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Athletes and warfighters are continually looking for ergogenic aids that are safe and 

legal. Beetroot juice (BR), a rich, safe source of dietary nitrates, has been shown to be effective 

for improving performance and increasing time to exhaustion in events that require endurance or 

require repeated interval sprints. The demands of combat are most like repeated sprints, and it is 

important to identify if BR would aid this population and what would the recommended dose and 

duration of supplementation be. Twenty-five ROTC Cadets from a midsize, midwestern 

university were randomized into 3 groups that did not differ between age, gender, body 

composition, or aerobic fitness; the groups were only different in the beverage they were given 

and the corresponding amount of dietary nitrates, either 16.9 oz. apple juice (CON, 0 mg NO3-), 

roughly 8 oz. apple juice + 8.4 oz. beetroot juice (BR1, 300 mg NO3-), or 16.8 oz. beetroot juice 

(BR2, 600 mg NO3-). The major outcome measure is performance on the Yo-Yo Intermittent 

Recovery Test 1 (Yo-Yo IR1), which measures distance covered in progressively faster interval 

sprints until exhaustion. Each group increased over the 3 sprints, and a dose-related effect was 

observed, even though the increase was insignificant (p > 0.05). Overall, BR2 improved by 35 % 

and BR1 by 25 % compared to CON with no significant difference in GI symptoms.  
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CHAPTER 1 

 

 

 

INTRODUCTION 

 

 

 

 Athletes are continually looking for ergogenic aids that are safe and legal (Kisaalita & 

Robinson, 2014). When the stakes are high and lives and missions are on the line, modern 

warfighters too seek the edge for optimal performance, cognition, and focus with physiological 

monitoring and feedback, nutritional optimization, and the addition of pharmaceuticals and 

dietary supplements (Ford & Glymour, 2014). Beetroot juice (BR), a rich source of dietary 

nitrates (Van Duyn & Pivonka, 2000), is a safe method of nitrate supplementation with less risk 

of toxicity than nitrate salts (Hord, Tang, & Bryan, 2009). Nitrates have been shown to be 

effective for improving performance and increasing time to exhaustion in endurance sports, such 

as cycling (Cermak, Gibala, & van Loon, 2012)  and running (Murphy, Eliot, Heuertz, & Weiss, 

2012)  and in intermittent repeated sprints, typical of team sports (Thompson et al., 2015, Wylie  

et al., 2013a).  

  Endurance sports are different from team sports which entail intermittent sprints, and 

place different demands on the athlete both physiologically and nutritionally (Dunford & Doyle, 

2015). In 14 recreationally active men after 30 hours of BR supplementation, performance in the 

Yo-Yo Intermittent Recovery 1 (Yo-Yo IR1) repeated sprint test, measured by distance covered, 

was significantly increased by 4.2 % which was 40-240 m; p < 0.05 (Wylie et al., 2013a). In a 

study with 16 team-sport athletes supplemented for 7 days with BR or PL, total work output 
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increased by 3.5% with BR (123 ± 19 kJ) compared to PL (119 ± 17 kJ) (p < 0.05), with a faster 

reaction time in the second half compared to PL (p<0.05) (Thompson et al., 2015). 

 Most studies with an acute (1 bolus dose or supplementation over 1 day) dose of BR are 

non-consequential on enhancing athletic performance, whether time to exhaustion or faster 

performance on a time trial (MacLeod et al., 2015; Muggeridge et al., 2014; Muggeridge et al., 

2013; Peeling, Cox, Bullock, & Burke, 2015). By far the most common is 6-7 days of 

supplementation prior to testing (Bailey et al., 2010; Bailey et al., 2009); only 3 studies have 

been located in the literature to date that supplement with BR for more than 10 days (Vanhatalo 

et al., 2010; Wylie et al., 2016; Jajja et al., 2014). It is interesting to consider the chronic effect of 

training, a group of physiological adaptations commonly seen in collegiate and elite athletes, that 

makes them more efficient with nutrient metabolism and oxygen consumption (Dunford & 

Doyle, 2015). It seems that elite athletes and warfighters would adapt to nitrate supplementation 

and become more efficient in nitric oxide metabolism; perhaps they would train harder and 

longer in practice and then prove the benefit of chronic supplementation in competition. 

Additionally, very few researchers have evaluated variable doses of supplementation to 

understand if a dose response occurs (Hoon et al., 2014; Wylie et al., 2013a). These studies, by 

and large, only evaluate the efficacy of varying doses in very acute settings. If there is evidence 

that chronic supplementation is truly beneficial then more research is needed to see what amount 

is most beneficial to athletes while still being palatable and/ or tolerable by athletes and 

warfighters. 

 Lanceley, Ranchordas, & Ruddock (2013) supplemented 11 trained female runners with 

BR for 4 days and found an insignificant decrease in 5 km run time, and faster but insignificant 

split times. Murphy, Eliot, Heuertz, and Weiss (2012) studied the effects in 5 men and 6 women 
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and found whole beetroot consumption improved 5km run time that trended toward significance 

(p = 0.06). Several other female-only studies used an acute dose (a single dose ~70 mL, 6 mmol 

NO3-) of BR that proved insignificant for improving sport performance (Buck et al., 2015; 

Collofello, Moskalik, & Essick, 2014). The limitation with most of the female-only studies is 

that they start after the woman’s menses and end before they start, thus negating any hormonal 

changes that the participants may experience. However, female athletes and warfighters do not 

get the luxury of competing or fighting in the absence of menses. Thus, it is important to find the 

correct dosage and duration of dietary nitrate that is beneficial to substantially increase the 

female athlete’s endurance and speed performance in sport in the context of real life.  

 While there seems to be little benefit of acute supplementation (≤ 1 dose or 1 day), except 

with larger doses (≥ 140mL concentrated BR; 9.6 mmol NO3-; Peeling, Cox, Bullock, & Burke, 

2015) than most athletes could tolerate prior to performing, on endurance or strength measures, 

there is a growing body of research that shows positive effects of nitrate supplementation in 

endurance and team-sport events. Since team-sport athletes and military personnel have unique 

demands that require endurance, speed, and alertness, it is helpful to observe performance 

improvements with nitrate supplementation with a repeated sprint assessment that mimics team 

field-sports. Therefore, more research is required to better understand the physiological response 

to chronic nitrate supplementation at varying doses in military personnel. 

 

Problem 

 Athletes and warfighters want to be the best and often look for aids to help their 

performance. In sport that difference means getting to the ball or crossing the finish line a split 

second faster than the opponent. In battle, it may mean overpowering the adversary and enduring 

until the mission is complete. The real concerns are that the ergogenic aid is safe to consume 
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regularly, is legal, and is truly a performance improver (Kisaalita & Robinson, 2014). Modern 

warfighters want not only physiological improvements, but also seek the edge for optimal 

cognition and focus; now there is more emphasis to optimize nutrition, pharmaceuticals and 

dietary supplements (Ford & Glymour, 2014)  

 Beetroot juice is a rich source of dietary nitrates that is safe to ingest regularly and 

provides additional benefits such as antioxidants (Van Duyn & Pivonka, 2000). It has been 

shown to be effective for improving performance and increasing time to exhaustion in endurance 

sports, such as cycling (Cermak, Gibala, & van Loon, 2012) and running (Murphy, Eliot, 

Heuertz, & Weiss, 2012). Very few researchers have evaluated variable doses (Hoon et al., 2014; 

Wylie et al., 2013a) or an advantageous duration of supplementation and no research has been 

found on nitrates in service members. While, there is a difference between elite warfighters, 

entry level soldiers, and those in between the two extremes in athletic ability, body composition, 

and overall fitness; ROTC (Reserve Officer Training Corps) Cadets have been shown to have a 

wide range of physical fitness and body compositions (Steed, Krull, Morgan, Tucker, & Ludy, 

2016) likely mirroring the larger grouping of military personnel. Thus, determining the impact of 

a dose-related physiological response and performance effects of dietary nitrate (NO3-) 

supplementation in ROTC Cadets is warranted. 

 

Purpose 

 The purpose of this study was to assess the dose-response of dietary nitrate (NO3-) 

supplementation for six and fifteen days in Army ROTC Cadets on time to exhaustion using the 

Yo-Yo Intermittent Recovery Test 1, a well-established field performance test at a midsize, 

midwestern university. 
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Research Hypotheses 

 The following null hypotheses will be evaluated in this study: 

H01: There will be no difference in distance covered in the Yo-Yo IR1 test between ROTC 

Cadets in this study at 0 days (baseline), 6 days, and 15 days. 

H02: There will be no difference in distance covered in the Yo-Yo IR1 test between ROTC 

Cadets receiving varied dietary nitrates (0 mg, 300 mg or 600 mg daily) from BR 

between day 0 and day 6. 

H03: There will be no difference in distance covered in the Yo-Yo IR1 test between ROTC 

Cadets receiving varied dietary nitrates (0 mg, 300 mg or 600 mg daily) from BR 

between day 6 and day 15. 

H04: There will be no difference in distance covered in the Yo-Yo IR1 test between ROTC 

Cadets receiving varied dietary nitrates (0 mg, 300 mg or 600 mg daily) from BR 

between day 0 and day 15. 

H05: There will be no difference in resting blood pressure between ROTC Cadets receiving 

varied dietary nitrates (0 mg, 300 mg or 600 mg daily) from BR between day 0 and day 

15. 

H06: There will be no difference in experienced GI symptoms between ROTC Cadets 

receiving varied dietary nitrates (0 mg, 300 mg or 600 mg daily) from BR between day 0 

and day 15. 

H07: There will be no difference in distance covered in the Yo-Yo IR1 test between male and 

female ROTC Cadets receiving varied dietary nitrates (0 mg, 300 mg or 600 mg daily) 

from BR between day 0 and day 15. 
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H08: There will be no difference in distance covered in the Yo-Yo IR1 test between fit and 

unfit ROTC Cadets receiving varied dietary nitrates (0 mg, 300 mg or 600 mg daily) from 

BR between day 0 and day 15. 

 

Rationale 

Eating fruits and vegetables are often encouraged as a part of a healthy, balanced eating 

pattern (Conner, Brookie, Carr, Mainvil, & Vissers, 2017; Thompson, Ferry, Cullen, & Liu, 

2016). Fruits and vegetables provide many health benefits such as vitamins, minerals, 

phytochemicals, and fiber with an inverse relationship between intake and adiposity 

(Schwingshackl et al., 2015). Additionally, all vegetables provide dietary nitrates, (Coleman, 

2012; Hertzler, 2012) but some vegetables like beetroot and dark green leafy vegetables are 

particularly rich sources (Hord, Tang, & Bryan, 2009; Van Duyn & Pivonka, 2000). Some 

studies have shown similar vasodilation and lower blood pressure between females and males 

(Collofello, Moskalik, & Essick, 2014). Generally, there may be less effect on performance to a 

single dose or single day of supplementation with dietary nitrate from BR when compared to 6 

days or more of intake. Using this testing protocol, Wylie et al. (2013a) found an improvement in 

distance covered among recreationally active young men after only 30 hours of consuming large 

doses of BR (490 mL of concentrated BR). 

 According to Bescós, Sureda, Tur, and Pons (2012), more research is needed with female 

athletes to see if nitrate recommendations are applicable and appropriate. Based on previous 

research, the warfighter training with dietary nitrates should see improvements in that translate 

into enhanced performance. This study is important to understand to what degree the different 

doses and duration dietary nitrate via BR affects training in ROTC Cadets’ sprint interval 

performance as measured in the Yo-Yo IR1.  
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Assumptions 

 The researcher made the following assumptions in the implementation of the study and in 

the interpretation of the data: 

1. Each participant followed the study’s protocol in that they consumed their 

designated beverage allotment in entirety on each day and throughout the 

experiment. 

2. Each participant gave their maximal effort on each day of Yo-Yo IR1 testing and 

VO2MAX testing. 

3. Each participate followed the dietary guidelines presented in this study throughout 

the duration of the experiment. 

4. Each participant answered all questions related to this experiment honestly and 

openly.    

 

Definitions  

 For the purpose of this study, the following definitions will be used: 

1. Beetroot Juice (BR): The juice of the vegetable beetroot, separate from the plant’s leafy 

greens. Along with green, leafy vegetables like spinach and arugula are highest in 

naturally- occurring dietary nitrates (Hobbs, Kaffa, George, Metheven, & Lovegrove, 

2012). 

2. Blood Pressure (BP): The measurement of the force pushing outward on the arterial wall. 

It is a combination of 2 forces and is read as 2 numbers. The first force is when the heart 

contracts and pushes blood through the arteries (systolic BP, top number). The second 

force is when the heart relaxes and fills with blood (diastolic BP, bottom number). It is 

usually measured with a cuff around the bicep, and someone listening for the flow of 



8 

 

blood into the vessel once it is released from the pressure of the cuff. (American Heart 

Association, 2014). 

3. Field Sports: Team sports played on grass, where the athletes are continuously running or 

moving most of the time. Examples include soccer, field hockey, lacrosse, rugby, and 

hurling. 

4. BODPOD:  A body composition measuring cabin that provides an accurate estimate of 

fat mass and fat-free mass in about 3 minutes. The BODPOD is within 1% of hydrostatic 

weighing, but may under estimate body fat by 2-3% compared to DEXA (Fields, Goran, 

& McCrory, 2002). 

5. Yo-Yo Intermittent Recovery Test (Yo-Yo IR1): A progressively increasing sprint test, 

cued audibly, that requires the participants to complete 2 consecutive 20m sprints 

followed by 10 seconds of active rest. The test is performed to exhaustion which is 

measured by failing to complete 2 sprints in the allotted time (Krustrup et al., 2003). 

6. Dietary Nitrate:  The inorganic anion (NO3-) naturally occurring richly in beetroot, dark 

leafy greens, and dark chocolate; it is reduced to nitrite safely by bacteria in the oral 

cavity (Lidder & Webb, 2013). 

7. Nitrite: The inorganic anion (NO2-) in between nitrate and nitric oxide; most common 

form in circulation until reduced to nitric oxide (Lidder & Webb, 2013).  

8. Nitric Oxide: Active signaling compound (NO) that regulates blood flow via 

vasodilation, regulates muscle contractility, regulates glucose and calcium homeostasis, 

and lowers oxygen cost of exercise (Vanhatalo et al., 2010).  

9. Moderate-Intensity Exercise: Work rates that require 80% of Gas Exchange Threshold 

(Bailey et al., 2009). 



9 

 

10. High-Intensity Exercise: Work rates above the Gas Exchange Threshold and critical 

power; used primarily in exhaustive tests (Bailey et al., 2009). 

11. Intermittent Exercise: Sprint intervals; repeated maximal-intensity exercise for brief 

periods followed by periods of active recovery to best simulate team sport activity (Wylie 

et al., 2016).   

12. Pulmonary Oxygen Uptake (VO2): The amount of oxygen consumed, usually as a percent 

of VO2max, which is the highest rate oxygen can be consumed and utilized by the body 

despite changes in exercise intensity (Bennett, Parfitt, Davison, & Eston, 2015).  

13. Gas Exchange Threshold (GET): Estimated value from a breakpoint in breath by breath 

values of carbon dioxide uptake (VCO2) and oxygen uptake (VO2) obtained during a 

progressive exercise test. (Magalang & Grant, 1995). 

14. Palatable: Having a pleasant, agreeable taste (Merriam-Webster Dictionary). 

15. Tolerable: Being unpleasant, especially in taste, but good enough to be acceptable. 

(Merriam-Webster Dictionary).  

 

Summary 

The purpose of this study was to assess the dose-response of dietary nitrate (NO3-) 

supplementation via beetroot juice for six and fifteen days in a coed cohort of Army ROTC 

Cadets on sprint performance as measured in time to exhaustion using the Yo-Yo IR1, a well-

established field performance test, at a midsize, midwestern university.  
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CHAPTER 2 

 

 

 

REVIEW OF LITERATURE 

 

 

 

The purpose of this study was to evaluate the effect of beetroot juice supplementation as 

a source of dietary nitrate (NO3-) with varying levels of supplementation at six and fifteen days 

in a coed group of Army ROTC (Reserve Officer Training Corps) Cadets on time to exhaustion 

using a well-established field performance test, the Yo-Yo Intermittent Recovery Test 1 (Yo-Yo 

IR1) at a midsize, midwestern university. This chapter provides a general overview of the use, 

efficacy, and safety of NO3- supplementation, with emphasis on various beetroot (BR) sources; 

the demands of team sports and warfighters and how BR may improve athletic performance and 

endurance; and a discussion of several variables associated with dietary NO3- that have yet to be 

explored with legitimacy, to include variable doses, varying durations, and ROTC/ military 

personnel.   

 

The Use and Effects of Nitrate Supplementation 

 Athletes want to perform the best they can and are constrained to supplements that are 

safe and legal for their sport (Kisaalita & Robinson, 2014). Warfighters also want the 

performance edge over their adversaries. For long the search has relied on strategy and 

technology, but now individual soldiers are trying to make themselves the best version of 

themselves that they can. They have turned to proper nutrition, pharmaceuticals, and dietary 
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supplements to improve performance, focus, mental clarity, and endurance (Ford & Glymour, 

2014). Recently, many researchers have focused on dietary nitrates, particularly BR to provide 

this performance enhancement (Jones, 2014) in a way that is both safe and legal for recreational 

to elite athletes (WADA, 2016).  

 

Nitric Oxide  

Nitric oxide (NO) enhances endothelial function, reduces blood pressure and mean 

arterial pressure, and increases oxygen delivery to the cells (Maiorana, O’Driscoll, Taylor, & 

Greene, 2003). It should be noted here this is very different in function and from nitrous oxide 

(N2O), which is used as an anesthetic and laughing gas (van Amsterdam, Nabben, & van der 

Brink, 2015) as well as an oxidizer for rockets and motors (Gascoin, Gillard, Mangeot, & 

Navarro-Rodriguez, 2012).  

