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ABSTRACT

Cardiorespiratory endurance is a crucial component of performance in
futsal because athletes arerequired to perform repeated high-intensity
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activities throughout a match. One nutritional strategy that has gained Published: 2026/05/31

attention for improving aerobic capacity is beetroot juice (Beta

vulgaris), which is rich in dietary nitrates and may enhance oxygen KEYWORDS
utilization during exercise. This study aimed to determine the effect of Beetroot Juice
beetroot juice consumption on VO,Max among futsal athletes of SMA VO,Max;
Negeri 8 Makassar. This study employed a quantitative approach with a . .

. . Cardiorespiratory
pre-experimental one-group pretest-posttest design. The sample Endurance:

consisted of 22 futsal athletes selected using a total sampling
technique. Participants received 200 ml of beetroot juice for 16
intervention sessions over four weeks. VO,Max was measured using the
Multistage Fitness Test (Bleep Test) before and after the intervention.
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results showed a significant improvement in VO,Max after beetroot
juice supplementation. The mean VO,Max increased from 44.50 + 3.76
ml-kg~-min~" before the intervention to 54.61 + 4.64 ml-kg™-min~' after
the intervention, with an average increase of 10.11 ml-kg™-min~.
Statistical analysis revealed a p-value of 0.000 (p < 0.05), indicating a
significant effect of beetroot juice on VO,Max. These findings suggest
that the nitrate content in beetroot juice may enhance nitric oxide
production, improve blood circulation, and increase oxygen utilization
efficiency. Therefore, beetroot juice has potential as a natural
ergogenic supplement toimprove cardiorespiratory endurance in futsal
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INTRODUCTION

Futsal is one of the most popular sports among adolescents due to its dynamic
nature, high intensity, and relatively short playing duration compared to conventional
football. Despite the shorter match duration, futsal requires players to perform repeated
high-intensity activities such as sprinting, accelerating, changing direction, dribbling,
passing, and transitioning rapidly between offensive and defensive situations (Aliman et
al., 2023). These physiological demands place significant stress on the cardiovascular
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and respiratory systems, making cardiorespiratory endurance a critical determinant of
performance in futsal athletes (Ramadhan et al., 2025).

Cardiorespiratory endurance is commonly assessed through maximal oxygen uptake
(VO,Max), which represents the highest capacity of the body to consume, transport, and
utilize oxygen during intense physical activity (Dieny et al., 2017). VO,Max is widely
recognized as a key indicator of aerobic fitness and athletic performance because it reflects
the efficiency of oxygen delivery to working muscles and the body's ability to sustain
prolonged exercise (Buchheit & Laursen, 2019). Athletes with higher VO,Max values generally
demonstrate better endurance capacity, delayed fatigue onset, and superior recovery
during intermittent high-intensity exercise (Raghuveer et al., 2020).

In futsal, maintaining optimal VO,Max is particularly important because players
continuously alternate between anaerobic and aerobic energy systems throughout a
match. A decline in aerobic fitness can negatively affect technical execution, tactical
decision-making, concentration, and overall match performance (Mauludiyah et al.,
2023). Consequently, improving VO,Max has become a primary objective of conditioning
programs designed for futsal athletes (Anggraini & Widodo, 2021).

Several factors influence VO,Max levels, including genetic predisposition, training
status, age, body composition, environmental conditions, and nutritional intake (Jones
et al., 2021). Among these factors, nutritional strategies have recently gained
considerable attention due to their potential to enhance physiological adaptations and
exercise performance. One nutritional component that has attracted significant
scientific interest is dietary nitrate, which can improve oxygen utilization efficiency and
exercise tolerance (Dominguez et al., 2017).

Beetroot (Beta vulgaris) is recognized as one of the richest natural sources of
dietary nitrate. Through the nitrate-nitrite-nitric oxide pathway, nitrate
supplementation may enhance endothelial function, increase blood flow, improve
mitochondrial efficiency, and reduce oxygen cost during exercise (Jones et al., 2018).
Therefore, beetroot juice supplementation has emerged as a promising ergogenic aid for
endurance-related sports performance.

