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Objectives:  Beetroot  juice  (BJ)  supplementation  has been  reported  to enhance  skeletal  muscle  contractile
function;  however,  it is  currently  unclear  whether  BJ supplementation  elicits  comparable  improvements
in  power  output  during  different  types  of  skeletal  muscle  contractions.  The  purpose  of  the  current  study
was  to  assess  the  effect  of BJ supplementation  on power  output  during  concentric  (CON)  and  eccentric
(ECC)  muscle  contractions  during  a half-squat.
Design:  In  a  randomized,  double-blind  placebo-controlled  crossover  design,  eighteen  adult  males  (age:
22.8 ±  4.9  y) completed  two  experimental  testing  sessions  2.5  h  following  the  acute  ingestion  of  140  mL
nitrate-rich  BJ concentrate  or a placebo.
Methods:  Each  experimental  session  comprised  four  sets  of eight  all-out  half-squat  repetitions  with  each
set  completed  with  a different  moment  intertia  (0.025,  0.050,  0.075  and  0.100  kg·m−2).
Results:  Compared  to placebo,  BJ supplementation  increased  mean  power  output  (MP)  during  the  CON
(ES:  0.61–1.01)  and  ECC  (ES:  0.54–0.89;  all p < 0.05)  movement  phases  to  a  similar  extent.  Moreover,
comparable  increases  in peak  power  output  (PP)  during  the  CON  (ES: 0.86–1.24)  and  ECC  (ES:  0.6–1.08;

all  p  < 0.05)  movement  phases  were  observed  following  BJ supplementation.
Conclusion:  Acute  BJ supplementation  increased  mean  and  peak  lower  limb  power  output  in the  concen-
tric  and  eccentric  movement  phases  of  a half-squat.  These  findings  improve  understanding  of the  effects
of BJ  supplementation  on skeletal  muscle  contractile  function  and  might  have  implications  for  enhancing
sports  performance  in events  where  muscle  power  output  is a key  performance  determinant.

© 2020  Sports  Medicine  Australia.  Published  by  Elsevier  Ltd.  All  rights  reserved.
ractical Applications

The improvement in concentric and eccentric muscle power out-
put over a range of moment inertias following acute beetroot
juice ingestion supports the notion that beetroot juice supple-
mentation can enhance skeletal muscle contractile function.
These observations suggest that beetroot juice supplementation
has the potential to enhance performance in short-duration high-
intensity exercise settings such as single sprint and repeated
sprint, and resistance exercise tasks.
The results of this study suggest that BJ supplementation has
the potential to improve resistance training quality which could

translate into improved strength and power following a resis-
tance training intervention

∗ Corresponding author.
E-mail address: danicasti5@gmail.com (D. Castillo).
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1. Introduction

Dietary supplementation with inorganic nitrate (NO3
−)

increases plasma and muscle nitrite (NO2
−) concentrations1

which can be further reduced to nitric oxide (NO), particularly
under conditions of hypoxia and acidosis.2 Initial studies indicated
that dietary NO3

− supplementation could improve submaximal
exercise economy and capacity,3–5 while more recent studies have
reported that NO3

− supplementation can enhance high-intensity
exercise performance and skeletal muscle contractile function.6–8

Improvements in skeletal muscle contractile function follow-
ing dietary NO3

− supplementation has included increases in
evoked contractile force8–10 and voluntary concentric (CON) power
output of the knee extensor muscles,6,11,12 with no change in

maximal isometric force production,8–10 during single leg exer-
cise. Although most of these studies have demonstrated positive
effects of BJ supplementation following chronic BJ supplementa-
tion, improved power output has also been observed following

d.
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cute BJ ingestion.6,7,11 During two-legged exercise, chronic dietary
O3

− supplementation has been reported to improve single or
epeated all-out sprint performance in some,7,13,14 but not all13,15,16

tudies. There is also evidence that acute BJ ingestion can improve
ll-out sprint performance.17 Although NO3

− supplementation
ppears to preferentially enhance contractile function in mouse
ast-twitch skeletal muscle via improved skeletal muscle calcium
Ca2+) handling,18 NO3

− supplementation studies in humans have
eported improved force production in the absence of alterations
o skeletal muscle Ca2+ handling proteins10 and the magnitude
f improvement in evoked force in human mixed fibre whole
uscle8–10 has been lower than mouse fast-twitch muscle.18 It

as been suggested that recruitment of fast-twitch skeletal muscle
ight be greater during eccentric muscle contractions (ECC).19,20

f NO3
− supplementation can preferentially improve contractile

unction in fast-twitch skeletal muscle, a greater improvement in
ower output might be expected during ECC compared to CON con-
ractions. However, the effect of NO3

− supplementation on CON
nd ECC contractile function has yet to be assessed. If BJ supple-
entation is more effective at enhancing power output during

CC contractions this might have implications for enhancing per-
ormance in sports involving more ECC contractions (e.g., running
ersus cycling).

The purpose of the current study was to test the hypothesis
hat acute NO3

− supplementation would enhance power output
uring CON and ECC contractions during a half-squat movement
ompleted at various moment inertias, and that this effect would
e greater for ECC compared to CON at a given moment inertia.

