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Abstract 

Background: Previously, beetroot and tart cherry supplementations have been investigated for 

their effects on exercise performance and recovery separately. Beetroot containing nitrate has 

been used to improve blood flow to enhance exercise tolerance. Tart cherry extract containing 

anthocyanins has been shown to lower inflammation and improve recovery time in exercise 

performance. 

Objective: The purpose of this study was to investigate a possible synergistic effect of nitrate and 

anthocyanins on exercise performance in healthy individuals. 

Design: This was a double-blind, randomized crossover study with a duration of twenty-nine 

days. Inclusion criteria included healthy individuals, able to exercise on a stationary bike, and 

willing to abstain from caffeine, mouthwash, and high antioxidant foods. Exclusion criteria 

included orthopedic injuries, use of nonsteroidal anti-inflammatory drugs (NSAIDs), known 

allergy to tart cherry and/or beetroot, and pregnant or breastfeeding.  

Participants: Healthy men (n=6) and women (n=23), ranging between 19 and 35 years of age. 

Participants were recruited from Loma Linda University and surrounding cities. 

Intervention: Participants were randomized into two groups after baseline. Treatment A was 

supplemented with 5.05g (3.62 mmol) of beetroot powder and placebo. Treatment B was 

supplemented with 5.05g (3.62 mmol) of beetroot powder and 480 mg tart cherry capsule for 

seven-days, followed by a seven-day washout period. Treatment was alternated at the end of the 

14-day period.  

Main outcomes: exercise performance (heart rate, speed, and distance) 

Secondary outcomes: serum lactate and allantoin 
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Statistics: A mixed model analysis was used to measure changes in continuous variables. Mean 

and standard deviation were calculated for treatment A and treatment B.  

Results: During the first five seconds of the 30 second sprint, heart rate of treatment A was 

significantly lower than treatment B. Difference in heart rate ranged from 1.6 to 2.7 BPM. 

Participants in treatment B pedaled five meters farther, than treatment A. This outcome was not 

statistically significant. No significant differences were observed between both treatments on 

rpm, blood pressure, lactate, and allantoin. 

Conclusion: Supplementation with beetroot powder and tart cherry for seven days may 

synergistically improve anaerobic exercise performance by maximizing potential heart rate and 

energy output. 
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The Effect of Dietary Nitrate and Anthocyanins on Anaerobic Exercise Performance  

Introduction  

Underlying inflammation and low oxygen uptake by muscles can hinder athletes from 

reaching peak performance.1 Although inflammation is the body’s protective response against 

oxidative stress and cell damage, prolonged exposure to inflammation can lead to pain and loss 

of function.1  

Inflammation is a product of cyclooxygenase 2 (COX-2).2 This enzyme produces 

eicosanoids, prostaglandin 1 (PG1) and prostaglandin 2 (PG2), which create a pro-inflammatory 

environment in the body.2 An increase in underlying inflammation can create side effects, which 

include heat, pain, redness, swelling, and loss of function.2  

During vigorous exercise, the body utilizes the creatine-phosphagen system to regenerate 

ADP back into ATP.3 This mechanism provides immediate ATP for 10-30 seconds without the 

assistance of oxygen.3,4 Muscles contain a limited amount of phosphocreatine. Therefore, 

anaerobic glycolysis is required to provide short-term ATP needs for up to three minutes.4 This 

system is limited by lactic acid build-up. Trained athletes can tolerate higher levels of lactic acid 

before muscle fatigue. Ultimately, athletes succumb to Onset of Blood Lactate Accumulation 

