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ABSTRACT

Background: Adolescents require comprehensive and bal-
anced nutrition to support their growth, development, and
physical activities.

Objective: This study aimed to evaluate the impact of a
snack intervention utilizing mackerel scad (Decapterus sp.)
and tuna liver on body composition, hemoglobin (Hb) levels,
and VO,max in male adolescents.

Methods: Employing a one-group pretest-posttest de-
sign, the study included 32 male adolescents aged 13-15
from two soccer schools, who were randomly selected from
a pool of 134 screened subjects. The intervention snack,
provided three times weekly over a 10-week period, had a
nutritional composition per 90 grams of: 194.99 kcal of en-
ergy, 15.09 grams of protein, 14.81 grams of carbohy-
drates, 6.21 grams of total fat, 3.09 grams of iron, and es-
sential amino acids. Food intake was assessed using a
24-hour food recall, body composition with Bioelectrical
Impedance Analysis (BIA), Hb levels via the cyanmethe-
moglobin method, and VO,max with the Cooper Test. All
data were analyzed using IBM SPSS version 25.

Results: Muscle mass increased significantly from 14.32%
to 16.86% (p=0,001 <0,05), representing a 17.79% gain.
Hemoglobin levels also rose from 11.37 g/dL to 11.93 g/dL
(p=0.03 < 0,05), a 4.92% increase. Furthermore, VO,max
saw a notable improvement, increasing from 36.93 mL/kg/min
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to 41.84 mL/kg/min (p=0.001< 0,05), or a 13.29% gain.
Conversely, a significant increase in fat mass was also ob-
served, rising from 14.86% to 15.75% (p=0.04 <0,05), which
corresponds to a 5.99% increase.

Conclusion: The local fish-based snack intervention sig-
nificantly impacted body composition, hemoglobin levels, and
VO,max of adolescent football players.
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INTRODUCTION

Nutritional problems among adolescents are primarily
caused by insufficient food intake, poor dietary quality, and
low levels of physical activity, which are the dominant factors
contributing to malnutrition in this age group?. In Indonesia,
the prevalence of stunting (short stature) and underweight
remains high among adolescents aged 13-15 years, recorded
at 24% and 7.5%, respectively. In North Maluku, the same
prevalence rates are observed, 24% for stunting and 7.5%
for underweight2.

Malnutrition issues such as inadequate nutrient intake,
anemia, and impaired growth are still frequently found
among children attending Football Schools (in Indonesia:
Sekolah Sepak Bola/SSB) across Indonesia. For example, a
study at Ganesha Putra Football School in Purwodadi,
Semarang, reported that 41% of the children had inade-
quate protein intake3. Similarly, a study conducted at a
boarding Football Training and Education Center (In Indo-
nesia: Sekolah Sepak Bola-Pusat Pendidikan dan Latihan
Pelajar/SSB-PPLP) showed energy macronutrient intake de-
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ficiencies; carbohydrates, fats, and proteins were all below
adequate levels by 81.2%. In another case, Tugu Muda
Football School in Semarang recorded inadequate intake in
93.8% of students for carbohydrates, 75% for fats, and
87.5% for proteins*. Furthermore, hemoglobin measure-
ments among football athletes in Sleman Regency, Yogya-
karta, revealed that 29.7% suffered from anemia®.

These data highlight the ongoing nutritional challenges
faced by adolescent football students in Indonesia. If left un-
addressed, such deficiencies may impair physical growth and
athletic performance. Carbohydrates, fats, and proteins are
essential energy-yielding nutrients® and serve as key sub-
strates for muscle energy metabolism during physical activ-
ity’. Addressing these nutritional gaps is essential for opti-
mizing the growth and performance of adolescents engaged
in high physical activity, particularly in structured sports envi-
ronments such as football schools.

Adolescents require adequate protein and amino acids to
support tissue growth and to increase insulin-like growth fac-
tor I (IGF-I) levels, which stimulate endochondral ossification
for normal linear growth8. Sufficient intake of carbohydrates,
fats, proteins, iron, and high-quality nutrients is essential to
ensure optimal physical development, endurance, and
VO,max capacity in adolescent football school students, key
physiological components for young athletes.

