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                 The Effects of Beetroot Juice Supplementation on Exercise Performance

Introduction 
Nutritional ergogenic aids are widely used in sport to enhance performance, delay fatigue, and improve recovery (Applegate, 1999). Among these, beetroot juice has gained significant attention due to its high dietary nitric oxide, a molecule that plays a key role on vasodilation, blood flow regulation and efficiency. These mechanisms are thought to enhance oxygen delivery to working muscles and reduce the oxygen cost of exercise, potentially improving endurance and exercise tolerance. 
The use of beetroot juice has become increasingly popular among elite and recreational athletes, particularly in endurance sports such as running and cycling (Muggeridge et al., (2014). research suggests that nitrate supplementation may improve time-to-exhaustion, reduce perceived exertion, and enhance overall exercise output. However, findings are not entirely consistent, with some studies reporting minimal or no performance benefits, particularly in highly trained individual's (Cermak et al., 2012). This inconsistency highlights the need for further applied evaluation. 
The present study aimed to investigate the effects of beetroot juice supplementation on exercise performance in a small scale, controlled trial. Specifically, the study examined its impact on time-to-exhaustion during a standardized fitness test, alongside subjective measures such as rating of perceived exertion (RPE) (RIENKS et al., 2015). By comparing performance under supplementation and control conditions, this study seeks to evaluate the practical effectiveness of beetroot juice as an ergogenic aid and its potential application within sporting contexts (Domínguez et al., 2018).

Methodology Summary
This study underwent a controlled, within subject experiment designed to examine the effects of beetroot juice supplementation on exercise performance. Participants completed two trials: one under a supplementation condition (beetroot juice) and one under a control condition (placebo) or in simple terms no supplement. Where possible, trials were conducted in a randomised order to minimise order effects and improve reliability. 
The performance test consisted of a 20-minute cycling time trial conducted on a stationary bike. Participants were instructed to cycle at the highest intensity they could sustain for the full 20-minute duration working towards their maximal output cadence, a primary performance outcome was used, with the average cadence over the 20 minutes recorded for analysis. This protocol was selected as it reflects a realistic endurance performance task and allows for pacing strategies. 
In the supplementation condition, participants consumed approximately 500ml of a beetroot juice shot. This was taking about 2 hours before the testing, to allow sufficient time for the beetroot juice to take effect. To ensure consistency participants were instructed to have no caffeine the day of testing so the results could not be affected or inconsistent. 
All trials were conducted under standardised lab conditions; participants completed the same 5-minute warm up at a self-selected light intensity before beginning the time trial. Environmental factors such as equipment set up, time of day were kept relatively consistent to each day of trials. 
Ethical considerations included ensuring participants safety, monitoring for signs of excessive fatigue, and allowing participants to withdraw at any time, beetroot juice is not a banned substance and is compliant with regulations making it appropriate for use in this study. 
Results Summary
The Results from the study are presented across Five graphs comparing the placebo and beetroot juice conditions, alongside physiological measures such as heart rate, blood pressure, and rating of perceived exertion (RPE).
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The first graph (beetroot vs placebo performance) shows that average performance, measured through cadence during a 20-minute cycling time trial, was slightly higher in the beetroot juice condition compared to the placebo. While the difference is not extremely large, it suggests a positive trend where participants were able to maintain a higher work rate when supplemented with the beetroot juice. 
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The second graph (heart rate comparison) indicates that mean heart rate was slightly higher in the placebo condition compared to the beetroot condition. This suggests that participants may have been working less efficiently during the placebo trial, as a higher heart rate was required to sustain a slightly lower performance. With this information the beetroot condition appears to show improved cardiovascular efficiency. 
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The RPE graph shows that participants reported slightly lower perceived exertion during the beetroot juice trial, despite performing at a higher cadence. This is an important finding, as it suggests that exercise felt easier under supplementation, supporting the idea that beetroot juice may reduce the physiological strain of exercise. 
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The pre-exercise heart rate graph shows minimal differences between conditions, indicating that participants started each trial in a similar physiological state. This suggests that external factors such as fatigue or prior activity were well controlled. 
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The post-exercise heart rate graph shows that heart rate increased in both conditions, as expected, but remained slightly lower in the beetroot condition. This again supports the idea of improved efficiency, as participants achieved similar or better performance with slightly reduced cardiovascular response. 
Additional data on blood pressure shows small reductions in both systolic and diastolic values following beetroot juice supplementation. This consistent with the known effects of dietary nitrate on vasodilation and blood flow. Overall, the results suggest that beetroot juice had a small but positive effect on cycling performance reducing perceived effort and improving physiological efficiency. However, differences were relatively modest, and some variability between participants was observed. 434
Discussion and Practical Implications
The findings from this study suggest beetroot juice supplementation may provide a small but meaningful benefit to cycling performance. Participants were generally able to maintain a higher cadence during the 20-minute time trial while also reporting slightly lower perceived exertion. This supports the idea that beetroot juice can improve exercise output, which is important for all endurance-based sports and activities. 
The physiological mechanism behind these improvements is likely linked to the nitrate content of beetroot juice (Gallardo and Coggan, 2019). Once consumed, nitrate is converted into nitric oxide, which helps to widen blood vessels and improve the flow of blood. This can enhance oxygen delivery to working muscles and reduce the amount of oxygen needed to produce energy. As a result, athletes may be able to sustain a higher intensity of exercise for longer periods without experiencing the same level of tiredness or fatigue. 
The heart rate data from this study supports this explanation. Participants showed slightly lower heart rates during the beetroot condition despite improved performance. This suggests that the cardiovascular system was working more efficiently, which is consistent with past research on nitrate supplementation (Jurado-Castro et al., 2022).
The reduction in RPE is also an important practical finding. If athletes feel that exercise is easier, they may be able to push harder or maintain and keep the same amount of effort for longer (Garcin et al., 1998). This can be particularly beneficial in competitive situations where pacing and mental fatigue play a key role. Even small improvements in perceived effort can make a difference over 20-minute effort. 
In practice, athletes considering beetroot juice supplementation should aim to consume it around 2-3 hours before performance to allow time for nitrate conversion. It may also be beneficial to trail the supplement in training before using it in competition as individual responses can very (Wylie et al., 2013).
Overall, while the performance improvements observed in this study were relatively small, they could still be meaningful in a competitive setting. Beetroot juice can therefore be considered a potentially effective ergogenic aid, particularly for non-elite athletes looking to improve endurance performance.



