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Introduction:
Due in large part to its naturally high concentration of dietary nitrates, beetroot juice has emerged as one of the most extensively studied nutritional ergogenic aids in modern sports nutrition. Following consumption, these nitrates enter the nitrate–nitrite–nitric oxide (NO) pathway, a physiological process that increases the body's availability of nitric oxide (Lundberg et al., 2009). Nitric oxide is essential for controlling blood flow, muscle contraction, and vasodilation. Under hypoxic and acidic conditions, which are typical of high-intensity exercise, this pathway becomes especially active (Jones et al., 2018). Because of this, beetroot juice has become increasingly popular among athletes who want to increase the effectiveness of their workouts and postpone the onset of fatigue.
Its impact on several important factors that determine exercise capacity makes it relevant to athletic performance. Reduced oxygen cost during submaximal exercise, increased tolerance to high-intensity workloads, and improved mitochondrial efficiency have all been linked to increased nitric oxide availability (Jones, 2014). In endurance and intermittent high-intensity sports, where even slight increases in efficiency can result in quantifiable performance gains, these adaptations are especially significant. Additionally, beetroot juice is a natural, food-based, and legally allowed supplement, which makes it a desirable choice for athletes looking for safe and evidence-based performance techniques.
Time to exhaustion during high-intensity exercise, a metric frequently employed in nitrate supplementation studies, is the particular focus of this assessment. Time-to-exhaustion tests are sensitive to variations in oxygen consumption and metabolic efficiency, both of which are impacted by the availability of nitric oxide (Bailey et al., 2009). Analysing this result offers a precise and focused method of determining whether beetroot juice provides a significant ergogenic benefit when there is significant physiological strain.








Methodology Summary:
The effects of beetroot juice on high-intensity cycling performance were investigated using a randomised, controlled crossover design. A beetroot juice trial and a placebo trial were the two conditions that each participant finished. To reduce order effects, these conditions were arranged in a random order, and each participant could serve as their own control thanks to the crossover structure. To lessen the possibility of carry-over effects, there was a long enough washout period in between sessions.
Adults in good health who were physically active and did not have any known contraindications to intense exercise made up the participants. In accordance with the usual time needed for dietary nitrate to be converted into nitric oxide, participants in each trial were given either beetroot juice or a placebo two to three hours prior to testing. An automated sphygmomanometer was used to measure the patient's resting blood pressure upon arrival to determine their baseline cardiovascular status.
A 5-minute self-selected warm-up on a Watt bike and a 20-minute time trial comprised the exercise regimen. Because of its dependability and capacity to deliver reliable performance data, the Watt bike was selected. Average power output and average heart rate were recorded as the main performance outcomes during the trial. To record subjective effort, ratings of perceived exertion (RPE) were gathered every five minutes. To evaluate acute cardiovascular reactions, post-exercise blood pressure was taken two to three minutes after the workout.
Several controls were put in place to guarantee consistency between sessions. Participants took their prescribed supplement precisely two hours prior to testing and refrained from intense exercise for a full day prior to each trial. To minimise inherent performance variability, all trials were carried out at the same time of day. For both scenarios, the same warm-up procedure, room temperature, equipment configuration.
The study was conducted with ethical considerations in mind. After being fully informed about the procedures and their right to withdraw, participants gave their informed consent. Adequate recovery time was given following each session, and pre-screening and monitoring helped reduce the risks associated with high-intensity exercise. Every piece of information was handled discreetly and kept safe.





