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Pakistan is facing the major social problems including child malnutrition, increased mortality and low 
literacy rate. In Pakistan, people living in under developed areas have the high ratio of malnourished 
children which is a leading risk factor for mental development and performance in education. 
Micronutrient deficiency is a globally prevailing issue because it affects more than one third of the 
population. School meal program improve diet pattern of children, quality of diet, social interactions, 
school performance, and long term health. The current study was planned to prepare high energy 
cereals based bars to improve school going children’s overall health and nutritional status. High energy 
cereals based bars were prepared with mixing of different cereal (oats, barley, corn) and chickpea flour 
in different combinations for this purpose. Study was conducted on school going children aged from 4 to 
8 years to check the effect of different treatments to improve nutritional status of children. The high 
energy cereals based bars were served daily to the school going children as morning snack. In this 
study anthropometric measurements, physical signs and symptoms, hemoglobin and hematocrit level 
were observed. The results of efficacy study showed increase in body weight (8-10%), body height (7- 
9%), body mass index (5-7%), mid arm circumference (2-3%), chest circumference (2%), triceps skin 
fold thickness (5%), hemoglobin (6-8%), hematocrit (10-17%).  It is suggested that high energy cereal 
based bars are healthy snack for school going children. It is easy to prepare, affordable and might cover 
30% daily caloric need of children.  
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INTRODUCTION 

Adequate nutrition in early life is very 
important for children’s health and human adult’s 
wellbeing. Malnutrition is increasing day by day in 
underdeveloped as well developed countries due 
to poor feeding practices and poor dietary habits 
(Kupka et al. 2020). Chickpea have high 
nutritional components and best source of 
proteins, macro and micro nutrients, which is very 

important for malnourished person (Bar-El Dadon 
et al. 2017).  Developing and under developing 
countries are badly affected by the malnutrition 
(over nutrition and under nutrition) and iron 
deficiency anemia. There is a very strong 
relationship between unwholesome and 
unbalanced nutrition and disease by 
environmental situations and living standards 
(Ahsan et al. 2019, UNICEF, 2016). Poor sanitary 
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conditions, unhealthy dietary practices, unhealthy 
lifestyle, insufficient breastfeeding and poor 
weaning practices are main reasons for low birth 
weight and malnutrition. Malnutrition is a severe 
public health issue and primary cause of children 
deaths globally. In 2016 approximately 50 million 
children under-five years are wasted, 95 million 
children are underweight and 159 million are 
stunted worldwide (Khan et al. 2016). According 
to Global Hunger Index (GHI) report, Pakistan has 
been ranked at 11th out of 118 countries and in 
Pakistan malnourished population are 22%. 
Children under five years of age wasting are 
10.5%, stunting 45% and child death ratio is 8.1% 
(IFPRI, 2016). 

According to National Nutrition Survey (2018), 
40.2% children are stunted growth and 17.7% 
children are wasted (NNS, 2018). About 11% 
children in the world are moderate wasted and 
have three times greater risk of death than normal 
children. A nutritional intervention improves 
children health and educational performance and 
gives awareness to parents and relatives about 
this program (Niazi et al. 2012). School nutrition 
program is a strategic approach to improve overall 
physical, mental health and educational status of 
school going children. School meals are the 
important key factor that positively enhances the 
school participation in developing countries. 
These programs improve levels of learning, 
school attendance, concentration, reducing 
classroom hunger and improve overall health of 
children (Singh, 2008). 

Anthropometric measurement is a tool to 
conventionally measure the malnutrition in young 
children like body height, body weight, and body 
composition, circumferences like arm, head, 
chest, waist and skin fold thickness like triceps, 
biceps and sub scapular (Mondal and Sen, 2010). 
There is a universal index used for body mass 
index (BMI) for growth is wasting, stunting and 
underweight. Underweight is a sort of malnutrition, 
although it is not possible to distinguish between 
both conditions of malnutrition (Khan and Azid, 

2011). Iron is vital nutrient for better physical and 
mental health of individuals. Iron deficiency 
anemia (low concentration of hemoglobin and 
hematocrit in human body) is the common 
nutritional deficiency found in human beings that 
affected 1.62 million people globally (Quintaes et 
al. 2017). Iron deficiency anemia is major problem 
and predominant in all age people, in Pakistan 
about 61.9% of children are anemic the severe 
iron deficiency is 4.9% and prevalence of 
moderate deficiency is 57.8% (GOP, 2016). About 

47% children less than five year affected by iron 
deficiency anemia globally. School going children 
are facing many issues due to iron deficiency 
anemia i.e. poor growth, physical and cognitive 
development, poor school performance, weak 
immune system and many behavior problems. 
The main cause of iron deficiency anemia is 
poverty, food insecurity, inadequate food 
practices, unhealthy lifestyle, poor hygiene 
practices and sanitation (Akhtar et al. 2013).  

