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ABSTRACT 
 
Baumann, K.B. The effect of acute beet root juice supplementation on anaerobic power in 
females. MS in Clinical Exercise Physiology, December 2021, 51pp (S. Jaime) 
 
Beet root juice (BRJ) contains a high concentration of inorganic nitrates, previously 
shown to improve blood flow to skeletal muscle. Recent studies in males have found that 
acute BRJ supplementation can improve anaerobic exercise performance. However, the 
effects of BRJ supplementation on exercise performance in females currently unknown. 
PURPOSE: The purpose of this study was to determine the effect of BRJ 
supplementation on anaerobic performance in females. METHODS: 18 healthy, 
recreationally trained females (22.8 ± 1.58 years, 167.6 ± 6.12 cm, 68.0 ± 0.87 kg) 
performed a countermovement jump (CMJ) test and a Wingate anaerobic power test on 
two different occasions to observe potential differences between treatments. Results were 
examined under two isoenergetic conditions which required supplementation of either 1) 
BRJ (10g) or 2) placebo (10g) before testing. A within subject paired samples t-test using 
SPSS with the level of significance set to alpha <0.05 was used to examine differences in 
performance measures between condition. RESULTS: It was found that BRJ ingestion 
did not result in significantly different measures of peak power output, average power 
output, minimum power, time to peak power, fatigue index, or vertical jump height 
compared to the placebo (p > 0.05). CONCLUSIONS: The main finding of this study 
indicate that an acute dose of BRJ does not influence anaerobic power or fatigue index in 
either a Wingate maximal effort test or a vertical jump test. More work is needed to 
determine the timing, dosage and length of performance and subject population best 
optimized by the ingestion of BRJ as an effective ergogenic aide.
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INTRODUCTION 

Beet root juice (BRJ) is a naturally occurring substance derived from the plant 

beta vulgaris (Volpe 2013). Most well-known for its high inorganic nitrate (NO3
-) 

bioavailability and concentration, BRJ has been the focal point of recent literature on 

supplementation in regards to its potential ergogenic effects (Senefeld et al., 2020). After 

ingested, the nitrates are absorbed and metabolized into nitrites (NO2
-) via anaerobic 

bacteria and nitrate reductase in the mouth. It is then either further metabolized by 

stomach enzymes into nitric oxide (NO), which is then absorbed into the systemic 

circulation (Dominguez et al., 2018). Increased levels of NO have been shown to improve 

muscle metabolism, increase exercise efficiency, and time to exhaustion during a variety 

of exercise modalities, namely endurance in nature (Besco, Sureda, Tur & Pons, 

2012; Bailey et al., 2010; Lansley et al., 2011). The literature indicates that these 

properties of NO may have an ergogenic effect on certain types of aerobic exercise 

(Dominguez et al., 2018), in particular; with performance improvements up to 3% 

commonly reported (Senefeld et al., 2020). With the high level of competition in elite 

level sport, even a 0.6% increase in performance is considered significant (Paton & 

Hopkins, 2006). 

The primary effect of NO includes influences on blood flow and muscle 

fatigue. The flow of blood through the systemic circulation has many functions, including 

the clearance of metabolites and the delivery of nutrients to and from cells in the body 
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(Maréchal & Gailly, 1999). During exercise, the efficiency of this process becomes 

vitally important to the sustainability of exercise. Furthermore, the increased sheer stress 

of blood flow velocity through the vasculature acts as a stimulus for the endothelium of 

the vessels to increase NO production, mediated by the enzyme endothelial NO synthase. 

Substances that work exogenously do not directly enter the endothelium, and thus take 

longer to uptake (Cuenca et al., 2018). Once the increased amount of NO enters the blood 

stream, the sympathetic nervous system is signaled to vasodilate the vessel (Bescos et al., 

2012). This expansion of blood vessels increases blood flow to muscles and promotes gas 

exchange, as well as the removal of metabolites, which may help attenuate the onset of 

acute muscle fatigue (Bailey et al., 2010). 

Locally, NO may reduce the onset of muscle fatigue by preventing excess calcium 

release from the sarcoplasmic reticulum. Pumping calcium is the most costly energy 

process during skeletal muscle contraction, accounting for nearly 50% of total ATP 

turnover  (Bescos et al., 2012). Therefore, even small elevations in levels of NO 

concentration can improve muscle metabolism by preventing excess sarcoplasmic 

reticulum pumping of calcium. This decreases the energy cost of skeletal muscle 

contraction while still maintaining the same level of force production. A study by Bescos 

et al. (2012) showed that this improvement in calcium cycling will result in an overall 

increase in exercise efficiency and tolerance to exercise in both untrained and moderately 

trained subjects. 

