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Abstract
_________________________________________________________________________________ |
Introduction: Sodium bicarbonate (NaHCOs3) is an ergogenic agent that enhances the body's

buffer capacity and reduces fatigue from lactic acid accumulation during anaerobic exercise.
However, its effectiveness in intermittent sports like badminton is limited, necessitating further
research.

Objective: This research aims to assess the impact of sodium bicarbonate intake on alleviating
anaerobic fatigue and lowering lactic acid concentrations after strenuous exercise.
Methodology: The study involved 36 male badminton players from the Indonesian Badminton
Association (PBSI) Jombang, divided into two groups: the treatment group (Sb) and the control
group (Pla). Before the test, the Sb group consumed sodium bicarbonate solution to mitigate
adverse effects, while the Pla group took mineral water. Participants engaged in anaerobic
exercise, jogging at 95% of their heart rate. They were assessed using the RAST and Roche
Cobas Accutrend Plus for lactic acid concentrations.

Results: The study found that sodium bicarbonate intake significantly reduced the rise in
fatigue index and lactic acid concentrations compared to the control group. The control group
experienced a mean increase of 3.658 + 1.87 watts/s, while the treatment group showed a
decrease of only 1.791 * 1.65 watts/s.

Discussion: Sodium bicarbonate consumption significantly reduced the increase in fatigue
index and lactic acid levels after anaerobic exercise, supporting its role as an effective strategy
in maintaining badminton athlete performance.

Conclusions: Sodium bicarbonate stabilizes body pH by neutralizing lactic acid and H* ions,
reducing metabolic acidosis during intense anaerobic exercise. It may help reduce anaerobic
fatigue in badminton athletes, but further studies are needed.

Keywords
____________________________________________________________________________________|
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Resumen

Introduccién: El bicarbonato de sodio (NaHCO3) es un agente ergogénico que mejora la
capacidad amortiguadora del cuerpo y reduce la fatiga causada por la acumulacién de acido
lactico durante el ejercicio anaerébico. Sin embargo, su eficacia en deportes intermitentes como
el badminton es limitada, por lo que se requiere mas investigacion.

Objetivo: Esta investigacion busca evaluar el impacto de la ingesta de bicarbonato de sodio en
el alivio de la fatiga anaerdbica y la reduccién de las concentraciones de acido lactico después
del ejercicio extenuante.

Metodologia: El estudio involucré a 36 jugadores de bAdminton masculinos de la Asociacién
Indonesia de BAdminton (PBSI) en Jombang, divididos en dos grupos: el grupo de tratamiento
(Sb) y el grupo de control (Pla). Antes de la prueba, el grupo Sb consumid una solucién de
bicarbonato de sodio para mitigar los efectos adversos, mientras que el grupo Pla tom¢6 agua
mineral. Los participantes realizaron ejercicio anaerdbico, trotando al 95 % de su frecuencia
cardiaca. Se evaluaron las concentraciones de acido lactico mediante el RAST y el cuestionario
Cobas Accutrend Plus de Roche.

Resultados: El estudio revel6 que la ingesta de bicarbonato de sodio redujo significativamente
el aumento del indice de fatiga y las concentraciones de acido lactico en comparacién con el
grupo control. El grupo control experimenté un aumento medio de 3,658 + 1,87 vatios/s,
mientras que el grupo de tratamiento mostré una disminucién de tan solo 1,791 + 1,65 vatios/s.
Discusidn: El consumo de bicarbonato de sodio redujo significativamente el aumento del indice
de fatiga y los niveles de acido lactico tras el ejercicio anaerdébico, lo que respalda su papel como
estrategia eficaz para mantener el rendimiento de los atletas de baAdminton.

Conclusiones: El bicarbonato de sodio estabiliza el pH corporal neutralizando el &cido lactico y
los iones H*, reduciendo la acidosis metabdlica durante el ejercicio anaerdbico intenso. Podria
ayudar a reducir la fatiga anaerdbica en atletas de bAdminton, pero se necesitan mas estudios.

