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[bookmark: _Toc134748646]Abstract
Beetroot juice (BRJ) has shown performance-enhancing effects in endurance sports, but its impact on resistance training (RT) and recreational training in females remains understudied. This study aimed to assess the effectiveness of BRJ supplementation in recreational resistance training females. Specifically, the impact of supplementation with BRJ on the mean maximum velocity generated during the concentric phase of the Smith Machine (SM) bench press and SM back squat exercises. Secondly, the impact of BRJ supplementation on muscular endurance by measuring the total number of repetitions performed. 10 recreationally active, RT females aged 18–47 years old (mean age: 32 ± 8 years), with a mean height of 165cm (± 7.3cm), a mean weight of 68kg (± 15.3 kg), and a mean BMI of 24.9 kg/m² (± 5.4 kg/m²) performed SM bench press and SM back squat exercises, measuring mean maximum velocity during the concentric phase and total repetitions. A single-blind randomized crossover design was employed, with three weeks of data collection. Participants were randomly assigned to consume either a 35ml 400mg dietary nitrate rich BRJ shot or 35ml Tesco™ no added sugar, high-juice blackcurrant squash 90 minutes before testing. For the SM bench press exercise, significant increases in mean velocity were observed after BRJ supplementation at all three intensities: 60% (0.40 ± 0.04 vs. 0.38 ± 0.03, p = 0.011, Cohen's d = 0.881), 70% (0.40 ± 0.06 vs. 0.36 ± 0.04, p < 0.001, Cohen's d = 1.464), and 80% (0.31 ± 0.06 vs. 0.27 ± 0.06, p < 0.001, Cohen's d = 2.476). The SM squat exercise demonstrated a significant improvement in mean velocity only at 70% of 1RM (0.50 ± 0.06 vs. 0.48 ± 0.05, p = 0.011, Cohen's d = 0.871). No significant differences in mean velocity were found at 60% or 80% of 1RM. For the SM bench press exercise, significant increases in the number of repetitions were observed after BRJ supplementation at 60% (11.2 ± 1.8 vs. 10.0 ± 1.7, p < 0.001, Cohen's d = 1.897), and 70% (9.2 ± 2.4 vs. 7.6 ± 1.7, p < 0.001, Cohen's d = 1.488) of 1RM. No significant differences in the number of repetitions were found at 80% of 1RM for the bench press exercise. For the squat exercise, significant improvements in the number of repetitions were observed after BRJ supplementation at all three intensities: 60% (13.7 ± 1.6 vs. 11.3 ± 1.6, p < 0.001, Cohen's d = 2.846), 70% (10.8 ± 2.6 vs. 8.6 ± 1.6, p < 0.001, Cohen's d = 1.304), and 80% (8.3 ± 2.7 vs. 7.1 ± 2.0, p = 0.003, Cohen's d = 1.162). Acute BRJ supplementation significantly improved SM squat and SM bench press performance in recreationally RT females. The observed enhancements in velocity and the number of repetitions support the growing body of literature that BRJ supplementation may serve as a valuable ergogenic aid for RT performance. Future research should aim to confirm these findings in larger, more diverse populations, exploring the potential dose-response relationships and the optimal timing and duration of BRJ supplementation to maximise its ergogenic effects.



[bookmark: _Toc134748647]Chapter 1
[bookmark: _Toc134748648]Introduction
The margins of victory in sports are narrowing, with outcomes potentially hinging on a fraction of a second or slightly greater muscular effort. While slight, the distinction between gold and silver medals can have significant financial implications for the athletes who achieve them (Gong, 2021). As a result, athletes and sports teams will explore every opportunity to obtain physical and mental gains on their opponent and boost their competitive performance (Jovanov et al., 2019). One of the key interventions to augment an athlete’s performance is via a nutritional strategy and is typically achieved via a range of dietary supplements, where the dosage may be pre-determined to ensure a competitive edge is achieved (Garthe & Maughan, 2018). In addition to sporting competition, similar nutritional strategies have become a growing trend among individuals who engage in recreational training for general health and fitness via the use of dietary nutritional supplementation, as noted by de Castro et al. (2019).

A thorough nutritional plan often involves various supplements that can help promote optimal health and performance. Creatine boosts muscle strength and power by increasing energy production (Cooper et al., 2012). Electrolytes maintain fluid balance, nerve function, and muscle contractions and prevent cramping and aid in hydration during physical activity (Jung et al., 2005). Athletes use sodium bicarbonate to delay fatigue during high-intensity exercise by increasing the buffering capacity when utilising the glycolytic pathway (Peart et al., 2012). These supplements optimise physical performance and recovery in a well-rounded nutritional plan.

Dietary nitrate supplementation has emerged as a prominent strategy in the realm of sports nutrition, gaining recognition as a standard requirement for pre-sports event and sporting event day preparation (Jones, 2014). With its growing popularity and promising scientific evidence, dietary nitrate supplementation has become an integral component of many athletes' nutritional strategies, revolutionising the field of sports nutrition (Tan et al., 2022). 

A natural high-content source of nitrates is found within beetroot juice (BRJ), as well as antioxidants, vitamins, and minerals (Chhikara et al., 2019). The consumption of BRJ has been associated with various health benefits, such as anti-inflammatory (Jasmitha et al., 2018), hepatoprotective (Olumese & Oboh, 2018), and cardiovascular health protective properties (Sakhare et al., 2019; Wruss et al., 2015). One of the primary mechanisms underlying these benefits is BRJ's high nitrate content (NO3-), which can be converted into nitric oxide (NO), leading to increased blood flow and improved exercise performance (Nyberg et al., 2021).

The discovery that NO can be generated through the chemical reduction of nitrate-rich foods, such as beetroot, to nitrite (NO2-) and subsequently NO2- to NO has led to new perspectives regarding the role of NO in sports performance (Jones et al., 2011). This differs from the traditional understanding that NO is exclusively produced through the oxidation of L-arginine via a reaction catalysed by NO synthase. The high NO3- content in BRJ (Chhikara et al., 2019) undergoes biodegradation, resulting in elevated NO levels that enhance blood flow (Nyberg et al., 2021). Consequently, nitrate-rich BRJ has gained popularity for its potential benefits to recreational, competitive, and elite athletes (Jonvik et al., 2018; Ormsbee et al., 2013). Upon ingestion, facultatively anaerobic bacteria present on the dorsal surface of the tongue convert the NO3- in BRJ to NO2- (Lundberg et al., 2004). For this reason, athletes have been cautioned to avoid using mouthwash when ingesting BRJ due to it possibly impeding the performance enhancements of nitrates (Silva, et al., 2022). Certain types of mouthwash contain antibacterial agents, such as chlorhexidine, that can kill the oral bacteria responsible for converting nitrates into nitric oxide (Blot, 2021). The physiological process following ingestion continues in the stomach where increased NO2- levels are further metabolised and converted into NO (Lundberg & Govoni, 2004). Subsequently, NO induces endothelial vasodilation (Lansley et al., 2011) by relaxing vascular smooth muscle through the activation of guanylyl cyclase, which leads to the production of cyclic GMP, an important second messenger cell signalling molecule, resulting in vasodilation and enhanced blood flow (Sharina, & Martin, 2023).

Beet It Sport (2023), a privately held business established by James White's Dinks (2023), has enlisted the endorsement of renowned elite athletes, including Sam Nunn, the World and European Coxless Four champion; Giarnni Regini-Moran, the Commonwealth and European gymnastic champion; Charlie Peters, the three-time Muay Thai world champion; and Nico Carrillo, the current ISKA Muay Thai World Champion (Beet It Sport, 2023). Athletes have reported anecdotal evidence that BRJ consumption has improved their athletic performance and research studies have presented that beetroot juice supplementation can lead to improvements ranging from 1% to 3% in athletic performance (Lansley et al., 2011; Cermak et al., 2012; Muggeridge et al., 2013). There are differences in the effects of BRJ based on the volume and timing of BRJ consumption (Mosher et al., 2016; Domínguez et al., 2017a; Baumann, 2021). The positive effects of BRJ on cardiovascular endurance sports have been well-documented, with both anecdotal and scientific evidence supporting its use to improve finish times, increase time to exhaustion, and lower steady-state oxygen (O2) consumption (Bailey et al., 2009; Domínguez et al., 2017a; Garnacho-Castano et al., 2022; Lansley et al., 2011). However, de Castro et al. (2018) argue that BRJ's ergogenic benefits are less pronounced in well-trained athletes and more significant in recreationally active and moderately trained individuals. This observation is supported by Hlinský et al. (2020), who found statistically significant changes in VO2 levels in recreational athletes, suggesting a strong relationship between an athlete's training status and the effectiveness of dietary nitrate supplementation. The maximum amount of O2 that an individual may consume and use during aerobic exercise is referred to as VO2, or maximal O2 uptake, and is commonly measured in millilitres of O2 per kilogramme of body weight per minute (ml/kg/min) (Ranković et al., 2010).

Nitrate supplementation and muscular strength correlation has also been studied and reported. Vanhatalo et al. (2010) noted enhanced peak power and an increase in the work rate at the gas exchange threshold. Mosher et al., (2016) further supported this with evidence suggesting that BRJ supplementation improves Muscular endurance in weightlifting. Muscular endurance relates to the capacity of a muscle to execute repetitive contractions or maintain a contraction for an extended period without experiencing fatigue (Gacesa et al., 2013), which can be observed in weightlifting or other activities such as running and cycling.

It has been suggested that dietary nitrate supplementation may also contribute to enhancing the efficiency of mitochondria, critical for oxidising fuels and converting them into boost adenosine triphosphate (ATP), a chemical energy responsible for cellular functions (Nair, et al., 2011). This dietary nitrate supplementation provides sufficient NO3- to boost ATP synthesis during exercise by lowering the VO2 cost (Muggeridge et al., 2014). This decreases the total ATP use and increases the plasma NO3- concentration whilst improving strength (Bailey et al., 2010) and may be due to increased blood flow and muscle force contraction in type II muscle fibres (Ferguson et al., 2012).   

The BRJ effects on anaerobic performance are limited and less well documented, studies have primarily been conducted on male participants but have been reported to improve maximum velocity. Maximum velocity refers to the highest attainable speed that an object or athlete can reach. The phrase is frequently employed within the domain of velocity-based training (VBT) (Zatsiorsky et al., 2020). There have also been reported improvements in total repetitions in resistance training (RT) (Williams et al., 2020; Tan et al., 2022) and muscular endurance (Ranchal-Sanchez et al., 2020). Less emphasis has also been placed on BRJ supplementation for RT (Bailey et al., 2010, Mosher et al., 2016, Williams et al., 2020, Maughan et al., 2018) and female-participant RT studies are considerably underrepresented in research (Jurado-Castro et al., 2022). This limitation of knowledge concerning recreationally RT females requires additional research to determine whether BRJ may be an effective ergogenic supplement for this group.

Despite the growing body of evidence supporting the ergogenic properties of BRJ in athletes, there is insufficient research and reporting which investigates its effects on RT females, particularly those engaged in recreational training. Understanding the acute effects of BRJ supplementation is crucial, as it can provide insights into the optimal timing and dosage for individuals seeking to enhance their RT performance in a single session or event. Therefore, this study aims to investigate the acute effects of BRJ supplementation on mean maximum velocity and muscular endurance in recreationally RT adult females.






