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Background: Branched-chain amino acids (BCAAs) are widely used as sports 
nutrition supplements. However, their impact on the rate of force development 
(RFD), an indicator of explosive muscle strength, has not yet been validated. 
This study aimed to assess the impact of BCAA supplementation on the RFD in 
college basketball players during simulated games.

Methods: This study employed a randomized, controlled crossover, double-
blind design. Participants received either BCAAs (0.17 g/kg combined with 
0.17 g/kg isocaloric glucose) or a placebo (0.34 g/kg isocaloric glucose) orally 
30 min before beginning the exercise protocol. The RFD was quantified using 
the isometric mid-thigh pull (IMTP) test. Additional outcome measures, including 
strength and jump tests, agility and sprinting tests, and physiological responses, 
were also assessed. A two-way repeated measures ANOVA was employed to 
evaluate the impact of supplements (BCAAs and placebo) on RFD and other 
related outcome measures.

Results: Analysis of the 50 ms RFD demonstrated significant main effects of 
BCAA supplementation (p = 0.003). The BCAAs group consistently exhibited 
higher levels of 50 ms RFD compared to the placebo group across rounds 1 to 
4. For example, in round 1, the 50 ms RFD was 3702.3 ± 1223.2 N/S in the BCAAs 
group versus 2931.3 ± 888.8 N/S in the placebo group (p = 0.045). Although no 
significant between-group differences were observed for the 100, 150, 200, and 
250 ms RFD measurements, the BCAAs group consistently showed superior 
values across all time points. The results of other outcome indicators also 
suggested that supplementation with BCAAs was indeed effective.

Conclusion: The results indicate that BCAA supplementation can enhance RFD 
in basketball players, particularly at the 50 ms RFD. Our research design provides 
reliable insights into the effects of BCAAs on athletic performance. Further 
studies of similar design with larger sample sizes are necessary to confirm and 
extend these findings.

Clinical trial registration: Chinese Clinical Trial Registry, ChiCTR2400091314 
(https://www.chictr.org.cn).
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1 Introduction

As we all know, movements such as sprinting, changing direction, 
and jumping require athletes to generate and transmit large forces in 
very short periods, usually between 30 and 250 ms (1, 2). Therefore, 
rate of force development (RFD) has been used to directly reflect 
explosive strength (3) and is widely used in team sports (4–7). Based 
on different time intervals (such as 0–50, 0–100, 0–150, 0–200, and 
0 − 250 ms), RFD can be categorized into different types (5, 8–11). 
Generally, early RFD (≤100 ms) and late RFD (>100 ms) reflect 
different aspects of muscle explosive performance, thus suggesting 
distinct underlying mechanisms (12, 13).

Early RFD is often primarily attributed to neural mechanisms (12). 
Some studies suggested that early RFD is particularly sensitive to 
neuromuscular fatigue (12, 14). Neuromuscular fatigue is generally 
considered to result from a combination of peripheral and central 
fatigue (15), with central fatigue being directly related to neuromuscular 
fatigue. Central fatigue is defined as the loss of force or strength proximal 
to the neuromuscular junction (16), leading to a decline in muscle force 
production capacity (17). The primary mechanisms of central fatigue 
may include reflex effects from muscle afferents, stimulation of type III 
and IV nerves, changes in the excitability of neurons within the motor 
cortex, the release of cytokines, and alterations in serotonin synthesis 
(16). During exercise, serotonin-mediated central fatigue involves the 
continuous release of serotonin, which enhances the synaptic effects of 
serotonergic neurons and subsequently reduces neural drive and motor 
unit recruitment (18). The ratio of branch chain amino acids (BCAAs) 
to tryptophan in the blood is an important factor influencing serotonin 
release (19). Although late RFD is closely associated with isometric 
maximal voluntary contraction force (MVF) and is more influenced by 
structural variables such as muscle cross-sectional area and architectural 
features (13), early RFD also affects the values of late RFD. Therefore, 
BCAAs might have an influence on late RFD as well.

BCAAs, consisting of leucine, isoleucine and valine, have been 
widely used as sports nutrition supplements. As mentioned above, the 
role of BCAAs in central fatigue has been extensively studied as a way 
to validate their role in exercise performance. Several reviews have 
shown interactions between BCAAs, tryptophan and serotonin (20–
22). However, the evidence regarding the direct effects of BCAAs on 

various aspects of exercise performance remains inconsistent (23, 24). 
For example, recent research shows that acute BCAA supplementation 
enhances alactic and lactic anaerobic performance but has no effect 
on peak power, sprinting, or aerobic capacity (24). To the best of our 
knowledge, the impact of BCAAs on RFD—a critical parameter in 
strength and conditioning science—has been rarely studied. 
Furthermore, there is a lack of rigorously designed, high-quality 
studies in this area.