Nutritional interventions are a crucial short-term strategy to
address growth-related deficiencies in adolescents, particu-
larly through the provision of nutrient-rich supplementary
foods. Snack products formulated as sources of key nutrients
can help fulfill the unmet nutritional needs of this population.
The development of fish-based snack products is one ap-
proach to improve dietary variety and prevent consumption
fatigue among adolescents®.

In Indonesia, early talent scouting and athlete development
are mandated by the national government (Peraturan Pe-
merintah Pusat No. 95 2017), emphasizing the importance of
early interventions across multiple domains, including nutrition.
Improving adolescent athletes’ nutritional status can be a mea-
surable and strategic component of early athletic development.

This study aims to examine the effects of a snack interven-
tion made from locally sourced mackerel scad (Decapterus sp.),
enriched with tuna liver, as a supplementary source of energy,
fat, protein, and iron. Specifically, the research investigates the
impact of this intervention on body composition, hemoglobin
levels, and VO,max in adolescent football school students in
Ternate City.

METHODS

This study employed a quasi-experimental design using a
one-group pretest—posttest approach!l. The research was
conducted between August and October 2024 at two football
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schools in Ternate City: Indonesia Muda (IM) and Tunas
Gamalama/Mayoma. Ethical clearance for the study was
granted by the Ethics Committee of the Health Polytechnic of
the Ministry of Health in Semarang, under approval number
0188/EA/KEPK/2024. Informed consent was obtained from
the parents of all participating children, and the children pro-
vided their voluntary assent to participate.

The sample size was calculated based on data from a pre-
vious study, which reported a mean post-intervention body
weight (X;) of 45.75 kg and a control value (X;) of 40.73 kg
with a standard deviation (S,) of £10.4 12, The calculation
used a two-tailed Za of 1.96, a ZB of 0.84 (B = 20%), and a
significance level (a) of 5%, providing a statistical power of
80%. Based on these parameters, a minimum of 26 partici-
pants aged 13-15 years was required. To anticipate possible
dropout, an additional 20% (5 participants) was included, re-
sulting in a total sample of 32 subjects. The study involved
32 male adolescents aged 13-15 from two soccer schools
who met the inclusion and exclusion criteria, who were ran-
domly selected from a pool of 134 screened subjects.

The study subjects were selected using strict inclusion and
exclusion criteria. Inclusion criteria required participants to be
(a) male adolescents aged 13—15 enrolled in soccer schools;
(b) actively involved in weekly training sessions; (c) willing to
volunteer for and complete the study; (d) have low hemoglobin
(Hb) levels (<12 g/dL for ages 13—14 and <13 g/dL for age 15);
and (e) have a physical fitness level rated as very poor, poor, or
moderate based on initial screening. In contrast, subjects were
excluded if they had (a) a history of cardiovascular or pulmonary
diseases, or (b) an allergy to fish or any food ingredients in the
study snack.

The snack intervention consisted of a formulation contain-
ing 90 grams per portion and was administered three times
per week for 10 weeks. Each portion provided approximately
14.81 grams of carbohydrates, 6.21 grams of total fat,
194.99 kcal of energy, 15.09 grams of protein, 3.09 mg of
iron, and essential amino acids including 0.54 grams of
isoleucine, 0.96 grams of lysine, and 0.90 grams of valine.

The snack product, formulated from mackarel scad fish
(Decapterus sp) (locally known as ikan layang) enriched with
tuna liver, was prepared weekly to minimize the risk of food
safety issues. The snacks were served warm. Parents are
asked to ensure no food is given to the children two hours be-
fore and after practice. Concurrently, coaches and assistant
coaches are to help monitor the children’s food consumption
during practice for the duration of the research.

The intervention was administered to youth football players
aged 13-15 years, 60 minutes after training sessions. Post-ex-
ercise protein intake has been shown to be more effective for
enhancing muscle protein synthesist3. The snacks were pro-
vided three times per week for 10 consecutive weeks!*. To
ensure the quality and consistency of consumption, partici-
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pants were required to consume the snack at the training lo-
cation under supervision.

