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ABSTRACT
Nitrate ingestion improves exercise performance; however, it has also been linked to
adverse health effects, except when consumed in the form of vegetables. The purpose of
this studywas to determine, in a double-blind crossover study, whether whole beetroot
consumption, as a means for increasing nitrate intake, improves endurance exercise
performance. Eleven recreationally fit men and women were studied in a double-blind
placebo controlled crossover trial performed in 2010. Participants underwent two 5-km
treadmill time trials in random sequence, once 75minutes after consuming baked beet-
root (200 gwith�500mgnitrate) and once 75minutes after consuming cranberry relish
as a eucaloric placebo. Based on paired t tests, mean running velocity during the 5-km
run tended to be faster after beetroot consumption (12.3�2.7 vs 11.9�2.6 km/hour;
P�0.06). During the last 1.1 miles (1.8 km) of the 5-km run, running velocity was 5%
faster (12.7�3.0 vs 12.1�2.8 km/hour; P�0.02) in the beetroot trial, with no differences
in velocity (P�0.25) in the earlier portions of the 5-km run. No differences in exercise
heart ratewere observed between trials; however, at 1.8 km into the 5-km run, rating of
perceived exertionwas lower with beetroot (13.0�2.1 vs 13.7�1.9; P�0.04). Consump-
tion of nitrate-rich, whole beetroot improves running performance in healthy adults.
Because whole vegetables have been shown to have health benefits, whereas nitrates
from other sources may have detrimental health effects, it would be prudent for indi-
viduals seeking performance benefits to obtain nitrates from whole vegetables, such as
beetroot.
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N
ITRATES ARE COMMONLY USED FOR FOOD PRE-
servation, especially in processed meats such as
sausage and bacon, but are also found in drinking
water and other foods. Nitrates and their

endogenously produced nitroso-derivatives have been linked
to serious medical conditions such as cancer (1) and methe-
moglobinemia (2). In light of these potential adverse effects of
nitrate ingestion, theUS Environmental ProtectionAgency set
the maximum contaminant level for nitrates in drinking wa-
ter at 44 mg/L and the World Health Organization guidelines
recommend �50 mg/L (3). Furthermore, the joint Food and
Agricultural Organization/World Health Organization set
the Acceptable Daily Intake for nitrates at 3.7 mg/kg body
weight (4).
Nitrate intake has also been linked with beneficial effects,

including enhanced endurance exercise performance (5-9),
improved endothelial function (10), and lower blood pressure
(9-11). Furthermore, large amounts of nitrates andnitrites are
found in vegetables, which are known to reduce cardiovascu-
lar disease risk (12) and cancer risk (13). The mechanism for
the beneficial effects of nitrates appears to involve enterosali-
vary circulation of ingested/absorbed nitrates to the oral cav-
ity where they are reduced to nitrites by bacteria (14), swal-
lowing and absorption of nitrites, and then reduction of

circulating nitrites to nitric oxide by deoxyhemoglobin (15)
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and/or xanthine oxidoreductase (16), especially during hyp-
oxia. Nitric oxide has potent effects on the vasculature, which
could be responsible for the beneficial effects of nitrates
(17,18). However, because nitric oxide has a broad array of
other effects, such as gene expression regulation (19), mito-
chondrial biogenesis (20), immunomodulation (21), and cell
cycle/apoptosis control (22), other mechanisms are also pos-
sible.
It is not known why dietary nitrate has been associated

with healthful effects in some instances andharmful effects in
others. However, it is possible that other components of ni-
trate-rich vegetables prevent the harmful effects of nitrates.
For example, in addition to nitrates, whole vegetables are also
rich sources of antioxidants, fiber, and phytochemicals, all of
which have anticarcinogenic qualities. However, until the ap-
parent paradox of nitrates being both harmful and healthful is
better understood, it would be prudent for individuals who
want to augment their nitrate intake for ergogenic purposes
to obtain it from vegetables. Studies that tested exercise per-
formance after nitrate supplementation have used nitrate
doses ranging from 347 mg to 476 mg/day and have supple-
mented by using sodium nitrate capsules or beetroot juice
(5,9). Similar nitrate doses are easily achieved by consuming
whole beets, which contain �250 mg nitrate per 100-g por-

tion (12). However, it is not known whether whole beet con-
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sumption, as a means for increasing nitrate intake, has ergo-
genic effects. Thus, the purpose of our study was to evaluate
the hypothesis that the ingestion of 200 g whole beetroot
(containing �500 mg nitrates) before exercise improves run-
ning performance during a 5 km treadmill time trial.