Whole grain cereal (oats, barley, corn, wheat) 
provide fiber, energy, protein, some B vitamins, 
iron, calcium. Dietary fiber is important in 
preventing certain types of cancer and is also 
essential for weight management. Cereal also 
effect on weight management and children growth 
(Jonnalagadda et al. 2011). 

 Chickpea (Cicer arietinum L.) is very 
beneficial for health and improving nutritional 
status. Chickpea is most cultivated crop in 
Pakistan and the crown of all pulses. It is the 
cheapest source to cure malnutrition and 
micronutrient deficiencies. It is a cost effective and 
affordable source for maintaining health and 
nutrition. It is good source of unsaturated fatty 
acids (linoleic, linolenic and oleic acids), 
essentials amino acids and good quality protein, 
minerals (calcium, zinc, phosphorus, magnesium, 
iron and other trace elements), vitamins (vitamin 
A, B, folate thiamine, niacin riboflavin and β 
carotenes), carbohydrates and dietary fiber. 
Chickpea is beneficial for several human diseases 
like cardiovascular diseases, digestive diseases, 
diabetes and some cancers (Juktani et al. 2012). 

There are many different approaches used to 
tackle malnutrition and micronutrient deficiencies, 
which can be used single or in combinations. Due 
to side effects of medication and their high cost, 
people are concentrating on natural food 
products. Balanced diet is most important 
approach which cannot easily manage due to food 
choices and affordability of different food items or 
products. It also needs some sort of nutritional 
knowledge and nutritional training programs about 
balanced diet and healthy eating plans. The 
second most important approach is 
supplementation, which is quickest method used 
to tackle different nutrient deficiencies. The 
nutrients delivered through pills, liquids, powder 
and capsules but this approach is not effective. 
The food fortification is very effective approach to 
tackle micronutrient deficiencies. This approach is 
very sustainable, cost effective and easy to 
maintain.  

Malnutrition and mineral deficiency are very 
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common in Pakistan especially in school going 
children because these deficiencies interrupt 
children’s growth, health and cognitive 
development. The biggest reason of malnutrition 
is poverty and lack of education. Cereal (oats, 
barley, corn) and chickpea flour are best source of 
energy, major nutrient protein, minor nutrients 
vitamins and minerals. These nutrients are very 
important for school going children to maintain 
nutritional status. Whole grain cereal and 
chickpea might be combined to formulate high 
energy bars, which is nutritious, easily prepared 
and affordable choice for school going children.  
 
MATERIALS AND METHODS 

Part A: Product development 
The product development and analyses of product 
were conducted in Labs of National Institute of 
Food Science and Technology, University of 
Agriculture, Faisalabad.  

2.1. Procurement of raw material 
Chickpea, oats, barley, corn, milk, eggs, sugar 
and oil were procured from local market. All 
reagents and standards for chemical analysis and 
mineral content were procured from Sigma Aldrich 
and Merck. 

2.2. Treatment plan for product development 
The treatment plan followed for product 
development under below: 

Table 2.1 

Treatments 
Basin 
Flour 

% 

Oats 
flour 
% 

Barley 
flour % 

Corn 
flour% 

T1 100% - - - 

T2 85% 15% - - 

T3 85% - 15% - 

T4 85% - - 15% 

T1: 100% chickpea flour without cereals 
T2: 85% chickpea flour, 15% oats flour 
T3: 85% chickpea flour, 15% barley flour 
T4: 85% chickpea flour, 15% corn flour 

2.3. Product development 
Chickpea, oats, barley and corn were procured 
from market. After cleaning and drying all cereal 
and pulses were ground into flour. Then all 
ingredients were mixed in above mentioned 
treatment table 2.1 and cooked at specific 
temperature. Food product was prepared under 
safety conditions. After sensory evaluation the 

best treatment of product was given to selected 
children of school. 