. Methods

Eighteen active adult males (age: 22.8 ± 4.9 years, height:
.77 ± 0.10 m,  weight: 74.4 ± 9.6 kg, body mass: 23.7 ± 2.4 kg·m−2)
ere recruited to participate in this study. All participants were
hysically active and reported completing moderate- to vigorous-

ntensity exercise (amateur team sport players or subjects that
erformed high-intensity training) at least 3 ± 1 times per week
ver the last year and self-reported no use of medicines or nutri-
ional ergogenic aids during the study period and the preceding
hree months. Prior to testing, participants were informed of
he experimental protocol and dietary guidelines and completed
ealth questionnaires. Subsequently, participants provided written

nformed consent. This investigation was performed in accor-
ance with the Declaration of Helsinki and the protocol was fully
pproved by the Ethics Committee of the Isabel I University prior
o participant recruitment.

After an initial 2-wk familiarization period, participants com-
leted the 2 experimental visits the following week, with the
xperimental visits separated by 72 h. Participants were randomly
ssigned in a double blind, placebo-controlled, crossover design to
eceive an acute 140 mL  dose of 2 × 70 mL  concentrated nitrate-
ich beetroot shots providing 400 mg  nitrate/70 mL  (Beet It Sport®

00, James White Drinks, Ipswich, UK) or a nitrate-depleted placebo
see section below). Subsequently, lower limb mean (MP) and peak
PP) power outputs during half-squat exercise at different inertial
oads (0.025, 0.050, 0.075 and 0.100 kg·m−2) were assessed using

 flywheel device (K-Box 4, Exxentric®, Stockholm, Sweden). The
xperimental trials were completed at a similar time of day (±0.5 h)
nd environmental conditions (21–23 ◦C).

After arriving at the laboratory on the experimental testing days,
articipants ingested 140 mL  of BJ (2 × 70 mL  providing ∼800 mg

O3

−) or placebo (2 × 70 mL  providing <0.1 mmol  NO3
−) 2.5 h prior

o the onset of testing to coincide with the peak plasma [NO2
−].21

he supplements were supplied in two unlabelled, 100 mL,  brown
lass bottles, with the placebo prepared as described previously.22
e and Medicine in Sport 24 (2021) 80–84 81

Participants were asked to refrain from brushing their teeth or using
mouthwash, chewing gum or sweets that could contain antimicro-
bial substances, such as chlorhexidine or xylitol, in the 24 h prior to
the experimental sessions. Moreover, participants were instructed
to avoid caffeine 24 h prior to testing and alcohol for the duration
of the study. Participants followed a similar diet, consisting of 10%
proteins, 30% lipids and 60% carbohydrates, and avoided NO3

−-
rich foods (beetroot, ruccula, celery, turnip, spinach, lettuce, leak,
cabbage, parsley, endives) for 24 h prior to the experimental visits.

Lower limb power output was  assessed during a half-squat
using a flywheel device which allowed participants to maximally
complete concentric (CON) and eccentric (ECC) contractions. This
flywheel device is a valid and reliable tool to assess power output
values in inexperienced athletes.23 Prior to commencing the test-
ing protocol, a standardized warm-up was performed as described
previously.24 Participants completed 4 sets of 8 maximal repeti-
tions with each set completed using different inertial loads (0.025,
0.050, 0.075 and 0.100 kg·m−2) and separated by 3 min passive
recovery. Both the first and second repetitions of each set were
used to accelerate the disks and excluded from data analysis, as
described previously.25 Participants were randomly allocated into
ascending order and descending order with regard to the iner-
tial load, and this order remained consistent within participants
in the BJ and placebo conditions. Participants were required to
perform the half-squat movement from a knee join angle of 90◦

to the full extension of the knees (180◦), with no ankle extension
allowed. Participants were instructed to push maximally through
the entire range of motion of the CON action (90–180◦) and then
to gently resist during the initial 20◦–30◦ of the subsequent ECC
action before resisting maximally to produce eccentric overload
and aiming to bring the disks to a stop at ∼90◦ knee joint angle
before initiating the next cycle.25 Loud verbal encouragement was
given to the participants during all testing sessions. During each
repetition mean (average power output during the development of
each phase) and peak (maximum power output during the develop-
ment of each phase) power were recorded at a frequency of 100 Hz
during the CON and ECC contractions via an optical receiver (Smart-
Coach, Europe AB, Stockholm, Sweden) coupled to the flywheel
device. Data were subsequently processed using specialized soft-
ware (SmartCoach Power Encoder, Europe AB, Stockholm, Sweden).
Total power output (sum of CON and ECC power outputs) was also
assessed.

All data are presented as mean ± standard deviation unless
otherwise stated. After assessing for normal distribution via
Kolmogorov–Smirnov tests, parametric statistical analyses were
completed. A two-way, 2 [supplement (BJ and placebo)] × 8
[contraction type (CON 0.025 kg·m−2, CON  0.050 kg·m−2, CON
0.075 kg·m−2 CON and 0.100 kg·m−2 and ECC 0.025 kg·m−2, ECC
0.050 kg·m−2, ECC 0.075 kg·m−2 and ECC 0.100 kg·m−2)] repeated
measures ANOVA was used to assess for statistically significant
differences in MP,  PP and total power output. The interclass cor-
relation coefficient (ICC) of the ANOVA was  calculated to provide
insight into the reproducibility of the testing. Where the ANOVA
revealed a significant difference, post hoc least significant dif-
ference t-tests were used to assess for statistically significant
differences in MP,  PP and total power output between BJ and
placebo at each moment inertia for the CON and ECC contractions.
In addition, the changes in MP,  PP and total power between BJ and
placebo at each moment inertia were compared for CON versus ECC
contractions using paired simples t-tests. Effect size (ES) was cal-
culated as Cohen’s d with an ES of above 0.8, between 0.8 and 0.5,
between 0.5 and 0.2 and lower than 0.2 defined as large, moder-

ate, small and trivial, respectively. Statistical significance was  set
at p < 0.05. All statistical tests were performed using the software
package SPSS version 20.0 (SPSS, Chicago, IL).
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. Results

