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Abstract

Aim: The present study aimed to investigate the combined effect of
citrulline, caffeine, and creatine supplementation on muscular strength
and power in female athletes.

Method: In this randomized, crossover, double-blind, placebo-controlled
quasi-experimental study, 15 female track and field athletes in throwing
events (age: 24.40 + 3.29 years, weight: 71.46 + 4.76 kg, height: 172.66 +
470 cm, BMI: 24.02 + 1.13) were placed under seven conditions:
baseline, acute citrulline consumption (8 g), acute creatine consumption
(20 g), acute caffeine consumption (6 mg per kg of body weight),
combined citrulline and caffeine consumption, combined citrulline and
creatine consumption, and placebo consumption (maltodextrin). The
interval between each condition was one week, and in each condition,
the supplements and placebo were consumed 60 minutes before
performing the activities (RAST test, squat, and bench press). Data were
analyzed using repeated measures analysis of variance (ANOVA).

Results: The results showed that the use of caffeine, citrulline, creatine
alone and the combination of supplements (citrulline + caffeine and
citrulline + creatine) significantly increased anaerobic power (peak
power, average power, minimum power) and upper limb muscle
strength (chest press) and lower limb muscle strength (squat) in female
track and field athletes working in throwing disciplines (p<0.05).
However, there was no significant difference between the combined use
of supplements (citrulline + caffeine and citrulline + creatine) and the use
of supplements alone in any of the measured variables (p<0.05).

Conclusion: In general, the results of the present study showed that the
use of L-citrulline, caffeine, and creatine supplements alone can affect
the anaerobic power and muscular strength of female track and field
athletes in throwing disciplines, and the combined use of these
supplements did not have an additive effect on the subjects' anaerobic
power and muscular strength compared to their use alone
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Extended abstract

Problem Statement and Research Significance

Anaerobic power and muscular strength are key determinants of performance in high-intensity sports. Rapid
depletion of energy substrates and early fatigue during explosive activities have led athletes to seek ergogenic
supplements to enhance performance. Citrulline, caffeine, and creatine are commonly used supplements with
potential benefits for anaerobic performance through different physiological mechanisms, including nitric oxide
production, central nervous system stimulation, and enhanced ATP resynthesis. However, limited evidence
exists regarding the combined effects of these supplements. Therefore, this study aimed to examine the effects
of citrulline, caffeine, and creatine supplementation, both individually and in combination, on muscular power
and strength in female athletes. Understanding the synergistic or additive effects of these supplements may

provide practical insights for optimizing performance during high-intensity and short-duration activities.

Methodology Overview (Research Methods, Study Population, Instruments)

This study adopted a randomized, double-blind, controlled, quasi-experimental design with a pretest—posttest
approach. The statistical population consisted of female athletes aged 18-30 years who participated in throwing
events in the city. Participants were recruited through announcements in sports clubs, relevant sports
federations, and virtual groups. Inclusion criteria included full health status, no use of medications or dietary

supplements during the previous six months, at least one year of regular training experience (minimum three

sessions per week), and no smoking or substance use .From 21 eligible volunteers, 15 female athletes were

randomly selected to participate in the study. After familiarization sessions and obtaining written informed
consent, anthropometric measurements and one-repetition maximum strength in the bench press and squat
exercises were assessed. Participants completed seven experimental conditions in a within-subject,

counterbalanced design: baseline, placebo, creatine, caffeine, citrulline, creatine plus citrulline, and caffeine plus

citrulline, with a one-week washout period between sessions .In each session, participants performed the

Running-Based Anaerobic Sprint Test (RAST) followed by bench press and squat tests, separated by
standardized rest intervals. Anaerobic power indices and maximal strength were recorded and analyzed using

repeated-measures statistical procedures.

