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Ergogenic Aid Evaluation: Beetroot Juice Supplementation
Introduction 
The subject of this nutritional evaluation is the supplementation of beetroot juice to enhance physical performance. Beetroot juice is a commonly used dietary supplement to increase intake of nitrates; dietary nitrates are naturally found in root vegetables and green leafy vegetables (Clara et al., 2024). Following ingestion, dietary nitrate is converted into the body by the nitrate (NO₃⁻), nitrite (NO₂⁻), nitric oxide (NO) pathway (Keller et al., 2017). The initial nitrate ingestion is absorbed into the bloodstream and concentrated in the salivary glands, then secreted into the oral cavity and broken down to nitrite by anaerobic bacteria (Jones et al., 2018). Nitrite is subsequently converted into nitric oxide, particularly under hypoxic conditions (Weitzberg and Lundberg, 2013). Nitric oxide initiates vasodilation of blood vessels, leading to increased blood flow, reduced blood pressure, and improved endothelial function (Lundberg and Weitzberg, 2008). These physiological effects may enhance oxygen and nutrient delivery to the muscle and improve physical efficiency, potentially attributing to improved physical performance (Coggan and Peterson, 2018). 
The supplementation of beetroot juice has been widely investigated for its potential to enhance physical performance in both recreational and competitive populations (McMahon, Leveritt and Pavey, 2017, Tian et al., 2025). Current evidence supports beetroot supplementation for endurance-based activities such as running and cycling, as well as team sports that involve repeated bouts of moderate-to-high intensity efforts (Jones et al., 2018). These benefits are largely attributed to improvements in physiological efficiency and reduced total oxygen cost of performing exercise (Wylie et al., 2013). However, current research investigating strength and power-based activities highlight non-significant effects (Jones et al., 2018), suggesting that the ergogenic benefits of beetroot supplementation may be more effective in predominantly aerobic modalities (Jones et al., 2018, Balsalobre-Fernández et al., 2018). 
The effective dosage of dietary nitrate supplementation ranges from 5-9 mmol (Jones et al., 2018). Additionally, the ergogenic effects of nitrate supplementation can also be influenced by the duration of intake (Bailey et al., 2009), with research suggesting that chronic supplementation protocols may result in greater benefits instead of acute ingestion (Wylie et al., 2013).
The aim of this study was to find clear evidence to suggest that beetroot juice supplementation has a significant effect during a maximal Wattbike time trial. During observation of the present study, a reduction in heart rate was achieved while in the beetroot juice condition. However, this did not reflect an improved performance, or a decreased perceived exertion. This may indicate that the ergogenic effects of beetroot supplementation are dependent on specific variables such as the modality of the physical activity chosen, training status and dietary intake. 

Methodology
Study Design
A randomised, placebo-controlled, double-blind crossover design was used to measure the potential ergogenic effects of beetroot supplementation on physiological and performance outcomes. Participants completed two-time trials under different testing conditions, beetroot juice or placebo consumption. Testing was separated by seven days to minimise fatigue and potential carryover effects. 
Participants 
Participants (n = 6) were recreationally active university students at University of Wales Trinity Saint David (UWTSD) with a mean age of 27 ± 12 years, height of 176.33 ± 8.04 cm, and body mass of 80.45 ± 11.7 kg.
All participants completed an informed consent form and a physical activity readiness questionnaire (PAR-Q) prior to testing to assess suitability for participation.
Testing Protocol
Participants were instructed prior minimise any vigorous exercise for 48 hours and to avoid any ergogenic aids, including caffeine to control for any external influences on performance.
Upon arrival, participants were given either sample A (beetroot juice) or sample B (placebo) in a double-blind condition. The samples were consumed 1 – 2 hours prior to performing physical exercise to allow sufficient time for nitrate to take effect. 
Participants completed blood pressure measurements at rest prior to performing physical exercise. Participants completed a standardised RAMP warm-up prior to performing any strenuous exercise. A 20-minute maximal effort time-trial on the Wattbike (Wattbike Ltd, Nottingham, UK) was carried out. Every 5-minutes, participants rate of perceived exertion (RPE) was recorded in alignment with the Borg scale. Once, the time trial was complete, average heart rate (HR) and average power (W) were recorded. Blood pressure was then recorded after the completion of the time trial.
Ethical Considerations
All participants prior to completion of any testing were informed about the purpose of the study aims, procedures, and potential risks. Participants were informed about their right to withdraw from the study at any time. 
The supplementation of beetroot juice complies with the World Anti-doping Agency (WADA) regulations and is not a prohibited substance. 