To fill this knowledge gap and provide a more detailed 
understanding, the present study aimed to investigate the effects of 
BCAA supplementation on RFD at different time intervals using a 
randomized controlled crossover design. This design was chosen 
because it allows for direct comparisons within subjects, minimizing 
the confounding effects of inter-individual variability. We hypothesized 
that supplementation with BCAAs would regulate RFD at different 
time intervals during exercise, particularly in the early RFD.

2 Materials and methods

2.1 Study design

This study employed a randomized, controlled crossover, double-
blind design. Sixteen participants were assigned in a 1:1 ratio to two 
groups (the BCAAs group and the placebo group) consisting of 
computer-generated random codes by independent researchers. 
BCAAs and placebo (similar taste) were identically packaged and 
coded with numbers (Supplementary Figure S1A). Participants, 
researchers, and outcome assessors were blinded to the randomization 
order and group assignment throughout the study. The crossover 
design was chosen because it is efficient and requires fewer participants 
to test the feasibility of the study protocol. In addition, the variability 
in the effects of the supplement was less than the variability between 
participants, making a crossover design appropriate.

The experiment consisted of the theoretical and practical 
training session and two formal testing phases (Figure  1). To 
minimize errors due to varying familiarity with the test items, 
participants received five comprehensive theoretical and practical 
training sessions over a 2-week period to familiarize them with the 

FIGURE 1

Crossover study design.
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standardized protocol. One-week washout period was included 
between the two testing phases, which was considered sufficient to 
eliminate any residual effects. Each testing phase comprised five 
rounds, labeled from round 0 to round 4. Round 0 represented the 
measurements taken 30 min after BCAAs or placebo, prior to the 
formal experiment. Rounds 1 to 4 represented the measurements 
taken after each completed lap.

2.2 Participants

Due to practical constraints, including a limited number of female 
players with both comparable skill levels and sufficient numbers, and 
the availability of only one male basketball team, we selected 16 male 
players from the 3×3 basketball team at Chengdu Sport University in 
Sichuan Province, China, between March and April 2024 
(Supplementary Figure S2). Based on the following inclusion criteria: 
(a) aged 18–25 years; (b) having at least 5 years of basketball training 
and competitive experience; (c) no medication use; (d) non-smoking; 
(e) no musculoskeletal injuries in the past 6 months; (f) no major 
diseases such as cardiovascular, pulmonary and bone diseases. Before 
the experiment, participants were required to abstain from high-
intensity exercise for 1 week. Additionally, they refrained from all 
sports supplements, including caffeine, creatine, and taurine, for 
1 month prior to the experiment. During the 3 days preceding each 
experiment, dietary intake of each participant was documented and 
kept as consistent as possible. Throughout the experimental period, 
the team followed a standard training cycle without scheduled 
matches. The weekly training regimen remained consistent. Both 
testing sessions were conducted at the same time of day, following an 
identical sequence. All participants wore identical athletic attire and 
basketball shoes, and environmental conditions such as temperature, 
humidity, and field conditions were kept similar (Supplementary  
Figures S1B,C). Uniform equipment was used to minimize variability.

Prior to the commencement of the experiment, participants were 
provided with detailed explanations regarding the potential risks, 
benefits, scheduling, and procedural details of the study. All 
participants had the opportunity to review these details and ask 
questions. The study protocol was approved by the Ethics Committee 
of Chengdu Sport University [Approval Number: (2024) 57], and 
written informed consent was obtained from each participant.

2.3 Exercise protocol

Each participant in this study completed a structured exercise 
protocol across five rounds. Each round consisted of three sets of 
isometric mid-thigh pull (IMTP), four jumping tests, four repetitions 
of the 505 change of direction (COD) test, and four repetitions of the 
modified agility T-test. A 30-s recovery period was allowed between 
rounds, with a 10-s interval between running tests. The entire protocol 
lasted approximately 18 min of active testing. During the session, 
participants performed 24 accelerations, 32 decelerations, 64 
directional changes, and 20 jumping actions. They received vigorous 
verbal encouragement and real-time feedback throughout to ensure 
maximal effort.