Palabras clave

Bicarbonato de sodio; Recuperacion; Fatiga anaerdbica; Acido lactico; Ejercicio agotador
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Introduction
_________________________________________________________________________________________________________________________|
Badminton is a popular sport in Indonesia that has a high intensity and intermittent character (short

rest intervals, jumping movements, fast changes of direction, lunges, and strong arm power) (Wee et al,,
2017). Badminton is a racket sport characterized by short and quick multi-directional motions
(Phomsoupha and Laffaye, 2015; Sturgess and Newton, 2008). This sport necessitates players to execute
five motions, including altering direction, rotating and extending, and lunging, in reaction to their
adversary's stroke, with the shuttlecock traveling at velocities ranging from 50 to 70 meters per second
(110to 155 miles per hour) (Ooi et al., 2009; Kuntze, Mansfield and Sellers, 2010; Wiriawan et al., 2024).
This sport requires players to perform repeated explosive actions in a short duration, making anaerobic
endurance a critical factor in maintaining performance during the match. This activity depletes
phosphagen energy stores and relies on anaerobic glycolysis, which results in the accumulation of lactic
acid as a byproduct.

High-intensity sports training, like badminton, results in lactic acidosis, a decrease in sarcoplasmic pH
and an increase in H+ concentration (Forbes et al., 2020; Siegler et al., 2016a). During hard exercise,
lactic acid and H+ ions build up in the muscles, which lowers the pH and leads to metabolic acidosis.
This makes muscles tired, weaker, and less able to coordinate their movements (Rusdiawan et al., 2020;
Chycki et al.,, 2018).. This condition has the potential to reduce the player's ability to maintain speed,
accuracy, and response precision during the match (Siegler et al.,, 2016a). In his research, Rusdiawan &
Habibi (2020) also stated thatan increase in lacticacid would lead to an increase in the anaerobic fatigue
index. According to some researchers, the accumulation of lactic acid causes muscle fatigue that occurs
when intensive exercise is taking place (Septiani et al., 2010). This can reduce an athlete's performance
and threaten it. To maintain athlete performance in the face of acidosis conditions caused by exercise,
one strategy is to consume sodium bicarbonate (NaHCO3) (Zhou et al., 2022). Sodium bicarbonate
(NaHCO3) is an ergogenic aid by inducing an increase in extracellular bicarbonate that will significantly
increase the buffering capacity of endogenous bicarbonate (Hilton et al,, 2019). Consuming sodium
bicarbonate will accelerate the neutralization of lactate and H+ from muscle cells into the circulation so
that the pH tends to be normal and supports metabolic processes in the body (Bishop et al., 2007).

Several studies have evaluated the effects of sodium bicarbonate (NaHCO3) as an ergogenic supplement
to counteract acidosis (Krustrup et al., 2015a; Miller et al,, 2016). Studies in sports such as cycling,
running, and swimming have shown that NaHCO3 can increase the body's buffer capacity, reduce the
increase in lactic acid, and delay the onset of fatigue (Dalle et al.,, 2021; Driller et al., 2012; Durkalec-
Michalski et al., 2018; Lindh et al., 2008; Pruscino et al.,, 2008). However, the results are inconsistent,
with some studies reporting no significant impact on performance, especially when the dose or timing
of administration is not optimal (Ragone et al., 2020; Zhou et al., 2022). This variation suggests that the
effectiveness of NaHCO3; may depend on the type of sport, intensity, and supplementation protocol
(Grgicetal, 2021).

Despite the unique anaerobic demands of badminton, research on the utilization of NaHCO; in this
context is limited. The majority of previous studies have focused on cyclic sports such as running or
cycling, while sports with complex and intermittent movement patterns such as badminton have not
been adequately explored (Wee et al., 2017). This lack of information makes it harder to come up with
specific supplementation suggestions for badminton players, even though buffers may be more
important to prevent acidosis because the game is so unpredictable (Wiriawan et al,, 2024)

This study sought to assess the impact of NaHCO3 ingestion on anaerobic fatigue recovery and post-
exercise lactate concentrations in badminton athletes. The purpose of this study is to provide real-world
evidence on how well NaHCO, works as a dietary supplement to improve anaerobic endurance and
speed up recovery. The study will gradually administer a dose of 0.4 g/kg body weight to prevent
stomach problems (Krustrup et al, 2015b). These findings are pertinent to coaches and athletes in
refining supplementing strategies and facilitating the creation of more efficacious sports nutrition
products for high-intensity sports like badminton (Burke, 2013)

