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Abstract 
 

Malnutrition in children remains a major public health challenge in developing countries. The local un-

availability of the necessary ingredients and lack of knowledge on how to prepare food for malnourished 

children are among the primary causes of child malnutrition. The study sought to determine the use of 

locally available food material (maize, millet and peanut) in formulating a food product to address the 

rampant protein- energy malnutrition of children in Kenya. The linear programming model of the 

nutrisurvey computer software was used in generating six treatments of a supplementary food as follows: 

Sample A=27%millet, 36%maize, 28% peanut and 9% oil, B=30%millet, 33%maize, 30% peanut and 7% oil, 

C=32%millet, 19%maize, 38% peanut and 11% oil, D=35%millet, 11%maize, 42% peanut and 12% oil, E= 

35%millet, 30%maize, 26% peanut and 9% oil and F=40%millet, 20%maize, 30% peanut and 10% oil. 

Physico-chemical and sensory attributes of the supplementary food were determined using standard 

procedures.  The moisture, energy, protein, fat, carbohydrate, dietary fiber, total ash, iron, calcium and zinc 

of 100 g of the products A,B,C,D,E and F were found to have ranges from: 3.9 ±0.3g to 5.2 ±0.3g, 424.0kcal 

485.0kcal, 9 ±1.1 to 14.1 ±1.1g, 23.9 ±0.2 to  35.9 ±0.1g, 28.7 ±0.7 to 52.4 ±1.4g, 7.9 ±1.8 to 18.0 ±1.0g, 1.6 ±0.01 

to 2.1 ±0.02g, 2.0 ±0.7 to 7.0 ±0.1g, 14.47 ±0.3 to 33.4 ±0.3g,  2.6.0 ±0.0 to 4.4 ±0.1g respectively. The 

formulations chemical attributes were in the range that meets the RDA’s requirements for children under 

five in 2 to 3 serving of 100g of the products and thus, it’s supplementation to other foods given to the child 

could be effective in the treatment of malnourished children after the clinical trial. 

 

 

Introduction 

Globally, it is estimated that 165 million children 
under 5 years of age are stunted, most of them 
being in Africa, South and Central Asia. Under 
nutrition in childhood causes 3.1 million child 
deaths annually; it is associated with 35% of 
deaths in children less than 5 years’ old (De Vita 

et al., 2019). Childhood under nutrition (low 

weight for age, low height for age, low weight for 
height, or micronutrient deficiencies) contributes 
up to 45% of deaths globally in children under 5 
years (Mogaka et al., 2022). 

 
Food security status in sub-Saharan African 
countries face increasing risks of deterioration 
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fueled by the changing climate that has resulted 
in low agricultural production, with the ever-
growing population exerting increasing pressure 
to feed. A reduction in agricultural products 
affects not only supply of food but also impact the 
major sources of income of most households 
negatively (Kasomo and Gayawan 2021). 
Malnutrition is a major global challenge and one 
of the prominent Sustainable Development Goals 
(SDGs). SDG 2.2 aims to “end all forms of 
malnutrition, including achieving by 2025 the 
internationally agreed targets on stunting and 
wasting in children under 5 years of age” (Bailey 
et al., 2020). 

 
The main attributing factors for malnutrition is 
consumption of less nutrient dense diets coupled 
with other factors such as poverty, illiteracy and 
large families (Younis, 2015). Children are mainly 
exposed to risk of under-nutrition during 
complementary feeding  as some nutritional  
requirements may not be adequately met in the 
meals provided (Jackson et al., 2016). According 

to KDHS (2014), just over 25 percent of children 
below five years are malnourished in Kenya. In 
this number, 26 percent of the children are 
stunted, while 7% are wasted and 11% are 
underweight. Stunting is prevalent in rural 
setting than urban setting (29% versus 20%) and 
ranges from 15% in Nyeri to 46% in Kitui and 
West Pokot Counties.  