 
 
2.4. Sensory evaluation 
The sensory evaluation of high energy cereal 
based bars to find out product characteristics like 
appearance, aroma, taste, texture and overall 
acceptability was assessed by a penal of judges 
include school going children and students of 
National Institute of Food Science and 
Technology through 9 point hedonic scale by 
following the method of Meilgaard et al. (2007). 
After sensory evaluation best treatments were 
selected for efficacy study. 

2.5. Chemical analysis 
The moisture, crude protein, crude fat, ash and 
crude fiber content of high energy cereal based 
bars were determined by method No 44-15A, 46-
10, 30-25, 32-10, 08-01 respectively as defined in 
AACC (2000). All the chemical analyses were 
performed at three times for accurate results. 

2.6. Mineral content 
The mineral content (iron, zinc and calcium) of 
bars were determined according to prescribed 
method of AOAC (2006).  
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2.7. Energy value 
The total energy value of bars was analyzed 
through Bomb Calorimeter (Fernandes et al. 
2013). 

Part B: Survey of schools 
The survey was conducted in selected schools of 
Faisalabad. The measurements were taken at 
three times at zero day, after one month and two 
months. Then the children were selected 
randomly to receive food product. Product was 
given to children daily at specific time which 
covers some caloric need of children. After two 
months measurements were taken and results 
were analyzed. Children were allocated in four 
groups i.e. control group (CG), group one (G1), 
group two (G2), group three (G3). 

2.8. Treatment plan for efficacy study 
Children were allocated in four groups i.e. control 
group (T0), group one (T1), group two (T2), group 
three (T3). 
Table 2.2 

Group Dose 

Control 
Group (To) 

Regular diet 

Group 1 (T1) 
Regular diet + oats 

and basin bites 

Group 2 (T2) 
Regular diet + barley 

and basin bites 

Group 3 (T3) 
Regular diet + corn 

and basin bites 

To: no bars given  
T1: 85% chickpea flour, 15% oats flour bar given     
T2: 85% chickpea flour, 15% barley flour bar 
given   
T3: 85% chickpea flour, 15% corn flour bar given 

2.9. Assessment of Nutritional Status 
A survey was conducted to evaluate nutritional 
status and iron deficiency in school going children. 

2.9.1. Anthropometric Measurements 
Measurements of height, weight, circumferences 
to assess the children growth, stunting and 
wasting by using the method of Mondal et al. 
(2010) 

2.9.1.1. Weight 
The weight was measured of every children at 
zero day, thirtieth day and sixtieth day. Weight 
was measured without heavy clothes, shoes and 
bags through digital weighing machine. 

2.9.1.2. Height 
The height was measured through stadio meter of 
every child at zero day, thirtieth day and sixtieth 
day. The height was measured by standing a child 
straight without shoes and feet was attached to 
wall for exact measurement.  

2.9.1.3. Body Mass Index 
Body mass index (BMI) of children was measured 
through Quetelet equation and recorded during 
study period. Then BMI value was checked 
through percentile charts which are recommended 
by World Health Organization (WHO). Percentile 
charts show if values are less than from 5th 
percentile the child fall in underweight if values 
are between 5th to 85th percentiles the child fall in 
normal weight, if values are greater than 85th but 
less than 95th then child fall in overweight and if 
greater than 95th percentile chart then fall in 
obesity. 
BMI =   Weight (kg) 
  Height (m2) 

2.9.1.4. Head Circumference 
The head circumference of children was 
measured through measuring tape. The one end 
of tape was placed at forehead and round of the 
head where both points are combined then 
measurement taken. After measurements was 
checked through percentile charts if value below 
from 5th percentile than child fall in under head 
growth, if values from 5th to 95th then fall in normal 
growth and if greater than 95th child falls in over 
abnormal growth. 

2.9.1.5. Chest Circumference 
The chest circumference of children was 
measured through measuring tape at zero day, 
thirtieth day and sixtieth day. Then all 
measurements were compared through 
percentiles. 

