 Introduction 
Dietary nitrate supplementation, commonly in the form of beetroot juice, has gained significant attention as a potential ergogenic aid for endurance performance. Beetroot juice is rich in inorganic nitrates which are converted in the body to nitrites and subsequently  to nitric oxide. Nitritic oxide plays a key role in vasodilation improving blood flow oxygen delivery and mitochondrial efficiency during exercise. These physiological effects are proposed to reduce the oxygen cost of submaximal exercise and enhance endurance performance  (Malik, T., Khan, I., Asif, Z. et al). 	Comment by Guest User: This sentence needs a reference	Comment by Guest User: This sentence needs a reference	Comment by Guest User: This sentence needs a reference
Previous research has suggested that nitrate supplements may improve exercise efficiency particularly in moderately trained individuals and during prolonged endurance activities however findings are inconsistent with some studies reporting performance benefits while others show minimal or no effect particicularly in shorter duration or high intensity exercise (Macuh, M.; Knap, B. Effects of Nitrate Supplementation on Exercise Performance in Humans: A Narrative Review. Nutrients 2021 et al)	Comment by Guest User: This sentence needs a reference

The use of beetroot juice is of particular interest to athletes due to its legality, accessibility, and relatively low risk compared to other ergogenic aids. It is commonly used in sports such as cycling, running, and rowing, where aerobic efficiency is critical (Martin et al., 2018).	Comment by Guest User: This sentence needs a reference
[bookmark: bbb0525][bookmark: bbb0605]In addition, research suggests nitrate supplementation may improve muscle contractile efficiency and delay fatigue by enhancing calcium handling within muscle cells. This provides further support for its application in endurance sports (Slater et al., 2019; Van De Walle & Vukovich, 2018) 	Comment by Guest User: This sentence needs a reference
Therefore, the aim of this study was to investigate the effect of beetroot juice supplementation on endurance performance measured via a 20-minute Wattbike time trial. Performance outcomes included mean power output, heart rate, and rating of perceived exertion (RPE). It was hypothesized that beetroot juice would improve performance and reduce physiological strain compared to a placebo condition. 
Methodology 
A repeated measures experimental design was employed to investigate the effects of beetroot juice supplementation on endurance performance. Participants completed two testing conditions beetroot juice and placebo the order of the conditions was counterbalanced across participants to minimise order effects  
Six participants took part in the study with varying ages body mass and fitness levels. All participants were recreationally active and free from known cardiovascular or metabolic conditions informed consent was obtained prior to the participation  
Participants consumed either beetroot juice or a placebo drink approximately 2 to 3 hours before testing, allowing sufficient time for nitrate conversion to nitric oxide. The placebo was designed to resemble the experimental condition to reduce expectancy effects, although full blinding may not have been achieved
Upon arrival, resting blood pressure was recorded. Participants then completed a standardised 5-minute self selected warm up on the Wattbike. Following this, participants performed a 20-minute time trial during which they were instructed to maintain the highest sustainable effort 
Performance data collected included mean power output, average heart rate (bpm), and sphygmomanometer (Polar H7, H10 or OH1 Polar Electro Oy, Kempele, Finland)	Comment by Guest User: what make/model heart rate monitor was used?
and ratings of perceived exertion  recorded at 5-minute intervals. (Borg, G., 1998. Borg's perceived exertion and pain scales. Human kinetics.) Blood pressure was measured 2 3 minutes post exercise again. Using an automated sphygmomanometer while following the acsm guidelines. (American College of Sports Medicine. ACSM’s Guidelines for Exercise Testing and Prescription, 9th edition. Baltimore: Wolters Kluwer/Lippincott Williams & Wilkins, 2014. )	Comment by Guest User: Need to reference Borg for the RPE scale	Comment by Guest User: how? what equipment?
Several variables were controlled to improve reliability, including time of day, pre-test caffeine intake, and standardisation of warm up procedures. Participants were also instructed to avoid strenuous exercise prior to testing.
Ethical considerations included ensuring participant safety, minimising discomfort, and allowing withdrawal at any time. The supplement used is compliant with regulations set by the World Anti-Doping Agency.
Results 
	Variable
	Beetroot Juice (A)
	Placebo (B)