At SMA Negeri 8 Makassar, the futsal team has consistently participated in regional
and national competitions, achieving notable accomplishments such as reaching the
semifinals of the Makassar City Student Futsal Tournament in 2023, becoming finalists
in the Makassar Student League in 2024, and participating in the national BYU Student
Tournament in Semarang in 2025. Nevertheless, coaching evaluations have revealed
recurring decreases in player stamina during the second half of matches, which often
affect performance consistency and competitive outcomes. This phenomenonindicates
that cardiorespiratory endurance remains an important aspect requiring improvement
among these athletes.

Recent advances in sports nutrition have highlighted the role of dietary nitrate
supplementation in improving aerobic performance. Dietary nitrate derived from
beetroot juice is converted into nitrite and subsequently nitric oxide, which contributes
to vasodilation, enhanced muscle oxygenation, and improved exercise economy (Jones
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et al., 2018; McMahon et al., 2017). These physiological adaptations are particularly
beneficial in intermittent sports where repeated high-intensity efforts are required.

Several studies have demonstrated positive effects of beetroot juice
supplementation on aerobic capacity and endurance performance. Dominguez et al.
(2017) reported that nitrate supplementation significantly improved exercise efficiency
and reduced oxygen consumption during submaximal exercise. Similarly, Senefeld et al.
(2020) found that beetroot juice supplementation enhanced endurance performance
through improved oxygen delivery and utilization.

In team sports settings, dietary nitrate has shown promising results. Wylie et al.
(2019) observed improvements in intermittent running performance among trained
athletes following nitrate supplementation. Mosher et al. (2021) further reported that
beetroot juice increased exercise tolerance and delayed fatigue during repeated sprint
activities. These findings suggest potential applicability in futsal, where athletes
repeatedly perform high-intensity actions interspersed with brief recovery periods.

In Indonesia, research concerning beetroot supplementation has also expanded.
Sanrebayu (2020) reported that beetroot consumption contributed to improved aerobic
endurance among athletes through increased nitrate availability. Zahra and Muhlisin
(2020)emphasized that, besides nitrate content, beetroot contains antioxidants such as
betalains, vitamin C, potassium, and polyphenols, which may reduce oxidative stress and
support recovery during intense exercise. Furthermore, contemporary sports science
literature highlights the synergistic relationship between nutritional interventions and
physical conditioning programs. The integration of evidence-based nutritional
strategies with reqular training is increasingly recognized as an effective approach for
optimizing athletic performance (Kerksick et al., 2018; Thomas et al., 2016). Therefore,
investigating beetroot juice supplementation in adolescent futsal athletes represents a
scientifically relevant and practically important area of research.

Despite the growing body of literature regarding beetroot juice supplementation,
several research gaps remain. First, most previous studies have focused on endurance
athletes, cyclists, runners, or recreationally active adults, while evidence involving
adolescent futsal athletes remains limited (Senefeld et al., 2020; Wylie et al., 2019). Given
the unique physiological demands of futsal, findings from endurance sports cannot be
directly generalized to futsal players. Second, existing studies predominantly originate
from European and North American populations, whereas research involving Indonesian
adolescent athletes is still scarce. Differences in dietary habits, training environments,
genetic characteristics, and competitive structures may influence the effectiveness of
nutritional interventions(Sanrebayu, 2020). Third, previous investigations have frequently
examined performance variables such as time-trial outcomes, sprint performance, or
exercise economy. Comparatively fewer studies have specifically evaluated changes in
VO,Max as a primary outcome among school-based futsal athletes. Considering that
V0O,Max is afundamental indicator of cardiorespiratory fitness, further empirical evidence
is needed to clarify the effectiveness of beetroot juice supplementation in this population.
Finally, no published study has specifically investigated the effects of beetroot juice
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supplementation on the VO,Max of SMA Negeri 8 Makassar futsal athletes. Therefore, the
present study seeks to address this contextual and empirical gap.

Based ontheidentified gaps, this study aims to examine the effect of beetroot juice
supplementation on VO,Max among futsal athletes of SMA Negeri 8 Makassar.
Specifically, the study seeks to determine whether reqular consumption of beetroot
juice can significantly improve cardiorespiratory endurance as measured through
V0O,Max values. The novelty of this research lies in four aspects. First, it investigates
beetroot juice supplementation within the context of adolescent futsal athletes, a
population that remains underrepresented in current literature. Second, it focuses
specifically on school-level competitive athletes in Indonesia, thereby providing
contextually relevant evidence for sports development programs. Third, it evaluates
VO,Max as the primary physiological outcome, offering direct insight into
cardiorespiratory adaptations. Fourth, the study integrates sports nutrition and
performance physiology perspectives to develop practical recommendations for
enhancing endurance performance among student-athletes.