(OBLA), which is caused by reduced effectiveness of hemoglobin to hold oxygen related to 

decreased PH levels.1 OBLA can manifest as burning and heaviness in legs or major muscle 

groups.1 

Anthocyanins from tart cherries and beetroot can blunt secondary muscle damage 

associated with local response in damaged muscle.5,6 Anthocyanins are potent antioxidants found 

in the pigment of blue and purple colored plant foods.7 Montmorency tart cherries contains high 
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amounts of antioxidants and have been studied to counteract inflammation by blocking COX-2 

enzyme and reducing oxidative stress.2,8,9  

 Beetroot contains nearly 250 mg of nitrates (>4 mmol) per 100 g fresh weight.10,11 Upon 

ingestion of dietary nitrate (NO2), anaerobic bacteria found in the oral cavity activate nitrate 

reductase enzyme and convert beetroot into nitrite.12,13 Once nitrite reaches the stomach, nitrite 

gets converted to nitric oxide in blood capillaries through enzyme reactions.14,15 Nitric oxide then 

serves as a vasodilator to allow more oxygen to be delivered to muscles8, thus, improving 

oxygen supply during aerobic exercise making exercise less demanding for the subject.16 The 

physiological effects of beetroot take effect 30 minutes post-consumption, and the effect peaks 

after 90 minutes and remains elevated for 6 hours.17,18 Health and performance benefits may last 

approximately two weeks post-consumption.8 Bailey et al. have evaluated the effects of 500 

millimeter (~16 oz) of beetroot juice on performance in healthy men.19 In the study, six-day 

supplementation with beetroot juice extended time of exhaustion by 92 seconds, which 

represents a 2% decline in time needed to cover a set distance.19 The same six-day 

supplementation protocol helped reduce oxygen consumption in trained runners during 

moderate- and high intensity running, which extended their time of exhaustion by 15%.7 A 

follow-up study looking at beetroot consumption taken 2.5 hours prior to exercise by male 

cyclists before both a four km and 16.1 km time trial, separated by three days, showed similar 

findings. A 2-3% improvement in performance compared to placebo.8  

The modified Wingate Protocol used in this study will trigger anaerobic glycolysis. 

Plasma lactate is a metabolite produced during muscle hypoxia which accumulates until a steady 

source of oxygen is replenished.20 This biomarker is an indicator of lactate acidosis caused by 

inadequate oxygen in plasma. A point-of-care (POC) handheld device has been proven to be 
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active on emergency room patients who require rapid turnaround measurements.21 Allantoin, a 

non-enzymatic product of uric acid oxidation, is an indicator of oxidative stress22,23 which tends 

to peak in untrained individuals during subacute exercise.23 Previous research by Kandarand et 

al. has showed that plasma allantoin had a significant increase immediately after exercise but 

returned to its initial level an hour post-exercise.22 For this study, plasma allantoin was measured 

before and after exercise.   

To date, there have been no studies examining the combined effects of nitric oxide with 

anthocyanin supplementation on exercise performance as assessed by an anaerobic bike protocol. 

We hypothesized that anthocyanins would augment the effects of nitric oxide from beetroot juice 

by reducing inflammation and oxidative stress, which may result in increased exercise 

performance. Therefore, the purpose of this research study was to examine the effects of dietary 

nitrate and anthocyanins on exercise performance among healthy individuals.   

Methods 

Subjects: This research study consisted of 28 participants (22 female) recruited from Loma 

Linda and surrounding areas. Age of the participants ranged from nineteen to thirty-five years. 

To be included in the study, participants had to be healthy and able to exercise on a stationary 

bike, and be willing to abstain from caffeine, mouthwash, chewing gum, and high antioxidant 

foods during the week of supplementation. Participants were excluded if they had diabetes, 

salivary gland disorder, cardiovascular disease, orthopedic injuries, and allergy to tart cherry or 

beetroot, were pregnant or breastfeeding, or taking nonsteroidal anti-inflammatory drugs 

(NSAIDs).   

The study was conducted according to the criteria set by the declaration of Helsinki, and 

each subject signed an informed consent before participating in the study. The Institutional 
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Review Board of Loma Linda University approved all methods and procedures. Risks of this 

study included a possible breach of confidentiality, slight discomfort from blood collection, and 

fatigue.  