Demographic data, including age, sex, and training fre-
quency, were collected through interviews. Nutrient intake
was assessed using 2x24-hour dietary recalls covering one
regular day and one non-training day, collected via structured
interviews. Using the food composition conversion table from
the Ministry of Health of the Republic of Indonesia, daily con-
sumption data from a 2x24-hour recall is converted into
grams to calculate nutritional values.

Body composition was measured using a Bioelectrical
Impedance Analyzer (BIA) scale (InBody Dial) and a Micro-
toise stadiometer, employing standard anthropometric proce-
dures. Prior to a medical examination, soccer school students
who fast and decrease their physical activity are given a
three-day rest period to restore their bodies to a normal state.
Body weight and height are measured in the morning.
Hemoglobin levels were assessed using the Cyanmethe-
moglobin photometric method at Nita Medical Laboratory.
VO,max was measured using the Cooper 2400-meter run
test, and the results were converted into estimated VO,max
values using standard conversion formulas. This method, val-
idated and supervised by expert athlete physical development
coaches, is tested in the morning on a 320-meter track.

Data were processed using Microsoft Excel and IBM SPSS
version 25. Prior to analysis, the data underwent coding, en-
try, and cleaning procedures to ensure accuracy. Quantitative
data were analyzed using both univariate and bivariate meth-
ods to describe frequency distributions, means, and standard
deviations (SD) for each variable.

Body mass and hemoglobin levels were compared against
standard reference values. VO,max was estimated using the
Cooper 2400-meter run test and calculated using the for-
mula:VO,max = (483 / time in minutes) + 3.5

To evaluate the effect of the mackarel scad fish and tuna
liver-based snack intervention, statistical comparisons be-
tween pre- and post-intervention values were conducted.
Data normality was assessed using the Shapiro-Wilk test. For
normally distributed data, the paired samples t-test was ap-
plied, while the Wilcoxon signed-rank test was used for data
that did not meet normality assumptions.

RESULTS AND DISCUSSION
Participant Characteristics and Nutrient Intake

Performance outcomes in this study were assessed through
two main indicators: body composition (muscle mass and
body fat mass) and fitness (hemoglobin levels and VO,max
capacity). The characteristics of study participants are pre-
sented in Table 1. A total of 32 adolescent male participants
aged 13 to 15 years were recruited from two football schools
in Ternate City based on inclusion criteria.

Table 1. Baseline characteristics of adolescent soccer players par-
ticipating in the intervention with fish snack in Ternate (n = 32)

Variable Min-Max Mean+SD
Age (years) 13-15 13.19 + 0.47
Muscle mass (%) 10.20-18.90 14.32 + 2.38
Body fat mass (%) 9.50-19.30 14.84 + 2.38
Hemoglobin (g/dL) 10.50-12.40 11.37 £ 0.39
VO,max (ml/kg/min) 30.00—44.00 36.59 + 4.58

The average muscle mass of participants was 14.32 £ 2.38%,
ranging from 10.20% to 18.90%, while body fat mass averaged
14.84 + 2.38%, with a range of 9.50% to 19.30%. Hemoglobin
levels ranged from 10.50 to 12.40 g/dL, with a mean value of
11.37 £ 0.39 g/dL, indicating mild anemia in several partici-
pants. The average VO,max was 36.59 + 4.58 ml/kg/min, plac-
ing participants in the “below average” fitness category for this
age group (Table 1).

Based on the two-day dietary recall results presented in
Table 2, the nutritional adequacy levels of the adolescent
football players revealed significant deficiencies in several key
nutrients. Carbohydrate intake ranged from 47.30% to
92.69% of the recommended dietary allowance (RDA), with a
mean adequacy of 72.48 £ 11.60%. For this age group, the
recommended daily intake of carbohydrates is 350 grams?®.