 

The high rate of malnutrition witnessed in the 
world and Kenya in general is highly expensive 
to treat and the affected children can be 
rehabilitated by administering a supplementary 
diet from locally available food material. The 
World Health Organization (WHO) currently 
recommends the provision of nutrient-‐dense 
supplementary food to children with moderate 
under-‐nutrition in order to meet the child’s extra 
needs for weight and height gain and functional 
recovery (Grobler et al., 2015). Malnourished 

children have nutritional requirements that differ 
from non-malnourished children, that is, they 
require increased intake of energy and essential 
nutrients over and above those required by non-
malnourished children and, when necessary, 
treatment for any associated medical conditions 
(Grobler et al., 2015). Nowadays, supplementary 

feeding programs have been established in some 

African countries such as Congo, Ethiopia, 
Malawi and Niger to treat malnutrition. Fortified 
blended flours, such as corn-soya blend (CSB), 
prepared as a porridge, are the most widely used 
foods in supplementary feeding programs 
(Ntsama et al., 2020).  In Kenya supplementary 

feeding programs for the treatment of the 
malnourished children has not been fully 
exploited by the companies like Insta in Kenya 
and importation of ready to use therapeutic food. 
WHO, 2013 recommends the use of locally 
available foods in the production of ready to eat 
supplementary food for the treatment of 

malnourished children. 

 This study was therefore set to established 
whether incorporation of locally available 
materials: maize, millet and peanut can be used 
in production of ready to eat foods for 
malnourished children. The study also sought to 
determine the acceptability of the formulations in 
terms of color, taste, flavor and texture and meet 
the energy, protein, zinc, calcium and iron 
content of ready to eat foods for malnourished 
children.  Maize is locally available and a staple 
food in the country that is high in carbohydrates 
but low in minerals and protein to meet the 
nutritional requirements of malnourished 
children (Ignjatovic-Micic et al., 2015).  Finger 

millet on the other hand has a good amounts of 
minerals with the highest calcium level among 
other grains (Singh, 2012). Peanuts 
(groundnuts) are good sources of healthy fats, 
protein, and fiber. Other components of 
groundnuts are potassium, phosphorous, 
magnesium, and B vitamins. Peanut are rich in 
nutrients and high in calories but low in 
carbohydrates (Savage, 1994). It is against this 
background that this study was designed to 
establish the physical chemical characteristics 
and sensory profile of ready to eat food made 
from maize, millet and peanut for malnourished 
children. 
 
Materials and methods  
 
Study design 
The linear programming model of the 
nutrisurvey computer software  (Briend et al., 

2001) was used in generating the formulations. 
The constrain in this study was cost the limiting 
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factors. zinc, calcium, iron and protein were 
optimized.  
 

Acquisition of raw materials 
Dried maize grain, millet and peanut were 
procured from Gikomba market in Nairobi City, 
Kenya. Vegetable cooking oil was bought from 

local supermarket in Nairobi town. 

Cleaning and sorting of raw materials 
Maize grains and millet were sorted to remove 
impurities such as stones, rotten seed other 
grains, and broken kernels. Sorted maize grains 
and millet were washed to remove dust and 
preservative chemicals, drained and immediately 
sun dried. Groundnuts were sorted by removal of 
broken kernels as they are susceptible to 
contamination by aflatoxin. The clean remnant 
kernels were tested of contamination with 

aflatoxin. 

Malting of finger millet 
The cleaned millet was steeped into water at 
room temperature (25-27 °C). Surplus water was 
drained off and the grains were spread on 
metallic trays at room temperature (25-27 °C) by 
covering with wet muslin cloth to germinate. To 

prevent drying out, the grain was sprinkled with 
water at the interval of every 12 hours and the 
grain was turned and mixed from time to time to 
equalize the moisture and for aeration. The 
germination was done for 72 hours.  Malting was 
done to lower the anti-nutrients (phytic acid) in 
millet. The malted seeds were then dried in oven 
for 60oc for 8 hours to moisture level of 4-6% and 
put into airtight plastic bags and stored at 
ambient temperatures (Hiremath  et al., 2019). 

Pre-cooking of maize and finger millet 
The dry malted millet and clean dry maize were 
milled by use of a commercial hammer 
(Powerline®, BM-35, Kirloskar, India) in Nairobi, 
fitted with a 2.0 mm opening screen. The maize 
and millet were pre-cooked using drum dryer in 
the pilot plant at the department of food science 
nutrition and technology, university of Nairobi to 
obtain pre-cooked products. A single drum dyier 
from (APV-Mitchell (Dryers) Ltd., Carlisle, 
England) with Diameter 12 in. (0.3048 m) Total 
surface area = 0.2797 m2, Length 11.5 in. (0.2921 
m) and Effective drying surface - 79.3% (0.2217 
m2) was used (See table 1. typical operational 
data on preparation of maize and finger millet). 

