the most common forms of malnutrition are protein-energy 
malnutrition (PEM), vitamin A, iodine, and Iron deficiencies 
as recommended by UNICEF, 2014 also responsible for about 
one-half of deaths among children under five years (World 
Health Organization, 2014).

Fruits and vegetables possibly beneficial origins of micronutrients 
and can be used for the formulation of complementary foods. 
The quality of protein can be enhanced by the incorporation 
of foods from an animal source (Bernard  et  al.,  2016; 
Roobab et al., 2020). Several types of weaning foods are marketed 
in Pakistan but due to high cost, only available for 30% of 
the infant community. Rural mothers, that’s why to rely on 
accessible low-cost complementary foods to wean their children. 
These household foods may not provide the needed nutrients 
for the infant; hence the demand for substitute sources that will 
be increased which is affordable for everyone. Because of this 
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nutritional issue, various approaches have been applied to form 
weaning food, by using the combination of locally accessible 
foods. This study aims to formulate complimentary instant food 
from locally accessible, underutilized components (egg powder, 
soybean meal, carrot powder, and rice flour) which will provide 
the needed nutritional demand for infants and will be available 
and affordable to all mothers.

2 Materials and methods

2.1 Procurement of raw material and preparation of 
weaned products

The raw material for the preparation of weaning foods 
was purchased from the supermarket in quantity needed and 
prepared accordingly. Three weaning products containing 14, 
16, and 18% of proteins were prepared. In each product, the 
plant proteins (soybean meal) were replaced with animal protein 
(egg proteins). The egg powder, soybean meal, rice flour, and 
carrot powder were prepared accordingly shown in Figure 1. 
To optimize it, 0, 25, 50, 75, and 100% proteins replacement 
was done as a treatment plan and ingredients composition is 
presented in Table 1.

2.2 Extrusion process

The powder of all ingredients mixed thoroughly was 
extruded using a co-rotating twin-screw extruder with a smooth 
barrel. The extruder consisting of independent zones and the 
effective cooking zone temperature was set in the range of 
100-140 °C. The extruder parameters such as feed rate, moisture 

content, and screw speed were set to get the maximum yield 
of extruded weaning food. The attention was to determine the 
impact of extrusion variables moisture (17-25%) and screw 
speed (170-250 rpm). Moisture and screw speed were the most 
influential variables affecting the extrusion of the product: their 
linear, quadratic, and interaction terms accounted for more 
than 50% of the variability in all responses. The expansion 
was observed maximum at severe conditions of low moisture 
and high screw speed. Feed rate had no significant impact on 
extrusion efficiency. Hence, the feed rate varied for optimum 
fill according to screw speed. The moisture content of the feed 
was adjusted by injecting water (approximately 50 °C) into the 
extruder with a pump. A variable speed die face cutter with 
four-bladed knives was used to cut the extrudates.

2.3 Physicochemical analysis of raw material and 
weaned products

The rice flour, soybean meal, carrot powder, egg powder, 
and weaned products were evaluated for proximate composition 
i.e. moisture content, crude protein, crude fat, crude fiber, and 
ash content according to the method described Association of 
Official Analytical Chemists (2006).

2.4 Water activity

The determination of water activity (aw) was done by using 
ROTRONIC HYGROSKOP DT (USA) by the method proposed 
by Zhang et al. (2017). The method was based on the principle of 
placing the samples in an airtight chamber. As long as the quantity 
of water in the samples was much larger than the quantity of 

Figure 1. Schematic presentation of flours of rice, soybean, carrot, and egg prepared from raw materials.
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water in the air of the chamber, the measurement will be more 
accurate and efficient. The water activity was calculated as ERH 
i.e. equilibrium relative humidity.

2.5 Bulk Density (BD)

The bulk density was measured by the method of Oladele & Aina 
(2007) by using a standard bushel tester (Model 151, Seed 
buro Equipment Co, Chicago, IL, USA) and a test weight lifter 
cup and leveling stick (Model 103, Seed buro Equipment Co, 
Chicago, IL, USA).