Results Summary:
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Figure 1

The study compared the performance and physiological responses of six participants to the beetroot juice (A) and placebo (B) conditions. The primary outcome measure was mean power output during a 20-minute Watt bike time trial, supported by heart rate, RPE, and blood pressure measurements.
Overall, the study found no consistent performance advantage for the beetroot condition. Three participants had slightly higher mean power during the beetroot trial, while the other three had higher power in the placebo condition. These differences were generally minor, implying that individual responses varied rather than following a clear group trend.
Heart rate responses showed a variety of patterns. Some participants had higher average heart rates in the beetroot condition, whereas others had the opposite. This inconsistency suggests that beetroot juice did not have a consistent cardiovascular effect during the time trial. Most participants' RPE values at five-minute intervals were similar across both conditions, indicating that perceived effort did not vary significantly between trials.
Blood pressure measurements before and after exercise showed expected physiological patterns, with systolic pressure increasing in both cases. There were no clear differences between the beetroot and placebo trials, indicating that the supplement had no significant effect on acute blood pressure responses.
Overall, the descriptive data indicates that beetroot juice did not result in a significant or consistent improvement in performance across the group. While some people demonstrated slightly higher power output with beetroot juice, others performed better with a placebo. These differences cannot be interpreted as meaningful without statistical testing, but the mixed direction of change indicates that the supplement had a minimal effect in this sample.

























Discussion and Practical Implications:
This study aimed to determine if consuming acute beetroot juice improved 20-minute cycling time trial performance compared to a placebo. The results of this small crossover trial revealed no consistent performance benefit from beetroot juice among participants. While some people had slightly higher mean power in the beetroot condition, others performed better with the placebo, demonstrating significant individual variability. This mixed pattern is consistent with emerging evidence indicating that nitrate supplementation does not produce uniform improvements in all athletes.
The study's conflicting findings both confirm and refute previous research on beetroot juice's efficacy as an ergogenic aid. Dietary nitrate from beetroot juice has been shown in early studies to increase exercise efficiency, lower the oxygen cost of movement, and improve performance during high-intensity efforts (Larsen et al., 2007; Bailey et al., 2009). These results supported the notion that supplementing with nitrate consistently improves endurance performance. More recent research, however, has shown that these effects vary greatly, with some people showing little to no improvement and others responding strongly (Jones, 2014; McMahon et al., 2017). The current study's findings are more in line with this more recent viewpoint. There was little group-level improvement from the supplement, even though some participants showed slightly higher mean power output in the beetroot condition while others performed better with the placebo. Individual responses, on the other hand, differed significantly, reflecting the inconsistency documented in recent literature.
One of the most noticeable patterns in the data was individual variability. For instance, two individuals in the beetroot condition generated a higher mean power, while two individuals in the placebo condition performed better. Participants' heart rates and RPE responses varied as well, but there was no discernible pattern. This implies that some people may benefit more from beetroot juice than others, possibly because of variations in physiology, training status, nitrate metabolism, or the makeup of the oral microbiome, which is essential for converting nitrate to nitric oxide (Porcelli et al., 2015). The existence of both "responders" and "non-responders" in this study supports the notion that nitrate supplementation is not always beneficial and reflects the variability frequently reported in the larger literature.
Beetroot juice may still be helpful for athletes in some circumstances, even though the effect was not consistent throughout the group. According to research, nitrate supplementation might be especially helpful during high-intensity exercises lasting five to thirty minutes, when gains in oxygen efficiency could have a significant impact on performance (Jones, 2014). Additionally, it might help athletes who participate in intermittent sports, where the availability of nitric oxide can improve muscle contractility and the capacity to sprint repeatedly (Wylie et al., 2013). Athletes should test the supplement during training instead of assuming it will improve performance during competition, though, given the variability seen in this study.
When interpreting these results, several limitations must be considered. The results generalisability is limited by the small sample size of six participants, which makes it more difficult to identify significant differences. The absence of blinding might have affected expectations or motivation, which could have had an impact on performance results. Furthermore, only one acute dose of beetroot juice was administered; however, some studies indicate that multi-day loading may result in more consistent improvements (Wylie et al., 2016). The inconsistent responses could also have been caused by differences in participant characteristics, such as age and fitness level. Lastly, nitrate-related improvements, which are frequently most noticeable in short-duration, high-intensity exercise, might not be fully captured by the 20-minute performance test (Jones, 2014).
Based on the findings and the observed variability, beetroot juice cannot be suggested as a supplement that works for everyone. For some people who react favourably to it, it might still be advantageous. Before using beetroot juice in competition, athletes should try it during training to see if it improves their own performance. This customised approach recognises both the potential advantages and the obvious individual differences revealed in the data, and it reflects current best practices in sports nutrition.