According to Bailey et al., (2010), there are two methods to produce NO in the human 

body: a Nitric Oxide Synthase (NOS)-dependent pathway and a NOS independent pathway. In 

the NOS-dependent pathway, the conditionally essential (synthesis can be limited under 

pathophysiological conditions) amino acid L-arginine is oxidized by enzymes in the NOS family 

and results in NO and a nonessential amino acid L-citrulline. Additionally, the kidneys and liver 

are responsible for the production of L-arginine when sufficient substrates are available and that 

the conversion to NO and citrulline occurs within the endothelial cells (Poortmans, Gualano, & 

Carpentier, 2015). However, 16 days of concentrated watermelon juice, a rich source of L-

citrulline, significantly increased plasma NO2- and muscle oxygenation in moderate-intensity 

exercise compared to baseline and apple juice (PL), but did not improve time-to-exhaustion in 

severe-intensity exercise. Both watermelon juice and apple juice significantly increased resting 

blood pressure in the 8 participants compared to their baseline (Bailey et al., 2016).  
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Bailey et al., (2010) state that in the NOS-independent pathway NO3
- is converted to 

nitrite (NO2
-) via oral bacteria, and this conversion can be almost completely discontinued with 

the use of antibacterial mouthwash or antibiotics (Govoni, Jansson, Weitzberg, & Lundberg, 

2008). Nitrite is converted to NO by several pathways but the most prominent one occurs in the 

stomach; NO2
- reacts with the acidic environment (HCl, vitamin C, and polyphenols) producing 

nitrous acid (HNO2) which turns into dinitrogen trioxide (N2O3) and eventually decomposes into 

NO and other reactive nitrogen oxides (Lidder & Webb, 2013). As NO and NO2
- enter portal 

circulation NO is oxidized to NO2
- and stays as nitrite in circulation. Since NO has a very short 

half-life, NO2
- is reduced in circulation as needed through resistance vessels signaling 

endothelial relaxation causing vasodilation and reduced blood pressure, as well as increasing 

oxygen uptake into the cells Webb et al., 2008). 

 

Dietary Nitrates 

Nitrate is present in all vegetables; however, some vegetables, like beetroot and dark 

leafy green vegetables are particularly rich sources (Hord, Tang, & Bryan, 2009; Van Duyn & 

Pivonka, 2000; Coleman, 2012; Hertzler, 2012).  According to Hord et al., (2009), the amounts 

vary in vegetables from very low in nitrate, <20mg NO3/ 100g (asparagus and sweet potatoes) to 

very high, >250mg NO3/ 100g (arugula, spinach, and beetroot). The first true, double-blind 

randomized trial using a denitrated BR placebo (PL) was conducted by isolating and extracting 

the NO3- from BR. In this study both the placebo and the variable looked, tasted, and smelled 

like earthy beetroot with the only variation being the NO3- concentration (PL 0.003 mmol NO3- 

vs. BR 6.2 mmol NO3-) (Lansley et al., 2010).  
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Forms of Dietary Nitrates 

 Dark chocolate (100 g, 74% cacao) is perhaps a more palatable way to consume NO3- 

and has been shown to improve endothelial function and wave reflections in healthy people 

(Vlachopoulos, Alexopoulos, & Stefanadis, 2006). Dark chocolate has also been shown to 

significantly increase gas exchange threshold and 2-minute time trial performance (p < 0.05) 

compared to baseline and white chocolate (Patel, Brouner, & Spendiff, 2015).  

Beetroot, in any form, is a rich source of dietary NO3-. For example, eating whole 

beetroot improved 5 km running performance in healthy adults that trended toward significance 

(p = 0.06) (Murphy, Eliot, Heuertz, & Weiss, 2012). Eating breads made with no beetroot, red 

beetroot, and white beetroot showed that both red and white beetroot significantly lowered blood 

pressure in normotensive men (p < 0.05) compared to nitrate-free bread; processing (milling and 

baking) and the presence of betacyanins did not affect the NO3- content (Hobbs, Kaffa, George, 

Methven, & Lovegrove, 2012). BR is used in most studies because it is easiest to measure the 

amount of NO3- given to participants and to ensure consistency among all doses. According to 

Webb et al. (2008), plasma NO3- concentration peaks between 1.5 and 2.5 hours after ingesting 

500 mL, stays elevated from 3 to 6 hours after ingestion, and returns to baseline after 24 hours. 

Plasma NO2
- levels peaks between 3 and 5 hours after ingestion and return to baseline after 24 

hours.  

 

Significance in Physiology and Performance 

 Nitric oxide’s ability as a vasodilator has been displayed powerfully. In disease-free, free-

living men and women aged 23 to 68 with an average blood pressure of 132.6/81.1 mm Hg, a 

single dose of 500 ml of BR and apple juice reduced blood pressure by 5 mm Hg after 6 hours 

(Coles & Clifton, 2012). In a 15-day study, resting systolic blood pressure was significantly 
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lower with 500 ml BR compared to a low-nitrate placebo (PL) at all measurements except for 

day 5 (95 % CI -10.9 to -0.82; p < 0.05) (Vanhatalo et al., 2010).  Mean diastolic blood pressure 

(DBP) was significantly different at all times between groups (p = 0.003; effect size, 0.86) and 

lower in BR than the PL group (95% CI -4.3 to -1.3; p < 0.01). In the same study and dosage, 

mean arterial pressure (MAP) was lower at all measurements with BR supplementation 

compared to PL, the difference was significant at all points except for day 8 (95 % CI -9.2 to 

0.59; p < 0.05) and was significantly lower than baseline at all points except for day 5 (95 % CI -

9.8 to -0.94; p < 0.05).  In older, overweight patients, 3 weeks of BR supplementation (500 mL) 

did not significantly impact resting clinical blood pressure or 24-hour ambulatory blood pressure 

monitoring, but did significantly lower systolic blood pressure by 7.3 ± 5.9 mm Hg (p = 0.02). 

The effect was lost and not seen in week 4 after supplementation ended after week 3 (Jajja et al., 

2014). In hypertensive patients, BR reduced blood pressure acutely and sustained the reduction 

over 4 weeks of supplementation; endothelial function was improved by 20 % (p < 0.001) with a 

reduction in arterial stiffness of 0.59 m/s (p < 0.01) (Kapil, Khambata, Robertson, Caulfield, 

&Ahluwalia, 2015). In another study, 3 days of supplementation with BR (70 mL, 450 mg NO3-) 

reduced MAP (Pre: 90 ± 1 mm Hg vs. Post: 83 ± 1 mm Hg) and DBP (Pre: 74 ± 2 mm Hg vs. 

Post: 62 ± 3 mm Hg) compared to PL (p < 0.05 for both) (Keen, Levitt, Hodges, & Wong, 2015).  

When oxygen delivery to cells may be compromised, nitrates forming NO are important. 

At high altitude, BR (5.0 mmol NO3
-) improved arterial endothelial function through flow 

mediated dilation and reduced muscle metabolic perturbation during exercise in hypoxia (low 

oxygen conditions), and restored exercise tolerance and oxidative function to values observed in 

normoxia (normal oxygen conditions) (Bakker et al., 2015). But that did not translate to 

improved running performance at high-altitude in 10 well-trained athletes completing an 
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incremental test and a 10 km time trial (Oliver, Arnold, Lewis-Jones, Macdonald, & Wylie, 

2015). Likewise, in severe-intensity exercise, the rate of plasma NO2
- decreased faster in lower 

oxygen conditions, and faster in hypoxia with BR compared to PL (p < 0.01) (Kelly et al., 2014). 

In well-trained apnea divers, BR (70 mL, 5.0 mmol NO3-) reduced MAP and slightly reduced 

heart rate; it also slightly increased oxygen saturation of arterial blood and increased maximal 

apneic duration by 11 % (almost 30 seconds) (Engan, Jones, Ehrenberg, & Schagatay, 2012).  

 

Other Health Benefits and Safety 

Fruit and vegetable consumption has often been encouraged for their many health 

benefits with an inverse relationship between intake and adiposity (Schwingshackl et al., 2015). 

A diet rich in NO3- from fruit and vegetables is also abundant in the many vitamins, minerals, 

and phytochemicals. People who have diets rich in fruits and vegetables may have a layer of 

prevention and protection from coronary heart disease, some cancers, strokes, diverticulosis, 

chronic obstructive pulmonary disease, cataract formation, and hypertension (Van Duyn & 

Pivonka, 2000).  BR is a rich source of the antioxidant phytochemicals, betalain and 

polyphenols, which may benefit performance by creating optimal conditions to enhance 

vasodilation and inhibit vasoconstriction (Braakhuis & Hopkins, 2015). Nutrition for warfighters 

in-training, on-mission, and in recovery of illness or injury has been an underappreciated topic of 

discussion, but provides room for improvement. Encouraging warfighters to consume more 

vegetables and vegetables could promote a healthier, higher-performing military force (Deuster, 

Weinstein, Sobel, & Young, 2009; McClung & Gaffney-Stromberg, 2015). 

There is a relatively low risk of acute toxicity from dietary nitrates, like those found in 

BR, because only a small portion is converted to NO2
- and the conversion is slow and controlled 

(Lundberg, Larsen, & Weitzberg, 2011). If the juice is canned and stored properly there is very 
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little risk of spoilage. However, if the juice is stored improperly, bacteria can infiltrate and 

increase the NO2
- concentration which could react with the hemoglobin causing potentially fatal 

methemoglobinemia (Lundberg et al., 2011). Dietary nitrates and nitrites, especially plant 

sources, are not associated with an increased risk of gastrointestinal cancer or 

methemoglobinemia in infants, and may benefit cardiovascular health and gastrointestinal 

immune function (Hord, Tang, & Bryan, 2009). 

 

Supplement Nitrates 

 

Sources and effect 

Some people cannot bear the thought of eating or drinking beets due it the taste or smell, 

and they would prefer a supplement. Supplements are available, in this form the consumer 

receives the nitrates, without the added benefits of eating real food: vitamins, minerals, and 

phytochemicals. However, sodium nitrate supplements have been effective to reduce the 

maximal amount of oxygen required to complete exhaustive muscular contractions during an 

incremental exercise test (VO2max), systolic, and diastolic blood pressure when compared to PL 

(p < 0.05) in 9 healthy men given 0.1 mmol/kg bodyweight (Larsen, Weitzberg, Lundberg, & 

Ekblom, 2007). In 9 healthy men given sodium nitrate supplements (0.1 mmol/kg) for 2 day, saw 

a non-significant increase in time to exhaustion during maximal intensity exercise during 

combined arm and leg cranking (p = 0.13) and reduce oxygen consumption (p = 0.02) (Larsen, 

Weitzberg, Lundberg, & Ekblom, 2010). Three days of sodium nitrate supplementation 

(0.1mmol/kg bodyweight) has also been shown to significantly elevate mitochondrial function to 

utilize oxygen substrate and turnover ATP (n = 13, p = 0.006), significantly increase the amount 

of ATP produced per atom of oxygen that is reduced in respiration (n = 8, p = 0.02), and 
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significantly elevate maximal ATP production (n = 4, p = 0.005) vs PL; showing NO3- can 

increase mitochondrial function and efficiency (Larsen et al. 2011). A commercially available 

supplement, GlycoCarn (Sigma Tau Healthsiences USA), has NO precursors which increased the 

volume of exercise performed before exhaustion, but did not significantly improve blood flow or 

upper body exercise performance in 19 resistance trained men when taken 30 minutes prior to 

resistance training (Bloomer, Williams, Canale, Farney, & Kabir, 2010). 

 

Safety 

The lethal dose for oral NO2
- is very low (~100-200 mg/kg). Additionally, nitrite can 

easily cause hypotension or react rapidly with the hemoglobin causing methemoglobinemia 

which can be life-threatening (Lundberg et al., 2011).  While the risk is low with NO3- salts, 

athletes may confuse them with NO2
- salts which would be a costly mistake.  

 

Summary 

Dietary nitrates found in dark leafy green vegetables and beetroot are one of the many 

benefits of eating a plant-rich diet. According to Murphy et al. (2011), most studies using BR use 

347 to 476 mg (~5.6 to 6.9 mmol) NO3
-. Dietary nitrates play important roles in endothelial 

function, NO-dependent vasodilation and the efficiency of oxygen use within the mitochondria 

(Lidder & Webb, 2013). 

 

Exercise versus Athletic Performance 

 As interest grew in the area of NO3- supplementation, some of the focus shifted to 

enhancing exercise performance. Initially, researchers explored nitrate’s performance 

enhancement on recreational, untrained young men. As the field developed, the demand for 

higher trained athletes became evident to ensure the effect was related to the NO3- and not the 
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exercise regimen. But there was still a chiasm between laboratory exercise measures and athletes 

performing in their sport.  

 

Beetroot and Exercise Related Outcomes 

One of the first studies to explore NO3- supplementation on exercise found that after 6 

days of BR supplementation (500 mL, 5.5 mmol NO3-), after starting moderate-intensity exercise 

which is exercise performed close to but below the rate of the gas exchange threshold (GET), the 

gain of the increase of pulmonary oxygen was reduced by 19 % (p < 0.05) and in high-intensity 

exercise, which is exercise performed above the GET, time to exhaustion was extended (p < 

0.05) and the slow component of oxygen uptake was reduced (p < 0.05) (Bailey et al., 2009).  

Lansley et al., (2010) found that the end-exercise oxygen uptake in low intensity walking, 

moderate-intensity jogging, and severe-intensity running was significantly less with BR (500 

mL, 6.2 mmol NO3-) than PL (p < 0.01; all). Vanhatalo et al. (2010) found that the lower oxygen 

cost lasted 15 days, as long as the 500 mL BR supplementation continued. Bailey et al., (2010) 

found that after 6 days of BR supplementation (500 mL, 5.1 mmol NO3-), in low-intensity 

exercise the reduction in muscle phosphocreatine concentration was reduced (p < 0.05), and in 

high-intensity exercise the amplitudes of the slow components of muscle phosphocreatine 

concentration were reduced and time to exhaustion as extended (p < 0.05). In both, the estimated 

ATP turnover rate was less and muscle contractility was more efficient with BR than PL.  

Separately, in dissected fast-twitch muscle fibers of mice, NO3- supplementation 

increased the expression of calcium handling proteins which led to a significantly greater 

contractile force (kPa) with lower frequency stimulation (≤ 50 Hz, i.e. less than 50 stimulated 

contractions per minute), while at a higher frequency of contractions (100 Hz) the rate of force 

development was ~35 % higher with NO3- in the soleus but not in the extensor digitorum longus. 
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There was no significant difference observed in maximum force produced and no significant 

difference observed in slow-twitch muscle fibers (Hernández et al., 2012). Comparing BR and 

PL in hypoxia and normoxia, tolerance to severe-intensity exercise was improved in hypoxia but 

not normoxia with BR (p = 0.04), with no increase in tolerance in moderate-intensity exercise 

observed in hypoxia or normoxia (Kelly et al., 2014).  Jones, Ferguson, Bailey, Vanhatalo, & 

Poole (2016), hypothesize that since the fast-twitch muscle fibers have lower O2 availability, 

reflected in O2 tension (PO2), they may be selectively targeted by NO3- supplementation due to 

the increase in conversion of NO2- to NO in hypoxic conditions. 

Breese et al., (2013) saw a 22 % increase in the time-to-task failure in moderate to severe 

intensity exercise after 6 days of BR supplementation when compared to PL (p < 0.05). Carriker 

and Vaughn (2016) found a reduction in oxygen consumption in submaximal exercise with BR 

in participants with “low aerobic fitness” but not in participants with a “high aerobic fitness.” In 

a review and meta-analysis of 17 studies, most with doses between 300-600 mg and durations of 

a single dose to 15 days, NO3- supplementation showed a significant moderate benefit (ES = 

0.79, 95 % CI: 0.23–1.35) on performance in time-to-exhaustion tests (p = 0.006) and a small but 

insignificant benefit in time trial performance (ES = 0.11, 95 % CI: –0.16–0.37) and graded 

exercise tests (ES = 0.26, 95 % CI: –0.10–0.62) (Hoon, Johnson, Chapman, & Burke, 2013). The 

researchers added that while the small benefit may not impact recreational athletes, any small 

advantage in elite athletes may be the difference in first or second place.  

 

Beetroot and Athletic Performance Measures 

Once BR and NO3- were shown to be effective in improving exercise measures, the focus 

began to shift to how well that they might improve athletes in their sport. With this shift in focus, 
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more researchers began exploring nitrate’s effect in well-trained and elite athletes on the whole 

rather than recreational athletes with varying doses and durations (Jones, 2014).  

 

Endurance Performance 

 A single concentrated (140 ml, 8.7 mmol NO3-) dose of BR did not improve power 

output or time-trial performance in 20 well-trained cyclists (Cermak et al., 2012); however, 6 

days of BR supplementation in 20 well-trained cyclists did significantly improve 10 km time trial 

performance after 60 minutes of submaximal cycling (p < 0.05) when compared to PL (Cermak, 

Gibala, & van Loon, 2012). Another acute trial with 0.5 L BR (6.2 mmol NO3-) found a non-

significant improvement in a 50 mile time trial of 0.8 % in 8 well-trained cyclists; a significant 

correlation was made between  post- beverage plasma NO2
- concentration and a reduction in time 

to complete the 50 miles on the cycle ergometer (r = -0.83, p = 0.01) (Wilkerson et al., 2012) 

Researchers sought to see if BR carried the same effect as caffeine or if the effects would make a 

super effect in 12 male and 12 female competitive cyclists. The BR was administered in 2 doses 

of 140 ml (8.4 mmol NO3
-) one 8-12 hours before testing and one 130 minutes prior. They found 

no significant effect with BR alone or BR with caffeine. The only real difference they found was 

with caffeinated gum alone (Lane et al., 2014). Used after a marathon in 34 experienced 

marathoners, each having run at least 16 marathons prior, BR did not significantly help attenuate 

inflammation or relieve muscle soreness faster than PL (Clifford et al., 2017). 