Method
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Participants

The research study included a cohort of 36 Jombang Badminton Association (PBSI) athletes that met
the following criteria: male, aged between 16 and 20 years, having a normal weight and BMI, Minimum
7 years of training experience, has won at least district or city level, and willingly accepted to participate
in the study while adhering to all the protocols. Long-term athletes with extensive training experience
(> 7 years) have stable physiological adaptations to intensive anaerobic training, such as increased
intramuscular buffer capacity, glycolytic efficiency, and acidosis tolerance (Ooi et al., 2009; Phomsoupha
& Laffaye, 2015). This reduces variability in individual responses to supplements, making study results
more reliable (Wee et al., 2017). Competitive experience ensures homogeneous fitness and technical
skills, affecting the ability to consistently undergo exhaustive training protocols. Elite or sub-elite
athletes have a structured training pattern, making the physiological response to supplements more
predictable (Sturgess & Newton, 2008).

Prior to the study, all volunteers were provided with comprehensive information regarding the research
objectives, methodologies, and any potential adverse effects that could arise as a result. The chosen
research sample was given informed consent to indicate their voluntary decision to participate in the
study. The research sample was subsequently separated into two cohorts (Pla and Sb), each consisting
of 18 individuals, using the ordinal pairing technique.

Procedure

The lactic acid levels were tested using a lactic meter called Roche Cobas Accutrend Plus GCTL Metre.
Before the lactic meter is used, the strip is calibrated by inserting it into the lactose test inlet strip. After
the calibration strip is inserted, the F-7 appears on the screen, meaning the device is in normal condition.
After the calibration process, the middle finger from which blood will be taken is cleaned with alcohol.
The blood sample is taken by pressing the softclick that has been filled with a needle. The blood that
comes out of the glass is attached to the test strip (the tip of the circle) so that the blood is "sucked up"
by the test strip. After a few seconds, the blood lactic acid level will appear on the screen.

The anaerobic fatigue index was measured using the RAST Test (Running-based Anaerobic Sprint Test)
(Mackenzie, 1998) during two data collection sessions: a pretest and a posttest. The RAST test was
conducted by performing six repeats of a 35-meter sprint, with a 10-second rest period between each
repetition. The time at which the act of running is documented six times. Next, determine the speed
by dividing the distance travelled by the time taken. Calculate the acceleration by dividing the speed by
the time. Find the force by multiplying the body weight by the acceleration. Finally, calculate the power
by multiplying the force by the speed. Compute the fatigue index using the RAST Calculator:

Maximal Power — Minimal Power

Fatigue index = _ .
Total time of 6 sprints

The participants exclusively sipped mineral water for a duration of 8 hours before to undertaking the
pretest. The study evaluated the respondent's health state, including their pulse rate and blood pressure.
The research further examined the respondents' eating habits, medical history, and their most recent
physical activity during the three days before the pretest. Thirty minutes after the pretest, participants
in the treatment group (Sb) swallowed a sodium bicarbonate solution at a dose of 0.4 grams per
kilogram of body weight, while the placebo group (Pla) consumed mineral water (Krustrup et al,
2015b). 500 cc of water solubilizes sodium bicarbonate (Hartono & Sukadiono, 2017). We supplied
sodium at three consecutive periods of 60 minutes, 45 minutes, and 30 minutes to prevent emesis.
Bicarbonate solution is given at three different times to ensure gradual acid neutralization during
exercise, maintaining stable blood pH (Hilton et al., 2019; Krustrup et al.,, 2015b). The optimal time for
metabolic alkalosis is 60 to180 minutes post-consumption, depending on the dose and individual
(Hilton etal., 2019; Krustrup et al.,, 2015b). High doses of NaHCO3 can trigger gastrointestinal symptoms
due to stomach irritation and CO, gas release (Ragone et al., 2020; Zhou et al.,, 2022). Split-dose
administration reduces these symptoms and allows the body to adapt to the gradual increase in
bicarbonate (Krustrup et al., 2015b). Perform high-intensity anaerobic exercise 30 minutes after the last
consumption to ensure the blood bicarbonate concentration peaks at the beginning of exercise (Siegler
et al, 2016a). Synchronizing supplementation and physical activity timing is crucial for maximizing
ergogenic benefits (Hilton et al,, 2019)
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After 60 minutes, the trial participants had either a sodium bicarbonate solution or mineral water. They
next performed anaerobic activities by jogging on a treadmill at an intensity of 95% of their maximum
heartrate (Shietal., 2019). The RAST test evaluated the anaerobic fatigue index of the study participants
30 minutes after anaerobic exercise.