Additionally, before each experiment, participants underwent a 
baseline blood lactate measurement at rest, conducted 40 min prior to 

the start. After the blood lactate test, participants ingested a specially 
prepared supplement under the supervision of a professional coach, 
following a standardized warm-up routine designed to mimic 
pre-game preparations for 3×3 basketball (25–28). Upon completion 
of the final round, blood lactate levels and ratings of perceived 
exertion (RPE) were immediately assessed. After a three-minute rest 
period, these measurements were repeated.

2.4 Supplementation strategy

The strategy involved pre-exercise supplementation where a total 
volume of 200 mL, containing either BCAAs (0.17 g/kg combined 
with 0.17 g/kg isocaloric glucose) or a placebo (0.34 g/kg isocaloric 
glucose), was administered to the participants 30 min before the 
exercise protocol (29, 30). The BCAAs supplement had a leucine, 
isoleucine, and valine ratio of 4:1:1, with an absorption time of 30 min, 
as certified by the supplier (Beijing Competitor Sports Science & 
Technology Co., Ltd.; Beijing, China). A research team member who 
was not directly involved in the experiments was responsible for 
preparing the supplements the day before each experiment.

2.5 RFD measurement

The RFD was quantified using the IMTP test, which employed a 
dual-force platform system that bilaterally captured three-dimensional 
kinetic data at a sampling frequency of 1,000 Hz (Kistler Instruments 
Corporation, Amherst, NY, United States). The dual-force platform 
system was connected to a personal computer running Bioware 
software (version 4.0.1.2; Kistler Instruments Corporation). The 
specific measurement procedure was as follows: After a “3, 2, 1, Pull” 
countdown cue, participants were asked to sustain a maximal effort 
for a period of 5 s (Supplementary Figure S1D). The test position 
required the knee and hip angles to remain between 125 and 145 
degrees (31). For each maximal effort trial, participants were 
consistently instructed with the standardized cue, “push your feet into 
the ground as rapidly and forcefully as possible,” to ensure the 
attainment of peak RFD. The higher the indicator, the greater the 
explosive power demonstrated. Finally, to minimize measurement 
error, each participant was asked to perform three trials.

2.6 Other outcomes

Other outcome indicators can be categorized into three aspects: 
strength and jump tests, agility and sprinting tests, and physiological 
responses. Strength and jump tests included six indicators: peak force, 
vertical jump (VJ) fight time, vertical jump (VJ) height, reactive 
strength index (modify) test (RSImod), peak power, and mean power. 
Peak force was assessed using the IMTP test, while the other five 
indicators were evaluated through jumping tests. Higher values of 
these indicators indicate greater explosive capability. Agility and 
sprinting tests included two indicators: the 505 change of direction 
(COD) test and the T test. Shorter completion times for the 505COD 
test and T-test indicated better agility and sprint performance. 
Physiological responses also included two indicators: blood lactate 
and the RPE. Blood lactate levels were measured using a portable 
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lactate analyzer (Lactate Scout+; 0017602155; SensLab, GmbH, 
Germany), the RPE was measured using the Modified Borg Scale 
(1–10 points). Lower levels or scores on these two indicators indicated 
better performance.

2.7 Statistical analyses

The statistical analyses were conducted using IBM SPSS Statistics 
23.0 (Armonk, NY, United States). We used a significance level of 
p < 0.05 to denote statistically significant differences. Post-hoc analysis 
conducted using G*Power software (version 3.1.9.7, University of 
Dusseldorf, Dusseldorf, Germany) indicated achieved power ranging 
from 0.50 to 0.76, with a total sample size of 16 participants (F test, 
repeated measures, within factors) across various outcome indicators. 
The study parameters included a large effect size (0.3), a single group, 
five measurements, and an alpha level of 0.05 (29, 32).

Data were tested for normality using the Shapiro–Wilk test to 
confirm that all variables were normally distributed. The results were 
expressed as mean ± standard deviation (SD). Considering the 
correlation of data from multiple time points and the prerequisites of 
the model, a two-way repeated measures ANOVA was used to assess 
the effect of supplements (BCAAs and placebo) and time points 
(round 0, round 1, round 2, round 3, round 4) on the main outcome 
indicators (50 ms RFD, 100 ms RFD, 150 ms RFD, 200 ms RFD, and 
250 ms RFD). In the preliminary exploration, interaction terms were 
initially included. However, the majority of these terms were found to 
be statistically insignificant and unnecessarily complicated the model 
fit. Therefore, subsequent analyses proceeded using the primary 
model without interaction effects. Based on these findings, 
we  generated line graphs displaying estimated marginal means. 
Additionally, we conducted comparisons between groups at each time 
point, applying Bonferroni corrections to adjust for multiple 
comparisons. The effect size for the main effects was calculated using 
partial eta squared (ηp

2), interpreted as small (0.01–0.06), medium 
(0.06 < ηp

2 < 0.14), and large (> 0.14) (33–36). A similar approach was 
used for the other outcome indicators.