In conclusion, considering the high aerobic demands of futsal and the emerging
evidence regarding dietary nitrate supplementation, investigating the effect of beetroot
juice on VO,Max among SMA Negeri 8 Makassar futsal athletes is both scientifically
justified and practically significant. The findings are expected to contribute to the
development of evidence-based nutritional strategies that support athlete endurance,
performance optimization, and long-term sports achievement.

METHODS

This study employed a quantitative approach with a pre-experimental design to
examine the effect of beetroot juice supplementation on VO,Max among futsal athletes
at SMA Negeri 8 Makassar. Experimental research is widely recognized as an appropriate
method for evaluating causal relationships between interventions and physiological
outcomes because it enables researchers to observe changes resulting from a specific
treatment under controlled conditions (Thomas et al., 2022). The present study adopted
a one-group pretest-posttest design, which is commonly used in sports science to
assess the effectiveness of nutritional or training interventions when all participants
receive the same treatment (Fraenkel et al., 2019). This design allows for the comparison
of participants’ physiological conditions before and after the intervention, thereby
providing evidence regarding the effectiveness of beetroot juice supplementation in
improving aerobic fitness.

The study was conducted from December 27, 2025, to January 27, 2026, at SMA
Negeri 8 Makassar, Indonesia. This period was selected to ensure the implementation of a
structured supplementation protocol while maintaining the athletes’ reqular training
schedules. Previous studies have demonstrated that a supplementation period of three to
six weeks is sufficient to induce physiological adaptations associated with dietary nitrate
intake and aerobic performance enhancement (Jones et al., 2018; Senefeld et al., 2020).
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The population consisted of all students actively registered in the futsal
extracurricular program at SMA Negeri 8 Makassar, totaling 22 athletes. Because the
population size was relatively small and homogeneous, the total sampling technique was
employed, resulting in a sample of 22 participants. Total sampling is recommended when
the entire accessible population can be included, thereby minimizing sampling bias and
increasing the representativeness of findings (Creswell & Creswell, 2018). All participants
were male adolescent athletes who reqularly participated in futsal training and
competitions. The intervention administered in this study consisted of 200 ml of beetroot
juice prepared from approximately 350 grams of fresh beetroot (Beta vulgaris). Beetroot was
selected because it is a rich source of dietary nitrate, which has been shown to enhance
nitric oxide bioavailability, improve vascular function, increase oxygen delivery, and reduce
the oxygen cost of exercise (Dominguez et al., 2017; McMahon et al., 2017). Participants
consumed the beetroot juice over a four-week period, with a total of 16 supplementation
sessions conducted according to the training schedule. Previous investigations have
reported that reqular beetroot juice supplementation can positively influence aerobic
capacity, endurance performance, and exercise efficiency in athletes (Wylie et al., 2019;
Mosher et al., 2021).

V0O,Max was assessed before and after the intervention period to evaluate changes in
cardiorespiratory endurance. VO,Max is considered one of the most valid and reliable
indicators of aerobic fitness and sports performance because it reflects the body's maximal
capacity to transport and utilize oxygen during intense physical activity (Bassett & Howley,
2017; Raghuveer et al., 2020). The pretest was conducted prior to the first supplementation
session, while the posttest was administered after the completion of the four-week
intervention program.

Data analysis was performed using the Statistical Package for the Social Sciences
(SPSS). Before hypothesis testing, data normality was examined using the Shapiro-Wilk test,
which is recommended for studies involving small sample sizes due to its high statistical
power and accuracy (Ghasemi & Zahediasl, 2019). After confirming normal distribution, the
Paired Sample t-Test was employed to compare pretest and posttest VO,Max values. This
statistical procedure is widely utilized in intervention studies to determine whether
significant differences exist between two related measurements obtained from the same
participants(Field, 2018). Statistical significance was established at the 0.05level, indicating
that p-values below 0.05 were considered evidence of a significant effect of beetroot juice
supplementation on VO,Max among futsal athletes.

