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Abstract

The aim of this study was to develop and evaluate nutritional quality of weaning food from 
indigenous sources. Three types of weaning food named as F-1 (wheat flour, soya flour, rice 
flour), F-2 (wheat flour, soya flour, malt extract) and F-3 (malted wheat flour, soya flour, peanuts, 
lentils, and carrots powder) were prepared for the study. Nutritional quality, functional and 
sensory characteristics of the developed food were investigated. Functional property as water 
absorption capacity, bulk density, water binding capacity, solubility, swelling power and viscosity 
varied from 136.24-145.83 (g/100g), 0.57-0.75 (g/cm3), 410.54-471.07 (g/100g), 35.05-48.81%, 
6.16-11.79%, 33.48-39.41 (mp/s), respectively. Essential amino acids content of F-3 such as 
threonine, alanine, valine, methionine, isoleucine, leucine, histidine and lysine were 0.77, 0.67, 
0.45, 0.47, 0.51, 0.62, 0.41 and 1.73 (g/100g), respectively. Compositional analysis of fatty acid 
indicates that it contains 16.01% palmitic acid, 4.27% stearic acid, 45.90% linoleic acid and 
25.55% oleic acid in F-3. 
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Introduction

The growth of the infant in the first or second years is very 
rapid and breast feeding alone will not meet the child 
nutritional requirement. After about four months of age the 
child needs supplementary feeding to provide energy and 
essential nutrients required for continued growth and 
development (WHO and UNICEF, 1998). The nutrients in 
recommended complementary foods complement those in 
breast milk. The recommended feeding practices during this 

time ensure that baby receives all the necessary nutrients, 
including those that are sometime missing for many babies 
(iron, zinc and vitamin A), besides the guidelines also state 
that an ideal weaning food must be nutrient dense, easily 
digestible, suitable to consistency and affordable to the target 
market (FAO, 1985).

Low-cost, high protein food supplement development for 
weaning infants is a constant challenge (Schmidt, 1983). This 

is particularly important in developing countries where 
malnutrition problems are still common particularly during 
weaning (FAO, 2010). In Bangladesh, cereals like wheat, 
rice, milt etc. and legumes like soya, lentils and peanuts, 
carrots are commonly available therefore, a strategy can be 
followed to formulate a highly nutritive instant weaning 
food which is high in protein and calories to provide a 
balanced diet at the weaning period as well as affordable by 
the parents. 

Every community has a main staple food and it varies 
from country to country like as rice, wheat maize, cassava 
yam, potato etc. The staple is an excellent base for 
preparing babies' first weaning foods because it is usually 
cheaper and easily available, provides most of the 
nutrients needed for growth. Therefore, development of 
instant weaning foods based on locally available raw 
ingredients has been suggested by the Integrated Child 
Development Scheme (ICDS) and Food and Agriculture 
Organization (FAO, 1996) to combat malnutrition among 
mothers and children of low socio-economic groups. 
Evidence indicates that it is quite possible to improve the 
nutrient quality and acceptability of these cereals and 
legumes and exploit their potentials as human foods by 
adopting newer scientific processing methods (Nataranjan 
et al., 1979). Another thing is that, the nutritional content 
and the digestibility of food can be increased through 
germination (Ozuba et al., 2002). 

Numerous works on weaning food were done by the 
previous researchers. These studies cover development of 
weaning food with quality and storage stability analysis. 
Quality evaluation of weaning food prepared from 
fermented cereal legume was studied by Wakil and Kazeem 
(2012). Wadud et al. (2004) developed baby food from 
vegetable protein. Product quality and storage stability were 
also analyzed for the developed product. Extruded weaning 
food was developed by Njoki and Faller (2001). Plahar et 
al. (2003) developed weaning food of high energy from 
maize, peanuts, and soybean by extrusion cooking process. 
Quality evaluation in terms of protein content from cooked 
cereal and legume based weaning food was studied by 
Mensa-Wilmot et al. (2001). 

It is noticed from the recent investigation that information on 
instant weaning food are very limited. Therefore, the 
objectives of this present research were to develop a highly 
nutritive weaning food from indigenous food sources. The 
aims of this study were also to evaluate the quality of the 
developed food product.

Materials and methods

Collection of raw materials

Raw wheat, red lentils, peanuts, carrots and soybeans were 
collected from local market of Dhaka, Bangladesh to 
develop the weaning food. Collected sample was then 
stored in a refrigerator at 5oC to retain the quality of the 
material.

Processing of raw materials

Collected wheat sample were washed thoroughly, soaked for 
8 h and spread in a covering tray and then left overnight for 
sprouting. The sample was dried at 50oC for 12 h and 
grinded. Finally, the malted flour was stored in a cool and dry 
place to avoid the moisture gain. 

Raw peanuts samples was dried, grinded and packed in air 
tight container. Prepared peanut mash was then stored in a 
cool place. Healthy, mature soybean seeds were weighted 
and soaked overnight in 0.5% NaOH solution. The dehulled 
seeds were then boiled for 30 min to remove the anti-nutrient 
factors. The boiled seeds were strained and dried in hot air 
oven at 80 oC. Finally, the dried seeds were ground into 
powder and sieved using 100 mesh sieve. 

Formulation of weaning foods

Three types of weaning food (F-1, F-2 and F-3) were 
prepared by mixing the prepared raw sample.  The major raw 
materials used to formulate weaning foods were wheat flour, 
soya flour, rice flour for F-1; wheat flour, soya flour, malt 
extract for F-2 and malted wheat flour, soya flour, peanuts, 
lentils, carrots powder for F-3. 

Evaluation of proximate composition

Moisture, protein, ash, fat, fiber, total sugar and carbohydrate 
content of malted wheat flour, soya flour, and the formulated 
diets were determined according to AOAC (2005). Gross 
energy values of the raw materials and prepared foods were 
calculated by multiplying the values of protein, fat and 
carbohydrate by their respective physiological fuel values of 
4.1, 9.3 and 4.1 (Edeoga et al., 2003).

Assessment of functional properties

Water binding capacity, water absorption capacity, bulk 
density, solubility and swelling power were evaluated to 
determine the functional properties of the developed weaning 
food. Water binding capacity (WBC) was examined by 
taking 2 g of sample and 4 ml of distilled water in a 

centrifuge tube. Then the mixture of sample and distilled 
water was shaken for one hour and centrifuged for 15 min at 
2200 rpm. The calculation for determining WBC was 
followed as described by Beuchat (1977). Water absorption 
capacity was determined by the method described by Sathe 
and Salunkhe (1981). Bulk density, solubility and swelling 
power were analyzed by the methods as described by 
Oladele and Aina (2007). Viscosity of developed and 
commercial baby food samples were measured by 
following AACC (2000). 

Evaluation of micronutrient and heavy metals 

Vitamin A

Vitamin A was determined by high performance liquid 
chromatography (HPLC) with UV-detection after saponification 
and extraction (Horwitz and Latimer et al., 2001). Retinol was 
quantified in an HPLC system, using UV detection at 326 nm 
wave length. Vitamin A was then calculated by comparison of 
retinol peak heights in test samples.

Minerals and heavy metals

Minerals and heavy metals content of the formulated 
weaning foods were analyzed using 589 nm and 769 nm 
wavelength in Flame Emission Atomic Absorption 
Spectrophotometer (Jencons, PEP7). 10 g of dry sample was 
taken in a porcelain dish and then placed into a muffle 
furnace and heated at 1000oC for 1 h. After burning, ashes 
were taken to 250 ml beaker and 50 ml of deionized distilled 
water and 15 ml concentrated nitric acid was added. The 
samples were then returned to a hot plate with continued 
heating and additional acid was also added until completion 
of digestion. Then the sample was filtered into a 250 ml 
volumetric flask and each sample was made up to the mark 
with deionized water. Standard stock solution of 100 ppm 
was prepared for every tested mineral and metal. These 
solutions were prepared from their pure metal turning and 
pure compound using nitric acid. Working standard and 
blanks were acidified to the same extent as samples. The 
atomic absorption instrument was set up and flame condition 
and absorbance were optimized for analyze. Then blanks, 
standards, and samples were aspirated into a flame in AAS. 

Amino acid determination

Amino acid content of the developed weaning food samples 
were determined by amino acid analyzer (Sykam-S7130, 
Tokyo, Japan) based on HPLC system by following the 
amino acid analysis system instruction manual 
(Anonymous, 1993).

Fatty acid determination

Relative concentration of fatty acid (FA) from collected oil 
samples of developed baby food was measured as their 
corresponding methyl esters according to the method 
described in IUPAC (2010). About 5 to 7 drops of oil was 
taken in 15 ml test tube and 3 ml of 0.5 M sodium methoxide 
(prepared by mixing metallic sodium in methanol) was added 
and digested by stirring in a hot water bath for 15 min. 
Thereafter, the samples were cooled at room temperature and 
1 ml of petroleum ether was added followed by 10 ml 
deionized water, mixed and allowed to settle. The distinct 
upper layer of methyl ester in petroleum ether was separated 
carefully in a capped vial and used for analysis. 200 mg of 
different fatty acid standard (FAME mix; Sigma-Aldrich, St. 
Louis, Missouri, USA) in their respective methyl ester form 
were dissolved separately in 10 ml petroleum ether in a series 
of screw capped test tubes. Aliquots of 1.0 µl FAME (fatty 
acid methly ester) were injected and the peaks of fatty acids 
were recorded for their respective retention time and presented 
as relative percentage as were by the automated GC software.

Rat bioassay 

Nutritional quality of the prepared weaning foods were 
assessed according to a standard rat bioassay procedure by 
following OECD (2006) in the animal house section, Institute 
of Food Science and Technology (IFST) of Bangladesh 
Council of Scientific and Industrial Research (BCSIR), 
Dhaka, Bangladesh. Four groups of young long-evans rats 
(between 28-30 days) were used in this study. Each group 
contained four rats (2 male and 2 female). Room temperature 
was maintained at 18-26 oC with 12 h light/dark cycle. The 
rats were subjected to a 7 day acclimatization period. 

Sensory evaluation

The supplementary foods were subjected to sensory 
evaluation for color, flavor, taste, texture and overall 
acceptability by a sensory panel consisting of 19 members of 
which nine members are male (age ranged from 25 to 35) and 
remaining 10 members are female (age ranged from 26 to 40) 
of BCSIR, Dhaka, Bangladesh. The presented three samples 
were evaluated by panelists according to 9-point Hedonic 
Scale (Larmond, 1977). 

Statistical analysis

Results were statistically analyzed using IBM SPSS version 
22. The mean and standard deviation data from the triplicate 
analysis of developed food samples were calculated. 

Results and discussion

Proximate composition of raw materials and formulated 
weaning foods

The nutrient content of raw materials and formulated 
weaning food are shown in Table I. According to Table 1 the 
highest amount of protein, fat and carbohydrate was found in 
soya flour, peanut flour and wheat flour, respectively. It is 
also noticed from Table I that the highest energy value was 
found from peanut flour. 

The mean carbohydrate content of formulated weaning food 
(F-3) was lower (59.56 g/100g) while F-1 and F-2 was 73.98 
and 71.24 g/100g respectively. According to Codex 

Alimentarios Standards (FAO/WHO, 1994), the prepared 
weaning food should provide carbohydrate with the limit of 
41.13 to 73.79 g/100g. American Dietetic Association (2008) 
recommends that for children 2-11 years of age, 
carbohydrates should make up 45–65% of total energy intake 
each day whether in F-3 carbohydrate content provided 
51.13% of total energy. Therefore, it is noted that the 
formulated weaning F-3 is capable to meet the carbohydrate 
requirement of infants. 

The protein content of F-3 was 15.88 (g/100g) which is 
higher than F-1 (11.81 g/100g), and F-2, (9.95 g/100g), 
respectively. According to Codex Alimentarious Standards, 
the protein content of weaning food is ranged from 14.52 to 
37.70 (g/100g) (FAO/WHO, 1994). So the protein content 

was expected level in F-3 and the higher protein content in 
F-3 is due to use of soya flour, malted wheat flour and 
peanuts as raw materials. American Dietetic Association 
(2008) indicated that, in a weaning food 13% of the total 
energy should derived from protein whereas in F-3 protein 
provided 14.06% of the total energy. This implies that protein 
content of F-3 will be able to meet children growth demands.  

F-3 contains highest fat percentage (16.49 g/100g in dry 
weight basis) than F-1 (7.06 g/100g) and, F-2 (10.62 g/100g). 
According to FAO (1985) the 40-60 percent of total energy of 
infant below one year of age should come from fat. Due to 
using peanuts the fat content was slightly higher in F-3 than 
the recommended level due to use of peanut. However, it 
provides higher calorie in the diet which is expected. 

According to codex standard FAO/WHO (1994) the fat 
content of developed weaning food should be ranged from 
14.52-41.13%. 

The energy content of F-3 was higher (462.80 kcal/100gm) 
than F-1 (418.29 kcal/100g), and F-2 (432.11 kcal/100g) and 
also very close to Codex Alimentarious Standards 
FAO/WHO (1994) (483.9 kcal/100g).  According to IOM 
(2004) the RDA of energy for infant is 880 (kcal/day). 

It is noticed from Table 1 that lower ash content varied from 
2.02 to 2.58  in the formulated weaning food. The results of 
this study are in congruent with the reported recommendation 
of Protein Advisory Group (1972) which noted that the ash 
content should not exceed 5%. 

The crude fiber percentage ranged from 0.42 to 2.03% for the 
developed weaning food as shown in Table 1. The results of 
this study match with the reported values of FAO (1985). It 
was reported that the crude fiber content of supplementary 
food should not exceed 5%.

Functional properties 

The results on the functional properties of the diets are 
presented in Table II. The water absorption capacity of the 
formulated weaning food F-3 was lower (136.24 (g/100g)) 
than the F-1, and F-2 sample. The lower water binding and 
absorption capacity of weaning food indicate the thinner 
gruel formation with high caloric density per unit volume. 
Similar findings were also noted by Elkahalifa et al. (2005). 

Bulk density of the developed weaning foods varied from 
0.57 to 0.75 g/cm3. Results of the present research (except 
F-1) are in concord with the reported values of Asma et al. 

(2006). It was reported from their experiment that bulk 
density of the baby food varied from 0.54-0.65 g/cm3. 
According to Quartey et al. (2007), low bulk density powder 
are desirable in infant food preparation. 

The solubility of formulated weaning food F-3 was 
48.81% and swelling power was 11.79 (g/g), while the 
other two diets such as F-1, and F-2 contains solubility 
were 35.05, 38.67% and swelling power were 6.16, 8.52 
(g/g). The higher solubility percentage indicates the 
higher functionalities of the protein in a food (Omueti, 
2009). 

The viscosity of the formulated weaning food F-3 (33.40 
mps-1) was lower than the F-1 (34.41 mps-1) and F-2 (35.84 
mps-1) sample. Lower viscosity of weaning food indicates the 
increase in nutrient density (Nkama, 2001).

Micronutrient and trace elements

The results of micronutrient and trace elements are also 
shown in Table II. After analyzing three formulated 
baby food (F-1, F-2, F-3) Na concentration was highest 
in the F-3 (233.3 mg/100 g) whereas in response to 
mother’s concerns, many baby food manufacturers have 
tried to keep the concentration of Na within the 
recommended level; 96.78–411.32 (mg/100 g) specified 
in the Codex Alimentarius standard for weaning foods 
(FAO/WHO, 1994). 

The concentration of potassium in F-3 was 250 (mg/100g) 
which is greater than F-1 and F-2 sample. Excessive dietary 
intake of K has been reported to cause muscular weakness 
and vomiting in human (Whitney et al., 1990). Highest 
amount of Fe was found in F-2 sample while lowest was 
found in F-1 sample. The RDA of Fe for infant is 11 
(mg/100g) (IOM, 2004). Thus the high iron content of 
formulated baby food can meet the infant’s daily Fe needs. 
Calcium is an essential micronutrient in infants and young 
children for building bones and teeth in their early age, 
functioning of muscles and nerves, blood clotting and for 
immune defense (Whitney et al., 1990). The concentration of 
Ca was highest (260.33 mg/100g) in F-3. According to the 
FAO/WHO (1994), Ca concentration in weaning foods 
should not be less than 435.51 (mg/100g). So in that case 
further fortification with premix is required for the developed 
food. Zinc enhances the body’s immune system thus, 
protecting children from infections. Concentration of Zn in 
F-2 sample was higher than the F-1 and F-3 sample. The 
trace/heavy metals (Cr, Pb, Ni, Cu) analysis result of both 
formulated and commercial foods represent that, only 0.19 
(mg/100g) lead was found in F-2 and 0.28, 0.71, and 0.39 
(mg/100g) of Copper were found in F-1, F-2, and F-3, 
respectively. Rest of all trace metals were found in all diets 
were below the detect level (BDL). 

Amino acids 

Results of amino acids for the developed weaning food are 
shown in Table III. It was noticed from the analysis that the 
developed formulated F-3 weaning food yielded eight 
essential amino acids followed by fourteen amino acids. The 
essential amino acid found in the present study for F-3 
formulation was higher than the reported values of Wakil and 
Kazeem (2012). It was reported from their experiment that 
threonine, alanine, methionine, isoleucine, leucine, lysine 
and valine content was 0.42, 0.94, 0.54, 0.96, 0.20, 1.34, and 
0.30 (g/100g), respectively. The highest amino acid content 
for the present study is due to use of malted wheat flour and 
peanuts as raw materials. The results of this experiment  also 

match with the FAO/WHO (1973) standard as shown in 
Table III. 

Fatty acid 

Fatty acid compositions of prepared weaning foods (F-3) are 
given in Fig. 1. The formulated weaning F-3 contain 16.01% 
palmitic acid; 4.27% stearic acid; 45.90% linoleic acid and 
25.55% oleic acid because of using soya flour and peanuts 
that provide required amount of fat content whether weaning 
food formulated with cooking banana, cow pea and peanuts 
contain 1.01% palmitic acid; 0.22% stearic acid; 2.22% 
linoleic acid and 3.56% oleic acid (Francisca, 2004).

Rat growth 

Comparison among the weight gains of different rat groups in 
21 days fed on prepared (F-1, F-2 and F-3), and laboratory 
diets is shown in the Fig. 2. After first week the weight 
increase rate was low in the rats fed on the formula F-1 (436 
g), and F-2 (485g). The group weight gain was higher (527g) 
in the rats fed on the formula F-3 than control group (513g) 
fed on the laboratory diet. From the rat bioassay, the highest 

growth rate was found in the rats fed on the locally prepared 
weaning food (F-3) than control group fed on the laboratory 
diet. Another causes of highest growth rate was that the 
highest protein percentage of the prepared weaning food 
(F-3) than others diets.

Sensory evaluation

Results of the sensory evaluation of developed baby food are 
depicted in Fig. 3. The sensorial results revealed that the 
color parameter of F-3 was more attractive (8.35) than F-1 
(5.5) and for F-2 (7.95). The more attractive color is due to 
the carrot powder in F-3 sample. The nutty flavor of the 
formulated weaning food (F-3) (8.55) made the product more 
acceptable than the F-1 (6) and F-2 (6.6). The taste of 
commercial baby food was more acceptable than the 
developed baby foods due to high sugar content. So, sugar 
content should be increased in formulated diets to enhance 
taste parameters. The score of overall acceptability of the 
formulated weaning F-3 (7.98) was higher as compared to the 
F-1 and F-2 food sample.   

Conclusion

The use of germinated wheat flour, soya flour, peanuts and 
lentils to develop the weaning food formulation provide high 
protein and calorie values with desired minerals content and 
improved functional and sensory characteristics. Vitamin and 
mineral contents are lower in F-3 than other formulated food, 
thus it need to be further fortified by vitamin and minerals 

premix. The study also showed that F-3 could be another 
option to fulfill the requirement of essential amino acids and 
fatty acids at weaning period of infants and young children. 
This study also implies that the formulas could be made from 
low cost, readily and locally available nutrient rich raw 
materials. Therefore, further study should be undertaken with 
the estimation of large scale commercial production cost of 
formulated diets (F-3).

References

AACC (2000), Approved Methods of the American 
Association of Cereal Chemists, 10th Ed., The 
Association: St. Paul, Minnesota, Method 61-02. 

American Dietetic Association (2008), Position of the 
American Dietetic Association: Nutrition Guidance 
for Healthy Children Ages 2 to 11 Years, JADA 
108: 1038–1047. DOI: 10.1016/j.jada.2008.04.005 

 Anonymous (1993), Amino acid analysis system 
instruction manual, Shimadzu HPLC amino acid 
analysis system, Analytical Instruments Division, 
Kyoto, Japan, pp 63-65. 

AOAC (2005), Official methods of analysis, Washington, 
DC: Association Official Analytical Chemist.

Asma MA, Babiker EEl, and Tinay AH (2006), 
Development of weaning food from sorghum 
supplemented with legumes and oil seeds, Food 
and Nutrition Bulletin 27: 26-34. DOI: 
org/10.1177/156482650602700104

 Beuchat LR (1977), Functional and electrophoretic 
characteristics of succinylated peanut flour protein, 
J. Agric Food Chem. 25: 258-261. DOI: 
org/10.1021/jf60210a044

Edeoga HO, Okwu DE. and Mbaebie BO (2003), 
Minerals and nutritive value of some Nigerian 
medicinal plants, Journal of Medicinal and 
Aromatic Plant Science 25: 1010-1015.

Elkahalifa AO, Schiffler and Bernhardt R (2005), 
Functional properties of sorghum flour, Food 
Chemistry 92: 1-5.

FAO (1985), Guideline for development of 
supplementary foods for older infant and children, 
Report of the 14th session of Codex committee on 
foods special uses.

FAO/WHO (1973), Ad Hoc Expert Committee, Energy and 
Protein requirements, WHO Technical Report Series, 
No.522; FAO Nutrition Meetings Report Series, No. 
52; WHO, Geneva; FAO, Rome, Italy.

FAO/WHO (1994), Codex Alimentarius Standards for Foods 
for Special Dietary Uses (including foods for infants 
and children), Vol. 4. Joint FAO/WHO Food Standards 
Program Rome: WHO, Codex Alimentarius 
Commission.

FAO (1996), Preparation and use of food-based dietary 
guidelines, Report of a joint FAO/WHO consultation, 
Nicosia, Cyprus.

FAO/WHO/UNU (2004), Human energy requirements, 
Report of a Joint FAO/WHO/UNU Expert 
Consultation. FAO Food and Nutrition Technical 
Report Series No. 1. Rome: FAO.

FAO/WHO (2002). Human vitamin and mineral 
requirements. Report of a Joint FAO/WHO Expert 
Consultation, FAO/WHO non-series publication, 
Rome: FAO.

FAO (2010). Fats and fatty acids in human nutrition. Report 
of an expert consultation, FAO Food and Nutrition 
Paper 91 (Final report). Rome: FAO.

FAO (2010), Bangladesh summary, Nutrition country 
profiles, Nutrition and Consumer Protection, 
Agriculture and consumer protection department

Francisca (2004), Immunobiology of human milk: how 
breastfeeding protects babies, Pharmasoft Publishing, 
Texas, USA.

Horwitz W, and Latimer GW (2001), AOAC Official Method 
2001.13.Vitamin A (Retinol) in Foods.Vitamins and 
Other Nutrients. Chapter 45, p.53-56. Official Methods 
of Analysis of AOAC International. 18th Ed. Revision 
2, 2007. Maryland.

IOM (2004), Dietary reference intake. National Academy 
press, Washington, DC.

IUPAC (2010), Fatty acid test through Gas Chromatography, 
Available from: http://www.ifpri. org/book 8018/ 
ourwork/ researcharea/global-hunger-index.  

Larmond E (1977), Laboratory methods for sensory 
evaluation of food, Canadian Government Publishing 
Centre, Ottawa, Canada.

Mensa-Wilmot Y, Phillips RD, and Hargrove JL (2001), 
Protein quality evaluation of cowpea-based extrusion 
cooked cereal/legume weaning mixtures, Nutrition 
Research 21: 849-857. DOI: org/10.1016/ S0271- 
5317(01)00302-5

Nataranjan I, Dagwanna FN and Ndahi WB (1979), 
Production, proximate composition and consumer 
acceptability of weaning foods from mixture of pearl 
millet, cowpea and groundnut, J. Arid. Agric 11: 
165-169.

Njoki P and Faller JF (2001), Development of an extruded 
plantain/corn/soy weaning food, International journal 
of food science & technology 36: 415-423. DOI: 
org/10.1046/j.1365-2621.2001.00476.x

Nkama I, Dagwanna FN and Ndahi WB (2001), Production, 
proximate composition and consumer acceptability of 
weaning foods from mixture of pearl millet, cowpea 
and groundnut, J. Arid. Agric. 11: 165-169. 

OECD (2006), The Validation of the Enhanced Test 
Guideline 407 Repeat Dose 28-Day Oral Toxicity 
Study in Laboratory Rats. Series on Testing and 
Assessment Number 59. Paris: Organisation for 
Economic Co-operation and Development.

Oladele AK and Aina JO (2007), Chemical composition and 
functional properties of flour from two varities of 
tigernut (Cyperus esculentus), African journal of 
Biotechnology 6: 2473-2476.

Omueti O (2009), EJEAF Chemistry 8: 563-573.

Ozuba AU, Olatunji OO and Odunfa JA (2002), 
Development and quality evaluation of semi-infant 
home-made weaning food, J. Applied Sci. 5: 124-3138.

Plahar WA, Okezie BO and Gyato CK (2003), Development 
of a high protein weaning food by extrusion cooking 
using peanuts, maize and soybeans, Plant Foods for 
Human Nutrition 58: 1-12.

Protein Advisory Group, Guidelines of protein (1972), Rich 
mixture for use in weaning foods, Advisory Group. 
New work, 50.

Quartey FC, Amagloh FK, Oduro I and Ellis WO (2007), 
Formulation of an infant food based on breadfruit 
(Artocarpus altilis) and breadnut (Artocarpus 
camansi), Acta Horticulturae. 757: 212-224. DOI:   
10.17660/ActaHortic.2007.757.29

Sathe SK. and Salunkhe DK (1981), Functional properties of 
great northern bean (Phaseolus vulgaris) proteins: 
emulsions, foaming, viscosity and gelatin properties, J. 
food sci. 46: 71-75. DOI: org/10.1111/ 
j.1365-2621.1981.tb14533.x

Schmidt BJ (1983), Breast feeding and infants morbidity 
in developing countries, J. Pediatr. Gastroenterol. 
Nutr 2 (suppl. 1).

Wadud S, Abid H, Ara H, Kosar S and Shah WH (2004),  
Production, quality evaluation and storage stability of 
vegetable protein-based baby foods, Food chemistry 
85: 175-179. DOI: org/10.1016/S0308- 8146(02) 
00516-2 

Wakil SM and Kazeem MO (2012), Quality assessment of 
weaning food produced from fermented cereal-legume 

blends using starters, International Food Research 
Journal 19(4).

Whitney EN, Hamilton EMN and Rolfes SR (1990), 
Understanding Nutrition, 5th Ed., West Publishing 
Company, New York.

