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ABSTRACT 
 

The objectives of the study were to formulate composite blends (weaning foods) 
based on locally available cereals and legumes, to chemically evaluate their nutrient 
values, and compare with those of a proprietary formula and recommended daily 
allowance (RDA). The study is part of the effort to provide home-based 
complementary (weaning) foods that can be more cost effective to the low income 
families. Three composite blends were formulated based on protein basis of the food 
commodities used. Standard procedures of Association of Official Analytical 
Chemists (AOAC) were used to determine the proximate chemical composition. 
Technicon amino acid analyzer was used to detect and quantify neither amino acids 
using nor leucine as the internal standard, while atomic absorption 
spectrophotometer and ion chromatographic analyzer were used to determine the 
mineral element composition. The overall results indicated that crude protein, lipid, 
fibre, ash, moisture, energy and carbohydrate were either comparable or higher 
than values in the proprietary formula. The subject formulae would meet the RDA 
for protein, lipid, magnesium, manganese and fluoride based on an estimated daily 
intake of 65 g of weaning foods by a normal six months old infant in Jos, Nigeria. 
The subject diets would not meet the RDA for other nutrients based on the same 
estimation. It is therefore recommended that infants fed on these formulations be 
breastfed for at least two years, since the formulations are not intended to substitute 
breast milk, but to complement it. Frequent feeding on these foods is also 
recommended to increase daily nutrient intake. Inclusion of other nutrient-dense 
food commodities or appropriate micronutrients is necessary to raise the level of 
nutrients. The researchers believe that complementary foods formulated from 
locally available food commodities have great potential in providing nutritious foods 
that are practical, food-based approaches, aimed at combating the problem of 
malnutrition among infants and children in Nigeria in particular, and developing 
counties in general. 
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INTRODUCTION 
 

Scientifically, it has been proved that breast milk is the perfect food for the infant during 
the first six months of life. It contains all the nutrients and immunological factors an 
infant requires to maintain optimal health and growth. Furthermore, breast milk also 
protects infants against the two leading causes of infant mortality, upper respiratory 
infections and diarrhea [1]. However, at the age of six months and above when the child’s 
birth weight is expected to have doubled, breast milk is no longer sufficient to meet the 
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nutritional needs of the growing infant. Nutritious complementary foods are therefore 
introduced - also known as weaning foods - which typically covers the period from six to 
twenty four months of age in most developing countries [2]. 

 
On the other hand, nowadays, due to the reduced consumption of breast milk, important 
nutrients such as proteins, zinc, iron and B-vitamins are likely to be deficient in the 
contemporary diet of the affected infants [3]. If this development is not well handled 
during this crucial growth period, it can then lead to under-nutrition. For instance, the 
first Nigeria Nutrition Network of 2002 [4] identified poor feeding practices and/or 
shortfall in food intake, as the most important direct factors responsible for malnutrition 
and illness amongst children in Nigeria. 

 
As in most other developing countries, the high cost of fortified nutritious proprietary 
complementary foods is always, if not prohibitive, beyond the reach of most Nigerian 
families. Such families often depend on inadequately processed traditional foods 
consisting mainly of un-supplemented cereal porridges made from maize, sorghum and 
millet. In view of this, appropriate processing and blending of locally available food 
commodities have been carried out and researched into by a number of researchers [5, 6, 
7]. Such blends have been found to improve nutrient density of the complementary food 
and improved nutrient intake, which resulted in the prevention of malnutrition problems. 
This approach would require knowledge about the nutritive values of a variety of local 
food commodities, indigenous to the affected communities. 

 
A number of cereals and legumes that are readily available in Jos, Nigeria, have been 
found to have nutrient potentials that could complement one another if properly  
processed and blended [8, 9]. Therefore, it is imperative that efforts to formulate 
composite blends and scientific studies are carried out to ascertain the nutritive adequacy 
of these locally available blends (cereal and legumes) for possible use as complementary 
foods, especially by the rural and poor urban mothers during weaning period. 