	Mean Power Output (W)
	192.8
	193.3

	Mean Heart Rate (bpm)
	164.3
	170.8

	RPE – 5 min
	14.3
	14.0

	RPE – 10 min
	16.0
	15.7

	RPE – 15 min
	16.8
	17.3

	RPE – 20 min
	18.2
	18.7

	Resting Systolic Blood Pressure (mmHg)
	116.3
	116.0

	Resting Diastolic Blood Pressure (mmHg)
	69.7
	70.8

	Post-Exercise Systolic Blood Pressure (mmHg)
	118.8
	121.5

	Post-Exercise Diastolic Blood Pressure (mmHg)
	75.3
	69.5



The results of the study showed minimal differences in performance between the beetroot juice and placebo conditions. Mean power output during the 20 minute time trial was 192.8 W in the beetroot condition and 193.3 W in the placebo condition representing a negligible decreases of approximately 0.3% following supplementation. 	Comment by Guest User: A table showing all of the mean values would be useful - you could just have a column for beetroot and a column for placebo, then a row for each variable - average power, average heart rate, RPE, Blood pressure before, blood pressure after	Comment by Guest User: have you done a paired samples t-test to see if there is a significant difference? there won't be, but it would be good if you could state what the p value is to confirm that it is not significant
In contrast physiological responses differed more noticeably between condonations mean heart rate was lower in the beetroot juice condition 164.3 bmp compared to the placebo condition 170.8 bmp indicating a reduction of approximately 6.5bpm this suggests a reduced cardiovascular demand during exercise when beetroot juice was consumed 	Comment by Guest User: Again, you should ideally do a paired samples t-test to see if this is a significant difference or not
There were very few differences observed in perceived exertion ratings between conditions over any time period, suggesting that participants perceived the effort to be similar regardless of supplementation. 
Compared to placebo, beetroot condition caused a slight reduction in blood pressure following exercise, although responses varied between individuals 	Comment by Guest User: what were the mean values?
According to the findings, beetroot juice supplements did not improve power output, but appear to improve physiological efficiency due to a lower heart rate during exercise 
Discussion and practical implications 
The aim of this study was to investigate the effect of beetroot juice supplementation on endurance performance during a 20-minute cycling time trial. The primary finding was that beetroot juice did not improve performance, as mean power output remained virtually unchanged compared to the placebo condition. However, a notable reduction in heart rate was observed, suggesting improved physiological efficiency.
The lack of performance improvement contrasts with some previous research demonstrating ergogenic benefits of nitrate supplementation. Studies have shown that beetroot juice can enhance endurance performance by reducing the oxygen cost of exercise and improving mitochondrial efficiency. However, the effectiveness of nitrate supplementation appears to depend on several factors, including exercise duration, intensity, and participant training status.	Comment by Guest User: you need to reference the research that you are referring to here
One explanation for the absence of performance improvement in this study is the relatively short duration of the time trial. Beetroot juice is thought to be more effective during prolonged endurance exercise, where improved efficiency can translate into performance gains over time. A 20  minute effort may not have been sufficient for these benefits to manifest.	Comment by Guest User: good - can you cite some studies that were longer and showed an improvement? can you also find any studies that were 20 minutes and did not show an improvement?
Despite the lack of performance enhancement, the reduction in heart rate is a meaningful finding. Lower heart rate at a similar workload suggests that the cardiovascular system was under less strain during the beetroot condition. This supports the proposed mechanism of nitrate supplementation, where increased nitric oxide availability leads to vasodilation, improved blood flow, and more efficient oxygen utilisation.	Comment by Guest User: This sentence needs a reference
Importantly, this indicates that beetroot juice may improve exercise efficiency rather than directly increasing performance output. In practical terms, this could benefit athletes by delaying fatigue during longer events or allowing them to maintain performance with reduced physiological stress.
Individual variability was also evident in the results, with some participants responding more positively than others. This aligns with existing literature, which suggests that responsiveness to nitrate supplementation can vary based on factors such as fitness level, diet, and habitual nitrate intake.
Several limitations should be considered when interpreting these findings. The small sample size (n = 6) reduces the generalisability of the results and increases the likelihood of variability influencing outcomes. Additionally, the study may not have been fully double-blind, which could introduce placebo effects or bias.
Dietary intake was not strictly controlled, and differences in participants’ nutrition prior to testing may have influenced results. Furthermore, variations in pacing strategy and motivation during the time trial could have affected performance outcomes.	Comment by Guest User: Good - can you expand on this - what type of diets might reduce the likelihood of benefits - e.g. high vegetable/nitrate intake	Comment by Guest User: were your subjects experienced cyclists? might they not be experienced at pacing a 20 minute effort? how might this affect results?
In terms of practical application, beetroot juice may still be beneficial for endurance athletes, particularly in sports such as cycling, long-distance running, and rowing. Its ability to reduce cardiovascular strain suggests it could be useful in events lasting longer than 30 minutes, where efficiency plays a greater role in performance.
However, based on the findings of this study, beetroot juice may not provide a significant advantage in shorter duration efforts or where maximal power output is the primary determinant of performance.
Overall, while beetroot juice did not enhance performance in this study, it demonstrated potential benefits in improving physiological efficiency. Athletes and practitioners should consider the specific demands of their sport when deciding whether to use nitrate supplementation.
Ethical and safety considerations 
Beetroot juice supplementation is generally considered safe and is widely used in both recreational and elite sport. As a natural source of dietary nitrate, it presents a low-risk alternative to synthetic ergogenic aids. However, several considerations should be taken into account when using this supplement.
Common side effects include gastrointestinal discomfort and beeturia, a harmless condition characterised by red or pink urine. (Skrajnowska, D., & Bobrowska-Korczak, B. et.al )(2024). Additionally, due to its vasodilatory effects, beetroot juice may lower blood pressure, which could lead to dizziness or light-headedness in some individuals.	Comment by Guest User: This sentence needs a reference	Comment by Guest User: This sentence needs a reference
Appropriate dosing is important to minimise risks. Excessive intake of nitrate rich supplements may lead to adverse effects, although typical doses used in performance settings are considered safe for healthy individuals. (Skrajnowska, D., & Bobrowska-Korczak, B. et.al )(2024)	Comment by Guest User: This sentence needs a reference
From an ethical perspective, informed consent must be obtained when conducting supplementation studies, ensuring participants are aware of potential risks and their right to withdraw at any time. Participant safety should be prioritised throughout testing.
Importantly, beetroot juice is not prohibited in sport and is compliant with regulations set by the World Anti-Doping Agency. However, athletes should ensure that any supplement used is sourced from reputable manufacturers to avoid contamination with banned substances.
In practice, supplementation should be individualised, monitored, and integrated within a broader evidence-based nutrition strategy.
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