2.9.1.6. Head to Chest Ratio 
The head to chest ratio of children was measured 
through equation and then values was compared. 
Head/ Chest Ratio =   Head Circumference 
                         Chest Circumference 

2.9.1.7. Mid Arm Circumference 
Mid arm circumference of children was measured 
from midpoint between shoulder tip and elbow 
through measuring tape. The measurements was 
taken at zero day, thirtieth day and sixtieth day. 
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2.9.1.8. Triceps and Biceps Skin Fold 
Thickness 
Triceps and Biceps skin fold of children were 
measured through Vernier caliper. The triceps 
measurement is mostly used. The caliper was 
applied on the outer skin fold from midpoint 
between shoulder tip and elbow. The triceps 
measurement was taken from the back of upper 
arm and biceps was taken from the front of upper 
arm. After measurements readings were 
compared with standards. 
2.9.2. Biochemical tests 
Hemoglobin level of children was analyzed 
through biochemical tests by the method of 
Robert et al. (2010). 
2.9.2.1. Hemoglobin 
Hemoglobin level of children was analyzed 
through biochemical tests. The level of 
hemoglobin was checked at zero day and thirtieth 
day. The normal values of hemoglobin in children 
are 12-16 g/dl (Robert et al. 2010). 
2.9.2.2. Hematocrit 
The Hematocrit level of children was analyzed 
through biochemical tests. The level of hematocrit 
was checked at zero day and thirtieth day. The 
normal values of hematocrit in children are 35-
59%. 
2.10. Statistical analysis  
The factorial two way ANOVA design was applied 
to check the results of study. The data obtained 
from each parameter, was subjected to statistical 
analysis to determine the level of significance 
according to (Pelc et al. 1997). 
 
RESULTS AND DICUSSION 
High energy cereal based bars were developed by 
combining different levels of chickpea flour and 
cereals (oats, barley, corn) in different 
combinations and evaluated for proximate 
composition, energy value and minerals content. 
High energy cereals based bars were prepared 
from all above mentioned cereals in combinations 
with chickpea flour. Three best treatments T1 
(85% chickpea flour, 15% oats flour), T2 (85% 
chickpea flour, 15% barley flour) and T3 (85% 
chickpea flour, 15% corn flour) were selected 
through sensory evaluation by consumers and 
then provided to school going children from 4 to 8 

years as morning snack for 60 days to improve 
nutritional status of children. The results of 
different aspects of this study are discussed 
below: 
3.1. Analysis of product 

3.1.1. Chemical analysis 
Mean values for chemical compositions of 
selected treatments T1 (85% chickpea flour, 15% 
oats flour), T2 (85% chickpea flour, 15% barley 
flour), T3 (85% chickpea flour, 15% corn flour) 
revealed differences among selected treatments. 
The values of moisture, crude protein, crude fat, 
crude fiber and total ash described in (table 3.1)  
Mean values for moisture content of bars were 
calculated from highest to lowest as T3 (17.01%) 
> T1 (14.65%) > T2 (12.65%). 
The means for crude protein content of bars 
revealed that   highest protein content was found 
in T3 (9.1%) and lowest value of crude protein 
content shown in T2 was (6.65%).According to 
(Arab et al. 2010) the functional and nutritive 
value of chickpea flour were analyzed and 
showed the results that the protein content of 
chickpea flour was 20%. 
The means for crude fat content of high energy 
cereals based bars presented that highest crude 
fat content was found in T3 (21.21%) and lowest 
value of fat content shown in T2 (15.7%). Cooking 
of chickpea has positive impact on chemical 
composition because after cooking increase fat, 
protein and fiber content (Wang et al. 2010). 
The means for crude fiber content of high energy 
cereals based bars depicted that highest crude 
fiber content was found in T2 (3.23%) and lowest 
value of moisture content shown in T3 (2.92%). 
According to respective study, the different 
varieties were used for study. The result shown 
that fiber content of chickpea ranged from 1.14- 
2.78% (Gomez et al. 2008). 
The means for crude ash content of high energy 
cereals based bars presented that highest crude 
ash content was found in T1 and T3 showed 
same results (0.62%) and lowest value of 
moisture content shown in T2 (0.28%). According 
to one study, when cooked chickpea flour cooked 
with other combinations then it decrease ash 
content (Wang et al. 2010). 