RESULTS AND DISCUSSION
Result
Characteristics of Participants

A total of 22 futsal athletes from SMA Negeri 8 Makassar participated in this study.
Participant characteristics were analyzed based on age, body mass index (BMI), and
smoking history to provide a comprehensive overview of the study population.
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Table 1.

Distribution of Participants Based on Age, BMI, and Smoking History
Variable Category n %
15 6 27.3
16 9 40.9

Age(Years) 17 4 18.2
18 3 13.6
Obesity | 4 18.2

Overweight 2 9.1
BMI Status Normal 12 54.5
Underweight 4 18.2
. . Yes 9 40.9
Smoking History No 13 59 1
Total 22 100

Table 1shows that the majority of participants were 16 years old (40.9%), followed
by 15 years old(27.3%), 17 years old (18.2%), and 18 years old (13.6 %). Regarding nutritional
status, most athletes had a normal BMI(54.5%), while 18.2% were classified as Obesity |,
18.2% were underweight, and 9.1% were overweight. Concerning smoking history, 59.1%
of participants reported that they did not smoke, whereas 40.9% had a history of
smoking.

These findings indicate that most participants were in the middle-adolescent age
category and possessed anormal nutritional status, factors that are generally associated
with better physiological adaptation to exercise and nutritional interventions.

Effect of Beetroot Juice Supplementation on VO,Max

The primary objective of this study was to determine the effect of 200 ml beetroot
juice supplementation on VO,Max among futsal athletes. VO,Max measurements were
conducted before (pre-test) and after (post-test) four weeks of intervention.

Table 2.

Paired Sample t-Test Analysis of VO,Max Before and After Beetroot Juice

Supplementation
Pre-Test Post-Test Mean
Mean +SD Mean + SD Difference
V0,Max (ml-kg™min~") 4450+ 3.76 54.61+ 4.64 10.11 22(100%) 0.000*

Variable n(%) p-value

The results presented in Table 2 indicate a substantial increase in VO,Max following
beetroot juice supplementation. The mean pre-test VO,Max value was 44.50 = 3.76
ml-kg™-min~', while the mean post-test value increased to 54.61+ 4.64 ml-kg™-min~. This
represents an average improvement of 10.11 ml-kg™-min~ after four weeks of intervention.

The paired sample t-test revealed a p-value of 0.000 (p < 0.05), indicating a
statistically significant difference between pre-test and post-test VO,Max values.
Therefore, the null hypothesis was rejected, and the alternative hypothesis was
accepted, demonstrating that beetroot juice supplementation significantly improved
cardiorespiratory endurance among SMA Negeri 8 Makassar futsal athletes.

The magnitude of improvement observed in this study suggests that dietary nitrate
derived from beetroot juice contributed positively to aerobic capacity enhancement.
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Increased nitric oxide bioavailability may have improved blood flow, oxygen delivery, and
mitochondrial efficiency, thereby enabling athletes to utilize oxygen more effectively
during exercise.

Visual Representation of VO,Max Improvement
60 -

54.61

55 1
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45 44.50
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= Pre-Test (44.50) Post-Test (54.61)
Figure 1.
Mean VO,Max Values Before and After Beetroot Juice Supplementation

Figure 1 clearly illustrates the increase in average VO,Max values from 44.50
ml-kg™min~' before supplementation to 54.61 ml-kg™-min~" after the intervention period.
The graphical trend confirms that beetroot juice supplementation produced a positive
effect on aerobic fitness and endurance performance.

Overall, the findings demonstrate that regular consumption of 200 ml beetroot
juice for four weeks significantly enhanced VO,Max levels in futsal athletes. This
improvement indicates better cardiorespiratory fitness, which may contribute to
improved match endurance, reduced fatigue, and enhanced athletic performance during
competitive futsal activities.

Discussion

Based on the results of the study, further analysis was used to see whether there
were changes or effects after giving beetroot juice to the VO2max value of futsal athletes
at SMAN 8 Makassar, because the data was normally distributed using the Shapiro Wilk
test, a further stage was carried out with a paired sample t-test and the results showed
a significant effect with a p-value of 0.000, where this value is smaller than 0.05 so it can
be concluded that there are changes and effects of beetroot juice on the VO2max value
of futsal athletes at SMAN 8 Makassar.