WHO/FAO/UNU (2007), Protein and amino acid 
requirements in human nutrition, Report of a Joint 
WHO/FAO/UNU Expert Consultation. FAO Food and 
Nutrition Technical Report Series 935. Geneva: World 
Health Organization.

WHO, UNICEF (1998), Complementary Feeding of Young 
Children in Developin Countries: A review of current 
scientific knowledge. Geneva: World Health 
Organization.



Weaning food from indigenous source 56(1) 202130

Introduction

The growth of the infant in the first or second years is very 
rapid and breast feeding alone will not meet the child 
nutritional requirement. After about four months of age the 
child needs supplementary feeding to provide energy and 
essential nutrients required for continued growth and 
development (WHO and UNICEF, 1998). The nutrients in 
recommended complementary foods complement those in 
breast milk. The recommended feeding practices during this 

time ensure that baby receives all the necessary nutrients, 
including those that are sometime missing for many babies 
(iron, zinc and vitamin A), besides the guidelines also state 
that an ideal weaning food must be nutrient dense, easily 
digestible, suitable to consistency and affordable to the target 
market (FAO, 1985).

Low-cost, high protein food supplement development for 
weaning infants is a constant challenge (Schmidt, 1983). This 

is particularly important in developing countries where 
malnutrition problems are still common particularly during 
weaning (FAO, 2010). In Bangladesh, cereals like wheat, 
rice, milt etc. and legumes like soya, lentils and peanuts, 
carrots are commonly available therefore, a strategy can be 
followed to formulate a highly nutritive instant weaning 
food which is high in protein and calories to provide a 
balanced diet at the weaning period as well as affordable by 
the parents. 

Every community has a main staple food and it varies 
from country to country like as rice, wheat maize, cassava 
yam, potato etc. The staple is an excellent base for 
preparing babies' first weaning foods because it is usually 
cheaper and easily available, provides most of the 
nutrients needed for growth. Therefore, development of 
instant weaning foods based on locally available raw 
ingredients has been suggested by the Integrated Child 
Development Scheme (ICDS) and Food and Agriculture 
Organization (FAO, 1996) to combat malnutrition among 
mothers and children of low socio-economic groups. 
Evidence indicates that it is quite possible to improve the 
nutrient quality and acceptability of these cereals and 
legumes and exploit their potentials as human foods by 
adopting newer scientific processing methods (Nataranjan 
et al., 1979). Another thing is that, the nutritional content 
and the digestibility of food can be increased through 
germination (Ozuba et al., 2002). 

Numerous works on weaning food were done by the 
previous researchers. These studies cover development of 
weaning food with quality and storage stability analysis. 
Quality evaluation of weaning food prepared from 
fermented cereal legume was studied by Wakil and Kazeem 
(2012). Wadud et al. (2004) developed baby food from 
vegetable protein. Product quality and storage stability were 
also analyzed for the developed product. Extruded weaning 
food was developed by Njoki and Faller (2001). Plahar et 
al. (2003) developed weaning food of high energy from 
maize, peanuts, and soybean by extrusion cooking process. 
Quality evaluation in terms of protein content from cooked 
cereal and legume based weaning food was studied by 
Mensa-Wilmot et al. (2001). 

It is noticed from the recent investigation that information on 
instant weaning food are very limited. Therefore, the 
objectives of this present research were to develop a highly 
nutritive weaning food from indigenous food sources. The 
aims of this study were also to evaluate the quality of the 
developed food product.

Materials and methods

Collection of raw materials

Raw wheat, red lentils, peanuts, carrots and soybeans were 
collected from local market of Dhaka, Bangladesh to 
develop the weaning food. Collected sample was then 
stored in a refrigerator at 5oC to retain the quality of the 
material.

Processing of raw materials

Collected wheat sample were washed thoroughly, soaked for 
8 h and spread in a covering tray and then left overnight for 
sprouting. The sample was dried at 50oC for 12 h and 
grinded. Finally, the malted flour was stored in a cool and dry 
place to avoid the moisture gain. 

Raw peanuts samples was dried, grinded and packed in air 
tight container. Prepared peanut mash was then stored in a 
cool place. Healthy, mature soybean seeds were weighted 
and soaked overnight in 0.5% NaOH solution. The dehulled 
seeds were then boiled for 30 min to remove the anti-nutrient 
factors. The boiled seeds were strained and dried in hot air 
oven at 80 oC. Finally, the dried seeds were ground into 
powder and sieved using 100 mesh sieve. 

Formulation of weaning foods

Three types of weaning food (F-1, F-2 and F-3) were 
prepared by mixing the prepared raw sample.  The major raw 
materials used to formulate weaning foods were wheat flour, 
soya flour, rice flour for F-1; wheat flour, soya flour, malt 
extract for F-2 and malted wheat flour, soya flour, peanuts, 
lentils, carrots powder for F-3. 

Evaluation of proximate composition

Moisture, protein, ash, fat, fiber, total sugar and carbohydrate 
content of malted wheat flour, soya flour, and the formulated 
diets were determined according to AOAC (2005). Gross 
energy values of the raw materials and prepared foods were 
calculated by multiplying the values of protein, fat and 
carbohydrate by their respective physiological fuel values of 
4.1, 9.3 and 4.1 (Edeoga et al., 2003).

Assessment of functional properties

Water binding capacity, water absorption capacity, bulk 
density, solubility and swelling power were evaluated to 
determine the functional properties of the developed weaning 
food. Water binding capacity (WBC) was examined by 
taking 2 g of sample and 4 ml of distilled water in a 

centrifuge tube. Then the mixture of sample and distilled 
water was shaken for one hour and centrifuged for 15 min at 
2200 rpm. The calculation for determining WBC was 
followed as described by Beuchat (1977). Water absorption 
capacity was determined by the method described by Sathe 
and Salunkhe (1981). Bulk density, solubility and swelling 
power were analyzed by the methods as described by 
Oladele and Aina (2007). Viscosity of developed and 
commercial baby food samples were measured by 
following AACC (2000). 

Evaluation of micronutrient and heavy metals 

Vitamin A

Vitamin A was determined by high performance liquid 
chromatography (HPLC) with UV-detection after saponification 
and extraction (Horwitz and Latimer et al., 2001). Retinol was 
quantified in an HPLC system, using UV detection at 326 nm 
wave length. Vitamin A was then calculated by comparison of 
retinol peak heights in test samples.

Minerals and heavy metals

Minerals and heavy metals content of the formulated 
weaning foods were analyzed using 589 nm and 769 nm 
wavelength in Flame Emission Atomic Absorption 
Spectrophotometer (Jencons, PEP7). 10 g of dry sample was 
taken in a porcelain dish and then placed into a muffle 
furnace and heated at 1000oC for 1 h. After burning, ashes 
were taken to 250 ml beaker and 50 ml of deionized distilled 
water and 15 ml concentrated nitric acid was added. The 
samples were then returned to a hot plate with continued 
heating and additional acid was also added until completion 
of digestion. Then the sample was filtered into a 250 ml 
volumetric flask and each sample was made up to the mark 
with deionized water. Standard stock solution of 100 ppm 
was prepared for every tested mineral and metal. These 
solutions were prepared from their pure metal turning and 
pure compound using nitric acid. Working standard and 
blanks were acidified to the same extent as samples. The 
atomic absorption instrument was set up and flame condition 
and absorbance were optimized for analyze. Then blanks, 
standards, and samples were aspirated into a flame in AAS. 

Amino acid determination

Amino acid content of the developed weaning food samples 
were determined by amino acid analyzer (Sykam-S7130, 
Tokyo, Japan) based on HPLC system by following the 
amino acid analysis system instruction manual 
(Anonymous, 1993).

Fatty acid determination

Relative concentration of fatty acid (FA) from collected oil 
samples of developed baby food was measured as their 
corresponding methyl esters according to the method 
described in IUPAC (2010). About 5 to 7 drops of oil was 
taken in 15 ml test tube and 3 ml of 0.5 M sodium methoxide 
(prepared by mixing metallic sodium in methanol) was added 
and digested by stirring in a hot water bath for 15 min. 
Thereafter, the samples were cooled at room temperature and 
1 ml of petroleum ether was added followed by 10 ml 
deionized water, mixed and allowed to settle. The distinct 
upper layer of methyl ester in petroleum ether was separated 
carefully in a capped vial and used for analysis. 200 mg of 
different fatty acid standard (FAME mix; Sigma-Aldrich, St. 
Louis, Missouri, USA) in their respective methyl ester form 
were dissolved separately in 10 ml petroleum ether in a series 
of screw capped test tubes. Aliquots of 1.0 µl FAME (fatty 
acid methly ester) were injected and the peaks of fatty acids 
were recorded for their respective retention time and presented 
as relative percentage as were by the automated GC software.

Rat bioassay 

Nutritional quality of the prepared weaning foods were 
assessed according to a standard rat bioassay procedure by 
following OECD (2006) in the animal house section, Institute 
of Food Science and Technology (IFST) of Bangladesh 
Council of Scientific and Industrial Research (BCSIR), 
Dhaka, Bangladesh. Four groups of young long-evans rats 
(between 28-30 days) were used in this study. Each group 
contained four rats (2 male and 2 female). Room temperature 
was maintained at 18-26 oC with 12 h light/dark cycle. The 
rats were subjected to a 7 day acclimatization period. 

Sensory evaluation

The supplementary foods were subjected to sensory 
evaluation for color, flavor, taste, texture and overall 
acceptability by a sensory panel consisting of 19 members of 
which nine members are male (age ranged from 25 to 35) and 
remaining 10 members are female (age ranged from 26 to 40) 
of BCSIR, Dhaka, Bangladesh. The presented three samples 
were evaluated by panelists according to 9-point Hedonic 
Scale (Larmond, 1977). 

Statistical analysis

Results were statistically analyzed using IBM SPSS version 
22. The mean and standard deviation data from the triplicate 
analysis of developed food samples were calculated. 

Results and discussion

Proximate composition of raw materials and formulated 
weaning foods

The nutrient content of raw materials and formulated 
weaning food are shown in Table I. According to Table 1 the 
highest amount of protein, fat and carbohydrate was found in 
soya flour, peanut flour and wheat flour, respectively. It is 
also noticed from Table I that the highest energy value was 
found from peanut flour. 

The mean carbohydrate content of formulated weaning food 
(F-3) was lower (59.56 g/100g) while F-1 and F-2 was 73.98 
and 71.24 g/100g respectively. According to Codex 

Alimentarios Standards (FAO/WHO, 1994), the prepared 
weaning food should provide carbohydrate with the limit of 
41.13 to 73.79 g/100g. American Dietetic Association (2008) 
recommends that for children 2-11 years of age, 
carbohydrates should make up 45–65% of total energy intake 
each day whether in F-3 carbohydrate content provided 
51.13% of total energy. Therefore, it is noted that the 
formulated weaning F-3 is capable to meet the carbohydrate 
requirement of infants. 

The protein content of F-3 was 15.88 (g/100g) which is 
higher than F-1 (11.81 g/100g), and F-2, (9.95 g/100g), 
respectively. According to Codex Alimentarious Standards, 
the protein content of weaning food is ranged from 14.52 to 
37.70 (g/100g) (FAO/WHO, 1994). So the protein content 

was expected level in F-3 and the higher protein content in 
F-3 is due to use of soya flour, malted wheat flour and 
peanuts as raw materials. American Dietetic Association 
(2008) indicated that, in a weaning food 13% of the total 
energy should derived from protein whereas in F-3 protein 
provided 14.06% of the total energy. This implies that protein 
content of F-3 will be able to meet children growth demands.  

F-3 contains highest fat percentage (16.49 g/100g in dry 
weight basis) than F-1 (7.06 g/100g) and, F-2 (10.62 g/100g). 
According to FAO (1985) the 40-60 percent of total energy of 
infant below one year of age should come from fat. Due to 
using peanuts the fat content was slightly higher in F-3 than 
the recommended level due to use of peanut. However, it 
provides higher calorie in the diet which is expected. 

According to codex standard FAO/WHO (1994) the fat 
content of developed weaning food should be ranged from 
14.52-41.13%. 

The energy content of F-3 was higher (462.80 kcal/100gm) 
than F-1 (418.29 kcal/100g), and F-2 (432.11 kcal/100g) and 
also very close to Codex Alimentarious Standards 
FAO/WHO (1994) (483.9 kcal/100g).  According to IOM 
(2004) the RDA of energy for infant is 880 (kcal/day). 

It is noticed from Table 1 that lower ash content varied from 
2.02 to 2.58  in the formulated weaning food. The results of 
this study are in congruent with the reported recommendation 
of Protein Advisory Group (1972) which noted that the ash 
content should not exceed 5%. 

The crude fiber percentage ranged from 0.42 to 2.03% for the 
developed weaning food as shown in Table 1. The results of 
this study match with the reported values of FAO (1985). It 
was reported that the crude fiber content of supplementary 
food should not exceed 5%.

Functional properties 

The results on the functional properties of the diets are 
presented in Table II. The water absorption capacity of the 
formulated weaning food F-3 was lower (136.24 (g/100g)) 
than the F-1, and F-2 sample. The lower water binding and 
absorption capacity of weaning food indicate the thinner 
gruel formation with high caloric density per unit volume. 
Similar findings were also noted by Elkahalifa et al. (2005). 

Bulk density of the developed weaning foods varied from 
0.57 to 0.75 g/cm3. Results of the present research (except 
F-1) are in concord with the reported values of Asma et al. 

(2006). It was reported from their experiment that bulk 
density of the baby food varied from 0.54-0.65 g/cm3. 
According to Quartey et al. (2007), low bulk density powder 
are desirable in infant food preparation. 

The solubility of formulated weaning food F-3 was 
48.81% and swelling power was 11.79 (g/g), while the 
other two diets such as F-1, and F-2 contains solubility 
were 35.05, 38.67% and swelling power were 6.16, 8.52 
(g/g). The higher solubility percentage indicates the 
higher functionalities of the protein in a food (Omueti, 
2009). 

The viscosity of the formulated weaning food F-3 (33.40 
mps-1) was lower than the F-1 (34.41 mps-1) and F-2 (35.84 
mps-1) sample. Lower viscosity of weaning food indicates the 
increase in nutrient density (Nkama, 2001).

Micronutrient and trace elements

The results of micronutrient and trace elements are also 
shown in Table II. After analyzing three formulated 
baby food (F-1, F-2, F-3) Na concentration was highest 
in the F-3 (233.3 mg/100 g) whereas in response to 
mother’s concerns, many baby food manufacturers have 
tried to keep the concentration of Na within the 
recommended level; 96.78–411.32 (mg/100 g) specified 
in the Codex Alimentarius standard for weaning foods 
(FAO/WHO, 1994). 

The concentration of potassium in F-3 was 250 (mg/100g) 
which is greater than F-1 and F-2 sample. Excessive dietary 
intake of K has been reported to cause muscular weakness 
and vomiting in human (Whitney et al., 1990). Highest 
amount of Fe was found in F-2 sample while lowest was 
found in F-1 sample. The RDA of Fe for infant is 11 
(mg/100g) (IOM, 2004). Thus the high iron content of 
formulated baby food can meet the infant’s daily Fe needs. 
Calcium is an essential micronutrient in infants and young 
children for building bones and teeth in their early age, 
functioning of muscles and nerves, blood clotting and for 
immune defense (Whitney et al., 1990). The concentration of 
Ca was highest (260.33 mg/100g) in F-3. According to the 
FAO/WHO (1994), Ca concentration in weaning foods 
should not be less than 435.51 (mg/100g). So in that case 
further fortification with premix is required for the developed 
food. Zinc enhances the body’s immune system thus, 
protecting children from infections. Concentration of Zn in 
F-2 sample was higher than the F-1 and F-3 sample. The 
trace/heavy metals (Cr, Pb, Ni, Cu) analysis result of both 
formulated and commercial foods represent that, only 0.19 
(mg/100g) lead was found in F-2 and 0.28, 0.71, and 0.39 
(mg/100g) of Copper were found in F-1, F-2, and F-3, 
respectively. Rest of all trace metals were found in all diets 
were below the detect level (BDL). 

Amino acids 

Results of amino acids for the developed weaning food are 
shown in Table III. It was noticed from the analysis that the 
developed formulated F-3 weaning food yielded eight 
essential amino acids followed by fourteen amino acids. The 
essential amino acid found in the present study for F-3 
formulation was higher than the reported values of Wakil and 
Kazeem (2012). It was reported from their experiment that 
threonine, alanine, methionine, isoleucine, leucine, lysine 
and valine content was 0.42, 0.94, 0.54, 0.96, 0.20, 1.34, and 
0.30 (g/100g), respectively. The highest amino acid content 
for the present study is due to use of malted wheat flour and 
peanuts as raw materials. The results of this experiment  also 

match with the FAO/WHO (1973) standard as shown in 
Table III. 

Fatty acid 

Fatty acid compositions of prepared weaning foods (F-3) are 
given in Fig. 1. The formulated weaning F-3 contain 16.01% 
palmitic acid; 4.27% stearic acid; 45.90% linoleic acid and 
25.55% oleic acid because of using soya flour and peanuts 
that provide required amount of fat content whether weaning 
food formulated with cooking banana, cow pea and peanuts 
contain 1.01% palmitic acid; 0.22% stearic acid; 2.22% 
linoleic acid and 3.56% oleic acid (Francisca, 2004).

Rat growth 

Comparison among the weight gains of different rat groups in 
21 days fed on prepared (F-1, F-2 and F-3), and laboratory 
diets is shown in the Fig. 2. After first week the weight 
increase rate was low in the rats fed on the formula F-1 (436 
g), and F-2 (485g). The group weight gain was higher (527g) 
in the rats fed on the formula F-3 than control group (513g) 
fed on the laboratory diet. From the rat bioassay, the highest 

growth rate was found in the rats fed on the locally prepared 
weaning food (F-3) than control group fed on the laboratory 
diet. Another causes of highest growth rate was that the 
highest protein percentage of the prepared weaning food 
(F-3) than others diets.

Sensory evaluation

Results of the sensory evaluation of developed baby food are 
depicted in Fig. 3. The sensorial results revealed that the 
color parameter of F-3 was more attractive (8.35) than F-1 
(5.5) and for F-2 (7.95). The more attractive color is due to 
the carrot powder in F-3 sample. The nutty flavor of the 
formulated weaning food (F-3) (8.55) made the product more 
acceptable than the F-1 (6) and F-2 (6.6). The taste of 
commercial baby food was more acceptable than the 
developed baby foods due to high sugar content. So, sugar 
content should be increased in formulated diets to enhance 
taste parameters. The score of overall acceptability of the 
formulated weaning F-3 (7.98) was higher as compared to the 
F-1 and F-2 food sample.   

Conclusion

The use of germinated wheat flour, soya flour, peanuts and 
lentils to develop the weaning food formulation provide high 
protein and calorie values with desired minerals content and 
improved functional and sensory characteristics. Vitamin and 
mineral contents are lower in F-3 than other formulated food, 
thus it need to be further fortified by vitamin and minerals 

premix. The study also showed that F-3 could be another 
option to fulfill the requirement of essential amino acids and 
fatty acids at weaning period of infants and young children. 
This study also implies that the formulas could be made from 
low cost, readily and locally available nutrient rich raw 
materials. Therefore, further study should be undertaken with 
the estimation of large scale commercial production cost of 
formulated diets (F-3).

References

AACC (2000), Approved Methods of the American 
Association of Cereal Chemists, 10th Ed., The 
Association: St. Paul, Minnesota, Method 61-02. 

American Dietetic Association (2008), Position of the 
American Dietetic Association: Nutrition Guidance 
for Healthy Children Ages 2 to 11 Years, JADA 
108: 1038–1047. DOI: 10.1016/j.jada.2008.04.005 

 Anonymous (1993), Amino acid analysis system 
instruction manual, Shimadzu HPLC amino acid 
analysis system, Analytical Instruments Division, 
Kyoto, Japan, pp 63-65. 

AOAC (2005), Official methods of analysis, Washington, 
DC: Association Official Analytical Chemist.

Asma MA, Babiker EEl, and Tinay AH (2006), 
Development of weaning food from sorghum 
supplemented with legumes and oil seeds, Food 
and Nutrition Bulletin 27: 26-34. DOI: 
org/10.1177/156482650602700104

 Beuchat LR (1977), Functional and electrophoretic 
characteristics of succinylated peanut flour protein, 
J. Agric Food Chem. 25: 258-261. DOI: 
org/10.1021/jf60210a044

Edeoga HO, Okwu DE. and Mbaebie BO (2003), 
Minerals and nutritive value of some Nigerian 
medicinal plants, Journal of Medicinal and 
Aromatic Plant Science 25: 1010-1015.

Elkahalifa AO, Schiffler and Bernhardt R (2005), 
Functional properties of sorghum flour, Food 
Chemistry 92: 1-5.

FAO (1985), Guideline for development of 
supplementary foods for older infant and children, 
Report of the 14th session of Codex committee on 
foods special uses.

FAO/WHO (1973), Ad Hoc Expert Committee, Energy and 
Protein requirements, WHO Technical Report Series, 
No.522; FAO Nutrition Meetings Report Series, No. 
52; WHO, Geneva; FAO, Rome, Italy.

FAO/WHO (1994), Codex Alimentarius Standards for Foods 
for Special Dietary Uses (including foods for infants 
and children), Vol. 4. Joint FAO/WHO Food Standards 
Program Rome: WHO, Codex Alimentarius 
Commission.

FAO (1996), Preparation and use of food-based dietary 
guidelines, Report of a joint FAO/WHO consultation, 
Nicosia, Cyprus.

FAO/WHO/UNU (2004), Human energy requirements, 
Report of a Joint FAO/WHO/UNU Expert 
Consultation. FAO Food and Nutrition Technical 
Report Series No. 1. Rome: FAO.

FAO/WHO (2002). Human vitamin and mineral 
requirements. Report of a Joint FAO/WHO Expert 
Consultation, FAO/WHO non-series publication, 
Rome: FAO.

FAO (2010). Fats and fatty acids in human nutrition. Report 
of an expert consultation, FAO Food and Nutrition 
Paper 91 (Final report). Rome: FAO.

FAO (2010), Bangladesh summary, Nutrition country 
profiles, Nutrition and Consumer Protection, 
Agriculture and consumer protection department

Francisca (2004), Immunobiology of human milk: how 
breastfeeding protects babies, Pharmasoft Publishing, 
Texas, USA.

Horwitz W, and Latimer GW (2001), AOAC Official Method 
2001.13.Vitamin A (Retinol) in Foods.Vitamins and 
Other Nutrients. Chapter 45, p.53-56. Official Methods 
of Analysis of AOAC International. 18th Ed. Revision 
2, 2007. Maryland.

IOM (2004), Dietary reference intake. National Academy 
press, Washington, DC.

IUPAC (2010), Fatty acid test through Gas Chromatography, 
Available from: http://www.ifpri. org/book 8018/ 
ourwork/ researcharea/global-hunger-index.  

Larmond E (1977), Laboratory methods for sensory 
evaluation of food, Canadian Government Publishing 
Centre, Ottawa, Canada.

Mensa-Wilmot Y, Phillips RD, and Hargrove JL (2001), 
Protein quality evaluation of cowpea-based extrusion 
cooked cereal/legume weaning mixtures, Nutrition 
Research 21: 849-857. DOI: org/10.1016/ S0271- 
5317(01)00302-5

Nataranjan I, Dagwanna FN and Ndahi WB (1979), 
Production, proximate composition and consumer 
acceptability of weaning foods from mixture of pearl 
millet, cowpea and groundnut, J. Arid. Agric 11: 
165-169.

Njoki P and Faller JF (2001), Development of an extruded 
plantain/corn/soy weaning food, International journal 
of food science & technology 36: 415-423. DOI: 
org/10.1046/j.1365-2621.2001.00476.x

Nkama I, Dagwanna FN and Ndahi WB (2001), Production, 
proximate composition and consumer acceptability of 
weaning foods from mixture of pearl millet, cowpea 
and groundnut, J. Arid. Agric. 11: 165-169. 

OECD (2006), The Validation of the Enhanced Test 
Guideline 407 Repeat Dose 28-Day Oral Toxicity 
Study in Laboratory Rats. Series on Testing and 
Assessment Number 59. Paris: Organisation for 
Economic Co-operation and Development.

Oladele AK and Aina JO (2007), Chemical composition and 
functional properties of flour from two varities of 
tigernut (Cyperus esculentus), African journal of 
Biotechnology 6: 2473-2476.

Omueti O (2009), EJEAF Chemistry 8: 563-573.

Ozuba AU, Olatunji OO and Odunfa JA (2002), 
Development and quality evaluation of semi-infant 
home-made weaning food, J. Applied Sci. 5: 124-3138.

Plahar WA, Okezie BO and Gyato CK (2003), Development 
of a high protein weaning food by extrusion cooking 
using peanuts, maize and soybeans, Plant Foods for 
Human Nutrition 58: 1-12.

Protein Advisory Group, Guidelines of protein (1972), Rich 
mixture for use in weaning foods, Advisory Group. 
New work, 50.

Quartey FC, Amagloh FK, Oduro I and Ellis WO (2007), 
Formulation of an infant food based on breadfruit 
(Artocarpus altilis) and breadnut (Artocarpus 
camansi), Acta Horticulturae. 757: 212-224. DOI:   
10.17660/ActaHortic.2007.757.29

Sathe SK. and Salunkhe DK (1981), Functional properties of 
great northern bean (Phaseolus vulgaris) proteins: 
emulsions, foaming, viscosity and gelatin properties, J. 
food sci. 46: 71-75. DOI: org/10.1111/ 
j.1365-2621.1981.tb14533.x

Schmidt BJ (1983), Breast feeding and infants morbidity 
in developing countries, J. Pediatr. Gastroenterol. 
Nutr 2 (suppl. 1).

Wadud S, Abid H, Ara H, Kosar S and Shah WH (2004),  
Production, quality evaluation and storage stability of 
vegetable protein-based baby foods, Food chemistry 
85: 175-179. DOI: org/10.1016/S0308- 8146(02) 
00516-2 

Wakil SM and Kazeem MO (2012), Quality assessment of 
weaning food produced from fermented cereal-legume 

blends using starters, International Food Research 
Journal 19(4).

Whitney EN, Hamilton EMN and Rolfes SR (1990), 
Understanding Nutrition, 5th Ed., West Publishing 
Company, New York.

WHO/FAO/UNU (2007), Protein and amino acid 
requirements in human nutrition, Report of a Joint 
WHO/FAO/UNU Expert Consultation. FAO Food and 
Nutrition Technical Report Series 935. Geneva: World 
Health Organization.

WHO, UNICEF (1998), Complementary Feeding of Young 
Children in Developin Countries: A review of current 
scientific knowledge. Geneva: World Health 
Organization.



