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ABSTRACT

With the growing interest in sports nutrition and its impact on athletic performance, understanding
the specific needs of adolescent athletes, particularly females, is crucial for optimizing their training
and performance outcomes. The three variants of the Protein-rich bar (PB1, PB2, PB3) with the CB
were developed by using different ingredients. The research employs a mixed-methods approach,
combining nutritional analysis of developed bars with performance assessments among adolescent
swimmers’ girls. Firstly, organoleptic evaluation (9-point hedonic scale) was performed on the
variants of Protein-rich bar with the CB. Then nutritional analysis involves proximate (moisture, ash,
protein, crude fat, crude fiber, CHO), mineral (calcium, iron), as well as antioxidant analysis (DPPH,
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TPC, vitamin C) assessed on selected variants of Protein-rich bar with the CB. Pre- and post-
intervention were done on two groups for 3 months and performance assessments included
anthropometric measurement, sit and reach test, hand grip strength test, Nelson hand reaction time
test, and Tuttle pulse ratio test. Preliminary findings suggested that the developed bars (PB1)
provide a more balanced nutritional profile than the CB. Moisture 10.2+0.66%, ash 3.7+0.27%,
protein 22.3+0.74 g, crude fat 13.1+0.41 g, crude fiber 11.5+0.02 g, CHO 39.4+0.19 g, iron 4.4+0.15
mg, calcium 82.4+0.21 mg, DPPH 47.6+£0.31%, TPC 53.1+0.11 mg GAE, and vitamin C 11.2+0.19
mg in 100 g respectively in PB1 and significantly difference at (p<0.05). Additionally, the
consumption of PB1 bar appears to positively impact higher work performance among adolescent
swimmers girls. Overall, this study contributes to the growing body of research on sports nutrition
tailored to adolescent athletes, particularly focusing on the nutritional needs of swimmers girls.

Keywords: Adolescent; athlete; nutrition; supplemented; work performance.

1. INTRODUCTION

Adolescence is marked by fast physical
development, changes in body composition,
physiology, and endocrine system, as well as
significant biological, emotional, social, and
cognitive changes. It is one of the most
important life transitions. Nutritional and energy
requirements rise throughout adolescence as a
result of puberty-related changes in body
composition and faster growth rate [1].

Sports and physical activity are becoming
steadily more a part of the modern way of life to
promote health. After engaging in physical
activity or exercise, the body has to be protected
against mechanical stress and the potentially
harmful effects of free radicals, whose
production is boosted and can cause oxidative
damage to macromolecules [2,3]. Protein may
help athletes grow muscle, reduce weariness
from activity, boost their immune systems, and
more, so ensure their diet has enough of these
items [4]. In addition to ensuring peak
performance, a healthy diet helps avoid the
“female athlete triad,” which consists of restricted
food intake, irregular menstruation, and weak
bones. Particularly young adolescent athletes
have unique nutritional demands and
requirements that need to be well watched.
Therefore, for female adolescent athletes,
replacing all or part of the cereal with nutritionally
superior millets and other functional foods can
provide all the necessary nutrients, including
fiber, antioxidants, protein, carbohydrates, and
vitamins, as well as micronutrients like calcium
and iron [5].

High-protein bars are one of the product
categories that is expanding the quickest on the
market. These products are low in sodium and
carbohydrates, high in fiber and protein (>20 g
per serving), and rich in vitamins, minerals, and
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antioxidants. People who are actively engaged in
physical activity and concerned about their
health are particularly drawn to high-protein bars
[6]. Nonetheless, an increasing number of
purchasers indicate a desire to increase their
intake of protein. A few of them believe that
having a bar rather than a meal would help them
control their weight since they are overweight
and do not have enough time to make a
traditional meal. Others just want a fast snack to
keep them from becoming hungry [7].

The goal of this study was to develop bars that
are protein-rich bar (PB). To assess the
organoleptic evaluation, fortified bars were first
examined. Then, proximate, mineral, and
antioxidant analyses were performed on a
chosen variant of the protein-rich bar in
comparison to the Control bar (CB). We were
following a three-month period of bar
supplementation to evaluate the work
performance of adolescent swimmers girls.

2. MATERIALS AND METHODS
2.1 Procurement of Raw Materials

The raw materials like chickpea, soy protein,
proso millet, foxtail millet, oat flakes, rolled oats,
rice flakes, figs, almonds, dried apricot,
watermelon seeds, pumpkin seeds, jaggery,
honey, and ghee were procured from the market
of Banasthali, Rajasthan.