Ethical And Safety Considerations:
The use of dietary supplements in sports raises significant ethical, safety, and regulatory concerns. Despite their widespread availability, supplements are not regulated to the same rigorous standards as pharmaceuticals, increasing risks of contamination, mislabelling, or undisclosed ingredients. Research indicates that some supplements contain substances not listed on their labels, such as stimulants or anabolic agents, which pose health risks and potential violations of anti-doping rules (Maughan et al., 2018). This situation presents ethical dilemmas, as athletes may unknowingly jeopardize their health or obtain an unfair competitive edge.
From a safety standpoint, supplements can cause adverse effects, interact negatively with medications, or result in excessive nutrient intake. Even commonly used products like herbal extracts or high-dose vitamins can be harmful if misused. Therefore, ethical practice necessitates a cautious, evidence-based approach that prioritizes the wellbeing of athletes.
Legality and Anti-Doping:
Supplements themselves are not prohibited by the World Anti-Doping Agency (WADA), but many of the substances they contain, including stimulants, anabolic agents, and selective androgen receptor modulators, are listed on the WADA Prohibited List (WADA, 2024). Regardless of intent, athletes are liable for any illegal substance found in their systems under WADA's strict liability principle. Contamination is therefore a serious risk to compliance.
Responsible Management In Practise:
Adopting a food-first strategy and utilising supplements only when there is a convincing, evidence-based rationale are key components of responsible supplement management. Athletes should select products that have been approved by respectable third-party testing programs, like Informed-Sport, which help lower the possibility of contamination or mislabelling, to minimise risk. Transparency and accountability also depend on keeping precise records of all supplements used. Athletes benefit from speaking with trained experts who can offer advice on appropriate and safe usage as well as assist in interpreting new research. Maintaining compliance with anti-doping regulations requires routinely reviewing updates to the WADA Prohibited List. When combined, these tactics support athlete safety, equity, and responsible sporting decision-making.