Noman, Ahmmed, Mondal, Khan, Islam, Miah and Islam 31

Introduction

The growth of the infant in the first or second years is very 
rapid and breast feeding alone will not meet the child 
nutritional requirement. After about four months of age the 
child needs supplementary feeding to provide energy and 
essential nutrients required for continued growth and 
development (WHO and UNICEF, 1998). The nutrients in 
recommended complementary foods complement those in 
breast milk. The recommended feeding practices during this 

time ensure that baby receives all the necessary nutrients, 
including those that are sometime missing for many babies 
(iron, zinc and vitamin A), besides the guidelines also state 
that an ideal weaning food must be nutrient dense, easily 
digestible, suitable to consistency and affordable to the target 
market (FAO, 1985).

Low-cost, high protein food supplement development for 
weaning infants is a constant challenge (Schmidt, 1983). This 

is particularly important in developing countries where 
malnutrition problems are still common particularly during 
weaning (FAO, 2010). In Bangladesh, cereals like wheat, 
rice, milt etc. and legumes like soya, lentils and peanuts, 
carrots are commonly available therefore, a strategy can be 
followed to formulate a highly nutritive instant weaning 
food which is high in protein and calories to provide a 
balanced diet at the weaning period as well as affordable by 
the parents. 

Every community has a main staple food and it varies 
from country to country like as rice, wheat maize, cassava 
yam, potato etc. The staple is an excellent base for 
preparing babies' first weaning foods because it is usually 
cheaper and easily available, provides most of the 
nutrients needed for growth. Therefore, development of 
instant weaning foods based on locally available raw 
ingredients has been suggested by the Integrated Child 
Development Scheme (ICDS) and Food and Agriculture 
Organization (FAO, 1996) to combat malnutrition among 
mothers and children of low socio-economic groups. 
Evidence indicates that it is quite possible to improve the 
nutrient quality and acceptability of these cereals and 
legumes and exploit their potentials as human foods by 
adopting newer scientific processing methods (Nataranjan 
et al., 1979). Another thing is that, the nutritional content 
and the digestibility of food can be increased through 
germination (Ozuba et al., 2002). 

Numerous works on weaning food were done by the 
previous researchers. These studies cover development of 
weaning food with quality and storage stability analysis. 
Quality evaluation of weaning food prepared from 
fermented cereal legume was studied by Wakil and Kazeem 
(2012). Wadud et al. (2004) developed baby food from 
vegetable protein. Product quality and storage stability were 
also analyzed for the developed product. Extruded weaning 
food was developed by Njoki and Faller (2001). Plahar et 
al. (2003) developed weaning food of high energy from 
maize, peanuts, and soybean by extrusion cooking process. 
Quality evaluation in terms of protein content from cooked 
cereal and legume based weaning food was studied by 
Mensa-Wilmot et al. (2001). 

It is noticed from the recent investigation that information on 
instant weaning food are very limited. Therefore, the 
objectives of this present research were to develop a highly 
nutritive weaning food from indigenous food sources. The 
aims of this study were also to evaluate the quality of the 
developed food product.

Materials and methods

Collection of raw materials

Raw wheat, red lentils, peanuts, carrots and soybeans were 
collected from local market of Dhaka, Bangladesh to 
develop the weaning food. Collected sample was then 
stored in a refrigerator at 5oC to retain the quality of the 
material.

Processing of raw materials

Collected wheat sample were washed thoroughly, soaked for 
8 h and spread in a covering tray and then left overnight for 
sprouting. The sample was dried at 50oC for 12 h and 
grinded. Finally, the malted flour was stored in a cool and dry 
place to avoid the moisture gain. 

Raw peanuts samples was dried, grinded and packed in air 
tight container. Prepared peanut mash was then stored in a 
cool place. Healthy, mature soybean seeds were weighted 
and soaked overnight in 0.5% NaOH solution. The dehulled 
seeds were then boiled for 30 min to remove the anti-nutrient 
factors. The boiled seeds were strained and dried in hot air 
oven at 80 oC. Finally, the dried seeds were ground into 
powder and sieved using 100 mesh sieve. 

Formulation of weaning foods

Three types of weaning food (F-1, F-2 and F-3) were 
prepared by mixing the prepared raw sample.  The major raw 
materials used to formulate weaning foods were wheat flour, 
soya flour, rice flour for F-1; wheat flour, soya flour, malt 
extract for F-2 and malted wheat flour, soya flour, peanuts, 
lentils, carrots powder for F-3. 

Evaluation of proximate composition

Moisture, protein, ash, fat, fiber, total sugar and carbohydrate 
content of malted wheat flour, soya flour, and the formulated 
diets were determined according to AOAC (2005). Gross 
energy values of the raw materials and prepared foods were 
calculated by multiplying the values of protein, fat and 
carbohydrate by their respective physiological fuel values of 
4.1, 9.3 and 4.1 (Edeoga et al., 2003).

Assessment of functional properties

Water binding capacity, water absorption capacity, bulk 
density, solubility and swelling power were evaluated to 
determine the functional properties of the developed weaning 
food. Water binding capacity (WBC) was examined by 
taking 2 g of sample and 4 ml of distilled water in a 

centrifuge tube. Then the mixture of sample and distilled 
water was shaken for one hour and centrifuged for 15 min at 
2200 rpm. The calculation for determining WBC was 
followed as described by Beuchat (1977). Water absorption 
capacity was determined by the method described by Sathe 
and Salunkhe (1981). Bulk density, solubility and swelling 
power were analyzed by the methods as described by 
Oladele and Aina (2007). Viscosity of developed and 
commercial baby food samples were measured by 
following AACC (2000). 

Evaluation of micronutrient and heavy metals 

Vitamin A

Vitamin A was determined by high performance liquid 
chromatography (HPLC) with UV-detection after saponification 
and extraction (Horwitz and Latimer et al., 2001). Retinol was 
quantified in an HPLC system, using UV detection at 326 nm 
wave length. Vitamin A was then calculated by comparison of 
retinol peak heights in test samples.

Minerals and heavy metals

Minerals and heavy metals content of the formulated 
weaning foods were analyzed using 589 nm and 769 nm 
wavelength in Flame Emission Atomic Absorption 
Spectrophotometer (Jencons, PEP7). 10 g of dry sample was 
taken in a porcelain dish and then placed into a muffle 
furnace and heated at 1000oC for 1 h. After burning, ashes 
were taken to 250 ml beaker and 50 ml of deionized distilled 
water and 15 ml concentrated nitric acid was added. The 
samples were then returned to a hot plate with continued 
heating and additional acid was also added until completion 
of digestion. Then the sample was filtered into a 250 ml 
volumetric flask and each sample was made up to the mark 
with deionized water. Standard stock solution of 100 ppm 
was prepared for every tested mineral and metal. These 
solutions were prepared from their pure metal turning and 
pure compound using nitric acid. Working standard and 
blanks were acidified to the same extent as samples. The 
atomic absorption instrument was set up and flame condition 
and absorbance were optimized for analyze. Then blanks, 
standards, and samples were aspirated into a flame in AAS. 

Amino acid determination

Amino acid content of the developed weaning food samples 
were determined by amino acid analyzer (Sykam-S7130, 
Tokyo, Japan) based on HPLC system by following the 
amino acid analysis system instruction manual 
(Anonymous, 1993).

Fatty acid determination

Relative concentration of fatty acid (FA) from collected oil 
samples of developed baby food was measured as their 
corresponding methyl esters according to the method 
described in IUPAC (2010). About 5 to 7 drops of oil was 
taken in 15 ml test tube and 3 ml of 0.5 M sodium methoxide 
(prepared by mixing metallic sodium in methanol) was added 
and digested by stirring in a hot water bath for 15 min. 
Thereafter, the samples were cooled at room temperature and 
1 ml of petroleum ether was added followed by 10 ml 
deionized water, mixed and allowed to settle. The distinct 
upper layer of methyl ester in petroleum ether was separated 
carefully in a capped vial and used for analysis. 200 mg of 
different fatty acid standard (FAME mix; Sigma-Aldrich, St. 
Louis, Missouri, USA) in their respective methyl ester form 
were dissolved separately in 10 ml petroleum ether in a series 
of screw capped test tubes. Aliquots of 1.0 µl FAME (fatty 
acid methly ester) were injected and the peaks of fatty acids 
were recorded for their respective retention time and presented 
as relative percentage as were by the automated GC software.

Rat bioassay 

Nutritional quality of the prepared weaning foods were 
assessed according to a standard rat bioassay procedure by 
following OECD (2006) in the animal house section, Institute 
of Food Science and Technology (IFST) of Bangladesh 
Council of Scientific and Industrial Research (BCSIR), 
Dhaka, Bangladesh. Four groups of young long-evans rats 
(between 28-30 days) were used in this study. Each group 
contained four rats (2 male and 2 female). Room temperature 
was maintained at 18-26 oC with 12 h light/dark cycle. The 
rats were subjected to a 7 day acclimatization period. 

Sensory evaluation

The supplementary foods were subjected to sensory 
evaluation for color, flavor, taste, texture and overall 
acceptability by a sensory panel consisting of 19 members of 
which nine members are male (age ranged from 25 to 35) and 
remaining 10 members are female (age ranged from 26 to 40) 
of BCSIR, Dhaka, Bangladesh. The presented three samples 
were evaluated by panelists according to 9-point Hedonic 
Scale (Larmond, 1977). 

Statistical analysis

Results were statistically analyzed using IBM SPSS version 
22. The mean and standard deviation data from the triplicate 
analysis of developed food samples were calculated. 

Results and discussion

Proximate composition of raw materials and formulated 
weaning foods

The nutrient content of raw materials and formulated 
weaning food are shown in Table I. According to Table 1 the 
highest amount of protein, fat and carbohydrate was found in 
soya flour, peanut flour and wheat flour, respectively. It is 
also noticed from Table I that the highest energy value was 
found from peanut flour. 

The mean carbohydrate content of formulated weaning food 
(F-3) was lower (59.56 g/100g) while F-1 and F-2 was 73.98 
and 71.24 g/100g respectively. According to Codex 

Alimentarios Standards (FAO/WHO, 1994), the prepared 
weaning food should provide carbohydrate with the limit of 
41.13 to 73.79 g/100g. American Dietetic Association (2008) 
recommends that for children 2-11 years of age, 
carbohydrates should make up 45–65% of total energy intake 
each day whether in F-3 carbohydrate content provided 
51.13% of total energy. Therefore, it is noted that the 
formulated weaning F-3 is capable to meet the carbohydrate 
requirement of infants. 

The protein content of F-3 was 15.88 (g/100g) which is 
higher than F-1 (11.81 g/100g), and F-2, (9.95 g/100g), 
respectively. According to Codex Alimentarious Standards, 
the protein content of weaning food is ranged from 14.52 to 
37.70 (g/100g) (FAO/WHO, 1994). So the protein content 

was expected level in F-3 and the higher protein content in 
F-3 is due to use of soya flour, malted wheat flour and 
peanuts as raw materials. American Dietetic Association 
(2008) indicated that, in a weaning food 13% of the total 
energy should derived from protein whereas in F-3 protein 
provided 14.06% of the total energy. This implies that protein 
content of F-3 will be able to meet children growth demands.  

F-3 contains highest fat percentage (16.49 g/100g in dry 
weight basis) than F-1 (7.06 g/100g) and, F-2 (10.62 g/100g). 
According to FAO (1985) the 40-60 percent of total energy of 
infant below one year of age should come from fat. Due to 
using peanuts the fat content was slightly higher in F-3 than 
the recommended level due to use of peanut. However, it 
provides higher calorie in the diet which is expected. 

According to codex standard FAO/WHO (1994) the fat 
content of developed weaning food should be ranged from 
14.52-41.13%. 

The energy content of F-3 was higher (462.80 kcal/100gm) 
than F-1 (418.29 kcal/100g), and F-2 (432.11 kcal/100g) and 
also very close to Codex Alimentarious Standards 
FAO/WHO (1994) (483.9 kcal/100g).  According to IOM 
(2004) the RDA of energy for infant is 880 (kcal/day). 

It is noticed from Table 1 that lower ash content varied from 
2.02 to 2.58  in the formulated weaning food. The results of 
this study are in congruent with the reported recommendation 
of Protein Advisory Group (1972) which noted that the ash 
content should not exceed 5%. 

The crude fiber percentage ranged from 0.42 to 2.03% for the 
developed weaning food as shown in Table 1. The results of 
this study match with the reported values of FAO (1985). It 
was reported that the crude fiber content of supplementary 
food should not exceed 5%.

Functional properties 

The results on the functional properties of the diets are 
presented in Table II. The water absorption capacity of the 
formulated weaning food F-3 was lower (136.24 (g/100g)) 
than the F-1, and F-2 sample. The lower water binding and 
absorption capacity of weaning food indicate the thinner 
gruel formation with high caloric density per unit volume. 
Similar findings were also noted by Elkahalifa et al. (2005). 

Bulk density of the developed weaning foods varied from 
0.57 to 0.75 g/cm3. Results of the present research (except 
F-1) are in concord with the reported values of Asma et al. 

(2006). It was reported from their experiment that bulk 
density of the baby food varied from 0.54-0.65 g/cm3. 
According to Quartey et al. (2007), low bulk density powder 
are desirable in infant food preparation. 

The solubility of formulated weaning food F-3 was 
48.81% and swelling power was 11.79 (g/g), while the 
other two diets such as F-1, and F-2 contains solubility 
were 35.05, 38.67% and swelling power were 6.16, 8.52 
(g/g). The higher solubility percentage indicates the 
higher functionalities of the protein in a food (Omueti, 
2009). 

The viscosity of the formulated weaning food F-3 (33.40 
mps-1) was lower than the F-1 (34.41 mps-1) and F-2 (35.84 
mps-1) sample. Lower viscosity of weaning food indicates the 
increase in nutrient density (Nkama, 2001).

Micronutrient and trace elements

The results of micronutrient and trace elements are also 
shown in Table II. After analyzing three formulated 
baby food (F-1, F-2, F-3) Na concentration was highest 
in the F-3 (233.3 mg/100 g) whereas in response to 
mother’s concerns, many baby food manufacturers have 
tried to keep the concentration of Na within the 
recommended level; 96.78–411.32 (mg/100 g) specified 
in the Codex Alimentarius standard for weaning foods 
(FAO/WHO, 1994). 

The concentration of potassium in F-3 was 250 (mg/100g) 
which is greater than F-1 and F-2 sample. Excessive dietary 
intake of K has been reported to cause muscular weakness 
and vomiting in human (Whitney et al., 1990). Highest 
amount of Fe was found in F-2 sample while lowest was 
found in F-1 sample. The RDA of Fe for infant is 11 
(mg/100g) (IOM, 2004). Thus the high iron content of 
formulated baby food can meet the infant’s daily Fe needs. 
Calcium is an essential micronutrient in infants and young 
children for building bones and teeth in their early age, 
functioning of muscles and nerves, blood clotting and for 
immune defense (Whitney et al., 1990). The concentration of 
Ca was highest (260.33 mg/100g) in F-3. According to the 
FAO/WHO (1994), Ca concentration in weaning foods 
should not be less than 435.51 (mg/100g). So in that case 
further fortification with premix is required for the developed 
food. Zinc enhances the body’s immune system thus, 
protecting children from infections. Concentration of Zn in 
F-2 sample was higher than the F-1 and F-3 sample. The 
trace/heavy metals (Cr, Pb, Ni, Cu) analysis result of both 
formulated and commercial foods represent that, only 0.19 
(mg/100g) lead was found in F-2 and 0.28, 0.71, and 0.39 
(mg/100g) of Copper were found in F-1, F-2, and F-3, 
respectively. Rest of all trace metals were found in all diets 
were below the detect level (BDL). 

Amino acids 

Results of amino acids for the developed weaning food are 
shown in Table III. It was noticed from the analysis that the 
developed formulated F-3 weaning food yielded eight 
essential amino acids followed by fourteen amino acids. The 
essential amino acid found in the present study for F-3 
formulation was higher than the reported values of Wakil and 
Kazeem (2012). It was reported from their experiment that 
threonine, alanine, methionine, isoleucine, leucine, lysine 
and valine content was 0.42, 0.94, 0.54, 0.96, 0.20, 1.34, and 
0.30 (g/100g), respectively. The highest amino acid content 
for the present study is due to use of malted wheat flour and 
peanuts as raw materials. The results of this experiment  also 

match with the FAO/WHO (1973) standard as shown in 
Table III. 

Fatty acid 

Fatty acid compositions of prepared weaning foods (F-3) are 
given in Fig. 1. The formulated weaning F-3 contain 16.01% 
palmitic acid; 4.27% stearic acid; 45.90% linoleic acid and 
25.55% oleic acid because of using soya flour and peanuts 
that provide required amount of fat content whether weaning 
food formulated with cooking banana, cow pea and peanuts 
contain 1.01% palmitic acid; 0.22% stearic acid; 2.22% 
linoleic acid and 3.56% oleic acid (Francisca, 2004).

Rat growth 

Comparison among the weight gains of different rat groups in 
21 days fed on prepared (F-1, F-2 and F-3), and laboratory 
diets is shown in the Fig. 2. After first week the weight 
increase rate was low in the rats fed on the formula F-1 (436 
g), and F-2 (485g). The group weight gain was higher (527g) 
in the rats fed on the formula F-3 than control group (513g) 
fed on the laboratory diet. From the rat bioassay, the highest 

growth rate was found in the rats fed on the locally prepared 
weaning food (F-3) than control group fed on the laboratory 
diet. Another causes of highest growth rate was that the 
highest protein percentage of the prepared weaning food 
(F-3) than others diets.

Sensory evaluation

Results of the sensory evaluation of developed baby food are 
depicted in Fig. 3. The sensorial results revealed that the 
color parameter of F-3 was more attractive (8.35) than F-1 
(5.5) and for F-2 (7.95). The more attractive color is due to 
the carrot powder in F-3 sample. The nutty flavor of the 
formulated weaning food (F-3) (8.55) made the product more 
acceptable than the F-1 (6) and F-2 (6.6). The taste of 
commercial baby food was more acceptable than the 
developed baby foods due to high sugar content. So, sugar 
content should be increased in formulated diets to enhance 
taste parameters. The score of overall acceptability of the 
formulated weaning F-3 (7.98) was higher as compared to the 
F-1 and F-2 food sample.   

Conclusion

The use of germinated wheat flour, soya flour, peanuts and 
lentils to develop the weaning food formulation provide high 
protein and calorie values with desired minerals content and 
improved functional and sensory characteristics. Vitamin and 
mineral contents are lower in F-3 than other formulated food, 
thus it need to be further fortified by vitamin and minerals 

premix. The study also showed that F-3 could be another 
option to fulfill the requirement of essential amino acids and 
fatty acids at weaning period of infants and young children. 
This study also implies that the formulas could be made from 
low cost, readily and locally available nutrient rich raw 
materials. Therefore, further study should be undertaken with 
the estimation of large scale commercial production cost of 
formulated diets (F-3).
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Introduction

The growth of the infant in the first or second years is very 
rapid and breast feeding alone will not meet the child 
nutritional requirement. After about four months of age the 
child needs supplementary feeding to provide energy and 
essential nutrients required for continued growth and 
development (WHO and UNICEF, 1998). The nutrients in 
recommended complementary foods complement those in 
breast milk. The recommended feeding practices during this 

time ensure that baby receives all the necessary nutrients, 
including those that are sometime missing for many babies 
(iron, zinc and vitamin A), besides the guidelines also state 
that an ideal weaning food must be nutrient dense, easily 
digestible, suitable to consistency and affordable to the target 
market (FAO, 1985).

Low-cost, high protein food supplement development for 
weaning infants is a constant challenge (Schmidt, 1983). This 

is particularly important in developing countries where 
malnutrition problems are still common particularly during 
weaning (FAO, 2010). In Bangladesh, cereals like wheat, 
rice, milt etc. and legumes like soya, lentils and peanuts, 
carrots are commonly available therefore, a strategy can be 
followed to formulate a highly nutritive instant weaning 
food which is high in protein and calories to provide a 
balanced diet at the weaning period as well as affordable by 
the parents. 

Every community has a main staple food and it varies 
from country to country like as rice, wheat maize, cassava 
yam, potato etc. The staple is an excellent base for 
preparing babies' first weaning foods because it is usually 
cheaper and easily available, provides most of the 
nutrients needed for growth. Therefore, development of 
instant weaning foods based on locally available raw 
ingredients has been suggested by the Integrated Child 
Development Scheme (ICDS) and Food and Agriculture 
Organization (FAO, 1996) to combat malnutrition among 
mothers and children of low socio-economic groups. 
Evidence indicates that it is quite possible to improve the 
nutrient quality and acceptability of these cereals and 
legumes and exploit their potentials as human foods by 
adopting newer scientific processing methods (Nataranjan 
et al., 1979). Another thing is that, the nutritional content 
and the digestibility of food can be increased through 
germination (Ozuba et al., 2002). 

Numerous works on weaning food were done by the 
previous researchers. These studies cover development of 
weaning food with quality and storage stability analysis. 
Quality evaluation of weaning food prepared from 
fermented cereal legume was studied by Wakil and Kazeem 
(2012). Wadud et al. (2004) developed baby food from 
vegetable protein. Product quality and storage stability were 
also analyzed for the developed product. Extruded weaning 
food was developed by Njoki and Faller (2001). Plahar et 
al. (2003) developed weaning food of high energy from 
maize, peanuts, and soybean by extrusion cooking process. 
Quality evaluation in terms of protein content from cooked 
cereal and legume based weaning food was studied by 
Mensa-Wilmot et al. (2001). 

It is noticed from the recent investigation that information on 
instant weaning food are very limited. Therefore, the 
objectives of this present research were to develop a highly 
nutritive weaning food from indigenous food sources. The 
aims of this study were also to evaluate the quality of the 
developed food product.

Materials and methods

Collection of raw materials

Raw wheat, red lentils, peanuts, carrots and soybeans were 
collected from local market of Dhaka, Bangladesh to 
develop the weaning food. Collected sample was then 
stored in a refrigerator at 5oC to retain the quality of the 
material.

Processing of raw materials

Collected wheat sample were washed thoroughly, soaked for 
8 h and spread in a covering tray and then left overnight for 
sprouting. The sample was dried at 50oC for 12 h and 
grinded. Finally, the malted flour was stored in a cool and dry 
place to avoid the moisture gain. 

Raw peanuts samples was dried, grinded and packed in air 
tight container. Prepared peanut mash was then stored in a 
cool place. Healthy, mature soybean seeds were weighted 
and soaked overnight in 0.5% NaOH solution. The dehulled 
seeds were then boiled for 30 min to remove the anti-nutrient 
factors. The boiled seeds were strained and dried in hot air 
oven at 80 oC. Finally, the dried seeds were ground into 
powder and sieved using 100 mesh sieve. 

Formulation of weaning foods

Three types of weaning food (F-1, F-2 and F-3) were 
prepared by mixing the prepared raw sample.  The major raw 
materials used to formulate weaning foods were wheat flour, 
soya flour, rice flour for F-1; wheat flour, soya flour, malt 
extract for F-2 and malted wheat flour, soya flour, peanuts, 
lentils, carrots powder for F-3. 

Evaluation of proximate composition

Moisture, protein, ash, fat, fiber, total sugar and carbohydrate 
content of malted wheat flour, soya flour, and the formulated 
diets were determined according to AOAC (2005). Gross 
energy values of the raw materials and prepared foods were 
calculated by multiplying the values of protein, fat and 
carbohydrate by their respective physiological fuel values of 
4.1, 9.3 and 4.1 (Edeoga et al., 2003).

Assessment of functional properties

Water binding capacity, water absorption capacity, bulk 
density, solubility and swelling power were evaluated to 
determine the functional properties of the developed weaning 
food. Water binding capacity (WBC) was examined by 
taking 2 g of sample and 4 ml of distilled water in a 

centrifuge tube. Then the mixture of sample and distilled 
water was shaken for one hour and centrifuged for 15 min at 
2200 rpm. The calculation for determining WBC was 
followed as described by Beuchat (1977). Water absorption 
capacity was determined by the method described by Sathe 
and Salunkhe (1981). Bulk density, solubility and swelling 
power were analyzed by the methods as described by 
Oladele and Aina (2007). Viscosity of developed and 
commercial baby food samples were measured by 
following AACC (2000). 

Evaluation of micronutrient and heavy metals 

Vitamin A

Vitamin A was determined by high performance liquid 
chromatography (HPLC) with UV-detection after saponification 
and extraction (Horwitz and Latimer et al., 2001). Retinol was 
quantified in an HPLC system, using UV detection at 326 nm 
wave length. Vitamin A was then calculated by comparison of 
retinol peak heights in test samples.

Minerals and heavy metals

Minerals and heavy metals content of the formulated 
weaning foods were analyzed using 589 nm and 769 nm 
wavelength in Flame Emission Atomic Absorption 
Spectrophotometer (Jencons, PEP7). 10 g of dry sample was 
taken in a porcelain dish and then placed into a muffle 
furnace and heated at 1000oC for 1 h. After burning, ashes 
were taken to 250 ml beaker and 50 ml of deionized distilled 
water and 15 ml concentrated nitric acid was added. The 
samples were then returned to a hot plate with continued 
heating and additional acid was also added until completion 
of digestion. Then the sample was filtered into a 250 ml 
volumetric flask and each sample was made up to the mark 
with deionized water. Standard stock solution of 100 ppm 
was prepared for every tested mineral and metal. These 
solutions were prepared from their pure metal turning and 
pure compound using nitric acid. Working standard and 
blanks were acidified to the same extent as samples. The 
atomic absorption instrument was set up and flame condition 
and absorbance were optimized for analyze. Then blanks, 
standards, and samples were aspirated into a flame in AAS. 

Amino acid determination

Amino acid content of the developed weaning food samples 
were determined by amino acid analyzer (Sykam-S7130, 
Tokyo, Japan) based on HPLC system by following the 
amino acid analysis system instruction manual 
(Anonymous, 1993).

Fatty acid determination

Relative concentration of fatty acid (FA) from collected oil 
samples of developed baby food was measured as their 
corresponding methyl esters according to the method 
described in IUPAC (2010). About 5 to 7 drops of oil was 
taken in 15 ml test tube and 3 ml of 0.5 M sodium methoxide 
(prepared by mixing metallic sodium in methanol) was added 
and digested by stirring in a hot water bath for 15 min. 
Thereafter, the samples were cooled at room temperature and 
1 ml of petroleum ether was added followed by 10 ml 
deionized water, mixed and allowed to settle. The distinct 
upper layer of methyl ester in petroleum ether was separated 
carefully in a capped vial and used for analysis. 200 mg of 
different fatty acid standard (FAME mix; Sigma-Aldrich, St. 
Louis, Missouri, USA) in their respective methyl ester form 
were dissolved separately in 10 ml petroleum ether in a series 
of screw capped test tubes. Aliquots of 1.0 µl FAME (fatty 
acid methly ester) were injected and the peaks of fatty acids 
were recorded for their respective retention time and presented 
as relative percentage as were by the automated GC software.