 
This study is therefore part of exploratory work towards this goal.  The primary aim of  
the study is to formulate some composite blends based on cereals like rice, Acha (local 
cereal - Digitaria exilis Stapf) and maize and legumes like groundnuts, benniseed 
(sesame seeds) and Soya beans and then chemically evaluate their respective nutritive 
values. It is also part of the study to compare the findings from the blend of such cereals 
with a proprietary formula commonly sold in Jos, Nigeria, as well as the RDA’s to 
warrant recommendations in terms of nutritive values. 
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MATERIALS AND METHODS 
 

Materials 
 

The food commodities - rice (Oryza sativa), maize (Zea mays L.), Acha grains (Digitaria 
exilis), soyabeans (Glycine max), groundnut (Arachis hypogea), Bambaranut (V-oardzie 
subterranae), benniseed (Sesumun indicum), carrot (Daccus carota), garden egg  
(Solanum incanum) and crayfish (Macrobrachium spp) - were used to formulate three 
composite blends (diets) used in this study. The foodstuffs were purchased from local 
markets in Jos, Nigeria. Also, for comparison purposes, a Nestle Cerelac (a product of 
Nestle Nigeria PLC), was purchased from Jos Central Market. 

 
 
 

Preparation of Food Commodities 
 

The dehulled cereals - paddy rice, yellow maize and Acha grains - were separately 
washed with tap water and air-dried for 12 hours. The Soya beans wre washed and  
soaked in tap water for 12 hours, washed by rubbing between the palms to remove testa, 
then washed again several times with more water. It was then boiled in water for 15 
minutes, air-dried for 48 hours and then roasted in an oven at 70 oC for 30 minutes 
(soaking and roasting were intended to reduce the beany flavour). Similarly, the 
benniseed was also washed in water by rubbing between palms to remove testa, air-dried 
for 48 hours and roasted at 70 oC for 30 minutes. The groundnuts and bambaranuts were 
separately washed in tap water, air-dried for 12 hours and also roasted as stated above. 
Furthermore, carrot and ripened garden egg were separately washed with tap water,  
grated with a kitchen-grater and air-dried for 48 hours. Lastly, the processed food 
commodities were analyzed for their chemical proximate compositions (Appendix 1) and 
blends formulated based on the protein contents. 

 
Formulation of Composite Flours 

 
The composite flours of the three complementary foods were formulated as follows: 
Diet 1: Dehulled rice: Groundnut: Bambaranut: Carrot (RGB) (60:20:10:10 % w/w) 
Diet 2: Acha grain: Benniseed: Crayfish: Garden egg (ABC) (60:25:10:5 % w/w) 
Diet 3: Yellow maize: Soya beans: Groundnut (MSG) (60:30:10 % w/w) 

 
The mixtures were separately milled in a 2 L mistral grinder into smooth homogenous 
powder and stored in airtight containers until the analyses time. 

 
The Nestle Cerelac served as the control for assessing the nutrient levels of the composite 
blends against amounts of nutrients present in 65 g (dry weight estimate of the daily 
intake  of  local  weaning  food  by  a  6  months  old  infant)  [9].  Then  the  blends were 
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compared with RDA’s to check whether the local diets met the nutrient recommendations 
[10]. 

 
Chemical Analyses 

Standard procedures of AOAC were used to determine the moisture content,  
crude fat, crude protein (N x 6.25), ash and Nitrogen free extract (NFE) [11]. Energy 
value was calculated using the Atwater’s conversion factors [12]. Minerals were 
determined by a Zeeman Polarized Atomic Absorption Spectrophotometer, Hitachi  
Model 180-80, and Ion Chromatographic Analyzer ICA model IC 100. 

 
The amino acid profile was determined with Technicon Amino Acid Analyzer (TSM-1) 
using Norleucine as internal standard [13]. Data were reported as the mean ± SD for  
three determinations. 

 
 
 
 

RESULTS 
 

The proximate nutrient composition of the three local diets and the proprietary formula 
(Nestle Cerelac) are presented in Table 1. The results indicated that moisture, fibre, fat 
and energy values were higher in all the three local diets than in Nestle Cerelac. Protein 
was also higher in diets 2 and 3 than in Cerelac. Nitrogen free extract was higher in 
Cerelac than in diets 1 and 3, but comparable to diet 2. Ash contents were all comparable 
to values for Cerelac Product. 

 
Having shown that most of the nutrient values were higher in local cereal and legume 
blends than in Cerelac product, again, a dry weighT of 65 g of the of local weaning foods 
of the composite diets were calculated and compared to recommended dietary allowances 
(RDA) for the same age groups [10]. The comparison result is presented in Table 2. The 
amounts of protein provided by 65 g of diets 2 and 3 (19.8 - 23.1 g) exceeded the RDA 
value (13 – 14 g), for infants up to 1 year of age. Diet 1 fell short of the RDA level. The 
higher protein content in diets 2 and 3 could be attributed to the positive contribution of 
crayfish and Soya beans to protein nutriture. Crude fat contents in 65 g of all the three 
local diets (10.1 – 24.8 g) met the RDA (10 – 25 g). However, the energy content of all 
the three diets was below that of RDA (308 – 389 K cal). 