Treatment: Subjects were randomized to either treatment A or treatment B using simple 

randomization. Treatment A consumed 5.05 grams of beetroot powder and 480 milligrams of a 

placebo (microcrystalline cellulose), while treatment B consumed 5.05 grams of beetroot powder 

which equates to 3.62 mmol and a capsule containing 480 milligrams of tart cherry extract 

(CherryPURE®). The regimen lasted for seven days. On the seventh day of supplementation, 

participants arrived at the physical therapy research laboratory to perform the modified Wingate 

anaerobic test. Post intervention, participants underwent a seven-day washout period, after which 

treatments were alternated.   

Anthropometrics: Body measurements were obtained at baseline and after each intervention. 

Participants avoided caffeine and heavy hydration before measurements. Body weight and body 

composition data were obtained using the InBody 370 bio-impedance scale. Height was 

measured to the nearest 0.1 cm using a portable stadiometer. All measurements were obtained 

with light clothing.  

Compliance, diet and sleep: Participants were provided with a compliance log to record 

supplementation intake for seven days, a sleep questionnaire listing the number of hours slept the 

night before treatment, and a 24-hour food recall before each treatment.   

Blood measurements and analysis: Blood samples were obtained from participants during each 

phase. Two blood biomarkers, lactate and allantoin, were examined during each visit before and 

after bike tests. Blood lactate was measured and analyzed using a Lactate Pro Analyzer. 

Allantoin was measured in a sub-sample of participants (35%). Blood samples were stabilized in 
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a styrofoam container after which they were centrifuged and aliquoted within an hour, then 

frozen at a temperature of –80oC. Blood samples were shipped to University of Minnesota for 

allantoin analysis, then analyzed using an ELISA kit by MyBioSource.  

Modified Wingate Anaerobic Bike Test: Each subject performed the modified Wingate 

anaerobic bike test on Monark (928E) stationary bike. The bike was programmed to include a 

test load equivalent to 10% of the subject's weight. The test protocol comprised of a three-minute 

warm-up, a 30 second sprint, and a two-minute recovery pedaling phase. Test weight was 

applied on the bike, which was set relative to 10% of the subject’s body mass. Revolution per 

minute (RPM), workload (watts), and rate of perceived exertion (RPE) were examined at 

baseline, first and second intervention. 

Clinical measurements: Blood pressure, heart rate, oxygen saturation, and blood pressure were 

examined three consecutive times before and after each bike test. Subjects were instructed to sit 

comfortably with both feet flat on the floor. The blood pressure cuff was placed on the left arm 

over the brachial artery. After the first measurement, there was a two-minute intermission before 

the second measurement and a one-minute break before final measurement. A PolarFT7 chest 

monitor was used to analyze heart rate consistency throughout the bike test. A pulse oximeter 

was placed on the index finger to measure oxygen saturation during warm up and the 30-seccond 

sprint bike test. Speed (rpm) and power (watts) were recorded throughout each treatment by 

Monark bike software. RPE Borg rating scale was measured before and after each bike 

test. Participants were asked to fast two hours before the bike test and wear loose clothing and 

comfortable shoes for accurate testing and measurements.  

Results  
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Twenty-five participants completed the study (20 females), with three participants unable 

to complete the research due to scheduling conflicts. Participants were asked to ingest 

supplement once per day around the same time for seven days, including the day of treatment. 

Participants who missed a day of supplementation were asked to double up the following day. 

Compliance of supplementation intake for treatment A was 94%, while treatment B was 98%. 

Table 1. Participant characteristics at baseline (N=28). 
 Treatment A  Treatment B  
Gender – no. (%)   
      Female 9 (64.3) 13 (92.9) 
      Male 5 (35.7) 1 (7.1) 
Age (years) 24.2 ±2.5 24± 2.3 
Height (cm) 169.5± 12.2 158.0± 4.4 
Weight (kg) 67.6 ±14.3 59.1± 10.7 
BMI (kg/m²) 23.5 ±3.8 23.7±4.3 
Fat  (%) 25.8 ±9.9 30.4 ±8.1 
Free Fat Mass (kg) 50.1± 12.5 40.6 ±5.3 
*Plus-minus values are means ± standard deviation  
Treatment A: beetroot powder and placebo. 
Treatment B: beetroot powder and tart cherry capsule. 
 