Rat bioassay 

Nutritional quality of the prepared weaning foods were 
assessed according to a standard rat bioassay procedure by 
following OECD (2006) in the animal house section, Institute 
of Food Science and Technology (IFST) of Bangladesh 
Council of Scientific and Industrial Research (BCSIR), 
Dhaka, Bangladesh. Four groups of young long-evans rats 
(between 28-30 days) were used in this study. Each group 
contained four rats (2 male and 2 female). Room temperature 
was maintained at 18-26 oC with 12 h light/dark cycle. The 
rats were subjected to a 7 day acclimatization period. 

Sensory evaluation

The supplementary foods were subjected to sensory 
evaluation for color, flavor, taste, texture and overall 
acceptability by a sensory panel consisting of 19 members of 
which nine members are male (age ranged from 25 to 35) and 
remaining 10 members are female (age ranged from 26 to 40) 
of BCSIR, Dhaka, Bangladesh. The presented three samples 
were evaluated by panelists according to 9-point Hedonic 
Scale (Larmond, 1977). 

Statistical analysis

Results were statistically analyzed using IBM SPSS version 
22. The mean and standard deviation data from the triplicate 
analysis of developed food samples were calculated. 

Results and discussion

Proximate composition of raw materials and formulated 
weaning foods

The nutrient content of raw materials and formulated 
weaning food are shown in Table I. According to Table 1 the 
highest amount of protein, fat and carbohydrate was found in 
soya flour, peanut flour and wheat flour, respectively. It is 
also noticed from Table I that the highest energy value was 
found from peanut flour. 

The mean carbohydrate content of formulated weaning food 
(F-3) was lower (59.56 g/100g) while F-1 and F-2 was 73.98 
and 71.24 g/100g respectively. According to Codex 

Alimentarios Standards (FAO/WHO, 1994), the prepared 
weaning food should provide carbohydrate with the limit of 
41.13 to 73.79 g/100g. American Dietetic Association (2008) 
recommends that for children 2-11 years of age, 
carbohydrates should make up 45–65% of total energy intake 
each day whether in F-3 carbohydrate content provided 
51.13% of total energy. Therefore, it is noted that the 
formulated weaning F-3 is capable to meet the carbohydrate 
requirement of infants. 

The protein content of F-3 was 15.88 (g/100g) which is 
higher than F-1 (11.81 g/100g), and F-2, (9.95 g/100g), 
respectively. According to Codex Alimentarious Standards, 
the protein content of weaning food is ranged from 14.52 to 
37.70 (g/100g) (FAO/WHO, 1994). So the protein content 

was expected level in F-3 and the higher protein content in 
F-3 is due to use of soya flour, malted wheat flour and 
peanuts as raw materials. American Dietetic Association 
(2008) indicated that, in a weaning food 13% of the total 
energy should derived from protein whereas in F-3 protein 
provided 14.06% of the total energy. This implies that protein 
content of F-3 will be able to meet children growth demands.  

F-3 contains highest fat percentage (16.49 g/100g in dry 
weight basis) than F-1 (7.06 g/100g) and, F-2 (10.62 g/100g). 
According to FAO (1985) the 40-60 percent of total energy of 
infant below one year of age should come from fat. Due to 
using peanuts the fat content was slightly higher in F-3 than 
the recommended level due to use of peanut. However, it 
provides higher calorie in the diet which is expected. 

According to codex standard FAO/WHO (1994) the fat 
content of developed weaning food should be ranged from 
14.52-41.13%. 

The energy content of F-3 was higher (462.80 kcal/100gm) 
than F-1 (418.29 kcal/100g), and F-2 (432.11 kcal/100g) and 
also very close to Codex Alimentarious Standards 
FAO/WHO (1994) (483.9 kcal/100g).  According to IOM 
(2004) the RDA of energy for infant is 880 (kcal/day). 

It is noticed from Table 1 that lower ash content varied from 
2.02 to 2.58  in the formulated weaning food. The results of 
this study are in congruent with the reported recommendation 
of Protein Advisory Group (1972) which noted that the ash 
content should not exceed 5%. 

The crude fiber percentage ranged from 0.42 to 2.03% for the 
developed weaning food as shown in Table 1. The results of 
this study match with the reported values of FAO (1985). It 
was reported that the crude fiber content of supplementary 
food should not exceed 5%.

Functional properties 

The results on the functional properties of the diets are 
presented in Table II. The water absorption capacity of the 
formulated weaning food F-3 was lower (136.24 (g/100g)) 
than the F-1, and F-2 sample. The lower water binding and 
absorption capacity of weaning food indicate the thinner 
gruel formation with high caloric density per unit volume. 
Similar findings were also noted by Elkahalifa et al. (2005). 

Bulk density of the developed weaning foods varied from 
0.57 to 0.75 g/cm3. Results of the present research (except 
F-1) are in concord with the reported values of Asma et al. 

(2006). It was reported from their experiment that bulk 
density of the baby food varied from 0.54-0.65 g/cm3. 
According to Quartey et al. (2007), low bulk density powder 
are desirable in infant food preparation. 

The solubility of formulated weaning food F-3 was 
48.81% and swelling power was 11.79 (g/g), while the 
other two diets such as F-1, and F-2 contains solubility 
were 35.05, 38.67% and swelling power were 6.16, 8.52 
(g/g). The higher solubility percentage indicates the 
higher functionalities of the protein in a food (Omueti, 
2009). 

The viscosity of the formulated weaning food F-3 (33.40 
mps-1) was lower than the F-1 (34.41 mps-1) and F-2 (35.84 
mps-1) sample. Lower viscosity of weaning food indicates the 
increase in nutrient density (Nkama, 2001).

Micronutrient and trace elements

The results of micronutrient and trace elements are also 
shown in Table II. After analyzing three formulated 
baby food (F-1, F-2, F-3) Na concentration was highest 
in the F-3 (233.3 mg/100 g) whereas in response to 
mother’s concerns, many baby food manufacturers have 
tried to keep the concentration of Na within the 
recommended level; 96.78–411.32 (mg/100 g) specified 
in the Codex Alimentarius standard for weaning foods 
(FAO/WHO, 1994). 

The concentration of potassium in F-3 was 250 (mg/100g) 
which is greater than F-1 and F-2 sample. Excessive dietary 
intake of K has been reported to cause muscular weakness 
and vomiting in human (Whitney et al., 1990). Highest 
amount of Fe was found in F-2 sample while lowest was 
found in F-1 sample. The RDA of Fe for infant is 11 
(mg/100g) (IOM, 2004). Thus the high iron content of 
formulated baby food can meet the infant’s daily Fe needs. 
Calcium is an essential micronutrient in infants and young 
children for building bones and teeth in their early age, 
functioning of muscles and nerves, blood clotting and for 
immune defense (Whitney et al., 1990). The concentration of 
Ca was highest (260.33 mg/100g) in F-3. According to the 
FAO/WHO (1994), Ca concentration in weaning foods 
should not be less than 435.51 (mg/100g). So in that case 
further fortification with premix is required for the developed 
food. Zinc enhances the body’s immune system thus, 
protecting children from infections. Concentration of Zn in 
F-2 sample was higher than the F-1 and F-3 sample. The 
trace/heavy metals (Cr, Pb, Ni, Cu) analysis result of both 
formulated and commercial foods represent that, only 0.19 
(mg/100g) lead was found in F-2 and 0.28, 0.71, and 0.39 
(mg/100g) of Copper were found in F-1, F-2, and F-3, 
respectively. Rest of all trace metals were found in all diets 
were below the detect level (BDL). 

Amino acids 

Results of amino acids for the developed weaning food are 
shown in Table III. It was noticed from the analysis that the 
developed formulated F-3 weaning food yielded eight 
essential amino acids followed by fourteen amino acids. The 
essential amino acid found in the present study for F-3 
formulation was higher than the reported values of Wakil and 
Kazeem (2012). It was reported from their experiment that 
threonine, alanine, methionine, isoleucine, leucine, lysine 
and valine content was 0.42, 0.94, 0.54, 0.96, 0.20, 1.34, and 
0.30 (g/100g), respectively. The highest amino acid content 
for the present study is due to use of malted wheat flour and 
peanuts as raw materials. The results of this experiment  also 

match with the FAO/WHO (1973) standard as shown in 
Table III. 

Fatty acid 

Fatty acid compositions of prepared weaning foods (F-3) are 
given in Fig. 1. The formulated weaning F-3 contain 16.01% 
palmitic acid; 4.27% stearic acid; 45.90% linoleic acid and 
25.55% oleic acid because of using soya flour and peanuts 
that provide required amount of fat content whether weaning 
food formulated with cooking banana, cow pea and peanuts 
contain 1.01% palmitic acid; 0.22% stearic acid; 2.22% 
linoleic acid and 3.56% oleic acid (Francisca, 2004).

Rat growth 

Comparison among the weight gains of different rat groups in 
21 days fed on prepared (F-1, F-2 and F-3), and laboratory 
diets is shown in the Fig. 2. After first week the weight 
increase rate was low in the rats fed on the formula F-1 (436 
g), and F-2 (485g). The group weight gain was higher (527g) 
in the rats fed on the formula F-3 than control group (513g) 
fed on the laboratory diet. From the rat bioassay, the highest 

growth rate was found in the rats fed on the locally prepared 
weaning food (F-3) than control group fed on the laboratory 
diet. Another causes of highest growth rate was that the 
highest protein percentage of the prepared weaning food 
(F-3) than others diets.

Sensory evaluation

Results of the sensory evaluation of developed baby food are 
depicted in Fig. 3. The sensorial results revealed that the 
color parameter of F-3 was more attractive (8.35) than F-1 
(5.5) and for F-2 (7.95). The more attractive color is due to 
the carrot powder in F-3 sample. The nutty flavor of the 
formulated weaning food (F-3) (8.55) made the product more 
acceptable than the F-1 (6) and F-2 (6.6). The taste of 
commercial baby food was more acceptable than the 
developed baby foods due to high sugar content. So, sugar 
content should be increased in formulated diets to enhance 
taste parameters. The score of overall acceptability of the 
formulated weaning F-3 (7.98) was higher as compared to the 
F-1 and F-2 food sample.   

Conclusion

The use of germinated wheat flour, soya flour, peanuts and 
lentils to develop the weaning food formulation provide high 
protein and calorie values with desired minerals content and 
improved functional and sensory characteristics. Vitamin and 
mineral contents are lower in F-3 than other formulated food, 
thus it need to be further fortified by vitamin and minerals 

premix. The study also showed that F-3 could be another 
option to fulfill the requirement of essential amino acids and 
fatty acids at weaning period of infants and young children. 
This study also implies that the formulas could be made from 
low cost, readily and locally available nutrient rich raw 
materials. Therefore, further study should be undertaken with 
the estimation of large scale commercial production cost of 
formulated diets (F-3).
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Wheat flour  6.81±.07 1.02±.00 13.00±.00 2.58±0.19 2.07±0.08 74.48±.07 382.70±.74 .

Soya flour 5.82±.01 3.32±.14 47.80±.01 25.55±.00 2.30±0.04 15.26±.14 494.87±1.45 .

Peanut flour 5.79±.026 3.80±.03 38.61±.03 47.00±.03 3.7±0.03 1.80±.01 602.81±.03 .

F-1 4.14±.190 2.02±.05 11.81±.28 7.06±0.52 0.42±0.02 73.98±.95 418.29±1.46 24.19±.31

F-2 4.57±.18 2.58±.03 9.95±.24 10.62±0.06 0.91±0.19 71.24±.18 432.11±.63 24.36±.33

F-3 3.81±.04 2.19±.01 15.88±1.0 16.49±0.16 2.03±.002 59.56±1.16 462.80±.28 29.57±.53

RDA N/A N/A 10.2/9.4,g/d(m/f) 40-60,%E N/A 60g/d 81/82kcal/kg/d,(m/f) N/A

Table I. Proximate composition of raw materials and baby foods with daily requirement (0-6 months)

Method Moisture
(%)

Ash
(g/100g)

Protein
(g/100)

Fat
(g/100g)

Crude fiber
(g/100 g)

Carbohydrate
(g/100 g)

Energy
(kcal)

Sugar
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Introduction

The growth of the infant in the first or second years is very 
rapid and breast feeding alone will not meet the child 
nutritional requirement. After about four months of age the 
child needs supplementary feeding to provide energy and 
essential nutrients required for continued growth and 
development (WHO and UNICEF, 1998). The nutrients in 
recommended complementary foods complement those in 
breast milk. The recommended feeding practices during this 

time ensure that baby receives all the necessary nutrients, 
including those that are sometime missing for many babies 
(iron, zinc and vitamin A), besides the guidelines also state 
that an ideal weaning food must be nutrient dense, easily 
digestible, suitable to consistency and affordable to the target 
market (FAO, 1985).

Low-cost, high protein food supplement development for 
weaning infants is a constant challenge (Schmidt, 1983). This 

is particularly important in developing countries where 
malnutrition problems are still common particularly during 
weaning (FAO, 2010). In Bangladesh, cereals like wheat, 
rice, milt etc. and legumes like soya, lentils and peanuts, 
carrots are commonly available therefore, a strategy can be 
followed to formulate a highly nutritive instant weaning 
food which is high in protein and calories to provide a 
balanced diet at the weaning period as well as affordable by 
the parents. 

Every community has a main staple food and it varies 
from country to country like as rice, wheat maize, cassava 
yam, potato etc. The staple is an excellent base for 
preparing babies' first weaning foods because it is usually 
cheaper and easily available, provides most of the 
nutrients needed for growth. Therefore, development of 
instant weaning foods based on locally available raw 
ingredients has been suggested by the Integrated Child 
Development Scheme (ICDS) and Food and Agriculture 
Organization (FAO, 1996) to combat malnutrition among 
mothers and children of low socio-economic groups. 
Evidence indicates that it is quite possible to improve the 
nutrient quality and acceptability of these cereals and 
legumes and exploit their potentials as human foods by 
adopting newer scientific processing methods (Nataranjan 
et al., 1979). Another thing is that, the nutritional content 
and the digestibility of food can be increased through 
germination (Ozuba et al., 2002). 

Numerous works on weaning food were done by the 
previous researchers. These studies cover development of 
weaning food with quality and storage stability analysis. 
Quality evaluation of weaning food prepared from 
fermented cereal legume was studied by Wakil and Kazeem 
(2012). Wadud et al. (2004) developed baby food from 
vegetable protein. Product quality and storage stability were 
also analyzed for the developed product. Extruded weaning 
food was developed by Njoki and Faller (2001). Plahar et 
al. (2003) developed weaning food of high energy from 
maize, peanuts, and soybean by extrusion cooking process. 
Quality evaluation in terms of protein content from cooked 
cereal and legume based weaning food was studied by 
Mensa-Wilmot et al. (2001). 

It is noticed from the recent investigation that information on 
instant weaning food are very limited. Therefore, the 
objectives of this present research were to develop a highly 
nutritive weaning food from indigenous food sources. The 
aims of this study were also to evaluate the quality of the 
developed food product.

Materials and methods

Collection of raw materials

Raw wheat, red lentils, peanuts, carrots and soybeans were 
collected from local market of Dhaka, Bangladesh to 
develop the weaning food. Collected sample was then 
stored in a refrigerator at 5oC to retain the quality of the 
material.

Processing of raw materials

Collected wheat sample were washed thoroughly, soaked for 
8 h and spread in a covering tray and then left overnight for 
sprouting. The sample was dried at 50oC for 12 h and 
grinded. Finally, the malted flour was stored in a cool and dry 
place to avoid the moisture gain. 

Raw peanuts samples was dried, grinded and packed in air 
tight container. Prepared peanut mash was then stored in a 
cool place. Healthy, mature soybean seeds were weighted 
and soaked overnight in 0.5% NaOH solution. The dehulled 
seeds were then boiled for 30 min to remove the anti-nutrient 
factors. The boiled seeds were strained and dried in hot air 
oven at 80 oC. Finally, the dried seeds were ground into 
powder and sieved using 100 mesh sieve. 

Formulation of weaning foods

Three types of weaning food (F-1, F-2 and F-3) were 
prepared by mixing the prepared raw sample.  The major raw 
materials used to formulate weaning foods were wheat flour, 
soya flour, rice flour for F-1; wheat flour, soya flour, malt 
extract for F-2 and malted wheat flour, soya flour, peanuts, 
lentils, carrots powder for F-3. 

Evaluation of proximate composition

Moisture, protein, ash, fat, fiber, total sugar and carbohydrate 
content of malted wheat flour, soya flour, and the formulated 
diets were determined according to AOAC (2005). Gross 
energy values of the raw materials and prepared foods were 
calculated by multiplying the values of protein, fat and 
carbohydrate by their respective physiological fuel values of 
4.1, 9.3 and 4.1 (Edeoga et al., 2003).

Assessment of functional properties

Water binding capacity, water absorption capacity, bulk 
density, solubility and swelling power were evaluated to 
determine the functional properties of the developed weaning 
food. Water binding capacity (WBC) was examined by 
taking 2 g of sample and 4 ml of distilled water in a 

centrifuge tube. Then the mixture of sample and distilled 
water was shaken for one hour and centrifuged for 15 min at 
2200 rpm. The calculation for determining WBC was 
followed as described by Beuchat (1977). Water absorption 
capacity was determined by the method described by Sathe 
and Salunkhe (1981). Bulk density, solubility and swelling 
power were analyzed by the methods as described by 
Oladele and Aina (2007). Viscosity of developed and 
commercial baby food samples were measured by 
following AACC (2000). 

Evaluation of micronutrient and heavy metals 

Vitamin A

Vitamin A was determined by high performance liquid 
chromatography (HPLC) with UV-detection after saponification 
and extraction (Horwitz and Latimer et al., 2001). Retinol was 
quantified in an HPLC system, using UV detection at 326 nm 
wave length. Vitamin A was then calculated by comparison of 
retinol peak heights in test samples.

Minerals and heavy metals

Minerals and heavy metals content of the formulated 
weaning foods were analyzed using 589 nm and 769 nm 
wavelength in Flame Emission Atomic Absorption 
Spectrophotometer (Jencons, PEP7). 10 g of dry sample was 
taken in a porcelain dish and then placed into a muffle 
furnace and heated at 1000oC for 1 h. After burning, ashes 
were taken to 250 ml beaker and 50 ml of deionized distilled 
water and 15 ml concentrated nitric acid was added. The 
samples were then returned to a hot plate with continued 
heating and additional acid was also added until completion 
of digestion. Then the sample was filtered into a 250 ml 
volumetric flask and each sample was made up to the mark 
with deionized water. Standard stock solution of 100 ppm 
was prepared for every tested mineral and metal. These 
solutions were prepared from their pure metal turning and 
pure compound using nitric acid. Working standard and 
blanks were acidified to the same extent as samples. The 
atomic absorption instrument was set up and flame condition 
and absorbance were optimized for analyze. Then blanks, 
standards, and samples were aspirated into a flame in AAS. 

Amino acid determination

Amino acid content of the developed weaning food samples 
were determined by amino acid analyzer (Sykam-S7130, 
Tokyo, Japan) based on HPLC system by following the 
amino acid analysis system instruction manual 
(Anonymous, 1993).

Fatty acid determination

Relative concentration of fatty acid (FA) from collected oil 
samples of developed baby food was measured as their 
corresponding methyl esters according to the method 
described in IUPAC (2010). About 5 to 7 drops of oil was 
taken in 15 ml test tube and 3 ml of 0.5 M sodium methoxide 
(prepared by mixing metallic sodium in methanol) was added 
and digested by stirring in a hot water bath for 15 min. 
Thereafter, the samples were cooled at room temperature and 
1 ml of petroleum ether was added followed by 10 ml 
deionized water, mixed and allowed to settle. The distinct 
upper layer of methyl ester in petroleum ether was separated 
carefully in a capped vial and used for analysis. 200 mg of 
different fatty acid standard (FAME mix; Sigma-Aldrich, St. 
Louis, Missouri, USA) in their respective methyl ester form 
were dissolved separately in 10 ml petroleum ether in a series 
of screw capped test tubes. Aliquots of 1.0 µl FAME (fatty 
acid methly ester) were injected and the peaks of fatty acids 
were recorded for their respective retention time and presented 
as relative percentage as were by the automated GC software.

Rat bioassay 

Nutritional quality of the prepared weaning foods were 
assessed according to a standard rat bioassay procedure by 
following OECD (2006) in the animal house section, Institute 
of Food Science and Technology (IFST) of Bangladesh 
Council of Scientific and Industrial Research (BCSIR), 
Dhaka, Bangladesh. Four groups of young long-evans rats 
(between 28-30 days) were used in this study. Each group 
contained four rats (2 male and 2 female). Room temperature 
was maintained at 18-26 oC with 12 h light/dark cycle. The 
rats were subjected to a 7 day acclimatization period. 

Sensory evaluation

The supplementary foods were subjected to sensory 
evaluation for color, flavor, taste, texture and overall 
acceptability by a sensory panel consisting of 19 members of 
which nine members are male (age ranged from 25 to 35) and 
remaining 10 members are female (age ranged from 26 to 40) 
of BCSIR, Dhaka, Bangladesh. The presented three samples 
were evaluated by panelists according to 9-point Hedonic 
Scale (Larmond, 1977). 

Statistical analysis

Results were statistically analyzed using IBM SPSS version 
22. The mean and standard deviation data from the triplicate 
analysis of developed food samples were calculated. 

Results and discussion

Proximate composition of raw materials and formulated 
weaning foods

The nutrient content of raw materials and formulated 
weaning food are shown in Table I. According to Table 1 the 
highest amount of protein, fat and carbohydrate was found in 
soya flour, peanut flour and wheat flour, respectively. It is 
also noticed from Table I that the highest energy value was 
found from peanut flour. 

The mean carbohydrate content of formulated weaning food 
(F-3) was lower (59.56 g/100g) while F-1 and F-2 was 73.98 
and 71.24 g/100g respectively. According to Codex 

Alimentarios Standards (FAO/WHO, 1994), the prepared 
weaning food should provide carbohydrate with the limit of 
41.13 to 73.79 g/100g. American Dietetic Association (2008) 
recommends that for children 2-11 years of age, 
carbohydrates should make up 45–65% of total energy intake 
each day whether in F-3 carbohydrate content provided 
51.13% of total energy. Therefore, it is noted that the 
formulated weaning F-3 is capable to meet the carbohydrate 
requirement of infants. 

The protein content of F-3 was 15.88 (g/100g) which is 
higher than F-1 (11.81 g/100g), and F-2, (9.95 g/100g), 
respectively. According to Codex Alimentarious Standards, 
the protein content of weaning food is ranged from 14.52 to 
37.70 (g/100g) (FAO/WHO, 1994). So the protein content 

was expected level in F-3 and the higher protein content in 
F-3 is due to use of soya flour, malted wheat flour and 
peanuts as raw materials. American Dietetic Association 
(2008) indicated that, in a weaning food 13% of the total 
energy should derived from protein whereas in F-3 protein 
provided 14.06% of the total energy. This implies that protein 
content of F-3 will be able to meet children growth demands.  

F-3 contains highest fat percentage (16.49 g/100g in dry 
weight basis) than F-1 (7.06 g/100g) and, F-2 (10.62 g/100g). 
According to FAO (1985) the 40-60 percent of total energy of 
infant below one year of age should come from fat. Due to 
using peanuts the fat content was slightly higher in F-3 than 
the recommended level due to use of peanut. However, it 
provides higher calorie in the diet which is expected. 

According to codex standard FAO/WHO (1994) the fat 
content of developed weaning food should be ranged from 
14.52-41.13%. 

The energy content of F-3 was higher (462.80 kcal/100gm) 
than F-1 (418.29 kcal/100g), and F-2 (432.11 kcal/100g) and 
also very close to Codex Alimentarious Standards 
FAO/WHO (1994) (483.9 kcal/100g).  According to IOM 
(2004) the RDA of energy for infant is 880 (kcal/day). 

It is noticed from Table 1 that lower ash content varied from 
2.02 to 2.58  in the formulated weaning food. The results of 
this study are in congruent with the reported recommendation 
of Protein Advisory Group (1972) which noted that the ash 
content should not exceed 5%. 

The crude fiber percentage ranged from 0.42 to 2.03% for the 
developed weaning food as shown in Table 1. The results of 
this study match with the reported values of FAO (1985). It 
was reported that the crude fiber content of supplementary 
food should not exceed 5%.

Functional properties 

The results on the functional properties of the diets are 
presented in Table II. The water absorption capacity of the 
formulated weaning food F-3 was lower (136.24 (g/100g)) 
than the F-1, and F-2 sample. The lower water binding and 
absorption capacity of weaning food indicate the thinner 
gruel formation with high caloric density per unit volume. 
Similar findings were also noted by Elkahalifa et al. (2005). 

Bulk density of the developed weaning foods varied from 
0.57 to 0.75 g/cm3. Results of the present research (except 
F-1) are in concord with the reported values of Asma et al. 

(2006). It was reported from their experiment that bulk 
density of the baby food varied from 0.54-0.65 g/cm3. 
According to Quartey et al. (2007), low bulk density powder 
are desirable in infant food preparation. 

The solubility of formulated weaning food F-3 was 
48.81% and swelling power was 11.79 (g/g), while the 
other two diets such as F-1, and F-2 contains solubility 
were 35.05, 38.67% and swelling power were 6.16, 8.52 
(g/g). The higher solubility percentage indicates the 
higher functionalities of the protein in a food (Omueti, 
2009). 

The viscosity of the formulated weaning food F-3 (33.40 
mps-1) was lower than the F-1 (34.41 mps-1) and F-2 (35.84 
mps-1) sample. Lower viscosity of weaning food indicates the 
increase in nutrient density (Nkama, 2001).

Micronutrient and trace elements

The results of micronutrient and trace elements are also 
shown in Table II. After analyzing three formulated 
baby food (F-1, F-2, F-3) Na concentration was highest 
in the F-3 (233.3 mg/100 g) whereas in response to 
mother’s concerns, many baby food manufacturers have 
tried to keep the concentration of Na within the 
recommended level; 96.78–411.32 (mg/100 g) specified 
in the Codex Alimentarius standard for weaning foods 
(FAO/WHO, 1994). 

The concentration of potassium in F-3 was 250 (mg/100g) 
which is greater than F-1 and F-2 sample. Excessive dietary 
intake of K has been reported to cause muscular weakness 
and vomiting in human (Whitney et al., 1990). Highest 
amount of Fe was found in F-2 sample while lowest was 
found in F-1 sample. The RDA of Fe for infant is 11 
(mg/100g) (IOM, 2004). Thus the high iron content of 
formulated baby food can meet the infant’s daily Fe needs. 
Calcium is an essential micronutrient in infants and young 
children for building bones and teeth in their early age, 
functioning of muscles and nerves, blood clotting and for 
immune defense (Whitney et al., 1990). The concentration of 
Ca was highest (260.33 mg/100g) in F-3. According to the 
FAO/WHO (1994), Ca concentration in weaning foods 
should not be less than 435.51 (mg/100g). So in that case 
further fortification with premix is required for the developed 
food. Zinc enhances the body’s immune system thus, 
protecting children from infections. Concentration of Zn in 
F-2 sample was higher than the F-1 and F-3 sample. The 
trace/heavy metals (Cr, Pb, Ni, Cu) analysis result of both 
formulated and commercial foods represent that, only 0.19 
(mg/100g) lead was found in F-2 and 0.28, 0.71, and 0.39 
(mg/100g) of Copper were found in F-1, F-2, and F-3, 
respectively. Rest of all trace metals were found in all diets 
were below the detect level (BDL). 