Several studies have suggested that the ingestion of BRJ has beneficial ergogenic 

effects on aerobic, anaerobic, and resistance exercise (Cuenca et al., 2018; Dominguez et 

al., 2018; Ranchal-Sanchez et al., 2020). Wylie et al. (2013) concluded that BRJ 
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supplementation may improve exercise tolerance by reducing the oxygen cost of 

moderate exercise, and exert overall positive effects on cardiovascular health in young 

adults, as measured by a reduction in resting blood pressure and mean arterial pressure. 

Moreover, it was found that BRJ ingestion can improve mean power output and velocity, 

decrease time to absolute power, and reduced or maintain the fatigue index during a 

maximal effort Wingate test (Cuenca et al., 2018). Similarly, Williams et al. (2020) 

reported an increase in mean power and force output during a maximal bench press when 

a 70-ml acute dose of BRJ was given 2-hours prior to exercise in 11 resistance trained 

men.  Furthermore, Mosher, Sparks, Williams, Bentley, and Mc Naughton (2016) 

reported that BRJ significantly improved time to failure and total weight lifted when 

bench pressing compared to a placebo. Lastly, Coggan et al. (2015) concluded that acute 

NO supplementation of 140mL BRJ  increases whole body NO production in addition to 

increasing maximal torque during a knee extension exercise in both men and women. 

Black currant juice is used throughout the literature as a placebo due to its 

negligible nitrate content, yet still having a bitter taste comparable to the taste BRJ. The 

optimal timing of supplementation is 2-3.5 hours prior to the onset of exercise, and the 

optimal dosage is a least 5.0 mmol concentration of nitrates within the BRJ (Senefeld et 

al., 2020). Although evidence supports the concept that BRJ supplementation has a 

positive effect on performance, most of the currently available data has been collected 

using male subjects. According to a meta-analysis by Senefeld et al. (2020), there were 

80 articles included with a total of 1,179 men, compared to only six articles including a 

total of 156 women in studies designed to examine the potential ergogenic effect of NO 

supplementation. The authors concluded that no ergogenic effects have been observed to 
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date in the studies with only with women; however, more studies are needed to 

adequately support these findings. Research suggests that dietary NO can influence 

skeletal muscle contraction in both sexes, but that the effect may not be large enough to 

detect practically meaningful improvements (Wickham & Spriet, 2019). As discussed 

previously, NO supplementation has been shown to improve sarcoplasmic reticulum and 

calcium channel efficiency, and subsequently overall skeletal muscle contraction 

efficiency (Bescos et al., 2012). As such, NO has the potential to provide ergogenic 

benefits in both sexes. Therefore, the purpose of this study was to examine the acute 

effects of BRJ on anaerobic power in healthy adult females. 
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METHODS 
 

Participants 

Eighteen recreationally active females participated in this study. They were 

apparently healthy, without any known cardiovascular or metabolic diseases. 

Recreationally active was defined as participation in any sort of physical activity for a 

minimum of 150-minutes per week. All subjects completed the PARQ+ and ACSM/AHA 

screening forms prior to the study to ensure they were healthy and safe to perform 

exercise (Appendix A and B), as well as COVID-19 screening for acute symptoms that 

was administered before each testing session (Appendix C). Because of the COVID-19 

pandemic, participants were strategically recruited among a cohort of graduate students 

and close friends, partners or faculty to minimize exposure to the COVID-19 virus. All 

participants provided written informed consent before undergoing testing (Appendix D). 

The research study was submitted to and approved by the University of Wisconsin-La 

Crosse Institutional Review Board for the Protection of Human Subjects under the 

expedited review category in accordance with 45CFR46, 46.110(a)(b) on November 2nd, 

2020. 

Procedures 

Menstrual cycle tracking or control was not included in the study design. This 

decision was guided by findings in Okudan, Gokbel, Ucok and Baltaci (2005) who 

examined whether there was difference in leptin levels and exercise performance during 

different phases of the menstrual cycle. The authors concluded there was no significant
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differences in hormone levels correlating to differences in peak power, mean power or 

fatigue index on any given day of the cycle. Subjects were asked to refrain from 

consuming caffeine, alcohol or strenuously exercising 24 hours before testing as caffeine 

has been shown to improve anaerobic performance, while alcohol or strenuous exercise 

would likely decrease performance (Lara, Gutierrez Hellin,  Ruíz‐Moreno, Romero‐

Moraleda, & Del Coso, 2020). 

All data collection occurred in the human performance laboratory at the 

University of Wisconsin-La Crosse. Subjects attended a practice session, followed by two 

experimental testing sessions. During the practice session, subjects were assessed for 

height and weight. Subjects also completed a practice countermovement jump test (CMJ) 

and a Wingate test on a cycle ergometer. Subjects completed a supplement trial and a 

placebo trial in a random, double-blind fashion. Each trial was completed on a separate 

day 3-days apart in random order and consisted of a general warm up period, a CMJ and 

a single Wingate cycle ergometer test. Participants ingested 235 to 355-ml of either BRJ 

in the supplement trial as previously recommended (Senefeld 2020), or black currant 

juice in the placebo trial 2.5 to 3-hours prior to the start of the exercise session.  