2.6 In vitro study for protein digestibility

One milliliter of 11% trypsin was introduced in each test 
tube. After that, 4 mL of phosphate buffer was added at 7.5 pH 
and 1 mL of HCL (0.1 N) was also added and allowed for some 
time to equilibrate. Then 1 mL of sample was added to each test 
tubes. After that, 5 mL of neutralized formalin was added to stop 
the reaction. The contents were filtered through sterilized filter 
paper. The nitrogen of the undigested sample was estimated 
through the Kjeldahl method (Equation 1).

( )% /In vitroprotein digestibility   CP1  CP2  CP1= −  (1) 

Where CP1 = Total protein of sample; CP2 = Total protein of 
sample after digestion with trypsin.

2.7 Color analysis

The color analysis was performed according to the method 
described by Pathare et al. (2013) with the CIE lab (Hunter, Lab 

Scan XE, USA) color scale with slight modifications. The color 
determination method was based on the Hunter L*, a*, and b* 
coordinates. Meanwhile, L* represents lightness and darkness, a* 
redness and greenness, b* yellowness, and blueness. The device 
was standardized against a white tile of Hunter Lab Color 
Standard (LX No.16379): X= 77.26, Y= 81.94, and Z= 88.14).

2.8 Microbiological analysis

For microbiological analysis, 1 gram sample of each product 
was dissolved in 9  mL of distilled water and the pour plate 
method was used. The malt extract and plate count ager was used 
for yeast & mold and bacteria respectively. After the inoculation 
plates were incubated at 27 °C for 3 days and 37 °C for 48h for 
yeast & mold and bacterial growth respectively.

2.9 Sensory evaluation

The quality of different weaned food products was ranked 
according to the 9-point Hedonic scale (Meilgaard et al., 2007; 
Shahzad et al., 2020), through which the samples were assessed 
from the disliked extremely (1) to the liked extremely (9). 
The sensory evolution was carried out by 35 members of the 
Institute of Home and Food Sciences, Government College 
University, Faisalabad having aged 35-45 years. The sensory 
evaluation was carried out under the illumination of 50-55% 
relative humidity and 25 °C.

2.10 Statistical analysis

The obtained results were subjected to statistical analysis 
using analysis of variance (ANOVA). Duncan’s multiple range 
test was used to conclude statistically different groups.

Table 1. Ingredients quantity (W/W) of weaned foods. 

Protein 
contents

Replacement of 
plant proteins

Egg powder 
(C.P 48%)

Soybean meal 
(C.P 44%) Rice (C.P 8%) Carrot Powder 

6%
Dextrose 

monohydrate Xanthan gum

14% protein 
contents

0 0 22.72 50 16 10 0.5

25% 5.2 17.04 50 16 10 0.5

50% 10.48 11.36 50 16 10 0.5

75% 15.62 5.68 50 16 10 0.5

100% 20.83 0 50 16 10 0.5

16% protein 
contents

0% 0 27.27 30 16 10 0.5

25% 6.25 20.45 50 16 10 0.5

50% 10.48 13.63 50 16 10 0.5

75% 18.75 6.82 50 16 10 0.5

100% 20.83 0 50 16 10 0.5

18% 
proteins 
contents

0% 0 31.81 50 16 10 0.5

25% 7.29 26.13 50 16 10 0.5

50% 14.58 15.90 50 16 10 0.5

75% 23.95 7.95 50 16 10 0.5

100% 29.16 0 50 16 10 0.5

C.P: Crude protein.
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3 Results and discussions