 
Table 3 shows the mineral contents of the local diets versus the Cerelac product. All 
mineral values of the three diets were lower than values in Cerelac  product. When 
mineral amounts in 65 g of the diets were calculated and compared with RDA (Table 4), 
only Mg and Mn met the RDA in diets 2 and 3 and F¯ in all diets. Understandably, the 
higher mineral contents of Cerelac product could be attributed to fortification practices 
normally carried out on such products. 
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The amino acid compositions of the three local diets are as presented in Table 5. The 
diets contain all the essential amino acids. The comparison of the essential amino acids to 
the FAO reference values [13], and percentage chemical scores are presented in Table 6. 
This revealed that diets 2 and 3 contained higher scores of most essential amino acids 
than diet 1. Only Phe and Trp met the FAO reference values in all the diets. Lys in diets 3 
also met the FAO value. This therefore means that most of the essential amino acids fell 
short of the reference values. 

 
 
 
 
 
 

DISCUSSION 
 

Practically, the results of this study offer answers to some of the following questions: 
• Can complementary foods formulated using locally available food commodities 

and processing methods meet the various recommendation from the National 
Research Council and the Food and Agricultural Organization/World Health 
Organization? 

• Can such foods be used to substitute the more expensive proprietary formula, yet 
provide nutritious food for the infant? 
Also from this study, it became clear that the local formulations compared 

favourably with the proprietary formula like Nestle Cerelac in terms of protein, fat, ash, 
fibre and energy contents, as well as RDA’s for protein and fat. But the proprietary 
product has higher values of mineral content and amino acids than the subject diets. 
These short-falls could either be attributed to nutrient loss during processing, or poor 
micronutrient content of plant-based diets as reported by other researchers [5, 6, 7]. 

 
Amino acid content of complementary foods is a particular relevant issue in infant 
feeding, where Protein-Energy-Malnutrition (PEM) has continued to pose challenges in 
the research area. This, according to other researchers, is due to poor feeding practices 
and low quality protein commonly associated with plant-based single diets [6, 7]. All the 
essential amino acids were present in the three local diets, but quite a number of them did 
not meet the FAO reference values. This short-fall is a matter of concern as this will tend 
to limit the utilization of the amino acids in the metabolic processes of the body [11]. 
Diets composed of cereals/legumes mixed with some animal protein source (10 – 20 %), 
have been reported to be sufficiently high in amino acids to meet RNI’s (Recommended 
Nutrient Intakes) [14]. For instance Diet 2, which contained about  10  %  crayfish, 
showed higher amino acid contents than the other two diets, which is the base agreement 
in line with above mentioned observation. 
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From the analysis, Diet 2 and 3 in comparison with Diet 1 showed higher  protein 
contents. This could be explained by the inclusion of crayfish and Soya beans in these 
two diets. Both food commodities have been recommended for infant feeding [5, 6, 7, 15] 
due to their positive contribution to protein nutrition levels. 

 
The local diets were observed to be low in mineral contents relative to the proprietary 
formula and RDA’s. The high content of anti-nutritional factors and poor bioavailability 
of minerals in plant-based foods [6, 7] as well as losses during processing play a vital role 
in micronutrient deficiency [4].. It is therefore obvious that even the low mineral contents 
in the local diets may not be available or utilized completely by the child. The researchers 
are of the view that the local formulations or diets would have to be further fortified with 
micronutrients to adequately complement breast milk. 

 
 

The high moisture content of the local diets may affect the storage quality of the foods. 
High moisture content in foods has been shown to encourage microbial growth [7]. This 
is an important consideration in local feeding methods in Nigeria, because most mothers 
often prepare large quantities of dry infant foods and keep in containers, to avoid frequent 
processing, in order to have spare time and energy for other domestic activities. The 
researchers are of the view that food commodities which are intended to be used in the 
preparation of dry weaning foods should be properly dried, and then only small quantities 
are prepared at a time to avoid prolonged storage. 

 
The fat content of the local diets were relatively higher than the proprietary formula, and 
also met the recommended dietary allowance. This could be attributed to the inclusion of 
oil-dense Soya beans in the local diets. This attribute tends to agree with the 
recommendations of FAO/WHO [14] that vegetable oils be included in foods meant for 
infants and children, which will not only increase the energy density, but also be a 
transport vehicle for fat soluble vitamins. The fat can also provide essential fatty acids 
like that of n-3 and n-6 Polyunsaturated Fatty Acids (PUFA’s) needed to ensure proper 
neural development. Even though the fatty acid composition of the three local diets were 
not determined, research carried out by Fernandez and his colleagues [8] on the fatty acid 
composition of some Nigerian weaning foods, revealed that the foods were devoid of 
arachidonic and decosahexanoic acids, but high in linoleic and linolenic acids. 