Table 3.1: Mean values of chemical analysis 

Treatment Moisture Ash Fat Fiber Protein 

T1 14.65±0.33 0.62±0.01 18.9±-0.45 3.1±0.21 8.22±0.26 

T2 12.65±0.5 0.28±0.02 15.7±0.43 3.23±0.15 6.65±0.27 

T3 17.01±0.83 0.62±0.01 21.21±0.11 2.92±0.35 9.1±0.37 
T1: 85% chickpea flour, 15% oats flour,T2: 85% chickpea flour, 15% barley flour,T3: 85% chickpea flour, 15% corn flour  
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3.1.2 Mineral analyses 
Mean values for zinc (Zn) content of bars were 
calculated from highest to lowest as T1 
(18mg/100g) > T3 (12mg/100g) > T2 (4mg/100g) 
(Fig 3.1). 
Mean values for iron (Fe) content of bars were 
calculated from highest to lowest as T3 
(72mg/100g) > T1 (32mg/100g) > T2 (23mg/100g) 
(Fig 3.1). 
Mean values for calcium (Ca) content of bars 
were calculated from highest to lowest as T1 and 
T3 are equal (180mg/100g) > T2 (80mg/100g) 
(Fig 3.1). 
 
Figure 3.1 

 

3.1.3 Energy value 
Energy value of bars was analyzed through bomb 
calorimeter the highest energy value was in T3 
(18 kcal per gram), T1 (17kcal per gram) and the 
lowest energy value in T2 (16.5 kcal per gram) as 
presented in (Fig 3.2). This product is very new 
and there is no previous study about it so energy 
value didn’t match from any paper. 
Figure 3.2 

 

3.1.4 Sensory evaluation 
The sensory evaluation of high energy cereals 
based bars with respect to appearance, aroma, 
taste, texture, mouth feel and overall acceptability 
showed highly appreciated and by judges as 
depicted in (Fig 3.3). T1and T2 are also 
appreciated but due to high energy and cereals 
bars selected just three treatments with cereals. 
 
Figure 3.3 

 
3.2. Efficacy trial in school going children 
Current study was conducted on school going 
children aged from 4 to 8 years to determine the 
impact of different treatments of cereal and 
chickpea to improve nutritional status of children. 
The bars were prepared for this purpose. These 
bars were served daily to the school going 
children as morning snack. In this study 
anthropometric measurements, hemoglobin and 
hematocrit level were observed. Mean squares for 
anthropometric measurements, hemoglobin and 
hematocrit of school going children showed 
significant differences among groups due to high 
energy cereals based bars and balanced diet for 
60 days study period. On the other hand, the 
interaction between treatment groups and days 
was non-significant. 

3.2.1. Anthropometric measurements 

3.2.1.1. Body weight 
Mean squares for body weight of school going 
children showed significant results. Average mean 
value of body weight at zero day ranged from 
18.45 to 23.70 kg. These values compared with 
percentile charts which showed 50% school going 
children fall in less than 5th percentile while 48% 
school going children fall in 5th to 85th percentile 
and 2% school going children fall in 95th percentile 
according to their age and height. At the initial 
stage mean values of body weight of school going 
children were 20.87 kg while at 30 days were 
21.77 and at 60 days were 22.74 as shown in 
table 3.2. These values were increased gradually 
at 30 days then at 60 days by consuming high 
energy cereals based bars. According to one 
study, infants for 12 weeks received fortified 
spreads which showed significant increase 1.5 kg 
weight in children who’s received high protein diet 
in form of fortified spreads. It shows 10 % 
increase more weight in school going children 
who consumed milk supplements with beans than 
all other groups (Grillenberger et al. 2003). 
 
 
 
 

T1 T2 T3

Energy

Mean
17 16.5 18

15
20

Energy Value of Product
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Table 3.2: Means for impact of high energy cereals based bars on body weight of school going 
children during 60 days   

Treatments Day 0 Day 30 Day 60 Mean 

To 18.45±3.12 19.09±3.21 20.15±3.07 19.23±3.13 

T1 20.95±3.50 21.80±3.25 22.60±3.41 21.78±3.38 

T2 20.40±5.85 21.03±5.79 22.14±5.71 21.19±5.78 

T3 23.70±4.04 25.18±3.86 26.10±3.59 24.99±3.82 

Mean 20.87±4.13 21.77±4.02 22.74±3.94 21.79±4.03 

3.2.1.2. Height 
Mean Squares for body height of school going 
children showed non-significant results on days 
while on treatments showed significant results. 
Average mean value of body height at zero day 
ranged from 44.79 to 47.34 inches. These values 
compared with percentile charts which shows 
10% school going children fall in less than 5th 
percentile while 88% school going children fall in 
5th to 85th percentile and 2% school going children 
fall in 95th percentile according to their age and 
weight. At the initial stage mean values of body 
height of school going children were 45.89 at 30 
days was 46.11 and at 60 days was 46.36 inches 
in (Table 3.3). These values were increased 
gradually at 30 days and then at 60 days by 
consuming high energy cereals based bars.  
According to one study, it shows gained height in 
school going children who consumed milk 
supplements with beans than all other groups and 
no significant change in all other groups. Milk 
supplements showed more gained height so milk 
supplements more effective for growth of children 
than all other groups (Grillenberger et al. 2003). 