Table 2. Nutritional intake and percentage adequacy with res-
pect to dietary recommendations in adolescent soccer players
(based on 24-hour reminders)

Variable Min-Max MeanxSD

Carbohydrates (g)

165.55-324.29

253.70 £ 40.60

Fat (g)

41.28-68.41

54.35 £ 6.63

Protein (g)

44.28-63.04

55.19 £ 545

Energy (kcal)

1,468-2,240

1,897 + 188.97

Iron (mg) 8.03-10.89 9.66 + 0.82

% RDA Carbohydrates 47.30-92.69% 72.48 £ 11.60
% RDA Fat 51.60-90.05% 67.94 £+ 8.29
% RDA Protein 63.26-90.05% 78.85 £ 7.78
% RDA Energy 61.18-93.33% 79.04 + 7.87
% RDA Iron 72.95-98.98% 87.85 + 7.46
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These data indicate a carbohydrate deficit of approximately
27.58%, which could impair energy availability for high-inten-
sity physical activity and recovery.

Fat intake ranged from 63.26% to 90.05% of the RDA, with
a mean adequacy of 67.94 + 8.29%, showing a moderate short-
fall from the expected intake. Protein adequacy ranged between
63.26% and 90.05%, with an average of 78.85 + 7.78%. This
suggests a protein deficit of 21.15%, equivalent to approxi-
mately 14.81 grams per day. Previous study found that adoles-
cent athletes require between 1.2 and 2.0 grams of protein per
kilogram of body weight to support muscle development and ex-
ercise recovery, reinforcing the importance of addressing this
gap'®. The average energy intake covered only 79.04 + 7.87%
of the RDA, with values ranging from 61.18% to 93.33%, re-
flecting a substantial energy deficiency of 20.96%. Iron intake
ranged from 72.95% to 98.98% of the RDA, with a mean of
87.85 = 7.46%, indicating an average deficit of 12.15%.
Suboptimal iron intake is particularly concerning given its role in
oxygen transport and aerobic capacity, both of which are critical
for athletic performance.

To address these nutritional inadequacies, a protein- and
iron-rich snack was developed as part of this intervention. The
snack was formulated using locally sourced, nutrient-dense in-
gredients including mackarel scads (Decapterus spp.), chicken
eggs, and tuna liver, which are known for their high protein
and micronutrient content!’. The final product contained
18.69 grams of protein per 100 grams. The protein content
was primarily derived from layang fish (22 g/100 g), tuna
liver (5.65 g/50 g), and chicken eggs (6.2 g/30 g), con-
tributing significantly to the overall nutritional value of the
snack.

As a protein source, the snack contributed 34.18% of its to-
tal caloric content from protein, approaching the 35% bench-
mark required to be classified as a “high-protein food” ac-
cording to Indonesia’s National Agency of Drug and Food
Control'8. Although it fell slightly short of the threshold, the
snack can still be considered a functionally significant protein-
rich product, especially suitable for adolescent athletes who
have increased protein needs.

In addition to its protein content, the snack also provided a
meaningful amount of iron, measuring 3.49 mg per 100 grams.
The iron content was contributed by all three main ingredients:
layang fish (2 mg/100 g), chicken eggs (3 mg/30 g), and tuna
liver (0.45 mg/50 g). Other minor ingredients such as flour and
seasonings also contributed to the total iron content. Based on
these values, the snack was calculated to contribute more than
15% of the daily iron RDA, qualifying it as a source of iron-rich
food in accordance with BPOM regulationst8.

Table 3 presents the macronutrient and micronutrient
composition of the developed snack formulated with layang
fish (Decapterus spp.). The carbohydrate content ranged
from 400.19 to 493.83 grams, with a mean intake of
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Table 3. Average Nutritional Composition of Snacks Made With
(Decapterus Sp) Enriched With Tuna Liver

Variable Range Mean * SD

Carbohydrate (g) 400.19-493.83 471.31 + 31.33

Fat (g) 167.16-206.28 196.87 + 13.08
Protein (g) 408.94-504.63 481.61 + 32.01
Energy (kcal) 4741-5850 5583 + 371
Iron (Fe, mg) 76.36-94.23 89.93 £ 5.97
Isoleucine (g) 13.01-16.05 15.31 £ 1.01
Lysine (g) 23.39-28.86 27.54 £ 1.83
Valine (g) 21.81-26.92 25.69 + 1.70

471.31 + 31.33 grams. Fat content varied from 167.16 to
206.28 grams, averaging 196.87 + 13.08 grams. The protein
content was notably high, ranging between 408.94 and
504.63 grams, with a mean of 481.61 + 32.01 grams. Energy
content spanned from 4,740.52 kcal to 5,849.82 kcal, with an
average of 5,583.05 + 371.17 kcal.