2.2 Developed Bars

The three variants of Protein-rich bars (PB1,
PB2, PB3) with CB were developed by using
various ingredients at different amounts as
shown in Table 1. These were prepared in the
Cooking Laboratory of Banasthali Vidyapith,
Rajasthan. The different Protein-rich bars and a
CB were evaluated for their organoleptic
evaluation.
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Table 1. Ingredients of Protein-Rich Bars with Control Bar

Ingredients (100 g) CB PB1 PB2 PB3
Chickpea (g) - 5 - 10
Soy Protein (g) - 5 10 -
Proso Millet (g) - 5 - 10
Foxtail Millet (g) - 5 10 -
Oat Flakes (g) - 10 10 10
Rolled Oats (g) 20 - - -
Rice Flakes (g) 20 10 10 10
Figs (g) 10 10 10 10
Almonds (g) 5 5 5 5
Dried Apricot (g) 10 10 10 10
Watermelon Seeds (g) 5 5 5 5
Pumpkin Seeds (g) 5 5 5 5
Jaggery (g9) 10 10 10 10
Honey (ml) 10 10 10 10
Ghee (9) 5 5 5 5

CB = Rolled oats — 20 g, Rice flakes — 20 g;
PB1 = Chickpea — 5 g, Soy protein — 5 g, Proso millet — 5 g, Foxtail millet — 5 g, Oat flakes — 10 g, Rice flakes —
10g;
PB2 = Soy protein — 10 g, Foxtail millet — 10 g, Oat flakes — 10 g, Rice flakes — 10 g; and
PB3 = Chickpea — 10 g, Proso millet — 10 g, Oat flakes — 10 g, Rice flakes — 10 g

2.3 Organoleptic Evaluation

A panel of experts rates the quality of the bars
as part of the organoleptic evaluation. The
evaluation  process includes  measuring,
analyzing, and evaluating the properties of bars
as perceived by the senses of taste, smell,
touch, and hearing. The panel involves 30
members who were selected based on the
triangle difference test. The bar’s acceptance is
decided wusing the 9-point hedonic scale
performa. To evaluate several protein-rich bars
with a CB created by incorporating different
components at varied amounts, a panel of 25
semi-trained individuals was chosen [8].

The proximate, mineral, and antioxidant activity
was done on a selected variant of a Protein-rich
bar (PB1) by organoleptic evaluation and a CB.

2.4 Proximate and Mineral Analysis

The moisture content of the bars was
determined using a moisture analyzer (Air oven).
Ash level of the bars after 6 hours at 550° C in
the muffle furnace. The total protein content of
the bars was measured using the Kjeldahl
technique. The Soxhlet equipment was used to
calculate the crude fat. By using an acid and
alkali treatment procedure, the crude fiber was
calculated. To compare the approximate
composition of the bars, the total contents of
moisture, ash, protein, crude fat, and crude fiber
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were subtracted from 100 to find the number of
carbohydrates (CHO). The bars’ mineral content
was evaluated using Wong’s method for iron and
the titrimetric method for calcium [9,10].

2.5 Antioxidant Activity

The DPPH (1, 1-diphenyl-2-picryl hydrazyl)
technique and TPC (total phenolic content)
technique, as reported by AlJaloudi [11], and the
titrimetric method were used to analyze the
antioxidant activity of the bar using vitamin C
[10].

2.6 Work Performance Evaluation
2.6.1 Selection of subject

As Banasthali Vidyapith is a fully residential
educational university for girls, 100 adolescent
swimmers’ girls between the ages of 17-19 who
were beginner swimmers who had just recently
started swimming within a month or two months
were included in the study. A total of 100
adolescent swimmers girls were divided into two
groups: the control group and the experimental

group.
2.6.2 Inclusion and exclusion criteria
The following requirements were met to include

research participants: (i) They had to follow a
vegetarian diet; (ii) They couldn’t be fasting; (iii)
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They couldn't be on any special diets; (iv)
Respondents were willing to take part in the
research; and (v) Individuals who exclusively
swim for an hour.

The following requirements were met to exclude
research participants: (i) They did not include in
any other physical activity; (i) They skipped any
meal.