 

Sprint Performance 

 With 14 well-trained, sub-elite rowers, 6 days of 500 ml BR supplementation improved 

all 6 maximal 500 m rowing intervals performed consecutively with a 90-second rest between 

when compared to PL (0.4 %, 95 % CL, ± 1.0). The last three intervals were more impressive, in 
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favor of BR (1.7 % improvement, 95 % CL, ± 1.0) (Bond, Morton, & Braakhuis, 2012).  In 5 

elite female kayakers, an acute dose of 140 ml BR (9.6 mmol NO3-) improved 500 m on-water 

time trial time by 1.7 % (p = 0.01) (Peeling, Cox, Bullock, & Burke, 2015). While not a sprint 

event, endurance event, or team sport, CrossFit requires proficiency in several modalities such as 

weightlifting, gymnastics, speed, endurance, and agility, with constantly changing workouts. 

(Kramer, 2015) tested the effect of 6 days of 8mmol potassium NO3-  supplementation on 12 

male CrossFit athletes with strength using Biodex, power using Wingate, and endurance with a 

2km row all on the first day, and the second day each athlete did a famous CrossFit workout 

called “Grace” (30 repetitions of 135 lb. clean and jerk movements for time). There were no 

significant differences in strength, power, endurance, or time to complete “Grace” with 

potassium nitrate supplementation compared to PL; time to perform “Grace” decreased by 

almost 9 % with NO3- compared to 4 % with PL. 

 

Team Sport Performance 

Team sports present a unique set of challenges to athletes, for example, elite female 

soccer. Krustrup, Mohr, Ellingsgaard, & Bangsbo (2005) tracked 14 elite female soccer players 

on-field in competitive matches and found on average each athlete runs 10.3km in a game, 1.31 

km of that was considered high-intensity running, 0.16 km from an average of 26 sprints. 

Activity changes occurred every 4 seconds; each female makes about 8 headers and 14 tackles in 

the game. The average heartrate was 167 beats per minute which was 87 % of maximum heart 

rate (193 bpm).  

To test the appropriateness for NO3- supplementation in team sports, different tests had to 

be used. The Yo-Yo Intermittent Recovery Test 1 (Yo-Yo IR1), used to replicate the demands of 

field sports, includes two 20 m sprints followed by a 10 second recovery; the sprints are cued by 
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cd and get progressively faster. When the athlete fails to complete the sprint in the designated 

time, he or she is given a warning the first time and the second time he or she is asked to stop 

and his or her total distance is recorded. Wylie et al, (2013a) supplemented 14 recreationally 

active males with 490ml concentrated BR for 30 hours before testing. This translated to 140 ml 

(8.2 mmol NO3-) 30 hours prior, 21 hours prior, and 2.5 hours prior with 70ml (4.2 mmol NO3-) 

1 hour prior. A submaximal test (the first 5 minutes of the Yo-Yo IR1) was done 45 minutes 

prior to starting the exhaustive Yo-Yo IR1 test; at various intervals before, during, and after the 

submaximal and exhaustive tests blood was drawn and analyzed. Plasma NO3- concentration was 

significantly higher at exhaustion than baseline with BR, and higher at all times compared to PL 

(p < 0.05 for both). Plasma NO2
- was significantly higher at exhaustion in BR and PL compared 

to baseline, and BR was higher than PL at all times (p < 0.05 for both). Performance, measured 

by distance covered, was significantly increased (p < 0.05) by 4.2 %. Most participants ran 40-

240m farther, one saw no change, and 3 participants saw a slight decrease with BR. There was 

no significant difference between BR and PL in blood lactate, plasma sodium concentration, or 

plasma potassium concentration, even though blood lactate significantly increased in BR and PL 

during the submaximal and exhaustive tests (p < 0.05).  Blood glucose was trending lower in the 

submaximal test with BR (p = 0.06), and was significantly lower with BR at 600 m into the 

exhaustive test and 1 minute after exhaustion (p < 0.05 for both). Overall, this study showed 

significantly improved intermittent high-intensity exercise performance in the Yo-Yo IR1 with 

BR than PL which is suggestive it would enhance on-field performance. 

 Thompson et al. (2015), expanded on this concept by incorporating cognitive tasks into 

the intermittent sprints to replicate game play decisions that athletes would have to make 

throughout the game. The Intermittent Sprint Test (IST) includes two 40 minute halves with a 15 
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minute rest on a cycle ergometer; each half is made up of 2 minute intervals of 6 seconds of “all-

out” sprinting, 100-seconds active recovery at 35 % VO2max (90 seconds of cognitive tasks from 

the Stroops test here several times throughout the test), and 14 seconds of rest. Additionally, 

there were two iterations with 5 consecutive 4 second sprints and 16 second active recovery in 

each half. This study featured 16 male team-sport players supplemented with 140ml BR (12.8 

mmol NO3-) or PL. There was no significant difference between BR and PL in VO2max, blood 

lactate concentration, blood glucose concentration, plasma sodium concentration, or plasma 

potassium concentration at any point in either half.  There were no significant differences in 

reaction times in the first half or correct responses in either half with BR and PL. There was a 

significantly faster reaction time in the second half with BR than with PL (p < 0.05), and there 

was a significant increase of 3.5 % of work done as compared with PL (p < 0.05). BR 

supplementation may benefit athletes in meeting the physical and cognitive demands of team 

sports. 

 However, in a recent study by Wylie et al. (2016), 10 male team-sport players were 

supplemented for 5 days with either NO3-rich BR (8.2 mmol NO3-) or NO3- depleted BR as a 

PL(0.08 mmol NO3-) and then asked to complete high-intensity interval sprints on a cycle 

ergometer consisting of twenty-four 6 second sprints with 24 seconds of recovery (24 x 6 sec) on 

day 3 of supplementation, seven 30 second sprints followed by 240 seconds of active recovery (7 

x 30 sec) on day 4 of supplementation, and lastly six 60 second maximal efforts at their own 

pace with 60 seconds of active recovery (6 x 60 sec) on day 5 of supplementation. There was 

significant difference in mean power output with BR compared to PL in the 24 x 6 sec protocol 

(568 ± 136 W vs 539 ± 136 W, p < 0.05) but not in the 7 x 30 sec protocol (558 ± 95 W vs 562 ± 

94 W, p > 0.05) or the 6 x 60 sec protocol (374 ± 57 W vs 375 ± 59 W, p > 0.05). There was a 
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significant increase in blood lactate concentration with BR in the 24 x 6 sec and 7 x30 sec 

protocols (p < 0.05), but not in the 6 x 60 sec protocol (p > 0.05). 

 

Demands of Warfighters  

 Military personnel have unique demands placed on them for fitness, endurance, and 

mental fortitude that normal civilians may not experience. In combat, soldiers may be required to 

wear a full uniform (trousers, jacket, undershirt, underwear, socks, and boots), a chemical-

protective outer suit, body armor weighing 6.8 kg, and a daypack weighing on average 13.6 kg 

(Knapik, Reynolds, & Harman, 2004). Testing these conditions specifically, Kuennen et al., 

(2015) supplemented 9 recreationally-active young men either NO3−-rich BR (140 ml/day, ~8.4 

mmol NO3- per day) or a NO3− depleted PL (140 ml/day, ~0.006 mmol NO3- per day) for 6 

days. The researchers had the participants don the equipment mentioned above to preform 3 

separate treadmill “marches” each lasting 45 minutes at 4.83 km/h with a 1.5 % grade elevation; 

the first was in a thermo-neutral environment (23.0° C ± 0.1°C, 31 ± 2% Relative Humidity) to 

familiarize them with the protocol. The later 2 marches were performed in a crossover design 

separated with a 7-day washout period, each of these marches were conducted after 6 days of 

juice supplementation, in a hot, dry, environment (41.2 °C ± 1.2 °C, 15 ± 2 % Relative 

Humidity). VO2 was lower with BR compared to PL (1962 ± 13 ml/min in BR and 2069 ± 17 

ml/min in PL), relative to a 5.6 % reduction in VO2; volume of carbon dioxide production 

(VCO2) and ventilation (total volume of gas entering the lungs each minute, VE) were lower but 

insignificant with BR compared to PL. However, the BR group did experience a significant 

increase in the rise of core temperature and mean body temperature compared to PL in the last 30 

minutes of the march (p < 0.05), but not in mean skin temperature. The researchers hypothesize 
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that BR may benefit warfighters carrying thoracic loads with enhanced respiratory function, even 

though the benefits may be offset with an almost 11 % increase in rise of core temperature. 

 According to Gibala, Gagnon, & Nindl, (2015), interval training is completely 

appropriate for military personnel on the grounds that units typically conduct PT as a group, it is 

adjustable to the fitness of the individual as maximal efforts will not equate to the same 

repetitions, intervals can be adapted to running, biking, or calisthenics, and while differences to 

physiological adaptations exist between men and women, both sexes can reap the benefits of 

lowered body fat prevent and increased cardiovascular fitness from interval training. 

Additionally, combat typically includes high-intensity bursts of energy and adrenaline which are 

more mimicked in interval training than in long, steady-state endurance exercises like a long run, 

which is currently the measure of cardiovascular fitness. 

 

Summary 

BR and NO3- have potential to lower the oxygen cost of moderate and high intensity 

exercise. In high intensity exercise, exercise tolerance as indicated by time-to-task failure, 

increased with BR supplementation. The benefits of vasodilation and increased oxygen delivery 

to muscle cells translated into enhanced performance in endurance, sprint, and team sports. 

Warfighters, have many of the same characteristics as team sport athletes, but present many 

unique challenges. 

 

Variables Demanding Consideration 

 

Length of Study 

Several studies test acute effects of BR supplementation in single or variable amounts, 

usually 2.5 hours before testing, with mostly insignificant findings (Cermak et al. 2012; Hoon et 



26 

 

al., 2014; MacLeod et al., 2015; Muggeridge et al., 2014; Muggeridge et al., 2013; Peeling et al., 

2015). Some researchers provide additional but very limited time and doses prior to testing (< 30 

hours) (Lane et al., 2014; Wylie et al., 2013a). Recently, subjects were given 7 shots of 

concentrated BR (each containing 6.2 mmol NO3-) in the 48 hours following a whole blood 

donation of ~450 ml. While both the BR and PL group experienced a decrease in ramp test peak 

power, BR had a reduced O2 cost of moderate-intensity exercise and reduced decline in ramp 

incremental exercise performance following blood donation (p < 0.05), which may translate to 

enhanced functional capacity following blood loss or trauma (McDonagh et al., 2016). 

By far the most common is 6-7 days of supplementation prior to testing (Bailey et al., 

2010; Bailey et al., 2009). And only three, supplement with BR for more than 10 days (Jajja et 

al., 2014; Vanhatalo et al., 2010; Wylie et al., 2016). The chronic effect of training is a group of 

physiological adaptations commonly seen in collegiate and elite athletes, which makes them 

more efficient with nutrient metabolism and oxygen consumption (Dunford & Doyle, 2015). 

According to Jones (2014), BR supplementation of 2 to 6 days and up to 15 days increases 

performance indices in high-intensity constant or incremental workloads in healthy participants. 

While acute doses may benefit depending on many factors like the age, fitness, diet, and health 

of the participant, and the nature, intensity, and duration of the exercise performed, and whether 

the exercise is performed in hypoxia or normoxia. An acute dose may increase vasodilation and 

peripheral tissue oxygenation but it may take longer to facilitate changes in the mitochondria and 

contractile proteins to exhibit a change in exercise performance. 

 Vanhatalo et al., (2010) was the first study to extend the supplementation to 15 days 

which showed BR significantly lowered mean diastolic blood pressure when compared to PL. 

The next study that went longer went 30 days and did have an element of variable doses as well. 
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Wylie et al. (2016), supplemented 34 healthy subjects (15 female) with either ~3 mmol NO3- 

(9.75 g dry beetroot diluted with 50 ml water), ~6 mmol NO3- (19.5 g dry beetroot diluted with 

50 ml water), or PL (0 mmol NO3-, 9.5 g sucrose and red shade coloring diluted in 50 ml water) 

for 30 days and tested the participants at day 1, 7, 28, and 30. Testing the acute with the chronic 

doses, the treatment groups received either an acute dose of placebo or the BR they had been 

taking 2 hours prior to the test. Compared to baseline, 6 mmol NO3- reduced the steady-state 

VO2 in moderate-intensity exercise at days 7, 28, and 30 with and without the acute dose prior (p 

< 0.05), but 3 mmol NO3- did not with or without the acute dose (p < 0.05).  

 

Variable Doses 

 Hoon et al. (2014) conducted a PL-controlled, double-blinded crossover study with 10 

highly-trained men ingesting various amounts of BR (0 mmol NO3-, 4.2 mmol NO3-, or 8.4 

mmol NO3-) prior to performing a 2000 m rowing-ergometer test. For sub-elite athletes this test 

takes 6-7 minutes at around 90% VO2max; it was hypothesized that this would be optimal 

conditions for NO3- to serve as an ergogenic aid. Two hours before the test began each athlete 

was given PL in the form of de-nitrated beet juice, 1 can of BR (SINGLE) with 4.2 mmol NO3
-, 

or 2 cans of BR (DOUBLE) with a total of 8.4 mmol NO3
-. Compared to PL, the SINGLE dose 

reduced time to completion by -0.2 seconds (90 % CL ± 2.5 s); while the DOUBLE dose reduced 

time by 1.6 seconds (90 % CL ± 1.6 s). Compared to SINGLE, the DOUBLE was found to be 

possibly beneficial as the mean difference was -1.8 seconds (90 % CL ± 2.1 s). The difference in 

heart rate among all three trials was trivial, and the difference in lactic acid concentration was 

unclear. A moderate correlation (r = -0.593) was found between change in plasma NO2
- 

concentration and change in time to completion that was trending towards significance (p = 

0.055). A single dose of BR (70 mL) did not affect performance in this event, an acute double 
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dose may possibly be of benefit to sub-elite rowers. The researchers noticed that 16.8 mmol 

NO3- increased plasma NO2
- concentration, but the effect was small (Hoon et al., 2014).   

Wylie et al. (2013) conducted a crossover trial with 10 recreationally active men 

performing two 5 minute bouts of moderate-intensity exercise and a high-intensity, time to 

exhaustion bout after consuming a variable dose of BR. Each participant ingested 70 ml, 140 ml, 

or 280 ml of BR with 4.2, 8.4, and 16.8 mmol NO3, respectively, or equivalent volumes of NO3- 

depleted BR as PL 2.5 hours before starting the exercise bouts. Plasma NO2
- was significantly 

higher in 70 ml BR than PL, and in140 ml BR than 70 ml BR (p < 0.05 for both), and was 

trending toward significance in 280 ml BR compared to 140 ml BR (p = 0.06). In moderate- 

intensity exercise, 140 ml BR and 280 ml BR reduced the steady-state oxygen uptake compared 

to PL, as measured by end-exercise VO2, by ~2 % and ~3 % (p = 0.06; p < 0.05, respectively). 

There was no significant difference between 70 ml BR and PL. In severe-intensity exercise, 

time-to-task failure was increased by 14 % (71 ±77 seconds) and 12 % (59 ± 61 seconds) with 

140 ml BR and 280 ml BR, respectively, compared to PL of the same volume (p < 0.05 for both). 

There were no significant differences between 70 ml BR and 70 ml PL, between 70 ml PL, 140 

ml PL, or 280 ml PL, or between 70 ml BR, 140 ml BR, or 240 ml BR. Again, these are acute 

doses, and cannot speak into a chronic effect of training seen in athletes. 

 

Female Athletes 

According to a recently published book on female athletes, Olympic Handbook of Sports 

Medicine and Science: The Female Athlete (2014), research that is done on male athletes is often 

applied to female athletes, because there is either no difference in metabolism or there is nothing 

known about the issue. The three reasons why the recommendations may differ include: varying 

hormonal environments such as the changes that occur in the menstrual cycle, smaller body sizes 
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and muscle mass, and the consumption of lower energy diets. For research to be applicable to 

females, it should include only females, or if males and females are tested together their results 

should be combined for a general effect or they should be compared to each other to show any 

differences. For example, when Murphy, Eliot, Heuertz, & Weiss, (2012) concluded that eating 

whole beetroot would improve running performance the group was 5 males and 6 females and 

the results included combined effects of the group; the same for Lane et al., (2014). 

With an acute dose of 70mL BR 2.5 hours before testing, there was a significant 

difference in systolic blood pressure (p = 0.039) compared to 70 ml NO3- depleted BR (PL) in 12 

females, as expected (Collofello, Moskalik, & Essick, 2014). In that same study the 12 females 

had a longer, but not significant, dry static apnea (holding breath out of water) duration (p = 

0.098) with BR compared to PL. Lanceley, Ranchordas, &Ruddock (2013) supplemented 11 

trained female runners with 140ml BR (8 mmol NO3
-) or a PL drink for 4 days and 2.5 hours 

before testing. After BR supplementation, there was an insignificant decrease in 5km run time: 

49 seconds compared to control and 31 seconds compared to PL. The split times for each 1km 

were similar and also insignificant, even though the second mile tended to be 16 seconds faster 

with BR than control and 12 seconds faster with BR than PL.  

Buck, Henry, Guelfi, Dawson, McNaughton, & Wallman (2015) conducted a crossover 

trial with 13 recreational team sport participants with 6 days of supplementation of sodium 

phosphate at 50 g/kg bodyweight and an acute 70 ml BR (6 mmol NO3-; a dose shown 

ineffective in male participants) or a PL for one or both. The results of this study were not as 

interesting as the methods. After the completion of a simulated team-game circuit (STGC) their 

repeated sprint ability was significantly improved with sodium phosphate alone (p < 0.05). 

Females on only sodium phosphate had lower rates of perceived exertion and lower heart rates at 



30 

 

the completion of the STGC. In this study, the ladies had a 6 day ramp up that started 3 days 

after the onset of their menstrual cycle and had a 21-day washout between trials to minimize the 

flux of hormones; even though female athletes do not have this luxury when competing.   