3.1 Proximate composition of raw material

Figure 2 revealed that the proximate composition of different 
raw materials used for weaning food preparation. Maximum 
protein contents (46.89 ± 2.02%) were shown by whole egg flour 
and the lowest protein contents (6.06 ± 0.34%) were shown by 
carrot flour. Rice and soybean flour exhibited (7.9 ± 1.03%) 
and (43.55 ± 1.95%) protein contents respectively. Fat values of 
rice soybean egg and carrot were (1.2 ± 0.22%), (1.71 ± 0.11%), 
(8.99 ± 0.78%) and (2.01 ± 0.14%) respectively. The highest fiber 
contents (22.51 ± 1.5%) were found in carrot while the lowest fiber 
contents were found in rice (0.7 ± 0.08%). Ash contents were found 
in (6.1 ± 0.98%) in soybean, (4.97 ± 0.3%) in carrot, (2.74 ± 0.32%) 
in egg and (1 ± 0.1%) in rice flour. Moisture percentage was varied 
among all materials (rice= 11.42 ± 1.23%, Soybean = 5.55 ± 0.88%, 
Egg = 5.01 ± 0.95% and Carrot = 8.43 ± 1.3%). Egg powder is 
highest in crude protein, and fat but lowest in dietary fiber and 
ash as compared to the soybean meal.

3.2 Proximate analysis of weaning food

The proximate composition of all weaning products presented 
in Table 2. The results reveal that the moisture contents of 
all prepared weaning products were inside the normal range 
of moisture contents (5-10%) as described by FAO/WHO 
guidelines. Moisture contents were shown a variation among all 
treatments from T1 to T15 due to the different percentages of egg 
powder. Moisture contents ranged from 8.08% to 8.98% which 
indicated that the prepared food can be preserved for a long 
time. The flour and starch-containing materials having more 
than 12% moisture has limited shelf life than the lower moisture 

content products (Bernard et al., 2016). The ash content of food 
products gives an idea about mineral content and in present 
research; it varied from 1.92% to 3.21%. The obtained results 
are comparable with the results published by Aderonke et al. 
(2014) for complementary diets prepared from soybean, 
maize, and pigeon pea. The results of the present study are in 
the recommended range, according to the Protein Advisory 
Group of the United Nations System (1972), the ash content 
of weaning foods should not exceed 5%.

The fat contents of the formulated foods significantly 
(p < 0.05) varies from 1.31% to 3.54%. The prescribed level of 
fat for formulated foods should not be higher than 10% (Protein 
Advisory Group of the United Nations System, 1972) because 
if it’s higher then it can influence the stability of the weaning 
foods. A food sample with higher fat contents more porn to 
spoilage because fat can undergo oxidative decay, which directs 
to spoilage and rancidification.

The obtained results indicate that the protein content 
significantly (p < 0.05) varied from 13.76% to 19.89% for 
formulated weaning foods. The highest protein contents were 
observed in T12 and followed by T14. According to WHO/FAO 
(Reddy et al., 1984), a minimum of 15% protein and a maximum 
of 25% is needed for the best complementation of amino acids 
in growth and foods (Sanni et al., 1999). So, our formulas satisfy 
the necessary demand for protein for infants.

Table 2 showed fiber contents increased as the protein 
% of soybean was replaced with egg protein. Maximum fiber 
5.86% of contents were found in treatment T11 followed by T6. 
Minimum fiber contents of 4.12% were exhibited by treatment 
T5 and T10. Oche et al. (2017) explained in his study that crude 
fiber content in the formulated food of soybean and cereals 

Figure 2. Proximate compositions of raw material powders.
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(2.64%) is higher than the mean crude fiber in both proprietary 
formulae (1.74%) and complies with Protein Advisory Group 
(PAG) recommendation (<5%). This implies that the formulated 
food will better promote laxation, bacterial colonization, and 
maturation of the gastrointestinal tract, but may interfere with 
mineral absorption more by adsorption (Temesgen, 2013).

3.3 Water Absorption Capacity (WAC)

Treatment T5 exhibited minimum WAC (1.86 mL/g) while 
treatment T11 revealed maximum WAC (2.63 mL/g) as shown 
in Table 3. During this study decrease in WAC was observed by 
increasing the protein %. Echendu et al. (2004) reported that 
carbohydrates also affect the WAC of foods and the ability of a 
protein to water binding is also affects the WAC. They found 
a difference in WAC among all treatments possibly due to varying 
protein, carbohydrate concentration, and conformational properties 
(McWatters et al., 2003; Oliveira et al., 2020). These researchers 
also stated that lower WAC is associated with less availability of 
polar amino acids in formulated products. WAC as necessary 
for the consistency and bulking of the formulated product and 
also in baking applications (Niba et al., 2002; Sass et al., 2018). 
Achi (1999) stated an improvement in the WAC of the yam. 
In this study, the increase in WAC is may be associated with the 
water-binding qualities of egg albumin. McWatters et al. (2003) 
reported that the protein has both hydrophobic and hydrophilic 
characteristics and so can associate with water in foods.