[bookmark: _Toc134748649]Chapter 2
[bookmark: _Toc134748650]Literature Review
[bookmark: _Toc134748651]2.1 Introduction.
Beetroot is rich in betalains, carotenoids, phenols, B vitamins, folate, minerals, and fibre (Sakhare et al., 2019), and has been linked to numerous therapeutic benefits. These include antioxidant, antidepressant, and anti-inflammatory properties (Jasmitha et al., 2017), hepatoprotective effects (Olumese & Oboh, 2018), blood pressure regulation (Bonilla Ocampo et al., 2018), and cardiovascular protection (Cramer et al., 2020). A considerable amount of nitrate is present in BRJ and other vegetables such as spinach, rocket, cress, lettuce, and celery (Gilchrist et al., 2014). Since nitrate intake may enhance athletic performance, BRJ consumption among athletes has increased (Arciero et al., 2015; Zamani et al., 2020). The body utilises nitrate and its reduced form, nitric oxide (NO), through two pathways: the L-arginine–NO synthase pathway and the Nitrate-Nitrite-Nitric oxide pathway (Eck 2021).
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[bookmark: _Toc134748652]Figure 1. Pathways of nitrate ingestion and their potential effect on performance (Gao et al., 2021).


[bookmark: _Toc134748653]2.2 Physiological Pathway.
BRJ is a rich source of inorganic NO3-, which has been studied for its potential to enhance athletic performance (Murphy et al., 2022). The process of converting NO3- to bioactive NO begins in the oral cavity, where posterior tongue enzymes reduce NO3- to nitrite NO2-, with Veillonella atypica and dispar bacteria playing a crucial role in this conversion (Qu et al., 2016). Saliva containing NO2- is then swallowed and reaches the stomach, where the acidic environment further facilitates the reduction of NO2- to NO (Qu et al., 2016). The remaining NO2- and NO3- are absorbed in the proximal small intestine (Mensinga et al., 2003) and enter the bloodstream, where they can contribute to the production of NO through enzymatic or non-enzymatic processes (Qu et al., 2016). The generation of NO is particularly enhanced under conditions of low pH and hypoxia, which are commonly experienced during high-intensity exercise (Ferguson et al., 2012).
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[bookmark: _gjdgxs][bookmark: _Toc134748654]Figure 2.  NO3-/NO2- /NO pathway process after ingestion (Bonilla Ocampo et al., 2018).

NO has multiple physiological roles, including the ability to bind to the heme group of haemoglobin, forming nitrosyl haemoglobin, which modulates haemoglobin's affinity for O2. This interaction helps to regulate O2 delivery to tissues and maintain O2 homeostasis. Additionally, NO can diffuse into vascular smooth muscle cells and bind to guanylyl cyclase, the primary receptor of NO in smooth muscle cells. This binding promotes vasodilation in nearby blood vessels, which leads to the relaxation of smooth muscle, improving blood flow, and O2 delivery to working tissues (Velmurugan et al., 2013). Ultimately, NO is metabolised and excreted from the body (Figure 2).

[bookmark: _30j0zll]NO plays a vital role in enhancing blood flow to active skeletal muscles (Besco et al., 2012; Jones et al., 2012; Wan et al., 2017). Improved blood flow not only increases exercise tolerance and recovery but also ensures the delivery of essential O2 and nutrients to working muscles. Furthermore, NO promotes the body's adaptability to exercise by regulating muscular contraction and calcium homeostasis (Mosely & Landberg, 2020), favouring fatigue-sensitive type II muscle fibres (Hernández et al., 2012).

[bookmark: _1fob9te]In addition, NO enhances glucose uptake and metabolism, allowing tissues to absorb and utilise glucose more efficiently during exercise (Bondonno et al., 2016). This improved glucose utilisation is especially beneficial for high-intensity activities that rely on anaerobic glycolysis for energy production. Additionally, NO is involved in cellular respiration, interacting with enzymes in the mitochondrial electron transport chain, which promotes efficient respiration (Bondonno et al., 2016). As a result, fewer protons leak through mitochondrial membranes (Buck et al., 2015), allowing for increased proton movement from the intermembrane space into the mitochondrial matrix. This process leads to enhanced ATP production and ultimately, greater efficiency in mitochondrial respiration (Bondonno et al., 2016).

Considering the critical role of the electron transport chain in aerobic metabolism, researchers have investigated the potential of nitrate supplementation to improve athletic performance by enhancing ATP production efficiency (Jones, 2014; Olsson et al., 2019). Fast-twitch muscle fibres, responsible for explosive actions, may particularly benefit from increased NO levels, which can boost performance in power-based exercises (Whitfield et al., 2017; Domínguez et al., 2017a). Nitrate supplementation, such as through BRJ, has been shown to increase blood flow via vasodilation to type II muscle fibres, thereby improving exercise performance by facilitating anaerobic glycolysis transitioning to aerobic glycolysis, and ultimately enhancing metabolic efficiency (Domínguez et al., 2017a). Consequently, BRJ has become a popular choice for researching nitrate supplementation in sports, with NO predominantly improving blood flow to type II motor units (Domínguez et al., 2017a), thereby enhancing performance in sports that rely heavily on these fibre types.
[bookmark: _Toc134748655]2.3 Aerobic Athletic Performance.
[bookmark: _Toc134748656]2.3.i Exercise Recovery and Performance Enhancement.
Exercise recovery is influenced by training volume, intensity, age, stress, lifestyle, and diet (Tessitore et al., 2008; Krabak et al., 2019). Nitrate supplementation research has primarily focused on aerobic exercise performance (Macuh & Knap, 2021), as nitrate converts to NO, which helps regulate blood vessel vasodilation (Besco et al., 2012; Volino-Souza et al., 2022). This enhances O2 and nutrient-rich blood flow to working tissues (see Figure 2.) (Ferguson et al., 2015).

Aucouturier et al. (2015) analysed cycle ergometer testing with BRJ compared to a placebo (PLA), with the BRJ group showing a 14% longer time to exhaustion, a 19% lower pulmonary response amplitude, and a 23% lower VO2 slow component, indicating improved stress tolerance. Thompson et al. (2014) also observed a 16% improvement in time to failure after single-dose BRJ in male cyclists.

[bookmark: _Toc134748657]2.3.ii Studies Investigating Beetroot Juice and Athletic Performance.
Several studies have investigated the impact of BRJ on various types of athletic performance. In an 8-man, 3-woman moderate-intensity ramp, incremental cycling test, BRJ reduced O2 consumption (Vanhatalo et al., 2010). The researchers documented increased plasma nitrite and both systolic and diastolic blood pressure were reduced, suggesting that both acute (2.5 hr<test) nitrate supplementation and chronic supplementation (continuous^15 days) after initiation, lowered the O2 cost of exercise.

Murphy et al. (2012) investigated whether eating whole beetroot increased performance as much as BRJ. Both males and females ate 200g of baked beetroot with 500mg of nitrate or a PLA with similar calories and carbohydrates. After 75 minutes, the beetroot group ran 5k treadmills 5% faster than the PLA group, scored lower RPE, and finished 1.8km faster.

[bookmark: _Toc134748658]2.3.iii Inconsistent Results and Factors Affecting Outcomes.
Importantly, many of these studies used "well-trained" or "elite" athletes as participants (Arnold et al., 2015; Boorsma et al., 2014; Christensen et al., 2013; MacLeod et al., 2015), suggesting that the effects of BRJ may be diminished in highly conditioned individuals. This could be because elite athletes already have optimised physiological systems, making it more challenging for dietary interventions to produce substantial improvements.

On the other hand, studies demonstrating positive outcomes from BRJ supplementation often involved recreationally active individuals (Breese et al., 2013; Kelly et al., 2014; Lansley et al., 2011; Masschelein et al., 2012; Rienks et al., 2015; Shannon et al., 2017; Tan et al., 2018; Whitfield et al., 2016) or "trained," but not "well-trained" participants (Cermak et al., 2012; Muggeridge et al., 2013, 2014; Thompson et al., 2017). These findings imply that BRJ supplementation may be more beneficial for individuals with a lower baseline of fitness or training status, as they have more room for improvement in their physiological capacities.

It is crucial to consider the influence of individual factors, such as fitness level, training status, and genetic predisposition, when evaluating the effectiveness of BRJ supplementation. Additionally, variations in the experimental design, such as the dosage of nitrate, duration of supplementation, and type of exercise being tested, may also contribute to the observed discrepancies in the outcomes of these studies.

[bookmark: _Toc134748659]2.3.iv Potential Explanations for Inconsistent Results.
Several factors could contribute to the inconsistent results observed in studies examining the effects of nitrate supplementation on athletic performance. Apart from the already mentioned difference in baseline nitric oxide synthase levels between trained and untrained individuals (Christensen et al., 2013), other potential explanations include the variability in individual response to supplementation: Genetic factors, diet, and gut microbiota composition may influence the individual response to nitrate supplementation, leading to variability in results (Jones et al., 2014; Montenegro et al., 2017). Dosage and duration of supplementation: Studies often use different dosages and durations of nitrate supplementation, which could impact the observed effects (Jones, 2014). Optimal dosage and duration may vary depending on individual factors, training status, and the type of exercise being tested. The time between nitrate supplementation and exercise could affect the results. Some studies suggest the optimal time to consume BRJ is 90 minutes before exercise (Domínguez et al., 2017a). Inconsistent results may arise from studies using alternative timings. The effects of nitrate supplementation may be more pronounced in certain types of exercise such as endurance or high-intensity interval training, compared to others like RT (McMahon et al., 2017). Different studies may use varying methods to assess exercise performance, such as time trials, time to exhaustion, or maximal O2 consumption (VO2 max). These diverse measurement techniques could contribute to inconsistent results (Peacock et al., 2012). As individuals become more trained, their bodies undergo physiological adaptations that improve exercise performance. These adaptations may diminish the potential benefits of nitrate supplementation in highly trained individuals, leading to inconsistent results between studies involving different participant populations.

[bookmark: _Toc134748660]2.3.v Mechanisms Behind Improved Aerobic Performance.
Supplementing with BRJ enhances exercise economy by maintaining power production while consuming less O2 (Cermak et al., 2012). Increased O2 delivery to mitochondria accelerates aerobic metabolism, contributing to more efficient energy production. Chronic nitrate supplementation has been shown to increase mitochondrial biogenesis (Tong et al., 2011), which could potentially reduce O2 consumption at a given intensity, further increase energy production, and decrease fatigue-related lactate build-up (Domínguez et al., 2017a).

Most studies on nitrate's effects on aerobic performance have demonstrated improvements in various aspects, such as increased time to exhaustion, enhanced pulmonary and metabolic efficiency, and reduced O2 cost, ultimately leading to faster finish times. Vasodilation, a key effect of nitrate supplementation, increases blood flow to active muscle tissue, providing the working muscles with the necessary nutrients and O2 to maintain performance (Domínguez et al., 2017a; Besco et al., 2012; Volino-Souza et al., 2022).

Moreover, nitrate supplementation has been associated with improvements in skeletal muscle contractile efficiency (Hernandez et al., 2012), which could contribute to the observed enhancements in exercise economy. This improved contractile efficiency might result in the more effective use of energy during exercise, enabling athletes to perform at higher intensities for longer durations.

Additionally, nitrate supplementation may also exert antioxidant effects (Larsen et al., 2011), which could help protect muscle tissue from exercise-induced oxidative stress and inflammation, thereby improving overall performance and recovery. This antioxidant property may further contribute to the beneficial effects of BRJ on exercise economy and performance.