4.2.1.3. Body mass index 
Mean Squares for body mass index (BMI) of 
school going children showed significant results. 
Average mean value for BMI at zero day ranged 
from 14.26 to 16.32kg/m2. These values 
compared with percentile charts which showed 
50% school going children fall in 5th percentile 
while 46% school going children fall in 5th to 85th 
percentile and 4% school going children fall in 95th 
percentile according to their age. At the initial 
stage mean values of BMI of school going 
children were 15.30 kg/m2, at 30 days 15.79 and 
at 60 days was 16.36 kg/m2 in (Table 3.4). These 
values were increased gradually at 30 days and 
then at 60 days by consuming high energy cereals 
based bars. 

4.2.1.4. Head circumference 
Mean Squares for head circumference of school 
going children showed non-significant results. 

Average mean value for head circumference at 
zero day ranged from 19.25 to 19.67 inches. 
These values compared with percentile charts 
20% children fall in less than 5th percentile while 
75% children fall in between 5th to 85th percentile 
and 5% children fall in 90th percentile according to 
their age. At the initial stage mean values of head 
circumference of school going children were 
19.43, at 30 days was 19.44 and at the 60 days 
was 19.45 inches as shown in (Table 3.5). These 
values were showed very little increased gradually 
at 30 days and then at 60 days by consuming high 
energy cereals based bars. 

3.2.1.5. Chest circumference 
Mean Squares for chest circumference of school 
going children showed significant results. Average 
mean value for chest circumference at zero day 
ranged from 20.71 to 22.76. These values 
compared with percentile charts which shows 
10% school going children fall in 5th percentile 
while 85% school going children fall in 5th to 85th 
percentile and 5% school going children fall in 95th 
percentile according to their age. At the initial 
stage mean values of chest circumference of 
school going children was 22.07, at 30 days 22.38 
and at 60 days was 22.70 in (Table 3.6). These 
values were increased gradually at 30 days and 
then at 60 days by consuming high energy cereals 
based bars. 

3.2.1.6. Head to chest ratio  
Mean Squares for head to chest ratio of school 
going children showed significant results as 
shown in (Table 3.7). Average mean value for 
head to chest ratio at zero day ranged from 0.86 
to 0.89. At the initial stage mean values of head to 
chest ratio of school going children was 0.88, at 
30 days 0.87 and at 60 days was 0.85 in (Table 
3.7). These values were decreased gradually at 
30 days and then at 60 days by consuming high 
energy cereals based bars.  
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Table 3.4: Means for impact of high energy cereals based bars on BMI of school going children 
during 60 days 

Treatments Day 0 Day 30 Day 60 Mean        

To 14.26±1.59 14.70±1.72 15.33±1.59 14.76±1.63 

T1 15.41±2.21 15.84±2.05 16.25±2.07 15.83±2.11 

T2 15.21±1.54 15.47±1.32 16.10±1.43 15.59±1.43 

T3 16.32±1.88 17.17±1.52 17.76±1.25 17.08±1.55 

Mean 15.30±1.80 15.79±1.65 16.36±1.58 15.81±1.68 

 
Table 3.5: Means for impact of high energy cereals based bars on head circumference of school 
going children during 60 days   

Treatments Day 0 Day 30 Day 60 Mean        

To 19.34±0.64 19.35±0.64 19.35±0.64 19.34±0.64 

T1 19.48±0.51 19.49±0.50 19.49±0.50 19.48±0.50 

T2 19.25±0.61 19.27±0.60 19.29±0.62 19.27±0.61 

T3 19.67±0.68 19.67±0.68 19.67±0.68 19.67±0.68 

Mean 19.43±0.61 19.44±0.60 19.45±0.61 19.44±0.61 

 
Table 3.6: Means for impact of high energy cereals based bars on chest circumference of school 
going children during 60 days  