Ethical and Safety Considerations
Beetroot juice supplementation is generally considered safe for healthy individuals, with minimal risk of adverse effects. Common side effects include gastrointestinal discomfort and beet Uria (red or pink urine), both of which are harmless, individuals with certain medical conditions, such as kidney issues or low blood pressure, should exercise caution due to the vasodilatory effects of nitric oxide. 
From an ethical perspective, it is important to ensure informed consent and participants safety during experimental trial. Participants should be made aware of any potential risks and have the right to withdraw at any given time. In this study, all ethical guidelines were followed, and participants wellbeing was prioritised. 
In terms of legality beetroot juice is not a prohibited substance and is fully compliant with anti-doping regulations. It is widely accepted in both amateur and professional sport (Tian et al., 2025). Athletes should remain cautious when using supplements and ensure products are sourced from reputable suppliers to avoid contamination. 
 use responsibly, practitioners should educate athletes on appropriate dosing, timing, and potential side effects. It is also important to consider individuals responses and avoid a one size fits all approach. Monitoring and evaluation should be ongoing to ensure effectiveness and safety. 
Conclusion
In conclusion, the findings from this study suggest that beetroot juice supplementation may provide a small but positive effect on cycling performance during a 20-minute time trial. Participants were generally able to maintain a slightly higher cadence in the beetroot condition compared to the placebo, indicating an improvement in exercise intensity. The physiological measures support these findings. Heart rate was gererally lower during the beetroot trial despite improved performance, suggesting enhanced cardiovascular efficiency. This proves that the participants were able to sustain and even push harder with less strain. 
Subjective measures such as rating of perceived exertion (RPE) also showed slight improvements, with participants reporting that exercise felt marginally easier when consuming the beetroot juice. This is an important outcome as lower perception of effort may allow athletes to sustain higher intensities for longer periods of time largely in endurance-based events. The results also highlight some variability between participants suggesting that the effects of beetroot juice are not uniform Some individuals experienced greater benefits that others, suggesting that the supplementation responses could be down to individual participants. 
In addition to the performance and physiological findings, this study also highlights the importance of practical application when considering supplementation in sport. While beetroot juice showed some positive effects it's clear that it should not be viewed as a substitute for people training, nutrition, and recovery strategies. Instead, it should be considered as an additional tool that may provide small improvements when all other factors are already optimised. 
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