There were significant main effects for supplement (p < 0.01)
nd contraction type (p = 0.02) without differences in supple-
ent × contraction type (p = 0.738) for MP,  and the ICC average
easures was 0.983. Compared to placebo, BJ ingestion increased
P during CON and ECC contractions, as well as total MP,  at
oment inertias of 0.025, 0.050, 0.075 and 0.100 kg·m−2 (p < 0.01,

S = 0.54–1.1, Table 1). There were no differences between the
mprovements in MP  with BJ at any of the moment inertias in
he ECC compared to the CON contractions (p > 0.05, Fig. 1). For
otal MP,  there was a main effect for supplement (p < 0.001) and

ontraction type (p = 0.001), but not for supplement × contraction
ype (p = 0.416). The ICC average measures was 0.971. Compared
o placebo, BJ ingestion increased total MP  at all moment inertias
nalyzed (p < 0.01, ES = 0.74–0.91, Table 1).
er, eccentric mean (centre left panel) and peak (centre right panel) power and total
 inertias between the beetroot juice and placebo conditions. Data are presented as
change.

There were significant main effects for supplement (p < 0.01)
and contraction type (p = 0.01) without differences in supple-
ment × contraction type (p = 0.339) for PP, and the ICC average
measures was  0.978. Compared to placebo, BJ ingestion increased
PP during CON and ECC contractions, as well as total PP, at
moment inertias of 0.025, 0.050, 0.075 and 0.100 kg·m−2 (p < 0.01,
ES = 0.60–1.24, Table 2). There were no differences between the
improvements in PP with BJ at any of the moment inertias in
the ECC compared to the CON contractions (p > 0.05, Fig. 1).
For total PP, it was observed a main effect for supplement
(p < 0.001) and contraction type (p = 0.003), but not for supple-
ment × contraction type (p = 0.151). The ICC average measures was

0.963. Compared to placebo, BJ ingestion increased total power
output at all moment inertias analyzed (p < 0.01, ES = 0.73–0.97,
Table 1).
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Table  1
Effects of beetroot juice (BJ) supplementation on concentric mean power (MPCON),
eccentric mean power (MPECC) and total mean power (MPTOTAL) outcomes at differ-
ent  moment inertias (MI) when comparing to placebo (PLA) condition.

MI  (kg·m−2) PLA BJ P

0.025
MPCON 644 ± 153 750 ± 173 <0.001
MPECC 572 ± 131 684 ± 154 <0.001
MPTOTAL 1216 ± 278 1434 ± 324 <0.001

0.050
MPCON 598 ± 140 709 ± 146 <0.001
MPECC 583 ± 162 687 ± 150 <0.001
MPTOTAL 1181 ± 295 1396 ± 293 <0.001

0.075
MPCON 551 ± 120 672 ± 157 <0.001
MPECC 580 ± 145 709 ± 177 <0.01
MPTOTAL 1130 ± 259 1382 ± 328 <0.001

0.100
MPCON 493 ± 120 600 ± 127 <0.001
MPECC 540 ± 139 615 ± 150 <0.01
MPTOTAL 1033 ± 255 1214 ± 273 <0.001

Table 2
Effects of beetroot juice (BJ) supplementation on concentric peak power (PPCON),
eccentric peak power (PPECC) and total peak power (PPTOTAL) outcomes at different
moment inertias (MI) when comparing to placebo (PLA) condition.

MI  (kg·m−2) PLA BJ P

0.025
PPCON 1075 ± 205 1251 ± 249 <0.001
PPECC 1005 ± 176 1195 ± 265 <0.001
PPTOTAL 2080 ± 376 2447 ± 505 <0.001

0.050
PPCON 1025 ± 181 1182 ± 226 <0.001
PPECC 1034 ± 172 1168 ± 261 <0.01
PPTOTAL 2059 ± 334 2351 ± 479 <0.001

0.075
PPCON 937 ± 158 1132 ± 239 <0.001
PPECC 1003 ± 187 1201 ± 261 <0.01
PPTOTAL 1940 ± 329 2333 ± 492 <0.001

PP 851 ± 161 1008 ± 197 <0.001
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0.100
CON

PPECC 955 ± 191 1070 ± 230 <0.01
PPTOTAL 1807 ± 347 2078 ± 413 <0.001

. Discussion

Consistent with our first experimental hypothesis, acute BJ
ngestion increased CON and ECC power output during a half-
quat movement compared to placebo. However, in contrast with
ur second experimental hypothesis, BJ ingestion improved power
utput during CON and ECC contractions by a similar magnitude.
hese novel observations improve understanding of the effects of
J supplementation on skeletal muscle contractile function and,
herefore, possibly some of the mechanisms by which this dietary
ntervention might be ergogenic.