3.4 Bulk density of weaning food

The obtained results in Table 3 indicate that the treatment 
T1 exhibited the highest (0.76 mL/g) values of bulk densities, 
while the treatment T7 and T12 presented the lowest values 
(0.69  mL/g). The trend was decreasing in bulk densities as 

presented in Table 3. Similar findings were also reported 
for yam by Hsu  et  al. (2003). Bulk density is a measure of 
heaviness observed in a food sample from normal behavior 
as also reported by Ak (2009). A significant characteristic that 
measures the appropriateness of food samples for the ease of 
packaging and transportation of particulate foods as well as 
for infant formulations is also focused in the present study. 
Nelson-Quartey et al. (2007) conducted a study and reported 
that low bulk density flours and/or food samples were desirable 
in infant food formulations. The low bulk density of the designed 

Table 2. Proximate analysis of weaning products (%).

Treatments Ash contents Fat contents Moisture contents Protein contents Dietary fiber

T1 2.66 ± 0.03c 1.31 ± 0.05i 8.41 ± 0.12d 14.16 ± 0.19e 5.31 ± 0.06ab

T2 2.48 ± 0.04d 1.68 ± 0.09g 8.33 ± 0.14e 13.76 ± 0.22f 5.01 ± 0.10c

T3 2.29 ± 0.06e 2.09 ± 0.11e 8.25 ± 0.10e 14.98 ± 0.25e 4.71 ± 0.13d

T4 2.17 ± 0.05f 2.44 ± 0.13d 8.17 ± 0.09f 14.96 ± 0.17e 4.41 ± 0.11de

T5 1.92 ± 0.03g 2.79 ± 0.07c 8.09 ± 0.13f 14.95 ± 0.12e 4.12 ± 0.05e

T6 2.94 ± 0.02b 1.47 ± 0.05h 8.69 ± 0.16b 16.81 ± 0.18c 5.59 ± 0.07b

T7 2.72 ± 0.07c 1.89 ± 0.02f 8.57 ± 0.12c 16.81 ± 0.23c 5.23 ± 0.02ab

T8 2.43 ± 0.06d 2.13 ± 0.03e 8.38 ± 0.08e 15.9 ± 0.24d 4.85 ± 0.04d

T9 2.27 ± 0.08e 2.74 ± 0.07c 8.41 ± 0.11d 16.78 ± 0.15c 4.51 ± 0.08de

T10 1.92 ± 0.02 2.79 ± 0.08c 8.08 ± 0.18f 14.76 ± 0.21d 4.12 ± 0.10e

T11 3.21 ± 0.04a 1.55 ± 0.05h 8.96 ± 0.14a 18.97 ± 0.09b 5.86 ± 0.04a

T12 3.09 ± 0.06a 2.11 ± 0.04e 8.98 ± 0.07a 19.89 ± 0.13a 5.58 ± 0.06b

T13 2.69 ± 0.05c 2.55 ± 0.09d 8.71 ± 0.13b 18.82 ± 0.17b 5.02 ± 0.08c

T14 2.51 ± 0.07d 3.23 ± 0.06b 8.75 ± 0.15b 19.73 ± 0.12a 4.62 ± 0.07d

T15 2.17 ± 0.08f 3.54 ± 0.11a 8.51 ± 0.12c 18.67 ± 0.11b 4.18 ± 0.12e

Table 3. Water absorption capacity and bulk density of weaning products.