2.7 Pre- and Post-Intervention of
Supplementation of Developed Bars

The groups were made aware of the study
beforehand, and their participation was
guaranteed by obtaining an “Informed Consent
Form” from each of them. There has been a pre-
and post-intervention were done on both groups
for 3 months. The Control group (n=50)
supplemented the CB, and the Experiment group
(n=50) supplemented the selected variant of the
Protein-rich bar (PB1). Every participant in both
groups was administered one bar of 50 g each
day. The effects of supplementation were
investigated by evaluating the pre-and post-
intervention of the subjects.

2.7.1 Anthropometry test

A height rod was used to measure height without
a bare foot, to the closest 0.1 cm. The
participants’ body weights were measured using
an electronic scale with a sensitivity of 0.1 kg.
The competitors were simply wearing shorts and
a T-shirt, and they had no shoes on. The body
weight in kilograms (kg) divided by the square of
the participants’ height in meters (kg/m?) yielded
the body mass index (BMI) [12].

2.7.2 Sit and reach test

The participants’ knees were stretched, their
legs were seated together, and their soles were
pressed up to the box’s edge. Next, the
participants raised their arms and stacked one
hand on top of the other. They extended their
hands, palms down, as far as they could without
bending their knees along the measuring scale.
The first test administrator made sure to check
that the knees were completely extended and
that the heel stayed at the 35 cm mark for the
whole test. Using the scale located on the left
side of the reach indicator, scores were recorded
in centimeters to the closest 0.5 cm [13].

2.7.3 Hand grip strength test

An adjustable-grip hand dynamometer was
employed. Using the ideal grasp span, the

22

subject does the test with both hands in turn,
slowly and persistently pressing for at least two
seconds. We used an algorithm we devised
especially for adolescents to adapt the handgrip
span based on hand size. Both the hand’s
individual highest score, expressed in kilograms,
was noted. The study made use of the mean of
the results obtained from each of the handgrip
tests [14].

2.7.4 Nelson hand reaction time test

For the Nelson Hand Reaction Test, each
participant was seated in a chair with their hands
and forearms comfortably positioned on the
Table 1. The thumb and index fingers of the
hand were positioned with their upper halves
parallel to the Table 1, 8-10 cm above the
surface. The test supervisor positioned and held
a ruler between each participant’s thumb and
index finger. The supervisor gave the
participants instructions to stare at the ruler’s
center point directly and to grab it when it was
released. At the moment the participant caught
the value shown on the upper portion of the
ruler, it was recorded. After taking five
measurements and removing the best and worst
values, the average of the remaining three
readings was determined. This resulted in the
measurement of the distance the ruler dropped.
The values on the ruler were computed for each
measurement using the formula below, and the

participants’ response times were also
computed. The formula: [15]

RT = 2 * Distance the stick (timer) falls (in ft.)

""" | 32 (Acceleration gravitational constant)

where, R.T. = Reaction Time (sec.)
2.7.5 Tuttle pulse ratio test
The participant's resting heart rate was
measured while seated for one minute. It is

guaranteed that the individual did not exercise
for at least an hour prior to the count. Following
the measurement of their resting pulse, the
participant was instructed to move up and down
a 13-inch-high stool at a pace of 30 steps per
minute. Four counts to one full step up and down
are spoken, which helps the subject maintain the
appropriate tempo. To help the patrticipant, the
test should be administered using either a
metronome set at a cadence of 30*4=120 per
minute or a tape recorder counting 1-2-3-4 for
each step at a rate of 30 step-ups for one
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minute. After doing 30 step-ups in a minute, the
participant requested a seat. For two minutes,
the pulse rate is promptly and constantly
counted. The two-minute pulse count after
exercise is divided by the one-minute resting
pulse count to get the pulse ratio. The Tuttle
Pulse Ratio score is the name given to this ratio
[16].

2.8 Statistical Analysis

The IBM SPSS Statistics software was used to
statistically process the data. The triplicate
determinations’ meanzstandard deviation (SD)
was used to express the results. The One-Way
Analysis of Variance (ANOVA) test is used to
compare means and examine differences in the
sensory evaluation of developed bars in order to
assess the significance level at 5%. Findings on
proximate, mineral, and antioxidant activity were
compared at the significant level at 5%
probability level (p<0.05), as well as pre-and
post-intervention within each group using an
Unpaired T-Test.