 
Table 1. Typical operational data on preparation of maize and finger millet 

Drum drier speed  1.43 rpm 

Steam pressure (gauge pressure) 4.08 kg/cm2 (4.0 bar) 
Steam temperature  144°C 
Drying time  33.3 s  

 

Blanching of peanuts 
Blanching was done to facilitate further manual 
sorting of aflatoxin-contaminated kernels after 
deskinning (Horn, 2005). The kernels were placed 
in a bucket of water and all the kernels that did 
float were discarded as molds infected kernels 
are lighter in weight (Study, 2017). The peanut 
seeds that did not float were lightly blanched at 
140 0C for 25 min in preheated roaster which 
facilitated the manual removal of stained 
(suspected of aflatoxin contamination) kernels by 
splitting the seed and checking of stained surface. 
The clean and non-stained peanut were further 
roasted in an oven at 130oc to remove moisture 
and to improve on aroma, cooled and stored in 
airtight container (Galvez et al., 2003). 

Milling of raw materials 
The clean peanut kennels and the precooked 
maize and millet (flakes) and oil were mixed as 
per ratios in table 1, ground and using an electric 
mixer (Kenwood® Chef, KMC200, Kenwood Co. 
Ltd., and UK) at medium speed for 2.5 minutes 
The resulting products were immediately 
transferred in to air tight plastic container and 
stored at ambient temperatures awaiting physical 

chemical and sensory analysis. 

Formulation of supplementary food from maize, 
millet and peanut with improved mineral and 
protein 
The linear programming model of the 
nutrisurvey computer software  (Briend et al., 

2001) was used in formulating the ingredient 
ratios. Six formulas were developed with 
different ratios of the ingredients and the 
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recommended daily allowance for children aged 
between 6 to 59 months. See table 2 on ingredient 

percentages of the product formulations.  

 

Table 2: Ingredient percentages in the food formulations 

Ingredients  Food formulations (%)  

  A  B  C   D  E  F  

Millet 27 30 32 35 35 40  
Maize 36 33 19 11 30 20  
Peanut 28 30 38 42 26 30  
Vegetable 
oil 

9 7 11 12 9 10  

Total 100 100 100 100 100 100  

        

Analytical methods  

Determination of aflatoxin content  
Peanut flour samples (sorted and non- sorted 
peanuts) were analyzed for aflatoxin levels using 
VICAM fluorimeter S/N: EX03150 (Washington, 
USA) as per the manufacturer’s manual (Dorner, 
2008). The analysis of the samples was done in 
duplicate and the levels of aflatoxin expressed as 
ppb (µg/kg). The aflatoxin level of the unsorted 
and sorted peanuts had a mean of 12.8 to 8.7 ppb 
respectively. The end product had a mean of 9.12 
ppb which agrees with KEBS recommendations 
of not more than 10ppb (Samarajeewa et al., 1990). 

 

Proximate analysis 
The six parameters of proximate composition in 
the treatment were determined as per AOAC 
(2012) method. Specific methods that were 
employed for each measurement were moisture 
content (method 925.10), crude protein (method 
920.87), crude fiber (method 920.86), crude fat 
(method 922.06), crude ash (method 923.03) and 

carbohydrate content by difference method. 

Mineral analysis  
Mineral content was analyzed using an atomic 
absorption spectrophotometer (210 VGP, Buck 
Scientific, East Norwalk) as described by AOAC 
(2000) method number 923.03. Samples (5 g) were 
digested with 10ml of 20% HCl on a hot plate. 
Calcium (Ca), iron (Fe) and zinc (Zn). Standard 
solutions of zinc oxide (ZnO), calcium carbonate 
(CaCO3) and ferrous ammonium sulphate (Fe 

(NH4)2(SO4)2) were used for determining 

concentrations of Zn, Ca and Fe.  