In the present study, BJ ingestion improved power output dur-
ng CON and ECC contractions by a similar magnitude (15–25%)
cross a range of different moment inertias. The improvement in
ON power output following BJ supplementation is consistent with
revious observations12; however, the magnitude of improvement

n our study is greater than has been reported previously. For
xample, BJ supplementation has been reported to increase peak
ower output during maximal CON knee extensor contractions at a
oderate-to-high angular velocity (>4.17 rad/s) in healthy men  and
omen by ∼11%.11 In part, these inter-study discrepancies might

e linked to different devices and exercise modalities used to assess
ower output. Other factors mentioned in the limitations section
f this discussion could also have contributed to the disparate
agnitude of effect on power output following BJ supplementa-

ion in this study compared to previous studies. The magnitude

f improvement in CON power output in our study with BJ inges-
ion is similar to that observed after caffeine supplementation
MPCON = +24.5–26.5% and PPCON = +22.1–24.2%)24 and 7 weeks of
ywheel training (MPCON = +30.8 and PPCON = +36.6%).25 However,
e and Medicine in Sport 24 (2021) 80–84 83

the principal novel observation of the current study is an improve-
ment in ECC power output following BJ compared to placebo
supplementation (MPECC = 15.2–25.8% and PPECC = 12.7–21.2% in
BJ versus placebo). The magnitude of improvement in MPECC
and PPECC with BJ supplementation in the current study is sim-
ilar to that obtained after caffeine supplementation (6 mg·kg−1)
(MPECC = 22.7–24.8% and PPECC = 18.8–25.0%),24 but lower than the
improvements observed in MPECC after 7 (MPECC = +25.5% and
PPECC = +41.0%)25 weeks of strength training with flywheel devices.
Therefore, our findings support the notion that BJ supplementation
can enhance skeletal muscle power output12 and extend previ-
ous observations by suggesting that BJ supplementation confers
a comparable improvement in power output during CON and ECC
contractions.

Participants acutely ingested 140 mL  of NO3
−-rich BJ, which

provided 400 mg  NO3
−, or a NO3

−-depleted placebo prior to com-
pleting the CON and ECC contractions in the current study. This
dose of BJ has been consistently reported to elevate circulating
plasma [NO2

−],26 which can undergo an O2-indpenedent, one-
electron reduction to NO.2 The improvements in skeletal muscle
contractile function reported in the current study and previous
studies8–10 following NO3

− supplementation is purported to be
mediated via NO-related physiological processes.12 Short-term (7
days) NO3

− supplementation has been reported to increase isomet-
ric contractile force in type II (fast-twitch) mouse skeletal muscle
in association with increased content of Ca2+ handling proteins.18

However, while 7 days NO3
− supplementation has been reported

to increase contractile force in human skeletal muscle, these effects
were independent of changes in the content of Ca2+ handling
proteins.10 Consistent with these observations, the improvement
in CON and ECC power output reported in the current study is
unlikely to have been mediated by changes in the content of skele-
tal muscle Ca2+ handling or myofibrillar proteins owing to the
acute BJ supplementation protocol employed. However, an increase
in CON power output following acute BJ ingestion corroborates
some previous observations.6,11 These effects may be mediated
by cyclic guanosine monophosphate-dependent and -independent
posttranslational modifications of Ca2+ handling and myofibrillar
proteins.12

Notwithstanding the increase in MP,  PP and total power output
following BJ compared to placebo ingestion at each moment inertia
for the CON and ECC contractions in the present study, there are a
number of limitations of this study which should be acknowledged.
Firstly, while the flywheel device utilized to assess power output
during CON and ECC contractions in the present study has been
reported to demonstrate good test-retest reliability, a wide coef-
ficient of repeatability has been reported for this device23 which
could have influenced the magnitude of the ergogenic effect of
BJ in this study. In addition, it should be acknowledged that the
placebo administered in this study would have tasted different
to the BJ supplement which could have elicited a placebo effect
in some of the participants and accounted for the large magni-
tude of effect of BJ supplementation in the present study. Although
the dose of nitrate-rich BJ and the timing relative to the start
of the power output assessments in this study would have been
expected to coincide with the peak increase in plasma [nitrite],
we concede that a limitation of this study was  that we  did not
assess plasma [nitrite] in our participants. This precluded us from
assessing for correlations between the magnitude of improvement
in power output and plasma [nitrite]. We  also did not verify the
nitrate content of the BJ and placebo supplements. Finally, the
movement velocity was not assessed in the current study which

precludes assessment of how the magnitude of the effect follow-
ing BJ ingestion was  impacted by movement velocity, as reported
elsewhere.11
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. Conclusions

In conclusion, acute supplementation with BJ increased both
ON and ECC power output across a range of moment inertias
uring half-squat exercise. These novel observations are consis-
ent with the notion that BJ supplementation can improve skeletal

uscle contractile function and might be ergogenic in sports where
uscle power output is a key performance determinant.

onflict of interest

The authors declare no conflict of interest associated with this
rticle.

cknowledgments

The authors would like to thank the participants of this study.
he costs of the beetroot supplement were paid by the University
sabel I, Burgos, Spain.

eferences

1. Wylie LJ, Park JW,  Vanhatalo A et al. Human skeletal muscle nitrate store:
influence of dietary nitrate supplementation and exercise. J Physiol 2019;
597(23):5565–5576. http://dx.doi.org/10.1113/JP278076.

2.  Lundberg JO, Weitzberg E. NO generation from inorganic nitrate and
nitrite: role in physiology, nutrition and therapeutics. Arch Pharm Res 2009;
32(8):1119–1126. http://dx.doi.org/10.1007/s12272-009-1803-z.

3.  Bailey SJ, Wilkerson DP, Dimenna FJ et al. Influence of repeated sprint train-
ing on pulmonary O2 uptake and muscle deoxygenation kinetics in humans.
J  Appl Physiol 2009; 106(6):1875–1887. http://dx.doi.org/10.1152/japplphysiol.
00144.2009.