[bookmark: _Toc134748661]2.3.vi Limitations and Future Research.
Methodological variables, such as source and dose of nitrate, type of exercise (mode, duration, frequency), and outcome measurements, limit current research (performance vs. exercise capacity). Insufficient research exists to isolate athlete calibre as a control variable. A substantial dose, reliable performance measures (experienced competitors performing familiar protocols), high-intensity exercise (involving hypoxia and acid-base disturbances that favour the nitrate-nitrite-NO pathway), and perhaps an exercise mode primarily involving the upper body and smaller muscle mass in which these factors are adapted, may have contributed to a positive performance effect of acute BRJ supplementation.

[bookmark: _Toc134748662]2.4 Anaerobic Athletic Performance.
[bookmark: _Toc134748663]2.4.i Introduction and Mechanisms.
Anaerobic performance has not been studied as extensively as aerobic performance, given that most of the research examines multiple elements of anaerobic performance, employs diverse supplementing methods, and yields conflicting results (Eck, 2021). Some of the factors contributing to these discrepancies include variations in the type, dose, and duration of nitrate supplementation, as well as differences in the training status, gender, and age of participants across studies. Nitrate supplementation is suggested to improve skeletal muscle metabolism by reducing cell ATP turnover, which accounts for 50% of ATP usage, through increased glycolytic activity, enhanced blood flow to type II motor units, increased motor neuron repolarization, decreased phosphocreatine (PCr) breakdown, and/or increased NO concentration (Bailey et al., 2009; Ferguson et al., 2013; Glean et al., 2015; Domínguez et al., 2017a). Nitrate supplementation also improves the anaerobic threshold, possibly due to an increase in mitochondrial numbers within muscle fibres (Domínguez et al., 2017a).

[bookmark: _Toc134748664]2.4.ii Effects on Exercise Tolerance and O2 Cost.
Bailey et al., (2009) conducted step tests on recreationally active men and found that BRJ reduced systolic blood pressure (BP), increased plasma nitrite, decreased pulmonary VO2 response, and reduced O2 cost for the BRJ group at submaximal intensity. These findings suggest that BRJ supplementation may improve exercise economy by allowing individuals to perform at a given workload with reduced O2 consumption. In a similar study, nitrate supplementation decreased the O2 cost of moderate- and high-intensity exercise in recreational males, leading to a longer time to failure and reduced PCr degradation, preserving more ATP and improving exercise tolerance (Bailey et al., 2010). Moreover, these improvements in O2 efficiency could potentially be attributed to enhanced mitochondrial function and increased capillary density, which facilitate the delivery and utilisation of O2 in working muscles (Jones et al., 2011). Together, these studies highlight the potential benefits of BRJ supplementation for enhancing O2 efficiency during submaximal exercise in recreationally active individuals.

[bookmark: _Toc134748665]2.4.iii Effects on Wingate Test and Peak Power.
BRJ supplementation increased peak power and reduced PCr degradation in trained men performing a Wingate test (Domínguez et al., 2017b). CrossFit men also experienced increased Wingate test peak power following nitrate supplementation (Kramer et al., 2016). Nitrate supplementation raised post-exercise blood lactate, possibly due to increased blood flow to type II muscle fibres, which produce the most lactate during exercise and affected acetylcholine on type II muscular fibres by promoting motor neuron depolarisation (Domínguez et al., 2017b).

[bookmark: _Toc134748666]2.4.iv Effects on Cognitive Reactivity and Work Volume.
Thompson et al. (2014) reported that BRJ supplementation increased cognitive reactivity and work volume in males performing intermittent sprint tests and cognitive tasks simulating sports competitions. This suggests that the benefits of BRJ supplementation may extend beyond just physical performance enhancements, potentially providing athletes with improved mental acuity and decision-making abilities during high-intensity activities.

Buck et al. (2015) studied females with nitrate and sodium phosphate (SP) supplementation in team game simulated repeated sprint performance, demonstrating a 5% improvement over the PLA group. This finding implies that the combination of SP and BRJ supplementation may have a synergistic effect on performance in team sports, allowing athletes to maintain or even enhance their output during repeated high-intensity efforts. Furthermore, the improvements observed in this study indicate that the potential benefits of BRJ supplementation could apply to a wide range of sports, including those requiring intermittent bursts of high-intensity effort and rapid recovery, such as football, basketball, and rugby.

[bookmark: _Toc134748667]2.4.v Effects on Rugby Players and the Countermovement Jump Test.
López-Samanes et al. (2022) found that BRJ supplementation enhanced performance on the countermovement jump (CMJ) test in semi-professional female rugby players but had no effect on sprint test times. The lack of difference in the sprint test could be related to the training status of semi-professional participants.

[bookmark: _Toc134748668]2.4.vi Effects on Exercise Tolerance in Recreational Subjects.
Besco et al. (2012) reported increased exercise tolerance in recreationally active male subjects after BRJ supplementation compared to a PLA group during a double-step exercise test. However, the researchers noted that not enough research had been done using highly trained athletes.

[bookmark: _Toc134748669]2.4.vii Comparable Results and Limitations.
Not all anaerobic studies had comparable results. Bernardi et al. (2018) found no significant differences in peak and mean power production between the BRJ and PLA groups in martial artists' cycle sprint ability, attributing the insignificant differences to the highly trained status of the participants. The variations in the duration of the work, the recovery intervals of the exercise bout, and the NO3- dose may be the reasons for this.

[bookmark: _Toc134748670]2.5 Resistance Training.
Although nitrate supplementation has been shown to enhance both aerobic exercise and high-intensity anaerobic exercise (Hoon et al., 2013; Maughan et al., 2018), there has been less focus on its effects on RT (Bailey et al., 2010; Mosher et al., 2016; Williams et al., 2020; Maughan et al., 2018). RT offers various benefits, including improved skeletal hypertrophy, strength, endurance, and power (Joanisse et al., 2020; Phillips, 2014; Grgic et al., 2018; Schoenfeld et al., 2016). These adaptations contribute to enhanced sports performance and health benefits across a diverse range of populations (Borde et al., 2015; Peitz et al., 2018; Schoenfeld, 2010).

For optimal results, RT requires adequate recovery time and appropriate warm-up protocols. Several studies have utilised the Smith machine and VBT equipment, such as Gymaware (Gymaware, 2021), to measure performance variables in the context of nitrate supplementation and RT (Perez-Castilla et al., 2022; Garca-Ramos et al., 2018; Jidovtseff et al., 2011; Sánchez-Medina et al., 2017; Orange et al., 2020). 

The Smith machine is a piece of exercise equipment commonly implemented during RT. It is a rack that fully stabilises an Olympic barbell, allowing for up and down movements for a variety of exercises (Schwanbeck et al., 2009), with in-built clips ensuring safety in a chosen range of motion (Pallarés et al., 2014). Previous studies have indicated that it can increase the accuracy and reliability of linear movement and velocity outputs, which are often used as measurable feedback to gauge real-time fatigue and readiness to train (Perez-Castilla et al., 2022; Garca-Ramos et al., 2018; Jidovtseff et al., 2011; Sánchez-Medina et al., 2017). The Smith machine also provides stability when exerting maximum concentric contraction (Schick et al., 2010). Using the Gymaware (Gymaware, 2021) VBT equipment, velocity outputs and real-time feedback can be measured. The Gymaware is said to be the gold standard linear positional transducer for accurately measuring performance, VBT training, and power (Orange et al., 2020). 

Beneficial adaptations from RT, however, can only be enabled if an adequate recovery time of 48-72 hours is provided (Chen et al., 2011; McLester et al., 2003; Morán-Navarro et al., 2017), including 7-9 hours of satisfactory sleep per night (Walsh et al., 2021). Since RT programs involve 1 rep max (1RM) testing of exercises, which is often used to determine strength capacity, appropriate recovery is required (Garcia-Ramos & Jaric, 2018). A comprehensive warmup is required to reduce the likelihood of injury with RT. Jeffreys (2006, 2019) RAMP warm-up is intended to prepare athletes for their subsequent training. The warm-up has 3 stages, beginning with the "Raise" phase. This involves low-intensity activities to increase body temperature, heart rate, respiration rate, blood flow, and joint fluid viscosity. The "Activate and Mobilise" phase aims to activate major muscle groups and mobilise joints used in the exercise session. The "Potentiation" phase intensifies the chosen exercise to maximise performance.

Whitfield et al. (2017) found that male participants displayed increased force production following 7-day BRJ supplementation. This could be due to the activation of skeletal muscle at a lower frequency to produce the same force output, minimising the number of motor units required to perform a particular task (Bailey et al., 2010; Morton et al., 2019).
Studies have reported mixed findings on the effects of nitrate supplementation on RT performance. Some studies observed improved bench press performance (Mosher et al., 2016; Williams et al., 2020), while others found improvements only in the back squat exercise (Ranchal-Sanchez et al., 2020). A systematic review by San Juan et al. (2020), concluded that acute supplementation of nitrate increased power, velocity, and repetitions to failure during bench press but not squat exercise. On the other hand, Flanagan et al. (2016) found no significant changes in Smith machine squat results following nitrate-rich nutrition bar supplementation.

The existing literature primarily comprises studies conducted on male participants, highlighting the need for more research on the effects of BRJ supplementation on resistance-trained females (Wickham & Spriet, 2019; Eck, 2021; Murphy et al., 2022).

[bookmark: _Toc134748671]2.6 Optimal Consumption and Interactions.
[bookmark: _3znysh7]Domínguez et al. (2017a) conducted a systematic review and found that consuming BRJ 90 minutes before exercise is optimal for performance enhancement. To avoid a potential change in nitrate absorption, Govoni et al. (2008) recommended avoiding stimulants such as caffeine, gum, sweets, or alcohol. Wylie et al. (2013) suggested a 72-hour washout period would remove any BRJ effects from prior consumption.

[bookmark: _Toc134748672]2.7 Research Aims and Objectives.
The aim of the current study is to determine whether BRJ is an effective supplement in the field of recreationally RT females. This will be determined by:

Objective 1: Investigate the effects of BRJ supplementation on the mean maximum velocity produced in the concentric phase of all repetitions during specific resistance exercises (Smith Machine bench press and Smith Machine squat) in recreationally resistance-trained females.

Objective 2: Assess the impact of BRJ supplementation on muscular endurance in recreationally resistance-trained females, as measured by the total number of repetitions performed during the specific resistance exercise.


[bookmark: _Toc134748673]Chapter 3
[bookmark: _Toc134748674]Methods

[bookmark: _Toc134748675]3.1 Study Design.
The present study received approval from the ethics committee of the institution prior to the commencement of data collection (Appendix 1). This study was a single-blind randomised controlled crossover designed to gather quantitative data. The study duration was three weeks and one day, with seven visits spaced 72 hours apart. Participants were advised to refrain from physical activity for 48–72 hours before each visit.

[bookmark: _Toc134748676]3.2 Participants.
The study included 10 recreationally active, resistance-trained females aged 18–47 years with a mean age of 32 ± 8 years, a mean height of 165cm ± 7.3cm, a mean weight of 68kg ± 15.3 kg, and a mean BMI of 24.9 kg/m² ± 5.4 kg/m². All participants were familiar with the exercises, equipment, the 1RM protocol, and RT to failure.

Recruitment for the study was conducted through social media and in-person interactions at the gym, where testing took place. Prospective participants were provided with a recruitment letter, recruitment script, and informed consent form (Appendix 2). To participate, individuals were required to sign the consent form and complete a Physical Activity Readiness Questionnaire (PAR-Q) (Warburton et al., 2014) (Appendix 3). Inclusion in the study was determined based on the absence of any adverse contraindications in the PAR-Q and participants' understanding of informed consent.