Physiologically, NO triggers relaxation of smooth muscle in blood vessel walls,
resultinginvasodilationand increased blood flow. This dilation of blood vesselsimproves
cardiac output and oxygen distribution to tissues, thus supporting more efficient oxygen
transport and utilization by muscle cells. This condition contributes to increased aerobic
capacity, including VO,max , because optimal oxygen supply helps delay fatigue, reduces
the risk of cramps, and increases energy production through optimized mitochondrial
function. Thus, nitrate supplementation has the potential to provide ergogenic effects
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through mechanisms that increase NO bioavailability and aerobic metabolic efficiency.
This is what causes the increase in VO,max in athletes after consuming beetroot juice
(Febriyanah et al., 2023).

The general condition of the field sample was dominated by age, with participants
aged 16 years and predominantly male. This age range represents the age range during
which physical capacity, including cardiorespiratory endurance, is still developing. In
futsal, VO2max plays a crucial role because it relates to the body's ability to maximally
utilize oxygen during high-intensity physical activity. Athletes with good
cardiorespiratory capacity are generally able to maintain longer performance during
training and matches. In addition to age, an athlete's physical condition can also be
influenced by their nutritional status, or body mass index (BMI). BMl indicates that most
athletes have normal nutritional status, although some athletes are obese, overweight,
and underweight. Nutritional status can provide a general overview of an athlete's body
composition, which is theoretically related to physical ability and body efficiency during
sports activities.

Athletes with a balanced body composition tend to have better movement ability
and endurance than athletes who are overweight or underweight. In addition to
nutritional status, there are lifestyle factors that can be related to the condition of an
athlete's cardiorespiratory endurance, one of which is smoking habits. Physiologically,
smoking habits can affect lung function and the circulatory system, potentially reducing
the body's ability to transport oxygen to muscle tissue. This condition can be associated
with decreased cardiorespiratory endurance or VO2max. VO2max values were measured
twice: one at the beginning before the intervention and one day after the intervention, a
total of 16 times. This study was conducted without a control group, conducted for 4
weeks with the intervention given, each week, four times with an intervention of 200 ml
of beetroot juice.

During the bleep test, coaches and researchers directly observed the athletes'
physical condition throughout the test. Athletes continued running to the rhythm of the
bleep sounds, which became faster at each level. However, if the athlete was no longer
able to maintain the specified running tempo, the test was stopped. This was done when
signs of physical fatigue were observed, such as the athlete's breathing becoming
labored, running speed decreasing, footsteps slowing, and the athlete being unable to
reach the boundary line at the bleep sound. After the athlete was declared unable to
continue the test, the results of the last level and return achieved were then recorded by
the researchers as the athlete's VO2Max results. Following the pretest measurements,
anintervention in the form of beetroot juice was administered one hour before training.

During the intervention, several athletes missed training sessions due to holidays
or were unable to attend. Athletes who were unable to attend training sessions
contacted the researchers in advance to inform them of their absence. Therefore, the
intervention was still administered at the time available, specifically during the school
break after lunch, so that the intervention could continue as scheduled. Challenges
encountered during the intervention included variations in the response to beetroot
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juice. Several athletes reported that the taste and aroma of beetroot juice were
unfamiliar, requiring some athletes to adapt to consuming it initially. Furthermore, one
athlete who participated in the intervention experienced decreased acceptance,
complaining of nausea and dizziness after the initial administration, which is thought to
be related to the physiological response to the nitrate content and the strong taste
characteristics of beetroot juice. To address these concerns, the researchers then
added green apples before and after beetroot juice consumption as a supportive
strategy to increase gastrointestinal comfort and improve taste acceptance.

This approach has been shown to help reduce perceived complaints, allowing the
intervention to continue successfully, despite four missed intervention sessions during
the study period. Green apples were chosen because they are rich in vitamin C,
potentially helping to increase the body's tolerance to beetroot juice, thus reducing
nausea and dizziness. They also contain soluble fiber, particularly pectin, and natural
sugars such as fructose, which play a role in supporting digestive function (Hogwood et
al., 2023) . Pectin is known to help improve gastrointestinal motility and provide a
soothing effect on the stomach, potentially reducing mild nausea that can occur after
consuming juices with strong flavors and compositions, such as beetroot juice (JULIA,
2021).