4. Larsen FJ, Weitzberg E, Lundberg JO et al. Effects of dietary nitrate on oxygen
cost during exercise. Acta Physiol (Oxf) 2007; 191(1):59–66. http://dx.doi.org/
10.1111/j.1748-1716.2007.01713.x.

5.  Vanhatalo A, Bailey SJ, Blackwell JR et al. Acute and chronic effects of dietary
nitrate supplementation on blood pressure and the physiological responses to
moderate-intensity and incremental exercise. Am J Physiol Regul Integr Comp
Physiol 2010; 299(4):R1121–R1131. http://dx.doi.org/10.1152/ajpregu.00206.
2010.

6. Coggan AR, Broadstreet SR, Mikhalkova D et al. Dietary nitrate-induced increases
in  human muscle power: high versus low responders. Physiol Rep 2018; 6(2):1–8.
http://dx.doi.org/10.14814/phy2.13575.

7.  Jonvik KL, Nyakayiru J, Van Dijk JW et al. Repeated-sprint performance and
plasma responses following beetroot juice supplementation do not differ
between recreational, competitive and elite sprint athletes. Eur J Sport Sci 2018;
18(4):524–533. http://dx.doi.org/10.1080/17461391.2018.1433722.

8.  Tillin NA, Moudy S, Nourse KM et al. Nitrate supplement benefits contrac-

tile forces in fatigued but not unfatigued muscle. Med Sci Sports Exerc 2018;
50(10):2122–2131. http://dx.doi.org/10.1249/MSS.0000000000001655.

9.  Haider G, Folland JP. Nitrate supplementation enhances the contractile prop-
erties of human skeletal muscle. Med  Sci Sports Exerc 2014; 46(12):2234–2243.
http://dx.doi.org/10.1249/MSS.0000000000000351.
e and Medicine in Sport 24 (2021) 80–84

0. Whitfield J, Gamu D, Heigenhauser GJF et al. Beetroot juice increases human
muscle force without changing Ca2+-handling proteins. Med  Sci Sports Exerc
2017; 49. http://dx.doi.org/10.1249/MSS.0000000000001321.

1. Coggan AR, Leibowitz JL, Kadkhodayan A et al. Effect of acute dietary nitrate
intake on maximal knee extensor speed and power in healthy men and women.
Nitric Oxide Biol Chem 2015; 48:16–21. http://dx.doi.org/10.1016/j.niox.2014.08.
014.

2. Coggan AR, Peterson LR. Dietary nitrate enhances the contractile properties of
human skeletal muscle. Exerc Sport Sci Rev 2018; 46(4):254–261. http://dx.doi.
org/10.1249/JES.0000000000000167.

3. Wylie LJ, Bailey SJ, Kelly J et al. Influence of beetroot juice supplementation
on  intermittent exercise performance. Eur J Appl Physiol 2016; 116(2):415–425.
http://dx.doi.org/10.1007/s00421-015-3296-4.

4.  Nyakayiru J, Jonvik KL, Trommelen J et al. Beetroot juice supplementation
improves high-intensity intermittent type exercise performance in trained soc-
cer players. Nutrients 2017; 9(3). http://dx.doi.org/10.3390/nu9030314.

5.  Martin K, Smee D, Thompson KG et al. No improvement of repeated-sprint per-
formance with dietary nitrate. Int J Sports Physiol Perform 2014; 9(5):845–850.
http://dx.doi.org/10.1123/ijspp.2013-0384.

6. Smith K, Muggeridge DJ, Easton C et al. An acute dose of inorganic dietary nitrate
does not improve high-intensity, intermittent exercise performance in temper-
ate or hot and humid conditions. Eur J Appl Physiol 2019; 119(3):723–733. http://
dx.doi.org/10.1007/s00421-018-04063-9.

7. Jodra P, Dominguez R, Sanchez-Oliver AJ et al. Effect of beetroot juice supple-
mentation on mood, perceived exertion, and performance during a 30-second
wingate test. Int J Sports Physiol Perform 2019:1–6. http://dx.doi.org/10.1123/
ijspp.2019-0149.

8. Hernandez A, Schiffer TA, Ivarsson N et al. Dietary nitrate increases tetanic
[Ca2+]i and contractile force in mouse fast-twitch muscle. J Physiol 2012;
590(15):3575–3583. http://dx.doi.org/10.1113/jphysiol.2012.232777.

9. Nardone A, Schieppati M.  Shift of activity from slow to fast muscle during volun-
tary lengthening contractions of the triceps surae muscles in humans. J Physiol
1988; 395:363–381.

0. McHugh MP,  Tyler TF, Greenberg SC et al. Differences in activation patterns
between eccentric and concentric quadriceps contractions. J Sports Sci 2002;
20(2):83–91. http://dx.doi.org/10.1080/026404102317200792.

1. Wylie LJ, Kelly J, Bailey SJ et al. Beetroot juice and exercise: pharmacodynamic
and dose–response relationships. J Appl Physiol 2013; 115(3):325–336. http://
dx.doi.org/10.1152/japplphysiol.00372.2013.

2.  Dominguez R, Garnacho-Castano MV,  Cuenca E et al. Effects of beetroot juice
supplementation on a 30-s high-intensity inertial cycle ergometer test. Nutrients
2017; 9(12). http://dx.doi.org/10.3390/nu9121360.