In terms of micronutrients and essential amino acids, the
snack was found to contain iron (Fe) in amounts ranging
from 76.36 to 94.23 mg, with a mean of 89.93 + 5.97 mg.
The isoleucine content ranged from 13.01 to 16.05 grams
(mean 15.31 = 1.01 g), lysine ranged from 23.39 to
28.86 grams (mean 27.54 = 1.83 g), and valine ranged
from 21.81 to 26.92 grams (mean 25.69 £ 1.70 g). These
values indicate that the snack is not only energy- and pro-
tein-dense but also rich in key amino acids and iron, which
are essential for adolescent growth, muscle development,
and oxygen transport.

The effects of the intervention on body composition,
hemoglobin levels, and VO,max are illustrated in tabel 4
and Figure 1. After consuming the intervention snack over
the study period, participants showed a significant im-
provement in muscle mass. The percentage of muscle mass
increased from a range of 12.10% to 20.80%, with a mean
of 14,32+2,38% to 16.86 + 2.41% and a net gain of
2.55%. Statistical analysis confirmed that this change was
significant (p = 0.00@") < p 0.05), indicating a positive im-
pact of the protein-rich snack on muscle development.

A slight but statistically significant increase was also observed
in fat mass percentage, which rose from 11.60% to 18.90%,
with a post-intervention mean of 14,84+2,38 to 15.75 + 1.94%
and a mean difference of 0.91%. This change was statistically
significant (p = 0.04@" < 0,05), although the increase in fat
was within acceptable physiological limits and may reflect im-
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Table 4. Body composition, hemoglobin) and VO,max, children of the Football School in Ternate City before and after the intervention

Variabel MZE?ED Me:f::sn A(eb) P
Muscle mass(%) 14,32+2,38 16,86+2,41 2,55 0,002"
Fat mass (%) 14,84+2,38 15,75+1,94 0,91 0,042
Hemoglobin (gr/dL) 11,37+0,39 11,93+0,54 0,56 0,032"
VO,max (ml/Weight/minute) 36,59+4,58 41,31+4,01 4,72 0,00°"

Average+SD, difference (e-b), paired samples t-test(2*) and Wilcoxon Signed Ranks Test results(?*). *different (p<0.05).
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Figure 1. Impact of intervention on muscle mass, body fat muscle, hemoglobin, and VO.max
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proved energy balance in undernourished adolescent athletes.
Hemoglobin levels also improved post-intervention, rising from
11.30 g/dL to 13.10 g/dL, with an average of 11,37+0,39 to
11.93 £ 0.54 g/dL and a mean increase of 0.56 g/dL. This im-
provement was statistically significant (p = 0.03" < 0,05),
suggesting the snack’s iron content was sufficient to support
hematological status, potentially enhancing oxygen-carrying ca-
pacity. Furthermore, the intervention led to a significant im-
provement in aerobic capacity as measured by VO,max. Values
increased from 35 to 47 ml/kg/min, with an average post-inter-
vention VO,max of 36,59+4,58 to 41.31 £ 4.01 ml/kg/min and
a net increase of 4.72 ml/kg/min. The statistical test yielded a
significant difference (p = 0.02(™ < 0,05), indicating enhanced
cardiorespiratory fitness, which may be attributed to the im-
proved intake of energy, protein, and iron all of which play roles
in endurance and performance.

Impact of Snack Consumption on Body
Composition

Adequate energy intake, primarily from quality carbohy-
drates, is crucial for meeting the body’s energy demands.
When energy needs are not met, the body may catabolize
other macronutrients, such as fat and protein, for energy, po-
tentially leading to a decrease in muscle mass, particularly in
adolescents!®. In this study, the percentage of muscle mass
increased from an average of 14.32+2.38% before interven-
tion to 16.86+2.41% after. The intervention resulted in a
17.79% increase. While this represents a positive increase,
the ideal muscle mass for adolescent football players is typi-
cally in the range of 30% to 40% of body weight?0. Despite
the current muscle mass of participants (16.86% of body
weight) still being below this ideal, the observed positive
trend indicates ongoing improvement.