3. RESULTS AND DISCUSSION
3.1 Organoleptic Evaluation

Table 2 illustrates the organoleptic evaluation of
the developed bars. Along with a CB, three
distinct Protein-rich bar variants (PB1, PB2, and
PB3) were examined for color, appearance,
texture, taste, aroma, and overall acceptability.
In color attribute, CB and PB2; in appearance
PB1; in texture PB3; in taste and aroma PB1
indicates the highest score. The overall
acceptability was noted for PB1, which was
followed by PB2, PB3, and the CB in that order.
The mean of the standard deviation of each
attribute in different formulated bars used in the
sensory evaluation showed a significant
difference (p<0.05).

Abdel-Salam’s study developed high-energy
protein bars whose organoleptic evaluation
revealed that bars containing sweet potato flour
have the highest score of odor, texture, and
taste. The degree of sensory acceptability of
bars is associated with various ingredients (such
as oats, rice flakes, and dried fruit) and binders
(such as honey and glucose syrup) [17]. Mathur
and Kumari’s study prepared multigrain fibre and
protein-enriched composite bars. They found
that incorporating puffed amaranth and oats in
the bar has the highest overall acceptability [18].
Mukherjee’s study developed protein-rich
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flavored bar with dates, oats, flaxseeds, sesame
seeds, pumpkin seeds, peanut powder, and
honey in three different treatments of cocoa
powder, guava flavor, and orange flavor. Its
study revealed that bar formulated with dates,
oats, flaxseeds, sesame seeds, pumpkin seeds,
peanut powder, and honey with cocoa powder
have scored the highest attributes in terms of
color, appearance, body, texture, flavor, taste,
and overall acceptability [19].

3.2 Proximate and Mineral Analysis

Table 3 and Fig. 1 illustrates the proximate and
mineral analysis of the developed bars. CB and
PB1 were examined for moisture, ash, protein,
crude fat, crude fiber, CHO, iron, and calcium.
PB1 had a better amount of nutrient compaosition
than CB. The mean of the standard deviation of
each proximate and mineral analysis in different
developed bars showed a significant difference
(p<0.05).

3.2.1 Moisture content

The low moisture content suggests a longer
shelf life and ease of storage. Almost all meals
contain water, therefore it is crucial for several
microbiological and chemical processes. It also
significantly affects food quality, freshness, and
microbiological resistance [20]. The moisture
content (100 g) of developed bars in our study
was found to be good in CB (8.9%) than in PB1
(10.2%). This outcome is quite similar to the
8.53% value from cereal bars including quinoa,
flaxseed, and fruits that Kaur’s study got [21]. In
another study, developed a high-energy protein
date-based bar, the moisture content was
11.22% [22].

3.2.2 Ash content

Food products’ ash content, an inorganic
element, is a crucial component of their quality
and indicates the presence of minerals [23]. In
our study, the crude ash content (100 g) was
found to be higher in PB1 (3.7%) than in CB
(1.4%). The study conducted by Jabeen
developed energy-rich protein bars with dates,
dried apricot, chickpea gram, and rice flour. The
ash ranged from 2.12%-2.44% [24]. Zahra’s
study found that when the apricot content (12 g)
increased, so did the ash content of nutri-bars,
rising to 3.50% [25]. Allai’'s study showed the
lowest ash content which is 1.67%-1.72% in
protein-rich pregelatinized whole grain cereal bar
[26].
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Table 2. Sensory Evaluation of Developed Bars

Attributes Products
CB PB1 PB2 PB3

Color 8.1+0.03" 8.0+0.12" 8.1+0.05 7.940.01"
Appearance 8.0+0.02 8.6+0.24" 8.4+0.01" 8.5+0.13"
Texture 7.5+0.11" 8.5+0.16" 8.5+0.04" 8.6+0.02
Taste 7.1+0.13" 9.0+0.15 8.7+0.21" 8.6+0.06"
Aroma 7.5+0.21" 8.5+0.12" 8.3+0.25 8.4+0.32"
Overall Acceptability 7.5+£0.32" 9.2+0.19" 8.5+0.07" 8.4+0.21"

Values are expressed as mean+SD, n=3. Values followed by " are significant difference (p<0.05)

Table 3. Proximate and Mineral Analysis of Developed Bars

Proximate and Mineral Analysis (100 g) Products
CB PB1

Moisture (%) 8.9+0.03" 10.2+0.66"
Ash (%) 1.4+0.01" 3.7£0.27"
Protein () 8.3+0.35" 22.3+0.74"
Crude Fat (g) 11.3+0.13" 13.1+0.41"
Crude Fiber (g) 9.3+0.56" 11.5+0.02
CHO (g) 61.0+£0.21" 39.4+0.19"
Iron (mg) 3.6+£0.01" 4.4+0.15"
Calcium (mg) 54.2+0.04" 82.41+0.21"