Data analysis

Data were analyzed with statistical software and were presented as mean values and standard deviation
(SD). Paired t-test was performed to compare fatigue index before and after sodium bicarbonate
administration. Independent t-test was performed to compare between groups. The tests were all two-
tailed and p<0,05 was considered statistically significant.

Results

A total of thirty-six badminton athletes took part in this study. The characteristics of the research
subjects are presented in table 1.

Table 1. Characteristics of research subjects

Group Mean+SD
Age (years) Body height (cm) Body weight (kg) BMI Training experience (Years)
Pla 17.56+1.29 168.89+2.81 60.56+3.85 21.22+0.94 7.56+0.78
Sb 18.44+1.25 167.00+4.56 63.00+3.85 22.61+£1.40 7.50+0.51

Table 1 shows the results in accordance with the research criteria, specifically the age range of 17-
20 years and those with a normal BMI (18.5-24.9). In Indonesia, 17- to 18-year olds are included in the
cadet age group (towards the senior age group). To find out the difference between the rates of fatigue
of the Pla and Sb groups, we presented the difference table below.

Table 2. Impact of anaerobic exercise and sodium bicarbonate administration on fatigue index and lactic acid alterations

Grou Mean+SD -value Mean<SD -value
P Fatigue index A Fatigue index P Lactic acid A Lactic acid P
Pla —Lre 3,89:1,20 -3,658+1,87* 1,2020,57 -7,061£1,31*
post 7,55+1,77 o 8,26+1,16 -
Pre 4,38+1,29 0,003 1,21+0,35 0,000
,38+1, ) % ,21+0, ) %
Sb Post 6.1740.66 1,791+1,65 5174119 3,961+1,17

*significant difference between pre and post (p<0.05); **significant difference between Pla and Sb group (p<0.05).

Fig 1. The changes in (a) Fatigue index, and (b) lactic acid after being given sodium bicarbonate; *significant difference between pre and post;
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**significant difference between Pla and Sb group (p<0.05).

Table 2 shows that the Pla and Sb groups had a significant increase in the fatigue index and lactic acid
(p<0,05) after anaerobic exercise, but the Pla group had a sharper increase in fatigue and lactic acid. To
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determine the difference between the effect of NaHCO3 administration to the fatigue index and lactic
acid, the differences between pre- and post-data on the Pla group and the Sb group are calculated using
the independent sample t test. Before calculating the independent sample t test, it is necessary to know
the rate of difference in the influence of administering NaHCO3 against the Pla and Sb groups.

Figure 1 illustrates the disparities in pre-post fatigue index and lactic acid measurements between the
bigger Pla group and the Sb group. We conduct an independent sample t-test to statistically ascertain
the difference. The results of the independent sample t-test showed a significant difference between the
Pla and Sb groups in both the fatigue index and lactic acid levels during anaerobic activity, with the
fatigue index value being p = 0.003 and the lactic acid value being p = 0.000. Consequently, it may be
deduced that the administration of NaHCO3 influences the tiredness index and lactic acid levels post-
anaerobic exercise.