Exclusion criteria were also established for the study. Individuals outside the age range of 18-60 years were excluded, as were potential participants with chronic conditions such as heart disease, or those who had undergone recent surgeries. Pregnant individuals were excluded to prevent possible risks to the foetus. Additionally, smoking, excessive alcohol consumption, and recreational drug use were considered exclusion factors for several reasons such as health risks. These behaviours are associated with a variety of health risks, such as cardiovascular diseases, respiratory diseases, and liver damage, which could pose safety concerns for participants engaging in physical activities during the study. These behaviours can have physiological effects that may interfere with the study's outcomes. For example, smoking is known to impair lung function and reduce blood flow, while excessive alcohol consumption can affect muscle function and energy metabolism. Including individuals with these habits could confound the results, making it difficult to determine the true effects of the intervention being studied. Regarding ethical considerations, researchers have a responsibility to protect the well-being of their participants. Excluding individuals with habits that may pose health risks during the study helps ensure that participants are not subjected to unnecessary harm. By excluding individuals with these habits, researchers can better ensure that the study population is representative of the target population, increasing the generalisability and relevance of the study's findings.

[bookmark: _Toc134748677]3.3 Pre-intervention 1 rep max assessment.
The first visit entailed 1 rep max testing (1RM) of the Smith machine back squat and bench press, obtaining load percentages following a RAMP warm-up as per Jeffreys (2006, 2019). The estimated 1-RM was determined by using the following method. First warm-up set: 5 repetitions at 50% of the estimated 1-RM. Second set: 3 repetitions at an estimated 70% 1-RM and up to five trials to attain the actual 1-RM to calculate 60%, 70%, and 80%. Six incremental RT tests were repeated over six visits. Participants received two labelled 3-serving bottles of BRJ (Label A) and PLA (Label B) of Tesco™ no added sugar, high-juice blackcurrant squash. Participants were instructed to drink one serving 90 minutes before each visit.

[bookmark: _Toc134748678]3.4 Exercise Protocol.
Prior to all visits, participants were asked to abstain from physical activity, consume a similar diet on testing days and avoid nitrate-rich foods (see Appendix 2).

Each of the six sessions began with a warm-up, pre-session potentiation, session testing, and then a self-regulated cooldown.

[bookmark: _Toc134748679]3.4.i Warm-up for six visits.
At each of the subsequent six visits, participants completed 12 back squats with a 10% 1-RM load after a supervised 8-minute cycle ergometer warm-up. Six repetitions at 30% of 1-RM were completed after one minute of rest. Participants repeated this protocol for the bench press in accordance with guidelines from previous research (Mosher et al., 2016; Williams et al., 2020; Ranchal-Sanchez et al., 2020). A last two-minute rest preceded the incremental strength testing. All participants and sessions followed the same exercise progression (back squat, then bench press).
[bookmark: _Toc134748680]3.4.ii Session format and protocols.
On each visit, participants were randomly assigned to consume BRJ or PLA in a blinded fashion and assessed on repetitions to voluntary concentric fatigue at 60, 70, and 80% 1RM, until all 6 conditions were achieved. For example, one participant tested 70% of their 1RM after taking BRJ on their first visit, while another tested 80% of their 1RM after consuming PLA on their first visit. The Smith machine back squat was performed initially, followed by the Smith machine bench press after 3 minutes in accordance with de Salles et al. (2009) study, allowing muscle recovery. Participants could pause at the end of the eccentric phase (1 and 1.5 seconds) while supported by their chest or safety clips, preventing momentum.

Maximum repetitions at 60, 70, and 80% of the 1-RM back squat and bench press were recorded, as well as the maximum mean concentric velocity of each repetition.

[bookmark: _Toc134748681]3.5 Supplement Protocol.
Participants consumed either a 35ml Beet It Sport Nitrate 3000 (2023) BRJ shot with 400 mg dietary nitrate (Label A) or a 35ml Hi-Juice placebo (Label B) 90 minutes before testing as per Domínguez et al., (2017a) systematic review. Participants were reminded via message on the morning of testing. The participants were asked if they had ever consumed BRJ before (i.e., "Have you ever consumed BRJ?"). Additionally, after each visit, they were asked if they knew which drink they had consumed.

All participants were instructed to avoid NO3--rich foods, stimulants, gum or sweets, and alcohol. Participants were also instructed not to brush their teeth on the morning of testing and not to use an antiseptic mouth rinse one week before and throughout the research.

[bookmark: _Toc134748682]3.6 Data Analysis.
The data obtained will be exported from the Gymaware device software and input into Microsoft Excel. Following data collection, the mean (M) scores and standard deviations (SD) will be calculated in Microsoft Excel before being analysed statistically with SPSS software. The squat and bench press exercises used the 3 repetitions with the highest velocities at 60%, 70%, and 80% to calculate the mean velocity. Paired sample T-tests were used to analyse the results. A P value of  0.05 was considered significant. Eta squared represents the effect size of any statistical significance. Cohen (1988) states that Eta squared can range from 0 to infinity, with a small influence of 0.01; a moderate effect of 0.06; and a large effect of 0.14. SPSS version 28 software (IBM, 2018) was used for the statistical analysis.



[bookmark: _Toc134748683]Chapter 4
[bookmark: _Toc134748684]Results

The present study aimed to investigate the effects of BRJ supplementation on the Smith machine bench press and Smith machine squat exercises on recreationally resistance-trained females. The results are organised into two categories: velocity and the number of repetitions. Tables are provided to summarise the main findings for each performance measure.

[bookmark: _Toc134748685]4.1 Velocity.
The effects of BRJ supplementation on the mean velocity of the concentric phase of all repetitions for both bench press and squat exercises were analysed at 60%, 70%, and 80% of 1RM. Table 1 presents the mean velocity values and statistical comparisons for each exercise and intensity after BRJ and PLA supplementation.

[bookmark: _Toc134748686]Table 1: Mean velocity and statistical comparisons for bench press and squat exercises at 60%, 70%, and 80% 1RM after BRJ and PLA supplementation.

	Exercise
	% 1RM
	BRJ Mean Velocity
	PLA Mean Velocity
	P value
	Cohen's D

	Bench Press
	60%
	0.40 ± 0.04
	0.38 ± 0.03
	0.011
	0.881***

	Bench Press
	70%
	0.40 ± 0.06
	0.36 ± 0.04
	<0.001
	1.464***

	Bench Press
	80%
	0.31 ± 0.06
	0.27 ± 0.06
	<0.001
	2.476***

	Squat
	60%
	0.55 ± 0.04
	0.53 ± 0.03
	NSD
	-

	Squat
	70%
	0.50 ± 0.06
	0.48 ± 0.05
	0.011
	0.871***

	Squat
	80%
	0.46 ± 0.05 
	0.44 ± 0.05 
	NSD
	-


***large effect size, ** Moderate effect size, * small effect

Table 1 indicates that after BRJ supplementation, bench press velocity significantly increased across all three intensities (60%, 70%, and 80% of 1RM), with large effect sizes. Conversely, squat velocity only showed a significant improvement at 70% of 1RM, with no significant differences observed at 60% or 80% of 1RM.

[bookmark: _Toc134748687]4.2 Number of Repetitions.
The impact of BRJ supplementation on the total number of repetitions performed for both bench press and squat exercises was also examined at 60%, 70%, and 80% of 1RM. Table 2 presents the mean number of repetitions and statistical comparisons for each exercise and intensity after BRJ and PLA supplementation.

[bookmark: _Toc134748688]Table 2: Mean number of repetitions and statistical comparisons for bench press and squat exercises at 60%, 70%, and 80% 1RM after BRJ and PLA supplementation.

	Exercise
	% 1RM
	BRJ Mean Repetitions
	PLA Mean Repetitions
	P value
	Cohen's D

	Bench Press
	60%
	11.2 ± 1.8
	10.0 ± 1.7
	<0.001
	1.897***

	Bench Press
	70%
	9.2 ± 2.4 
	7.6 ± 1.7
	<0.001
	1.488***

	Bench Press
	80%
	6.1 ± 1.9 
	5.7 ± 1.5
	NSD
	-

	Squat
	60%
	13.7 ± 1.6
	11.3 ± 1.6
	<0.001
	2.846***

	Squat
	70%
	10.8 ± 2.6
	8.6 ± 1.6
	<0.001
	1.304***

	Squat
	80%
	8.3 ± 2.7
	7.1 ± 2.0
	0.003
	1.162***


[bookmark: _2et92p0]***large effect size, ** Moderate effect size, * small effect

As demonstrated in Table 2, the number of bench press repetitions significantly (p<0.05) increased at 60% and 70% of 1RM following BRJ supplementation, with large effect sizes. No significant differences were observed at 80% 1RM for the bench press exercise. For the squat exercise, significant improvements (p<0.05) in the number of repetitions performed were observed at all three intensities (60%, 70%, and 80% of 1RM) after BRJ supplementation, with large effect sizes for each intensity.

[bookmark: _Toc134748689]4.3 Supplement Identification.
Despite the participants not having consumed BRJ previously, they all correctly identified the BRJ supplement and suggests that the distinct taste and/or potential side effects of BRJ might have led to the unblinding of the supplement and should be considered when interpreting the results.


[bookmark: _Toc134748690]Chapter 5
[bookmark: _Toc134748691]Discussion
[bookmark: _Toc134748692]5.1 Impact of BRJ.
This study aimed to investigate the impact of BRJ supplementation on RT performance in recreationally resistance-trained females. The results demonstrated that BRJ supplementation led to significant enhancements in performance during both the Smith machine bench press and Smith machine squat exercises. These improvements were evident in the mean concentric velocity and the number of repetitions completed. The following discussion, will examine the potential mechanisms responsible for the observed performance enhancements, compare findings to those of previous studies, discuss the limitations of the current investigation, and propose directions for future research in this area. By providing a comprehensive understanding of the implications of BRJ supplementation on RT performance, this study contributes to the growing body of knowledge on the topic and offers valuable insights for athletes, coaches, and fitness enthusiasts seeking to optimise their training outcomes.

[bookmark: _Toc134748693]5.2 Effects on Bench Press Performance.
The findings of this study align with earlier research that has highlighted the ergogenic effects of BRJ supplementation on upper-body strength performance (Domínguez et al., 2017a; Mosher et al., 2016). The current investigation observed improvements in bench press velocity across all intensities (60%, 70%, and 80% of 1RM) following BRJ supplementation, as well as an increase in the number of repetitions completed at 60% and 70% 1RM. These enhancements in performance can likely be attributed to the increased availability of nitric oxide (NO) through the nitrate-nitrite-NO pathway, which has been proposed to bolster muscle contractile function and resistance to fatigue (Jones, 2014; McMahon et al., 2014). Furthermore, the elevated production of NO can result in vasodilation, facilitating improved blood flow and more efficient delivery of O2 and nutrients to active muscles (Larsen et al., 2007). This, in turn, may contribute to better overall performance and endurance during RT exercises, providing further evidence for the potential benefits of BRJ supplementation in enhancing strength-based activities.



[bookmark: _Toc134748694]5.3 Effects on Squat Performance.
Similarly, for the squat exercise, the results revealed that BRJ supplementation led to a significant increase in velocity at 70% of 1RM and an increase in the number of repetitions performed at all three intensities (60%, 70%, and 80% of 1RM). These findings are in line with previous research demonstrating the ergogenic effects of BRJ on lower-body strength performance (Ranchal-Sanchez et al., 2020; Coggan et al., 2015; Rimer et al., 2018). The improved squat performance may be attributed to enhanced blood flow and O2 delivery to the working muscles because of increased NO availability (Larsen et al., 2007; Wylie et al., 2013). Additionally, BRJ supplementation has been shown to reduce the ATP cost of muscle contractions, potentially allowing for greater force production and improved fatigue resistance (Bailey et al., 2010).