 

Military Personnel and Warfighters 

 Similar to how coaches would not allow researchers to “experiment” with athletes in the 

heat of competition on the premise they may lose their competitive advantage, commanders are 

hesitant to experiment with their soldiers in the middle of combat. It is important then to test 

military personnel in training, when there is no risk of losing a life or sacrificing a mission. It is 

important then to consider the soldier out of combat and in garrison, who still have physical 

fitness standards and required daily physical training (PT). 

It is worthwhile to mention that every deployment for every unit will differ with regard to 

number and type of mission. Lester et al., (2010) examined one unit of 73 combat arms soldiers 

who were evaluated before and after a 13-month deployment to Iraq in 2004 that involved 

mostly mounted patrols with very few dismounted (foot) patrols. Strength as measured by a one 

repetition max (1RM) of bench press for upper body and squat for lower body; upper and lower 

body strength increased by 7 % and 8 % respectively (p < 0.001). Upper body power, measured 

by a bench throw, increased by 9% (p < 0.001) and lean body mass increased by 3 % (p < 0.05). 

However, aerobic performance, measured by time to complete a 2-mile run, decreased by 13 % 

(p < 0.001) and fat mass increased by 9 % (p < 0.05). Furthermore, fewer soldiers participated in 

aerobic exercise or sports while deployed than did in garrison (p < 0.001). Of the soldiers 

evaluated, 17 % claimed that the responsibilities of their job required repeated sprints, and only 7 

% claimed the responsibilities of their job required running for more than 30 minutes. These 

results are likely due to increased time sitting (either on base or in a vehicle), increased time with 
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resistance training and less emphasis on aerobic training, and a potentially poor diet (junk food, 

Meals-Ready-to-Eat, and available food at the dining facility).  

Because the nature of the deployment may vary, and the soldier may not know when, 

how far, or how often he or she will be required to move with high-intensity bursts, like in a 

firefight, it is important for soldiers to be fit and maintain ideal body composition prior to 

deploying. While it would be best for all soldiers to maintain body composition and 

cardiovascular fitness like an in-season athlete, it does not always happen. Wennblom & Brechue 

(2012), compared 97 cadets from the United States Military Academy to 333 athletes from 

NCAA, international, and Olympic levels. They found that the cadets had a range of body fat 

from 6-26%, and when body mass was controlled the cadets had higher fat-and lower fat free-

mass. There is not one mold for every soldier or cadet. While the Army ROTC Cadets are held to 

the same physical fitness and body composition standards as their counterparts in military 

service (both active and reserve), there is a broad array of what is considered meeting the 

standard. Steed, Krull, Morgan, Tucker, & Ludy (2016), explain that each soldier must score a 

minimum of 60 points out of 100 on three separate events to pass the Army Physical Fitness Test 

(APFT). A male 18-21 years old must complete a minimum 42 push-ups in 2 minutes, 53 sit-ups 

in 2 minutes, and run 2 miles in 15 minutes and 54 seconds to achieve 60 points in each event for 

the minimum passing score of 180 (out of 300). The researchers evaluated 13 cadets (2 females) 

in a midsize, midwestern university who had an average APFT score of 284.2 ± 18.6. Their 

average body fat percentage, as measured by air-displacement plethysmography (BOD POD), 

was 14. 2 ± 7.0 (11.9 ± 4.4 for males, and 27.1 ± 1.3 for females); and they had an average BMI 

of 24.6 ± 1.6 (24.6 ± 1.5 for males, and 24.5 ± 2.8 for females). The researchers found push-ups 
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were negatively correlated to percent body fat, and running time was positively correlated to 

percent body fat.  

 

Summary 

 While there is little effect of small acute doses of BR, there may be some benefit to large 

acute doses.  Daily supplementation seems to elicit a noticeable effect after 6 days of 

supplementation, even at lower doses. It is unclear the effect variable doses over a longer period 

BR may have in  athletes and warfighters; also unclear is how menstrual cycles and the chronic 

effect of training will affect NO3-, NO2-, and NO metabolism. While many soldiers and ROTC 

cadets are fit and active, there is a range in athleticism, fitness, strength, and body composition. 

 

Conclusion 

This chapter provided a general overview of the uses, efficacy, and safety of NO3-

supplementation, specifically BR, on the demands of team sports and warfighters and how BR 

may improve athletic performance. Several variables of BR supplementation have been 

identified here that have yet to be explored with legitimacy, such as variable lengths, variable 

doses, and dietary nitrates with military personnel.  
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CHAPTER 3 

 

 

 

METHODOLOGY 

 

 

 

The purpose of this study was to assess the dose-response of dietary nitrate (NO3-) 

supplementation for six and fifteen days in Army ROTC Cadets on time to exhaustion using a 

well-established field performance test at a midsize, midwestern university. This chapter 

describes the methods that were used to conduct and analyze this study. 

 

Institutional Review Board 

 The researcher received permission from the Ball State University Institutional Review 

Board (Appendix A-1), and completed the Collaborative Institutional Training Initiative training 

prior to implementing this study (Appendix A-2, A-3, A-4). 

 

Sample 

 This study used a convenience sample from Ball State University’s Army ROTC program 

and recruited 27 members (10 females and 17 males) who participated in a regularly-scheduled 

conditioning and strengthening workout routine. This population was selected by the researcher 

because they complete a demanding and competitive conditioning regimen, and would 

presumably have comparable aerobic fitness and anthropometric measurements like body 

composition and body mass index (BMI) to each other.  
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Prior to the start of this study, coordination was made with the university’s ROTC 

commander, where the researcher explained the study in depth with potential benefits, risks, and 

time commitment to the ROTC Cadre. The cadre and the researcher ensured that cadet 

participation would be completely voluntary, and in addition to receiving complementary 

predictive VO2max assessments and BODPOD body composition assessments the cadets would 

be exempt from scheduled morning physical training (PT). The cadets were expected to make up 

the morning PT later in the day, so there would be consistency between their training and the 

sprint tests several hours after receiving their beverage treatment. Per the guidance of the ROTC 

commander, the researcher presented the study to all ROTC cadets and delivered a brief 

presentation on general nutrition practices for active college students.  

An a priori power analysis, indicated a sample of 26 in each group would be necessary to 

complete the study. With the estimate of drop outs, the researcher aimed to recruit 32 in each 

group to have a power of > 80 %, at p < 0.05. This study was able to recruit a total of 27 

participants (9 in each treatment arm). Since the study did not have statistical power, it was run 

as a pilot test. The groups ran in parallel, with no crossover element, and since the participants 

were a part of the same organization there was no anonymity among participants. After 

participants were recruited they were each given a unique subject number, to protect their 

personal- identifying information (i.e. MM-##).  The duration of the research was 15 days and 

the experiment took place in February/ March, and not during Midterms, scheduled PT tests, or 

ROTC overnight training exercises, and it was completed before the cadets left campus for 

spring break. 
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Methods 

 The week prior to the start of the experiment, each cadet completed a full assessment in 

the Integrative Exercise Physiology Laboratory (IEPL) including body composition 

measurements using whole body air-displacement plethysmography assessed with the BOD POD 

version 1.69 (Body Composition System, Life Measurement Instruments, Concord, CA), 

predicted aerobic capacity measurements via the submaximal YMCA cycle ergometer protocol 

and an electronically-braked cycle ergometer (LODE, Excalibur Sport, The Netherlands), and 

nutritional analysis via two 24 hour dietary recalls using Nutrition Data System for Research- 

Nutritional Analysis Software (University of Minnesota, 2016) All assessments were done 

during the same session. 

Each participant was assigned a time to report to the lab between 5 and 7 AM on a 

specified day; all testing was done by the researcher and the Integrative Exercise Physiology 

Laboratory graduate assistant. All nutritional analyses were conducted by the same nutrition and 

dietetics faculty member, a registered dietitian (RD). On the day of laboratory assessment, the 

participants started with rereading the informed consent (Appendix C-2). The researcher was 

present and available to answer any questions. Cadets were assigned a unique number and the 

researcher reviewed the participant handout (Appendix B-1), and began taking anthropometric 

measurements including height (standing vertically, without shoes on) and near nude weight (as 

part of the BOD POD procedures, with minimal compression clothing). Prior to arriving the 

participants were asked to refrain from several things prior to lab testing for more accurate 

results, including eating within 3 hours, using tobacco or alcohol within 24 hours, and exercising 

within 8 hours. They were also asked to wear minimal form-fitting clothing, to include spandex 

or compression shorts for men and compression shorts and sports bra or spandex swimsuit for 



36 

 

the women, and to void their bladder prior to testing. After the participants’ height was recorded, 

they transitioned to the BOD POD station and changed clothing privately before the assessment 

if needed, and they were provided with a swimmer’s cap. Each participant continued with the 

BOD POD until 2 quality readings were achieved; weight was taken with the BOD POD scale in 

minimal form-fitting clothing.  

Next the participants were directed to prepare for the predictive VO2max assessment on the 

cycle ergometer with the Polar heart rate sensor chest strap (Heart Rate Sensor H1, Polar Electro 

Inc., Lake Success, NY) synched to a Polar wristband (Polar FT4 Heart Rate Monitor Watch, 

Polar Electro Inc., Lake Success, NY). For the predictive VO2MAX test, the participants were 

encouraged to adjust the bike settings to make it as comfortable as possible. The protocol 

followed the YMCA submaximal test which starts with three minutes of work at 150 kgm/min 

(0.5 kg at 50 rpm) and is followed by 2-3 three minute iterations at predetermined work-loads. 

The work-loads are based off the participant’s heart rate in the third minute of the first three-

minute interval and increase each time; lower initial heart rates receive higher work-loads. The 

goal of the test is to have 2 consecutive stages with heart rate between 110 beats per minute and 

85% of the age predicted maximal heart rate in order to establish the predicted VO2MAX. The 

predictive test was chosen, as it is faster to administer and easier for the participants, although it 

is not as accurate as conducting the full VO2max test.  

Subjects were matched evenly among the three groups by predictive VO2max. The 

researcher assigned each beverage group a random number (apple beet = 1, all apple = 2, all beet 

= 3), and then used an online random number generator to determine the sequence to determine 

the order of placement into a treatment group. The only exceptions were in the cases where 

participants stated they had an aversion or intolerance to a given juice; in those cases, they were 
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switched to the closest group without that type of juice (for complete randomization details see 

Appendix B-2). All randomization was complete prior to participants receiving their respective 

juice. There were no significant differences in treatment groups with regards to age, height, 

weight, body mass index (BMI), number of females, predicted VO2MAX, relative VO2MAX for 

age/sex, ACSM categorization, or body composition. The only difference in the groups was the 

beverage treatment and the quantity of nitrates consumed from BR. The cadets in the control 

group (CON) received one bottle of apple 16.9 oz. apple juice (0 mg NO3-) every day for 15 

days. The mixed group/ low BR dose (BR1) received ~8 oz. apple juice + 1 can (8.4 oz.) BR 

(300 mg, 4.84 mmol NO3-), and the cadets in the high BR dose (BR2) received 2 cans (16.8 oz.) 

BR (600 mg, 9.68 mmol NO3-) daily for 15 days.  

At the time of the initial assessment in the IEPL lab, the cadets were educated on 

reporting and then completed two 24-hour dietary recalls of all food and beverages consumed. 

Two 24-hour dietary recalls were conducted again in the last week of the experiment on the same 

weekday as their previous collection. All 24-hour recalls were collected, verified and analyzed 

by the same faculty, an RD. The dietary recalls were used to assess usual dietary practices of 

cadets, and determine dietary compliance with nitrate-rich foods by comparing end of 

experiment data to their established baseline intakes. This also provided the researcher and cadre 

an opportunity to understand usual dietary practices of military personnel in collegiate settings 

and to receive feedback from cadre if consultation with a sports dietitian was desired.  

The participant handout given at the IEPL assessment (Appendix B-1) included a list of 

nitrate-rich foods and were asked to avoid consuming these foods. Cadets were asked to refrain 

from using antibacterial mouthwash and pre-workout supplements throughout the 15-day 

intervention. The handout included information regarding the Borg Perceived Exertion Scale, the 
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participants were asked to rate their performance in the YMCA protocol with the scale and then 

to rate the intensity of their workouts throughout the trial with the same scale.  

To familiarize the cadets with the Yo-Yo IR1 prior to starting the research, the cadets 

participated in the Yo-Yo IR1 test once during the program’s morning physical training session. 

At baseline (Day 0), Day 6 and Day 15 all participants performed MMD1 (Military Movement 

Drill 1; 25m verticals, laterals, and shuttle sprints) and then a submaximal test (the first 5 shuttle 

sprints (200m) of the Yo-Yo IR1 that served as both a warm up and reminder of the exercise 

protocol). Subjects were allowed to rest, stretch, or warm up individually for 10-15 minutes prior 

to the exhaustive test (the full Yo-Yo IR1 test until the athlete was unable to complete the sprint 

in the time allotted before the beep) (Appendix B-3). The sprints were completed in several 

heats, to ensure sufficient research assistants and heart rate monitors are available. Dietary 

compliance was measured with the 24-hour dietary recalls and the subjective responses recorded 

on weekly questionnaires given on day 8 and day 15 (Appendix B-4). 

 As it takes 2.5 hours for plasma nitrate concentration to peak (Webb et al., 2008), the 

dosing time was set for 2-2.5 hours prior to alternative-scheduled, afternoon conditioning 

workouts and the research testing. As the turf field was only available from 1-3 PM, the juice 

was passed out daily from 9:45-11:15 AM. Participants who missed normally-scheduled 

conditioning in the early morning were allowed to make it up in the afternoon so that they could 

train after drinking their juice. After coordinating with the participants and cadre, the researcher 

created 3 stations across Ball State’s campus during the weekdays (REC center, Ball Gym, and 

Bracken Library) and consolidated down to one station for weekends (Student Center) for the 

participants to come to every day for the experiment for blood pressure measurements and juice 

pick up. The researcher recruited seven seniors and graduate students in the university’s 
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Nutrition and Dietetics programs, who were trained to assist with manning beverage stations, 

assist with weekly questionnaire distribution, conduct daily blood pressure, and monitor the 

participants/ record results and heart rate in the Yo-Yo IR1 tests.  

At the stations, the researcher asked the participants to sit for 5-10 minutes upon arriving 

at the station to normalize their heart rate and blood pressure. During this time, the researcher 

asked the participants if they had exercised, used tobacco/ nicotine, eaten, or ingested caffeine 

within the last hour, or if they drank more than 2 alcoholic beverages in the last 24 hours.  

After the participant had been resting 5-10 minutes, the researcher assessed the 

participant’s blood pressure using an automatic blood pressure monitor with upper arm cuff 

(Omron IntelliSense Professional Digital Blood Pressure Monitor, Model HEM-907XL, Omron 

Healthcare Inc., Lake Forest, IL). Two readings were taken with a minute between, and then the 

readings were averaged. Once the participant’s systolic and diastolic blood pressure and heart 

rate were collected, they were given their respective beverage and encouraged to drink all 16 oz. 

within 30 minutes. Blood pressure monitors were marked by station so that the same instrument 

was used on the same subject each day of the experiment. Additionally, at the beverage station, 

the participants were asked to complete a brief online Qualtrics survey once on day 8 and once 

on day 15 (Appendix B-4). If participants were unavailable that day at the station the researcher 

contacted them and encouraged them to complete the survey on the same day. This survey 

helped to assess participants’ overall health status, information on menstrual cycle (females), 

presence of gastrointestinal (GI) symptoms, conditioning workouts, alcohol use, and fast-food 

consumption; sleep quality; and any known injuries were gathered to see if there are quantifiable 

reasons as to why some athletes performed better on different trials. This was matched with 

dietary intake/ food frequency for observable patterns. This research was the first study of its 
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kind to assess female participant’s performance without controlling the influence of menstrual 

cycle, because in military operation (similar to athletic competition) female soldiers must 

perform when called on, regardless of their menstrual cycle.  

Instruments 

Performance, as measured by distance covered in the Yo-Yo Intermittent Recovery Test 

Level 1 (Yo-Yo IR1), was the main outcome. According to Krustrup et al., (2003), 17 elite male 

soccer players performed the Yo-Yo IR1 test and then an exhaustive incremental treadmill test 

(ITT). There was a coefficient of variation of 4.9 % difference test and retest in peak heart rate 

between the Yo-Yo IR1 and the ITT (187 ± 2 bpm vs 189 ± 2 bpm, respectively). The Yo-Yo 

IR1 produced higher blood lactate concentration and an eight-fold higher muscle lactate 

concentration (both p < 0.05); the Yo-Yo IR1 also reduced the muscle creatinine phosphate by 

53 % and glycogen by 23 % (both p < 0.05). Then the Yo-Yo IR1 was fielded with 37 elite male 

soccer players during the season and their performance was compared to game play. High 

intensity running in games correlated with performance on the Yo-Yo IR1 (r = 0.71, p < 0.05) 

but not to VO2max or ITT performance. It was considered a valuable, valid instrument because it 

replicated in-game physiological responses, allowing for meticulous examination of physical 

activity of team-sport athletes off the field. 

According to Bangsbo, Iaia, & Krustrup (2008), the Yo-Yo Intermittent Recovery Test 

has two levels. Both levels include two 20 m shuttle runs with a 10 second recovery period cued 

audibly (diagram of course included in Appendix B-3). Both levels measure distance covered by 

the participant prior to exhaustion; when a participant fails to cover the 20 m distance in the 

allotted time they are given a warning and the second time their performance is terminated and 

their distance is recorded. The Level 1 test starts at a lower intensity (more time to cover the 20 
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m distance) and increases slower than the Level 2, more suitable for lesser trained athletes; the 

usual time to exhaustion for trained athletes is 10-20 minutes in level 1 and 5-15 minutes in level 

2. Level 2 is a better measure of repeated sprint performance for trained athletes as more time is 

spent in the high intensity, highly anaerobic range. Since there was a mix of trained and 

untrained cadets, the researcher chose to replicate aspects of a previous study by Wylie et al., 

(2013a) which compared beet root juice supplementation on team-sport athletes measuring with 

the Yo-Yo IR1 test. Each iteration was cued audibly by the Team Bleep Test app (Bitworks 

Design, V1.3.1, United Kingdom) on the researcher’s phone amplified by a portable speaker. 