Treatments Water absorption capacity 
(mL/g) Bulk density (mL/g)

T1 2.41 ± 0.05ab 0.76 ± 0.01a

T2 2.27 ± 0.04ab 0.73 ± 0.02a

T3 2.12 ± 0.07bc 0.71 ± 0.01ab

T4 2.02 ± 0.02c 0.70 ± 0.03ab

T5 1.86 ± 0.08 0.75 ± 0.02a

T6 2.53 ± 0.01a 0.72 ± 0.01a

T7 2.37 ± 0.07ab 0.69 ± 0.02ab

T8 2.22 ± 0.03b 0.71 ± 0.03ab

T9 2.11 ± 0.09c 0.73 ± 0.01a

T10 1.91 ± 0.06c 0.75 ± 0.02a

T11 2.63 ± 0.04a 0.71 ± 0.01ab

T12 2.33 ± 0.05ab 0.69 ± 0.03b

T13 2.29 ± 0.03ab 0.71 ± 0.01ab

T14 2.18 ± 0.04b 0.73 ± 0.02a

T15 1.95 ± 0.08c 0.74 ± 0.03a
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functional food, therefore, recommends that they would be 
beneficial for the health of infants and children.

3.5 In vitro digestibility

Protein digestibility values were estimated for each 
formulated food and results are shown in Figure 3. The maximum 
digestibility was observed in treatment T15 (83.8%) while the 
minimum (65.4%) was observed in treatment T1. Digestion is 
a highly complex process providing animals with the energy 
and nutrients required for their maintenance and growth. 
For this reason, many researchers have been interested in 
the total or partial modeling of the digestion process using 
a variety of different in vitro methodologies. The in vitro 
approach has been used by nutritionists, who have tried 
to reproduce the physiological condition of the digestive 
tract, with a variable degree of accuracy, the compartments 
and working conditions existing in the digestive tract of the 
target species to have an insight on how feeds or food are 
processed or digested (Moyano et al., 2015). Almeida et al. 
(2015) manufactured the supplements by using whey protein 
and in vitro obtained their protein digestibility value in the 
range of 88.4 to 91.7%. The protein digestibility is high about 
89-96% in weaning foods formulated through rice and beans 
(Erbersdobler et al., 2017).

3.6 Color characteristics

The color properties of food products reveal the first 
impression before consumption and it’s the first step of alike 
and dislikes for food products. The mean L* values for all 
treatments are significantly (p < 0.05) different and presented in 
Figure 4. The treatment T11 exhibited the highest (85.02) values 
of lightness contents, while treatment T15 revealed the lowest 

Figure 3. The in vitro protein digestibility values (%) of weaning products.

Figure 4. Optical properties of weaning products.
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yellowness values (32.53) were observed in T11 and the minimum 
(30.9) was noted in T5. Color value also showed the quantity 
of the suitable ingredients of the raw materials to be applied 
for the formulation and revealed informational data about 
the preparation and final quality of the product as indicated 
by the above observations. Bernard et al. (2016) conducted a 
study and reported that the variation in color properties in all 
weaning food formulations of egg and millet as well as other 
composite flours.

3.7 Sensory analysis

The sensory evaluation results for all the treatments 
are significantly (p < 0.05) varies and shown in Figure 5. 
The  obtained results confirm the average likeness of the 
formed weaning foods for mouthfeel, appearance, color, 
taste, and aroma. The mean scores ranges of characteristics 
assessed were: taste (6.3 to 9.4), aroma (6.5 to 9.1), mouth 
feel (6.44 to 9.2), color (6.9-9.3), and appearance 7 to 9.44). 
Taste is an essential attribute when assessing the sensory 
characteristic of food. Because without a better taste 
food product is unacceptable, maybe a fascinating high 
energy density. The difference proportion of the protein in 
formulated weaning foods may have produced variation in 

values (82.32). At 5% significant level a* values of prepared 
weaning food was manifested significant (p < 0.05) variation 
among all treatments. Figure 4 exhibited that redness contents 
increased as the soybean meal was replaced with egg powder. 
Maximum redness content (9.32) was found in treatment 
T8, while minimum (7.66) in T15. The mean b* values were 
significantly (p < 0.05) varies in all treatments. The highest 

Figure 5. Sensory evaluation of weaning products. 

Figure 6. Microbial analysis of weaning products.
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