[bookmark: _Toc134748695]5.4 Comparison with Previous Research.
Current findings agree with several earlier studies that have demonstrated the positive impact of BRJ supplementation on RT performance. For example, Ranchal-Sanchez et al., (2020) noted acute BRJ supplementation improved muscular endurance in the Smith machine back squat. Also, Domínguez et al. (2017a) documented significant enhancements in bench press performance following BRJ supplementation in resistance-trained men. Similarly, Coggan et al. (2015) observed comparable improvements in knee extension performance in both male and female participants after acute BRJ supplementation. Another study by Mosher et al. (2016) demonstrated that BRJ supplementation led to increased muscle power output and work capacity during high-intensity resistance exercise. These collective results emphasise the potential benefits of BRJ supplementation for various athletic populations.

However, the current study goes beyond these findings by focusing on a population of recreationally resistance-trained females, thus underscoring the potential advantages of BRJ supplementation for this specific demographic. By expanding on the existing body of research, the present study contributes valuable insights that may encourage further investigations into the effects of BRJ supplementation on different population groups, including those who may not be highly trained or elite athletes. This information could be crucial for trainers, coaches, and athletes seeking to optimise training adaptations and performance outcomes.

It is important to note that whilst the current results align with several previous studies, there are investigations that have reported no significant improvements in RT performance after BRJ supplementation (Arnold et al., 2015; Betteridge et al., 2016; Boorsma et al., 2014) and although Ranchal-Sanchez et al., (2020) reported improvements in the back squat exercise, there were no improvements reported in the bench press exercise or any BRJ supplementation effects on maximum velocity or power. These inconsistencies in the literature may be attributed to factors such as participant training status, supplementation protocol, and exercise modalities utilised. As a result, future research should continue to explore the underlying mechanisms and conditions under which BRJ supplementation can provide the most significant benefits for RT performance.

[bookmark: _Toc134748696]5.5 Limitations.
While acknowledging the positive findings of this study, it is essential to consider several limitations that could impact the interpretation of the results. Firstly, the participants were able to correctly identify the BRJ supplement, despite being unfamiliar with its taste or effects. This potential unblinding may have introduced a PLA effect, which could have influenced the observed improvements in performance. Future studies should consider using a more effective blinding strategy, such as using a taste-matched PLA or employing a double-blind design, to minimise the potential for PLA effects and ensure that any observed performance improvements are genuinely attributable to the BRJ supplementation.

Furthermore, the small sample size (n=10) limits the generalisability of the findings and may not provide sufficient statistical power to detect smaller or more nuanced effects. Future research should aim to replicate these findings in larger and more diverse populations, including male and female athletes from various sports and with different training backgrounds, to better understand the full scope of BRJ's ergogenic effects.

Additionally, the study's cross-sectional design and single-dose supplementation protocol do not allow for the assessment of long-term effects of dose-response relationships. Future research could explore the impact of chronic BRJ supplementation on RT performance and investigate optimal dosing strategies to maximise performance benefits.

Lastly, the study did not control participants’ dietary intake of nitrate-rich foods, although participants were requested to consume a similar diet on testing days and avoid nitrate-rich foods which could influence the baseline nitrate levels and potentially affect the outcomes. Future studies should consider standardising participants' diets or tracking their dietary nitrate intake more rigorously to better understand the role of diet in modulating the effects of BRJ supplementation on RT performance.

[bookmark: _Toc134748697]5.6 Future Research Directions.
Future research should investigate the long-term effects of BRJ supplementation on RT performance and adaptations, as the present study only examined acute supplementation. Moreover, examining the effects of different dosages and timings of BRJ supplementation on performance outcomes would provide valuable information for optimising its use as an ergogenic aid. Additionally, exploring the potential synergistic effects of combining BRJ supplementation with other nutritional interventions, such as caffeine or beta-alanine, could provide further insights into the most effective strategies for enhancing RT performance.

Another area of interest would be to investigate the impact of BRJ supplementation on recovery and muscle damage following RT sessions. Improved recovery could potentially allow for more frequent training sessions and greater overall training adaptations. Furthermore, examining the effects of BRJ supplementation on hormonal responses to RT, such as cortisol and testosterone levels, could provide a better understanding of the mechanisms underlying the observed performance improvements.

Lastly, as the current study focused on recreationally resistance-trained females, future research should also explore the effects of BRJ supplementation on more advanced athletes and those competing at elite levels. Investigating the effectiveness of BRJ in these populations would provide valuable information for coaches and practitioners working with high-performance athletes.



[bookmark: _Toc134748698]6. Conclusion.
In conclusion, the present study provides compelling evidence that 90 minutes prior to exercise acute BRJ supplementation significantly improved Smith machine squat and Smith machine bench press performance in recreationally resistance-trained females aged 18–47. The observed enhancements in mean concentric velocity and the number of repetitions executed imply that BRJ supplementation may serve as a valuable ergogenic aid for augmenting RT performance in this population. These findings contribute to the growing body of literature supporting the benefits of BRJ supplementation on exercise performance across various modalities.
However, it is essential to recognise the limitations of the current study and the need for further investigation. Future research should aim to confirm these findings in larger, more diverse populations, including elite athletes and individuals with different training backgrounds. Additionally, studies should explore the potential dose-response relationships and the optimal timing and duration of BRJ supplementation to maximise its ergogenic effects. Further examination of the underlying physiological mechanisms, such as the role of nitric oxide in muscle contractility, blood flow, and energy metabolism, will provide a more comprehensive understanding of how BRJ supplementation influences RT performance.

By expanding knowledge in this area, practitioners and athletes can make more informed decisions about incorporating BRJ supplementation into their training and nutrition strategies to optimise performance outcomes. Ultimately, the continued investigation of BRJ's potential benefits will contribute to a deeper understanding of how this natural supplement can support athletic performance across a broad spectrum of sports and activities.
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In order for research to result in benefit and minimise risk of harm, it must be conducted ethically. A researcher may not be covered by the University’s insurance if ethical approval has not been obtained prior to commencement.

The University follows the OECD Frascati manual definition of research activity: “creative work undertaken on a systematic basis in order to increase the stock of knowledge, including knowledge of man, culture and society, and the use of this stock of knowledge to devise new applications”. As such this covers activities undertaken by members of staff, postgraduate research students, and both taught postgraduate and undergraduate students working on dissertations/projects.

The individual undertaking the research activity is known as the “principal researcher”.

Ethical approval is not required for routine audits, performance reviews, quality assurance studies, testing within normal educational requirements, and literary or artistic criticism.

Please read the notes for guidance before completing ALL sections of the form.

This form must be completed and approved prior to undertaking any research activity. Please see Checklist for details of process for different categories of application.

Delete the Guidance Notes at the end of the form BEFORE submitting your application

SECTION A: About You (Principal Researcher)
	1
	Full Name:
	Michael Sandford

	2
	Tick all boxes which apply:

	Member of staff:
	☐
	Honorary research fellow:
	☐

	3
	Undergraduate Student
	☒
	Taught Postgraduate Student
	☐
	Postgraduate Research Student
	☐



	4
	Institute/Academic Discipline/Centre:
	Institute of management and health


	5
	Campus:
	Carmarthen campus


	6
	E-mail address:
	2007341@student.uwtsd.ac.uk


	7
	Contact Telephone Number:
	
07857521500

	
	For students:

	8
	Student Number:
	2007341

	9
	Programme of Study:
	BSc sport and exercise science

	10
	Director of Studies/Supervisor:
	David Gardner






SECTION B: Approval for Research Activity
	1
	Has the research activity received approval in principle?
(please check the Guidance Notes as to the appropriate approval process for different levels of research by different categories of individual)
	YES
	☒
	NO
	☐

	
	
	Date

	2
	If Yes, please indicate source of approval (and date where known): Approval in principle must be obtained from the relevant source prior to seeking ethical approval
	Research Degrees Committee
	☐
	

	3
	
	Institute Research Committee
	☐
	

	4
	
	Other (write in)

	☐
	



SECTION C:  Internal and External Ethical Guidance Materials
	
	Please list the core ethical guidance documents that have been referred to during the completion of this form (including any discipline-specific codes of research ethics, and also any specific ethical guidance relating to the proposed methodology).  Please tick to confirm that your research proposal adheres to these codes and guidelines.

	1
	UWTSD Research Ethics & Integrity Code of Practice

	☒

	2
	
UWTSD Research Data Management Policy
	☒

	3
	
The British Association of Sport and Exercise Sciences
	☒

	4
	
UKVRN Standards of Ethics, Conduct and Performance
	☒

	5

	
BERA Ethical Guidelines for Educational Research 4th Edition 2018
	☒



SECTION D: External Collaborative Research Activity
	1
	Does the research activity involve collaborators outside of the University?
	YES
	☐
	NO
	☒

	2
	If Yes, please provide the name of the external organisation and name and contact details for the main contact person and confirmation this person has consented to their personal data being shared.as part of this collaboration.

	3
	Institution
	


	4
	Contact person name
	


	5
	Contact person e-mail address

	

	6
	Has this individual consented to sharing their details on this form?
	YES
	☐
	NO
	☐

	7
	Are you in receipt of a KESS scholarship?
	YES
	☐
	NO
	☐

	8
	Is your research externally funded
	YES
	☐
	NO
	☐

	9
	Are you specifically employed to undertake this research in either a paid or voluntary capacity?
	Voluntary
	YES
	☐
	NO
	☐

	10
	
	Employed
	YES
	☐
	NO
	☐

	11
	Is the research being undertaken within an existing UWTSD Athrofa Professional Learning Partnership (APLP)
	If YES then the permission question below does not need to be answered.
	YES
	☐
	NO
	☐

	12
	Permission to undertake the research has been provided by the partner organisation
	(If YES attach copy)
If NO the application cannot continue
	YES
	☐
	NO
	☐




Where research activity is carried out in collaboration with an external organisation
	13
	Does this organisation have its own ethics approval system?
	YES
	☐
	NO
	☐

	14
	
If Yes, please attach a copy of any final approval (or interim approval) from the organisation




SECTION E: Details of Research Activity
	1
	Indicative title:
	The Acute Effects of Beetroot Juice Supplementation on Resistance Trained Females.


	2
	Proposed start date:
	Beginning of 2023 - Post ethical approval.
	Proposed end date:
	01.05.2023

	3
	Introduction to the Research (maximum 300 words)
Ensure that you write for a Non-Specialist Audience when outlining your response to the three points below:
· Purpose of Research Activity
· Proposed Research Question
· Aims of Research Activity
· Objectives of Research Activity
Demonstrate, briefly, how Existing Research has informed the proposed activity and explain
· What the research activity will add to the body of knowledge
· How it addresses an area of importance.

	4
	Purpose of Research Activity
The aim of this study is to determine if Beetroot juice is an effective supplement in the field of resistance-trained females.


(this box should expand as you type)

	5
	Research Question
To explore and investigate the potential ergogenic aid of Beetroot juice on resistance-trained females.


(this box should expand as you type)

	6
	Aims of Research Activity
To identify if beetroot juice is effective, in with recommended daily allowance, and safely interactive with Caffeine, I will achieve this by eliminating the participant’s caffeine intake. Caffeine is a known ergogenic aid; therefore, the test results can be considered directly correlated to the beetroot juice effects.
(this box should expand as you type)

	7
	Objectives of Research Activity
The objectives of this study are to investigate the possible effects of BRJ on the max movement speed produced in all repetitions. What effect the supplement has on fatigue. The measure of muscular endurance using the maximum number of repetitions, and to better understand the potential of BRJ supplementation during RT on women, filling a gap in the research.