The essential amino acids, such as leucine, isoleucine,
and valine, provided by the snacks are crucial for protein
synthesis and the formation of new muscle cells?!. The
snack intervention delivered average intakes of isoleucine
(15.31+1.01 grams), lysine (27.54+1.83 grams), and valine
(25.69+1.70 grams) (Table 3). These amino acids are uti-
lized by the body to synthesize Insulin-like Growth Factor 1
(IGF-1). In muscle tissue, IGF-1 promotes protein synthesis
and muscle regeneration by stimulating the differentiation
and proliferation of muscle satellite cells, which are vital for
muscle mass growth and tissue repair following injury.
Consequently, IGF-1 contributes significantly to the devel-
opment and maintenance of healthy muscle8.

The protein derived from the fish, egg, and tuna liver-based
snacks, in particular, appears to have effectively contributed
to increased muscle mass in the young football players.
Beyond protein, the iron (Fe) content of the snacks also
played a significant role. Iron is essential for the formation of
hemoglobin, which facilitates oxygen transport to all body tis-
sues for metabolic processes. Hemoglobin profoundly impacts
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the formation of body cells, especially muscle cells?2. Con-
versely, the percentage of body fat mass increased to
15.75£1.94% after the intervention. The intervention re-
sulted in a 5.99% increase. This finding places the body fat
mass of the football academy students above the maximum
standard for adolescent football players, which typically
ranges from 10—-15% of body weight?0. While the body uti-
lizes fat as an energy source during prolonged physical activ-
ity, contributing to increased muscle mass and a more ideal
body composition?3, an indirect relationship exists between
iron and fat metabolism. Iron deficiency can reduce the
body’s capacity to efficiently burn fat, potentially leading to an
increase in fat mass.

Impact of Snack Consumption on Hemoglobin
Levels

The average protein intake of 481.61+32.01 grams over
10 weeks significantly increased hemoglobin levels. A mean
increase of 0.53 g/dL was observed, with post-intervention
hemoglobin levels averaging 11.93+0.54 g/dL. The interven-
tion resulted in a 4.92% increase. This improvement is di-
rectly linked to the protein content in the snacks, as protein
plays a crucial role in hemoglobin synthesis. Specifically, the
globin component of protein directly binds with iron to form
hemoglobin?4. Proteins like transferrin and ferritin are also
essential for iron transport. A deficiency in these proteins can
hinder iron transport, leading to reduced hemoglobin levels
and potentially iron deficiency?>.

Protein is integral to hemoglobin formation, serving as its
primary structural component. Hemoglobin comprises four
polypeptide chains, known as globin (typically two alpha
and two beta chains in adults), which are all types of pro-
tein. These globin chains are synthesized from amino acids
derived from dietary protein intake and then fold into a
three-dimensional structure that forms the “framework” of
hemoglobin. Each globin chain contains a heme group,
which holds an iron atom. The globin protein supports and
protects this heme group, enabling hemoglobin to re-
versibly bind and release oxygen. Without an adequate sup-
ply of protein, the body cannot produce sufficient globin
chains, thereby inhibiting the formation of complete and
functional hemoglobin molecules, which can lead to a de-
crease in hemoglobin levels.