Treatments Day 0 Day 30 Day 60 Mean        

To 21.71±1.42 21.99±1.50 22.32±1.43 20.01±1.45 

T1 22.10±1.03 22.38±0.98 22.69±0.92 22.39±0.97 

T2 21.73±1.59 22.09±1.54 22.44±1.56 22.09±1.56 

T3 22.76±1.11 23.06±1.11 23.38±1.09 23.07±1.10 

Mean 22.07±1.28 22.38±1.28 22.70±1.25 22.38±1.27 

 

3.2.1.7. Mid muscle arm circumference 
Mean Squares for mid muscle arm circumference 
of school going children showed significant results 
as presented in (Table 3.8). Average mean value 
for mid muscle arm circumference at zero day 
ranged from 6.79 to 7.68. At the initial stage mean 
values of mid muscle arm circumference of school 
going children was 7.08, at 30 days 7.25 and at 
60 days was 7.37 in (Table 3.8). These values 
were decreased gradually at 30 days and then at 
60 days by consuming high energy cereals based 
bars. According to one study, it shows 40 % 
increase more mid muscle arm circumference in 
school going children who consumed milk 
supplements with beans and 30-80% increase in 
meat supplements with maize than control and 
energy supplements groups (Grillenberger et al. 
2003). 

3.2.1.8. Triceps skin fold 
Mean Squares for triceps skin fold of school going 
children showed non-significant results on days 
while on treatments showed significant results. 
Average mean value for triceps skin fold at zero 
day ranged from 0.95 to 1.17. At the initial stage 
mean values of triceps skin fold of school going 

children was 1.05, at 30 days 1.11 and at 60 days 
was 1.11 in (Table 3.9). These values were 
decreased gradually at 30 days and no changed 
seen during 60 days by consuming high energy 
cereals based bars. According to one study, it 
shows 5 % increase more triceps skin fold in 
school going children who consumed milk 
supplements with beans than control and other 
supplements groups (Grillenberger et al. 2003). 

3.2.1.9. Biceps skin fold 
Mean Squares for biceps skin fold of school going 
children showed significant results. Average mean 
value for biceps skin fold at zero day ranged from 
1.04 to 1.19. At the initial stage mean values of 
biceps skin fold of school going children was 1.09, 
at 30 days 1.15 and at 60 days was 1.16 (Table 
3.10). These values were decreased gradually at 
30 days and then at 60 days by consuming high 
energy cereals based bars. According to one 
study, it shows 8 % increase more biceps skin fold 
in school going children who consumed milk 
supplements with beans than control and other 
supplements groups. There is no change in other 
skin fold thickness in all groups (Grillenberger et 
al. 2003). 
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Table 3.7: Means for impact of high energy cereals based bars on head to chest ratio of school 
going children during 60 days   

Treatments Day 0 Day 30 Day 60 Mean        

To 0.89±0.06 0.88±0.05 0.87±0.05 0.88±0.05 

T1 0.88±0.04 0.87±0.04 0.86±0.03 0.87±0.03 

T2 0.89±0.05 0.88±0.05 0.86±0.05 0.87±0.05 

T3 0.86±0.04 0.85±0.04 0.84±0.04 0.85±0.04 

Mean 0.88±0.04 0.87±0.04 0.85±0.04 0.86±0.04 

 
Table 3.8: Means for impact of high energy cereals based bars on mid muscle arm circumference 
of school going children during 60 days 

 Treatments Day 0 Day 30 Day 60 Mean        

To 6.79±0.54 6.95±0.59 7.09±0.55 6.94±0.56 

T1 7.01±0.48 7.16±0.48 7.23±0.51 7.13±0.49 

T2 6.84±0.88 7.05±0.89 7.25±0.88 7.04±0.88 

T3 7.68±0.46 7.87±0.44 7.91±0.44 7.82±0.45 

Mean 7.08±0.56 7.25±0.60 7.37±0.60 7.23±0.59 

 
Table 3.9: Means for the impact of high energy cereals based bars on triceps skin fold of school 
going children during 60 days  