(this box should expand as you type)

	8
	Proposed methods (maximum 600 words)
Provide a brief summary of all the methods that may be used in the research activity, making it clear what specific techniques may be used. If methods other than those listed in this section are deemed appropriate later, additional ethical approval for those methods will be needed.

	9
	To gather quantitative data for this study, a blind randomised controlled crossover will be used. On the first visit, the back squat and bench press on the Smith machine will be tested for 1 rep max (1RM) to get RM percentages. First set: 5 reps at 50 percent of 1-RM. Second set: 3 reps at 70% of 1-RM, then up to 5 tries to reach 1-RM, which will be used to figure out the 60%, 70%, and 80% percentages. The participants will come back six more times to take incremental resistance training tests. Participants will get two bottles of BRJ and PLA, each with three servings that are not labelled. Before each visit, they will be told to drink one serving.
12 RT-familiar women will be tested. They will be familiar with the exercises, equipment, 1RM protocol, and RT to failure. Social media or in-person meetings will recruit South Wales gym members. Participants will be admitted after completing a signed consent form and the PAR-Q. Non-consenting participants will be eliminated. Before each visit, participants must rest for 48 to 72 hours. Training intensity, age, stress, lifestyle, and food affect recovery time. Before testing, participants will complete a warm-up.
Participants will warm up on a bike ergometer for 8 minutes at each visit. 12 back squats at 10% 1-RM follow. After 1 minute, they'll perform 6 repetitions at 30% 1-RM. After a 1-minute break, the bench press resumes. Two-minute breaks until the strength test. After a 3-minute pause, the back squat and bench press will be performed. The two movements were then separated into three series at each visit, with loads of 60%, 70%, or 80% of 1-RM, and done until muscular failure.
During the concentric phase, the participants will be told to go as fast as they can to use as much strength as possible. Gymaware will measure speed. It is a linear positional transducer (LPT) with angle measurement for measuring performance and establishing Velocity-Based Training. For each repetition, a Smith machine will be used so that the participant can stop at the end of the eccentric phase (1–1.5 seconds) while being supported by their chest or safety clips. This ensures that the vertical line is perfectly straight and that the speed measurements are as accurate. It also limits movement off-line and makes it easier to control and repeat the measurement during the concentric phase. Based on these numbers, an index of fatigue can be made.
The weight lifted in kilograms, the maximum number of repetitions at 60–70–80% of 1-RM failure for back squat and bench press, and the speed of the concentric part of each repetition will be recorded to find the maximum velocity (MV) during whichever repetition it happens. The software for the device sent out the measurements that were taken.
“Beet It Sport" sells nitrate 400-shot. The placebo shot will appear and taste the same, but without nitrate. Before the first visit, participants will keep a 24-hour food diary. This will be repeated on subsequent trial days to ensure that other nitrate-rich foods aren't consumed.  Participants will be instructed to avoid stimulants (like caffeine), gum or sweets, or alcohol that could change the oral microbiota three days before the lab visit; To avoid brushing their teeth on the morning of testing and not to use antiseptic rinses one week before the first visit and for the duration of the study, because it could stop the desired increase in nitrite from occurring. Participants should stay hydrated, avoid excessive exercise, and get 7-9 hours of sufficient sleep.


(this box should expand as you type)



	10
	Location of research activity
Identify all locations where research activity will take place.

	11
	21 Fitness. Gym is located in Swansea, south Wales.

(this box should expand as you type)

	12
	Research activity outside of the UK
If research activity will take place overseas, you are responsible for ensuring that local ethical considerations are complied with and that the relevant permissions are sought. Specify any local guidelines (e.g. from local professional associations/learned societies/universities) that exist and whether these involve any ethical stipulations beyond those usual in the UK (provide details of any licenses or permissions required). Also specify whether there are any specific ethical issues raised by the local context in which the research activity is taking place, for example, particular cultural and/or legal sensitivities or vulnerabilities of participants.

	13
	


(this box should expand as you type)



	14
	Use of documentation not in the public domain: Are any documents NOT publicly available?

	NO
	☒

	
	
	YES
	☐

	15
	If Yes, please provide details here of how you will gain access to specific documentation that is not in the public domain and that this is in accordance with prevailing data protection law of the country in question and England and Wales.



(this box should expand as you type)



SECTION F: Scope of Research Activity
	1
	Will the research activity include:
	
YES
	
NO

	2
	Use of a questionnaire or similar research instrument?
	☐
	☒

	3
	Use of interviews?
	☐
	☒

	4
	Use of diaries?
	☒
	☐

	5
	Participant observation with their knowledge?
	☒
	☐

	6
	Participant observation without their knowledge?
	☐
	☒

	7
	Use of video or audio recording?
	☐
	☒

	8
	Access to personal or confidential information without the participants’ specific consent?
	☐
	☒

	9
	Administration of any questions, test stimuli, presentation that may be experienced as physically, mentally, or emotionally harmful / offensive?
	☒
	☐

	10
	Performance of any acts which may cause embarrassment or affect self-esteem?
	☒
	☐

	11
	Investigation of participants involved in illegal activities?
	☐
	☒

	12
	Use of procedures that involve deception?
	☐
	☒

	13
	Administration of any substance, agent or placebo?
	☒
	☐

	14
	Working with live vertebrate animals?
	☐
	☒

	15
	Other primary data collection methods, please explain in this box
For example, ‘focus groups’. Please indicate the type of data collection method(s) in this box and tick the accompany box.
	☐
	☒

	16
	Details of any other primary data collection method:




(this box should expand as you type)
	
	


If NO to every question, then the research activity is (ethically) low risk and may be exempt from some of the following sections (please refer to Guidance Notes).

If YES to any question, then no research activity should be undertaken until full ethical approval has been obtained.

SECTION G: Intended Participants
	1
	Who are the intended participants:
	
YES
	
NO

	2
	Students or staff at the University?
	☐
	☒

	3
	Adults (over the age of 18 and competent to give consent)?
	☒
	☐

	4
	Vulnerable adults?
	☐
	☒

	5
	Children and Young People under the age of 18? (Consent from Parent, Carer or Guardian will be required)
	☐
	☒

	6
	Prisoners?
	☐
	☒

	7
	Young offenders?
	☐
	☒

	8
	Those who could be considered to have a particularly dependent relationship with the investigator or a gatekeeper?
	☐
	☒

	9
	People engaged in illegal activities?
	☐
	☒

	10
	Others (please identify specifically any group who may be unable to give consent) please indicate here and tick the appropriate box.

	☒
	☐

	11
	Other – please indicate here:
Resistance-trained adult females.


(this box should expand as you type)
	
	



	12
	Participant numbers and source
Provide an estimate of the expected number of participants. How will you identify participants and how will they be recruited?

	13
	How many participants are expected?

	
12

(this box should expand as you type)

	14
	Who will the participants be?

	
Resistance-trained adult females.

(this box should expand as you type)

	15
	How will you identify the participants?
	
Through social media and in-person interaction.

(this box should expand as you type)




	16
	Information for participants:
	
YES
	NO
	
N/A

	17
	Will you describe the main research procedures to participants in advance, so that they are informed about what to expect?
	☒
	☐
	☐

	18
	Will you tell participants that their participation is voluntary?
	☒
	☐
	☐

	19
	Will you obtain written consent for participation?
	☒
	☐
	☐

	20
	Will you explain to participants that refusal to participate in the research will not affect their treatment or education (if relevant)?
	☒
	☐
	☐

	21
	If the research is observational, will you ask participants for their consent to being observed?
	☒
	☐
	☐

	22
	Will you tell participants that they may withdraw from the research at any time and for any reason?
	☒
	☐
	☐

	23
	With questionnaires, will you give participants the option of omitting questions they do not want to answer?
	☐
	☒
	☐

	24
	Will you tell participants that their data will be treated with full confidentiality and that, if published, it will not be identifiable as theirs?
	☒
	☐
	☐

	25
	Will you debrief participants at the end of their participation, in a way appropriate to the type of research undertaken?
	☒
	☐
	☐

	26
	If NO to any of above questions, please give an explanation

	27
	The use of a Par-Q questionnaire is necessary and will require every question to be answered to determine the participant’s eligibility to partake in the study. There must not be any contraindications as to why they cannot undertake physical activity.


(this box should expand as you type)



	28
	Information for participants:
	
YES
	NO
	
N/A

	29
	Will participants be paid?
	☐
	☒
	☐

	30
	Is specialist electrical or other equipment to be used with participants?
	☒
	☐
	☐

	31
	Are there any financial or other interests to the investigator or University arising from this study?
	☐
	☒
	☐

	32
	Will the research activity involve deliberately misleading participants in any way, or the partial or full concealment of the specific study aims?
	☐
	☒
	☐

	33
	If YES to any question, please provide full details

	34
	GYMAWARE - Linear Positional Transducer for measuring performance, implementing Velocity Based Training and monitoring power.

(this box should expand as you type)



SECTION H: Anticipated Risks
	1
	Outline any anticipated risks that may adversely affect any of the participants, the researchers and/or the University, and the steps that will be taken to address them.

If you have completed a full risk assessment (for example as required by a laboratory, or external research collaborator) you may append that to this form.

	2
	Full risk assessment completed and appended?

	Yes
	☐

	
	
	No
	☒

	3
	Risks to participants
For example: emotional distress, financial disclosure, physical harm, transfer of personal data, sensitive organisational information

	4
	Risk to Participant:
Psychological risk -Observation can all be potentially intrusive and provoke anxiety in participants.
Physical harm- Undertaking exercise brings potential risk for injury.

(this box should expand as you type)
	How will you mitigate the Risk to Participant
Adopt a non-judgemental, non-malfeasance attitude displaying care and respect.
Risk assess and manage participants’ competency when undertaking physical testing through observation. Full induction of how to correctly and safely use the equipment before collecting data to ensure participant competency.
(this box should expand as you type)

	5
	If research activity may include sensitive, embarrassing or upsetting topics (e.g. sexual activity, drug use) or issues likely to disclose information requiring further action (e.g. criminal activity), give details of the procedures to deal with these issues, including any support/advice (e.g. helpline numbers) to be offered to participants. Note that where applicable, consent procedures should make it clear that if something potentially or actually illegal is discovered in the course of a project, it may need to be disclosed to the proper authorities

	
	Not applicable.


(this box should expand as you type)

	6
	Risks to investigator
For example: personal safety, physical harm, emotional distress, risk of accusation of harm/impropriety, conflict of interest

	
	Risk to Investigator:
Risk of accusation of harm.



(this box should expand as you type)
	How will you mitigate the Risk to Investigator:
Always understand and maintain the highest standards of rigour and integrity in my work and act according to expected standards, values and behaviours.

(this box should expand as you type)

	7
	University/institutional risks
For example: adverse publicity, financial loss, data protection

	
	Risk to University:
1. Adverse publicity.



(this box should expand as you type)
	How will you mitigate the Risk to University:
1. meet ethical, legal and professional obligations, acting with honesty, transparent and open communication with care and respect for participants.
(this box should expand as you type)



	8
	Disclosure and Barring Service

	9
	If the research activity involves children or vulnerable adults, a Disclosure and Barring Service (DBS) certificate must be obtained before any contact with such participants.
	YES

	NO

	N/A


	10
	Does your research require you to hold a current DBS Certificate?
	☐
	☒
	☐



SECTION I: Feedback, Consent and Confidentiality
	1
	Feedback
What de-briefing and feedback will be provided to participants, how will this be done and when?