The intervention, which included an average iron (Fe) in-
take of 89.93+5.97 mg over 10 weeks, also contributed to in-
creased hemoglobin. While this amount improved hemoglobin
levels, the effect may not be maximal within a short time-
frame. Studies suggest that an iron intervention of 5 mg ad-
ministered over three to six months can effectively increase
and improve hemoglobin levels?6. Within the body, iron is a
critical component of hemoglobin formation, with its primary
role in the heme group, the non-protein part of hemoglobin
that binds oxygen.
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The iron content from scads and tuna liver in the form of
heme iron is significantly more effective in hemoglobin forma-
tion due to its high bioavailability and efficient absorption mech-
anism. Heme iron is absorbed intact by intestinal cells through
specific pathways without requiring modification. Once heme
iron is available, the body utilizes it for hemoglobin synthesis in
the bone marrow. This is because the iron atom is the central
component of the heme group, which then binds to globin pro-
teins to form a functional hemoglobin molecule. This efficiency
of absorption and direct utilization makes heme iron consump-
tion highly effective in increasing blood hemoglobin levels in
school-aged football players. The iron in the snacks serves as a
supplementary source to iron obtained from staple foods, aiding
in meeting the body’s iron requirements. The significant in-
crease observed was also partly due to improved consumption
of staple foods by the children, facilitated by their parents.

Impact of Snack Consumption on VO,max

The protein intervention from the snacks indirectly en-
hanced the VO,max capacity in the football academy stu-
dents. Protein contributes to hemoglobin formation, which is
vital for transporting oxygen from the lungs to all tissues.
Additionally, protein supports muscle adaptation, tissue repair,
and metabolic efficiency, all of which facilitate an increase in
VO,max through sustained and appropriate training?’.
Following the intervention, participants showed an average
increase of 4.72 mL/kg/minute, reaching a mean VO,max of
41.31+£4.01 mL/kg/minute. The intervention resulted in a
13.29% % increase. This improvement is attributable to the
positive effects of protein and amino acids sourced from fish,
eggs, and tuna liver.

Beyond protein, the iron intervention of 89.93+5.97 mg di-
rectly influenced VO,max. Iron plays a crucial role in oxygen
transport via hemoglobin, oxygen storage in muscles through
myoglobin, and oxygen utilization in the mitochondria by res-
piratory enzymes. Iron deficiency can diminish the body’s ca-
pacity to use oxygen efficiently, leading to a decrease in
VO,max, even if the lungs and heart are healthy?8,

The observed increase in VO,max capacity is directly linked
to the improvement in hemoglobin levels among the football
academy students. Hemoglobin is critical for boosting
VO,max because it directly determines the body’s capacity to
transport and deliver oxygen to working muscles during phys-
ical activity. VO,max, the maximum amount of oxygen the
body can utilize per minute, is highly dependent on oxygen
availability. Hemoglobin, found in red blood cells, serves as
the primary transporter for this oxygen. Each hemoglobin
molecule binds four oxygen molecules in the lungs, meaning
higher hemoglobin levels allow for more oxygen to be bound
and transported from the lungs to muscle tissues. During in-
tense and prolonged muscle contractions, a constant and
abundant oxygen supply is crucial for generating energy
through aerobic metabolism.

An increase in hemoglobin levels allows for more oxygen to
be delivered per unit of time to muscle mitochondria. This
higher oxygen availability enables muscles to sustain aerobic
energy production at higher intensities and for longer dura-
tions, thereby enhancing overall VO,max 2°.

CONCLUSION

This study observed significant increases in muscle mass,
fat mass, hemoglobin levels, and VO,max capacity following
the intervention. The administration of snacks made from
mackerel scads (Decapterus sp.) with added tuna liver had a
significant positive impact on these body composition and
physiological parameters.

RECOMMENDTIONS

Based on these findings, these snacks can serve as a valu-
able source of protein and iron, meeting a percentage of the
Recommended Dietary Allowance (RDA) to support the nutri-
tional adequacy of school-aged football players. Further re-
search with a larger sample size and extended intervention
period is recommended to explore the long-term effects on
muscle mass, total muscle weight, and hemoglobin in anemic,
underweight toddlers.

STRENGTHS

A key strength of this study is that the 90-gram interven-
tion snack, made from fish with added tuna liver, contributed
26.5% of the daily protein and 25.75% of the daily iron re-
quirements for school-aged football players aged 13-15 years,
supplementing their main meals.

LIMITATIONS

A limitation of this study was a primary weakness of the
study is its quasi-experimental one-group pre-test-post-test
design, as it lacks a control group. The inability to fully con-
trol and monitor the subjects’ dietary patterns, as all par-
ticipants resided with their parents rather than being cen-
trally housed.
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