METHODS
Participants
Men (n�5) and women (n�6) aged 18 to 55 years with no
history or evidence of cardiovascular disease or hypertension
were recruited from the St LouisMetropolitan area. Exclusion
criteriawere smoking, pregnancy/nursing, use ofmedications
that could affect the outcomes, conditions that might inter-
fere with the ability to run 5 km (eg, orthopedic problems,
sedentary lifestyle) or comply with the dietary require-
ments of the study (eg, gastrointestinal distress or unwill-
ingness to eat beetroot or cranberries), and moderate or
high risk for medical complications during exercise based
on American College of Sports Medicine criteria (23). Self-
reported exercise habits were documented in terms of fre-
quency, duration, intensity, andmode of exercise. The Saint
Louis University Institutional Review Board approved the
study protocol and all participants provided written in-
formed consent.

Study Design
The study was a double-blind, placebo-controlled crossover
trial. Participants underwent two experimental trials in ran-
dom sequence separated by a 1-week washout period. In one
trial, participants consumed beetroot before performing a
treadmill time trial; in the other trial, cranberry relish was
used as a placebo. Although the beetroot and cranberry relish
were distinguishable, subjects did not have knowledge of
which food was expected to enhance performance. For inves-
tigator blinding, test meal administration and the data collec-
tion procedures were performed by separate personnel. The
sequence of events during each trial consisted of 0 to 15min-
utes: beetroot or placebo consumption, 60 to 65 minutes:
blood pressure assessment, 65 to 70 minutes: treadmill
warm-up, 70 to 75 minutes: stretching exercise or continued
warm-up, and 75 minutes start 5-km run.

Diet and Exercise Control
Participants were advised to refrain from taking dietary sup-
plements andmedications, and to avoid nitrate-rich foods for
72 hours before testing (a list of nitrate-rich foods was pro-
vided [12]). Participants were also asked to refrain from alco-
hol and caffeine intake and from exercise for 24 hours, and to
refrain from resistance training for 72hours before testing. No
guidelines were given regarding use of sports nutrition prod-
ucts (ie, gels and drinks).

Meal Preparation and Administration
Fresh whole red beetroot and fresh whole cranberries were
obtained from a local supermarket andwere each prepared in
a single batch to ensure uniform dosing of nitrates (and other
nutrients) across participants. Beetroot was baked (90 min-
utes at 177�C) in a commercial oven (Wolf range/oven, ITW

Food Equipment Corp, Glenview, IL), which does not alter ni-
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trate content (24), peeled and chopped in a food processor (R2
Ultra, Robot Coupe Corp, Ridgeland, MS), and divided into
200-g portions. To each portion, 15 mL lemon juice and 2 mL
each ground nutmeg and cinnamon were added for flavor. As
determined by using computerized nutrient analysis (Food
Processor SQL, version 10.7.0, 2010, ESHA Research Corp, Sa-
lem OR) and published nitrate concentration data (12), each
beetroot portion contained 86 kcal energy, 19 g carbohydrate,
and �500 mg nitrate. For the placebo, cranberries were sim-
mered over stovetop until resembling a chunky sauce and
were then weighed into 200-g portions with the same flavor-
ing agents being added. Granular white sugar (12 g) was
added to each portion to increase the carbohydrate and en-
ergy content to similar levels as those for the beetroot. Each
placebo portion contained 92 kcal energy, 24 g carbohydrate,
and negligible nitrate.
For each study trial, participants arrived at the laboratory

fasted (�8 hours) and were interviewed to confirm that they
complied with the preparation instructions. Beetroot or pla-
cebo was administered; participants were asked to consume
the entire meal within 15 minutes.

Exercise Performance
Exercise performance was evaluated with a self-paced 5-km
treadmill (Trotter 900T, Cybex Corp, Medway, MA) time trial,
which has been shown to correspond with comparable, al-
though slightly greater, performance times as those obtained
during a competitive outdoor 5-km track run (25). Further-
more, the 5-km treadmill time trial has been shown to have
better reproducibility than time-to-exhaustion tests of per-
formance (26,27). Participants completed a standardized
5-minute warm-up during which they self-selected the fast-
est speed that they thought they could sustain for the whole
5-km run; this speedwould then be used as the starting speed
for the run in both trials. Participants were then given an ad-
ditional 5 minutes to stretch or continue treadmill warm-up,
as desired. The 5-km run was initiated 75 minutes after meal
initiation. The participantswere only allowed to view run dis-
tance on the treadmill control panel (not time or speed) and
were told to adjust the speed as frequently as desired, with
the goal of completing the 5-km run in as little time as possi-
ble. Treadmill grade remained at 0% throughout the test. Dur-
ing the second trial for each participant, the treadmill speeds
used during warm-up and at the start of the 5-km run were
set by the technician to match those used in the first trial.
Times were documented after each mile (1.6 km) and at the
end of the 5-km run and were used to calculate running ve-
locities.