The researcher provided the participants a table of distances covered by recreational and elite 

males and females prior to sprinting so they could compare their performance (Appendix B-5). 

Secondary measures would have included maximal heart rate (beats per minute) during 

sprint intervals and heart rate recovery (time for heart rate to return to return to pre-exercise rate, 

seconds) immediately after completing the exhaustive test; however, due to technical difficulties 

during the first sprint, this was not implemented. Instead, heart rate was then checked before 

starting and immediately after reaching exhaustion in the test via palpitation for 30 seconds. 

 

Beetroot Juice and Apple Juice 

 The BR and apple juice used in this study was provided to the researcher in the form of a 

grant from Beet Performer (CAJ Food Products, Inc., Fishers, IN). Each can of BR contained 8.4 

fluid ounces of lacto-fermented beetroot juice, citric acid, and vitamin B12 with no other added 

ingredients. This product is known commercially as Beet Performer. Each can of BR contained 

~300 mg of dietary NO3
- (4.84 mmol) and 110 kcal/ serving (24 g carbohydrates). Each bottle of 

apple juice used in this study contained organic apple juice from concentrate (water, organic 

apple juice concentrate) with no other ingredients; this product is known commercially as Pūrjus 



42 

 

100 % apple juice. There are ~0.0 mg of nitrates and 120 kcal/ serving (29 g carbohydrates). For 

optimal taste and acceptability, all beverages were chilled prior to consumption; for simplicity, 

all beverages were served from a bottle, can, or plastic cup (BR1 only).  Given that people do not 

always tolerate a high fructose load or BR, on each questionnaire, cadets were asked to rate 5 

areas from the Gastrointestinal Symptom Rating Scale (GSRS) (Svedlund, Sjödin, & Dotevall, 

1988) as no discomfort at all, slight discomfort, moderate discomfort, severe discomfort, and 

extreme discomfort. The researcher modified the 15 questions of the GSRS into 5 questions, to 

lessen the time burden on the cadets and to find symptoms that may be related to BR or fructose. 

The questions asked if during the past week the participant experienced stomach ache or pain, 

nausea or vomiting, bloating, constipation or unusually hard stools, or diarrhea or unusually 

loose stools. The positive responses to the questions were followed with a measure of frequency, 

either 6 or more days, 3-5 days, or 1-2 days. 

 

Letters of Permission and Consent 

 Prior to beginning this study, the author received permission from Ball State University 

to use the indoor turf field at the Jo Ann Gora Student Recreation and Wellness Center for the 

Yo-Yo IR1 test (Appendix C-1). However, the indoor turf field was not available for all sprint 

tests due to scheduling complications and restrictions, so the basketball court was used during 

ROTC morning PT for 2 of the iterations of the Yo-Yo IR1 test, the Muncie YMCA (Northwest 

Branch) basketball gym was used with permission for one iteration, and one iteration was 

completed outside on dry asphalt.  

All participants were advised of any potential side effects or benefits of the beverages 

used in the study during recruitment at Cadet Lab, on the informed consent form, and again on 

the participant handout. Subjects were advised that their participation was completely voluntary 
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and that they can stop at any time throughout the supplementation loading or testing for any 

reason. The signed copies of the informed consent for each participant can be found in Faculty 

Supervisor’s office in a secured cabinet, per IRB; a blank copy of the informed consent can be 

found in Appendix C-2. All participants were also given a copy of all lab results, sprint tests, and 

blood pressure readings. 

 

Statistical Analysis 

 Data was statistically analyzed using SPSS v.24 for PC (2016). Differences in primary 

measures (distance covered in the Yo-Yo IR1) were analyzed with two-way repeated measures 

ANOVA tests both between groups (CON, BR1, BR2) and within groups (baseline, day 6, and 

day 15) and their interactions. Descriptive statistics and frequency counts were run on all 

remaining variables with a one-way ANOVA or t-test, such as maximal heart rate during the Yo-

Yo IR1, dietary compliance, daily blood pressure, juice compliance, conditioning work-outs, 

alcohol and tobacco usage, fast-food consumption, sleep, and where in the menstrual cycle they 

are (female). Pearson Chi Square Tests were used to analyze frequency and intensity of 

gastrointestinal symptoms. Null hypotheses 7 and 8, comparing male vs female participants and 

fit vs unfit participants, were added a priori. Statistical significance was set at p ≤ 0.05. Unless 

otherwise stated, results are presented as mean ± standard error (SE).   
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CHAPTER 4 

 

 

 

RESULTS 

 

 

 

Participants 

 From a pool of sixty university Reserve Officers Training Corps (ROTC) Cadets, twenty-

seven (17 males and 10 females) volunteered to participate.  All 27 cadets met the inclusion 

criteria in that they were at least 18 years old, a member of the university’s ROTC program, and 

could complete repeated sprints without pain, difficulty, or discomfort. Prior to start of the 

experiment, cadets were assessed for body composition and predicted VO2max; then they were 

randomly assigned to one of 3 treatment groups (control, low beetroot (BR) dose, and high BR 

dose) in blocks of three so the groups would be evenly matched with the exception of their 

treatment. The cadets in the control group (CON) received one bottle of apple 16.9 oz. apple 

juice (0 mg NO3-) every day for 15 days. The mixed group/ low BR dose (BR1) received ~8 oz. 

apple juice + 1 can (8.4 oz.) BR (300 mg, 4.84 mmol NO3-), and the cadets in the high BR dose 

(BR2) received 2 cans (16.8 oz.) BR (600 mg, 9.68 mmol NO3-) daily for 15 days. One cadet 

assigned to the BR2 treatment group was unable to tolerate the BR the first day and one cadet 

assigned to the CON treatment group was ill on the last day of sprinting and was unable to 

perform the last sprint. Therefore, both cadets were dropped from the study and their data was 

not used. The sample size of the research was reduced to 25 cadets (8 CON, 9 BR1, and 8 BR2).   
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As observed in Table 1, there were no significant differences among the three groups in 

reference to age, body weight (kg, assessed by BOD POD), Body Mass Index (BMI, kg/m2), 

body fat percentage, or predicted relative VO₂ (ml/kg/min) (p > 0.05). There were also no 

significant differences in the amount of “fit” (ACSM category good or above average for relative 

VO2max for age and gender) and “unfit” (ACSM category average, below average, or poor for 

relative VO2max for age and gender) among the three groups. None of the participants were 

categorized as “Excellent” or “Very Poor”.  

 

Table 1- Cadet Characteristics by Treatment Group 

 

Variables CON BR1 BR2 TOTAL 

Age (years) 20.8 ± 0.31 19.9 ± 0.39 20.3 ± 0.65 20.3 ± 0.27 

Weight (kg) 73.1 ± 5.64 70.7 ± 2.12 79.4 ± 5.49 74.3 ± 2.63 

Body Mass Index (kg/m2) 25.3 ± 1.22 24.4 ± 1.00 25.3 ± 1.39 25.0 ± 0.67 

Body Fat % (decimal) 0.22 ± 0.03 0.18 ± 0.03 0.19 ± 0.04 0.20 ± 0.02 

Fat Free Mass (kg) 56.6 ± 4.02 58.0 ± 2.54 64.7 ± 6.08 59.7 ± 2.50 

Fat Mass (kg) 16.5 ± 3.18 12.7 ± 2.31 14.8 ± 2.97 14.6 ± 1.58 

Predicted VO2MAX (ml/kg/min) 44.7 ± 2.99 44.1 ± 2.63 42.1 ± 2.18 43.6 ± 1.47 

Relative VO2MAX 

(relative for age and sex) 

53.8 ± 6.46 50.6 ± 6.59 46.9 ± 6.88 50.4 ± 3.72 

Male 4 6 5 15 

Female 4 3 3 10 

Fit 4 3 3 10 

Unfit 4 6 5 15 

CON= control group (~0 mg NO3-), BR1 = low BR group (~300 mg NO3-), BR2 = high BR 

group (~600 mg NO3-). Age, weight (from BOD POD, BMI, body fat, fat free mass, fat mass, 

predicted VO2MAX, relative VO2max presented as mean ± SE. Male, female, fit (ACSM category 

“good” or “above average” for predicted VO2MAX relative for age and gender), and unfit (ACSM 

category “average”, “below average”, or “poor” for predicted VO2max relative for age and 

gender) presented as total (N = 25).  
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Sprint Conditions 

Over the course of the 3 sprint tests, several iterations at each day of the protocol were 

conducted to accommodate schedule conflicts and trained research assistants were available to 

monitor and record distance covered. Most (14 of 18) of the iterations were completed on the 

indoor turf field. However, due to increased demand of the turf field and the cadets varying 

schedules, one iteration was completed at the Muncie YMCA, two iterations were completed on 

the basketball court, and one iteration was conducted outside on dry pavement. Due to class 

conflicts, out-of-state travel, and health conditions six cadets’ testing times had to be altered, 

deviating from the original study protocol. Therefore, initial baseline sprints were conducted at 

different times, but each participant completed the baseline sprint prior to receiving juice.  

  

Dietary Analysis 

 All 25 cadets completed two 24-hr dietary recalls during the pre-experiment assessment 

and again in the last week of the study. All recalls were taken by the same faculty member who 

is a registered dietitian on the same days of the week both times using Nutrition Data System for 

Research- Nutritional Analysis Software (University of Minnesota, 2016). Results were analyzed 

for dietary compliance, to include juice consumption, macronutrients (carbohydrates, fat, and 

protein), fruit and vegetable consumption, and use of pre-workout supplements. There were 2 

cases of pre-workout supplement use prior to the study but none in the later dietary recall. There 

was no significant difference between groups at either time for energy intake (kcal), 

macronutrient distribution, or fruit and vegetable consumption (p > 0.05). 
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H01: There will be no difference in distance covered in the Yo-Yo IR1 test between 

ROTC Cadets in this study at 0 days (baseline), 6 days, and 15 days. 

 A one- way ANOVA for distance covered in the Yo-Yo IR1 for days 0, 6, and 15, 

indicated there were no significant difference between groups (p = 0.232, p = 0.477, p = 0.270, 

respectively). Additionally, as observed in Table 2, there was no difference found in maximal 

heart rate between groups at day 0, days 6 or 15(p > 0.05). This confirmed that even at baseline, 

prior to treatment, the groups were not statistically different.  Therefore, the null hypothesis was 

accepted. Although each group improved over the course of the study it could be likely due to 

increased cadet or research team familiarity with the testing instrument. 

 

Table 2- Cadets Distances Covered and Max Heart Rate for 3 Sprint Tests 

Variables CON BR1 BR2 TOTAL 

Sprint 1 distance  635.0 ± 98.98 1055.6 ± 105.16 907.5 ± 223.73 873.6 ± 101.05 

Sprint 2 distance  820.0 ± 127.84 1195.6 ± 204.23 1117.5 ± 311.32 1050.4 ± 129.07 

Sprint 3 distance  855.0 ± 104.18 1331.1 ± 221.84 1205.0 ± 262.27 1138.4 ± 122.66 

Sprint 1 max HR  147.8 ± 8.64 158.7 ± 4.64 152.3 ± 4.14 855.0 ± 104.18 

Sprint 2 max HR 167.9 ± 1.45 159.6 ± 5.37 164.3 ± 5.42 163.7 ± 2.63 

Sprint 3 max HR  161.0 ± 6.70 164.3 ± 3.36 160.9 ± 6.79 162.2 ± 3.16 

CON = control group (~0 mg NO3-), BR1 = low BR group (~300 mg NO3-), BR2 = high BR 

group (~600 mg NO3-). Sprint 1 = baseline assessment prior to supplementation (Day 0). Sprint 

2 = first assessment after supplementation (Day 6). Sprint 3 = final assessment after 

supplementation (Day 15). Sprints measured distance in meters and heart rate (HR) in beats per 

minute. Presented as mean ± SE. (N = 25).  
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H02: There will be no difference in distance covered in the Yo-Yo IR1 test between 

ROTC Cadets receiving varied dietary nitrates (0 mg, 300 mg or 600 mg daily) from 

BR between day 0 and day 6. 

A one-way ANOVA demonstrated that although there were slight increases in the 

distance covered by all three groups, this was statistically insignificant (p = 0.887).  While all 

three groups improved, had the intervention only gone for 6 days, distance covered by cadets in 

BR2 would have produced slightly better results (Table 3). However, they would have been very 

similar to the CON. Also, BR1 would appear to be only 66 % as effective as BR2. Since all 

groups improved similarly between the first 2 sprints, the null hypothesis was accepted. The 

increase in distance covered by cadets in the CON is an important measure in that it 

demonstrated efficacy of adaptation and familiarity to the test protocol.  

 

Table 3- Differences in Sprint Performances between Groups (CON, BR1, and BR2) 

Variables CON BR1 BR2 TOTAL 

Difference 1 and 2  185.0 ± 50.11 140.0 ± 67.91 210 ± 163.58 176.8 ± 57.63 

Difference 2 and 3  35.0 ± 39.60 135.6 ± 65.13 87.5 ± 138.04 88.0 ± 50.05 

Difference 1 and 3  220.0 ± 34.64 275.6 ± 67.31 297.5 ± 80.93 264.8 ± 36.19 

CON = control group (~0 mg NO3-), BR1 = low BR group (~300 mg NO3-), BR2 = high BR 

group (~600 mg NO3-). Difference 1 and 2 = Day 6 sprint distance (m) – Day 0 sprint distance 

(m). Difference 2 and 3 = Day 15 sprint distance (m) – Day 6 sprint distance (m). Difference 1 

and 3= Day 15 sprint distance (m) – Day 0 sprint distance (m). Presented as mean ± SE. (N = 

25).  
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H03: There will be no difference in distance covered in the Yo-Yo IR1 test between 

ROTC Cadets receiving varied dietary nitrates (0 mg, 300 mg or 600 mg daily) from 

BR between day 6 and day 15. 

A one-way ANOVA demonstrated that although there were increases in the distance 

covered by all three groups, this was statistically insignificant (p = 0.728). The CON group 

increased by only an additional 35 m. However, BR1 and BR2 increased more dramatically. If 

the research only considered this segment of data, BR1 would have been the most suitable for 

performance enhancement (Table 3). Once again, all groups increased similarly in distance 

covered, and the null hypothesis was accepted. Since CON differed very little with the additional 

supplementation, this shows that they were almost at their full potential at the day 6 sprint and 

the improvement is likely related to sprint protocol familiarity and continued physical training. 

 

H04: There will be no difference in distance covered in the Yo-Yo IR1 test between 

ROTC Cadets receiving varied dietary nitrates (0 mg, 300 mg or 600 mg daily) from 

BR between day 0 and day 15. 

A one-way ANOVA demonstrated that although all groups improved over the 15 days in 

sprint performance measured by distance covered, the increases were statistically insignificant (p 

= 0.694). A dose-related enhancement with BR was observed, and the data trended towards 

significance even in this small sample. CON increased by 220 m over the 3 sprints, while BR1 

increased by 276 m and BR2 increased by 298 m. This translates into a 25.45 % increase for 

BR1 and a 35.45 % increase for BR2 compared to CON (Table 3). Once again, the null 

hypothesis was accepted as all groups increased similarly in distance covered.  
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H05: There will be no difference in resting blood pressure between ROTC Cadets 

receiving varied dietary nitrates (0 mg, 300 mg or 600 mg daily) from BR between 

day 0 and day 15. 

A one-way ANOVA showed that blood pressure was not significantly different at any 

point (p > 0.05, for all days). There were also no observable trends for either measure (systolic 

blood pressure (Figure 1) or diastolic blood pressure (Figure 2)) in any group over the 15 days. 

There was a noticeable drop for all groups on day 4 in systolic blood pressure. It was unclear 

why systolic blood pressure dropped in this manner, plausible causes include alcohol 

consumption, dehydration, or infection. Since there was no significant difference between groups 

or trend within groups, the null hypothesis was accepted. 

 

Figure 1- Mean Systolic Blood Pressure (mmHg) among Groups (CON, BR1, and BR2) 

 

CON = control group (~0 mg NO3-), BR1 = low BR group (~300 mg NO3-), BR2 = high BR 

group (~600 mg NO3-). Presented as mean. (N = 25).  
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Figure 2- Mean Diastolic Blood Pressure (mmHg) among groups (CON, BR1, and BR2) 

 

CON = control group (~0 mg NO3-), BR1 = low BR group (~300 mg NO3-), BR2 = high BR 

group (~600 mg NO3-). Presented as mean. (N = 25).  

 

 

H06: There will be no difference in experienced GI symptoms between ROTC Cadets 

receiving varied dietary nitrates (0 mg, 300 mg or 600 mg daily) from BR between 

day 0 and day 15. 

All 25 cadets filled out the online questionnaire on day 8 and again on day 15. No 

significant differences (p > 0.05, for all measures and all time points) were observed in any of 

the 5 symptoms measured (stomach pain, nausea or vomiting, bloating, constipation or hard 

stools, and diarrhea or loose stools), and so, the null hypothesis is accepted. Each symptom is 

presented individually, with correlating Pearson Chi Square values for day 8 and day 15, a table 

of the intensity of symptoms by treatment group as percentage of the group, and a description of 

the frequency of symptoms reported.    
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Table 4- Have You Been Bothered by Stomach Ache or Pain during the Past Week? 