At the beginning of each testing session, participants first completed a 5-minute, 

self-paced warmup with a load corresponding to 2.0% of body mass. The CMJ was then 

administered using a Just Jump Meter mat (Probiotics Inc, Huntsville, AL). The mat was 

placed flat on a hard surface and programmed to “1 jump mode.” Subjects were 

instructed to stand with both feet flat on the mat, shoulder width apart. They were 

instructed to jump as high as possible and land with both feet on the mat. The participants 

were encouraged to use countermovement of the arms during their jumps. The test was 
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performed three times with a 30-second rest between each jump. The two closest 

measurements were averaged and used for data-analysis. 

Following the CMJ, participants were allowed 2 to 5-minutes to rest and recover 

prior to performing the Wingate test. The Wingate test was completed on an 

electronically braked cycle ergometer (Lode Company, Groningen Netherlands) using a 

resistance load corresponding to 7.50% of the subject's body weight (Dotan & Bar-Or, 

1983). During a 1-minute preparatory warmup, participants were instructed to pedal at 60 

rpms at a resistance of 50-watts and were given a 5-second countdown before the 

resistance was applied. Participants were instructed to pedal at maximal effort for 30-

seconds while verbal encouragement was provided (Cuenca et al., 2018). After 

completion of the test, participants were instructed to pedal against a light load for as 

long as needed for recovery. A Polar heart rate monitor transmitter was placed around the 

participant’s chest to allow for heart rate monitoring during warm-up, the 30-second test, 

and recovery. Heart rate measurements were used during active recovery as the athletes 

pedaled until their heart rate returns to approximately 120 bpm. Peak power (PP) was 

calculated as the highest power output seen at any time during the test. Mean power was 

calculated as the average power over the 30-second testing period. Lowest power (LP) 

was calculated as the lowest power seen at any time during the test. Fatigue index, or 

anaerobic fatigue, was calculated by the Lode software as fatigue rate and fatigue slope.  

Statistical Analysis 

All data were analyzed using SPSS (IMB Corp, Software version 27, Chicago, 

IL). Basic descriptive statistics were used to summarize the data. Differences in PP, 

average power, LP, time to peak power, fatigue index, and CMJ were compared between 
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conditions using paired samples t-tests. The level of significance for analyses was set to 

alpha < 0.05. All data are presented as mean ± SD. 
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RESULTS 

The descriptive statistics of the 18 subjects who completed the study are presented 

in Table 1.  

Table 1. Descriptive characteristics of subjects 
   

  
 

 
Age (yr)  

 
  22.8 ± 1.58 

Height (cm)  167.6 ± 6.12 
Weight (kg)    68.0 ± 0.87 
BMI (kg/m2)    24.1 ± 3.27  
  

Performance outcomes for both the placebo and BRJ are summarized in Table 2. 

PP, average power, LP, time to peak power, fatigue index, and CMJ were not 

significantly different following acute BRJ supplementation compared to placebo. Data 

displaying PP, average power and LP output for each condition are presented in Figure 1. 

Fatigue rate and slope are presented in Figure 2. Differences in CMJ are presented in 

Figure 3.  

Table 2. Performance outcomes of beet root juice and the placebo   
 
Variable  

   
BRJ  

   
Placebo  

   
P-value  

Jump Height (cm)    43.0 ± 5.15    43.0 ± 5.07    .976  
Peak Power (W)      986.9 ± 194.19      966.7 ± 219.75    .966  
Average Power (W)    443.4 ± 63.62    444.4 ± 71.20    .851  
Minimum Power (W)    222.8 ± 69.32    239.8 ± 64.80    .264  
Fatigue Rate (%)      76.1 ± 10.78    74.2 ± 8.49    .266  
Fatigue Slope (W/sec)    26.4 ± 7.72    25.3 ± 7.34    .447  
Time to Peak Power (sec)      0.5 ± 0.26    0.8 ± .93    .215   
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Figure 1.  Peak Power, Mean Power, and Minimum Power for BRJ and Placebo. 

 

 
 

Figure 2.  Fatigue Rate and Slope for BRJ and Placebo. 
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Figure 3.Vertical Jump Height for BRJ and Placebo. Data presented as mean ± standard 
deviation.
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DISCUSSION 

The primary aim of the current study was to examine the acute effects of BRJ 

supplementation on anaerobic performance in females. It was hypothesized that the high 