	
	Offer them the opportunity of being provided with a report summarising the key findings on request, at the end of the study. Give opportunity for the participants to openly communicate any thoughts at any time. To support the participants after taking part in the research.


(this box should expand as you type)

	2
	Informed consent
Describe the arrangements to inform potential participants, before providing consent, of what is involved in participating. Describe the arrangements for participants to provide full consent before data collection begins. If gaining consent in this way is inappropriate, explain how consent will be obtained and recorded in accordance with prevailing data protection legislation.

	
	To inform participants of the aims and procedures of the research and obtain their agreement to take part based on this information. Consent must be informed, voluntary and given by adults who are competent. The participants will be informed -
What the research is about • Why it is being conducted • Who it is being conducted for and who is funding it • What the purpose of the study is and what will happen to the results • Where the results will appear and who is likely to have access to them • What will be expected of them if they agree to participate and how long their participation will take •


(this box should expand as you type)

	3
	Confidentiality / Anonymity
Set out how anonymity of participants and confidentiality will be ensured in any outputs. If anonymity is not being offered, explain why this is the case.

	
	What anonymity and confidentiality mean in practice and an understanding that the participant does not have to participate; having agreed the participant can withdraw at any time without detriment.


(this box should expand as you type)




SECTION J: Data Protection and Storage
In completing this section refer to the University’s Research Data Management Policy and the extensive resources on the University’s Research Data Management web pages (http://uwtsd.ac.uk/library/research-data-management/).
	1
	Does the research activity involve personal data (as defined by the General Data Protection Regulation 2016 “GDPR” and the Data Protection Act 2018 “DPA”)?
	YES
	NO

	
	“Personal data” means any information relating to an identified or identifiable natural person (‘data subject’). An identifiable natural person is one who can be identified, directly or indirectly, in particular by reference to an identifier such as a name, an identification number, location data, an online identifier or to one or more factors specific to the physical, physiological, genetic, mental, economic, cultural or social identity of that natural person.
	☐
	☒

	2
	If YES, provide a description of the data and explain why this data needs to be collected:

	
	


(this box should expand as you type)

	3
	Does it involve special category data (as defined by the GDPR)?
	YES
	NO

	
	“Special category data” means sensitive personal data consisting of information as to the data subjects’ –
(a) racial or ethnic origin,
(b) political opinions,
(c ) religious beliefs or other beliefs of a similar nature,
(d) membership of a trade union (within the meaning of the Trade Union and Labour Relations (Consolidation) Act 1992),
(e) physical or mental health or condition,
(f) sexual life,
(g) genetics,
(h) biometric data (as used for ID purposes),
	
☐
	
☒

	4
	If YES, provide a description of the special category data and explain why this data needs to be collected:

	
	


(this box should expand as you type)



	5
	Will the research activity involve storing personal data and/or special category data on one of the following:
	YES
	NO

	6
	Manual files (i.e. in paper form)?
	☐
	☒

	7
	University computers?
	☒
	☐

	8
	Private company computers?
	☐
	☒

	9
	Home or other personal computers?
	☒
	☐

	10
	Laptop computers/ CDs/ Portable disk-drives/ memory sticks?
	☐
	☒

	11
	“Cloud” storage or websites?
	☒
	☐

	12
	Other – specify:

	☐
	☒

	13
	For all stored data, explain the measures in place to ensure the security of the data collected, data confidentiality, including details of password protection, encryption, anonymisation and pseudonymisation:

	
	All data collected in line with the UWTSD research data and management policy.
To gather the minimal amount of data required, securely stored only accessible by me and associated university staff in a password-protected file.

(this box should expand as you type)

	14
	All Data Storage

	15
	Will the research activity involve any of the following activities:
	YES
	NO

	16
	Electronic transfer of data in any form?
	☒
	☐

	17
	Sharing of data with others at the University?
	☐
	☒

	18
	Sharing of data with other organisations?
	☐
	☒

	19
	Export of data outside the European Union or importing of data from outside the UK?
	☐
	☒

	20
	Use of personal addresses, postcodes, faxes, emails or telephone numbers?
	☐
	☒

	21
	Publication of data that might allow identification of individuals?
	☐
	☒

	22
	Use of data management system?
	☐
	☒

	23
	Data archiving?
	☐
	☒

	
	

	
	

	24
	If YES to any question, please provide full details, explaining how this will be conducted in accordance with the GDPR and DPA (and/or any international equivalent):

	
	Data gathered from GYMAWARE, a Linear Positional Transducer.


(this box should expand as you type)

	25
	List all who will have access to the data generated by the research activity:

	
	Researcher only.

(this box should expand as you type)

	26
	List who will have control of, and act as custodian(s) for, data generated by the research activity:

	
	Researcher only.

(this box should expand as you type)

	27
	Give details of data storage arrangements, including security measures in place to protect the data, where data will be stored, how long for, and in what form. Will data be archived – if so how and if not why not.

	
	Stored in a password-protected file within the university Onedrive. Stored until completion of the study, in the form of electronic files.


(this box should expand as you type)

	28
	Please indicate if your data will be stored in the UWTSD Research Data Repository (see https://researchdata.uwtsd.ac.uk/ ).   If so please explain. (Most relevant to academic staff)

	
	
no

(this box should expand as you type)

	29
	Confirm that you have read the UWTSD guidance on data management (see https://www.uwtsd.ac.uk/library/research-data-management/)

	YES
	☒

	
	
	NO
	☐

	30
	Confirm that you are aware that you need to keep all data until after your research has completed or the end of your funding
	YES
	☒

	
	
	NO
	☐





SECTION K: Declaration
	31
	The information which I have provided is correct and complete to the best of my knowledge. I have attempted to identify any risks and issues related to the research activity and acknowledge my obligations and the rights of the participants.

In submitting this application I hereby confirm that I undertake to ensure that the above named research activity will meet the University’s Research Ethics and Integrity Code of Practice which is published on the website: https://www.uwtsd.ac.uk/research/research-ethics/

	
	Signature of applicant:
	Michael Sandford
	Date:
19.11.2022




For STUDENT Submissions:
	32
	Director of Studies/Supervisor:
	David Gardner
	Date:
7/12/22

	33
	Signature:
	[bookmark: _tyjcwt][image: Text

Description automatically generated with medium confidence]

	



For STAFF Submissions:
	34
	Academic Director/ Assistant Dean:
	
	Date:

	35
	Signature:
	

	



Checklist: Please complete the checklist below to ensure that you have completed the form according to the guidelines and attached any required documentation:
	☒
	I have read the guidance notes supplied before completing the form.

	☒
	I have completed ALL RELEVANT sections of the form in full.

	☐
	I confirm that the research activity has received approval in principle

	☐
	I have attached a copy of final/interim approval from external organisation (where appropriate)

	☐
	I have attached a full risk assessment (and have NOT completed Section H of this form) (where appropriate)  ONLY TICK IF YOU HAVE ATTACHED A FULL RISK ASSESSMENT

	☒
	I understand that it is my responsibility to ensure that the above named research activity will meet the University’s Research Ethics and Integrity Code of Practice.

	☒
	I understand that before commencing data collection all documents aimed at respondents (including information sheets, consent forms, questionnaires, interview schedules etc.) must be confirmed by the DoS/Supervisor, module tutor or Academic Director.

	☐

	I have deleted the guidance notes before submitting the PG2 for consideration



	RESEARCH STUDENTS AND STAFF ONLY
All communications relating to this application during its processing must be in writing and emailed to pgresearch@uwtsd.ac.uk , with the title ‘Ethical Approval’ followed by your name.
You will be informed of the outcome of your claim by email; therefore it is important that you check your University and personal email accounts regularly.

	STUDENTS ON UNDERGRADUATE OR TAUGHT MASTERS PROGRAMMES should submit  this form (and receive the outcome) via systems explained to you by the supervisor/module leader.



This form is available electronically from the Academic Office web pages: https://www.uwtsd.ac.uk/academic-office/appendices-and-forms/


Application Process

All staff research projects and all research students must submit the Ethical Approval Form to the University Research Ethics Committee via the Academic Office (pgresearch@uwtsd.ac.uk).   Staff research directly in relation to personal study for taught undergraduate or Masters programmes should be submitted via the Institute procedures explained below.

Taught masters and taught undergraduate research Ethical Approval Forms are considered within Institutes.  Institutes will provide details of the specific processes for this.  Where the Ethical issues within any single ethical application are of particular concern the Institute will refer these to the University Research Ethics Committee.   Any student activity that involves the collection of primary data needs to undergo Ethical approval, this includes assignment work as well as dissertations.

.



[bookmark: _Toc134748703]Appendix 2.
[bookmark: _Toc134748704]Recruitment Letter
The Acute Effects of Beetroot Juice Supplementation on Resistance Trained Females.
Dear Participant,
I am currently an undergraduate student at The University of Wales Trinity Saint David. I am pursuing a bachelor’s degree and one requirement of the degree is to complete an independent project. For my dissertation, I wish to study the Acute Effects of Beetroot Juice Supplementation on Resistance Trained Females.

Before I can conduct any research, I need to obtain informed consent from any participants. I will answer questions and provide informed consent forms to everyone willing to participate. Please read the consent form and contact me with any questions or concerns. If you would like to participate in the study, please contact me, and we will schedule you for your first visit.

You can reach me by email at michaelbsandford@gmail.com or by phone on 07857521500.
Kind regards,
Michael Sandford.


Recruitment Script.
Hi. My name is Michael Sandford, and I am pursuing a Bachelor of Science in Sport and Exercise Science at Trinity Saint David University in Wales. A requirement of my degree is the completion of an independent project. For my project, I wish to investigate the acute effects of beetroot juice (BRJ) supplementation on resistance-trained females.
Because of my growing interest in diet, exercise, and sports performance, I wish to explore this area. BRJ includes a high concentration of nitrate, which promotes the dilation of blood vessels to muscles during exercise. The dilation of blood vessels can aid in transporting oxygen and other nutrients to the muscles and removing wastes such as lactic acid. My study aims to evaluate whether BRJ is a helpful supplement for resistance-trained females.
I am today to ask if you would be willing to participate in my research. Initial testing will identify the 1 rep max of the Smith machine back squat and bench press to determine testing percentages. On a total of six additional times, participants will undergo incremental RT testing. Each testing session will last approximately 1 hour and 30 minutes.

At the commencement of the supplementation periods, you would be randomly assigned to drink either BRJ or a placebo before each visit. For the BRJ visits, you would consume 35-40ml of "Nitrate 3000" super-concentrated BRJ combined with 100-150ml of water, which contains an average of 400mg of natural dietary nitrate. Following my instructions, you would consume one dose 90 minutes prior to testing for the six visits. You would be required to visit 21 Fitness Gym Swansea for testing. The experiment exercise protocol will be like the Smith machine squat and bench press 1 rep max testing at your original visit. During these sessions, I will collect data and be assessing performance using a linear positional transducer (LPT with angle measurement).

In rare circumstances, BRJ supplementation has been known to cause short-term gastrointestinal upset such as stomach cramps, constipation, bloating, and gas, and may give your urine and/or faeces a reddish colour. These side effects cause no harm and will dissipate quickly after you stop taking the supplement.  Additionally, some of the assessments require maximal exertion that may cause short-term nausea, light-headedness, and dizziness.  These dissipate very quickly once you finish the assessments. I will always be present during testing, and regular warm-ups and cool-downs will be administered to minimise the likelihood of these adverse outcomes.
 