Variables CON BR1 BR2 TOTAL 

Day 8     

No discomfort at all  75.0 77.8 50.0 68.0 

Slight discomfort  25.0 22.2 12.5 20.0 

Moderate discomfort 0.0 0.0 25.0 8.0 

Severe discomfort 0.0 0.0 12.5 4.0 

Day 15     

No discomfort at all 62.5 77.8 50.0 64.0 

Slight discomfort 37.5 11.1 12.5 20.0 

Moderate discomfort 0.0 11.1 37.5 16.0 

Severe Discomfort 0.0 0.0 0.0 0.0 

CON = control group (~0 mg NO3-), BR1 = low BR group (~300 mg NO3-), BR2 = high BR 

group (~600 mg NO3-). Percentage by category of self-reported discomfort (N = 25).  

 

At day 8, 68 % of the entire group had not been bothered by stomach ache or pain at all. 

At day 15, 64 % of the entire group was not bothered by stomach ache or pain, and all cases of 

severe discomfort were minimized. There were no significant differences in intensity of reported 

stomach pain between groups at either time point (p = 0.295, p = 0.196, respectively). There was 

no reporting of extreme discomfort by any group. At both day 8 and day 15, there were no 

significant differences in reported frequency of pain and no reported pain lasting 6 or more days 

(Table 4). Those reporting 3-5 days of stomach pain were well distributed on day 8 (1 CON, 1 

BR1, 2 BR2) and on day 15 (1 CON, 1BR2); those reporting 1-2 days of stomach pain were well 

distributed as well at day 8 (1 CON, 1 BR1, 1 BR2) and at day 15 (3 CON, 2 BR1, 2 BR2).   
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Table 5- Have You Been Bothered by Nausea or Vomiting during the Past Week? 

Variables CON BR1 BR2 TOTAL 

Day 8     

No discomfort at all  100.0 88.9 50.0 80.0 

Slight discomfort  0.0 11.1 25.0 12.0 

Moderate discomfort 0.0 0.0 25.0 8.0 

Day 15     

No discomfort at all 100.0 100.0 87.5 96.0 

Slight discomfort 0.0 0.0 12.5 4.0 

Moderate discomfort 0.0 0.0 0.0 0.0 

CON = control group (~0 mg NO3-), BR1 = low BR group (~300 mg NO3-), BR2 = high BR 

group (~600 mg NO3-). Percentage by category of self-reported discomfort (N = 25).  

 

As noted in Table 5, at day 8, 80 % of the entire group had not been bothered by nausea 

or vomiting at all. At day 15, 96 % of the entire group had not felt bothered by nausea or 

vomiting, and all cases of moderate discomfort were minimized. There were no significant 

differences in intensity of reported stomach pain between groups at either time point (p = 0.102, 

p = 0.331, respectively). There was no reporting of severe or extreme discomfort by any group. 

At both days 8 and 15, there were no significant differences in reported frequency of nausea or 

vomiting and no reported nausea or vomiting lasting 6 or more days. Those reporting 3-5 days of 

nausea or vomiting were less distributed on day 8 (1 BR2) and on day 15 no one reported 

symptoms lasting 3-5 days; those reporting 1-2 days of nausea or vomiting at day 8 (1 BR1, 3 

BR2) and on day 15 (1 BR2).   

 

 

 

 



54 

 

Table 6- Has Your Stomach or Belly Felt Bloated during the Past Week? 

Variables CON BR1 BR2 TOTAL 

Day 8     

No discomfort at all  50.0 88.9 50.0 64.0 

Slight discomfort  25.0 11.1 25.0 20.0 

Moderate discomfort 25.0 0.0 25.0 16.0 

Severe discomfort 0.0 0.0 0.0 0.0 

Extreme discomfort 0.0 0.0 0.0 0.0 

Day 15     

No discomfort at all 50.0 55.6 50.0 52.0 

Slight discomfort 50.0 22.2 25.0 32.0 

Moderate discomfort 0.0 22.2 12.5 12.0 

Severe discomfort 0.0 0.0 0.0 0.0 

Extreme discomfort 0.0 0.0 12.5 4.0 

CON = control group (~0mg NO3-), BR1 = low BR group (~300 mg NO3-), BR2 = high BR 

group (~600 mg NO3-). Percentage by category of self-reported discomfort (N = 25).  

 

At day 8, 64 % of the entire group had not been felt any bloating in their belly or stomach 

at all. At day 15, only 52 % of the entire group had not felt any bloating. At day 8 no one 

experienced any severe or extreme discomfort, however there was one reported case of extreme 

discomfort on day 15 (Table 6). There were no significant differences in intensity of reported 

stomach or belly bloating between groups at either time point (p = 0.384, p = 0.534, 

respectively). At both days 8 and 15, there were no significant differences in reported frequency 

of bloating, and only one report of bloating lasting 6 or more days (1 BR2). Those reporting 3-5 

days of feeling bloated were fairly distributed on day 8 (2 CON, 1 BR2) and on day 15 there was 
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only 1 report (1 BR2); those reporting 1-2 days of belly bloating at day 8 (1 CON, 1 BR1, 2 

BR2) and on day 15 (1 CON, 3 BR2, 1 BR2).   

 

Table 7- Have You Been Bothered by Constipation or Unusually Hard Stools during the 

Past Week? 

Variables CON BR1 BR2 TOTAL 

Day 8     

No discomfort at all  87.5 88.9 100.0 92.0 

Slight discomfort  12.5 11.1 0.0 8.0 

Moderate discomfort 0.0 0.0 0.0 0.0 

Severe discomfort 0.0 0.0 0.0 0.0 

Day 15     

No discomfort at all 100.0 77.8 75.0 84.0 

Slight discomfort 0.0 22.2 12.5 12.0 

Moderate discomfort 0.0 0.0 0.0 0.0 

Severe Discomfort 0.0 0.0 12.5 0.0 

CON = control group (~0 mg NO3-), BR1 = low BR group (~300 mg NO3-), BR2 = high BR 

group (~600 mg NO3-). Percentage by category of self-reported discomfort (N = 25).  

 

At day 8, 92 % of the entire group had not been bothered by constipation or unusually 

hard stools at all. At day 15, 84 % of the entire group had not been bothered by constipation or 

unusually hard stools (Table 7). At day 8 no one experienced any moderate, severe, or extreme 

discomfort, however there was one reported case of severe discomfort on day 15 (1 BR2). There 

were no significant differences in intensity of reported constipation or unusually hard stools 

between groups at either time point (p = 0.596, p = 0.375, respectively). At both days 8 and 15, 

there were no significant differences in reported frequency of constipation or hard stools, and no 
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reporting of constipation lasting 6 or more days. There were no reports of constipation lasting 3-

5 days at day 8 and 1 on day 15 (1 BR2); those reporting 1-2 days of constipation or hard stools 

were fairly distributed at day 8 (1 CON, 1 BR1) and on day 15 (2 BR1, 1 BR2).   

 

Table 8- Have You Been Bothered by Diarrhea or Unusually Loose Stools during the Past 

Week? 

Variables CON BR1 BR2 TOTAL 

Day 8     

No discomfort at all  62.5 55.6 37.5 52.0 

Slight discomfort  25.0 33.3 25.0 28.0 

Moderate discomfort 12.5 11.1 37.5 20.0 

Day 15     

No discomfort at all 75.0 66.7 75.0 72.0 

Slight discomfort 25.0 11.1 12.5 16.0 

Moderate discomfort 0.0 22.2 12.5 12.0 

CON = control group (~0 mg NO3-), BR1 = low BR group (~300 mg NO3-), BR2 = high BR 

group (~600 mg NO3-). Percentage by category of self-reported discomfort (N = 25).  

 

At day 8, only 52 % of the entire group had not been bothered by diarrhea or unusually 

loose stools at all. At day 15, symptoms improved across the board and 72 % of the entire group 

had not been bothered by diarrhea or unusually loose stools (Table 8). At days 8 and 15 no one 

experienced any severe or extreme discomfort. There were no significant differences in intensity 

of reported diarrhea or unusually loose stools between groups at either time point (p = 0.651, p = 

0.652, respectively). At both days, 8 and 15, there were no significant differences in reported 

frequency of diarrhea or loose stools. At day 8 there was one report of diarrhea or loose stool 

lasting 6 or more days (1 CON) and no reporting of diarrhea lasting 6 or more days at day 15. 
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Those reporting 3-5 days of diarrhea or loose stools at day 8 were well distributed (1 CON, 2 

BR1, 3 BR2) and fairly distributed at day 15 (1 BR1, 2 BR2). Those reporting 1-2 days of 

diarrhea or loose stools were distributed, as well, at day 8 (1 CON, 2 BR1, 1 BR2) and on day 15 

(2 CON, 2 BR1). 

 

Table 9- Overall Performance: Male vs Female 

 

Variables MALE FEMALE 

Participants 15 10 

Sprint 1 distance (m) 1182.7 ± 104.51* 410.0 ± 52.78 

Sprint 2 distance (m) 1420.0 ± 148.58** 496.0 ± 51.36 

Sprint 3 distance (m) 1520.0 ± 125.89** 566.0 ± 51.47 

Difference 1 and 2 (m) 237.3 ± 91.65* 86.0 ± 31.84 

Difference 2 and 3 (m) 100.0 ± 82.51 70.0 ± 27.53 

Difference 1 and 3 (m) 337.3 ± 49.72* 156.0 ± 27.78 

CON = control group (~0 mg NO3-), BR1 = low BR group (~300 mg NO3-), BR2 = high BR 

group (~600 mg NO3-). Difference 1 and 2 = Day 6 sprint distance – Day 0 sprint distance. 

Difference 2 and 3 = Day 15 sprint distance – Day 6 sprint distance. Difference 1 and 3 = Day 15 

sprint distance – Day 0 sprint distance. Presented as mean ± SE. (N = 25). 

*p < 0.05; **p < 0.001. 

 

H07: There will be no difference in distance covered in the Yo-Yo IR1 test between male 

and female ROTC Cadets receiving varied dietary nitrates (0 mg, 300 mg or 600 mg 

daily) from BR between day 0 and day 15. 

A t-test revealed that there was a significant difference in sprint performance by males 

and females overall at day 0, day 6, and day 15 (p = 0.025, p = 0.005, p = 0.004, respectively). 

Since the differences in distance covered between day 0 and day 15 were significantly different 
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between males and females (p = 0.032) the null hypothesis was rejected. This hypothesis was 

non-a priori, but was added after the researcher observed vast differences in the sprint 

performance, first physically and then statistically (Table 9).   

 

Table 10- Treatment Group Performance: Male vs Female 

 

Variables CON BR1 BR2 TOTAL 

Male 4 6 5 15 

Female 4 3 3 10 

Male     

Sprint 1 dist. (m) 840.0 ± 111.95 1356.7 ± 95.98 1248.0 ± 244.34 1182.67 ± 104.51 

Sprint 2 dist. (m) 1060.0 ± 170.88 1580.0 ± 97.84 1516.0 ± 404.99 1420.0 ± 148.58 

Sprint 3 dist. (m) 1070.0 ± 124.77 1720.0 ± 154.92 1640.0 ± 254.87 1520.0 ± 125.89 

Diff. 1 and 2 (m) 220.0 ± 95.92 223.3 ± 81.55 268.0 ± 268.97 237.3 ± 91.65 

Diff. 2 and 3 (m) 10.0 ± 75.50 140.0 ± 96.75 124.0 ± 227.54 100.0 ± 82.51 

Diff. 1 and 3(m) 230.0 ± 68.07 363.3 ± 74.37 392.0 ± 107.81 337.3 ± 49.72 

Female     

Sprint 1 dist. (m) 430.0 ± 71.88 453.3 ± 131.32 1248.0 ± 244.34 410.0 ± 52.78 

Sprint 2 dist. (m) 580.0 ± 93.10 426.7 ± 96.15 453.3 ± 70.55 496.0 ± 51.36 

Sprint 3 dist. (m) 640.0 ± 65.32 553.3 ± 129.79 480.0 ± 83.27 566.0 ± 51.47 

Diff. 1 and 2 (m) 150.0 ± 41.23* -26.7 ± 35.28* 113.3 ± 33.3* 86.0 ± 31.84 

Diff. 2 and 3 (m) 60.0 ± 34.64 126.7 ± 63.60 26.7 ± 48.07 70.0 ± 27.53 

Diff. 1 and 3(m) 210.0 ± 30.00 100.0 ± 60.00 140.0 ± 50.33 156.0 ± 27.78 

CON = control group (~0 mg NO3-), BR1 = low BR group (~300 mg NO3-), BR2= high BR 

group (~600 mg NO3-). Difference 1 and 2 = Day 6 sprint distance – Day 0 sprint distance. 

Difference 2 and 3 = Day 15 sprint distance – Day 6 sprint distance. Difference 1 and 3 = Day 15 

sprint distance – Day 0 sprint distance. Presented as mean ± SE. (N=25). *p < 0.05. 

 

After seeing a difference in men and women overall in performance, the researcher set 

out to determine if a dose-related effect was observed by gender. In males, a one-way ANOVA 
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revealed that there were no significant differences in sprint distances at days 0, 6, and 15 (p > 

0.05). Further there was no statistical difference in the differences between sprints (p > 0.05). 

However, a dose-related improvement of BR was observed in males; over the 15 days, CON-

males improved by 230 m, BR1-males improved by 360 m, and BR2 males improved by 392 m. 

This is like a 56.52 % improvement for BR1-males and a 70.43 % improvement for BR2-males 

compared to CON-males (Table 10). 

In women, there was only a significant difference between groups in the difference in 

distance covered between day 0 and day 6 (p = 0.033), no other significant differences were 

observed (p > 0.05). The dose-related enhancement of BR was not observed in females; CON-

females improved by 210 m, BR1-females improved by 100 m, and BR2-females improved by 

140 m (Table 10).  

 

H08: There will be no difference in distance covered in the Yo-Yo IR1 test between fit and 

unfit ROTC Cadets receiving varied dietary nitrates (0 mg, 300 mg or 600 mg daily) 

from BR between day 0 and day 15. 

A t-test revealed that there was a significant difference in sprint performance by males at 

days 6 and 15 (p = 0.012, p = 0.033, respectively). Since both the fit and unfit improved similarly 

from day 0 to day 15 (Table 11) and the difference in improvements was insignificant (p = 

0.877), the null hypothesis was accepted. This hypothesis was non-a priori, but was added as 

some data shows that BR enhances low-fit but not high-fit male runners (Carriker et al., 2016).   
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Table 11- Overall Performance: Fit vs Unfit 

 

Variables FIT UNFIT 

Participants 10 15 

Sprint 1 distance (m) 1050.0 ± 196.85 756.0 ± 100.48 

Sprint 2 distance (m) 1324.0 ± 258.85* 868.0 ± 113.77 

Sprint 3 distance (m) 1364 ± 239.66* 988.0 ± 119.71 

Difference 1 and 2 (m) 274.0 ± 93.43 112.0 ± 70.70 

Difference 2 and 3 (m) 40.0 ± 78.66 120.0 ± 65.76 

Difference 1 and 3 (m) 314.0 ± 51.99 232.0 ± 48.90 

CON = control group (~0 mg NO3-), BR1 = low BR group (~300 mg NO3-), BR2 = high BR 

group (~600 mg NO3-). Difference 1 and 2 = Day 6 sprint distance – Day 0 sprint distance. 

Difference 2 and 3 = Day 15 sprint distance – Day 6 sprint distance. Difference 1 and 3 = Day 15 

sprint distance – Day 0 sprint distance. Presented as mean ± SE. (N = 25). *p < 0.05. 

 

 

With a series of t-tests the researcher evaluated the difference between fit and unfit 

participants by treatment group. Within fit participants and within unfit participants, there were 

no significant differences between treatment groups in distances on all three sprints or in 

differences between sprints (Table 12). Within fit participants, BR enhanced sprint performance, 

but not in a dose-related manner. Over the 15 days, CON-fit improved by 210 m, BR1-fit 

improved by 400 m, BR2-fit improved by 367 m; is shows a 90.47 % improvement with BR1 

and a 74.76 % improvement with BR2 compared to CON. Within unfit participants, BR did not 

necessarily improve performance; over the 15 days, CON-unfit improved by 230 m, BR1 

improved by 213 m, and BR2-unfit improved by 256 m. Compared to CON, BR1 had a 7.39 % 

decrease while BR2 had a 11.30 % increase. 
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Table 12- Treatment Group Performance: Fit vs Unfit 

 

Variables 

 

CON 

 

BR1 

 

BR2 

 

TOTAL 

FIT 4 3 3 10 

UNFIT 4 6 5 15 

FIT     

Sprint 1 dist. (m) 790.0 ± 156.10 1133.3 ± 468.95 1313.3 ± 478.93 1050.0 ± 196.85 

Sprint 2 dist. (m) 990.0 ± 215.02 1280.0 ± 522.05 1813.3 ± 667.07 1324.0 ± 258.85 

Sprint 3 dist. (m) 1000.0 ± 165.73 1533.3 ± 588.48 1680.0 ± 554.74 1364 ± 239.66 

Diff. 1 and 2 (m) 200.0 ± 96.61 146.7 ± 53.30 500.0 ± 268.58 274.0 ± 93.43 

Diff. 2 and 3 (m) 10.0 ± 75.50 253.3 ± 66.67 -133.3 ± 196.41 40.0 ± 78.66 

Diff. 1 and 3 (m) 210.0 ± 57.45 400.0 ± 120.00 366.7 ± 85.11 314.0 ± 51.99 

UNFIT     

Sprint 1 dist. (m) 480.0 ± 73.03 1016.7 ± 148.90 664.0 ± 178.37 756.0 ± 100.48 

Sprint 2 dist. (m) 650.0 ± 103.76 1153.0 ± 211.01 700.0 ± 147.24 868.0 ± 113.77 

Sprint 3 dist. (m) 710.0 ± 95.74 1230.0 ± 206.67 920.0 ± 216.15 988.0 ± 119.71 

Diff. 1 and 2 (m) 170.0 ± 47.26 136.7 ± 102.43 36.0 ± 181.92 112.0 ± 70.70 

Diff. 2 and 3 (m) 60.0 ± 34.64 76.7 ± 84.92 220.0 ± 173.44 120.0 ± 65.76 

Diff. 1 and 3 (m) 230.0 ± 47.26 213.3 ± 75.31 256.0 ± 122.54 232.0 ± 48.90 

CON = control group (~0 mg NO3-), BR1 = low BR group (~300 mg NO3-), BR2 = high BR 

group (~600 mg NO3-). Difference 1 and 2 = Day 6 sprint distance – Day 0 sprint distance. 