NO3
- found in BRJ would improve performance compared to a placebo. The main finding 

of this study established that an acute dose of BRJ did not influence anaerobic power or 

fatigue index in either a Wingate maximal effort test or a CMJ. This is one of few studies 

examining the effect of BRJ on anaerobic performance in females. However, these results 

are similar to previous work (Smith, Muggeridge, Easton, & Ross 2019), which reported 

that an acute dose of dietary NO3
-  (70-ml of BRJ 3-hours prior) does not improve repeated 

sprint performance in either temperate or hot, humid conditions in 12 recreationally 

active male university students. This is also consistent with the results of a meta-analysis 

by Senefeld et al. (2020), which concluded that BRJ supplementation did not elicit 

ergogenic effects in studies with only women. One study examined the acute effects of 

ingesting 70-ml BRJ, caffeine or a placebo in 14 competitive female cyclists prior to 20-

km time trials. The authors found significant effects on performance in the caffeine 

condition compared to the placebo, but no statistical differences were observed between 

the BRJ condition and the placebo which is consistent with the findings of the current 

study (Glaister, Pattison, Muniz-Pumares, Patterson, & Foley, 2015). 

There is evidence that acute BRJ supplementation can positively influence 

exercise performance in male subjects, particularly during high-intensity activities. In a 

study by Williams et al. (2020), the authors observed an increase in mean power and 
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force output after an acute dose of 70ml of BRJ with 400mg of nitrate was given prior to 

exercise in 11 resistance trained males. The authors found that BRJ supplementation 

increased total repetitions performed during a bench press protocol consisting of 2 sets of 

2 repetition at 70% 1-repetition max when compared to placebo. Similarly, Cuenca 

(2018) reported that ingestion of 70ml of BRJ three hours before exercising significantly 

improved peak and mean power output during the first 15-seconds of a 30-second 

Wingate test compared to a placebo, in 15 resistance-trained males. Although contrary to 

findings from the current study, it is possible that time to peak tension and rate of 

relaxation may be faster in males than females due to an enhanced ability to release and 

sequester calcium during skeletal muscle contraction (Wickham & Spriet, 2019). These 

studies provide evidence to support the use of BRJ supplementation for improving 

performance, particularly endurance and resistance types of activities in males. More 

work is needed to further elucidate which populations, types of exercise, dose and timing 

of BRJ supplementation is most effective, and to further explore any potential sex 

differences.  

Results from the current study, indicate that acute BRJ supplementation did not 

result in any differences in vertical jump as assessed via CMJ. This finding is similar to 

the results by Jonvik et al. (2020), in which supplementation with 140-ml of BRJ or 

placebo per day did not improve CMJ, strength, power or endurance performance in 15 

recreationally active males, despite a loading period of 6-days. Similar results were 

reported by López-Samanes et al. (2020) in 13 well-trained tennis players. Subjects 

ingested 70-ml of BRJ or placebo 3-hours before completing a CMJ test. CMJ was 

measured by taking the highest height of three recorded jumps interspersed by 45-sec of 
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passive recovery. No statistical differences were detected between BRJ and the placebo 

across any of the testing measures, which is consistent with the results of this study. 

These studies suggest the use of BRJ supplementation may not be effective in improving 

vertical jump. 

This study had several limitations. One of which is the small sample size and 

rather homogeneous nature of the current subject pool, which consisted of primarily 

exercise physiology graduate students due to limited recruiting under COVID-19 

restrictions. The subjects were also required to wear a mouthpiece and headgear during 

the Wingate protocol to meet laboratory air filtration guidelines, and subjects who were 

unfamiliar with the equipment may have experienced distraction or used adjusted 

breathing techniques compared to performing the test under normal conditions. In the 

second trial, subjects were verbally coached to increase their revolutions per minute 

(RPM) to be within ± 5 RPMs of their first trial to achieve consistent starting RPM’s 

across subjects and between conditions. However, some attention may have been shifted 

away from pedaling maximally to achieve the desired RPMs which could have negatively 

affected performance outcomes. Considering trials were randomized, this potential effect 

may have occurred in both placebo and BRJ conditions at differing magnitudes. This 

technique was used to achieve statistically similar starting RPMs between conditions, but 

starting at high RPMs may have blinded the effect of BRJ compared to a protocol of 

starting from zero RPMS. Moreover, another limitation is that data was analyzed for the 

entire 30-second Wingate test, rather than smaller time intervals. This may have shrouded 

some potential findings, and a protocol analyzing 15 second sections of the Wingate may 

be a more advantageous protocol for eliciting potential ergogenic effects. A dose (active 
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ingredient of ~4 mmol) corresponding to the lower end of dosing recommendations is 

another limitation of the current study. 

In the future, studies should include a larger, more randomized sample. It may be 

beneficial to include a repeated sprints design rather than one all out anaerobic test to 

examine whether the BRJ would have the same effect on power output with an additional 

focus on improved NO induced vasodilation to aide in recovery between bouts of 

exercise. Future studies can also examine the effect of BRJ on performance in females 

who are sedentary as well as highly trained athletes to see if any observed effect is 

replicable in varying training statuses. Moreover, future studies should also examine 

multiple days of supplementation as well as the effect of multiple doses. 