Phytic acid determination  
Malted and non- malted millet were tested for the 
levels of phytic acid as per AOAC (2000) method 
Number 986.11. Approximately 1 gram of each 
sample was weighed into a centrifuging tube and 
added 10ml of petroleum ether and the two 
mixed. The mixture was left 10 minutes to settle 
the solid particles before decanting. The tube was 
turned upside down and left to dry. 10 ml of 2.4% 
HCl was added and topped up with distilled 
water. The mixture was then mixed for 10 
minutes and three times for three minutes after 
which it was centrifuged. The filtrate was 
collected 4 times during centrifugation and toped 
up to 100 ml in volumetric flask. About 2ml of the 
100 ml of the solution in the volumetric flask was 
drawn into a test tube and added 2ml mixture of 
1ml 0.03% FeCl3. 6H2O and 1ml of 0.3% 
sulfosalicylic and 6mls of distilled water, shaken 
and absorbance readings taken by use of Atomic 
Absorption spectrophotometer (210 VGP, Buck 

Scientific, East Norwalk). 

Sensory analysis 
Acceptance sensory analysis of the six 
formulations was done at the University of 
Nairobi, in the department of Food Science 
Nutrition and Technology by use of semi- trained 
panelists. The panelist consisted of 40 adults 
(male and female) aged 20 to 50 years. Verbal 
consent was sought from the participants after 
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which they were trained on how to conduct the 
sensory analysis. A 7-point hedonic scale was 
used to test the intensity that each attribute 
scored on the appearance (color), smell (flavor), 
taste, texture and general acceptability of the 
products. The 7- point scale used were: 1-dislike 
very much, 2- dislike moderately, 3- dislike 
slightly, 4- neither like nor dislike, 5- like slightly, 
6-like moderately, 7- like very much. Products 
were assigned random numbers representing the 
different treatments where single blinding was 
used in the study. Clean water was provided to 
the panelists to rinse their palate in between 
successive assessment of the products (Sharif et 

al., 2017). 

Statistical analysis 
The data was analyzed in Genstat version 15. 
Descriptive statistics such as mean and standard 
deviation of aflatoxin, phytic acid levels of millet, 
proximate characteristics, physical attributes, 
and sensory scores was determined. The 

proximate composition was analyzed using one-
way analysis of variance (ANOVA). Least 
significance difference (LSD) was used to 
separate means that were significantly different 

at p <0.05. 

Results  

Physiochemical characteristics and sensory 
attributes of the formulated food product from 
maize, millet and peanut  

The phytate content of millet before and after 
malting gave a mean of 26.53 and 21.67mg/100g, 
respectively. The energy in this study were 
464.7±8.3g/100g, 469.2±1.4g/100g, 
481.6±8.1g/100g, 485.0±2.8g/100g, 
483.1±3.6g/100 and 424.0±1.4g/100g in the 
products A, B, C, D, E and F respectively. The 
moisture contents of formulation A, B, C, D, E 
and F were 4.6 ±0.5g/100g, 5.2g/100 g,4.3 
±0.3g/100 g, 3.9 ±0.3g/100 g, 5.0±0.1g/100 and 
5.2 ±0.3g/100g respectively. 

 
 
Table3 Proximate composition (g/100 g dry weight) of supplementary 
food formulated from maize, millet and peanut   

 

Parameter A B C D E F LSD 

Moisture(wet 
weight) 

4.6±0.5
ab 5.2±0.00

b 4.3±0.3
ab 3.9±0.3

a 5.0±0.1
ab 5.2±0.3

b 0.636 

Fat 24.2±0.2
c 28.1±0.1

c 33.4±0.4
d 35.9±0.1

e 25.9±0.1
b 23.9±0.2

a 0.5249 

Fibre 7.9±1.8
a, 10.8±0.5

b 15.5±1.0
b 18.0±1.0

b 15.8±1.0
b 17.0±0.4

b 2.546 

Ash 1.6±0.04
ab 1.8±0.1

c 2.0±0.01
d 1.7±0.04

bc 2.1±0.02
e 1.6±0.01

a 0.0595 

Protein 9.4±1.1
a 12.3±1.7

a 14.1±1.1
a 11.9±0.4

a 12.1±3.0
a 12.2±1.6

a 4.178 

CHO 52..4±1.4
d 41.9±1.2

c 31.2±2.3
ab 28.7±0.4

a 39.1±4.2
bc 41.1±0.8

c 5.186 

Energy(kcal/100 
g) 

464.7±8.3
b

 469.2±1.4
b

 481.6±8.1
b

 485.0±2.8
b

 438.1±3.6
a
 424.0±1.4

a
 12.61 

 

All values are in a wet weight basis. Means with the same superscript in the same row are not significantly 
different (p<0.05). A=27%millet, 36%maize, 28% peanut and 9% oil, B had 30%millet, 33%maize, 30% 
peanut and 7% oil, C=32%millet, 19%maize, 38% peanut and 11% oil, D=35%millet, 11%maize, 42% peanut 
and 12% oil, E=35%millet, 30%maize, 26% peanut and 9% oil and F=40%millet, 20%maize, 30% peanut and 
10% oil. 