Difference 2 and 3 = Day 15 sprint distance – Day 6 sprint distance. Difference 1 and 3 = Day 15 

sprint distance – Day 0 sprint distance. Presented as mean ± SE. (N = 25).  
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CHAPTER 5 

 

 

 

DISCUSSION 

 

 

 

The purpose of this study was to assess the dose-response of dietary nitrate (NO3-) 

supplementation for six and fifteen days in Army ROTC Cadets on time to exhaustion using a 

well-established field performance test at a midsize, midwestern university. The application of 

this study provides insight into an optimal (lowest amount possible to receive near maximal 

enhancement) dose and duration of supplementation. This chapter describes how the data from 

this study compares to the literature.   

  

Differences in sprint performance: Overall, by gender, and by fitness 

 At baseline, there were no differences between the groups, even though all 3 groups 

displayed a wide array of aerobic fitness and body compositions. Because the disparity among 

cadets, the Yo-Yo IR1 test was appropriate and the Yo-Yo IR2, which is for well-trained athletes 

and increases much more dramatically, would not have been appropriate. The body composition 

differences observed were similar to what Wennblom & Brechue (2012) observed in cadets from 

the United States Military Academy who ranged in body fat from 6-26%, however there was a 

larger range, 4-35%, in the cadets in this study. The body composition of the participants was 

similar to the 13 cadets from a midsize, midwestern University’s ROTC program that Steed, 

Krull, Morgan, Tucker, & Ludy (2016) evaluated. In that study, males had an average body mass 
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index (BMI) of 24.6 and an average body fat percentage, as measured by air-displacement 

plethysmography (BOD POD), of 11.9; females had an average BMI of 24.5 and an average 

body fat percentage of 27.1. The male participants in this study had an average BMI of 24.9 and 

an average body fat percentage of 14.9, and the female participants had an average BMI of 25.1 

and an average body fat of 26.4. Not only were the groups within this study were not only similar 

to each other, but they were consistent with trends reported in military personnel, and may be 

representative of the larger military as well.  

While the sprint tests indicated no statistically significant effect of the dietary nitrates on 

sprint performance, a dose-related improvement of BR was observed with a larger difference in 

distance covered between the first and third sprints observed by the BR2 group from the (~297 

m) which was more than BR1 and CON (~275 m and ~220 m, respectively). In this small 

sample, BR2 improved overall performance by 35 % and BR1 improved performance by 25 % 

compared to CON; had this study been larger, it is hypothesized that these results would have 

been magnified and trended toward statistical significance. Wylie et al. (2013a) observed that 

recreational men given 490 ml of concentrated BR over 30 hours prior to completing the Yo-Yo 

IR1 test improved by 4.2% compared to PL (1704 ± 304 m with BR, 1636 ± 288 m with PL, p < 

0.05). According to Wylie et al. (2016), BR may help with shorter repeated sprints with short 

recovery periods, such as the Yo-Yo IR1, but may not help with longer repeated sprints with 

longer recovery periods. Anaerobic conditions at maximal exertion in repeated sprints with little 

recovery, would be more likely to convert NO2- to NO, such as in hypoxia or high-altitude where 

Bakker et al. (2015) showed that BR improved arterial endothelial and reduced muscle metabolic 

distress during exercise. 
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 A difference was observed between male and female participants, and BR seemed to 

enhance male sprint performance, but not female sprint performance. In males, there was a dose-

related improvement of BR; BR1 improved by 57 % and BR2 improved by 70 % compared to 

CON. BR improved performance in fit participants but not unfit participants. In fit participants, 

the improvement was not dose-related; BR1 improved by 90 % and BR2 improved by 75 % 

compared to CON. Carriker et al. (2016) found contradicting results, that BR helped low-fit but 

not high-fit male runners. Since this study lasted 2 weeks, it is likely that those cadets of higher 

fitness levels exercised on their own apart from daily ROTC conditioning and experienced 

volumetric enhancements. 

 Compared to the studies that only supplemented for 6 days and found significant results 

(Bailey et al., 2010; Bailey et al., 2009), this study is not in agreement. At 6 days, all groups 

were statistically similar and no benefit was found with either a single or double dose of BR. 

Many factors affect sprint performance, such as sleep (Abedelmalek et al., 2013), fatigue and 

substrate availability (Waldron & Highton, 2014), caffeine (Mohr, Nielsen, & Bangsbo, 2011), 

nutrition and diet (Couto et al., 2015), and pain, bloating, or other gastrointestinal symptoms 

and/or menstrual issues de Oliveira & Burini, 2014; Botcazou et al., 2006). It is possible that had 

these factors been controlled differences in sprint performance could have been realized. 

However, based on the results obtained, military personnel, especially ROTC Cadets, would 

likely benefit from a longer duration where they can adapt to tolerate BR more and see real 

benefits. The largest improvement observed in this study was with those individuals who scored 

in he fit category in addition a single dose of BR was just as beneficial as 2 doses. Although 

when analyzing by sex men benefited more from a double dose than that of a single dose. This 

could possibly be because of mere anthropomorphic differences that are common between the 
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two sexes. These results would indicate that more studies are warranted to evaluate the efficacy 

of BR as a performance supplement in females.   

 

Heart Rate and Blood Pressure 

 Establishing a trend in BP was difficult for several reasons. First, many participants were 

busy and had to miss juice distribution for whatever reason and the researcher did not have 

standardized procedures until Day 4, more information on both can be found below. Starting on 

Day 4 the researcher asked if the participant had consumed more than 2 alcoholic beverages in 

the previous 24 hours or if within the hour prior they had eaten anything, consumed caffeine, 

tobacco, or nicotine, or exercised. The CON group had an average attendance of 12 days where 

their blood pressure was checked, with an average of 1.4 nights with alcohol prior, 0.6 days of 

exercise prior, 2.6 days of food prior, 1.3 days of caffeine prior, and 0.3 days of tobacco/ nicotine 

prior. The BR1 group had an average attendance of 11.4 days where their blood pressure was 

checked, with an average had an average of 0.3 nights with alcohol prior, 1.3 days of exercise 

prior, 2.6 days of food prior, 0.7 days of caffeine prior, and 0.0 days of tobacco/ nicotine prior. 

The BR2 group had an average attendance of 11.4 days where their blood pressure was checked, 

with an average had an average of 1.0 night with alcohol prior, 0.9 days of exercise prior, 3.1 

days of food prior, 1.1 days of caffeine prior, and 0.4 days of tobacco/ nicotine prior. 

 This is contrary to the most of the literature regarding BR and blood pressure like Coles 

& Clifton (2012) who found in disease-free, free living men and women with an average blood 

pressure of 132.6/81.1 mm Hg, a single dose of 500 ml of BR and apple juice reduced blood 

pressure by 5 mm Hg after 6 hours. Vanhatalo et al. (2010), observed that resting systolic blood 

pressure, resting diastolic blood pressure, and mean arterial pressure was significantly lower with 

500 ml BR compared to a low-nitrate placebo (PL) over the 15 days of intervention. Jajja et al. 
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(2014) observed a lower systolic blood pressure in older, overweight patients that lasted 3 weeks 

while the patients supplemented with 500ml BR and returned to normal levels when 

supplementation ended. 

 

Gastrointestinal Symptoms 

It is important to mention that gastrointestinal (GI) symptoms could be indicative of 

several factors completely unrelated to BR, correlation does not necessarily indicate causation. It 

is possible that females in menstruation may experience amplified GI symptoms with a high-

fructose load or BR. 

At day 8, 68 % of the entire group had not been bothered by stomach ache or pain at all. 

At day 15, 64 % of the entire group had not felt bothered by stomach ache or pain, and all cases 

of severe discomfort were minimized. Stomach pain seemed to be a symptom experienced by 

each group fairly evenly in both intensity and frequency.  

At day 8, 80 % of the entire group had not been bothered by nausea or vomiting at all. At 

day 15, 96 % of the entire group had not felt bothered by nausea or vomiting, and all cases of 

moderate discomfort were minimized. This symptom was heavier in the groups receiving BR, 

but as the study continued, symptoms improved in both BR groups. If this was related to BR, 

then it would show some adaptation and improved tolerance to BR. 

At day 8, 64 % of the entire group had not been felt any bloating in their belly or stomach 

at all. At day 15, only 52 % of the entire group had not felt any bloating. This is seemingly well 

distributed across the 3 groups and did not improve for any group over the 15 days. 

At day 8, 92 % of the entire group had not been bothered by constipation or unusually 

hard stools at all. At day 15, 84 % of the entire group had not been bothered by constipation or 

unusually hard stools. This was not much different in any group. 
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At day 8, only 52 % of the entire group had not been bothered by diarrhea or unusually 

loose stools at all. At day 15, symptoms improved across the board and 72 % of the entire group 

had not been bothered by diarrhea or unusually loose stools. This too seemed well distributed 

across the groups, and appeared to improve as people began tolerating their juices better.  

Had there been a trend toward more frequent or intense GI symptoms the dosing 

recommendation would have changed. It seems like the palatability and tolerability are related 

completely to the individual. It may be advantageous for athletes or military personnel desiring 

to supplement with BR over a longer duration to start with a low dose and advance as tolerated.  

 

Surface Conditions 

While it would have been ideal to have all the cadets run all three sprint iterations on the 

same surface and at the same time of day, it was not possible. The temperature and humidity was 

very similar among all iterations on the turf field and on basketball courts. The iteration 

conducted outside on pavement was cooler, but dry. Cadets seemed to perform slightly better on 

the pavement and basketball courts as they may have had more traction and an easier time 

stopping and reversing direction than they did on the indoor turf field.  
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CHAPTER 6 

 

 

 

CONCLUSION, LIMITATIONS, AND FUTURE STUDIES 

 

 

 

Conclusion 

The purpose of this study was to assess the dose-response of dietary nitrate (NO3-) 

supplementation via beetroot juice (BR) for six and fifteen days in Army ROTC Cadets on time 

to exhaustion using a well-established field performance test, the Yo-Yo Intermittent Recovery 

Test 1 (Yo-Yo IR1) at a midsize, midwestern university. At baseline, there were no differences 

between the groups, even though all 3 groups displayed a wide array of aerobic fitness and body 

compositions. While the sprint tests indicated no statistically significant effect of the dietary 

nitrates on sprint performance, a dose-related improvement of BR was observed with a larger 

difference in distance covered between the first and third sprints observed by the BR2 group 

from the (~297 m) which was more than BR1 and CON (~275 m and ~220 m, respectively). In 

this small sample, BR2 improved overall performance by 35 % and BR1 improved performance 

by 25 % compared to CON; had this study been larger, it is hypothesized that these results would 

have been magnified and trended toward statistical significance. No trend was observed in 

reference to blood pressure or frequency and intensity of gastrointestinal symptoms. 

A difference was observed between male and female participants, and BR seemed to 

enhance male sprint performance, but not female sprint performance. In males, there was a dose-

related improvement of BR; BR1 improved by 57 % and BR2 improved by 70 % compared to 
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CON. BR improved performance in fit participants but not unfit participants. In fit participants, 

the improvement was not dose-related; BR1 improved by 90 % and BR2 improved by 75 % 

compared to CON. Carriker et al. (2016) found contradicting results, that BR helped low-fit but 

not high-fit male runners; this may be due to the fact that this study used a coed cohort and not 

all males and differences in categorizing aerobic fitness. 

There may be a benefit in athletic performance at a single or double dose of BR daily. Per 

this study, it may benefit males more than females, but more research is needed with female 

populations. There seems to be advantages in longer supplementation like improved tolerance 

and performance. For military personnel and athletes considering a longer, higher BR 

supplementation, it may be more tolerable to start slowly and build up. 

 

Strengths of this Study 

 First, this is the first study of its kind to evaluate variable doses and variable durations of 

BR supplementation in military personnel. The sprints were conducted in groups, to mimic unit 

physical training (PT) that fosters some competition and Esprit De Corps; it is the belief of the 

researcher that this competition and comradery motivated the participants to run harder and 

perform better than they may have individually in a lab. Each participant was told the mean 

distances covered by recreational and elite athletes (Appendix B-5), and prior to sprinting they 

were told how far they ran the previous attempt, and each participant was encouraged to improve 

each time.  

Secondly, this study was conducted in real-life. While women on the battlefield or 

athletic field compete during menstrual cycles, so too should they be tested in experiments. 

While it does not always provide exciting results, it does shed light into the mechanisms 

involved with hormonal changes. It was also real-life, in that cadets eat fast food, drink 
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caffeinated or alcoholic beverages, and may not sleep well or much in order to balance military, 

academic, and social components of their lives. While all of the above will impact sprint 

performance and blood pressure, it is helpful to identify how a dietary supplement may actually 

work in the real world, when everything is not sanitized. 

 

Limitations of this Study 

 There are several limitations to the present study that may account for the unexpected 

results, namely no significant difference between treatment groups.  

First, there was no blinding in this experiment. The researcher was active in the 

recruitment, randomization, beverage distribution, and execution of all the sprints. The 

researcher had no resources to pay the volunteers passing out juice or assisting with data 

collection. And while all participants received ~16 oz. of juice daily, they were aware of what 

juice they were drinking. While the researcher tried to convey that we were testing different 

beverages to see if one was better for athletic performance, several in the apple juice group asked 

if they were the control group. Prior to recruitment, all the cadets were given a copy of the 

researcher’s abstract and an encouragement to check out the Beet Performer website as to how 

beetroot juice may benefit them and referred to the study as the “Beet Juice Study.”  

 Second, the participants were not incentivized to participate except for the 

complementary BOD POD and predictive VO2max assessments and the option to miss morning 

PT. However, prior to the second sprint (Day 6) all ROTC Cadets, including those participating 

in the study, had a mandatory Crossfit work-out early in the morning. The participants did not 

realize they were obliged to be there until the night prior, and the researcher was unaware until 

after the work out when he was distributing juice. The Crossfit work-out included 5 rounds of 

400 m sprints, 21 burpees, 15 box jumps, 9 deadlifts (135 lb. for males, 95 lb. for females). 
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Without offering the participants an incentive, they may have disregarded the researcher’s 

requests and dietary guidelines for the study. Also, the last sprint test was scheduled for the 

Thursday before the university’s spring break. For many of the cadets, that sprint was the last 

school-related activity they had scheduled before they left for break. It seems that some of them 

may not have tried as hard as they did on the previous (Day 6) sprint.  

 Third, the participants had no real practice run through. While the participants conducted 

a self-led run-through of the sprint test, there seems to have been some direction lost in 

translation. Had the researcher and his assistants conducted the run through, they would have 

been more familiar with the test, the scoring, and the technology used with the event and many 

of the glitches experienced on the first day of sprinting would have been worked out. Some of 

the increase seen between Day 0 and Day 6 is directly related to familiarization with the testing 

protocol. 

 Several problems could have been worked out with prior coordination and consideration.  

When recruited, cadets were told that they would be required to drink the juice every day for 15 

days, including the weekends. After the study began, many of the cadets reported that they had 

drill with the National Guard or classes that prevent them from attending each day. On most 

occasions, the cadets were given juice in advance and asked to take it at the same time the 

following day. It is the researcher’s assumption that the cadets followed through with the juice 

when not present in front of the research assistants. On several occasions, no contact was made 

with the cadets and no juice was provided. On the form in the appendix showing each 

participants’ missing dates the red indicates no juice given and the black indicates that juice was 

given to the participant but they were not available time of testing (Appendix B-6). Additionally, 

there was no standardized protocol among the assistants taking BP until day 4. When the 
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researcher observed that there was quite an ebb and flow with several of the participants’ BP, he 

encouraged all his assistants to make the participant sit for at least 5 minutes (at least 10 if they 

had a long walk or skateboard ride) with feet flat on the floor. Then he would ask the participant 

if they had more than 2 alcoholic beverages in the previous 24 hours or if within the last hour 

they had eaten anything, used tobacco or nicotine products, exercised, or had anything with 

caffeine to help understand the trends in BP better.  

For randomization, the study used predicted VO2max relative for age and sex as the 

determinate of cardiovascular fitness. The predicted VO2max is much easier to administer and 

requires less time or involvement from the participant, but it is not as accurate as the full VO2max 

test. Several who scored highly on the assessment did not do as well on the Yo-Yo IR1 as some 

who had a much lower score on the assessment. 

 Lastly, the participants self-reported their alcohol intake, dietary compliance, work-out 

frequency and intensity, and GI symptoms experienced. While the researcher assumes no foul-

play with reporting, there is always a bias with self-reporting to enhance something or minimize 

something less desirable. For example, Larsen, Ouwens, Engels, Eisinga, and Strien (2008) 

found that collegiate females with higher BMI tend to underestimate or underreport their weight.  

 

Recommendations for Future Studies 

1. Compare this cohort’s sprint results with their Army Physical Fitness Test (APFT, 

includes 2 minutes of push-ups, 2 minutes of sit-ups, and a timed 2-mile run) scores 

and with their scores on the Occupational Physical Assessment Tool (OPAT, standing 

long jump, seated power throw, strength deadlift, interval aerobic run) to evaluate 

military applicability of repeated sprints and potential improvement on standardized 

military tests with BR. 
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2. Take this concept to a basic training company of ~150 soldiers in a double-blinded 

manner and extended to 30 days with tests every 6 days. There would still exist the 

differences in “fit” and “unfit” soldiers as they are just joining the Army, and if a 

coed training facility is chosen then comparisons could be made as well. However, 

the conditioning regimen would be uniform, there would be no alcohol or caffeine 

involved, and the diets would be very similar. In this condition with 30 days and 

testing every 6 days, it will account for every female soldier’s menstrual cycle, and 

more can be learned about the impact of the hormonal change on the metabolism of 

dietary nitrates. In this hypothetical study, participants would be given a concentrated 

dose of BR at various NO3- amounts or a de-nitrated version. 