 

16 
 

CONCLUSION 

This is one of few studies examining the effect of BRJ on anaerobic performance 

in females. It was hypothesized that the high NO3- found in BRJ would improve 

performance compared to a placebo. The main finding of this study conclude that an 

acute dose of BRJ did not influence anaerobic power or fatigue index in either a Wingate 

maximal effort test or a CMJ. More work is needed to further elucidate which 

populations, types of exercise, amount of supplementation and timing of BRJ that is 

effective in improving performance, if there are any differences observed. 
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COVID-19 Screening Questionnaire 
 
 
Research Staff Use Only 
 
Checklist Prior to Participant Entering the Lab 
 
  Research Staff wearing face mask and face shield 
 Participant Wearing a face mask 
 No temperature detected using infrared thermometer 
 
If the participant arrives without a face mask, they must be turned away and testing 
rescheduled. If a participant has a fever (100.4oF/38oC according to CDC), they should be 
sent home with recommendation to visit the student health center. Follow-up 
communications will determine rescheduling. 
 
Participant Use Only 
 
The purpose of this questionnaire is to assess symptoms and risk of exposure for 
COVID-19. This questionnaire is part of our precautionary measures to keep you, our 
participant, and our research staff safe and healthy. Thank you for taking the time to 
complete this questionnaire. 
 
 

1. Have you or anyone else you live with been diagnosed with COVID-19? 
 

 Yes   No 
 

 
2. If you answered yes to question #1, please explain who had been diagnosed with 

COVID 19, and if they have been cleared by a hospital to return to normal 
activity. 

 
 
 
 
 

3. Are you currently feeling ill? 
 
 Yes   No 
 

 
 



 

 
 

 
 

4. In the last 2 weeks have you experienced any of the following mild symptoms? 

 Fever or chills 
 Cough 
 Shortness of breath or difficulty breathing 
 Fatigue 
 Muscle or body aches 
 Headache 
 New loss of taste or smell 
 Sore throat 
 Congestion or runny nose 
 Nausea or vomiting 
 Diarrhea 

5. In the last 2 weeks have you experienced any of the following severe symptoms? 

 Trouble breathing 
 Persistent pain or pressure in the chest 
 New confusion 
 Inability to wake or stay awake 
 Bluish lips or face 

 
 

6. In the last two weeks, have you gone to any public venues such as a restaurant, 
bar, grocery store, retail store (clothing, sporting good, etc.) or nursing home? 
 
 Yes   No 
 
If yes, can you please list the places you have visited and a best guess as to the 
date? We will use this information to inform you of any notifications we receive 
about COVID-19 exposures in these places. 
 
Location            Date 
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INFORMED CONSENT 

 
 

 I, ________________________, volunteer to participate in a research study being 
conducted at the University of Wisconsin-La Crosse. 
 
Purpose and Procedures   
 

• The purpose of this study is to compare exercise performance following 
ingestion of either beet root juice or a placebo beverage.  

• Research assistants in the Department of Exercise and Sport Science 
(ESS) will be conducting the research under the direction of Dr. John 
Porcari, a Professor in the department. 

• My participation in this study will involve three separate sessions, each 
lasting approximately 30-60 minutes.  

• The first session will be a familiarization session where I will practice a 
vertical jump test and the Wingate bike test. The vertical jump test 
involves me standing in place and jumping as high as possible. The 
Wingate bike test is a 30-second maximal effort test. I will be instructed to 
pedal as hard and fast as I can for 30 seconds against a resistance which is 
based upon my body weight. 

• On the second day, I will consumer 70 ml of beet root juice or a placebo 
drink and then perform vertical jump testing and Wingate testing.   

• On the third day, I will consume the other beverage and repeat the vertical 
jump and Wingate testing.  
 

Potential Risks 
• Fatigue, leg tiredness, and shortness of breath are possible as a result of 

participating in this study. 
• The risk of serious or life-threatening cardiovascular complications is very 

low (<1/10,000 tests) in apparently healthy, regularly exercising adults.   
• The test will be stopped immediately upon the occurrence of any 

complications.   
• There will be persons trained in CPR and Advanced Cardiac Life Support 

supervising every test.  Additionally, an AED is immediately available in 
the laboratory where testing will take place.  

• Because of the recent pandemic, an increased risk of participating in this 
study includes being exposed to the COVID-19 virus and suffering the 
associated complications of infection, which can include hospitalization 
and death. 