Blood Pressure, Heart Rate (HR), and Ratings of
Perceived Exertion
Sixtyminutes after themeal was initiated, supine blood pres-
sure (Trimline mercury sphygmomanometer, PyMaH Corp,
Somerville, NJ) was measured in duplicate in the dominant
arm and averaged. To minimize interference with the partic-
ipant during the 5-km run, exercise blood pressures were not
measured. Exercise HRs were measured with a Polar FS2c HR
monitor (Polar Electro, Kempele, Finland). Maximal HR
(HRmax)was calculated as 220–age (in years) andwasused for
calculating exercise heart rates as a percentage of HR . Rat-
max
ing of perceived exertion was measured with the Borg 6- to
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20-point scale. Both heart rate and rating of perceived exer-
tionwere recorded after the completion of eachmile (1.6 km)
and at the end of the 5-km run.

Statistical Analysis
Data from the beetroot and placebo trials were compared by
using paired t tests. P�0.05 was considered significant. An a
priori power analysis indicated that with 10 participants, a
�23.7 second standard deviation for duplicate 5-km time tri-
als (27), power of 80%, and ��.05, a 23.6 second difference
between trialswould be detectablewith a paired t test. Eleven
participants were enrolled to ensure that complete data
would be available in the event of a drop out; however, all
participant completed the study. Statistical analyses and
power analyses were performed by using PASW Statistics
(version 18.0.0, 2009, IBM Corporation, Armonk, NY) and PS
Power and Sample Size Calculation software (version 2.1.30,
2003, Vanderbilt University, Nashville, TN) (28).

RESULTS AND DISCUSSION
Participants
Five male and six female volunteers (age 25�4 years; body
mass index 23.7)were enrolled and completed the study. Par-
ticipants reported 5�1 days/week of moderate to vigorous
intensity exercise lasting 59�17 min/session for a total of
298�80 min/wk. All subjects self-reported full compliance
with preparation instructions.

Exercise Performance and Perceived Exertion
Average 5-km run times ranged from 19.9 to 35.5 minutes,
suggesting that the participantsweremoderately fit. Running
velocity for the full 5 km was marginally faster after beetroot
consumption as compared to placebo (12.3�2.7 vs 11.9�2.6
km/h; P�0.06). This 0.4 km/h (3%) faster velocity translates to
a 41 second faster finishing time. During the last 1.1miles (1.8
km), beetroot consumption resulted in a 0.6 km/hour (5%)
faster running velocity, with no effect earlier in the 5-km run
(see the Figure). Average rating of perceived exertion for the
full 5 km did not differ between trials (beetroot 15.2�1.7;
placebo 15.5�1.5; P�0.21). However, during the first mile
(1.6 km), rating of perceived exertion was lower in the beet-
root trial (see the Figure).
These findings support other research that has consistently

shown performance-enhancing effects of nitrate consump-
tion (5,7,9,11). Prior studies have demonstrated that nitrate
supplementation reduces the oxygen cost of submaximal and
maximal exercise (5-8,8,29) and increases exercise time to
exhaustion (5,8,9). Similar effects appear to result from acute
dosing and 15 days of daily supplementation (11). Results
from our study add to previous findings by showing that
whole foods, as a dietary nitrate source, have ergogenic ef-
fects and by demonstrating performance benefits during a 5
km running time trial, a test which has more direct relevance
for endurance competition.
It is not clear why the ergogenic effect of beetroot occurred

only late in the 5-km run. It is possible that the participants
were reluctant to change the treadmill speed from the stan-
dardized starting speed until later in the run. Accordingly,
early in the 5-km run, running velocity was similar in the two

trials but perceived exertion was lower in the beetroot trial,
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suggesting that early in the run, the participants may have
been able to run faster in the beetroot trial but opted not to.
Then later in the 5-km run, perceived exertionwas similar for
the two trials but running velocitywas greater in the beetroot
trial. In addition, it is possible that during the 5-km run, serum
nitrate, ormore importantly, nitrite levels continued to rise to
the point at which benefits became more pronounced late in