Feel free to contact me regarding the potential effects of the supplement or exercise or for further explanations relating to your participation in the study in person, or you can call, text, or email me.
 My email is michaelbsandford@gmail.com and my phone number is 07857521500.

Thank you.


Statement of Informed Consent for Participants

The Acute Effects of Beetroot Juice Supplementation on Resistance Trained Females.
KEY INFORMATION:
• You are being asked to be in a research study on the effect of nitrate supplementation on the performance of resistance-trained (RT) females.
• Participation is voluntary.
• The purpose of this study is to determine whether acute beetroot juice (BRJ) is an effective supplement in the field of resistance-trained females and to investigate the possible ergogenic effect of BRJ on (i) the maximum movement velocity produced in the concentric phase of all repetitions (ii) to observe the impact on fatigue; and (iii) muscular endurance assessment through the maximal number of repetitions; (IV) to better understand the potential of BRJ supplementation during RT on females, filling a void in the research.
•The results of this study will be used for the completion of my independent project.
• If you agree to participate in this study, you will be required to attend seven 90-minute (approximately) sessions at the "21 Fitness gym" in Swansea. These will be spaced apart by 72 hours to allow for recovery and the removal of any BRJ effects from previous visits. You will be asked to avoid any additional physical activity that could affect the study results. The first gym visit will include one-rep max testing to determine workloads for the following sessions.
•intake of BRJ or placebo will be 90 minutes before each visit, which will be specified to you beforehand.
[bookmark: _3dy6vkm]•No follow-up information will be collected after the conclusion of the study.
[bookmark: _1t3h5sf]• If you choose to participate, you will be asked to complete a 24-hour food dietary recall on the day before the first visit which shall be replicated on the following trial days to avoid any changes in N03- caused by other nitrate-rich foods such as celery or spinach.
• You will be instructed to (i) avoid foods rich in NO3-, stimulants (e.g., caffeine), gum or sweets, or alcohol that could alter the oral microbiota three days before the Gym visit; (ii) avoid brushing your teeth on the morning of testing and not to use antiseptic rinses one week before the first visit and for the duration of the study; (iii) ensure appropriate hydration, avoid excessive exercise, and aim for 7-9 hours of good quality sleep.
• It is important to appreciate that you will be asked to perform maximal exertion which can lead to nausea and light-headedness. Precautions to minimise these risks include completing a proper warm-up, and cool-down, and being closely monitored by me during testing. 
• You should also understand that supplementation of BRJ may result in red colouration of urine and faeces, but this is due to the undigested betanin – a red pigment found in BRJ. 
• Supplementing beetroot juice may also result in gastrointestinal discomforts such as gas, bloating, constipation, and stomach aches. 
• Although there are no direct benefits for participants, there is a potential for benefits in the field of study. Information obtained from this study may help the exercise, and specifically the female resistance training community.
• You are being asked to be in a research study regarding the effects of BRJ supplementation on recreationally RT-trained females that are familiar with the smith machine squat and bench press exercises, equipment, 1RM protocol, and training to muscular failure. 
• This study is being conducted by: Michael Sandford, a UWSTD university BSc sport and exercise science student.
• You were selected as a possible participant because you have no medical or orthopaedic limitations that would affect your performance in the study.
• Please read this consent form and ask any questions you have before agreeing to be in the study.
PROCEDURES:
If you agree to be in this study, you will be asked to do the following:
•Complete a 24-hour food dietary recall on the day before the first visit which shall be replicated on the following trial days to avoid any changes in N03- caused by other nitrate-rich foods such as celery or spinach and avoid additional foods rich in NO3-. 
•All aspects of the study will be explained, and you will be given an opportunity to ask questions.
•Prior to the first visit - 1 rep max testing, you will have or complete a PAR-Q and your weight will be measured.
•The first visit will entail familiarity with the exercises and environment, giving you an opportunity to ask any questions and determine your 1 rep max of the Smith machine back squat and bench press to obtain subsequent session percentages. Beginning with the squat, the first set protocol will be 5 repetitions at 50% of the estimated 1-RM. Second set: 3 repetitions at 70% of the estimated 1-RM and then up to five trials to reach their 1-RM, which will determine the 60%, 70%, and 80% percentages. After a 3-minute break, you will repeat the process for the bench press exercise. You will return on a further six occasions and will receive two unmarked 3-serving bottles of BRJ and PLA. You will be instructed to drink one serving before each visit.
• A 35ml serving of Beet It Sport Nitrate 3000 concentrate containing 400mg dietary nitrate, mixed with 150ml of water, or 150-200ml of sugar-free diluted blackcurrant cordial will be prescribed. You will be instructed which one to take prior to each testing occasion, and it will be consumed 90 minutes before the subsequent 6 sessions following 1 rep max testing.
•Following the 1 rep max test visit, for the subsequent 6 sessions, you will be given an 8-minute supervised warm-up on a cycle ergometer, followed by 12 back squats with a 10% 1-RM load. After a 1-minute rest, you will perform six repetitions at 30% of your 1-RM. After another 1-minute break, repeat the protocol for the bench press exercise.
[bookmark: _4d34og8]•You will perform first the back squat protocol to failure followed by bench press, with a 3-minute rest period in between.
•load volumes of 60%, 70%, and 80% 1-RM will be allocated to you before testing begins and you will be instructed to execute the maximum number of reps until concentric muscle failure with maximum effort drive in the concentric phase.
[bookmark: _2s8eyo1]•a Smith machine will be employed with safety clips.
•The weight (kg) lifted, the maximum number of repetitions at 60–70–80% of 1-RM back squat and bench press, and the mean velocity of the concentric part of each repetition will be recorded.
•At the conclusion of testing, you will be encouraged to use a cardiovascular machine to cool down for 5-10 minutes.
CONFIDENTIALITY:
•The data collected, and records of this study will be kept private, and your confidentiality will be protected in any sort of report that may be published. No identifying information will be included.
•Research records will be stored on a pin-protected laptop and only the researcher will have access to the records.
VOLUNTARY NATURE OF THE STUDY:
•Participation in this study is voluntary and requires your informed consent.
•Your decision whether to participate will not affect your current or future relations with the University of Wales Trinity Saint David, the 21 Fitness Gym or myself. 
•If you decide to participate, you are free to skip any question that is asked and may also withdraw from this study at any time without penalty.
CONTACTS AND QUESTIONS:
•The researcher conducting this study is Michael Sandford.
•If you have questions, you are encouraged to contact the researcher at:
michaelbsandford@gmail.com
07857521500

•I am 18 years of age or older. I have read and understood the above information. I consent to participate in the study.
Signature:_____________________________________________ Date: ________________
Signature of Investigator:_________ _________________ Date: __
Please keep the second copy of this informed consent for your records.


[bookmark: _Toc134748705]
Appendix 3.

[bookmark: _Toc134748706]Pre-Activity Readiness Questionnaire Form (PAR-Q-Form)

Personal Details
	Title
	
	Forename
	
	Surname
	
	

	Date of Birth
	DD
	MM
	YYYY
	Age
	
	Male/Female   *delete as appropriate
	

	Address
	
	

	Town
	
	County
	
	Postcode
	
	

	Email
	
	
	
	

	Tel Home
	
	Tel Mobile
	
	

	Emergency Contact
	
	Tel



	Answer the following questions as honestly as you can and provide as much relevant additional information.


COVID-19 Self Certification
Are you currently required to be self-isolating?				Yes □  No □
Medical Questions
Do you currently or have you ever suffered from any of the following conditions?
1) Heart problems?				Yes □  No □   If yes, please provide details below
2) Circulatory problems?				Yes □  No □
3) Blood pressure problems?				Yes □  No □
4) Joint, movement problems?				Yes □  No □
5) Feel dizzy or imbalance during exercise?	Yes □  No □
6) Currently pregnant or recently given birth?	Yes □  No □

Health History
Do you currently receive medical care or do any of the following affect you?
7) Back/spinal pain?				Yes □  No □     If yes, please provide details below
8) Headaches or migraines?				Yes □  No □
9) Have you recently had surgery?				Yes □  No □
10) Currently being prescribed medication?	Yes □  No □
11) Recently finished a course of medication? 	Yes □  No □
12) Diabetes?				Yes □  No □
13) Asthma or breathing problems?			Yes □  No □

Is there is any other reason that you believe may prevent you from taking part in any regular activity?
	



	Declaration
I have answered all question in this form honestly and I am aware that if I have answered yes to any of the questions I will need to consult my GP before commencing an exercise program if I am affected by any of the questions mentioned in this form now or at a later date I agree to inform my personal trainer or instructor on any changes in health or fitness.

	Signed:
	Print Name:
	Date: __ __ / __ __/20 __ __

	Instructor:
	Print Name:
	Date: __ __ / __ __/20 __ __



Pre-Activity Readiness Questionnaire & Health History
Action Required for YES Responses

What is the PARQ and why do I need to complete it?

The PARQ (Pre Activity Readiness Questionnaire) is an industry-standard for fitness professionals and fitness faculties to use when screening clients for exercise.
The reason for doing this is to ensure you (the client) is healthy and will not be put at risk from taking part in a fitness programme or regular exercise.
Fitness professionals are not medical professionals and cannot commence a fitness programme with a client who has provided positive responses to a PARQ. In this case, the client will be referred to their local GP to ensure they are ready for exercise.

A yes to the first 6 questions on the PARQ form overleaf will normally result in a referral to your GP however a YES response to questions 7 to 13 depending on the circumstances of each question will not normally require GP consent.

The guide below is our policy and we must enforce on all occasions with no exceptions.

Action Required for YES Responses to PAR-Q Questions
1) Heart problems? Refer to GP
2) Circulatory problems? Refer to GP
3) Blood pressure problems? Check blood pressure
· If blood pressure is lower than 160/95 mmHg no referral is necessary
· If blood pressure is between 140/90 and 160/95 induct on CV only (Advice to see Doctor)
· If blood pressure is between 160/95 and 180/100 accept on GP referral only
· If blood pressure is 180/100 or higher will not be accepted
4) Joint, movement problems? Refer to GP
5) Feel dizzy or imbalanced during exercise? Refer to GP
6) Currently pregnant or recently given birth? Ask more questions about pregnancy/birth:
· If pregnant and after the first three months, no referral is necessary
· If pregnant, within the first three months and was exercising regularly before became pregnant, no referral is necessary
· If pregnant within the first three months and not already exercising regularly, refer to GP
· If had a natural birth less than 6 weeks ago refer to GP
· If had c section less than 10 weeks ago refer to GP

Action Required for YES Responses to Health History Questions

7) Back/spinal pain? Find out limiting factors, i.e. movement and pain. If in doubt refer to GP
8) Headaches or migraines? Be aware that people who suffer from headaches on a regular basis may develop a headache caused by exercise while exercising.
9) Have you recently had surgery? Find out how recent surgery was and what it was if very recent refer to GP.
10) Currently being prescribed medication? Find out more information about the medicine and possible side effects, if in doubt refer to GP
11) Recently finished a course of medication? Find out about medication that was taken, if in doubt refer to GP
12) Diabetes? Not a limiting factor but will need to be aware of the condition, encourage them to carry a snack and ideally, they should take their blood sugar level before and after exercise. Best not to exercise if their level is too low or too high immediately before exercising. Ensure the client drinks plenty of water before, during and after exercise. If in doubt, refer to GP.
13) Asthma or breathing problems? If the inhaler is required, ensure they have it with them and re-schedule induction if they don’t.
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