• In order to minimize subject exposure to the COVID-19 virus, the Human 
Performance Laboratory and all associated testing personal are taking the 
following precautions, which are consistent with an international 
consensus statement issued by the Physiologic Society (London, England): 
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a. All researchers will be screened each day by having them fill out a 
COVID-19 Screening Questionnaire and having their temperature taken. 

b. All researchers will wear face masks and face shields at all times when 
they are in the laboratory. 

c. All subjects will be required to wear masks at all times when they are in 
the laboratory, except when they are being tested. 

d. All subjects will be screened each day by filling out a COVID-19 
Screening Questionnaire and having their temperature taken as soon as 
they report to the laboratory for testing. 

e. Only one subject will be in the laboratory at a time. 
f. While being tested, subjects will be breathing through a mouthpiece, 

which is connected by hoses to an air filtration system containing a high 
flow HEPA filter. 

g. Immediately following the test, subjects will remove the mouthpiece used 
for metabolic analysis and immediately put on a face mask.  They will also 
place the mouthpiece and hoses that were used for testing into a tub that is 
filled with disinfectant solution. 

h. In between subjects, the researchers will wipe off all testing equipment 
and associated equipment/desktop surfaces with disinfectant wipes. 
 

Benefits 
• I will learn what my vertical jump height is as well as evaluation of my 

anaerobic power. 
• The study will be important to exercise scientists and the general public 

regarding the potential ergogenic benefits of beet root juice ingestion. 
 

Rights and Confidentiality 
• My participation is voluntary. 
• I may choose to discontinue my involvement in the study at any time 

without penalty. 
• The results of this study have the potential of being published or presented 

at scientific meetings, but my personal information will be kept 
confidential.   
   

  
I have read the information provided on this consent form. I have been informed of the 
purpose of this study, the procedures, and expectations of myself as well as the testers, 
and have also been informed of the potential risks and benefits that may be associated 
with volunteering for this study. I have asked any and all questions that concerned me 
and received clear answers so as to fully understand all aspects of this study.  
 
If I have any other questions that arise I may feel free to contact Dr. Salvador Jaime, the 
principal investigator, at (608) 785-8684. Questions in regards to the protection of human 
subjects may be addressed to the University of Wisconsin-La Crosse Institutional Review 
Board for the Protection of Human Subjects at (608)785-8124. 
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Subject: ___________________________           Date: __________________ 
 
 
 
Investigator: ___________________________           Date: __________________
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Review of Literature 
 

Introduction 
 
 There are few substances that have been proven, with a high level of evidence, to 

ethically improve exercise performance when taken in appropriate amounts. The only 

substances on this list are β-alanine, sodium bicarbonate, caffeine, creatine and beet root 

juice (BRJ) (Dominguez et al., 2018). BRJ is a naturally occurring substance derived 

from a vegetable known as beta vulgaris. Most well-known for its high inorganic nitrate 

(NO3
-) bioavailability and concentration, its effects were first shown in a series of studies 

in the 1980’s. Three American researchers were awarded the Nobel Prize in Physiology 

or Medicine in 1998 for these early discoveries of the biological significance of inorganic 

nitrates (Besco, Sureda, Tur and Pons, 2012). This substance has been the focal point of 

recent literature on supplementation that yields ergogenic effects. After ingested, the 

nitrates are absorbed and broken down into nitrites (NO2
-) by anaerobic bacteria and 

nitrate reductase in the mouth. It is then either further broken down by stomach enzymes 

into nitric oxide (NO) or is absorbed into the systemic circulation. Nitric oxide has been 

shown to cause vasodilation, regulate mitochondrial respiration, alter lactate removal, and 

lower blood pressure (Besco, Sureda, Tur and Pons, 2012; Dominguez et al., 2018; 

Williams, Martin, Mintz, Rogers and Ballmann, 2020).  

The vasodilation effect increases blood flow to muscles and promotes gas 

exchange. The literature suggests that these properties of nitric oxide may have an 

ergogenic effect on certain types of exercise (Dominguez et al., 2018). During 

competition in elite level sports, even a 0.6% increase in performance is considered 
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significant (Paton & Hopkins, 2006). Research has shown there to be an effect of BRJ 

supplementation on performance. For example, Williams et al. (2020) found there to be 

an increase in mean power and force output after an acute dose of BRJ was given prior to 

exercise.  

Beet Root Juice 

 The ergogenic potential of inorganic nitrates is largely dependent on the oral 

anaerobic bacteria’s ability to reduce concentrated nitrates to nitrites (NO3
- to NO2

-). 

These bacteria may be disturbed by things such as antibiotics, antibacterial mouthwash 

and chewing gum according to Senefield et al. (2020), and therefore when examining the 

potential effects of nitrate supplementation, the use of such substances should be 

discouraged. Even while controlling for these external factors, it is important to realize 

there are differences between individuals that cannot be controlled for.  