3. Bollinger LM,  Brantley JT, Tarlton JK et al. Construct validity, test–retest
reliability, and repeatability of performance variables using a flywheel resis-
tance training device. J Strength Cond Res 2018. http://dx.doi.org/10.1519/JSC.
0000000000002647.

4. Castillo D, Dominguez R, Rodriguez-Fernandez A et al. Effects of caffeine sup-
plementation on power performance in a flywheel device: a randomised,
double-blind cross-over study. Nutrients 2019; 11(2). http://dx.doi.org/10.3390/
nu11020255.

5. Sabido R, Hernández-Davó JL, Botella J et al. Effects of adding a weekly
eccentric-overload training session on strength and athletic performance in
team sport-specific intense intermittent exercise performance. Eur J Appl Physiol
2013; 113(7):1673–1684. http://dx.doi.org/10.1007/s00421-013-2589-8.

dx.doi.org/10.1113/JP278076
dx.doi.org/10.1113/JP278076
dx.doi.org/10.1113/JP278076
dx.doi.org/10.1113/JP278076
dx.doi.org/10.1113/JP278076
dx.doi.org/10.1113/JP278076
dx.doi.org/10.1113/JP278076
dx.doi.org/10.1007/s12272-009-1803-z
dx.doi.org/10.1007/s12272-009-1803-z
dx.doi.org/10.1007/s12272-009-1803-z
dx.doi.org/10.1007/s12272-009-1803-z
dx.doi.org/10.1007/s12272-009-1803-z
dx.doi.org/10.1007/s12272-009-1803-z
dx.doi.org/10.1007/s12272-009-1803-z
dx.doi.org/10.1007/s12272-009-1803-z
dx.doi.org/10.1007/s12272-009-1803-z
dx.doi.org/10.1007/s12272-009-1803-z
dx.doi.org/10.1152/japplphysiol.00144.2009
dx.doi.org/10.1152/japplphysiol.00144.2009
dx.doi.org/10.1152/japplphysiol.00144.2009
dx.doi.org/10.1152/japplphysiol.00144.2009
dx.doi.org/10.1152/japplphysiol.00144.2009
dx.doi.org/10.1152/japplphysiol.00144.2009
dx.doi.org/10.1152/japplphysiol.00144.2009
dx.doi.org/10.1152/japplphysiol.00144.2009
dx.doi.org/10.1152/japplphysiol.00144.2009
dx.doi.org/10.1111/j.1748-1716.2007.01713.x
dx.doi.org/10.1111/j.1748-1716.2007.01713.x
dx.doi.org/10.1111/j.1748-1716.2007.01713.x
dx.doi.org/10.1111/j.1748-1716.2007.01713.x
dx.doi.org/10.1111/j.1748-1716.2007.01713.x
dx.doi.org/10.1111/j.1748-1716.2007.01713.x
dx.doi.org/10.1111/j.1748-1716.2007.01713.x
dx.doi.org/10.1111/j.1748-1716.2007.01713.x
dx.doi.org/10.1111/j.1748-1716.2007.01713.x
dx.doi.org/10.1111/j.1748-1716.2007.01713.x
dx.doi.org/10.1111/j.1748-1716.2007.01713.x
dx.doi.org/10.1111/j.1748-1716.2007.01713.x
dx.doi.org/10.1152/ajpregu.00206.2010
dx.doi.org/10.1152/ajpregu.00206.2010
dx.doi.org/10.1152/ajpregu.00206.2010
dx.doi.org/10.1152/ajpregu.00206.2010
dx.doi.org/10.1152/ajpregu.00206.2010
dx.doi.org/10.1152/ajpregu.00206.2010
dx.doi.org/10.1152/ajpregu.00206.2010
dx.doi.org/10.1152/ajpregu.00206.2010
dx.doi.org/10.1152/ajpregu.00206.2010
dx.doi.org/10.14814/phy2.13575
dx.doi.org/10.14814/phy2.13575
dx.doi.org/10.14814/phy2.13575
dx.doi.org/10.14814/phy2.13575
dx.doi.org/10.14814/phy2.13575
dx.doi.org/10.14814/phy2.13575
dx.doi.org/10.14814/phy2.13575
dx.doi.org/10.14814/phy2.13575
dx.doi.org/10.1080/17461391.2018.1433722
dx.doi.org/10.1080/17461391.2018.1433722
dx.doi.org/10.1080/17461391.2018.1433722
dx.doi.org/10.1080/17461391.2018.1433722
dx.doi.org/10.1080/17461391.2018.1433722
dx.doi.org/10.1080/17461391.2018.1433722
dx.doi.org/10.1080/17461391.2018.1433722
dx.doi.org/10.1080/17461391.2018.1433722
dx.doi.org/10.1080/17461391.2018.1433722
dx.doi.org/10.1249/MSS.0000000000001655
dx.doi.org/10.1249/MSS.0000000000001655
dx.doi.org/10.1249/MSS.0000000000001655
dx.doi.org/10.1249/MSS.0000000000001655
dx.doi.org/10.1249/MSS.0000000000001655
dx.doi.org/10.1249/MSS.0000000000001655
dx.doi.org/10.1249/MSS.0000000000001655
dx.doi.org/10.1249/MSS.0000000000001655
dx.doi.org/10.1249/MSS.0000000000000351
dx.doi.org/10.1249/MSS.0000000000000351
dx.doi.org/10.1249/MSS.0000000000000351