Key Findings and Results Analysis

Preliminary statistical analyses confirmed that the data were normally distributed and that variance homogeneity
assumptions were satisfied, allowing the use of parametric tests. Analysis of peak anaerobic power revealed a
significant main effect of supplementation condition (F(6,84) = 8.74, p < 0.0001, 2 = 0.384). Both individual
and combined supplementation protocols led to meaningful improvements compared with baseline and placebo
conditions. The observed increases following caffeine, creatine, and citrulline intake indicate that each
supplement independently enhanced maximal power output. Moreover, the combined conditions also produced

significant improvements; however, the magnitude of these changes did not exceed those observed with single-
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supplement ingestion, suggesting a lack of additive or synergistic effects. Similarly, mean anaerobic power
differed significantly across conditions (F(6,84) = 8.24, p <0.0001, n>= 0.371). All supplementation strategies

resulted in higher mean power values relative to placebo, reflecting an improved capacity to sustain power
throughout repeated high-intensity efforts. This improvement in mean power suggests that supplementation may
have attenuated fatigue development during the RAST protocol, thereby supporting more consistent
performance across successive sprints. The analysis of minimum anaerobic power demonstrated a significant
effect of supplementation (F(6,84) = 10.44, p < 0.0001, n* = 0.427). Notably, all supplement conditions
significantly increased minimum power output compared with placebo, indicating a protective effect against
performance decline during the final stages of the test. This finding is particularly relevant, as minimum power
is a key indicator of fatigue resistance during repeated sprint activity. Regarding muscular strength, both lower-
and upper-body strength showed significant improvements following supplementation. Squat one-repetition
maximum displayed a significant main effect (F(6,84) = 10.44, p < 0.0001, n?> = 0.427), while bench press
maximal strength also differed significantly among conditions (F(6,84) = 12.51, p < 0.0001, n?> = 0.472). These
results suggest that acute supplementation enhanced neuromuscular performance, likely through mechanisms
related to increased energy availability and improved neural activation. Importantly, no significant differences
were detected between individual supplement conditions and their combined forms across any performance
variable (p > 0.05). This indicates that although each supplement effectively improved anaerobic power and
muscular strength, combining them did not yield superior performance benefits, implying overlapping or non-

synergistic physiological mechanisms.

Innovation and Practical Implications

The present study offers novel insights into the acute effects of citrulline, caffeine, and -creatine
supplementation—both individually and in combination—on anaerobic power and muscular strength in female
athletes engaged in throwing events. A key innovation of this research lies in the inclusion of female athletes, a
population that remains underrepresented in supplementation studies, particularly in high-intensity and power-

based sports. Additionally, the within-subject, randomized, double-blind design allowed for a precise

comparison of individual versus combined supplementation strategies under controlled conditions.

From a practical perspective, the findings demonstrate that acute supplementation with citrulline, caffeine, or
creatine can effectively enhance anaerobic power and upper- and lower-body strength. However, combining
these supplements did not produce additional performance benefits beyond those achieved with single
supplementation. This has important implications for athletes and coaches, suggesting that the use of a single,

well-chosen supplement may be sufficient to improve performance, thereby reducing unnecessary supplement

intake and potential side effects.

These results provide evidence-based guidance for optimizing supplementation strategies in female athletes
involved in explosive, high-intensity sports and highlight the importance of individualized and cost-effective

nutritional interventions in athletic performance enhancement.
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Conclusions and Recommendations

The findings of the present study indicate that acute supplementation with citrulline, caffeine, and creatine,
whether consumed individually or in combination, significantly enhances anaerobic power and upper- and
lower-body muscular strength in female throwing athletes. Improvements were observed in peak, mean, and
minimum anaerobic power, as well as maximal strength performance, highlighting the effectiveness of these
supplements in supporting high-intensity and explosive athletic activities. Notably, the absence of significant

differences between individual and combined supplementation conditions suggests that combining these
supplements does not provide additional ergogenic benefits beyond those achieved with single supplementation.
Based on these results, athletes and coaches are encouraged to adopt targeted and individualized

supplementation strategies rather than relying on multiple supplement combinations. Selecting a single

supplement according to the specific demands of training or competition may be sufficient to enhance
performance while minimizing cost and potential side effects. Future research is recommended to examine the
chronic effects of these supplements, investigate different dosages and timing strategies, and explore potential
sex-specific responses in larger and more diverse athletic populations. Additionally, examining these

supplementation effects across various sports disciplines may further clarify their practical applicability and

optimize performance-enhancing interventions.
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