Amino acids 

Results of amino acids for the developed weaning food are 
shown in Table III. It was noticed from the analysis that the 
developed formulated F-3 weaning food yielded eight 
essential amino acids followed by fourteen amino acids. The 
essential amino acid found in the present study for F-3 
formulation was higher than the reported values of Wakil and 
Kazeem (2012). It was reported from their experiment that 
threonine, alanine, methionine, isoleucine, leucine, lysine 
and valine content was 0.42, 0.94, 0.54, 0.96, 0.20, 1.34, and 
0.30 (g/100g), respectively. The highest amino acid content 
for the present study is due to use of malted wheat flour and 
peanuts as raw materials. The results of this experiment  also 

match with the FAO/WHO (1973) standard as shown in 
Table III. 

Fatty acid 

Fatty acid compositions of prepared weaning foods (F-3) are 
given in Fig. 1. The formulated weaning F-3 contain 16.01% 
palmitic acid; 4.27% stearic acid; 45.90% linoleic acid and 
25.55% oleic acid because of using soya flour and peanuts 
that provide required amount of fat content whether weaning 
food formulated with cooking banana, cow pea and peanuts 
contain 1.01% palmitic acid; 0.22% stearic acid; 2.22% 
linoleic acid and 3.56% oleic acid (Francisca, 2004).

Rat growth 

Comparison among the weight gains of different rat groups in 
21 days fed on prepared (F-1, F-2 and F-3), and laboratory 
diets is shown in the Fig. 2. After first week the weight 
increase rate was low in the rats fed on the formula F-1 (436 
g), and F-2 (485g). The group weight gain was higher (527g) 
in the rats fed on the formula F-3 than control group (513g) 
fed on the laboratory diet. From the rat bioassay, the highest 

growth rate was found in the rats fed on the locally prepared 
weaning food (F-3) than control group fed on the laboratory 
diet. Another causes of highest growth rate was that the 
highest protein percentage of the prepared weaning food 
(F-3) than others diets.

Sensory evaluation

Results of the sensory evaluation of developed baby food are 
depicted in Fig. 3. The sensorial results revealed that the 
color parameter of F-3 was more attractive (8.35) than F-1 
(5.5) and for F-2 (7.95). The more attractive color is due to 
the carrot powder in F-3 sample. The nutty flavor of the 
formulated weaning food (F-3) (8.55) made the product more 
acceptable than the F-1 (6) and F-2 (6.6). The taste of 
commercial baby food was more acceptable than the 
developed baby foods due to high sugar content. So, sugar 
content should be increased in formulated diets to enhance 
taste parameters. The score of overall acceptability of the 
formulated weaning F-3 (7.98) was higher as compared to the 
F-1 and F-2 food sample.   

Conclusion

The use of germinated wheat flour, soya flour, peanuts and 
lentils to develop the weaning food formulation provide high 
protein and calorie values with desired minerals content and 
improved functional and sensory characteristics. Vitamin and 
mineral contents are lower in F-3 than other formulated food, 
thus it need to be further fortified by vitamin and minerals 

premix. The study also showed that F-3 could be another 
option to fulfill the requirement of essential amino acids and 
fatty acids at weaning period of infants and young children. 
This study also implies that the formulas could be made from 
low cost, readily and locally available nutrient rich raw 
materials. Therefore, further study should be undertaken with 
the estimation of large scale commercial production cost of 
formulated diets (F-3).
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Water absorption capacity (g/100g) 140.92±0.53 145.83±0.29 136.24±1.82 

Bulk density (g/cm-3) 0.75±0.02 0.64±0.02 0.57±0.02 

Water binding capacity (g/100g) 471.07±0.51 410.54±0.04 431.14±1.01 

Solubility (%) 35.05±0.00 38.67±0.02 48.81±2.62 

Swelling power (%) 06.16±0.09 08.52±0.07 11.79±0.24 

Viscosity (mps-1) 34.41±1.03 39.41±0.03 33.48±1.31 

Vitamin / Mineral    RDA, 0-6 months

Vitamin A (µg), RE 92.42 92.78 141.75 375mcg/d
Na 296.55 303.44 233.30 N/A
K 139.43 180.28 250.78 N/A
Fe 7.11 12.09 7.69 0.27mg/d
Ca 230 248.8 260.33 300mg/d
Mg 81.71 164.46 144.88 26mg/d
Zn 2.53 13.72 2.83 2.8mg/d

Heavy metals 

Cr BDL BDL BDL 

Pb BDL 0.19 BDL 

Ni BDL BDL BDL 

Cu 0.28  0.71 0.39
BDL= Below Detect Level, Source of RDA: FAO/WHO (2002) Human vitamins and mineral requirements

Table II. Functional properties and micronutrient contents (mg/100g) of the formulated food

Properties F-1 F-2 F-3
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Introduction

The growth of the infant in the first or second years is very 
rapid and breast feeding alone will not meet the child 
nutritional requirement. After about four months of age the 
child needs supplementary feeding to provide energy and 
essential nutrients required for continued growth and 
development (WHO and UNICEF, 1998). The nutrients in 
recommended complementary foods complement those in 
breast milk. The recommended feeding practices during this 

time ensure that baby receives all the necessary nutrients, 
including those that are sometime missing for many babies 
(iron, zinc and vitamin A), besides the guidelines also state 
that an ideal weaning food must be nutrient dense, easily 
digestible, suitable to consistency and affordable to the target 
market (FAO, 1985).

Low-cost, high protein food supplement development for 
weaning infants is a constant challenge (Schmidt, 1983). This 

is particularly important in developing countries where 
malnutrition problems are still common particularly during 
weaning (FAO, 2010). In Bangladesh, cereals like wheat, 
rice, milt etc. and legumes like soya, lentils and peanuts, 
carrots are commonly available therefore, a strategy can be 
followed to formulate a highly nutritive instant weaning 
food which is high in protein and calories to provide a 
balanced diet at the weaning period as well as affordable by 
the parents. 

Every community has a main staple food and it varies 
from country to country like as rice, wheat maize, cassava 
yam, potato etc. The staple is an excellent base for 
preparing babies' first weaning foods because it is usually 
cheaper and easily available, provides most of the 
nutrients needed for growth. Therefore, development of 
instant weaning foods based on locally available raw 
ingredients has been suggested by the Integrated Child 
Development Scheme (ICDS) and Food and Agriculture 
Organization (FAO, 1996) to combat malnutrition among 
mothers and children of low socio-economic groups. 
Evidence indicates that it is quite possible to improve the 
nutrient quality and acceptability of these cereals and 
legumes and exploit their potentials as human foods by 
adopting newer scientific processing methods (Nataranjan 
et al., 1979). Another thing is that, the nutritional content 
and the digestibility of food can be increased through 
germination (Ozuba et al., 2002). 

Numerous works on weaning food were done by the 
previous researchers. These studies cover development of 
weaning food with quality and storage stability analysis. 
Quality evaluation of weaning food prepared from 
fermented cereal legume was studied by Wakil and Kazeem 
(2012). Wadud et al. (2004) developed baby food from 
vegetable protein. Product quality and storage stability were 
also analyzed for the developed product. Extruded weaning 
food was developed by Njoki and Faller (2001). Plahar et 
al. (2003) developed weaning food of high energy from 
maize, peanuts, and soybean by extrusion cooking process. 
Quality evaluation in terms of protein content from cooked 
cereal and legume based weaning food was studied by 
Mensa-Wilmot et al. (2001). 

It is noticed from the recent investigation that information on 
instant weaning food are very limited. Therefore, the 
objectives of this present research were to develop a highly 
nutritive weaning food from indigenous food sources. The 
aims of this study were also to evaluate the quality of the 
developed food product.

Materials and methods

Collection of raw materials

Raw wheat, red lentils, peanuts, carrots and soybeans were 
collected from local market of Dhaka, Bangladesh to 
develop the weaning food. Collected sample was then 
stored in a refrigerator at 5oC to retain the quality of the 
material.

Processing of raw materials

Collected wheat sample were washed thoroughly, soaked for 
8 h and spread in a covering tray and then left overnight for 
sprouting. The sample was dried at 50oC for 12 h and 
grinded. Finally, the malted flour was stored in a cool and dry 
place to avoid the moisture gain. 

Raw peanuts samples was dried, grinded and packed in air 
tight container. Prepared peanut mash was then stored in a 
cool place. Healthy, mature soybean seeds were weighted 
and soaked overnight in 0.5% NaOH solution. The dehulled 
seeds were then boiled for 30 min to remove the anti-nutrient 
factors. The boiled seeds were strained and dried in hot air 
oven at 80 oC. Finally, the dried seeds were ground into 
powder and sieved using 100 mesh sieve. 

Formulation of weaning foods

Three types of weaning food (F-1, F-2 and F-3) were 
prepared by mixing the prepared raw sample.  The major raw 
materials used to formulate weaning foods were wheat flour, 
soya flour, rice flour for F-1; wheat flour, soya flour, malt 
extract for F-2 and malted wheat flour, soya flour, peanuts, 
lentils, carrots powder for F-3. 

Evaluation of proximate composition

Moisture, protein, ash, fat, fiber, total sugar and carbohydrate 
content of malted wheat flour, soya flour, and the formulated 
diets were determined according to AOAC (2005). Gross 
energy values of the raw materials and prepared foods were 
calculated by multiplying the values of protein, fat and 
carbohydrate by their respective physiological fuel values of 
4.1, 9.3 and 4.1 (Edeoga et al., 2003).

Assessment of functional properties

Water binding capacity, water absorption capacity, bulk 
density, solubility and swelling power were evaluated to 
determine the functional properties of the developed weaning 
food. Water binding capacity (WBC) was examined by 
taking 2 g of sample and 4 ml of distilled water in a 

centrifuge tube. Then the mixture of sample and distilled 
water was shaken for one hour and centrifuged for 15 min at 
2200 rpm. The calculation for determining WBC was 
followed as described by Beuchat (1977). Water absorption 
capacity was determined by the method described by Sathe 
and Salunkhe (1981). Bulk density, solubility and swelling 
power were analyzed by the methods as described by 
Oladele and Aina (2007). Viscosity of developed and 
commercial baby food samples were measured by 
following AACC (2000). 

Evaluation of micronutrient and heavy metals 

Vitamin A

Vitamin A was determined by high performance liquid 
chromatography (HPLC) with UV-detection after saponification 
and extraction (Horwitz and Latimer et al., 2001). Retinol was 
quantified in an HPLC system, using UV detection at 326 nm 
wave length. Vitamin A was then calculated by comparison of 
retinol peak heights in test samples.

Minerals and heavy metals

Minerals and heavy metals content of the formulated 
weaning foods were analyzed using 589 nm and 769 nm 
wavelength in Flame Emission Atomic Absorption 
Spectrophotometer (Jencons, PEP7). 10 g of dry sample was 
taken in a porcelain dish and then placed into a muffle 
furnace and heated at 1000oC for 1 h. After burning, ashes 
were taken to 250 ml beaker and 50 ml of deionized distilled 
water and 15 ml concentrated nitric acid was added. The 
samples were then returned to a hot plate with continued 
heating and additional acid was also added until completion 
of digestion. Then the sample was filtered into a 250 ml 
volumetric flask and each sample was made up to the mark 
with deionized water. Standard stock solution of 100 ppm 
was prepared for every tested mineral and metal. These 
solutions were prepared from their pure metal turning and 
pure compound using nitric acid. Working standard and 
blanks were acidified to the same extent as samples. The 
atomic absorption instrument was set up and flame condition 
and absorbance were optimized for analyze. Then blanks, 
standards, and samples were aspirated into a flame in AAS. 

Amino acid determination

Amino acid content of the developed weaning food samples 
were determined by amino acid analyzer (Sykam-S7130, 
Tokyo, Japan) based on HPLC system by following the 
amino acid analysis system instruction manual 
(Anonymous, 1993).

Fatty acid determination

Relative concentration of fatty acid (FA) from collected oil 
samples of developed baby food was measured as their 
corresponding methyl esters according to the method 
described in IUPAC (2010). About 5 to 7 drops of oil was 
taken in 15 ml test tube and 3 ml of 0.5 M sodium methoxide 
(prepared by mixing metallic sodium in methanol) was added 
and digested by stirring in a hot water bath for 15 min. 
Thereafter, the samples were cooled at room temperature and 
1 ml of petroleum ether was added followed by 10 ml 
deionized water, mixed and allowed to settle. The distinct 
upper layer of methyl ester in petroleum ether was separated 
carefully in a capped vial and used for analysis. 200 mg of 
different fatty acid standard (FAME mix; Sigma-Aldrich, St. 
Louis, Missouri, USA) in their respective methyl ester form 
were dissolved separately in 10 ml petroleum ether in a series 
of screw capped test tubes. Aliquots of 1.0 µl FAME (fatty 
acid methly ester) were injected and the peaks of fatty acids 
were recorded for their respective retention time and presented 
as relative percentage as were by the automated GC software.

Rat bioassay 

Nutritional quality of the prepared weaning foods were 
assessed according to a standard rat bioassay procedure by 
following OECD (2006) in the animal house section, Institute 
of Food Science and Technology (IFST) of Bangladesh 
Council of Scientific and Industrial Research (BCSIR), 
Dhaka, Bangladesh. Four groups of young long-evans rats 
(between 28-30 days) were used in this study. Each group 
contained four rats (2 male and 2 female). Room temperature 
was maintained at 18-26 oC with 12 h light/dark cycle. The 
rats were subjected to a 7 day acclimatization period. 

Sensory evaluation

The supplementary foods were subjected to sensory 
evaluation for color, flavor, taste, texture and overall 
acceptability by a sensory panel consisting of 19 members of 
which nine members are male (age ranged from 25 to 35) and 
remaining 10 members are female (age ranged from 26 to 40) 
of BCSIR, Dhaka, Bangladesh. The presented three samples 
were evaluated by panelists according to 9-point Hedonic 
Scale (Larmond, 1977). 

Statistical analysis

Results were statistically analyzed using IBM SPSS version 
22. The mean and standard deviation data from the triplicate 
analysis of developed food samples were calculated. 

Results and discussion

Proximate composition of raw materials and formulated 
weaning foods

The nutrient content of raw materials and formulated 
weaning food are shown in Table I. According to Table 1 the 
highest amount of protein, fat and carbohydrate was found in 
soya flour, peanut flour and wheat flour, respectively. It is 
also noticed from Table I that the highest energy value was 
found from peanut flour. 

The mean carbohydrate content of formulated weaning food 
(F-3) was lower (59.56 g/100g) while F-1 and F-2 was 73.98 
and 71.24 g/100g respectively. According to Codex 

Alimentarios Standards (FAO/WHO, 1994), the prepared 
weaning food should provide carbohydrate with the limit of 
41.13 to 73.79 g/100g. American Dietetic Association (2008) 
recommends that for children 2-11 years of age, 
carbohydrates should make up 45–65% of total energy intake 
each day whether in F-3 carbohydrate content provided 
51.13% of total energy. Therefore, it is noted that the 
formulated weaning F-3 is capable to meet the carbohydrate 
requirement of infants. 

The protein content of F-3 was 15.88 (g/100g) which is 
higher than F-1 (11.81 g/100g), and F-2, (9.95 g/100g), 
respectively. According to Codex Alimentarious Standards, 
the protein content of weaning food is ranged from 14.52 to 
37.70 (g/100g) (FAO/WHO, 1994). So the protein content 

was expected level in F-3 and the higher protein content in 
F-3 is due to use of soya flour, malted wheat flour and 
peanuts as raw materials. American Dietetic Association 
(2008) indicated that, in a weaning food 13% of the total 
energy should derived from protein whereas in F-3 protein 
provided 14.06% of the total energy. This implies that protein 
content of F-3 will be able to meet children growth demands.  

F-3 contains highest fat percentage (16.49 g/100g in dry 
weight basis) than F-1 (7.06 g/100g) and, F-2 (10.62 g/100g). 
According to FAO (1985) the 40-60 percent of total energy of 
infant below one year of age should come from fat. Due to 
using peanuts the fat content was slightly higher in F-3 than 
the recommended level due to use of peanut. However, it 
provides higher calorie in the diet which is expected. 

According to codex standard FAO/WHO (1994) the fat 
content of developed weaning food should be ranged from 
14.52-41.13%. 

The energy content of F-3 was higher (462.80 kcal/100gm) 
than F-1 (418.29 kcal/100g), and F-2 (432.11 kcal/100g) and 
also very close to Codex Alimentarious Standards 
FAO/WHO (1994) (483.9 kcal/100g).  According to IOM 
(2004) the RDA of energy for infant is 880 (kcal/day). 

It is noticed from Table 1 that lower ash content varied from 
2.02 to 2.58  in the formulated weaning food. The results of 
this study are in congruent with the reported recommendation 
of Protein Advisory Group (1972) which noted that the ash 
content should not exceed 5%. 

The crude fiber percentage ranged from 0.42 to 2.03% for the 
developed weaning food as shown in Table 1. The results of 
this study match with the reported values of FAO (1985). It 
was reported that the crude fiber content of supplementary 
food should not exceed 5%.

Functional properties 

The results on the functional properties of the diets are 
presented in Table II. The water absorption capacity of the 
formulated weaning food F-3 was lower (136.24 (g/100g)) 
than the F-1, and F-2 sample. The lower water binding and 
absorption capacity of weaning food indicate the thinner 
gruel formation with high caloric density per unit volume. 
Similar findings were also noted by Elkahalifa et al. (2005). 

Bulk density of the developed weaning foods varied from 
0.57 to 0.75 g/cm3. Results of the present research (except 
F-1) are in concord with the reported values of Asma et al. 

(2006). It was reported from their experiment that bulk 
density of the baby food varied from 0.54-0.65 g/cm3. 
According to Quartey et al. (2007), low bulk density powder 
are desirable in infant food preparation. 

The solubility of formulated weaning food F-3 was 
48.81% and swelling power was 11.79 (g/g), while the 
other two diets such as F-1, and F-2 contains solubility 
were 35.05, 38.67% and swelling power were 6.16, 8.52 
(g/g). The higher solubility percentage indicates the 
higher functionalities of the protein in a food (Omueti, 
2009). 

The viscosity of the formulated weaning food F-3 (33.40 
mps-1) was lower than the F-1 (34.41 mps-1) and F-2 (35.84 
mps-1) sample. Lower viscosity of weaning food indicates the 
increase in nutrient density (Nkama, 2001).

Micronutrient and trace elements

The results of micronutrient and trace elements are also 
shown in Table II. After analyzing three formulated 
baby food (F-1, F-2, F-3) Na concentration was highest 
in the F-3 (233.3 mg/100 g) whereas in response to 
mother’s concerns, many baby food manufacturers have 
tried to keep the concentration of Na within the 
recommended level; 96.78–411.32 (mg/100 g) specified 
in the Codex Alimentarius standard for weaning foods 
(FAO/WHO, 1994). 

The concentration of potassium in F-3 was 250 (mg/100g) 
which is greater than F-1 and F-2 sample. Excessive dietary 
intake of K has been reported to cause muscular weakness 
and vomiting in human (Whitney et al., 1990). Highest 
amount of Fe was found in F-2 sample while lowest was 
found in F-1 sample. The RDA of Fe for infant is 11 
(mg/100g) (IOM, 2004). Thus the high iron content of 
formulated baby food can meet the infant’s daily Fe needs. 
Calcium is an essential micronutrient in infants and young 
children for building bones and teeth in their early age, 
functioning of muscles and nerves, blood clotting and for 
immune defense (Whitney et al., 1990). The concentration of 
Ca was highest (260.33 mg/100g) in F-3. According to the 
FAO/WHO (1994), Ca concentration in weaning foods 
should not be less than 435.51 (mg/100g). So in that case 
further fortification with premix is required for the developed 
food. Zinc enhances the body’s immune system thus, 
protecting children from infections. Concentration of Zn in 
F-2 sample was higher than the F-1 and F-3 sample. The 
trace/heavy metals (Cr, Pb, Ni, Cu) analysis result of both 
formulated and commercial foods represent that, only 0.19 
(mg/100g) lead was found in F-2 and 0.28, 0.71, and 0.39 
(mg/100g) of Copper were found in F-1, F-2, and F-3, 
respectively. Rest of all trace metals were found in all diets 
were below the detect level (BDL). 

Amino acids 

Results of amino acids for the developed weaning food are 
shown in Table III. It was noticed from the analysis that the 
developed formulated F-3 weaning food yielded eight 
essential amino acids followed by fourteen amino acids. The 
essential amino acid found in the present study for F-3 
formulation was higher than the reported values of Wakil and 
Kazeem (2012). It was reported from their experiment that 
threonine, alanine, methionine, isoleucine, leucine, lysine 
and valine content was 0.42, 0.94, 0.54, 0.96, 0.20, 1.34, and 
0.30 (g/100g), respectively. The highest amino acid content 
for the present study is due to use of malted wheat flour and 
peanuts as raw materials. The results of this experiment  also 

match with the FAO/WHO (1973) standard as shown in 
Table III. 

Fatty acid 

Fatty acid compositions of prepared weaning foods (F-3) are 
given in Fig. 1. The formulated weaning F-3 contain 16.01% 
palmitic acid; 4.27% stearic acid; 45.90% linoleic acid and 
25.55% oleic acid because of using soya flour and peanuts 
that provide required amount of fat content whether weaning 
food formulated with cooking banana, cow pea and peanuts 
contain 1.01% palmitic acid; 0.22% stearic acid; 2.22% 
linoleic acid and 3.56% oleic acid (Francisca, 2004).

Rat growth 

Comparison among the weight gains of different rat groups in 
21 days fed on prepared (F-1, F-2 and F-3), and laboratory 
diets is shown in the Fig. 2. After first week the weight 
increase rate was low in the rats fed on the formula F-1 (436 
g), and F-2 (485g). The group weight gain was higher (527g) 
in the rats fed on the formula F-3 than control group (513g) 
fed on the laboratory diet. From the rat bioassay, the highest 

growth rate was found in the rats fed on the locally prepared 
weaning food (F-3) than control group fed on the laboratory 
diet. Another causes of highest growth rate was that the 
highest protein percentage of the prepared weaning food 
(F-3) than others diets.

Sensory evaluation

Results of the sensory evaluation of developed baby food are 
depicted in Fig. 3. The sensorial results revealed that the 
color parameter of F-3 was more attractive (8.35) than F-1 
(5.5) and for F-2 (7.95). The more attractive color is due to 
the carrot powder in F-3 sample. The nutty flavor of the 
formulated weaning food (F-3) (8.55) made the product more 
acceptable than the F-1 (6) and F-2 (6.6). The taste of 
commercial baby food was more acceptable than the 
developed baby foods due to high sugar content. So, sugar 
content should be increased in formulated diets to enhance 
taste parameters. The score of overall acceptability of the 
formulated weaning F-3 (7.98) was higher as compared to the 
F-1 and F-2 food sample.   

Conclusion

The use of germinated wheat flour, soya flour, peanuts and 
lentils to develop the weaning food formulation provide high 
protein and calorie values with desired minerals content and 
improved functional and sensory characteristics. Vitamin and 
mineral contents are lower in F-3 than other formulated food, 
thus it need to be further fortified by vitamin and minerals 

premix. The study also showed that F-3 could be another 
option to fulfill the requirement of essential amino acids and 
fatty acids at weaning period of infants and young children. 
This study also implies that the formulas could be made from 
low cost, readily and locally available nutrient rich raw 
materials. Therefore, further study should be undertaken with 
the estimation of large scale commercial production cost of 
formulated diets (F-3).
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Table III. Amino acids composition of F-3 and % of RDA 
of amino acids met per 100g of prepared weaning food

Aspartic acid 1.03 - -

Threonine* 0.77 2.6 29

Serine 0.58 - -

Glutamic acid 1.58 - -

Glysine 0.47 - -

Alanine* 0.67 - -

Valine* 0.45 4.2 10

Methionine* 0.47 2.2 21

Isoleucine* 0.51 4.2 12

Leucine* 0.62 4.8 13

Tyrosine 0.32 - -

Histidine* 0.41 - -

Arginine 0.84 2.0 42

Lysine* 1.73 4.2 41

*Essential amino acid. Source of RDA: FAO/WHO (1973)

Amino acids RDA %
RDA met

F-3
(g/100g crude

protein)
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Introduction

The growth of the infant in the first or second years is very 
rapid and breast feeding alone will not meet the child 
nutritional requirement. After about four months of age the 
child needs supplementary feeding to provide energy and 
essential nutrients required for continued growth and 
development (WHO and UNICEF, 1998). The nutrients in 
recommended complementary foods complement those in 
breast milk. The recommended feeding practices during this 

time ensure that baby receives all the necessary nutrients, 
including those that are sometime missing for many babies 
(iron, zinc and vitamin A), besides the guidelines also state 
that an ideal weaning food must be nutrient dense, easily 
digestible, suitable to consistency and affordable to the target 
market (FAO, 1985).

Low-cost, high protein food supplement development for 
weaning infants is a constant challenge (Schmidt, 1983). This 

is particularly important in developing countries where 
malnutrition problems are still common particularly during 
weaning (FAO, 2010). In Bangladesh, cereals like wheat, 
rice, milt etc. and legumes like soya, lentils and peanuts, 
carrots are commonly available therefore, a strategy can be 
followed to formulate a highly nutritive instant weaning 
food which is high in protein and calories to provide a 
balanced diet at the weaning period as well as affordable by 
the parents. 

Every community has a main staple food and it varies 
from country to country like as rice, wheat maize, cassava 
yam, potato etc. The staple is an excellent base for 
preparing babies' first weaning foods because it is usually 
cheaper and easily available, provides most of the 
nutrients needed for growth. Therefore, development of 
instant weaning foods based on locally available raw 
ingredients has been suggested by the Integrated Child 
Development Scheme (ICDS) and Food and Agriculture 
Organization (FAO, 1996) to combat malnutrition among 
mothers and children of low socio-economic groups. 
Evidence indicates that it is quite possible to improve the 
nutrient quality and acceptability of these cereals and 
legumes and exploit their potentials as human foods by 
adopting newer scientific processing methods (Nataranjan 
et al., 1979). Another thing is that, the nutritional content 
and the digestibility of food can be increased through 
germination (Ozuba et al., 2002). 

Numerous works on weaning food were done by the 
previous researchers. These studies cover development of 
weaning food with quality and storage stability analysis. 
Quality evaluation of weaning food prepared from 
fermented cereal legume was studied by Wakil and Kazeem 
(2012). Wadud et al. (2004) developed baby food from 
vegetable protein. Product quality and storage stability were 
also analyzed for the developed product. Extruded weaning 
food was developed by Njoki and Faller (2001). Plahar et 
al. (2003) developed weaning food of high energy from 
maize, peanuts, and soybean by extrusion cooking process. 
Quality evaluation in terms of protein content from cooked 
cereal and legume based weaning food was studied by 
Mensa-Wilmot et al. (2001). 