dx.doi.org/10.1249/MSS.0000000000000351
dx.doi.org/10.1249/MSS.0000000000000351
dx.doi.org/10.1249/MSS.0000000000000351
dx.doi.org/10.1249/MSS.0000000000000351
dx.doi.org/10.1249/MSS.0000000000000351
dx.doi.org/10.1249/MSS.0000000000001321
dx.doi.org/10.1249/MSS.0000000000001321
dx.doi.org/10.1249/MSS.0000000000001321
dx.doi.org/10.1249/MSS.0000000000001321
dx.doi.org/10.1249/MSS.0000000000001321
dx.doi.org/10.1249/MSS.0000000000001321
dx.doi.org/10.1249/MSS.0000000000001321
dx.doi.org/10.1249/MSS.0000000000001321
dx.doi.org/10.1016/j.niox.2014.08.014
dx.doi.org/10.1016/j.niox.2014.08.014
dx.doi.org/10.1016/j.niox.2014.08.014
dx.doi.org/10.1016/j.niox.2014.08.014
dx.doi.org/10.1016/j.niox.2014.08.014
dx.doi.org/10.1016/j.niox.2014.08.014
dx.doi.org/10.1016/j.niox.2014.08.014
dx.doi.org/10.1016/j.niox.2014.08.014
dx.doi.org/10.1016/j.niox.2014.08.014
dx.doi.org/10.1016/j.niox.2014.08.014
dx.doi.org/10.1016/j.niox.2014.08.014
dx.doi.org/10.1249/JES.0000000000000167
dx.doi.org/10.1249/JES.0000000000000167
dx.doi.org/10.1249/JES.0000000000000167
dx.doi.org/10.1249/JES.0000000000000167
dx.doi.org/10.1249/JES.0000000000000167
dx.doi.org/10.1249/JES.0000000000000167
dx.doi.org/10.1249/JES.0000000000000167
dx.doi.org/10.1249/JES.0000000000000167
dx.doi.org/10.1007/s00421-015-3296-4
dx.doi.org/10.1007/s00421-015-3296-4
dx.doi.org/10.1007/s00421-015-3296-4
dx.doi.org/10.1007/s00421-015-3296-4
dx.doi.org/10.1007/s00421-015-3296-4
dx.doi.org/10.1007/s00421-015-3296-4
dx.doi.org/10.1007/s00421-015-3296-4
dx.doi.org/10.1007/s00421-015-3296-4
dx.doi.org/10.1007/s00421-015-3296-4
dx.doi.org/10.1007/s00421-015-3296-4
dx.doi.org/10.3390/nu9030314
dx.doi.org/10.3390/nu9030314
dx.doi.org/10.3390/nu9030314
dx.doi.org/10.3390/nu9030314
dx.doi.org/10.3390/nu9030314
dx.doi.org/10.3390/nu9030314
dx.doi.org/10.3390/nu9030314
dx.doi.org/10.1123/ijspp.2013-0384
dx.doi.org/10.1123/ijspp.2013-0384
dx.doi.org/10.1123/ijspp.2013-0384
dx.doi.org/10.1123/ijspp.2013-0384
dx.doi.org/10.1123/ijspp.2013-0384
dx.doi.org/10.1123/ijspp.2013-0384
dx.doi.org/10.1123/ijspp.2013-0384
dx.doi.org/10.1123/ijspp.2013-0384
dx.doi.org/10.1123/ijspp.2013-0384
dx.doi.org/10.1007/s00421-018-04063-9
dx.doi.org/10.1007/s00421-018-04063-9
dx.doi.org/10.1007/s00421-018-04063-9
dx.doi.org/10.1007/s00421-018-04063-9
dx.doi.org/10.1007/s00421-018-04063-9
dx.doi.org/10.1007/s00421-018-04063-9
dx.doi.org/10.1007/s00421-018-04063-9
dx.doi.org/10.1007/s00421-018-04063-9
dx.doi.org/10.1007/s00421-018-04063-9
dx.doi.org/10.1007/s00421-018-04063-9
dx.doi.org/10.1123/ijspp.2019-0149
dx.doi.org/10.1123/ijspp.2019-0149
dx.doi.org/10.1123/ijspp.2019-0149
dx.doi.org/10.1123/ijspp.2019-0149
dx.doi.org/10.1123/ijspp.2019-0149
dx.doi.org/10.1123/ijspp.2019-0149
dx.doi.org/10.1123/ijspp.2019-0149
dx.doi.org/10.1123/ijspp.2019-0149
dx.doi.org/10.1123/ijspp.2019-0149
dx.doi.org/10.1113/jphysiol.2012.232777
dx.doi.org/10.1113/jphysiol.2012.232777
dx.doi.org/10.1113/jphysiol.2012.232777
dx.doi.org/10.1113/jphysiol.2012.232777
dx.doi.org/10.1113/jphysiol.2012.232777
dx.doi.org/10.1113/jphysiol.2012.232777
dx.doi.org/10.1113/jphysiol.2012.232777
dx.doi.org/10.1113/jphysiol.2012.232777
dx.doi.org/10.1113/jphysiol.2012.232777
http://refhub.elsevier.com/S1440-2440(20)30090-6/sbref0095
http://refhub.elsevier.com/S1440-2440(20)30090-6/sbref0095
http://refhub.elsevier.com/S1440-2440(20)30090-6/sbref0095
http://refhub.elsevier.com/S1440-2440(20)30090-6/sbref0095
http://refhub.elsevier.com/S1440-2440(20)30090-6/sbref0095
http://refhub.elsevier.com/S1440-2440(20)30090-6/sbref0095
http://refhub.elsevier.com/S1440-2440(20)30090-6/sbref0095
http://refhub.elsevier.com/S1440-2440(20)30090-6/sbref0095