The difference in the fatigue index increase between the Pla and Sb groups had an effect size of d = 1.06,
which is quite large. This showed that giving NaHCO3, significantly decreased the buildup of anaerobic
fatigue, as shown by both clinical and statistical evidence. In a practical context, athletes who consumed
NaHCO; experienced a 53% lower increase in fatigue compared to the placebo group (ASb = 1.791 vs.
APla = 3.658). In addition, the difference in lactic acid levels between the two groups had an effect size
of d = 2.5, which was very large, indicating that NaHCO3 not only reduced the increase in lactic acid
statistically but also had a real physiological impact. The increase in lactic acid was 44% lower in the Sb
group than in the Pla group (ASb = 3.961 vs. APla = 7.061). This directly supported the idea that
NaHCO3, could reverse metabolic acidosis.

Discussion
'

Exercise at 95% of maximal heart rate is anaerobic activity (Ito, 2019). Anaerobic exercise is a high-
intensity, short-duration activity that digests an energy source without oxygen (Patel et al.,, 2017). The
ATP-PC system and anaerobic glycolysis derive energy during anaerobic exercise, yielding less ATP than
the aerobic system and resulting in lactic acid generation (Wasserman, 1986; Mancha-Triguero et al,,
2020). Examples of anaerobic sports include weightlifting, cycling competitions, and sprints
(Manansang et al.,, 2018; Hecksteden et al., 2015). The metabolism of anaerobic exercise results in the
generation of lactic acid in the engaged muscles. The bloodstream discharges a portion of the generated
lactic acids, causing a decrease in blood pH and disrupting the acid-base equilibrium (Rusdiawan et al.,
2020; Chycki et al.,, 2018).

This study provides important insights into the potential of sodium bicarbonate as an ergogenic
supplement to enhance athlete performance in high-intensity, intermittent sports such as badminton.
Lactic acid is a tricarboxylic biomolecule with both a carboxyl group and a hydroxyl group. Hidayah
(2018) explained that lactic acid is the final result of the anaerobic glycolysis process generated by
erythrocytes and active myocytes. Lactic acid is sufficiently powerful to dissociate into lactate and H+
ions. The increase of H+ ions will decrease the pH and induce acidosis (Westerblad et al., 2002).

The production of lactic acid, which causes the release of protons and the formation of the acid salt
sodium lactate, explains the discussion of acidosis during intense exercise. This biochemical event is
referred to as lactic acidosis (Shalayel & Ahmed, 2010). Another theory suggests that acidosis is not the
only factor that decreases the contraction velocity observed during fatigue (Theofilidis et al., 2018).

The reduction in lactic acid levels and reduced tiredness index in the sodium bicarbonate group suggest
that sodium bicarbonate aids in stabilizing body pH during vigorous exercise, thus enhancing muscular
endurance and alleviating fatigue. This corroborates with research indicating that sodium bicarbonate
enhances athletic performance by expediting the neutralization of lactic acid in the body (Rusdiawan et
al., 2020). Nonetheless, despite the favorable outcomes, several additional research studies indicate
varied impacts contingent upon the kind of exercise and its intensity (Hadzic et al., 2019). Further
research is necessary to determine the appropriate dosage and duration of sodium bicarbonate
administration.

Researchers have examined sodium bicarbonate for its ability to improve anaerobic workout
performance. Sodium bicarbonate, often known as baking soda, serves as a buffering agent that helps
mitigate the accumulation of lactic acid in muscles during high-intensity exercise, thereby postponing
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the onset of tiredness (Burke, 2013; Shelton et al., 2010; Siegler et al., 2016b). The ergogenic benefits of
sodium bicarbonate on anaerobic performance are well established, but its influence on post-exercise
recovery remains ambiguous. Research indicates that sodium bicarbonate could hasten the
replenishment of muscle glycogen reserves and enhance future exercise performance, yet the
underlying mechanisms remain incompletely comprehended (Shelton et al., 2010; Siegler et al., 2016b).