As illustrated in Table 2, differences between systolic blood pressure, diastolic blood 

pressure, rate of perceived exertion, and allantoin level in treatment A and treatment B were 

found statistically insignificant. The average resting systolic blood pressure was lower in 

treatment A (107.8 mmHg) before the bike test compared with treatment B (112.6 mmHg). After 

the bike test, systolic blood pressure was increased in both treatments. Treatment A exhibited a 

4.6% increase in systolic blood pressure, whereas treatment B only had a 0.4% increase. The 

average resting diastolic blood pressure of treatment A (72 mmHg) was similar to treatment B 

(71.7 mmHg). Average diastolic blood pressure decreased by 0.4% in treatment A and 1.8% in 

treatment B. Average resting heart rate of treatment A was 68.8 bpm and 65.6 bpm for treatment 

B. Average heart rate after the bike test increased in both treatments, by 25.3% for treatment A 
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and 27% for treatment B. Average rate of perceived exertion was 11.3 in treatment A and 11.5 in 

treatment B, and the average was the same (15.5) in both groups after the bike test. The average 

lactate was 1.6 mmol/L in treatment A and 1.5 mmol/L in treatment B before the bike test, and 

the average lactate increased by 9.5% in treatment A and 9.7% in treatment B. Average allantoin 

before the bike test was 18.7 in treatment A and 15.5 in treatment B, and allantoin was reduced 

to 14.2 in both groups after the bike test.  

Table 2. Means and percent change in blood pressure, heart rate, RPE, lactate and serum 
allantoin before and after the bike test (N=28).  
 Treatment Pre Post % Change p-value 

SBP A 107.8 112.4 4.60 0.129 B 112.6 113.0 0.4 

DBP A 72.0 71.6 -0.4 0.531 B 71.7 69.9 -1.8 

Heart Rate A 68.8 93.9 25.3 0.613 B 65.6 93.5 27 

RPE A 11.3 15.5 5.2 0.589 B 11.5 15.5 4 
Lactate 

(mmol/L) 
A 1.6 11 9.5 0.652 B 1.5 11.2 9.7 

Allantoin A 18.7 14.2 -24.10 0.274 B 15.5 14.2 -8.50 
Treatment A: beetroot powder and placebo. 
Treatment B: beetroot powder and tart cherry capsule. 
RPE: rate of perceived exertion 
 

Results from Figure 1a show the average heart rate (bpm) of both treatments during the 

30-second sprint with a significant difference in the first five seconds (p<0.05). The difference 

ranged from 1.6 to 2.7 bpm. There were no significant differences after the first five seconds 

during the 30-second sprint. The mean heart rate at 30 to 55 seconds after the sprint was 

significantly higher in treatment B than in treatment A (p<0.05). Estimated difference in heart 

rate during this interval ranged from 0.94 to 2.04 bpm (Figure 1b).  The mixed model polynomial 

trend indicated no significant differences in speed (rpm) between the two treatments at any time 
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during the 30-second sprint (Figure 2a). There were no significant differences in power (watt) 

between the two treatments during the first nine seconds of the 30-second sprint (Figure 2b). 

However, average power in treatment A was significantly higher than those in treatment B from 

10 to 25 seconds (p<0.05). Estimated difference in power during this interval ranged from 15.3 

to 19.0. 

 

Treatment A traveled 383 meters during the 30-second sprint, and treatment B traveled 

388 meters during the 30-second sprint. Treatment B had a mean of five meters greater distance 

traveled than treatment A (p = 0.25).  Treatment B traveled farther than treatment A by 1.3%.  
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Table 3. Mean distance traveled (meters) and percent change  
Treatment Distance (m) % Change p-value 

A 383 1.3 0.247 
B 388 

 

Discussion 

Bike results of improved distance traveled reiterated the purpose of this research, 

suggesting a synergistic effect between dietary nitrate and anthocyanins. According to Lansley et 

al., anaerobic activity with six-day beetroot supplementation at a higher concentration (6.2 

mmol) showed reduced oxygen cost and improved exercise intensity.24 Lansley et al. conducted 

another study with the same supplementation protocol on professional cyclists, which resulted in 

a significant decrease in systolic blood pressure.25 On the other hand, research on tart cherry with 

30 millimeter supplementation twice a day for eight days on high-intensity cycling activity 

revealed reduced exercise-induced inflammation.2 Therefore, we investigated the combined 

supplementation for seven days of 3.6 mmol of beetroot and 480 mg of tart cherry to investigate 

vasodilation and antioxidant effects on exercise performance during anaerobic activity.  