http://refhub.elsevier.com/S1440-2440(20)30090-6/sbref0095
http://refhub.elsevier.com/S1440-2440(20)30090-6/sbref0095
http://refhub.elsevier.com/S1440-2440(20)30090-6/sbref0095
http://refhub.elsevier.com/S1440-2440(20)30090-6/sbref0095
http://refhub.elsevier.com/S1440-2440(20)30090-6/sbref0095
http://refhub.elsevier.com/S1440-2440(20)30090-6/sbref0095
http://refhub.elsevier.com/S1440-2440(20)30090-6/sbref0095
http://refhub.elsevier.com/S1440-2440(20)30090-6/sbref0095
http://refhub.elsevier.com/S1440-2440(20)30090-6/sbref0095
http://refhub.elsevier.com/S1440-2440(20)30090-6/sbref0095
http://refhub.elsevier.com/S1440-2440(20)30090-6/sbref0095
http://refhub.elsevier.com/S1440-2440(20)30090-6/sbref0095
http://refhub.elsevier.com/S1440-2440(20)30090-6/sbref0095
http://refhub.elsevier.com/S1440-2440(20)30090-6/sbref0095
http://refhub.elsevier.com/S1440-2440(20)30090-6/sbref0095
http://refhub.elsevier.com/S1440-2440(20)30090-6/sbref0095
http://refhub.elsevier.com/S1440-2440(20)30090-6/sbref0095
http://refhub.elsevier.com/S1440-2440(20)30090-6/sbref0095
http://refhub.elsevier.com/S1440-2440(20)30090-6/sbref0095
http://refhub.elsevier.com/S1440-2440(20)30090-6/sbref0095
http://refhub.elsevier.com/S1440-2440(20)30090-6/sbref0095
http://refhub.elsevier.com/S1440-2440(20)30090-6/sbref0095
dx.doi.org/10.1080/026404102317200792
dx.doi.org/10.1080/026404102317200792
dx.doi.org/10.1080/026404102317200792
dx.doi.org/10.1080/026404102317200792
dx.doi.org/10.1080/026404102317200792
dx.doi.org/10.1080/026404102317200792
dx.doi.org/10.1080/026404102317200792
dx.doi.org/10.1152/japplphysiol.00372.2013
dx.doi.org/10.1152/japplphysiol.00372.2013
dx.doi.org/10.1152/japplphysiol.00372.2013
dx.doi.org/10.1152/japplphysiol.00372.2013
dx.doi.org/10.1152/japplphysiol.00372.2013
dx.doi.org/10.1152/japplphysiol.00372.2013
dx.doi.org/10.1152/japplphysiol.00372.2013
dx.doi.org/10.1152/japplphysiol.00372.2013
dx.doi.org/10.1152/japplphysiol.00372.2013
dx.doi.org/10.3390/nu9121360
dx.doi.org/10.3390/nu9121360
dx.doi.org/10.3390/nu9121360
dx.doi.org/10.3390/nu9121360
dx.doi.org/10.3390/nu9121360
dx.doi.org/10.3390/nu9121360
dx.doi.org/10.3390/nu9121360
dx.doi.org/10.1519/JSC.0000000000002647
dx.doi.org/10.1519/JSC.0000000000002647
dx.doi.org/10.1519/JSC.0000000000002647
dx.doi.org/10.1519/JSC.0000000000002647
dx.doi.org/10.1519/JSC.0000000000002647
dx.doi.org/10.1519/JSC.0000000000002647
dx.doi.org/10.1519/JSC.0000000000002647
dx.doi.org/10.1519/JSC.0000000000002647
dx.doi.org/10.3390/nu11020255
dx.doi.org/10.3390/nu11020255
dx.doi.org/10.3390/nu11020255
dx.doi.org/10.3390/nu11020255
dx.doi.org/10.3390/nu11020255
dx.doi.org/10.3390/nu11020255
dx.doi.org/10.3390/nu11020255
dx.doi.org/10.1080/17461391.2017.1282046
dx.doi.org/10.1080/17461391.2017.1282046
dx.doi.org/10.1080/17461391.2017.1282046
dx.doi.org/10.1080/17461391.2017.1282046
dx.doi.org/10.1080/17461391.2017.1282046
dx.doi.org/10.1080/17461391.2017.1282046
dx.doi.org/10.1080/17461391.2017.1282046
dx.doi.org/10.1080/17461391.2017.1282046
dx.doi.org/10.1080/17461391.2017.1282046
dx.doi.org/10.1007/s00421-013-2589-8
dx.doi.org/10.1007/s00421-013-2589-8
dx.doi.org/10.1007/s00421-013-2589-8
dx.doi.org/10.1007/s00421-013-2589-8
dx.doi.org/10.1007/s00421-013-2589-8
dx.doi.org/10.1007/s00421-013-2589-8
dx.doi.org/10.1007/s00421-013-2589-8
dx.doi.org/10.1007/s00421-013-2589-8
dx.doi.org/10.1007/s00421-013-2589-8
dx.doi.org/10.1007/s00421-013-2589-8

	Beetroot juice supplementation increases concentric and eccentric muscle power output. Original investigation
	Practical Applications
	1 Introduction
	2 Methods
	3 Results
	4 Discussion
	5 Conclusions
	Conflict of interest
	Acknowledgments
	References