3. Run this experiment or the modified experiment mentioned above in female team-

sport athletes outside of their competitive season, for example a collegiate field 

hockey and soccer teams. 
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Appendix A-1 – IRB Approval 
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Appendix A-2 – CITI Certificates of Completion: Basic Biosafety 
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Appendix A-3 – CITI Certificates of Completion: 

Social, Behavioral and Educational Research 
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Appendix A-4 – CITI Certificates of Completion: 

Biomedical Research 
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Appendix B-1: Participant Handout 
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Thank you for agreeing to participate in this study. I look forward to sharing the results of this 

study with you, in the hopes it will increase your sport performance, future success, and overall 

health.  

 

As a participant in this study, your personal information will be safeguarded and you will be 

given a unique subject number. Your subject number is _____________; you will be asked to 

use this for everything entailed in this study.  You will be asked to drink 16 ounces of juice for 

15 days. We will assess your sprint performance with the Yo-Yo Intermittent Recovery 1 sprint 

test prior to starting the juice supplementation, 6 days in, and again at day 15 (the end). Daily 

you will receive your beverage and be asked if your blood pressure can be taken. Several days 

throughout the study you will be asked to complete a 24-hour dietary recall of all the foods and 

beverages you consumed. Twice through the study you will be asked to complete a short online 

survey on a laptop provided when you pick up your beverage.  On the day of your sprint test you 

will be given a heart rate monitor to wear throughout; your maximal heart rate and heart rate 

recovery (post-exercise) will be analyzed. The week following the end of this study we ask you 

fill out an online 24 hour dietary recall. All major findings will be shared with the teams, and all 

results and/ or future publications will be made available to you if you are interested. 

 

PERCEIVED RISKS: 

Not everyone can tolerate 16 oz of juice several hours prior to exercising. You may experience 

slight stomach discomfort or cramping, delayed digestion (bloated/ full feeling), nausea, 

vomiting, diarrhea. With beetroot juice particularly, most people experience pink/red urine 

and/or stool which does not indicate a problem, however it is a normal expectation (unrelated to 

this study). 

 

THROUGHOUT THE DURATION OF THE STUDY, PLEASE: 

Communicate with the researcher or research team if you need anything or have any concerns 

related to the study. 

Give your maximal effort on every workout and test. 

Provide open and honest answers. 

Familiarize yourself with the Ratings of Perceived Exertion Chart (see back) and categorize each 

workout you perform.  You will be asked to qualify each workout and the estimated time 

spent in light intensity, moderate intensity, or high intensity.  

 

THROUGHOUT DURATION OF STUDY, PLEASE DO NOT: 

Ingestion of certain foods or products may skew results of this study. For this reason, you will be 

asked to avoid certain items***  

Eat foods like celeriac, Chinese cabbage, endive, fennel, kohlrabi, leeks, parsley, cress, chervil, 

beetroots, spinach, arugula, and celery. 

Use antibacterial mouthwash. 
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For the purposes of this study, using the following Borg 6-20 Scale: 

Light Intensity,  RPE 6-11 

Moderate Intensity,  RPE 12-15 

High Intensity,   RPE 16-20 

 

 

Thank you, again, for participating in this study! 
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Appendix B-2: Information on Randomization 

Source: Random.org Sequence Generator 

 

Code: 1-15 random sequence.  

1, 4, 7, 10, 13  1 AB (Apple Beet) 

2, 5, 8, 11, 14  2 AJ (Apple Juice) 

3, 6, 9, 12, 15  3 BR (Beetroot) 

 

First to 5 draws gets top predicted, relative VO2max, second to 5 draws gets 2nd highest 

predicted, relative VO2max, last to get 5 draws gets 3rd highest predicted, relative VO2max.  

Second round goes in reverse order. Subsequent odd rounds will proceed in random order, 

subsequent even rounds will proceed in reverse order. 

 

Random Sequence:  
4 

15 

 1 

 8 

12 

 3 

 6 

11 

14 

 2 

 5 

 9 

 7 

13 

10 

Timestamp: 2017-02-14 14:31:51 UTC 

https://www.random.org/sequences/?min=1&max=15&col=1&format=html&rnd=new 

Translated into 3 groups AB, BR, AB, AJ, BR, BR, BR, AJ, AJ, AJ, AJ, BR, AB, AB, AB 

 

First/Odd Round Order: AJ, BR, AB.  

Second/Even Round Order: AB, BR, AJ 
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ID juice 

aversion 

Predicted 

Relative 

VO2 

(ml/kg/min) 

Norm 

VO2 

for 

age/sex 

(%age) 

ACSM Category Random 

Order 

Group 

MM-002 no 61.1 85 Good 1 AJ 

MM-004 no 57.8 80 Good 2 BR 

MM-010 no 57.3 80 Good 3 AB 

MM-009 no 54.3 75 Good 3 AB 

MM-023 no 51.5 75 Good 2 BR 

MM-011 no 49 65 Above Average 1 AJ 

MM-012 apple 48.3 60 Above Average 1 BR 

MM-019 no 47.9 60 Above Average 2 AJ 

MM-016 no 46.1 65 Above Average 3 AB 

MM-021 no 45.6 55 Average 3 AB 

MM-022 no 45.5 65 Above Average 2 BR 

MM-001 BR 44.6 50 Average 1 AJ 

MM-005 no 44.3 60 Above Average 1 AJ 

MM-013 no 42.5 45 Average 2 AB 

MM-027 apple 41.9 55 Average 3 BR 

MM-017 no 41.3 40 Below Average 3 AB 

MM-014 apple 40.9 35 Below Average 2 BR 

MM-003 no 40.5 35 Below Average 1 AJ 

MM-026 unsure BR 40.3 50 Average 1 AJ 

MM-015 no 39.1 35 Below Average 2 BR 

MM-007 unsure BR 39 35 Below Average 3 AB 

MM-006 no 38.3 40 Below Average 3 AB 

MM-020 no 37 30 Below Average 2 BR 

MM-024 no 35.2 30 Below Average 1 AJ 

MM-025 unsure BR 35.1 30 Below Average 1 AJ 

MM-018 no 32.6 20 Poor 2 BR 

MM-008 no 32.1 20 Poor 3 AB        

  mentioned juice aversion/ intolerance at recruitment        

  treatment switched prior to first dose to maintain blocks of three related to 

noted aversion/ intolerance        

  dropped from study 
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Appendix B-3: Diagram for Yo-Yo IR1 
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Appendix B-4: Weekly Questionnaire Instrument with 5 Questions from GSRS (via Qualtrics) 

Q1 Please enter your unique subject number, MM-___ 

 

Q2 How are you doing physically today? 

 Excellent (1) 

 Good (2) 

 Average (3) 

 Poor (4) 

 Terrible (5) 

 

Q3 How are you doing emotionally today? 

 Great (1) 

 Good (2) 

 Ok (3) 

 Bad (4) 

 Terrible (5) 

 

Q4 How would you describe your week? 

 One of the best (1) 

 Above average (2) 

 Average (3) 

 Below Average (4) 

 Terrible (5) 

 

Q5 How well have you slept this week? 

 Excellent (1) 

 Good (2) 

 Average (3) 

 Poor (4) 

 Terrible (5) 

 

Q6 Did you start your menstrual cycle this week? 

 yes (1) 

 no (2) 

 I am male (3) 
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Q7 If yes, what day did you start 

 Monday (1) 

 Tuesday (2) 

 Wednesday (3) 

 Thursday (4) 

 Friday (5) 

 Saturday (6) 

 Sunday (7) 

 

Q8 How well have you eaten this week? 

 Extremely well (1) 

 Very well (2) 

 Moderately well (3) 

 Slightly well (4) 

 Not well at all (5) 

 

Q9 How well would you rate your compliance to the dietary recommendations of this study? 

 Excellent (1) 

 Good (2) 

 Average (3) 

 Poor (4) 

 Terrible (5) 

 

Q10 Have you used antibacterial mouthwash this week? 

 Every day (1) 

 5-6 times (2) 

 3-4 times (3) 

 1-2 times (4) 

 Definitely not (5) 

 

Q11 This week, have you consumed 2 or more drinks in one evening? 

 Every day (1) 

 5-6 times (2) 

 3-4 times (3) 

 1-2 times (4) 

 Definitely not (5) 
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Q12 Have you eaten Fast Food this week? 

 7 or more meals (1) 

 5-6 meals (2) 

 3-4 meals (3) 

 1-2 meals (4) 

 Definitely not (5) 

 

Q13 Please describe your workouts this week by duration and frequency (Please use the RPE 

handout as needed) 

Light-intensity, RPE 6-11( (1)               

Light-intensity, RPE 6-11 (30-60min) (2)               

Light-intensity, RPE 6-11 (>60min) (3)               

Moderate-intensity, RPE 12-15 ( (4)               

Moderate-intensity, RPE 12-15 (30-60min) (5)               

Moderate-intensity, RPE 12-15 (>60min) (6)               

High-intensity, RPE 16-20 ( (7)               

High-intensity, RPE 16-20 (30-60min) (8)               

High-intensity , RPE 16-20 (>60min) (9)               

 

 

Q14 Have you been bothered by stomach ache or pain during the past week? 

 No discomfort at all (1) 

 Slight discomfort (2) 

 Moderate discomfort (3) 

 Severe discomfort (4) 

 Extreme discomfort (5) 

 

Q15 If yes, how often? 

 6 or more days (1) 

 3-5 days (2) 

 1-2 days (3) 

 

Q16 Have you been bothered by nausea or vomiting during the past week? 

 No discomfort at all (1) 

 Slight discomfort (2) 

 Moderate discomfort (3) 

 Severe discomfort (4) 

 Extreme discomfort (5) 
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Q17 If yes, how often? 

 6 or more days (1) 

 3-5 days (2) 

 1-2 days (3) 

 

Q18 Has your stomach or belly felt bloated during the past week? 

 No discomfort at all (1) 

 Slight discomfort (2) 

 Moderate discomfort (3) 

 Severe discomfort (4) 

 Extreme discomfort (5) 

 

Q19 If yes, how often? 

 6 or more days (1) 

 3-5 days (2) 

 1-2 days (3) 

 

Q20 Have you been bothered by constipation or unusually hard stools during the past week? 

 No discomfort at all (1) 

 Slight discomfort (2) 

 Moderate discomfort (3) 

 Severe discomfort (4) 

 Extreme discomfort (5) 

 

Q21 If yes, how often? 

 6 or more days (1) 

 3-5 days (2) 

 1-2 days (3) 

 

Q22 Have you been bothered by diarrhea or unusually loose stools during the past week? 

 No discomfort at all (1) 

 Slight discomfort (2) 

 Moderate discomfort (3) 

 Severe discomfort (4) 

 Extreme discomfort (5) 

 

Q23 If yes, how often? 

 6 or more days (1) 

 3-5 days (2) 

 1-2 days (3) 
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Appendix B-5: Comparisons of Yo-Yo IR1 Test Results to Athletes 
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Appendix B-6: Participant Compliance based on Attendance 
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APPENDIX C 

  

C-1 Letter of Permission to Use Facility 

C-2 Letter of Informed Consent  
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Appendix C-1: Letter of Permission for Turf Field at Ball State University’s 

Jo Ann Gora Student Recreation and Wellness Center 
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Appendix C-2: Letter of Informed Consent 
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Study Title    
Chronic Effects of Dietary Supplementation of Various Juices on Sprint Performance in ROTC 
Cadets. 
 
Study Purpose and Rationale 
The purpose of this study is to assess the physiological response and performance effects of 
juice supplementation (apple juice and beetroot juice) for six and fifteen days in collegiate 
military personnel using a well-established field performance test at a midsize midwestern 
university. Findings from this research may help broaden the body of knowledge for pre-
exercise fueling for athletes and warfighters. 
 
Inclusion/Exclusion Criteria 
To be eligible to participate in this study, you must be 18 years old or older, enrolled in the Ball 
State University ROTC program, and you must be able to run interval sprints with no pain, 
difficulty, or discomfort. Although symptoms are rare, you should not participate in this study if 
you have chronic diarrhea, hypotension, or are prone to kidney/ gallstones. 
 
Participation Procedures and Duration 

Participation in this study is completely voluntary. As an incentive for your participation, 
you will be allowed to attend an afternoon physical training session in place of your regularly 
scheduled morning physical training. You are free to discontinue your involvement in this study 
at any time with no penalty, at which time you will return to regularly scheduled physical training 
time. LTC Rosenberger has no involvement in this study, his concern is your attendance in daily 
physical training. 

For this project, you will be asked to complete a predictive VO2MAX test on a cycle 
ergometer and a complete a body composition analysis with a BODPOD. You will be asked to 
complete 3 separate sprint interval tests using the Yo-Yo Intermittent Recovery 1 test at days 0, 
6, and 15. During these tests you will be asked to wear a heart rate monitor chest strap and run 
to exhaustion. Your participation in this study will exempt you from early morning physical 
training and will allow you instead to conduct your regularly scheduled physical training in the 
afternoon. Each day for 15 days you will be given 16 oz of juice (apple juice, beetroot juice, or 
8oz apple juice and 8oz beetroot juice) approximately 2-3 hours prior to your workout (~1-2 
PM). At the time you collect your juice daily, once a week you will be asked to fill out a brief 
survey. Testing should take no more than 2 hours, and will align with your scheduled afternoon 
workout. It will take about 5-15 minutes per day to collect and drink your provided beverage and 
fill out the survey, and there will be 3-5 locations around Ball State University’s campus. 
 
Disclosure of Alternative Procedures 
If you know you have an aversion, intolerance, or allergy to apple juice or beetroot juice, please 
disclose this to the researcher so that he may provide a suitable alternative beverage. 
 
Data Confidentiality 
All data will be maintained as confidential and no identifying information such as names will 
appear in any publication or presentation of the data.  
 
Storage of Data 
Paper data will be stored in a locked filing cabinet in the faculty supervisor’s office for three 
years and will then be shredded. The data will also be entered into a software program and 
stored on the researcher’s password-protected computer for three years and then deleted. Only 
members of the research team will have access to the data. Should you withdraw from this 
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study for any reason, withdraw from the ROTC program, or get injured any data collected will 
remain confidential with the rest of the data, however it will not be included in statistical analysis. 
 
Risks or Discomforts 
There is a risk that you may not feel comfortable answering some of the questions. You may 
choose not to answer any question that makes you uncomfortable. Not everyone can tolerate 16 
oz of juice several hours prior to exercising. You may experience slight stomach discomfort or 
cramping, delayed digestion (bloated/ full feeling), nausea, vomiting, diarrhea. Beetroot juice 
has been shown to work as a laxative and a blood pressure reducer. You may feel some GI 
symptoms associated with its laxative effects. It should be avoided if you have chronic diarrhea, 
hypotension, or are prone to kidney/ gallstones. Beets commonly cause a red/pink tint in urine 
and stool; this is normal and not a serious condition. Some people have an allergic reaction to 
beets that includes rashes, hives, fever, or chills. The sprint test will measure repeated sprints to 
exhaustion. I have ensured with LTC Rosenberger that this study does not conflict with any 
scheduled ROTC physical fitness test; you will have at least one week after the last exhaustive 
test before your next physical fitness test. Associated risks with exhaustive sprint tests include 
strains or injuries to muscles, joints, and bones (especially to hamstrings and knees), shin 
splints, dehydration, fatigue, and overtraining. You may quit the study at any time.  
 
Who to contact if you experience any negative effects from participating in the study 
Should you experience any adverse GI symptoms from the beverages provided or physical pain 
from running, please visit the Ball State University Student Health Center adjacent to the 
Student Recreation and Wellness Center, (765) 285-8431. 
 
Benefits 
As a result of your participation in this study you will receive a body composition analysis 
(BODPOD), an analysis of your aerobic capacity (VO2MAX), and quantifiable results that show 
your fitness levels to those of elite male and female athletes.  
 
Voluntary Participation 
Your participation in this study is completely voluntary and you are free to withdraw your 
permission at any time for any reason without penalty or prejudice from the investigator.  Please 
feel free to ask any questions of the investigator before signing this form and at any time during 
the study. Should you withdraw from the study, withdraw from ROTC, or get injured any time 
during the study  
 
IRB Contact Information 
For one’s rights as a research subject, you may contact the following: For questions about your 
rights as a research subject, please contact the Director, Office of Research Integrity, Ball State 
University, Muncie, IN 47306, (765) 285-5070 or at irb@bsu.edu. 
 
Researcher Contact Information 
 
Principal Investigator:     Faculty Supervisor: 
 
Michael Melton, Graduate Student   Dr. Jay Kandiah 
Nutrition and Dietetics     Associate Dean, College of Health 
Ball State University     Ball State University 
Muncie, IN  47306     Muncie, IN  47306 
Telephone: (502) 774-0420    Telephone:  (765) 285-5955 
Email:  mtmelton@bsu.edu    Email:  jkandiah@bsu.edu 

mailto:irb@bsu.edu
mailto:jkandiah@bsu.edu
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Consent 
 
I, ___________________, agree to participate in this research project entitled, “Chronic Effects 
of Various Juices on Sprint Performance in ROTC Cadets.”  I have had the study explained to 
me and my questions have been answered to my satisfaction.  I have read the description of 
this project and give my consent to participate.  I understand that I will receive a copy of this 
informed consent form to keep for future reference. 
 
To the best of my knowledge, I meet the inclusion/exclusion criteria for participation (described 
on the previous page) in this study. 
 
________________________________   _________________ 
 
Participant’s Signature     Date 
 