3 Results

3.1 Participant characteristics

This study used a crossover design and the general characteristics 
of the participants are detailed in Table 1. The study participants were 
all male athletes with a mean age of (21.5 ± 1.5) years, height of 
(1.86 ± 0.1) m, and body mass of (85.8 ± 10.8) kg. Additional 
comprehensive participant information is provided in Table 1.

3.2 RFD in different time intervals

Changes in outcome variables (different time intervals) are 
detailed in Table  2, with corresponding visual representations in 
Figure 2 for both the BCAAs and placebo conditions. Briefly, the 
BCAAs group showed a tendency to outperform the placebo group at 
different time intervals, although most of these differences were not 
statistically significant, probably due to sample size limitations.

Analysis of the 50 ms RFD (without an interaction term) showed 
significant main effects of BCAA supplementation (p = 0.003, 
ηp

2 = 0.264) and time (p = 0.001, ηp
2 = 0.149) (Figure 2a). The BCAAs 

group exhibited higher levels of 50 ms RFD compared to the placebo 
group in rounds 1–4. For example, in round 1, the 50 ms RFD was 
3702.3 ± 1223.2 N/S in the BCAAs group, compared to 
2931.3 ± 888.8 N/S in the placebo group (p = 0.045) (Table 2). For the 
100, 150, 200, and 250 ms RFD, no significant between-group effects 
were observed (Figures 2b–e). However, it was consistently noted that 
the BCAAs group exhibited superior values compared to the placebo 
group across all time points.

3.3 Other outcomes

Other outcome indicators included three main aspects: strength 
and jump tests, agility and sprinting tests, and physiological responses 
(Supplementary Figures S3−S12). No significant differences were 
observed between the two groups in the measures of strength and 
jump tests. In certain indicators (such as VJ flight time, VJ height, and 
RSImod), the BCAAs group consistently exhibited superior values 
compared to the placebo group across all time points. Agility and 
sprinting tests included two indicators: the 505 COD and the T test, 
with shorter completion times indicating better performance. 
We observed that the BCAAs group had shorter completion times 
compared to the placebo group, although these differences were not 
statistically significant. Physiological responses showed that blood 
lactate levels were significantly lower in the BCAAs group, compared 
to the placebo group. Additionally, the RPE was also lower in the 
BCAAs group. These results suggests that BCAA supplementation 
is effective.

4 Discussion

4.1 Main findings

To our knowledge, this study is the first rigorously designed, high-
quality investigation to examine the effects of BCAA supplementation 
on RFD in college basketball players during simulated games. 
We found a significant effect of BCAA supplementation on 50 ms 
RFD (p = 0.003). The BCAAs group consistently demonstrated higher 
50 ms RFD values than the placebo group across most of rounds 
(p < 0.05). Although no significant differences were found between 
groups for the 100, 150, 200, and 250 ms RFD measures, the BCAAs 
group showed consistently higher values at all-time points. Additional 

TABLE 1 Basic characteristics of participants (N = 16).

Variable Mean ± SD

Gender (male/female) 16/0

Age (years) 21.5 ± 1.5

Height (m) 1.86 ± 0.1

Body mass (kg) 85.8 ± 10.8

BMI (kg/m2) 25.1 ± 2.8

Body at percentage (%) 19.6 ± 5.2
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outcome measures further supported the effectiveness of 
BCAA supplementation.