Approximately 9.4±0.1g/100g, 12.3±1.7g/100g, 14.1±1.1g/100g, and 11.9±0.4g/100g, 12.1±3.0g/100g and 
12.2±1.6g/100g of protein content accounted for A, B, C, D, E and F respectively. The fat content of 
24.2±0.2g/100g, 28.1±0.1g/100g, 33.4±0.4g/100g, 35.9±0.1g/100g, 25.9±0.1g/100g and 24.2±0.2g/100g, 

23.9±0.2g/100g was recorded in formulation A, B, C, D, E and F.  

 



 

6 
 

Table 4: Mineral composition (mg/100 g dry weight) of supplementary food formulated from maize, 
millet and peanut 

 A B C D E F LSD 

Zinc 4.2±0.3
cd 

4.0±0.1
c 

3.0±0.1
b 

2.6±0
a 

4.4±0.1
d 

3.2±0.1
b 

0.2519 

iron  2.0±0.7
a 

5.9±0.2
bc 

5.3±0.6
b 

6.2±0.2
bc 

5.7±0.1
b 

7.0±0.1
c 

0.7420 

Calcium  18.4±0.6
b 

29.4±0.4
c 

14.47±0.3
a 

17.52±0.3
d 

32.2±0.3
d 

33.4±0.3
e 

0.6683 

All values are in a wet weight basis.  Means with the same superscript in the same row are not significantly 
different (p<0.05). A had 27%millet, 36%maize, 28% peanut and 9% oil, B had 30%millet, 33%maize, 30% 
peanut and 7% oil, C=32%millet, 19%maize, 38% peanut and 11% oil, D= 35%millet, 11%maize, 42% peanut 
and 12% oil, E=35%millet, 30%maize, 26% peanut and 9% oil and F=40% millet, 20%maize, 30%peanut and 
10%oil. 
 
Fiber content of the formulated products were 
7.9±1.8 g/100 g,10.8. ±0.5 g/100 g, 15.5±1.0 g/100 
g, 15.8±1.0 g/100 g,17.0±0.4 g/100 g, and 18±1.0 

g/100 g respectively. 

There was a significance difference among the 
various products in (p˂0.001) in the amount of 
calcium, zinc and iron. The amount of calcium 
was 18.4±0.6mg/100g, 29.4±0.4mg/100g, 
14.47±0.3mg/100g, 17.52±0.3mg/100g, 
32.2±0.3mg/100g and 33.4±0.3mg/100g in 

formulations A, B, C, D, E and F respectively. The 
iron content of formulations A, B, C, D, E and F 
were 2.0±0.7mg/100g, 5.9±0.2mg/100g, 
5.3±0.6mg/100g, 6.2±0.2mg/100g, 
5.7±0.1mg/100g, and 7.0±0.1mg/100g 
respectively. The zinc content of the formulated 
product A, B, C, D, E and F were 4.2±0.3mg/100g, 
4.0±0.1mg/100g, 3.0±0.1mg/100g, 
2.6±0mg/100g, 4.4±0.1mg/100g and 
3.2±0.1mg/100g respectively. 

 
Table5: Recommended dietary allowance coverage by the food formulation A with 27%millet, 36%maize, 
28% peanut and 9%  

Parameter Recommended dietary 
allowance (RDA) 

Effected by: 

Energy 0 to 6 months- 490kcal/day 

7- 36months 989.7kcal/day 

Single serving of 100g 
2 or more serving of 100g  

Protein 6-59months -12.57% 2 serving of 100g 
fibre 1-3yeras- 19g 1 serving of 100g 
Iron 1-3 years- 7mg 3 or more serving of 100g 
Zinc 0-6months -2mg per day 

8- 36months  -3mg/day 

Single serving of 100g 
 
Single serving of 100g 

   

 

Sensory analysis 
The score on the overall averages’ acceptability 
based on attributes such as color, texture odor, 
and taste of formulations A, B, C, D, E and F were 