It is noticed from the recent investigation that information on 
instant weaning food are very limited. Therefore, the 
objectives of this present research were to develop a highly 
nutritive weaning food from indigenous food sources. The 
aims of this study were also to evaluate the quality of the 
developed food product.

Materials and methods

Collection of raw materials

Raw wheat, red lentils, peanuts, carrots and soybeans were 
collected from local market of Dhaka, Bangladesh to 
develop the weaning food. Collected sample was then 
stored in a refrigerator at 5oC to retain the quality of the 
material.

Processing of raw materials

Collected wheat sample were washed thoroughly, soaked for 
8 h and spread in a covering tray and then left overnight for 
sprouting. The sample was dried at 50oC for 12 h and 
grinded. Finally, the malted flour was stored in a cool and dry 
place to avoid the moisture gain. 

Raw peanuts samples was dried, grinded and packed in air 
tight container. Prepared peanut mash was then stored in a 
cool place. Healthy, mature soybean seeds were weighted 
and soaked overnight in 0.5% NaOH solution. The dehulled 
seeds were then boiled for 30 min to remove the anti-nutrient 
factors. The boiled seeds were strained and dried in hot air 
oven at 80 oC. Finally, the dried seeds were ground into 
powder and sieved using 100 mesh sieve. 

Formulation of weaning foods

Three types of weaning food (F-1, F-2 and F-3) were 
prepared by mixing the prepared raw sample.  The major raw 
materials used to formulate weaning foods were wheat flour, 
soya flour, rice flour for F-1; wheat flour, soya flour, malt 
extract for F-2 and malted wheat flour, soya flour, peanuts, 
lentils, carrots powder for F-3. 

Evaluation of proximate composition

Moisture, protein, ash, fat, fiber, total sugar and carbohydrate 
content of malted wheat flour, soya flour, and the formulated 
diets were determined according to AOAC (2005). Gross 
energy values of the raw materials and prepared foods were 
calculated by multiplying the values of protein, fat and 
carbohydrate by their respective physiological fuel values of 
4.1, 9.3 and 4.1 (Edeoga et al., 2003).

Assessment of functional properties

Water binding capacity, water absorption capacity, bulk 
density, solubility and swelling power were evaluated to 
determine the functional properties of the developed weaning 
food. Water binding capacity (WBC) was examined by 
taking 2 g of sample and 4 ml of distilled water in a 

centrifuge tube. Then the mixture of sample and distilled 
water was shaken for one hour and centrifuged for 15 min at 
2200 rpm. The calculation for determining WBC was 
followed as described by Beuchat (1977). Water absorption 
capacity was determined by the method described by Sathe 
and Salunkhe (1981). Bulk density, solubility and swelling 
power were analyzed by the methods as described by 
Oladele and Aina (2007). Viscosity of developed and 
commercial baby food samples were measured by 
following AACC (2000). 

Evaluation of micronutrient and heavy metals 

Vitamin A

Vitamin A was determined by high performance liquid 
chromatography (HPLC) with UV-detection after saponification 
and extraction (Horwitz and Latimer et al., 2001). Retinol was 
quantified in an HPLC system, using UV detection at 326 nm 
wave length. Vitamin A was then calculated by comparison of 
retinol peak heights in test samples.

Minerals and heavy metals

Minerals and heavy metals content of the formulated 
weaning foods were analyzed using 589 nm and 769 nm 
wavelength in Flame Emission Atomic Absorption 
Spectrophotometer (Jencons, PEP7). 10 g of dry sample was 
taken in a porcelain dish and then placed into a muffle 
furnace and heated at 1000oC for 1 h. After burning, ashes 
were taken to 250 ml beaker and 50 ml of deionized distilled 
water and 15 ml concentrated nitric acid was added. The 
samples were then returned to a hot plate with continued 
heating and additional acid was also added until completion 
of digestion. Then the sample was filtered into a 250 ml 
volumetric flask and each sample was made up to the mark 
with deionized water. Standard stock solution of 100 ppm 
was prepared for every tested mineral and metal. These 
solutions were prepared from their pure metal turning and 
pure compound using nitric acid. Working standard and 
blanks were acidified to the same extent as samples. The 
atomic absorption instrument was set up and flame condition 
and absorbance were optimized for analyze. Then blanks, 
standards, and samples were aspirated into a flame in AAS. 

Amino acid determination

Amino acid content of the developed weaning food samples 
were determined by amino acid analyzer (Sykam-S7130, 
Tokyo, Japan) based on HPLC system by following the 
amino acid analysis system instruction manual 
(Anonymous, 1993).

Fatty acid determination

Relative concentration of fatty acid (FA) from collected oil 
samples of developed baby food was measured as their 
corresponding methyl esters according to the method 
described in IUPAC (2010). About 5 to 7 drops of oil was 
taken in 15 ml test tube and 3 ml of 0.5 M sodium methoxide 
(prepared by mixing metallic sodium in methanol) was added 
and digested by stirring in a hot water bath for 15 min. 
Thereafter, the samples were cooled at room temperature and 
1 ml of petroleum ether was added followed by 10 ml 
deionized water, mixed and allowed to settle. The distinct 
upper layer of methyl ester in petroleum ether was separated 
carefully in a capped vial and used for analysis. 200 mg of 
different fatty acid standard (FAME mix; Sigma-Aldrich, St. 
Louis, Missouri, USA) in their respective methyl ester form 
were dissolved separately in 10 ml petroleum ether in a series 
of screw capped test tubes. Aliquots of 1.0 µl FAME (fatty 
acid methly ester) were injected and the peaks of fatty acids 
were recorded for their respective retention time and presented 
as relative percentage as were by the automated GC software.

Rat bioassay 

Nutritional quality of the prepared weaning foods were 
assessed according to a standard rat bioassay procedure by 
following OECD (2006) in the animal house section, Institute 
of Food Science and Technology (IFST) of Bangladesh 
Council of Scientific and Industrial Research (BCSIR), 
Dhaka, Bangladesh. Four groups of young long-evans rats 
(between 28-30 days) were used in this study. Each group 
contained four rats (2 male and 2 female). Room temperature 
was maintained at 18-26 oC with 12 h light/dark cycle. The 
rats were subjected to a 7 day acclimatization period. 

Sensory evaluation

The supplementary foods were subjected to sensory 
evaluation for color, flavor, taste, texture and overall 
acceptability by a sensory panel consisting of 19 members of 
which nine members are male (age ranged from 25 to 35) and 
remaining 10 members are female (age ranged from 26 to 40) 
of BCSIR, Dhaka, Bangladesh. The presented three samples 
were evaluated by panelists according to 9-point Hedonic 
Scale (Larmond, 1977). 

Statistical analysis

Results were statistically analyzed using IBM SPSS version 
22. The mean and standard deviation data from the triplicate 
analysis of developed food samples were calculated. 

Results and discussion

Proximate composition of raw materials and formulated 
weaning foods

The nutrient content of raw materials and formulated 
weaning food are shown in Table I. According to Table 1 the 
highest amount of protein, fat and carbohydrate was found in 
soya flour, peanut flour and wheat flour, respectively. It is 
also noticed from Table I that the highest energy value was 
found from peanut flour. 

The mean carbohydrate content of formulated weaning food 
(F-3) was lower (59.56 g/100g) while F-1 and F-2 was 73.98 
and 71.24 g/100g respectively. According to Codex 

Alimentarios Standards (FAO/WHO, 1994), the prepared 
weaning food should provide carbohydrate with the limit of 
41.13 to 73.79 g/100g. American Dietetic Association (2008) 
recommends that for children 2-11 years of age, 
carbohydrates should make up 45–65% of total energy intake 
each day whether in F-3 carbohydrate content provided 
51.13% of total energy. Therefore, it is noted that the 
formulated weaning F-3 is capable to meet the carbohydrate 
requirement of infants. 

The protein content of F-3 was 15.88 (g/100g) which is 
higher than F-1 (11.81 g/100g), and F-2, (9.95 g/100g), 
respectively. According to Codex Alimentarious Standards, 
the protein content of weaning food is ranged from 14.52 to 
37.70 (g/100g) (FAO/WHO, 1994). So the protein content 

was expected level in F-3 and the higher protein content in 
F-3 is due to use of soya flour, malted wheat flour and 
peanuts as raw materials. American Dietetic Association 
(2008) indicated that, in a weaning food 13% of the total 
energy should derived from protein whereas in F-3 protein 
provided 14.06% of the total energy. This implies that protein 
content of F-3 will be able to meet children growth demands.  

F-3 contains highest fat percentage (16.49 g/100g in dry 
weight basis) than F-1 (7.06 g/100g) and, F-2 (10.62 g/100g). 
According to FAO (1985) the 40-60 percent of total energy of 
infant below one year of age should come from fat. Due to 
using peanuts the fat content was slightly higher in F-3 than 
the recommended level due to use of peanut. However, it 
provides higher calorie in the diet which is expected. 

According to codex standard FAO/WHO (1994) the fat 
content of developed weaning food should be ranged from 
14.52-41.13%. 

The energy content of F-3 was higher (462.80 kcal/100gm) 
than F-1 (418.29 kcal/100g), and F-2 (432.11 kcal/100g) and 
also very close to Codex Alimentarious Standards 
FAO/WHO (1994) (483.9 kcal/100g).  According to IOM 
(2004) the RDA of energy for infant is 880 (kcal/day). 

It is noticed from Table 1 that lower ash content varied from 
2.02 to 2.58  in the formulated weaning food. The results of 
this study are in congruent with the reported recommendation 
of Protein Advisory Group (1972) which noted that the ash 
content should not exceed 5%. 

The crude fiber percentage ranged from 0.42 to 2.03% for the 
developed weaning food as shown in Table 1. The results of 
this study match with the reported values of FAO (1985). It 
was reported that the crude fiber content of supplementary 
food should not exceed 5%.

Functional properties 

The results on the functional properties of the diets are 
presented in Table II. The water absorption capacity of the 
formulated weaning food F-3 was lower (136.24 (g/100g)) 
than the F-1, and F-2 sample. The lower water binding and 
absorption capacity of weaning food indicate the thinner 
gruel formation with high caloric density per unit volume. 
Similar findings were also noted by Elkahalifa et al. (2005). 

Bulk density of the developed weaning foods varied from 
0.57 to 0.75 g/cm3. Results of the present research (except 
F-1) are in concord with the reported values of Asma et al. 

(2006). It was reported from their experiment that bulk 
density of the baby food varied from 0.54-0.65 g/cm3. 
According to Quartey et al. (2007), low bulk density powder 
are desirable in infant food preparation. 

The solubility of formulated weaning food F-3 was 
48.81% and swelling power was 11.79 (g/g), while the 
other two diets such as F-1, and F-2 contains solubility 
were 35.05, 38.67% and swelling power were 6.16, 8.52 
(g/g). The higher solubility percentage indicates the 
higher functionalities of the protein in a food (Omueti, 
2009). 

The viscosity of the formulated weaning food F-3 (33.40 
mps-1) was lower than the F-1 (34.41 mps-1) and F-2 (35.84 
mps-1) sample. Lower viscosity of weaning food indicates the 
increase in nutrient density (Nkama, 2001).

Micronutrient and trace elements

The results of micronutrient and trace elements are also 
shown in Table II. After analyzing three formulated 
baby food (F-1, F-2, F-3) Na concentration was highest 
in the F-3 (233.3 mg/100 g) whereas in response to 
mother’s concerns, many baby food manufacturers have 
tried to keep the concentration of Na within the 
recommended level; 96.78–411.32 (mg/100 g) specified 
in the Codex Alimentarius standard for weaning foods 
(FAO/WHO, 1994). 

The concentration of potassium in F-3 was 250 (mg/100g) 
which is greater than F-1 and F-2 sample. Excessive dietary 
intake of K has been reported to cause muscular weakness 
and vomiting in human (Whitney et al., 1990). Highest 
amount of Fe was found in F-2 sample while lowest was 
found in F-1 sample. The RDA of Fe for infant is 11 
(mg/100g) (IOM, 2004). Thus the high iron content of 
formulated baby food can meet the infant’s daily Fe needs. 
Calcium is an essential micronutrient in infants and young 
children for building bones and teeth in their early age, 
functioning of muscles and nerves, blood clotting and for 
immune defense (Whitney et al., 1990). The concentration of 
Ca was highest (260.33 mg/100g) in F-3. According to the 
FAO/WHO (1994), Ca concentration in weaning foods 
should not be less than 435.51 (mg/100g). So in that case 
further fortification with premix is required for the developed 
food. Zinc enhances the body’s immune system thus, 
protecting children from infections. Concentration of Zn in 
F-2 sample was higher than the F-1 and F-3 sample. The 
trace/heavy metals (Cr, Pb, Ni, Cu) analysis result of both 
formulated and commercial foods represent that, only 0.19 
(mg/100g) lead was found in F-2 and 0.28, 0.71, and 0.39 
(mg/100g) of Copper were found in F-1, F-2, and F-3, 
respectively. Rest of all trace metals were found in all diets 
were below the detect level (BDL). 

Amino acids 

Results of amino acids for the developed weaning food are 
shown in Table III. It was noticed from the analysis that the 
developed formulated F-3 weaning food yielded eight 
essential amino acids followed by fourteen amino acids. The 
essential amino acid found in the present study for F-3 
formulation was higher than the reported values of Wakil and 
Kazeem (2012). It was reported from their experiment that 
threonine, alanine, methionine, isoleucine, leucine, lysine 
and valine content was 0.42, 0.94, 0.54, 0.96, 0.20, 1.34, and 
0.30 (g/100g), respectively. The highest amino acid content 
for the present study is due to use of malted wheat flour and 
peanuts as raw materials. The results of this experiment  also 

match with the FAO/WHO (1973) standard as shown in 
Table III. 

Fatty acid 

Fatty acid compositions of prepared weaning foods (F-3) are 
given in Fig. 1. The formulated weaning F-3 contain 16.01% 
palmitic acid; 4.27% stearic acid; 45.90% linoleic acid and 
25.55% oleic acid because of using soya flour and peanuts 
that provide required amount of fat content whether weaning 
food formulated with cooking banana, cow pea and peanuts 
contain 1.01% palmitic acid; 0.22% stearic acid; 2.22% 
linoleic acid and 3.56% oleic acid (Francisca, 2004).

Rat growth 

Comparison among the weight gains of different rat groups in 
21 days fed on prepared (F-1, F-2 and F-3), and laboratory 
diets is shown in the Fig. 2. After first week the weight 
increase rate was low in the rats fed on the formula F-1 (436 
g), and F-2 (485g). The group weight gain was higher (527g) 
in the rats fed on the formula F-3 than control group (513g) 
fed on the laboratory diet. From the rat bioassay, the highest 

growth rate was found in the rats fed on the locally prepared 
weaning food (F-3) than control group fed on the laboratory 
diet. Another causes of highest growth rate was that the 
highest protein percentage of the prepared weaning food 
(F-3) than others diets.

Sensory evaluation

Results of the sensory evaluation of developed baby food are 
depicted in Fig. 3. The sensorial results revealed that the 
color parameter of F-3 was more attractive (8.35) than F-1 
(5.5) and for F-2 (7.95). The more attractive color is due to 
the carrot powder in F-3 sample. The nutty flavor of the 
formulated weaning food (F-3) (8.55) made the product more 
acceptable than the F-1 (6) and F-2 (6.6). The taste of 
commercial baby food was more acceptable than the 
developed baby foods due to high sugar content. So, sugar 
content should be increased in formulated diets to enhance 
taste parameters. The score of overall acceptability of the 
formulated weaning F-3 (7.98) was higher as compared to the 
F-1 and F-2 food sample.   

Conclusion

The use of germinated wheat flour, soya flour, peanuts and 
lentils to develop the weaning food formulation provide high 
protein and calorie values with desired minerals content and 
improved functional and sensory characteristics. Vitamin and 
mineral contents are lower in F-3 than other formulated food, 
thus it need to be further fortified by vitamin and minerals 

premix. The study also showed that F-3 could be another 
option to fulfill the requirement of essential amino acids and 
fatty acids at weaning period of infants and young children. 
This study also implies that the formulas could be made from 
low cost, readily and locally available nutrient rich raw 
materials. Therefore, further study should be undertaken with 
the estimation of large scale commercial production cost of 
formulated diets (F-3).

References

AACC (2000), Approved Methods of the American 
Association of Cereal Chemists, 10th Ed., The 
Association: St. Paul, Minnesota, Method 61-02. 

American Dietetic Association (2008), Position of the 
American Dietetic Association: Nutrition Guidance 
for Healthy Children Ages 2 to 11 Years, JADA 
108: 1038–1047. DOI: 10.1016/j.jada.2008.04.005 

 Anonymous (1993), Amino acid analysis system 
instruction manual, Shimadzu HPLC amino acid 
analysis system, Analytical Instruments Division, 
Kyoto, Japan, pp 63-65. 

AOAC (2005), Official methods of analysis, Washington, 
DC: Association Official Analytical Chemist.

Asma MA, Babiker EEl, and Tinay AH (2006), 
Development of weaning food from sorghum 
supplemented with legumes and oil seeds, Food 
and Nutrition Bulletin 27: 26-34. DOI: 
org/10.1177/156482650602700104

 Beuchat LR (1977), Functional and electrophoretic 
characteristics of succinylated peanut flour protein, 
J. Agric Food Chem. 25: 258-261. DOI: 
org/10.1021/jf60210a044

Edeoga HO, Okwu DE. and Mbaebie BO (2003), 
Minerals and nutritive value of some Nigerian 
medicinal plants, Journal of Medicinal and 
Aromatic Plant Science 25: 1010-1015.

Elkahalifa AO, Schiffler and Bernhardt R (2005), 
Functional properties of sorghum flour, Food 
Chemistry 92: 1-5.

FAO (1985), Guideline for development of 
supplementary foods for older infant and children, 
Report of the 14th session of Codex committee on 
foods special uses.

FAO/WHO (1973), Ad Hoc Expert Committee, Energy and 
Protein requirements, WHO Technical Report Series, 
No.522; FAO Nutrition Meetings Report Series, No. 
52; WHO, Geneva; FAO, Rome, Italy.

FAO/WHO (1994), Codex Alimentarius Standards for Foods 
for Special Dietary Uses (including foods for infants 
and children), Vol. 4. Joint FAO/WHO Food Standards 
Program Rome: WHO, Codex Alimentarius 
Commission.

FAO (1996), Preparation and use of food-based dietary 
guidelines, Report of a joint FAO/WHO consultation, 
Nicosia, Cyprus.

FAO/WHO/UNU (2004), Human energy requirements, 
Report of a Joint FAO/WHO/UNU Expert 
Consultation. FAO Food and Nutrition Technical 
Report Series No. 1. Rome: FAO.

FAO/WHO (2002). Human vitamin and mineral 
requirements. Report of a Joint FAO/WHO Expert 
Consultation, FAO/WHO non-series publication, 
Rome: FAO.

FAO (2010). Fats and fatty acids in human nutrition. Report 
of an expert consultation, FAO Food and Nutrition 
Paper 91 (Final report). Rome: FAO.

FAO (2010), Bangladesh summary, Nutrition country 
profiles, Nutrition and Consumer Protection, 
Agriculture and consumer protection department

Francisca (2004), Immunobiology of human milk: how 
breastfeeding protects babies, Pharmasoft Publishing, 
Texas, USA.

Horwitz W, and Latimer GW (2001), AOAC Official Method 
2001.13.Vitamin A (Retinol) in Foods.Vitamins and 
Other Nutrients. Chapter 45, p.53-56. Official Methods 
of Analysis of AOAC International. 18th Ed. Revision 
2, 2007. Maryland.

IOM (2004), Dietary reference intake. National Academy 
press, Washington, DC.

IUPAC (2010), Fatty acid test through Gas Chromatography, 
Available from: http://www.ifpri. org/book 8018/ 
ourwork/ researcharea/global-hunger-index.  

Larmond E (1977), Laboratory methods for sensory 
evaluation of food, Canadian Government Publishing 
Centre, Ottawa, Canada.

Mensa-Wilmot Y, Phillips RD, and Hargrove JL (2001), 
Protein quality evaluation of cowpea-based extrusion 
cooked cereal/legume weaning mixtures, Nutrition 
Research 21: 849-857. DOI: org/10.1016/ S0271- 
5317(01)00302-5

Nataranjan I, Dagwanna FN and Ndahi WB (1979), 
Production, proximate composition and consumer 
acceptability of weaning foods from mixture of pearl 
millet, cowpea and groundnut, J. Arid. Agric 11: 
165-169.

Njoki P and Faller JF (2001), Development of an extruded 
plantain/corn/soy weaning food, International journal 
of food science & technology 36: 415-423. DOI: 
org/10.1046/j.1365-2621.2001.00476.x

Nkama I, Dagwanna FN and Ndahi WB (2001), Production, 
proximate composition and consumer acceptability of 
weaning foods from mixture of pearl millet, cowpea 
and groundnut, J. Arid. Agric. 11: 165-169. 

OECD (2006), The Validation of the Enhanced Test 
Guideline 407 Repeat Dose 28-Day Oral Toxicity 
Study in Laboratory Rats. Series on Testing and 
Assessment Number 59. Paris: Organisation for 
Economic Co-operation and Development.

Oladele AK and Aina JO (2007), Chemical composition and 
functional properties of flour from two varities of 
tigernut (Cyperus esculentus), African journal of 
Biotechnology 6: 2473-2476.

Omueti O (2009), EJEAF Chemistry 8: 563-573.

Ozuba AU, Olatunji OO and Odunfa JA (2002), 
Development and quality evaluation of semi-infant 
home-made weaning food, J. Applied Sci. 5: 124-3138.

Plahar WA, Okezie BO and Gyato CK (2003), Development 
of a high protein weaning food by extrusion cooking 
using peanuts, maize and soybeans, Plant Foods for 
Human Nutrition 58: 1-12.

Protein Advisory Group, Guidelines of protein (1972), Rich 
mixture for use in weaning foods, Advisory Group. 
New work, 50.

Quartey FC, Amagloh FK, Oduro I and Ellis WO (2007), 
Formulation of an infant food based on breadfruit 
(Artocarpus altilis) and breadnut (Artocarpus 
camansi), Acta Horticulturae. 757: 212-224. DOI:   
10.17660/ActaHortic.2007.757.29

Sathe SK. and Salunkhe DK (1981), Functional properties of 
great northern bean (Phaseolus vulgaris) proteins: 
emulsions, foaming, viscosity and gelatin properties, J. 
food sci. 46: 71-75. DOI: org/10.1111/ 
j.1365-2621.1981.tb14533.x

Schmidt BJ (1983), Breast feeding and infants morbidity 
in developing countries, J. Pediatr. Gastroenterol. 
Nutr 2 (suppl. 1).

Wadud S, Abid H, Ara H, Kosar S and Shah WH (2004),  
Production, quality evaluation and storage stability of 
vegetable protein-based baby foods, Food chemistry 
85: 175-179. DOI: org/10.1016/S0308- 8146(02) 
00516-2 

Wakil SM and Kazeem MO (2012), Quality assessment of 
weaning food produced from fermented cereal-legume 

blends using starters, International Food Research 
Journal 19(4).

Whitney EN, Hamilton EMN and Rolfes SR (1990), 
Understanding Nutrition, 5th Ed., West Publishing 
Company, New York.

WHO/FAO/UNU (2007), Protein and amino acid 
requirements in human nutrition, Report of a Joint 
WHO/FAO/UNU Expert Consultation. FAO Food and 
Nutrition Technical Report Series 935. Geneva: World 
Health Organization.

WHO, UNICEF (1998), Complementary Feeding of Young 
Children in Developin Countries: A review of current 
scientific knowledge. Geneva: World Health 
Organization.

0

10

20

30

40

50

60

70

80

Fa
t c

on
te

nt
 o

f F
-3

, g
/1

00
g

 

Fatty acid profile

Fig. 1. Fatty acid profile of developed weaning food-3

Initial

740

690

640

590

540

490

440

390

340

day
 7 DAF 14 DAF 21 DAF

A
ve

ra
ge

 w
ei

gh
t g

ai
n 

in
 (g

)

Days Interval

Control group

Formula 1

Formula 2

Formula 3

Fig. 2. Growth rate of rats after feeding different diets 



Weaning food from indigenous source 56(1) 202136

Introduction

The growth of the infant in the first or second years is very 
rapid and breast feeding alone will not meet the child 
nutritional requirement. After about four months of age the 
child needs supplementary feeding to provide energy and 
essential nutrients required for continued growth and 
development (WHO and UNICEF, 1998). The nutrients in 
recommended complementary foods complement those in 
breast milk. The recommended feeding practices during this 

time ensure that baby receives all the necessary nutrients, 
including those that are sometime missing for many babies 
(iron, zinc and vitamin A), besides the guidelines also state 
that an ideal weaning food must be nutrient dense, easily 
digestible, suitable to consistency and affordable to the target 
market (FAO, 1985).

Low-cost, high protein food supplement development for 
weaning infants is a constant challenge (Schmidt, 1983). This 

is particularly important in developing countries where 
malnutrition problems are still common particularly during 
weaning (FAO, 2010). In Bangladesh, cereals like wheat, 
rice, milt etc. and legumes like soya, lentils and peanuts, 
carrots are commonly available therefore, a strategy can be 
followed to formulate a highly nutritive instant weaning 
food which is high in protein and calories to provide a 
balanced diet at the weaning period as well as affordable by 
the parents. 

Every community has a main staple food and it varies 
from country to country like as rice, wheat maize, cassava 
yam, potato etc. The staple is an excellent base for 
preparing babies' first weaning foods because it is usually 
cheaper and easily available, provides most of the 
nutrients needed for growth. Therefore, development of 
instant weaning foods based on locally available raw 
ingredients has been suggested by the Integrated Child 
Development Scheme (ICDS) and Food and Agriculture 
Organization (FAO, 1996) to combat malnutrition among 
mothers and children of low socio-economic groups. 
Evidence indicates that it is quite possible to improve the 
nutrient quality and acceptability of these cereals and 
legumes and exploit their potentials as human foods by 
adopting newer scientific processing methods (Nataranjan 
et al., 1979). Another thing is that, the nutritional content 
and the digestibility of food can be increased through 
germination (Ozuba et al., 2002). 

Numerous works on weaning food were done by the 
previous researchers. These studies cover development of 
weaning food with quality and storage stability analysis. 
Quality evaluation of weaning food prepared from 
fermented cereal legume was studied by Wakil and Kazeem 
(2012). Wadud et al. (2004) developed baby food from 
vegetable protein. Product quality and storage stability were 
also analyzed for the developed product. Extruded weaning 
food was developed by Njoki and Faller (2001). Plahar et 
al. (2003) developed weaning food of high energy from 
maize, peanuts, and soybean by extrusion cooking process. 
Quality evaluation in terms of protein content from cooked 
cereal and legume based weaning food was studied by 
Mensa-Wilmot et al. (2001). 