4.2 Comparison with previous work and 
possible explanations

The current study revealed that BCAA supplementation had a 
significant effect on the 50 ms RFD, with similar trends observed at 
different time points. Several observational and experimental studies 
were consistent with our findings (37–39). In trained individuals 
undergoing resistance training on a hypocaloric diet, BCAA 
supplementation helped maintain lean mass and preserved skeletal 
muscle performance (37). Briefly, the BCAA supplementation group 
showed increased values in squat and bench press, which were also 
associated with enhanced explosive muscle strength (37). However, 
some studies have indicated inconsistent results, suggesting that the 
effects of BCAAs on muscle performance may be  limited or even 
ineffective (40, 41). For instance, when combined with heavy 
resistance training over an 8-week period, supplementation with 9 g/
day of BCAAs 30 min before and after exercise, did not show any 
specific benefits on body composition and muscle performance (40). 
These inconsistent results may be partly attributed to factors such as 
small sample sizes, variability in outcome measures, and differences 
in study designs. For instance, previous studies predominantly 
employed randomized controlled studies, whereas our study utilized 
a randomized controlled crossover design, further minimizing 
individual confounding factors and potentially enhancing the 
reliability of the results. The significant effect of BCAA 
supplementation on the 50 ms RFD is also biologically plausible. 
Research suggests that early RFD (≤100 ms) is particularly vulnerable 
to neuromuscular fatigue (12, 14), which typically results from a blend 
of peripheral and central fatigue (15). Central fatigue, linked directly 
to neuromuscular fatigue, includes reflex responses from muscle 
receptors, activation of type III and IV nerves, changes in neuronal 
excitability in the motor cortex, release of cytokines, and adjustments 
in serotonin synthesis (16). During intermittent high-intensity 
exercise, plasma free fatty acid levels may significantly increase, which 
in turn can elevate plasma tryptophan concentrations (42). During 
high-intensity exercise, muscle glycogen serves as the primary 

substrate, and substantial glycogen depletion within a short period 
increases the utilization of BCAAs as an energy source (43, 44). In our 
study, the scenario involved intermittent high-intensity exercise, 
which likely results in both an increase in the tryptophan 
concentrations and a reduction in BCAA concentrations. Thus, BCAA 
supplementation increases the concentration of BCAAs in the blood 
and lowers the tryptophan/BCAAs ratio, thereby competing with 
tryptophan for transport across the blood–brain barrier via the same 
L-system (45). This competition limits tryptophan delivery to the 
brain, a critical step in serotonin synthesis, and subsequently reduces 
central fatigue (45).

While no statistically significant differences were observed 
between groups in the measures of 100, 150, 200, and 250 ms RFD, the 
BCAAs group consistently exhibited higher values across all time 
points. These negative results may be attributed in part to sample size 
limitations. Although we used a randomized controlled crossover 
design to improve statistical power, the final inclusion of 16 
participants was slightly off from the expected 20. Further G*Power 
analyses indicated that the statistical power ranged from 0.50 to 0.76, 
which somewhat diminished our ability to detect positive results. The 
regulatory mechanisms of early RFD (≤100 ms) and late RFD 
(>100 ms) may differ, providing an alternative explanation. For 
instance, early rate of force development (RFD) predominantly arises 
from neural mechanisms (12, 46), whereas late RFD is intricately 
linked to isometric maximal voluntary contraction force (MVF) and 
is significantly influenced by structural factors like muscle cross-
sectional area and architectural characteristics (13). Overall, future 
studies with similar designs and larger sample sizes are necessary to 
validate and extend these findings.

4.3 Practical implications

These findings have significant practical implications for 
basketball athletes and sports practitioners, particularly in the context 
of optimizing performance. The enhancement of the 50 ms RFD 
through BCAA supplementation highlights its potential role in 
improving rapid muscle response and explosive movement 
capabilities. These attributes are critical in basketball, where agility, 
quickness, and the ability to generate force rapidly are essential for 

TABLE 2 Changes in outcome variables between placebo and BCAA supplementation conditions in different rounds (mean ± SD).

Parameters Condition Round 0 Round 1 Round 2 Round 3 Round 4

50 ms RFD (N/S) Placebo 2931.3 ± 888.8 2793.9 ± 1154.0 2828.0 ± 915.9 2468.6 ± 1045.6 2141.0 ± 831.9

BCAAs 3702.3 ± 1223.2 3632.7 ± 1039.9* 4084.5 ± 1429.5* 4099.6 ± 1486.1* 3112.0 ± 1221.0*

100 ms RFD (N/S) Placebo 3468.5 ± 1311.6 3596.9 ± 1837.9 3611.0 ± 1831.4 3128.9 ± 1569.0 2843.7 ± 1151.8

BCAAs 4184.4 ± 1370.1 4223.4 ± 1518.2 4024.7 ± 1543.8 4410.6 ± 1841.2 3747.9 ± 1363.6