Our primary findings indicated a synergistic effect of nitrate and anthocyanins on 

improving exercise performance (heart rate, speed, and distance) in healthy individuals. In this 

study, nitrate and anthocyanins were provided in powder and capsule form, which were both 

well-tolerated by participants. Results indicated that treatment B had a higher heart rate than 

treatment A during the first five seconds of the 30-seccond sprint. A higher heart rate may lead to 

an increase in cardiac output which will improve overall blood flow to muscular tissue.26 An 

increase in maximal cardiac production improves an individual’s capacity to circulate oxygen, 

which increases mitochondrial efficiency for energy production.26 For this study, the heart rate of 

treatment B was 1.6 to 2.7 bpm higher than treatment A during the first five seconds of the 
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sprint. Duration of the supplementation periods could have attenuated the heart rate because past 

studies typically lasted for three days.27 However, recent studies in nitrate supplementations on 

submaximal (45-80% VO2) exercises using cycle ergometers have shown that extended periods 

of supplementation do not affect heart rate.19,28 A study conducted by Bailey et al. recruited eight 

recreational trained male cyclists and administered a treatment dose of 5.5 mmol nitrates in 

beetroot juice for six days.19 Results by Vanhaltalo et al. revealed that 15 days of 

supplementation with 5.2 mmol of nitrate in beetroot juice on eight untrained males and females 

also did not attenuate heart rate in moderate exercise.29 In this study, 3.2 mmol of nitrates was 

given for seven days to an untrained general population with the addition of anthocyanins or 

placebo. Similarities in methodology, in addition to an extended period of supplementation, 

suggest that there is a synergistic effect between nitrate and anthocyanins. Increase in heart rate 

is significant in that it may improve exercise performance. A combination of beetroot and tart 

cherry supplements used in treatment B may enhance exercise performance in competitive 

sports. 

With respect to total distance traveled, treatment B traveled a mean distance of 388 

meters when compared to 383 meters traveled by treatment A, which showed that participants in 

treatment B traveled five meters or 16.4 feet farther than treatment A. This could suggest that the 

combination of nitrate and anthocyanins may synergistically reduce disruption of skeletal muscle 

metabolism due to hypoxia. Increased hypoxia can contribute to exercise intolerance and fatigue 

owing to excess blood lactate accumulation.30,31 Previous studies have shown that nitrate 

supplementation reduces oxygen and ATP cost in low-intensity exercise in addition to preserving 

phosphocreatine during high-intensity exercise, resulting in increased exercise tolerance.19,28 
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Tart cherries contain a high concentration of anthocyanin, cyanidin-3-glucoside9, which 

has been suggested to increase endothelial nitric oxide synthase expression (eNOS) and decrease 

inducible nitric oxide synthase (iNOS). Expression of eNOS aids in the catalyzation reaction of 

L-arginine into nitric oxide, while the inhibition of iNOS decreases the production of 

peroxynitrite.32 Conversely, other studies have shown that tart cherry supplementation is 

independent of eNOS activity and such activity could instead occur as a result of antioxidant 

effect of polyphenols.8,33 It should be noted from this study, however, that eNOS activity may 

already be optimal in trained endurance cyclists. In this case, additional tart cherry 

supplementation would have minimal effects.8  

Our research anticipated that increased oxygen supply to muscle would delay lactate 

formation from anaerobic glycolysis. However, lactate levels did not change significantly. Our 

findings were similar to reported lack of significant change in blood lactate.19 According to 