Values are expressed as meanSD, n=3. Values followed by " are significant difference (p<0.05)
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Fig. 1. Proximate and Mineral Analysis of Developed Bars
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3.2.3 Protein content

The highest protein content (100 g) in the
present study in PB1 (22.3 g) due to the addition
of different pulses, millets, and cereals and
lowest in the CB (8.3 g). When compared to the
findings of earlier research on millet bars, the
PB1 variants had a larger protein content.
Samuel and Peerkhan’s study found 15.74-18.32
g of protein in the developed pearl millet protein
bar [27]; Vahini’s study found 11.1 g of protein in
the developed millet bar [5]; Sobana’s study
found 13.7 g of protein content in the developed
composite sport bar (made from different millets,
pulses, cereal, seeds, nuts, and sweeteners)
[28]. Similar findings were found to be in the
study of Chaudhary’s study, they formulated a
granola bar, and the protein content ranged from
21.0-23.0 g in 100 g [29].

3.2.4 Crude fat content

The crude fat content (100 g) was higher in PB1
(13.1 g) than in the CB (11.3). Szydiowska'’s
study reported fat content of 19.1-23.0 g in
different musli bars, pumpkin bars, and coconut
bars [6]. Rafiu’'s study prepared high fibre cereal
bar. The fat content was 7.31%-10.72%, they did
not include any type of seeds. Incorporating
different ingredients in bars decides the fat
content and it increases by adding seeds and
nuts [30].

3.2.5 Crude fiber content

The crude fiber content (100 g) of our study was
found good in PB1 (11.5 g) and low in CB (9.3
g). Similar findings were found in the study, that
prepared snack bars from African breadfruit,
maize, and coconut blends [31]. As discussed in
Ojha and Meethal’s study, found lower crude
fiber content in the developed gluten-free cereal
bar with the utilization of buckwheat, proso
millet, and amaranth and snack bars by using
jackfruit seed flour and ragi flour than our study.
The ranges between 3.92-7.11 g in gluten-free
cereal bars and 7.56-9.66% in the snack bars
[32,33].

3.2.6 CHO content

A good amount of CHO content (100 g) was
found in PB1 (39.4 g) and higher in CB (61.0 g)
in our study. The lower CHO content in food may
lower the risk of diseases like diabetes, and
heart disease. The higher CHO content range
between 57.67-66.41 g in nutrition bar enriched
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with spirulina, bengal gram, peanuts, corn flakes,
puffed rice, jaggery, liquid glucose, ghee, and
coconut flakes, and in the Control bar the range
71.78 g in this all ingredients were same but
spirulina powder were not incorporated [34]. The
lower CHO content was found that similar to our
study. The range is 29% on the nutri-composite
bar made by using foxtail millet [35].

3.2.7 Iron content

An important dietary mineral called iron (Fe) is
needed to sustain several critical human
processes, including erythropoiesis, the
metabolism of cellular energy, and the growth
and operation of the immune system [36]. The
iron content (100 g) was present in (4.4 mg) in
PB1 and (3.6 mg) in CB which means PB1 found
a good result in our study. Zainal's study
prepared Canavalia ensiformis tempeh energy
bar. In this iron was present in the range of 1.00-
2.82 mg/kg [37]. Samuel and Peerkhan’s found
4.36-6.36 mg/kg of iron content in the developed
pearl millet protein bar [22].

3.2.8 Calcium content

Calcium is necessary for maintaining strong
teeth and bones as well as for nerve function,
muscular contraction and relaxation, and
immune system function [38]. The calcium
content (100 g) was present in (82.4 mg) in PB1
and (54.2 mg) in CB which means PB1 found a
good result in our study. Similar findings were
found in another study. The range of calcium
was 51.88-86.92 mg in sesame seed-enriched
bars [39]. Eke-Ejiofor and Okoye’s study found
very low calcium content in the prepared cereal
bars ranged from 38.47-59.93 mg/kg [40].