 
The Food and Agricultural Organization and the World Health Organization [14] have 
also recommended that foods fed to infants and children should be energy-dense ones. 
This, according to the recommendation, is necessary because low energy foods tend to 
limit total energy intake and the utilization of other nutrients as mentioned above. 
However, the total calculated energy values in 65 g of the three local diets fell below the 
RDA level. This suggests that infants may have to consume more quantities of the diets  
to meet their energy needs, which is often an impossible task considering the size of their 
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stomach. Therefore, reformulation of the diets may be necessary to increase the 
carbohydrate content of the diets, which is particularly low in Diets 1 and 3. 

 
CONCLUSION 

 
This study revealed that ready-to-eat complementary food products formulated from 
locally available food commodities, can meet the macro nutritional needs of infants and 
children. However certain aspects like the digestibility and bio-availability of the 
macronutrients in these local diets need further investigations. On the other hand, the 
subject local weaning diets do not meet the recommended micronutrient (minerals) 
requirements of infants and children. Therefore, fortification with appropriate 
micronutrients or micronutrient-dense foodstuffs will be necessary. 

 
When it comes to the question whether such local diets can be used to substitute the more 
expensive proprietary formula products, the researchers believe that complementary  
foods formulated from locally available food commodities, have great potential in this 
aspect. The results from this study suggest that proper reformulation and fortification of 
these local diets can provide nutritious foods that are suitable not only for weaning, but 
also as rehabilitation diet to malnourished children that can be more cost effective. This is 
believed to be a practical food-based approach aimed at combating the problem of 
malnutrition among infants and children in Nigeria and other developing countries. 
Further study is in progress to fortify the analyzed subject local diets, address the anti- 
nutritional factors, as well as the bioavailability of micronutrients in an effort to enhance 
this potential weaning food. 
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Table 1: 
 

Proximate Composition of the Composite Diets and Nestle Cerelac. 
 

Nutrient Diet 1 Diet 2 Diet 3 Nestle Cerelac* 
Moisture (% wet weight) 3.70±0.14 4.90±0.04 5.15±0.08 2.50 
Ash (% dry weight) 2.05±0.07 2.06±0.08 2.60±0.14 2.60 
Crude Protein (% d. wt) 13.31±0.22 35.6±1.28 30.4±0.86 15.0 
Crude fat (% d. wt) 38.1±0.57 15.6±0.21 17.7±0.07 9.00 
Crude fibre (% d. wt.) 9.07±0.26 9.29±0.83 10.8±0.35 2.95 
NFE (% d. wt.) 47.3±1.80 68.4±2.26 45.8±2.40 67.95 
Energy (K cal) 598.5±14.24 473.9±16.19 523.5±17.29 413.00 
Values are mean ± SD for three determinations 
* Values as indicated by the manufacturer 

 
 

Table 2: 
 

Estimated Amounts of Nutrient Provided by 65 g of the Local Composites compared with 
RDA. 

 
Nutrient (g) RDA* 

year 
to 1 Amount in 65 g  

    Diet 1 Diet 2 Diet 3 
Moisture    2.40 3.18 3.35 
Ash    1.33 1.34 1.69 
Crude Protein 13 – 14g   8.63 23.1 19.8 
Crude fat 10 – 25g   24.8 10.1 11.5 
Crude fibre    5.90 6.03 7.02 
NFE    30.7 44.5 29.8 
Energy (kcal) 650   389.0 308.0 340.3 
* Recommended dietary allowances adapted from Guthrie [11] 
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Table 3: 
 

Mineral Contents of the Local diets and Nestle Cerelac 
 

Mineral Diet 1 Diet 2 Diet 3 Nestle Cerelac* 
(mg/100 g)     
Na 21.1±0.08 17.2±0.03 11.1±0.02 220.0 
K 129.7±33.83 99.7±0.17 128.8±15.17 700.0 
Mg 38.5±6.33 110.9±20.50 84.8±1.72 NA 
Ca 67.2±0.00 185.6±31.67 31.0±0.58 420.0 
Zn 1.01±0.01 2.08±0.02 1.75±0.01 7.0 
Fe 1.86±0.01 2.08±0.56 1.65±0.64 10.0 
Mn 0.37±0.02 0.82±0.01 0.71±0.03 NA 
F¯ 0.73±0.31 1.67±0.40 0.40±0.13 NA 
Cl¯ 23.4±1.22 57.3±3.10 4.17±0.44 NA 
PO4