It is noticed from the recent investigation that information on 
instant weaning food are very limited. Therefore, the 
objectives of this present research were to develop a highly 
nutritive weaning food from indigenous food sources. The 
aims of this study were also to evaluate the quality of the 
developed food product.

Materials and methods

Collection of raw materials

Raw wheat, red lentils, peanuts, carrots and soybeans were 
collected from local market of Dhaka, Bangladesh to 
develop the weaning food. Collected sample was then 
stored in a refrigerator at 5oC to retain the quality of the 
material.

Processing of raw materials

Collected wheat sample were washed thoroughly, soaked for 
8 h and spread in a covering tray and then left overnight for 
sprouting. The sample was dried at 50oC for 12 h and 
grinded. Finally, the malted flour was stored in a cool and dry 
place to avoid the moisture gain. 

Raw peanuts samples was dried, grinded and packed in air 
tight container. Prepared peanut mash was then stored in a 
cool place. Healthy, mature soybean seeds were weighted 
and soaked overnight in 0.5% NaOH solution. The dehulled 
seeds were then boiled for 30 min to remove the anti-nutrient 
factors. The boiled seeds were strained and dried in hot air 
oven at 80 oC. Finally, the dried seeds were ground into 
powder and sieved using 100 mesh sieve. 

Formulation of weaning foods

Three types of weaning food (F-1, F-2 and F-3) were 
prepared by mixing the prepared raw sample.  The major raw 
materials used to formulate weaning foods were wheat flour, 
soya flour, rice flour for F-1; wheat flour, soya flour, malt 
extract for F-2 and malted wheat flour, soya flour, peanuts, 
lentils, carrots powder for F-3. 

Evaluation of proximate composition

Moisture, protein, ash, fat, fiber, total sugar and carbohydrate 
content of malted wheat flour, soya flour, and the formulated 
diets were determined according to AOAC (2005). Gross 
energy values of the raw materials and prepared foods were 
calculated by multiplying the values of protein, fat and 
carbohydrate by their respective physiological fuel values of 
4.1, 9.3 and 4.1 (Edeoga et al., 2003).

Assessment of functional properties

Water binding capacity, water absorption capacity, bulk 
density, solubility and swelling power were evaluated to 
determine the functional properties of the developed weaning 
food. Water binding capacity (WBC) was examined by 
taking 2 g of sample and 4 ml of distilled water in a 

centrifuge tube. Then the mixture of sample and distilled 
water was shaken for one hour and centrifuged for 15 min at 
2200 rpm. The calculation for determining WBC was 
followed as described by Beuchat (1977). Water absorption 
capacity was determined by the method described by Sathe 
and Salunkhe (1981). Bulk density, solubility and swelling 
power were analyzed by the methods as described by 
Oladele and Aina (2007). Viscosity of developed and 
commercial baby food samples were measured by 
following AACC (2000). 

Evaluation of micronutrient and heavy metals 

Vitamin A

Vitamin A was determined by high performance liquid 
chromatography (HPLC) with UV-detection after saponification 
and extraction (Horwitz and Latimer et al., 2001). Retinol was 
quantified in an HPLC system, using UV detection at 326 nm 
wave length. Vitamin A was then calculated by comparison of 
retinol peak heights in test samples.

Minerals and heavy metals

Minerals and heavy metals content of the formulated 
weaning foods were analyzed using 589 nm and 769 nm 
wavelength in Flame Emission Atomic Absorption 
Spectrophotometer (Jencons, PEP7). 10 g of dry sample was 
taken in a porcelain dish and then placed into a muffle 
furnace and heated at 1000oC for 1 h. After burning, ashes 
were taken to 250 ml beaker and 50 ml of deionized distilled 
water and 15 ml concentrated nitric acid was added. The 
samples were then returned to a hot plate with continued 
heating and additional acid was also added until completion 
of digestion. Then the sample was filtered into a 250 ml 
volumetric flask and each sample was made up to the mark 
with deionized water. Standard stock solution of 100 ppm 
was prepared for every tested mineral and metal. These 
solutions were prepared from their pure metal turning and 
pure compound using nitric acid. Working standard and 
blanks were acidified to the same extent as samples. The 
atomic absorption instrument was set up and flame condition 
and absorbance were optimized for analyze. Then blanks, 
standards, and samples were aspirated into a flame in AAS. 

Amino acid determination

Amino acid content of the developed weaning food samples 
were determined by amino acid analyzer (Sykam-S7130, 
Tokyo, Japan) based on HPLC system by following the 
amino acid analysis system instruction manual 
(Anonymous, 1993).

Fatty acid determination

Relative concentration of fatty acid (FA) from collected oil 
samples of developed baby food was measured as their 
corresponding methyl esters according to the method 
described in IUPAC (2010). About 5 to 7 drops of oil was 
taken in 15 ml test tube and 3 ml of 0.5 M sodium methoxide 
(prepared by mixing metallic sodium in methanol) was added 
and digested by stirring in a hot water bath for 15 min. 
Thereafter, the samples were cooled at room temperature and 
1 ml of petroleum ether was added followed by 10 ml 
deionized water, mixed and allowed to settle. The distinct 
upper layer of methyl ester in petroleum ether was separated 
carefully in a capped vial and used for analysis. 200 mg of 
different fatty acid standard (FAME mix; Sigma-Aldrich, St. 
Louis, Missouri, USA) in their respective methyl ester form 
were dissolved separately in 10 ml petroleum ether in a series 
of screw capped test tubes. Aliquots of 1.0 µl FAME (fatty 
acid methly ester) were injected and the peaks of fatty acids 
were recorded for their respective retention time and presented 
as relative percentage as were by the automated GC software.

Rat bioassay 

Nutritional quality of the prepared weaning foods were 
assessed according to a standard rat bioassay procedure by 
following OECD (2006) in the animal house section, Institute 
of Food Science and Technology (IFST) of Bangladesh 
Council of Scientific and Industrial Research (BCSIR), 
Dhaka, Bangladesh. Four groups of young long-evans rats 
(between 28-30 days) were used in this study. Each group 
contained four rats (2 male and 2 female). Room temperature 
was maintained at 18-26 oC with 12 h light/dark cycle. The 
rats were subjected to a 7 day acclimatization period. 

Sensory evaluation

The supplementary foods were subjected to sensory 
evaluation for color, flavor, taste, texture and overall 
acceptability by a sensory panel consisting of 19 members of 
which nine members are male (age ranged from 25 to 35) and 
remaining 10 members are female (age ranged from 26 to 40) 
of BCSIR, Dhaka, Bangladesh. The presented three samples 
were evaluated by panelists according to 9-point Hedonic 
Scale (Larmond, 1977). 

Statistical analysis

Results were statistically analyzed using IBM SPSS version 
22. The mean and standard deviation data from the triplicate 
analysis of developed food samples were calculated. 

Results and discussion

Proximate composition of raw materials and formulated 
weaning foods

The nutrient content of raw materials and formulated 
weaning food are shown in Table I. According to Table 1 the 
highest amount of protein, fat and carbohydrate was found in 
soya flour, peanut flour and wheat flour, respectively. It is 
also noticed from Table I that the highest energy value was 
found from peanut flour. 

The mean carbohydrate content of formulated weaning food 
(F-3) was lower (59.56 g/100g) while F-1 and F-2 was 73.98 
and 71.24 g/100g respectively. According to Codex 

Alimentarios Standards (FAO/WHO, 1994), the prepared 
weaning food should provide carbohydrate with the limit of 
41.13 to 73.79 g/100g. American Dietetic Association (2008) 
recommends that for children 2-11 years of age, 
carbohydrates should make up 45–65% of total energy intake 
each day whether in F-3 carbohydrate content provided 
51.13% of total energy. Therefore, it is noted that the 
formulated weaning F-3 is capable to meet the carbohydrate 
requirement of infants. 

The protein content of F-3 was 15.88 (g/100g) which is 
higher than F-1 (11.81 g/100g), and F-2, (9.95 g/100g), 
respectively. According to Codex Alimentarious Standards, 
the protein content of weaning food is ranged from 14.52 to 
37.70 (g/100g) (FAO/WHO, 1994). So the protein content 

was expected level in F-3 and the higher protein content in 
F-3 is due to use of soya flour, malted wheat flour and 
peanuts as raw materials. American Dietetic Association 
(2008) indicated that, in a weaning food 13% of the total 
energy should derived from protein whereas in F-3 protein 
provided 14.06% of the total energy. This implies that protein 
content of F-3 will be able to meet children growth demands.  

F-3 contains highest fat percentage (16.49 g/100g in dry 
weight basis) than F-1 (7.06 g/100g) and, F-2 (10.62 g/100g). 
According to FAO (1985) the 40-60 percent of total energy of 
infant below one year of age should come from fat. Due to 
using peanuts the fat content was slightly higher in F-3 than 
the recommended level due to use of peanut. However, it 
provides higher calorie in the diet which is expected. 

According to codex standard FAO/WHO (1994) the fat 
content of developed weaning food should be ranged from 
14.52-41.13%. 

The energy content of F-3 was higher (462.80 kcal/100gm) 
than F-1 (418.29 kcal/100g), and F-2 (432.11 kcal/100g) and 
also very close to Codex Alimentarious Standards 
FAO/WHO (1994) (483.9 kcal/100g).  According to IOM 
(2004) the RDA of energy for infant is 880 (kcal/day). 

It is noticed from Table 1 that lower ash content varied from 
2.02 to 2.58  in the formulated weaning food. The results of 
this study are in congruent with the reported recommendation 
of Protein Advisory Group (1972) which noted that the ash 
content should not exceed 5%. 

The crude fiber percentage ranged from 0.42 to 2.03% for the 
developed weaning food as shown in Table 1. The results of 
this study match with the reported values of FAO (1985). It 
was reported that the crude fiber content of supplementary 
food should not exceed 5%.

Functional properties 

The results on the functional properties of the diets are 
presented in Table II. The water absorption capacity of the 
formulated weaning food F-3 was lower (136.24 (g/100g)) 
than the F-1, and F-2 sample. The lower water binding and 
absorption capacity of weaning food indicate the thinner 
gruel formation with high caloric density per unit volume. 
Similar findings were also noted by Elkahalifa et al. (2005). 

Bulk density of the developed weaning foods varied from 
0.57 to 0.75 g/cm3. Results of the present research (except 
F-1) are in concord with the reported values of Asma et al. 

(2006). It was reported from their experiment that bulk 
density of the baby food varied from 0.54-0.65 g/cm3. 
According to Quartey et al. (2007), low bulk density powder 
are desirable in infant food preparation. 

The solubility of formulated weaning food F-3 was 
48.81% and swelling power was 11.79 (g/g), while the 
other two diets such as F-1, and F-2 contains solubility 
were 35.05, 38.67% and swelling power were 6.16, 8.52 
(g/g). The higher solubility percentage indicates the 
higher functionalities of the protein in a food (Omueti, 
2009). 

The viscosity of the formulated weaning food F-3 (33.40 
mps-1) was lower than the F-1 (34.41 mps-1) and F-2 (35.84 
mps-1) sample. Lower viscosity of weaning food indicates the 
increase in nutrient density (Nkama, 2001).

Micronutrient and trace elements

The results of micronutrient and trace elements are also 
shown in Table II. After analyzing three formulated 
baby food (F-1, F-2, F-3) Na concentration was highest 
in the F-3 (233.3 mg/100 g) whereas in response to 
mother’s concerns, many baby food manufacturers have 
tried to keep the concentration of Na within the 
recommended level; 96.78–411.32 (mg/100 g) specified 
in the Codex Alimentarius standard for weaning foods 
(FAO/WHO, 1994). 

The concentration of potassium in F-3 was 250 (mg/100g) 
which is greater than F-1 and F-2 sample. Excessive dietary 
intake of K has been reported to cause muscular weakness 
and vomiting in human (Whitney et al., 1990). Highest 
amount of Fe was found in F-2 sample while lowest was 
found in F-1 sample. The RDA of Fe for infant is 11 
(mg/100g) (IOM, 2004). Thus the high iron content of 
formulated baby food can meet the infant’s daily Fe needs. 
Calcium is an essential micronutrient in infants and young 
children for building bones and teeth in their early age, 
functioning of muscles and nerves, blood clotting and for 
immune defense (Whitney et al., 1990). The concentration of 
Ca was highest (260.33 mg/100g) in F-3. According to the 
FAO/WHO (1994), Ca concentration in weaning foods 
should not be less than 435.51 (mg/100g). So in that case 
further fortification with premix is required for the developed 
food. Zinc enhances the body’s immune system thus, 
protecting children from infections. Concentration of Zn in 
F-2 sample was higher than the F-1 and F-3 sample. The 
trace/heavy metals (Cr, Pb, Ni, Cu) analysis result of both 
formulated and commercial foods represent that, only 0.19 
(mg/100g) lead was found in F-2 and 0.28, 0.71, and 0.39 
(mg/100g) of Copper were found in F-1, F-2, and F-3, 
respectively. Rest of all trace metals were found in all diets 
were below the detect level (BDL). 

Amino acids 

Results of amino acids for the developed weaning food are 
shown in Table III. It was noticed from the analysis that the 
developed formulated F-3 weaning food yielded eight 
essential amino acids followed by fourteen amino acids. The 
essential amino acid found in the present study for F-3 
formulation was higher than the reported values of Wakil and 
Kazeem (2012). It was reported from their experiment that 
threonine, alanine, methionine, isoleucine, leucine, lysine 
and valine content was 0.42, 0.94, 0.54, 0.96, 0.20, 1.34, and 
0.30 (g/100g), respectively. The highest amino acid content 
for the present study is due to use of malted wheat flour and 
peanuts as raw materials. The results of this experiment  also 

match with the FAO/WHO (1973) standard as shown in 
Table III. 

Fatty acid 

Fatty acid compositions of prepared weaning foods (F-3) are 
given in Fig. 1. The formulated weaning F-3 contain 16.01% 
palmitic acid; 4.27% stearic acid; 45.90% linoleic acid and 
25.55% oleic acid because of using soya flour and peanuts 
that provide required amount of fat content whether weaning 
food formulated with cooking banana, cow pea and peanuts 
contain 1.01% palmitic acid; 0.22% stearic acid; 2.22% 
linoleic acid and 3.56% oleic acid (Francisca, 2004).

Rat growth 

Comparison among the weight gains of different rat groups in 
21 days fed on prepared (F-1, F-2 and F-3), and laboratory 
diets is shown in the Fig. 2. After first week the weight 
increase rate was low in the rats fed on the formula F-1 (436 
g), and F-2 (485g). The group weight gain was higher (527g) 
in the rats fed on the formula F-3 than control group (513g) 
fed on the laboratory diet. From the rat bioassay, the highest 

growth rate was found in the rats fed on the locally prepared 
weaning food (F-3) than control group fed on the laboratory 
diet. Another causes of highest growth rate was that the 
highest protein percentage of the prepared weaning food 
(F-3) than others diets.

Sensory evaluation

Results of the sensory evaluation of developed baby food are 
depicted in Fig. 3. The sensorial results revealed that the 
color parameter of F-3 was more attractive (8.35) than F-1 
(5.5) and for F-2 (7.95). The more attractive color is due to 
the carrot powder in F-3 sample. The nutty flavor of the 
formulated weaning food (F-3) (8.55) made the product more 
acceptable than the F-1 (6) and F-2 (6.6). The taste of 
commercial baby food was more acceptable than the 
developed baby foods due to high sugar content. So, sugar 
content should be increased in formulated diets to enhance 
taste parameters. The score of overall acceptability of the 
formulated weaning F-3 (7.98) was higher as compared to the 
F-1 and F-2 food sample.   

Conclusion

The use of germinated wheat flour, soya flour, peanuts and 
lentils to develop the weaning food formulation provide high 
protein and calorie values with desired minerals content and 
improved functional and sensory characteristics. Vitamin and 
mineral contents are lower in F-3 than other formulated food, 
thus it need to be further fortified by vitamin and minerals 

premix. The study also showed that F-3 could be another 
option to fulfill the requirement of essential amino acids and 
fatty acids at weaning period of infants and young children. 
This study also implies that the formulas could be made from 
low cost, readily and locally available nutrient rich raw 
materials. Therefore, further study should be undertaken with 
the estimation of large scale commercial production cost of 
formulated diets (F-3).
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Introduction

The growth of the infant in the first or second years is very 
rapid and breast feeding alone will not meet the child 
nutritional requirement. After about four months of age the 
child needs supplementary feeding to provide energy and 
essential nutrients required for continued growth and 
development (WHO and UNICEF, 1998). The nutrients in 
recommended complementary foods complement those in 
breast milk. The recommended feeding practices during this 

time ensure that baby receives all the necessary nutrients, 
including those that are sometime missing for many babies 
(iron, zinc and vitamin A), besides the guidelines also state 
that an ideal weaning food must be nutrient dense, easily 
digestible, suitable to consistency and affordable to the target 
market (FAO, 1985).

Low-cost, high protein food supplement development for 
weaning infants is a constant challenge (Schmidt, 1983). This 

is particularly important in developing countries where 
malnutrition problems are still common particularly during 
weaning (FAO, 2010). In Bangladesh, cereals like wheat, 
rice, milt etc. and legumes like soya, lentils and peanuts, 
carrots are commonly available therefore, a strategy can be 
followed to formulate a highly nutritive instant weaning 
food which is high in protein and calories to provide a 
balanced diet at the weaning period as well as affordable by 
the parents. 

Every community has a main staple food and it varies 
from country to country like as rice, wheat maize, cassava 
yam, potato etc. The staple is an excellent base for 
preparing babies' first weaning foods because it is usually 
cheaper and easily available, provides most of the 
nutrients needed for growth. Therefore, development of 
instant weaning foods based on locally available raw 
ingredients has been suggested by the Integrated Child 
Development Scheme (ICDS) and Food and Agriculture 
Organization (FAO, 1996) to combat malnutrition among 
mothers and children of low socio-economic groups. 
Evidence indicates that it is quite possible to improve the 
nutrient quality and acceptability of these cereals and 
legumes and exploit their potentials as human foods by 
adopting newer scientific processing methods (Nataranjan 
et al., 1979). Another thing is that, the nutritional content 
and the digestibility of food can be increased through 
germination (Ozuba et al., 2002). 

Numerous works on weaning food were done by the 
previous researchers. These studies cover development of 
weaning food with quality and storage stability analysis. 
Quality evaluation of weaning food prepared from 
fermented cereal legume was studied by Wakil and Kazeem 
(2012). Wadud et al. (2004) developed baby food from 
vegetable protein. Product quality and storage stability were 
also analyzed for the developed product. Extruded weaning 
food was developed by Njoki and Faller (2001). Plahar et 
al. (2003) developed weaning food of high energy from 
maize, peanuts, and soybean by extrusion cooking process. 
Quality evaluation in terms of protein content from cooked 
cereal and legume based weaning food was studied by 
Mensa-Wilmot et al. (2001). 

It is noticed from the recent investigation that information on 
instant weaning food are very limited. Therefore, the 
objectives of this present research were to develop a highly 
nutritive weaning food from indigenous food sources. The 
aims of this study were also to evaluate the quality of the 
developed food product.

Materials and methods

Collection of raw materials

Raw wheat, red lentils, peanuts, carrots and soybeans were 
collected from local market of Dhaka, Bangladesh to 
develop the weaning food. Collected sample was then 
stored in a refrigerator at 5oC to retain the quality of the 
material.

Processing of raw materials

Collected wheat sample were washed thoroughly, soaked for 
8 h and spread in a covering tray and then left overnight for 
sprouting. The sample was dried at 50oC for 12 h and 
grinded. Finally, the malted flour was stored in a cool and dry 
place to avoid the moisture gain. 

Raw peanuts samples was dried, grinded and packed in air 
tight container. Prepared peanut mash was then stored in a 
cool place. Healthy, mature soybean seeds were weighted 
and soaked overnight in 0.5% NaOH solution. The dehulled 
seeds were then boiled for 30 min to remove the anti-nutrient 
factors. The boiled seeds were strained and dried in hot air 
oven at 80 oC. Finally, the dried seeds were ground into 
powder and sieved using 100 mesh sieve. 

Formulation of weaning foods

Three types of weaning food (F-1, F-2 and F-3) were 
prepared by mixing the prepared raw sample.  The major raw 
materials used to formulate weaning foods were wheat flour, 
soya flour, rice flour for F-1; wheat flour, soya flour, malt 
extract for F-2 and malted wheat flour, soya flour, peanuts, 
lentils, carrots powder for F-3. 

Evaluation of proximate composition

Moisture, protein, ash, fat, fiber, total sugar and carbohydrate 
content of malted wheat flour, soya flour, and the formulated 
diets were determined according to AOAC (2005). Gross 
energy values of the raw materials and prepared foods were 
calculated by multiplying the values of protein, fat and 
carbohydrate by their respective physiological fuel values of 
4.1, 9.3 and 4.1 (Edeoga et al., 2003).

Assessment of functional properties

Water binding capacity, water absorption capacity, bulk 
density, solubility and swelling power were evaluated to 
determine the functional properties of the developed weaning 
food. Water binding capacity (WBC) was examined by 
taking 2 g of sample and 4 ml of distilled water in a 

centrifuge tube. Then the mixture of sample and distilled 
water was shaken for one hour and centrifuged for 15 min at 
2200 rpm. The calculation for determining WBC was 
followed as described by Beuchat (1977). Water absorption 
capacity was determined by the method described by Sathe 
and Salunkhe (1981). Bulk density, solubility and swelling 
power were analyzed by the methods as described by 
Oladele and Aina (2007). Viscosity of developed and 
commercial baby food samples were measured by 
following AACC (2000). 

Evaluation of micronutrient and heavy metals 

Vitamin A

Vitamin A was determined by high performance liquid 
chromatography (HPLC) with UV-detection after saponification 
and extraction (Horwitz and Latimer et al., 2001). Retinol was 
quantified in an HPLC system, using UV detection at 326 nm 
wave length. Vitamin A was then calculated by comparison of 
retinol peak heights in test samples.

Minerals and heavy metals

Minerals and heavy metals content of the formulated 
weaning foods were analyzed using 589 nm and 769 nm 
wavelength in Flame Emission Atomic Absorption 
Spectrophotometer (Jencons, PEP7). 10 g of dry sample was 
taken in a porcelain dish and then placed into a muffle 
furnace and heated at 1000oC for 1 h. After burning, ashes 
were taken to 250 ml beaker and 50 ml of deionized distilled 
water and 15 ml concentrated nitric acid was added. The 
samples were then returned to a hot plate with continued 
heating and additional acid was also added until completion 
of digestion. Then the sample was filtered into a 250 ml 
volumetric flask and each sample was made up to the mark 
with deionized water. Standard stock solution of 100 ppm 
was prepared for every tested mineral and metal. These 
solutions were prepared from their pure metal turning and 
pure compound using nitric acid. Working standard and 
blanks were acidified to the same extent as samples. The 
atomic absorption instrument was set up and flame condition 
and absorbance were optimized for analyze. Then blanks, 
standards, and samples were aspirated into a flame in AAS. 

Amino acid determination

Amino acid content of the developed weaning food samples 
were determined by amino acid analyzer (Sykam-S7130, 
Tokyo, Japan) based on HPLC system by following the 
amino acid analysis system instruction manual 
(Anonymous, 1993).

Fatty acid determination

Relative concentration of fatty acid (FA) from collected oil 
samples of developed baby food was measured as their 
corresponding methyl esters according to the method 
described in IUPAC (2010). About 5 to 7 drops of oil was 
taken in 15 ml test tube and 3 ml of 0.5 M sodium methoxide 
(prepared by mixing metallic sodium in methanol) was added 
and digested by stirring in a hot water bath for 15 min. 
Thereafter, the samples were cooled at room temperature and 
1 ml of petroleum ether was added followed by 10 ml 
deionized water, mixed and allowed to settle. The distinct 
upper layer of methyl ester in petroleum ether was separated 
carefully in a capped vial and used for analysis. 200 mg of 
different fatty acid standard (FAME mix; Sigma-Aldrich, St. 
Louis, Missouri, USA) in their respective methyl ester form 
were dissolved separately in 10 ml petroleum ether in a series 
of screw capped test tubes. Aliquots of 1.0 µl FAME (fatty 
acid methly ester) were injected and the peaks of fatty acids 
were recorded for their respective retention time and presented 
as relative percentage as were by the automated GC software.

Rat bioassay 

Nutritional quality of the prepared weaning foods were 
assessed according to a standard rat bioassay procedure by 
following OECD (2006) in the animal house section, Institute 
of Food Science and Technology (IFST) of Bangladesh 
Council of Scientific and Industrial Research (BCSIR), 
Dhaka, Bangladesh. Four groups of young long-evans rats 
(between 28-30 days) were used in this study. Each group 
contained four rats (2 male and 2 female). Room temperature 
was maintained at 18-26 oC with 12 h light/dark cycle. The 
rats were subjected to a 7 day acclimatization period. 

Sensory evaluation

The supplementary foods were subjected to sensory 
evaluation for color, flavor, taste, texture and overall 
acceptability by a sensory panel consisting of 19 members of 
which nine members are male (age ranged from 25 to 35) and 
remaining 10 members are female (age ranged from 26 to 40) 
of BCSIR, Dhaka, Bangladesh. The presented three samples 
were evaluated by panelists according to 9-point Hedonic 
Scale (Larmond, 1977). 

Statistical analysis

Results were statistically analyzed using IBM SPSS version 
22. The mean and standard deviation data from the triplicate 
analysis of developed food samples were calculated. 

Results and discussion

Proximate composition of raw materials and formulated 
weaning foods

The nutrient content of raw materials and formulated 
weaning food are shown in Table I. According to Table 1 the 
highest amount of protein, fat and carbohydrate was found in 
soya flour, peanut flour and wheat flour, respectively. It is 
also noticed from Table I that the highest energy value was 
found from peanut flour. 

The mean carbohydrate content of formulated weaning food 
(F-3) was lower (59.56 g/100g) while F-1 and F-2 was 73.98 
and 71.24 g/100g respectively. According to Codex 

Alimentarios Standards (FAO/WHO, 1994), the prepared 
weaning food should provide carbohydrate with the limit of 
41.13 to 73.79 g/100g. American Dietetic Association (2008) 
recommends that for children 2-11 years of age, 
carbohydrates should make up 45–65% of total energy intake 
each day whether in F-3 carbohydrate content provided 
51.13% of total energy. Therefore, it is noted that the 
formulated weaning F-3 is capable to meet the carbohydrate 
requirement of infants. 