3.3 Antioxidant Activity

Table 4 and Fig. 2 illustrates the antioxidant
activity of the developed bars. CB and PB1
variants of the developed bar were examined for
DPPH, TPC, and vitamin C analysis. As
according to the analysis PB1 had good
antioxidant activity as compared to the CB. The
mean of the standard deviation of each
antioxidant activity in different developed bars
showed a significant difference (p<0.05).

3.3.1 DPPH
The DPPH inhibition (%) of the highest

antioxidant activity was found in PB1 (47.6%),
whereas the CB had the lowest DPPH inhibition
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(18.9%). The highest DPPH inhibition (%) in the
developed bar between the range of (32.28%-
50.47%) while (9.21%) in the control sample
[11]. A study developed different oat bars by
using oat flakes, sunflower seeds, chickpea
seeds, sesame seeds, pumpkin seeds,
flaxseeds, dried apricot, dried plum, raisins,
cinnamon, sucrose, glucose syrup, and water.
They found the DPPH inhibition (%) in the range
of 17.33%-23.02% in the developed bars [41].

3.3.2TPC

The TPC (mg GAE/100 g) of the highest
antioxidant activity was found in PB1 (53.1),
whereas the CB had the lowest TPC (mg
GAE/100 g) (15.3). The highest TPC (mg
GAE/100 g) in the developed bar between the
range of (46.56-56.56) while (13.59) in the
control sample [11]. Strong antioxidant activity
found in phenolic compounds helps to prevent
degenerative illnesses and slow down the aging
process. In one study, developed eight different
variants of protein-polyphenol-fibore bars from
protein powders, vegetable oil (rapeseed oil,
sunflower oil), coconut powder, Dutch cocoa
powder, cookies, vanilla powder, maltodextrin,
soy lecithin, freeze-dried strawberries, and
bananas. The TPC (mg GAE/100 g) of these

eight variants between the range (66.89-103.04)
[42]. Rajagukguk’s study developed a pulse-
based snack bar enriched with Lactiplantibacillus
plantarum. They found the TPC (mg GAE/100 g)
(293.16) in a chickpea-based snack bar and
(305.90) in a lentil-based snack bar [43].
According to Meng’s study, there was a range of
phenolic content of 193.3-678.4 mg GAE/100 g
in the various varieties of raisins and 839-890
mg GAE/100 g in dried apricots [44].

3.3.3 Vitamin C

The vitamin C (mg/100 g) of the highest
antioxidant activity was found in PB1 (11.2),
whereas the CB had the lowest (7.7). Antioxidant
vitamin C is important for the body’s biochemical
and molecular processes. The vitamin helps in
its absorption via interacting with other nutrients
like iron and copper. In one study, vitamin C
(g9/100 g) content ranged between (8.76-21.16)
in baobab based ready-to-eat sorghum and
cowpea blend snack bars [45]. Silva’s study
developed snack bars added of jeriva flour. The
vitamin C (mg/g) content of this bar was (35.31-
40.81) and 34.36 in the control bar. Concerning
the amount of jeriva flour added, there was a
consistent rise in the vitamin C content as the
flour concentration increased [46].

Table 4. Antioxidant Activity of Developed Bars

Antioxidant Activity Products

CB PB1
DPPH Inhibition (%) 18.9+0.05" 47.620.31"
TPC (mg GAE/100 g) 15.3+0.15 53.1+0.11"
Vitamin C (mg/100 g) 7.7+0.00 11.240.19"

Values are expressed as mean+SD, n=3. Values followed by " are significant difference (p<0.05)
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Table 5. Pre-and Post-Intervention of Developed Bars in Different Groups

Test Control Group Experiment Group
Pre Post Pre Post
Height (m) 1.61+1.24"  1.64+0.09"  1.56+0.08" 1.58+1.01"s
Weight (kg) 55.2+4.89" 57.8+5.21" 56.2+5.03" 61.916.16"
BMI (kg/m?) 22.2+1.63" 24.1+2.24" 21.7+1.60" 24.9+3.31"
Sit and Reach Test (cm) 26.9+1.89" 29.2+3.34" 27.1+2.29" 32.3+1.19"
Right-Hand Grip Strength Test (kg) 29.5+3.52" 32.1+2.45" 26.1+2.16" 33.4+1.09°
Left-Hand Grip Strength Test (kg) 22.2+1.00 23.4+0.08" 25.6+£1.19" 28.9+2.16"
Nelson Hand Reaction Time Test 2.5+0.08" 3.0+1.01" 2.4+0.03" 3.3+0.16"
(sec)
Tuttle Pulse Ratio Test 1.9+0.01" 2.3+0.92 2.0+0.03" 3.04£1.06"