 The primary mechanism of BRJ is to vasodilate the blood vessels (Maréchal & 

Gailly, 1999). By dilating vessels delivering oxygen to skeletal muscles in the body, 

those muscles may experience some increased neuromuscular activation in addition to 

reduced metabolic cost of exercise. Given that oxygen delivery is a limiting factor in the 

re-synthesis of ATP-PC and the removal of lactate, improved blood flow may improve 

sustained muscle force output and therefore power and velocity (Williams et al., 2020; 

Ranchal-Sanchez et al., 2020). Ranchal-Sanchez et al. (2020) also suggest that the 

increase in vasodilation and subsequent increase in blood flow may improve lactate 

removal and lower blood pressure. The blood pressure effect was also observed by Wylie 

et al. (2013), in a study observing the effect of BRJ on exercise and the dose-response 

relationship.  
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Another way in which BRJ can improve performance is to increase calcium 

sensitivity and increase the force output capacity of fast twitch fibers in mice (Williams et 

al., 2020). Increased calcium release may lead to greater cross-bridge formation and 

therefore greater contraction speed, which is shown to improve power and velocity 

(Maréchal & Gailly, 1999; Ranchal-Sanchez et al., 2020). This effect has not been fully 

observed in humans and more research is needed to determine the appropriate dosage to 

elucidate this potential ergogenic effect of BRJ supplementation. 

 A study by Bailey et al. (2010) found that BRJ consumption reduced oxygen cost 

and phosphocreatine degradation during both low and high intensity bouts of exercise. 

Muscle pH was not effected, therefore exercise efficiency improved and participants were 

able to sustain heavier resistance loads. (Bailey et al., 2010). Moreover, Dominguez et al. 

(2018) found that NO may increase phosphocreatine re-synthesis which would delay its 

depletion during repetitive exercise bouts.  

Nitrate Dosage 

 Various concentrations and amounts of nitrates and BRJ have been used in the 

literature for supplementation dosages. There is no clear universal standard dosage for 

yielding the desired ergogenic effects of the nitrates. Volumes and concentrations 

observed in various studies appear to be determined based off the length of the 

supplementation period or methodologies from a previous study. In a crossover study 

examining the oxygen cost of walking and running in active men, subjects ingested 500 

ml of BRJ or placebo for 6 total days (Lansley et al., 2011). They underwent treadmill 

testing on days four and five, with an additional knee extension test on day six. Male 

rowers in a study by Bond et al. (2012) also were given 500 ml of BRJ per day for 6 days. 
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Both studies had 7 days in between control and placebo supplement periods to serve as a 

“washout period.” Another study by Cermak, Gibala, and Van Loon, (2012) gave 

subjects 140 ml of beer root juice or placebo for 6 days before exercise testing.  

In an effort to observe the effect of a dose-response relationship of BRJ on blood 

pressure, Wylie et al. (2013) had subjects report to the laboratory on three separate 

occasions. Subjects ingested acute dose of either 70, 140 or 280-ml of BRJ and on a 

fourth occasion ingested 140-ml of water. A cycle test was completed 2.5-hours after 

ingestion. In addition, the authors monitored participant blood pressure over the next 24-

hours (Wylie et al., 2013). The authors concluded that higher concentrations of BRJ may 

improve exercise tolerance and have positive effects on cardiovascular health and 

exercise performance in young adults.  

Other studies in the literature did not report specific volumes, only specific 

millimolar concentrations of nitrate per kilogram of body weight. In a study by 

Masschelein et al. (2012) subjects ingested 0.07-mmol NO per kilogram of body weight 

per day for 6 days before exercise testing. Similarly, a study by Hoon et al. (2014) aimed 

to determine the effect of BRJ on 2000m rowing time trials by comparing three different 

millimolar concentrations. A single dose contained 4.2-mmol in 70ml of juice, a double 

dose contained 8.4-mmol in 140-ml of juice, and the placebo contained 0-mmol of 

nitrates in the BRJ. The authors found that the higher concentration consumed 2-hours 

before exercise may improve 2000-meter rowing performance in highly trained athletes 

in comparison to the placebo. The single dose concentration did not improve performance 

compared to the placebo.  
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This observed improvement in performance in healthy young men is seen in 

across the literature. Senefield et al. (2020) completed a meta-analysis to evaluate the 

effect of BRJ on performance. The authors analyzed and compared the results of over 80 

double-blind, crossover studies attempting to elucidate the effect of BRJ on performance. 

Supplementation was performed between 40 and 210-minutes prior to the initiation of 

exercise. Nitrate concentration ranged from 1.6 to 28.7-mmol for 1 to 15-days. The 

authors concluded there was no difference in performance when concentrations greater 

than 5.0-mmol per day were used, and the benefits did not vary based on the number of 

days of supplementation. However, the ergogenic effect of the NO supplementation did 

vary relative to the timing of ingestion and exercise performance. They concluded that 

the optimal timing of supplementation is 2 to 3.5-hours prior to the onset of exercise.  

Performance Effects 

BRJ’s potential ergogenic effects on performance were examined during an all-

out sprint exercise test in a study by Cuenca et al. (2018). Three hours after ingesting 70-

ml of BRJ or placebo, 15 healthy resistance trained males underwent a 30-second all-out 

Wingate test. Before and after the sprint test the subjects also performed three 

countermovement jumps. In addition, lactate samples that were obtained after the sprint 

test. Compared to placebo, BRJ supplementation improved peak power output and 

reduced the time to reach peak power, with no difference detected in the fatigue index. 