After the beetroot juice intervention was completed 16 times, another
measurement was conducted using a bleep test as a posttest. This measurement aimed
to determine changes and improvements in the athletes' abilities after the beetroot juice
intervention. The bleep test results showed an improvement in the athletes' abilities
compared to the pretest results. Athletes were seen to be able to persist longer and
achieve higher levelsin the test.

This improvement was influenced by the administration of beetroot juice
intervention during the research process. The nutritional content, especially the nitrate
content in beetroot juice, is thought to help improve the athletes' physical condition and
endurance, thus improving their aerobic capacity. The athletes' increased ability to
complete the bleep test indicates an increase in VO2Max capacity. This is evident in the
athletes' ability to maintain running speed for a longer period even though the test
intensity continues to increase. By increasing cardiorespiratory endurance, the athletes'
bodies become more effective in utilizing oxygen during physical activity. Therefore, the
posttest results indicate that the administration of beetroot juice has a positive effect
onimproving the athletes'aerobic endurance. Based on the pretest and posttest results,
there was an increase in the outcome cateqgories after the intervention or treatment.

In the pretest, the majority of respondents were in the moderate category (12),
followed by 8 in the very good category, and 2 in the poor category. There were no
respondents in the superior, good, or very poor categories in the pretest. After the
intervention, the posttest results showed significant changes. The very good category
increased to 10, while the superior category, which had previously been absent,
increased to 8. Furthermore, the good category also appeared with 4 respondents. In the
posttest, there were no longer any respondents in the moderate, poor, or very poor
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categories. This change in category distribution indicates that the intervention was able
to improve respondents’' performance to a higher category. This is evident from the shift
in the majority of respondents from the moderate and poor categories to the good, very
good, and superior categories in the posttest.

This is in line with previous research showing that beetroot juice can increase
V0O2max values in athletes. The results of this study showed an increase of 83.3% after
36 interventions were carried out 15 times with a dose of 200 ml of beetroot juice. The
average VO2max value obtained was 43.57 ml/kg/minute with a variation of 6.26
ml/kg/minute, indicating a difference in aerobic endurance levels between respondents
in the group. This finding indicates that beetroot juice consumption has the potential to
have a positive effect on increasing aerobic capacity (Sanrebayu, 2020). This was then
reinforced by research that obtained results, namely, an increase in cardiorespiratory
endurance capacity (VO2max) in the group that received the 200 ml beetroot juice
intervention, with a difference in increase of 3.717 ml/kg/minute. The average VO2max
value changed from 39.85 ml/kg/minute before treatment to 43.57 ml/kg/minute after
the intervention. This increase can be explained by the high nitrate content in beets
which contributes to increased efficiency of oxygen use by muscles.

Biologically, nitrate is converted into nitric oxide (NO), which functions to widen
blood vessels, so that oxygen flow and distribution to muscle tissue are more effective
in accordance with the demands of physical activity (Arimbi, 2020) . In this context, the
use of beetroot juice supplementation, which has the effect of increasing aerobic
capacity, can help athletes accelerate recovery between rounds or training sessions,
while maintaining performance when the body begins to approach fatigue. Furthermore,
this performance-enhancing effect is also seen in high-intensity activities, allowing
athletes to continue producing optimal power and movement quality even in declining
physical condition (Ribeiro et al., 2021).

increase in VO,max indicates that the athlete's body becomes more efficient in
using oxygen during physical activity, which is very important in futsal which has high
intensity and requires good endurance. Research has shown that beetroot consumption
has the potential to increase athletes' VO,max through its nitrate content, which plays a
role in increasing oxygen efficiency, blood flow, and aerobic performance. Research
findings indicate an increase in cardiorespiratory endurance capacity after beetroot
supplementation, making it a potential sports nutrition strategy to support improved
aerobic capacity and physical performance in athletes.

CONCLUSION

Based on results research , can concluded that giving beetroot juice has an effect
to improvement VO,max in futsal athletes of SMAN 8 Makassar. The influence of the
shown through increasing capacity cardiorespiratory athlete after given beetroot juice
intervention, so administration of beetroot juice has been proven contribute in increase
ability Power stand aerobics futsal athletes .
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