Studies on intermittent sports, such as cycling sprints and team sports, consistently report ergogenic
benefits from NaHCOs. Krustrup et al. (2015b) observed a 6.5% improvementin repeated sprint
performance among trained football players using a split-dose protocol (0.4 g/kg, administered at 90,
60, and 30 minutes pre-exercise). Dalle et al. (2021) discovered that cyclists' peak power output went
up by 4.2% when they used NaHCO; during a 30-second Wingate test. This was because it made the
buffering of H+ ions better. In contrast, several studies report minimal or no ergogenic effects: In a study
by Zhou et al. (2022), recreationally active males who took enteric-coated NaHCO; did not significantly
improve their anaerobic performance (e.g., 30-second Wingate test). This was true even though they
were given the same dose (0.3 g/kg). Ragone et al. (2020) observed no performance benefits in jiu-jitsu
athletes, with 30% reporting gastrointestinal (GI) discomfort, potentially masking any ergogenic effects.
These differences in results are likely due to several causes: (1) The efficacy of NaHCO; appears context-
dependent, with greater benefits in sports requiring repeated anaerobic bursts (e.g, badminton,
football) versus continuous or skill-based activities (e.g., jiu-jitsu) (Grgic et al., 2021). The short rallies
and frequent changes of direction in badminton make lactic acid build up quickly. This creates a
physiological "buffer gap" that can be filled by NaHCO3 (Phomsoupha & Laffaye, 2015). However, when
doing steady-state or mixed aerobic and anaerobic activities, acidosis may not play as big of a role in
fatigue, which means that NaHCO, may not have as much of an effect (Zhou et al,, 2022). (2) The split-
dose regimen (60, 45, and 30 minutes pre-exercise) used in the current study likely optimized plasma
alkalosis while minimizing GI distress. In contrast, single-dose protocols (e.g., Zhou et al., 2022) or
delayed-release formulations may fail to synchronize peak buffering capacity with exercise onset,
reducing efficacy (Hilton et al., 2019). GI side effects, which were reported in 25-30% of people who
took part in other studies (Ragone et al., 2020), could further mess up the results by indirectly making
people less productive. (3) Elite athletes, such as those in the current study, exhibit enhanced innate
buffering capacity due to long-term anaerobic training adaptations (Siegler et al., 2016a). In a strange
way, this may make the energizing effect of NaHCO,, stronger, since even small changes in pH can delay
the point at which highly adapted individuals become fatigued (Krustrup et al.,, 2015b). Studies on less-
trained groups, on the other hand (Zhou et al.,, 2022), might not fully understand how useful NaHCO, is
because they may not have as much acidosis to begin with or may not put in as much effort during
testing. (4) The current study focused on lactic acid and fatigue index, biomarkers directly linked to
acidosis. In contrast, studies measuring broad performance metrics (e.g., time-to-exhaustion, technical
skill) may overlook NaHCO3's mechanistic benefits. For example, Ragone et al. (2020) reported no
improvement in jiu-jitsu performance but did not assess lactate kinetics, potentially missing subtle
physiological effects.

Divergent findings in NaHCO3 research underscore the importance of context-specific protocols. The
good results of this study are probably due to three things: (1) testing that was specific to the sport, (2)
the right dose to avoid GI problems, and (3) a group of highly trained people who had severe acidosis
during intermittent exercise. Future research should prioritize sport-specific designs and standardized
dosing regimens to clarify NaHCO3's role across disciplines.

Conclusions

__________________________________________________________________________________________________________________|
Drinking sodium bicarbonate (NaHCO3) before rigorous anaerobic exercise markedly decreases
anaerobic fatigue and blood lactate concentrations. This effect arises from sodium bicarbonate's ability
to maintain the body's pH by expediting the neutralization of lactic acid and H+ ions; therefore, it
mitigates the impacts of metabolic acidosis during high-intensity exercise. These findings have
considerable ramifications for dietary approaches designed to improve anaerobic endurance and
expedite recovery in athletes engaged in high-intensity activities such as badminton, sprinting, or
weightlifting. This research provides coaches with the opportunity to include sodium bicarbonate
supplementation into training regimens by considering the ideal dosage (0.4 grams per kilogram of body
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weight) and timing of administration to mitigate adverse effects, including gastrointestinal
disturbances. The sports nutrition sector may enhance product development by formulating
supplements that are more efficacious and convenient, including readily soluble formulations or
combinations with additional components that facilitate athlete recovery. Consequently, our results
provide practical options for enhancing athlete performance and promote innovation in sports nutrition
and health.
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