150 ms RFD (N/S) Placebo 3723.4 ± 1117.2 3995.2 ± 1746.5 3724.1 ± 1615.5 3279.9 ± 1591.0 3021.9 ± 986.5

BCAAs 4398.7 ± 1233.3 4389.7 ± 1710.7 4302.9 ± 1590.4 3726.9 ± 1871.3 3653.4 ± 1477.3

200 ms RFD (N/S) Placebo 3726.7 ± 1142.6 3966.8 ± 1375.9 3688.2 ± 1489.0 3293.7 ± 1539.0 3112.4 ± 1137.1

BCAAs 4669.4 ± 1352.0 4652.1 ± 1503.9 4562.2 ± 1599.4 3824.3 ± 1741.5 3844.9 ± 1538.5

250 ms RFD (N/S) Placebo 3691.4 ± 1160.1 3764.5 ± 1244.6 3516.5 ± 1230.2 3364.4 ± 1575.0 3169.9 ± 1331.6

BCAAs 4368.2 ± 1386.3 4330.4 ± 1210.8 4079.5 ± 1352.6 3807.3 ± 1720.5 3793.1 ± 1625.7

The start of the experiment (round 0) and repeated immediately after each subsequent round (rounds 1–4, respectively); *: <0.05, Bonferroni corrections were applied to account for multiple 
comparisons.
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success during high-pressure game situations, such as sudden changes 
in direction, jumping, or sprinting. Improved 50 ms RFD may 
contribute to better on-court performance by enabling athletes to 
react faster to opponents’ movements, execute plays more effectively, 
and maintain high-intensity performance throughout games. This 
suggests that BCAA supplementation could serve as a valuable tool in 
the training and nutritional strategies of basketball players, offering 
benefits beyond traditional recovery and muscle repair.

Future research should explore the long-term effects of BCAA 
supplementation in combination with specific strength and 
conditioning programs. Understanding how different dosages, timing, 
and training adaptations influence RFD and other performance 
metrics could help refine strategies for optimizing athletic output. 
Additionally, investigating the effects of supplementation across 

various sports and player positions may provide broader insights into 
its utility in competitive sports. By integrating these findings into 
evidence-based practices, athletes and coaches can enhance 
performance and achieve greater success in high-stakes competition.

4.4 Strengths and limitations

The highlight of this study is its focus on explosive power in 
basketball players during the 0–250 ms period, exploring RFDs 
over different time intervals and providing comprehensive evidence 
for explosive performance research. In addition, the study used a 
rigorous randomized, crossover, placebo-controlled, and double-
blind design to ensure the accuracy and reliability of the results. 

FIGURE 2

Changes in the rate of force development (RFD) across different time points during the exercise protocol. (a) change in 50 ms RFD during the exercise 
protocol. (b) change in 100 ms RFD during the exercise protocol (c) change in 150 ms RFD during the exercise protocol (d) change in 200 ms RFD during 
the exercise protocol (e) change in 250 ms RFD during the exercise protocol. (*) Indicates statistically significant differences between groups (p < 0.05).
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However, there are also several limitations. First, this study was 
conducted at a single center and included exclusively young male 
basketball players. Therefore, the generalizability of our findings to 
other regions and populations, such as females and children, may 
be limited. Second, the final sample size of this study was limited 
for practical feasibility reasons, which may have reduced the ability 
to detect significant results. Fortunately, most of the trends 
observed after BCAA supplementation were generally consistent 
with expectations. Finally, we  were unable to collect certain 
biological samples, such as blood and urine, or conduct 
comprehensive physical examinations. This limited our ability to 
gather additional data to support our findings. Future studies with 
larger sample sizes, including a broader range of sports disciplines, 
both male and female participants, and multiple outcome measures, 
are needed to confirm these findings. This would help determine 
whether the observed effects are consistent across different athletic 
populations and sports contexts, providing more generalizable 
insights into the role of BCAA supplementation in enhancing 
exercise performance.

5 Conclusion

The results indicated that BCAA supplementation can enhance 
RFD in basketball players, especially at the 50 ms interval. Our 
research design provides reliable insights into the effects of BCAAs on 
athletic performance. These findings highlight the potential for BCAA 
supplementation to improve rapid muscle response and explosive 
movement, which are essential for enhancing agility and performance 
in basketball. Further similar studies with larger sample sizes and 
additional biological and physical indicators are needed to validate 
and expand upon these findings.
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