Treatments Day 0 Day 30 Day 60 Mean 

To 1.04±0.19 1.09±0.17 1.09±0.17 1.07±0.18 

T1 0.95±0.20 1.01±0.14 1.01±0.14 0.99±0.16 

T2 1.04±0.27 1.11±0.22 1.11±0.22 1.09±0.24 

T3 1.17±0.28 1.21±0.23 1.21±0.23 1.19±0.25 

Mean 1.05±0.23 1.11±0.19 1.11±0.19 1.09±0.20 

 
Table 3.10: Means for impact of high energy cereals based bars on biceps skin fold of school 
going children during 60 days  

Treatments Day 0 Day 30 Day 60 Mean        

To 1.07±0.12 1.12±0.11 1.15±0.12 1.11±0.12 

T1 1.04±0.14 1.09±0.12 1.10±0.12 1.07±0.12 

T2 1.08±0.22 1.14±0.19 1.14±0.19 1.12±0.20 

T3 1.19±0.21 1.25±0.20 1.26±0.20 1.23±0.20 

Mean 1.09±0.17 1.15±0.15 1.16±0.16 1.13±0.16 

3.2.3. Biochemical Test 

3.2.3.1. Hemoglobin 
Mean Squares for hemoglobin of school going 
children showed significant results. Average mean 
value for hemoglobin at zero day ranged from 
12.02 to 13.01 g/dl. At the initial stage mean 
values of hemoglobin of school going children was 
12.49 g/dl, at 30 days 12.62 g/dl and at 60 days 
was 13.36 g/dl (Table 3.11). These values were 
decreased gradually at 30 days and no changed 
seen during 60 days by consuming high energy 
cereals based bars. According to this study, 
chickpea flour is best strategy to overcome iron 
deficiency anemia in school going children, 
because it is very cheapest source of energy, 
protein, unsaturated fatty acids and minerals. 
Chickpea flour products are best source to 
overcome iron deficiency anemia in children. In 
this study bio fortification of chickpea was 

produced then this chickpea flour used for 
preparing different products. These products are 
very effective to control iron deficiency anemia in 
children (Moreira-Araujo and Brandao, 2018). 

3.2.3.2. Hematocrit  
Mean Squares for hematocrit of school going 
children showed significant results. Average mean 
value for hematocrit at zero day ranged from 
37.05 to 40.75%. At the initial stage mean values 
of hematocrit of school going children was 
38.67%, at 30 days 39.50% and at 60 days was 
42.27% in (Table 3.12). These values were 
decreased gradually at 30 days and no changed 
seen during 60 days by consuming high energy 
cereals based bars. The normal values of 
hematocrit are three times greater than 
hemoglobin. It is about 40.9-49.9% in men and in 
women about 35.9-43.99% (Brittenham, 2018). 
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Table 3.11: Means for the impact of high energy cereals based bars on Hb of school going 
children during 60 days 

Treatments Day 0 Day 30 Day 60 Mean        

To 13.01±0.41 13.09±0.43 13.50±0.58 13.20±0.47 

T1 12.37±0.60 12.56±0.58 13.33±0.46 12.75±0.54 

T2 12.02±0.70 12.18±0.71 13.01±0.52 12.40±0.64 

T3 12.56±0.67 12.68±0.61 13.60±0.47 12.94±0.58 

Mean 12.49±0.59 12.62±0.58 13.36±0.50 12.82±0.55 

 
Table 3.12: Means for the impact of high energy cereals based bars on HCT of school going 
children during 60 days   

Treatments Day 0 Day 30 Day 60 Mean 

To 40.75±3.74 41.20±3.69 41.45±3.14 40.13±3.52 

T1 39.35±2.62 39.40±2.30 42.05±2.28 40.26±2.40 

T2 37.05±2.98 37.25±2.94 40.75±1.62 38.35±2.51 

T3 37.90±3.24 38.55±2.52 44.85±3.42 40.43±3.06 

Mean 38.67±3.14 39.50±2.86 42.27±2.61 39.99±2.87 

 
CONCLUSION 
School meal program very important for school 
going children because it fulfils almost thirty 
percent calories of school going children. High 
energy cereal based bars are food based 
approach which can be used to tackle malnutrition 
and micronutrient deficiencies. These bars are 
very cost effective and easy to prepare using 
locally available materials. These bars have high 
nutrient content Iron, calcium and zinc and these 
nutrients are very important for school going 
children to maintain nutritional status, proper 
growth of mind, body and overall health. We 
should use these bars in children daily life due to 
their health beneficial properties. 
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