No significant difference was found between the two experimental conditions on 

countermovement jump height or lactate levels. The authors concluded that an acute dose 

of BRJ may improve performance in the Wingate test, with no difference in during or 

after testing (Cuenca et al., 2018). 
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Considering NO has been shown to improve power and velocity, Coggan et al. 

(2015) performed a study aiming to identify the effect of acute supplementation on 

maximal knee extensor speed and power in both healthy men and women. Subjects 

ingested 140-ml of BRJ or placebo 2-hours before undergoing a knee extensor test 

measured using a Biodex 4 isokinetic dynamometer (Biodex Medical Systems, Shirley 

NY). Coggan et al. (2015) observed a 4% increase in peak knee extensor power at the 

highest angular velocity tested after BRJ supplementation in comparison to the placebo. 

There was no differences in muscle function observed at slower velocities. The authors 

concluded that acute NO supplementation increases whole body NO production as well 

as muscle speed and power in both men and women (Coggan et al., 2015).  

In a study by Williams et al (2020), there was an increase in mean power and 

force output after an acute dose of BRJ was given prior to exercise. The authors found 

that BRJ supplementation increased total repetitions performed in the bench press when 

compared to the placebo. Similarly, Mosher, Sparks, Williams, Bentley, and Mc 

Naughton (2016) investigated the effects of nitrate ingestion on performance of bench 

press resistance exercise until failure. The authors found that ingesting BRJ significantly 

improved time to failure and total weight lifted when compared to a placebo. These 

studies indicate that ingesting BRJ prior to performing the bench press exercise can 

improve exercise tolerance and performance. 

In a study by Ranchal-Sanchez et al. (2020), resistance training was studied to see 

if any performance benefits were observed in conjuncture with BRJ supplementation. The 

authors examined the back squat and bench press as the resistance training in this study. 

Participants completed both exercises to failure with loads corresponding to 60%, 70% 
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and 80% of a one repetition max (1RM). There was an increase in total repetitions for the 

60% and 70% work loads when BRJ was ingested. There was no difference found 

between the placebo and the BRJ for bench press testing. Lactate and rate of perceived 

exertion (RPE) using the 1-10 scale were also measured. There was no difference in RPE 

found between placebo and BRJ trials for both back squat and bench press exercises. 

There was also no effect on post exercise lactate between the two experimental 

conditions. The authors concluded that an acute BRJ supplementation 120-minutes prior 

to exercise may improve muscular endurance in the back squat. This suggests that the 

nitrate rich supplement may enhance neuromuscular efficiency and subsequently 

performance. The authors also acknowledge that muscular fatigue could have been a 

limiting factor in this study, and may explain why there was no difference observed in the 

final series at 80% of 1RM for the back squats.  

Dominguez et al. (2018) performed an analysis of over 700 articles which 

examined the effect of nitric oxide supplementation on high intensity exercise and 9 

studies met their criteria. The authors defined high intensity exercise as exercise lasting at 

least six seconds but less than one minute, and utilizes oxidative phosphorylation as the 

main energy system. There were 120 total subjects, and only 13 of whom were women. 

Cycle ergometry was the exercise modality in four of the nine examined studies, while 

running, kayaking and bench press were examined in the remaining studies. Intermittent, 

high-intensity exercise performance significantly improved with BRJ supplementation 

75% of the time (Dominguez et al., 2018). In addition, both chronic and acute 

supplementation increased performance and decreased muscular fatigue.  
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By acting as a vasodilator, BRJ may help recover depleted phosphocreatine from 

reserves in resistance training or repetitive sprints interspersed with short rest periods by 

aiding oxidative metabolism (Dominguez et al., 2018). Moreover, another study by 

Bailey et al. (2009) found similar results while examining the effects of BRJ on high 

intensity exercise. The authors found that after supplementing and when compared to a 

placebo, participants experienced lower systolic blood pressure as well as time to 

exhaustion and O2 costs during exercise were reduced (Bailey et al., 2009). 

Conclusion 

 Ingesting BRJ has been shown to have beneficial ergogenic effects on aerobic, 

anaerobic, high intensity and resistance-based exercise (Cuenca et al., 2018; Dominguez 

et al., 2018; Ranchal-Sanchez et al., 2020). It was found that BRJ can increase mean 

power output and velocity, decrease time to absolute power, and reduce or maintain the 

fatigue index during all-out sprint testing (Williams et al., 2020).  Even though there is a 

high level of evidence that nitrate rich BRJ can ethically improve exercise performance 

when taken in appropriate amounts, the correct dosage is still somewhat unclear. The 

literature also highly underrepresents women in studies examining these effects on 

performance. More research is needed to determine the effect of BRJ and nitrates on 

performance in women. 
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