The protein content of F-3 was 15.88 (g/100g) which is 
higher than F-1 (11.81 g/100g), and F-2, (9.95 g/100g), 
respectively. According to Codex Alimentarious Standards, 
the protein content of weaning food is ranged from 14.52 to 
37.70 (g/100g) (FAO/WHO, 1994). So the protein content 

was expected level in F-3 and the higher protein content in 
F-3 is due to use of soya flour, malted wheat flour and 
peanuts as raw materials. American Dietetic Association 
(2008) indicated that, in a weaning food 13% of the total 
energy should derived from protein whereas in F-3 protein 
provided 14.06% of the total energy. This implies that protein 
content of F-3 will be able to meet children growth demands.  

F-3 contains highest fat percentage (16.49 g/100g in dry 
weight basis) than F-1 (7.06 g/100g) and, F-2 (10.62 g/100g). 
According to FAO (1985) the 40-60 percent of total energy of 
infant below one year of age should come from fat. Due to 
using peanuts the fat content was slightly higher in F-3 than 
the recommended level due to use of peanut. However, it 
provides higher calorie in the diet which is expected. 

According to codex standard FAO/WHO (1994) the fat 
content of developed weaning food should be ranged from 
14.52-41.13%. 

The energy content of F-3 was higher (462.80 kcal/100gm) 
than F-1 (418.29 kcal/100g), and F-2 (432.11 kcal/100g) and 
also very close to Codex Alimentarious Standards 
FAO/WHO (1994) (483.9 kcal/100g).  According to IOM 
(2004) the RDA of energy for infant is 880 (kcal/day). 

It is noticed from Table 1 that lower ash content varied from 
2.02 to 2.58  in the formulated weaning food. The results of 
this study are in congruent with the reported recommendation 
of Protein Advisory Group (1972) which noted that the ash 
content should not exceed 5%. 

The crude fiber percentage ranged from 0.42 to 2.03% for the 
developed weaning food as shown in Table 1. The results of 
this study match with the reported values of FAO (1985). It 
was reported that the crude fiber content of supplementary 
food should not exceed 5%.

Functional properties 

The results on the functional properties of the diets are 
presented in Table II. The water absorption capacity of the 
formulated weaning food F-3 was lower (136.24 (g/100g)) 
than the F-1, and F-2 sample. The lower water binding and 
absorption capacity of weaning food indicate the thinner 
gruel formation with high caloric density per unit volume. 
Similar findings were also noted by Elkahalifa et al. (2005). 

Bulk density of the developed weaning foods varied from 
0.57 to 0.75 g/cm3. Results of the present research (except 
F-1) are in concord with the reported values of Asma et al. 

(2006). It was reported from their experiment that bulk 
density of the baby food varied from 0.54-0.65 g/cm3. 
According to Quartey et al. (2007), low bulk density powder 
are desirable in infant food preparation. 

The solubility of formulated weaning food F-3 was 
48.81% and swelling power was 11.79 (g/g), while the 
other two diets such as F-1, and F-2 contains solubility 
were 35.05, 38.67% and swelling power were 6.16, 8.52 
(g/g). The higher solubility percentage indicates the 
higher functionalities of the protein in a food (Omueti, 
2009). 

The viscosity of the formulated weaning food F-3 (33.40 
mps-1) was lower than the F-1 (34.41 mps-1) and F-2 (35.84 
mps-1) sample. Lower viscosity of weaning food indicates the 
increase in nutrient density (Nkama, 2001).

Micronutrient and trace elements

The results of micronutrient and trace elements are also 
shown in Table II. After analyzing three formulated 
baby food (F-1, F-2, F-3) Na concentration was highest 
in the F-3 (233.3 mg/100 g) whereas in response to 
mother’s concerns, many baby food manufacturers have 
tried to keep the concentration of Na within the 
recommended level; 96.78–411.32 (mg/100 g) specified 
in the Codex Alimentarius standard for weaning foods 
(FAO/WHO, 1994). 

The concentration of potassium in F-3 was 250 (mg/100g) 
which is greater than F-1 and F-2 sample. Excessive dietary 
intake of K has been reported to cause muscular weakness 
and vomiting in human (Whitney et al., 1990). Highest 
amount of Fe was found in F-2 sample while lowest was 
found in F-1 sample. The RDA of Fe for infant is 11 
(mg/100g) (IOM, 2004). Thus the high iron content of 
formulated baby food can meet the infant’s daily Fe needs. 
Calcium is an essential micronutrient in infants and young 
children for building bones and teeth in their early age, 
functioning of muscles and nerves, blood clotting and for 
immune defense (Whitney et al., 1990). The concentration of 
Ca was highest (260.33 mg/100g) in F-3. According to the 
FAO/WHO (1994), Ca concentration in weaning foods 
should not be less than 435.51 (mg/100g). So in that case 
further fortification with premix is required for the developed 
food. Zinc enhances the body’s immune system thus, 
protecting children from infections. Concentration of Zn in 
F-2 sample was higher than the F-1 and F-3 sample. The 
trace/heavy metals (Cr, Pb, Ni, Cu) analysis result of both 
formulated and commercial foods represent that, only 0.19 
(mg/100g) lead was found in F-2 and 0.28, 0.71, and 0.39 
(mg/100g) of Copper were found in F-1, F-2, and F-3, 
respectively. Rest of all trace metals were found in all diets 
were below the detect level (BDL). 

Amino acids 

Results of amino acids for the developed weaning food are 
shown in Table III. It was noticed from the analysis that the 
developed formulated F-3 weaning food yielded eight 
essential amino acids followed by fourteen amino acids. The 
essential amino acid found in the present study for F-3 
formulation was higher than the reported values of Wakil and 
Kazeem (2012). It was reported from their experiment that 
threonine, alanine, methionine, isoleucine, leucine, lysine 
and valine content was 0.42, 0.94, 0.54, 0.96, 0.20, 1.34, and 
0.30 (g/100g), respectively. The highest amino acid content 
for the present study is due to use of malted wheat flour and 
peanuts as raw materials. The results of this experiment  also 

match with the FAO/WHO (1973) standard as shown in 
Table III. 

Fatty acid 

Fatty acid compositions of prepared weaning foods (F-3) are 
given in Fig. 1. The formulated weaning F-3 contain 16.01% 
palmitic acid; 4.27% stearic acid; 45.90% linoleic acid and 
25.55% oleic acid because of using soya flour and peanuts 
that provide required amount of fat content whether weaning 
food formulated with cooking banana, cow pea and peanuts 
contain 1.01% palmitic acid; 0.22% stearic acid; 2.22% 
linoleic acid and 3.56% oleic acid (Francisca, 2004).

Rat growth 

Comparison among the weight gains of different rat groups in 
21 days fed on prepared (F-1, F-2 and F-3), and laboratory 
diets is shown in the Fig. 2. After first week the weight 
increase rate was low in the rats fed on the formula F-1 (436 
g), and F-2 (485g). The group weight gain was higher (527g) 
in the rats fed on the formula F-3 than control group (513g) 
fed on the laboratory diet. From the rat bioassay, the highest 

growth rate was found in the rats fed on the locally prepared 
weaning food (F-3) than control group fed on the laboratory 
diet. Another causes of highest growth rate was that the 
highest protein percentage of the prepared weaning food 
(F-3) than others diets.

Sensory evaluation

Results of the sensory evaluation of developed baby food are 
depicted in Fig. 3. The sensorial results revealed that the 
color parameter of F-3 was more attractive (8.35) than F-1 
(5.5) and for F-2 (7.95). The more attractive color is due to 
the carrot powder in F-3 sample. The nutty flavor of the 
formulated weaning food (F-3) (8.55) made the product more 
acceptable than the F-1 (6) and F-2 (6.6). The taste of 
commercial baby food was more acceptable than the 
developed baby foods due to high sugar content. So, sugar 
content should be increased in formulated diets to enhance 
taste parameters. The score of overall acceptability of the 
formulated weaning F-3 (7.98) was higher as compared to the 
F-1 and F-2 food sample.   

Conclusion

The use of germinated wheat flour, soya flour, peanuts and 
lentils to develop the weaning food formulation provide high 
protein and calorie values with desired minerals content and 
improved functional and sensory characteristics. Vitamin and 
mineral contents are lower in F-3 than other formulated food, 
thus it need to be further fortified by vitamin and minerals 

premix. The study also showed that F-3 could be another 
option to fulfill the requirement of essential amino acids and 
fatty acids at weaning period of infants and young children. 
This study also implies that the formulas could be made from 
low cost, readily and locally available nutrient rich raw 
materials. Therefore, further study should be undertaken with 
the estimation of large scale commercial production cost of 
formulated diets (F-3).
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Introduction

The growth of the infant in the first or second years is very 
rapid and breast feeding alone will not meet the child 
nutritional requirement. After about four months of age the 
child needs supplementary feeding to provide energy and 
essential nutrients required for continued growth and 
development (WHO and UNICEF, 1998). The nutrients in 
recommended complementary foods complement those in 
breast milk. The recommended feeding practices during this 

time ensure that baby receives all the necessary nutrients, 
including those that are sometime missing for many babies 
(iron, zinc and vitamin A), besides the guidelines also state 
that an ideal weaning food must be nutrient dense, easily 
digestible, suitable to consistency and affordable to the target 
market (FAO, 1985).

Low-cost, high protein food supplement development for 
weaning infants is a constant challenge (Schmidt, 1983). This 

is particularly important in developing countries where 
malnutrition problems are still common particularly during 
weaning (FAO, 2010). In Bangladesh, cereals like wheat, 
rice, milt etc. and legumes like soya, lentils and peanuts, 
carrots are commonly available therefore, a strategy can be 
followed to formulate a highly nutritive instant weaning 
food which is high in protein and calories to provide a 
balanced diet at the weaning period as well as affordable by 
the parents. 

Every community has a main staple food and it varies 
from country to country like as rice, wheat maize, cassava 
yam, potato etc. The staple is an excellent base for 
preparing babies' first weaning foods because it is usually 
cheaper and easily available, provides most of the 
nutrients needed for growth. Therefore, development of 
instant weaning foods based on locally available raw 
ingredients has been suggested by the Integrated Child 
Development Scheme (ICDS) and Food and Agriculture 
Organization (FAO, 1996) to combat malnutrition among 
mothers and children of low socio-economic groups. 
Evidence indicates that it is quite possible to improve the 
nutrient quality and acceptability of these cereals and 
legumes and exploit their potentials as human foods by 
adopting newer scientific processing methods (Nataranjan 
et al., 1979). Another thing is that, the nutritional content 
and the digestibility of food can be increased through 
germination (Ozuba et al., 2002). 

Numerous works on weaning food were done by the 
previous researchers. These studies cover development of 
weaning food with quality and storage stability analysis. 
Quality evaluation of weaning food prepared from 
fermented cereal legume was studied by Wakil and Kazeem 
(2012). Wadud et al. (2004) developed baby food from 
vegetable protein. Product quality and storage stability were 
also analyzed for the developed product. Extruded weaning 
food was developed by Njoki and Faller (2001). Plahar et 
al. (2003) developed weaning food of high energy from 
maize, peanuts, and soybean by extrusion cooking process. 
Quality evaluation in terms of protein content from cooked 
cereal and legume based weaning food was studied by 
Mensa-Wilmot et al. (2001). 

It is noticed from the recent investigation that information on 
instant weaning food are very limited. Therefore, the 
objectives of this present research were to develop a highly 
nutritive weaning food from indigenous food sources. The 
aims of this study were also to evaluate the quality of the 
developed food product.

Materials and methods

Collection of raw materials

Raw wheat, red lentils, peanuts, carrots and soybeans were 
collected from local market of Dhaka, Bangladesh to 
develop the weaning food. Collected sample was then 
stored in a refrigerator at 5oC to retain the quality of the 
material.

Processing of raw materials

Collected wheat sample were washed thoroughly, soaked for 
8 h and spread in a covering tray and then left overnight for 
sprouting. The sample was dried at 50oC for 12 h and 
grinded. Finally, the malted flour was stored in a cool and dry 
place to avoid the moisture gain. 

Raw peanuts samples was dried, grinded and packed in air 
tight container. Prepared peanut mash was then stored in a 
cool place. Healthy, mature soybean seeds were weighted 
and soaked overnight in 0.5% NaOH solution. The dehulled 
seeds were then boiled for 30 min to remove the anti-nutrient 
factors. The boiled seeds were strained and dried in hot air 
oven at 80 oC. Finally, the dried seeds were ground into 
powder and sieved using 100 mesh sieve. 

Formulation of weaning foods

Three types of weaning food (F-1, F-2 and F-3) were 
prepared by mixing the prepared raw sample.  The major raw 
materials used to formulate weaning foods were wheat flour, 
soya flour, rice flour for F-1; wheat flour, soya flour, malt 
extract for F-2 and malted wheat flour, soya flour, peanuts, 
lentils, carrots powder for F-3. 

Evaluation of proximate composition

Moisture, protein, ash, fat, fiber, total sugar and carbohydrate 
content of malted wheat flour, soya flour, and the formulated 
diets were determined according to AOAC (2005). Gross 
energy values of the raw materials and prepared foods were 
calculated by multiplying the values of protein, fat and 
carbohydrate by their respective physiological fuel values of 
4.1, 9.3 and 4.1 (Edeoga et al., 2003).

Assessment of functional properties

Water binding capacity, water absorption capacity, bulk 
density, solubility and swelling power were evaluated to 
determine the functional properties of the developed weaning 
food. Water binding capacity (WBC) was examined by 
taking 2 g of sample and 4 ml of distilled water in a 

centrifuge tube. Then the mixture of sample and distilled 
water was shaken for one hour and centrifuged for 15 min at 
2200 rpm. The calculation for determining WBC was 
followed as described by Beuchat (1977). Water absorption 
capacity was determined by the method described by Sathe 
and Salunkhe (1981). Bulk density, solubility and swelling 
power were analyzed by the methods as described by 
Oladele and Aina (2007). Viscosity of developed and 
commercial baby food samples were measured by 
following AACC (2000). 

Evaluation of micronutrient and heavy metals 

Vitamin A

Vitamin A was determined by high performance liquid 
chromatography (HPLC) with UV-detection after saponification 
and extraction (Horwitz and Latimer et al., 2001). Retinol was 
quantified in an HPLC system, using UV detection at 326 nm 
wave length. Vitamin A was then calculated by comparison of 
retinol peak heights in test samples.

Minerals and heavy metals

Minerals and heavy metals content of the formulated 
weaning foods were analyzed using 589 nm and 769 nm 
wavelength in Flame Emission Atomic Absorption 
Spectrophotometer (Jencons, PEP7). 10 g of dry sample was 
taken in a porcelain dish and then placed into a muffle 
furnace and heated at 1000oC for 1 h. After burning, ashes 
were taken to 250 ml beaker and 50 ml of deionized distilled 
water and 15 ml concentrated nitric acid was added. The 
samples were then returned to a hot plate with continued 
heating and additional acid was also added until completion 
of digestion. Then the sample was filtered into a 250 ml 
volumetric flask and each sample was made up to the mark 
with deionized water. Standard stock solution of 100 ppm 
was prepared for every tested mineral and metal. These 
solutions were prepared from their pure metal turning and 
pure compound using nitric acid. Working standard and 
blanks were acidified to the same extent as samples. The 
atomic absorption instrument was set up and flame condition 
and absorbance were optimized for analyze. Then blanks, 
standards, and samples were aspirated into a flame in AAS. 

Amino acid determination

Amino acid content of the developed weaning food samples 
were determined by amino acid analyzer (Sykam-S7130, 
Tokyo, Japan) based on HPLC system by following the 
amino acid analysis system instruction manual 
(Anonymous, 1993).

Fatty acid determination

Relative concentration of fatty acid (FA) from collected oil 
samples of developed baby food was measured as their 
corresponding methyl esters according to the method 
described in IUPAC (2010). About 5 to 7 drops of oil was 
taken in 15 ml test tube and 3 ml of 0.5 M sodium methoxide 
(prepared by mixing metallic sodium in methanol) was added 
and digested by stirring in a hot water bath for 15 min. 
Thereafter, the samples were cooled at room temperature and 
1 ml of petroleum ether was added followed by 10 ml 
deionized water, mixed and allowed to settle. The distinct 
upper layer of methyl ester in petroleum ether was separated 
carefully in a capped vial and used for analysis. 200 mg of 
different fatty acid standard (FAME mix; Sigma-Aldrich, St. 
Louis, Missouri, USA) in their respective methyl ester form 
were dissolved separately in 10 ml petroleum ether in a series 
of screw capped test tubes. Aliquots of 1.0 µl FAME (fatty 
acid methly ester) were injected and the peaks of fatty acids 
were recorded for their respective retention time and presented 
as relative percentage as were by the automated GC software.

Rat bioassay 

Nutritional quality of the prepared weaning foods were 
assessed according to a standard rat bioassay procedure by 
following OECD (2006) in the animal house section, Institute 
of Food Science and Technology (IFST) of Bangladesh 
Council of Scientific and Industrial Research (BCSIR), 
Dhaka, Bangladesh. Four groups of young long-evans rats 
(between 28-30 days) were used in this study. Each group 
contained four rats (2 male and 2 female). Room temperature 
was maintained at 18-26 oC with 12 h light/dark cycle. The 
rats were subjected to a 7 day acclimatization period. 

Sensory evaluation

The supplementary foods were subjected to sensory 
evaluation for color, flavor, taste, texture and overall 
acceptability by a sensory panel consisting of 19 members of 
which nine members are male (age ranged from 25 to 35) and 
remaining 10 members are female (age ranged from 26 to 40) 
of BCSIR, Dhaka, Bangladesh. The presented three samples 
were evaluated by panelists according to 9-point Hedonic 
Scale (Larmond, 1977). 

Statistical analysis

Results were statistically analyzed using IBM SPSS version 
22. The mean and standard deviation data from the triplicate 
analysis of developed food samples were calculated. 

Results and discussion

Proximate composition of raw materials and formulated 
weaning foods

The nutrient content of raw materials and formulated 
weaning food are shown in Table I. According to Table 1 the 
highest amount of protein, fat and carbohydrate was found in 
soya flour, peanut flour and wheat flour, respectively. It is 
also noticed from Table I that the highest energy value was 
found from peanut flour. 

The mean carbohydrate content of formulated weaning food 
(F-3) was lower (59.56 g/100g) while F-1 and F-2 was 73.98 
and 71.24 g/100g respectively. According to Codex 

Alimentarios Standards (FAO/WHO, 1994), the prepared 
weaning food should provide carbohydrate with the limit of 
41.13 to 73.79 g/100g. American Dietetic Association (2008) 
recommends that for children 2-11 years of age, 
carbohydrates should make up 45–65% of total energy intake 
each day whether in F-3 carbohydrate content provided 
51.13% of total energy. Therefore, it is noted that the 
formulated weaning F-3 is capable to meet the carbohydrate 
requirement of infants. 

The protein content of F-3 was 15.88 (g/100g) which is 
higher than F-1 (11.81 g/100g), and F-2, (9.95 g/100g), 
respectively. According to Codex Alimentarious Standards, 
the protein content of weaning food is ranged from 14.52 to 
37.70 (g/100g) (FAO/WHO, 1994). So the protein content 

was expected level in F-3 and the higher protein content in 
F-3 is due to use of soya flour, malted wheat flour and 
peanuts as raw materials. American Dietetic Association 
(2008) indicated that, in a weaning food 13% of the total 
energy should derived from protein whereas in F-3 protein 
provided 14.06% of the total energy. This implies that protein 
content of F-3 will be able to meet children growth demands.  

F-3 contains highest fat percentage (16.49 g/100g in dry 
weight basis) than F-1 (7.06 g/100g) and, F-2 (10.62 g/100g). 
According to FAO (1985) the 40-60 percent of total energy of 
infant below one year of age should come from fat. Due to 
using peanuts the fat content was slightly higher in F-3 than 
the recommended level due to use of peanut. However, it 
provides higher calorie in the diet which is expected. 

According to codex standard FAO/WHO (1994) the fat 
content of developed weaning food should be ranged from 
14.52-41.13%. 

The energy content of F-3 was higher (462.80 kcal/100gm) 
than F-1 (418.29 kcal/100g), and F-2 (432.11 kcal/100g) and 
also very close to Codex Alimentarious Standards 
FAO/WHO (1994) (483.9 kcal/100g).  According to IOM 
(2004) the RDA of energy for infant is 880 (kcal/day). 

It is noticed from Table 1 that lower ash content varied from 
2.02 to 2.58  in the formulated weaning food. The results of 
this study are in congruent with the reported recommendation 
of Protein Advisory Group (1972) which noted that the ash 
content should not exceed 5%. 

The crude fiber percentage ranged from 0.42 to 2.03% for the 
developed weaning food as shown in Table 1. The results of 
this study match with the reported values of FAO (1985). It 
was reported that the crude fiber content of supplementary 
food should not exceed 5%.

Functional properties 

The results on the functional properties of the diets are 
presented in Table II. The water absorption capacity of the 
formulated weaning food F-3 was lower (136.24 (g/100g)) 
than the F-1, and F-2 sample. The lower water binding and 
absorption capacity of weaning food indicate the thinner 
gruel formation with high caloric density per unit volume. 
Similar findings were also noted by Elkahalifa et al. (2005). 

Bulk density of the developed weaning foods varied from 
0.57 to 0.75 g/cm3. Results of the present research (except 
F-1) are in concord with the reported values of Asma et al. 

(2006). It was reported from their experiment that bulk 
density of the baby food varied from 0.54-0.65 g/cm3. 
According to Quartey et al. (2007), low bulk density powder 
are desirable in infant food preparation. 

The solubility of formulated weaning food F-3 was 
48.81% and swelling power was 11.79 (g/g), while the 
other two diets such as F-1, and F-2 contains solubility 
were 35.05, 38.67% and swelling power were 6.16, 8.52 
(g/g). The higher solubility percentage indicates the 
higher functionalities of the protein in a food (Omueti, 
2009). 

The viscosity of the formulated weaning food F-3 (33.40 
mps-1) was lower than the F-1 (34.41 mps-1) and F-2 (35.84 
mps-1) sample. Lower viscosity of weaning food indicates the 
increase in nutrient density (Nkama, 2001).

Micronutrient and trace elements

The results of micronutrient and trace elements are also 
shown in Table II. After analyzing three formulated 
baby food (F-1, F-2, F-3) Na concentration was highest 
in the F-3 (233.3 mg/100 g) whereas in response to 
mother’s concerns, many baby food manufacturers have 
tried to keep the concentration of Na within the 
recommended level; 96.78–411.32 (mg/100 g) specified 
in the Codex Alimentarius standard for weaning foods 
(FAO/WHO, 1994). 

The concentration of potassium in F-3 was 250 (mg/100g) 
which is greater than F-1 and F-2 sample. Excessive dietary 
intake of K has been reported to cause muscular weakness 
and vomiting in human (Whitney et al., 1990). Highest 
amount of Fe was found in F-2 sample while lowest was 
found in F-1 sample. The RDA of Fe for infant is 11 
(mg/100g) (IOM, 2004). Thus the high iron content of 
formulated baby food can meet the infant’s daily Fe needs. 
Calcium is an essential micronutrient in infants and young 
children for building bones and teeth in their early age, 
functioning of muscles and nerves, blood clotting and for 
immune defense (Whitney et al., 1990). The concentration of 
Ca was highest (260.33 mg/100g) in F-3. According to the 
FAO/WHO (1994), Ca concentration in weaning foods 
should not be less than 435.51 (mg/100g). So in that case 
further fortification with premix is required for the developed 
food. Zinc enhances the body’s immune system thus, 
protecting children from infections. Concentration of Zn in 
F-2 sample was higher than the F-1 and F-3 sample. The 
trace/heavy metals (Cr, Pb, Ni, Cu) analysis result of both 
formulated and commercial foods represent that, only 0.19 
(mg/100g) lead was found in F-2 and 0.28, 0.71, and 0.39 
(mg/100g) of Copper were found in F-1, F-2, and F-3, 
respectively. Rest of all trace metals were found in all diets 
were below the detect level (BDL). 

Amino acids 

Results of amino acids for the developed weaning food are 
shown in Table III. It was noticed from the analysis that the 
developed formulated F-3 weaning food yielded eight 
essential amino acids followed by fourteen amino acids. The 
essential amino acid found in the present study for F-3 
formulation was higher than the reported values of Wakil and 
Kazeem (2012). It was reported from their experiment that 
threonine, alanine, methionine, isoleucine, leucine, lysine 
and valine content was 0.42, 0.94, 0.54, 0.96, 0.20, 1.34, and 
0.30 (g/100g), respectively. The highest amino acid content 
for the present study is due to use of malted wheat flour and 
peanuts as raw materials. The results of this experiment  also 

match with the FAO/WHO (1973) standard as shown in 
Table III. 

Fatty acid 

Fatty acid compositions of prepared weaning foods (F-3) are 
given in Fig. 1. The formulated weaning F-3 contain 16.01% 
palmitic acid; 4.27% stearic acid; 45.90% linoleic acid and 
25.55% oleic acid because of using soya flour and peanuts 
that provide required amount of fat content whether weaning 
food formulated with cooking banana, cow pea and peanuts 
contain 1.01% palmitic acid; 0.22% stearic acid; 2.22% 
linoleic acid and 3.56% oleic acid (Francisca, 2004).

Rat growth 

Comparison among the weight gains of different rat groups in 
21 days fed on prepared (F-1, F-2 and F-3), and laboratory 
diets is shown in the Fig. 2. After first week the weight 
increase rate was low in the rats fed on the formula F-1 (436 
g), and F-2 (485g). The group weight gain was higher (527g) 
in the rats fed on the formula F-3 than control group (513g) 
fed on the laboratory diet. From the rat bioassay, the highest 

growth rate was found in the rats fed on the locally prepared 
weaning food (F-3) than control group fed on the laboratory 
diet. Another causes of highest growth rate was that the 
highest protein percentage of the prepared weaning food 
(F-3) than others diets.

Sensory evaluation

Results of the sensory evaluation of developed baby food are 
depicted in Fig. 3. The sensorial results revealed that the 
color parameter of F-3 was more attractive (8.35) than F-1 
(5.5) and for F-2 (7.95). The more attractive color is due to 
the carrot powder in F-3 sample. The nutty flavor of the 
formulated weaning food (F-3) (8.55) made the product more 
acceptable than the F-1 (6) and F-2 (6.6). The taste of 
commercial baby food was more acceptable than the 
developed baby foods due to high sugar content. So, sugar 
content should be increased in formulated diets to enhance 
taste parameters. The score of overall acceptability of the 
formulated weaning F-3 (7.98) was higher as compared to the 
F-1 and F-2 food sample.   

Conclusion

The use of germinated wheat flour, soya flour, peanuts and 
lentils to develop the weaning food formulation provide high 
protein and calorie values with desired minerals content and 
improved functional and sensory characteristics. Vitamin and 
mineral contents are lower in F-3 than other formulated food, 
thus it need to be further fortified by vitamin and minerals 

premix. The study also showed that F-3 could be another 
option to fulfill the requirement of essential amino acids and 
fatty acids at weaning period of infants and young children. 
This study also implies that the formulas could be made from 
low cost, readily and locally available nutrient rich raw 
materials. Therefore, further study should be undertaken with 
the estimation of large scale commercial production cost of 
formulated diets (F-3).
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