6.2±1.5, 4.7±1.5, 4.7±1.5, 5.6±1.2, 4.1±1.6, 4.1±1.8 
respectively. Formulation A had the highest score 

in acceptability of 6.2±1.5.  
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Table 6. Sensory scores of supplementary foods formulated from maize, millet and peanut   as perceived 
by panelists 

Attribute  Food Formulation  

 A B C D E F LSD 

Color 5.0±1.6
b 5.1±1.5

b 5.1±1.5
b 5.2±1.4

b 4.1±1.8
a 4.2±1.8

a 0.5349 

Odor 5.7±1.2
c 5.0±1.5

ab 5.0±1.5
ab 5.4±1.5

bc 4.3±1.7
a 4.7±1.3

a 0.4884 

Texture 4.3±1.7
a 4.5±1.6

ab 4.5±1.6
ab 5.2±1.3

b 3.9±1.7
a 4.2±2.0

a 0.5170 

Taste 4.3±1.6
a 4.2±2.0

a 4.2±2.0
a 5.2±1.5

b 4.2±1.5
a 4.0±1.7

a 0.5615 

Overall 
acceptability 

6.2±1.5
 a 4.7±1.5

a 4.7±1.5
a 5.6±1.2

a 4.1±1.6
a 4.1±1.8

a 1.747 

means with the same superscript in the same raw are not significantly different (p<0.05). A had 27%millet, 
36%maize, 28% peanut and 9% oil, B had 30%millet, 33%maize, 30% peanut and 7% oil, C=32%millet, 
19%maize, 38% peanut and 11% oil, D=35%millet, 11%maize, 42% peanut and 12% oil, E=35%millet, 

30%maize, 26% peanut and 9% oil and F=40%millet, 20%maize, 30% peanut and 10% oil, 

 

Discussion 

Physiochemical characteristics and sensory 
attributes of the formulated food product from 
maize, millet and peanut  
The moisture content of the formulations was 
slightly higher than the standard moisture level 
of 2.5% in accordance to world health 
organization (WHO) in ready to eat foods for 
malnourished children. However, the moisture 
content in this study was lower than that 
reported in a previous study conducted in 
Ethiopia which had 13.48g/100g, 9.6g/100g, and 
6.7g/100g (Yazew, 2022) among the 
formulations. Similarly, another study on ready 
to eat food for malnourished children had 
moisture levels equal to formulation B which had 
5.2±0.00g/100g (Mezgebo et al., 2018). High 
moisture content in supplementary food for 
malnourished children creates a conducive 
environment for spoilage and pathogenic 
bacteria that reduce the storage time, quality and 
at same time exposes the child to risk of 
gastrointestinal infections (Mahmood-Aljamali et 

al., 2021). 

In this study the energy contents of the six 
developed products were slightly lower than 
what is recommended in RUTF which is 530 
kcal/100g. Similarly, a study done on 
complementary food in Nigeria recorded higher 
energy which ranged from 520 to 550kcal/ 100g 
(Awuchi et al., 2020).  However, these finding 

were higher than the previous studies reported in 
Ethiopia, which showed that the complementary 
food gross energy varied from 376.30 to 
385.56 kcal/100 g (Mezgebo et al., 2018).  

According to WHO (2003), the RDA energy for 
children aged 6 months (6kgs of weight) and 1-3 
years is about 490kcal and 989.7kcal/day 
respectively. Approximately 100g of the 
developed food products provides 42.84%-
49.04% of daily allowance energy.   
 
The products had protein content in the range of 
that meets the RDA requirements, given that 
other foods will be given to the child which will 
compensate for the missing nutrient requirement. 
The protein content of this study was lower than 
a study done in Ethiopia where formulations 
involved sorghum and millet giving 36% and 
54% protein respectively (Forsido et al., 2020). 

However, in another study done in the same 
country, the protein content of one of the 
formulations with 12.26% was almost similar 
with that of formulation B(2.3±1.7g/100g), 
E(12.1±3.0g/100g) and F(12.2±1.6g/100g) in the 
current study while the other one had 0.88% 
(Mezgebo et al., 2018). 