Values are expressed as mean+SD, n=50. Values followed by *are significant difference (p<0.05) and " are not
significant difference (p<0.05)

3.4 Pre- and Post-Intervention  of
Supplementation of Developed Bars

Table 5 illustrates the means for the control and
experimental groups of height, weight, and BMI,
both before and following the study’s
assessment of supplemented developed bars for
3 months. Based on the pre-and post-
intervention of the control group, the average
height was 1.61+1.24 and 1.64+0.09 m and the
experiment group was 1.56+0.08 and 1.58+1.01
m respectively. The control group’s mean weight
for pre-intervention (55.2+4.89 kg) and post-
intervention (57.8+5.21 kg) and the experiment
group’s mean weight for pre-intervention
(56.2+5.03 kg) and post-intervention (61.9+6.16
kg) respectively. In terms of pre-and post-
intervention, the control group’s mean BMI was
22.241.63 and 24.1+2.24 kg/m?, and the
experiment group’s mean BMI was 21.7+1.60
and 24.9%+3.31 kg/m? respectively. A statistical
study of the pre-and post-intervention of the
control and experiment group revealed that the
findings were significant difference (p<0.05)
except for height and the results depicted that
after the supplementation of the developed bars
the BMI was more increased in the experiment
group than the control group.

Similarly, Table 5 illustrates the means for the
control and experimental groups of the sit-and-
reach test, right- and left-hand grip strength test,
Nelson hand reaction time test, and Tuttle pulse
ratio test both before and following the study’s
assessment of supplemented developed bars for

test was 2.5+0.08 and 3.0+1.01 sec, and Tuttle
pulse ratio test was 1.9+0.01 and 2.3+0.92
respectively. Based on the pre-and post-
intervention of the experiment group’s mean of
sit and reach test was 27.1+2.29 and 32.3+1.19
cm, the right-hand grip strength test was
26.1+2.16 and 33.4+£1.09 kg, the left-hand grip
strength test was 25.6+1.19 and 28.9+2.16 kg,
Nelson hand reaction time test was 2.4+0.03 and
3.3£0.16 sec, and Tuttle pulse ratio test was
2.0+£0.03 and 3.0+1.06 respectively. A statistical
study of the pre-and post-intervention of the
control and experiment group revealed that the
findings were significant difference (p<0.05) and
the results depicted that after the
supplementation of the developed bars, the
physical performance of adolescent girls was
more increased in the experiment group than the
control group.

Akinoglu’s study reported BMI ranged from
20.69+2.41 kg/m? and sit and reach test
18.50+7.02 cm of 15 years adolescent female
athletes [47]. The right-hand grip strength test
ranged was 28.00+3.817 kg and the left-hand
grip strength test ranged was 26.00+2.976 kg of
adolescent swimmer’'s females [48]. Konai's
study reported reaction time test ranged was
0.163+0.015 for  football players and
0.176+0.014 for cricket players between 14-16
years of female [49]. Elbel’'s study reported
Tuttle pulse-ratio test in men was 2.66+0.26 [50].

4. CONCLUSION

3 months. The pre-and post-intervention of the In conclusion, this study investigated the
control group’s mean of sit and reach test was  developed bars were found to contain a
26.9+1.89 and 29.2+3.34 cm, the right-hand grip  balanced combination of nutrients, and
strength test was 29.5+3.52 and 32.1+2.45 kg, antioxidant activity which are essential for

the left-hand grip strength test was 22.2+1.00
and 23.4+0.08 kg, Nelson hand reaction time
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sustained energy release and muscle recovery.
This suggests that these bars can serve as a
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convenient and effective nutritional supplement
for adolescent swimmers, providing the
necessary fuel for their rigorous training regimes.
Secondly, the consumption of the developed
bars was associated with improved work
performance among adolescent swimmers’ girls.
Participants who consumed PB1  bar
demonstrated improved higher overall
performance compared to those who consumed
the CB bar. This indicates that the nutritional
content of the developed bars played a
significant role in enhancing the girls’ work
capacity and athletic performance. Overall, this
study provides valuable insights into the role of
nutritional supplementation in optimizing the
work performance of adolescent swimmers’ girls,
highlighting the importance of balanced nutrition
in  supporting athletic endeavors during
adolescence.
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