References:
Bailey, S.J., Wilkerson, D.P., DiMenna, F.J. and Jones, A.M. (2009). Influence of repeated sprint training on pulmonary O2 uptake and muscle deoxygenation kinetics in humans. Journal of Applied Physiology, Available at :https://doi.org/10.1152/japplphysiol.00144.2009. [Accessed 1st April]
Borel, P. and Desmarchelier, C. (2018). Annual Review of Nutrition Bioavailability of Fat-Soluble Vitamins and Phytochemicals in Humans: Effects of Genetic Variation. Annual Review of Nutrition Dietary Nitrate and Physical Performance. Available at :https://doi.org/10.1146/annurev-nutr-082117-. [Accessed 1st April]
Domínguez, R., Maté-Muñoz, J.L., Cuenca, E., García-Fernández, P., Mata-Ordoñez, F., Lozano-Estevan, M.C., Veiga-Herreros, P., da Silva, S.F. and Garnacho-Castaño, M.V. (2018). Effects of beetroot juice supplementation on intermittent high-intensity exercise efforts. Journal of the International Society of Sports Nutrition, 15(1). Available at :https://doi.org/10.1186/s12970-017-0204-9. [Accessed: 1st April]
Ferrada-Contreras, E., Romina Bonomini-Gnutzmann, Jorquera-Aguilera, C., Norman MacmiIlan Kuthe, Peña-Jorquera, H. and Rodríguez‐Rodríguez, F. (2023). Does Co-Supplementation with Beetroot Juice and Other Nutritional Supplements Positively Impact Sports Performance?: A Systematic Review. Nutrients, Available at :https://doi.org/10.3390/nu15224838. [Accessed:1st April]
Jones, A.M. (2014). Dietary Nitrate Supplementation and Exercise Performance. Sports Medicine, Avaiable at:https://doi.org/10.1007/s40279-014-0149-y. [ Accessed: 1st April]
Larsen, F.J., Weitzberg, E., Lundberg, J.O. and Ekblom, B. (2007). Effects of dietary nitrate on oxygen cost during exercise. Acta Physiologica, Available at:https://doi.org/10.1111/j.1748-1716.2007.01713.x. [Accessed:1st April]
M. Collins, S. and Kearns, D. (2020). The Effect of Beetroot Supplementation on High-Intensity Functional Training Performance. [online] Nih.gov. Available at: https://pmc.ncbi.nlm.nih.gov/articles/PMC7241616/pdf/ijes-13-2-667.pdf [Accessed 3 Apr. 2026].
Maughan, R.J., Burke, L.M., Dvorak, J., Larson-Meyer, D.E., Peeling, P., Phillips, S.M., Rawson, E.S., Walsh, N.P., Garthe, I., Geyer, H., Meeusen, R., van Loon, L., Shirreffs, S.M., Spriet, L.L., Stuart, M., Vernec, A., Currell, K., Ali, V.M., Budgett, R.G.M. and Ljungqvist, A. (2018). IOC consensus statement: Dietary supplements and the high-performance athlete. International Journal of Sport Nutrition and Exercise Metabolism, Available at :https://doi.org/10.1123/ijsnem.2018-0020. [ Accessed 3rd April]
McMahon, Nicholas.F, Dietary Nitrate Supplementation and Endurance Exercise Performance Available at: https://www.researchgate.net/profile/Nicholas-Mcmahon/publication/307895931_The_Effect_of_Dietary_Nitrate_Supplementation_on_Endurance_Exercise_Performance_in_Healthy_Adults_A_Systematic_Review_and_Meta-Analysis/links/581810f508ae90acb242a2f8/The-Effect-of-Dietary-Nitrate-Supplementation-on-Endurance-Exercise-Performance-in-Healthy-Adults-A-Systematic-Review-and-Meta-Analysis.pdf [ Accessed: 1st April]

Porcelli, S., Ramaglia, M., Bellistri, G., Pavei, G., Pugliese, L., Montorsi, M., Rasica, L. and Marzorati, M. (2015). Aerobic Fitness Affects the Exercise Performance Responses to Nitrate Supplementation. Medicine & Science in Sports & Exercise, Available at: https://journals.lww.com/acsm-msse/fulltext/2015/08000/aerobic_fitness_affects_the_exercise_performance.11.aspx [Accessed: 1st April]
World Anti-doping agency (2025). View of Key Updates in the WADA 2025 Prohibited List: Implications for Competitive SportsAvailable at: https://apcz.umk.pl/QS/article/view/61192/43020 [Accessed 3 Apr. 2026]
Wylie, L.J., Bailey, S.J., Kelly, J., Blackwell, J.R., Vanhatalo, A. and Jones, A.M. (2016). Influence of Beetroot Juice Supplementation on Intermittent Exercise Performance. European Journal of Applied Physiology, Available at :https://doi.org/10.1007/s00421-015-3296-4. [Accessed:3rd April]
Wylie, L.J., Kelly, J., Bailey, S.J., Blackwell, J.R., Skiba, P.F., Winyard, P.G., Jeukendrup, A.E., Vanhatalo, A. and Jones, A.M. (2013). Beetroot juice and exercise: pharmacodynamic and dose-response relationships. Journal of Applied Physiology, Available at :https://doi.org/10.1152/japplphysiol.00372.2013. [Accessed 3rd April]

image1.png




image2.tiff
Mean Power Output: Beetroot Vs Placebo

g
5
H
H
&
A
A
g
=

Beetroot (A) Placebo (B)