Results
Mean average power (W) was marginally higher in placebo conditions (193.33 ± 53.6) compared to the beetroot juice condition (192.83 ± 51.38). A paired samples t-test highlighted no significant statistical difference, t (5) = 0.142, p = 0.892. The effect size was observed (Cohen’s d = 0.058).
Mean HR was lower in beetroot condition (164.33 ± 20.59) compared to the placebo condition (170.83 ± 17.45). A paired samples t-test highlighted no significant statistical difference, t (5) = 1.883, p = 0.118. The effect size was observed (Cohen’s d = 0.769).
Mean RPE was lower in the beetroot condition (18.17 ± 1.72) compared to the placebo condition (18.67 ± 1.21). A paired samples t-test highlighted no significant statistical difference, t (5) = 0.620, p = 0.562. The effect size was observed (Cohen’s d = 0.253).
Mean pre-exercise systolic BP was marginally higher in the beetroot conditions (116.33 ± 12.4) compared the placebo condition (116 ± 9.57). A paired samples t-test highlighted no significant statistical difference, t (5) = -0.129, p = 0.902. Mean diastolic BP was marginally higher in the placebo condition (70.83 ± 13.2) compared to the beetroot condition (69.67 ± 13.4), t (5) = 0.222, p = 0.833. Effect sizes were both insignificant for both measures.  

Table 1 – Mean ± standard deviation of performance under placebo and beetroot juice conditions.
	Condition 
	Mean Power (W)

	SD
	n

	Placebo
	193.33 W

	53.6
	6

	Beetroot Juice
	192.83 W
	51.38
	6
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Figure 1 - Mean ± standard deviation of performance under placebo and beetroot juice conditions.

Table 2 - Mean ± standard deviation of heart rate under placebo and beetroot juice conditions.
	Condition 
	Mean (BPM)
	SD
	n

	Placebo Heart Rate
	170.83 BPM

	17.45
	6

	Beetroot Juice Heart Rate
	164.33 BPM
	20.59
	6
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Figure 2 - Mean ± standard deviation of heart rate under placebo and beetroot juice conditions.

Table 3 - Mean ± standard deviation of rating of perceived exertion under placebo and beetroot juice conditions.
	Condition 
	Mean (RPE)
	SD
	n

	Placebo RPE 
	18.67
	1.21
	6

	Beetroot Juice RPE
	18.17
	1.72
	6
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Figure 3 - Mean ± standard deviation of rating of perceived exertion under placebo and beetroot juice conditions.

Table 4 – Mean pre-testing systolic and diastolic blood pressure (± SD) under placebo and beetroot conditions.
	Condition 
	SBP (mmHg) Mean 
	SBP (mmHg) SD
	DBP (mmHg) Mean 
	dBP (mmHg) SD
	n

	Pre Placebo BP
	116
	9.57
	70.83
	13.2
	6

	Pre Beetroot Juice BP
	116.33
	12.4
	69.67
	13.4
	6
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Figure 4 - Mean pre-testing systolic and diastolic blood pressure (± SD) under placebo and beetroot conditions.