Figure. Average running velocity, heart rate, and rating of
perceived exertion during each segment of a 5-km treadmill
time trial. Data are means�standard error of the mean. P
values reflect the significance of differences between trials
with P�0.05 considered significant. Rating of perceived exer-
tion was based on the 6- to 20-point Borg scale.
the 5-km run.
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Blood Pressure
Supine resting blood pressure, when measured 60 minutes
after initiating the meal was not affected by beetroot (see the
Table). In contrast, others have shown that nitrate ingestion
lowers blood pressure (11,29), even in individuals with low
blood pressure (�108/70mmHg) (10). However, studies that
showed blood pressure–lowering effects used several days of
nitrate loading (11,29) or did not see effects until 2.5 to 3.0
hours after acute nitrate loading (10,11). Therefore, it is not
surprising that blood pressure in the present study did not
change within 60 minutes of ingesting a single portion of
beetroot.

HR
Exercise HR averaged 185�7 beats/minute (95�4% of HRmax)
during the beetroot trial and 186�9 beats/minute (95�3%
HRmax) during the placebo trial, with no difference between
trials (P�0.42). Likewise, there were no between-trial differ-
ences in exercise heart rate during any of the intermediate
measures made during the 5-km run (see the Figure).

Limitations
Our study has limitations. First, nitrate levels in the beetroot
and in blood were not measured. However, unless an un-
known component of beetroot was responsible for the ob-
served performance enhancement, it is likely that beetroot
consumption did increase serum nitrate levels. Second, the
sample size was small. However, the low statistical power
that results from small samples was offset by using a cross-
over design; as a result, power was sufficient to detect signif-
icant performance-enhancing effects. Thirdly, subject blind-
ing was limited in that the experimental foods did not taste
identical. However, it is unlikely that the observed effects
could be explained by a placebo effect because none of the

Table. Resting blood pressure as measured before and 60
minutes after the consumption of 200 g of baked
beetroot or placebo

Blood pressure Beetroot Placebo P valuea

4™™™™mean�standard
deviation ™™™™™™™™™3

Systolic blood pressure
(mm Hg)

Before meal 107.9�4.6 113.5�4.9

60 min after meal 108.7�6.0 112.0�7.3

Change �0.8�5.2 1.6�4.2 0.92

Diastolic blood
pressure (mm Hg)

Before meal 63.5�4.0 66.1�3.4

60 min after meal 64.1�5.2 63.8�4.8

Change �0.6�4.4 2.3�6.4 0.69

aP values are from paired t tests to compare changes in blood pressure in response to
beetroot ingestion to those in response to placebo ingestion.
participants were aware of either food having ergogenic ef-
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fects. Finally, although serum nitrate levels rise within 30 to
60minutes after nitrate consumption (10,11), nitrite,which is
more bioactive, does not peak until 2.5 to 3.0 hours after ni-
trate ingestion (10). Therefore, it is possible that the 60 min-
utes between beetroot consumption and themeasurement of
outcomes was not sufficient for the physiologic effects of ni-
trate ingestion to fully develop. This might explain the lack of
effect on blood pressure and might have also resulted in an
underestimate of the ergogenic effects of beetroot consump-
tion.

CONCLUSIONS
Whole beetroot consumption improved 5 km running perfor-
mance in healthy adults. Therefore, in addition to the multi-
tude of health benefits of whole vegetables, nitrate-rich
whole vegetables also improve exercise capacity. Although
more isolated forms of dietary nitrates (eg, sodium nitrate)
also have ergogenic effects, their long-termsafety is question-
able. Although thesefindings should be confirmed in elite ath-
letes and in exercise tasks of different durations (eg, mara-
thon running) and modes (eg, rowing or swimming), they
have obvious implications for food andnutrition practitioners
in the area of sports nutrition and athletes. In addition, these
findings might have relevance in clinical dietetics if the ergo-
genic effects of nitrate-rich vegetables also benefit individuals
with compromised functional capacity such as patients with
heart failure and frail elderly persons. From a practical per-
spective, evidence from our study suggests that for ergogenic
effects, 200 g baked beetroot, or an equivalent nitrate dose
from other vegetables, should be consumed �60 minutes be-
fore exercise.
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