 
Protein recommended for children 6-59 months is 
12.57% with 0-6 months and 7-12 months 
requiring 12.5g/day and 13.7g/day, respectively. 
Protein help the body repair cells and make new 
ones and is thus important in replenishing cells 
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of malnourished children (Sudhakararao et al., 

2019). Treatment of malnourished children 
requires high quality dietary protein for recovery 
(Manary et al., 2016a). Too much protein might 

lower the appetite of the malnourished child 
which is especially harmful to them (Michaelsen, 
2009).   
  
The recommended daily allowance for fiber for 
children aged 1-3years is 19g (WHO, 2003). 
Regardless of the benefit of fiber in aiding bowel 
movements, high levels in foods for 
malnourished children will dispel high energy 
food leaving the malnourished child 
inadequately replenished (Andrew et al., 2018) 

and thus 100 g serving of the food has adequate 
fiber for malnourished child. In case of fat, 2 
serving of 100 g of the food products will attain 
40-60% to the energy value for food which is in 
line WHO (2003) standard that state that fat 
should contribute 40-60% of the energy value for 
foods for SAM (Manary & Callaghan, 2016). A 
similar study recorded lower levels of zinc 1.2 
mg/100g (Affonfere et al., 2021) than in the 

current study. However, zinc content in this 
formulations were lower  than that reported in a 
previous study conducted in Bangladesh which 
had zinc in the range of 12.2 to13.8mg/100g of the 
products (Choudhury et al., 2018) In another 

study done in Nigeria, the zinc content varied 
from4.05–5.58 mg/100g (Mezgebo et al., 2018) 

The recommended dietary allowance (RDA) for 
infants aged 0-6 month(s) is 2.0mg, and 3.0mg per 
day for young children aged 7-36 months (Larson 
et al., 2008). Single to two serving of 100g of the 

formulated products would complement the zinc 
requirement for these children for children aged 
7-36 months. 
 
Calcium content in this study was lower when 
compared with another study which ranged from  
279.7 to 301.3mg/100g (Choudhury et al., 2018). 

Similarly, another study done in Ethiopia had 
higher calcium levels of 300mg/100g of the 
product (Phuong et al., 2011). A similar study 

done in Nigeria recorded calcium level ranging 
from 300–600 mg/100 g (Awuchi et al., 2020). 

 
The concentration of calcium in F100 (a "catch-
up" formula to rebuild wasted tissues) is 
about 1000 mg Ca/1000 kcal. This translates to 
424 mg Ca/100 kcal of the food product (Diop et 

al., 2003). The RDA for children aged 6 months,6- 

12 months and 1- 3 years is  200 mg, 250 mg and  
700 mg (2-3) serving per day respectively (Gibson 
et al., 2016). 

 
The iron content of the formulations was lower 
than those of a study on ready to eat 
supplementary food done in Nepal which had 
12.27% (Niraula et al., 2018). Another study done 

in Ethiopia had iron content ranging from 0.94 to 
38.00 mg/100g (Mezgebo et al., 2018). In the 

current study, a single serving of 100g of 
formulation F(7.0±0.1mg/100g) meets the RDA 
for iron for 1-3 years per day. Other formulations 
apart from formulation A with (2.0±0.7) would 
require 2 serving per day to meet the 
recommended dietary allowance (RDA). 

Sensory analysis. 

The scores in color were almost equal. The 
different sets of attributes that lead to the most 
preferred highest and least liked products may be 
due to different cultural backgrounds, 
experiences, attitudes, and habits of respondents 
(Yazew, 2022). However, the following remarks 
can be made on the respondents’ decision based 
on the individual constituents of the formulation. 

 Food Sample D scoring highest on the mouth feel 
might have been due to the effect of high 
percentage of peanut in the sample mixture that 
imparted a smoother texture to the product. The 
smooth texture of peanut is believed to improve 
the texture of the product (Tehrani et al., 2009)  
(Riveros et al., 2009). 

 

Conclusion 

Ready-to-use supplementary food that can be 
used for the treatment of malnourished children 
under 5 years of age was formulated using pre-
cooked finger millet, pre-cooked maize flour, 
peanut paste and vegetable cooking oil. The 
products chemical attribute was in the range that 
meets the RDA requirements, given that other 
foods will be given to the child which will 
compensate for the missing nutrient requirement.  

In terms of sensory analysis, formulation A 
(27%millet, 36%maize, 28% peanut and 9% oil) 
was found to be the best among the six product 
and use of this product would be effective in 
rehabilitating malnourished children after 
clinical trials. 
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