Kander et al., allantoin can be used as a marker for oxidative stress.22 Allantoin is produced 

when uric acid, the end product of purine metabolism, reacts with reactive oxygen species as an 

antioxidant.22 We hypothesized that there would be less allantoin produced after the bike 

exercise following tart cherry supplementation. However, our results were not significant, likely 

due to blood collected at the 30-second mark rather than at the 10-minute mark.22 

To the best of our knowledge, this is the first study to examine the synergistic effect of 

beetroot and tart cherry supplementation on exercise performance in untrained individuals. This 

study is strengthened by adequate power and high compliance of subjects. Limitations of this 

study include a lower dose of beetroot supplementation and reliance on self-reported data. We 

recommend that future studies increase the dietary dosage of supplements and utilize sensitive 
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biomarkers to understand the mechanism effect of dietary nitrate and anthocyanins on exercise 

performance.  

In conclusion, supplementation with beetroot and tart cherry for seven days in untrained 

individuals may synergistically improve anaerobic exercise performance by maximizing 

potential cardiac output and consequently lead to increased energy output.   
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Appendix B 

PPARQ+
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Appendix C 

Demographic Questionnaire 
1. What is your gender? 
 Male 
 Female         
 Other__________  

2. What is your age?  
 21 – 25 
 26 – 30 
 31 – 35 

3. What ethnic group do you identify with? 
 Non-Hispanic white                                        Black 
 Latino or Hispanic                                          South Asian 
 Indian                                                              Southeast Asian 
 Middle Eastern or Arab                                  Native American or Alaskan native 
 Other __________ 

4. What is your marital status? 
 Single                                                
 Married 
 In a relationship                                     

5. What is your education status? 
 Associate                                          
 Bachelor                                           
 Doctoral 
 Other____________ 

6. What's your mode of transportation? 
 Bike                                        
 Walk 
 Car or other                                     

7. How long is your commute? 
_______ minutes 

8. How far do you commute?  
_______ miles 

9. How often do you exercise per week? 
 Never 
 Once a week 
 2-3 days a week 
 4-5 days a week 
 6-7 days a week 

10. How long do you work out each time? 
 0 - 30 minutes 
 30 – 60 minutes 
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 60 – 90 minutes 
 90 – 120 minutes   
 More than 2 hours 

11. Do you do more upper body or lower body exercises? 
 
12.  How often do you consume vegetables in a day? 
 less than 1               
 1 - 2            
 2 - 3 
 More than 3 

13. How often do you consume fruits in a day? 
 less than 1               
 1 - 2            
 2 - 3 
 More than 3 
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Appendix D 

Compliance sheet  

 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7   
 yes no yes no yes no yes no yes no yes no yes no Comments 

Did you take your supplements 
on time?                               

Did you consume anything on the 
high antioxidant list?                                

Did you abstain from the exercise 
on the list?                               

Did you abstain from chewing 
gum?                               

Did you abstain from 
mouthwash?                               

Did you abstain from caffeine 
such as tea/coffee?                               
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Appendix E 

Intervention Questionnaire 

Subject ID:  

1. How many cups of liquid, including water, did you drink today? 

 

2. How many hours of sleep did you have the night before? 

 

3. What is your stress level today on a scale of 1 to 5, with 1 being relax and 5 being 

stressful? 

 

4. Did you consume any food 3 hours prior to arrival? 

 
5. Are you currently on your menstrual cycle? 

 Yes                                 

 No 

6. If yes, what is your pain level today from a range of 1 to 5, with 5 being extremely 

painful?  

 

7. Have you experienced any positive or negative side effect during this week of 

supplementation?  
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Appendix F 

Modified Wingate Protocol on Monark 928E testing bike 

Resistance equivalent to 10% of participant's body weight is added 

1. Begin with 3-minute warm-up 

2. 3-second warm up sprint  

3. Pedal at a comfortable pace for one minute 

4. Take 2-minute break on the bike without pedaling 

5. Cycle 10 seconds 

6. 30-second sprint test 

7. End with a 2-minute cool down 
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Appendix E 

RPE (Borg) Scale 
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