3¯ 22.9±1.00 12.1±0.55 17.7±0.14 315.0 
Values are means ± SD for three determinations 
* Values as indicated by manufacturer 
NA – Information not available 

 
Table 4: 

 
RDA’s Vs the amounts of mineral element (mg) in 65 g of the local diets 

 
 Mineral *RDA up to 1 yr. Diet 1 Diet 2 Diet 3 

 Na 120 13.7 11.2 7.22 
 K 500 84.3 64.8 83.8 
 Mg 40 25.0 72.1 55.1 
 Ca 400 43.7 120.6 20.1 
 Zn 5.0 0.66 1.35 1.14 
 Fe 6.0 1.21 1.35 1.07 
 Mn 

F- 
0.3-0.6 
0.1-0.5 

0.24 
0.47 

0.53 
1.08 

0.46 
0.26 

Cl-
 180 15.2 37.2 2.71 

PO4
3-

 300 14.2 7.86 11.5 
 

* Recommended dietary allowance from Guthrie [11] 
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Table 5: 
 

Amino Acid Composition of the Local Composite diets (g/100 g Protein) 
 

Amino acid FAO Ref. Value* Diet 1 Diet 2 Diet 3 
Lys. 4.2 2.18 4.01 4.82 
Thr 2.8 0.63 1.04 0.87 
Val 4.2 2.67 3.70 2.88 
Cys 2.0 1.00 1.70 1.65 
Met 2.2 0.62 1.80 1.26 
Iso 4.2 3.01 3.89 4.16 
Leu 4.2 3.34 3.42 4.00 
Tyr 2.8 2.50 2.94 2.80 
Phe 2.8 4.00 4.47 4.10 
Trp 1.4 3.32 3.98 3.11 
His  0.58 0.77 1.60 
Arg  2.51 3.00 3.45 
Asp  5.00 4.92 5.01 
Glu  7.60 6.63 8.81 
Pro  0.45 0.67 0.90 
Gly  1.12 1.44 2.00 
Ala  2.01 2.11 2.81 
Ser  2.23 2.40 2.45 
* Food and Agricultural Organization (FAO) [13] 
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Table 6: 
 

Percentage Chemical Scores of the Essential Amino Acids in the Local Composite diets 
 

Amino Acid Diet 1 Diet 2 Diet 3 
Lys. 51.9 97.2 118.8 
Thr 22.5 37.1 31.1 
Val 63.6 88.1 68.6 
Cys 50.0 85.0 82.5 
Met 28.2 81.8 57.3 
Iso 71.7 92.1 99.1 
Leu 79.5 81.4 95.2 
Tyr 89.3 105.0 100.0 
Phe 142.9 159.6 146.4 
Trp 237.1 284.3 222.1 
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Appendix 1: 
 

Nutrient composition of the Foodstuffs used in the formulation of the Blends 
 

Foodstuff Nutrients (% dry matter) 
 Crude 

protein 
Crude fat Crude 

fibre 
Ash NFE 

Bambaranut (V-oardzie 20.6 6.71 3.24 3.53 66.0 
subterranoe) ±2.0 ±0.67 ±0.21 ±1.0 ±1.2 

Groundnut (Arachis hypogea) 44.9 12.2 2.72 4.11 31.5 
 ±1.45 ±0.11 ±0.22 ±0.23 ±1.12 

Benniseed (Sesunum indicum) 20.2 21.3 18.6 5.20 20.3 
 ±1.4 ±0.77 ±2.1 ±0.3 ±0.57 

Soyabeans (Glycine max) 45.8 19.4 4.28 4.12 26.3 
 ±3.44 ±2.1 ±0.13 ±0.5 ±0.6 

Maize (Zea mays L.) 10.4 5.40 2.40 1.60 68.0 
 ±0.14 ±0.02 ±0.21 ±0.10 ±2.22 

Rice (Oryza sativa) 7.07 2.25 0.23 0.56 89.9 
 ±1.21 ±0.11 ±0.01 ±0.10 ±3.43 

Acha grains (Digitaria exilis) 9.96 2.10 1.02 2.44 87.5 
 ±1.14 ±0.01 ±0.10 ±0.10 ±2.81 

Values are means ± SD of three analyses. 
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