Table 5 – Mean post-testing systolic and diastolic blood pressure (± SD) under placebo and beetroot conditions.
	Condition 
	SBP (mmHg) Mean
	SBP (mmHg) SD
	DBP (mmHg) Mean
	dBP (mmHg) SD
	n

	Post Placebo Heart Rate
	121.5
	8.62
	69.5
	4.14
	6

	Post Beetroot Juice Heart Rate
	118.83
	10.83
	75.33
	7.58
	6
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Figure 5 – Mean post-testing systolic and diastolic blood pressure (± SD) under placebo and beetroot conditions.


Discussion & Practical Implication 
Summary of findings 
The purpose of this experiment was to analyse and highlight any significant ergogenic effects from the supplementation of beetroot juice on Wattbike time trial performance. Findings from this experiment indicates that beetroot juice supplementation did not significantly improve performance or rating of perceived exertion. A reduction in heart rate was achieved with the supplementation of beetroot juice, suggesting there is potential improvement for physiological efficiency. There were no significant differences between blood pressure pre- or post-exercise. 
Comparison with literature
Throughout this study, there was no measurable significant improvement in performance with acute supplementation of beetroot juice during a maximal Wattbike time trial. The results align with current research reporting non-significant effects of nitrate supplementation in high-intensity, short duration exercise (Bailey et al., 2015). Furthermore, previous research has indicated benefits in endurance-based activities (Jones et al., 2018). This may be due to the increased dependence on aerobic metabolism, where supplementation of nitrates can provide reductions in oxygen cost and enhance physical performance (Bailey et al., 2009),
Physiological functions like heart rate and blood pressure were observed following supplementation. Heart rate and blood pressure both reduced with supplementation. This aligns with current evidence regarding nitrate supplementation on cardiovascular efficiency (Lundberg and Weitzberg, 2008). However, this physiological improvement did not result in increased performance. This suggests that nitrate supplementation may improve physiological efficiency, it may not be sufficient to enhance performance in anaerobic exercise. Additionally, individual variance in response to the supplementation of nitrate may explain the lack of performance improvement observed. 
Practical implications 
The findings suggest that beetroot juice supplementation for increases in physical performance may not provide sufficient performance benefit for short-duration, high-intensity bouts such as Wattbike time trials in recreationally trained individuals. The reduction in heart rate suggests improved physiological efficiency. This could be potentially beneficial in endurance-based exercise or prolonged exercise bouts (Bailey et al., 2009). 
Application of beetroot supplementation for athletes and recreational use is dependent upon the specificity of the chosen exercise and demand that it requires, as well as the individual's response to the supplementation. Furthermore, strategies to supplement beetroot juice should be altered to the demands of the exercise and the individual. 
Limitations 
A confounding limitation of this experiment was the small sample size (n = 6). This limits the statistical prevalence of the findings. Furthermore, moderate effect sizes, such as the reduction in heart rate, may have reached statistical significance due the sample size. 
Limitations of measurement need to be considered, such as blood pressure and RPE. Both measurements are subject to potential error, due to equipment error and self-reporting under high stress. 
Dietary intake was not controlled outside of the experiment. This implication affects the ability to measure the effects of the nitrate intake supplementation, which may have influenced the ability of the supplementation to take effect if the participants baseline nitric oxide is already increased. 
Future Research 
Future research should intend to collect more data around the supplementation of beetroot juice, involving studies with larger sample sizes to improve statistical power and reduce variability. Furthermore, the supplementation of beetroot juice during sub-maximal endurance exercise may present insight into its potential as an ergogenic aid. Standardising dietary nitrate intake across all participants would potentially limit the individual variance to the supplementation of beetroot juice and improve the validity of the results.  

Ethical and Safety Considerations
Supplementation of beetroot juice to enhance dietary nitrate intake for physical performance enhancement is considered safe and legal in completive sports. There are potential side effects of ingestion of beetroot juice such as gastrointestinal discomfort and beeturia. Due to the administered exercise testing involving potential maximal effort, risks associated could be fatigue, dizziness, and muscular injury. However, to highlight the potential risks all participants complete an informed consent form and PAR-Q. There was consistent supervision throughout the testing procedure and appropriate rest periods for all participants. 
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