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Single and combined effect of
beetroot juice and caffeine intake
on muscular strength, power

and endurance performance in
resistance-trained males

Juan JesUs Montalvo-Alonso?, Marta del Val-Manzano?, Carmen Ferragut?, David Valadés?,
Alvaro Lépez-Samanes?, Raul Dominguez? & Alberto Pérez-Lopez™*

To examine the single and combined effect of acute beetroot juice and caffeine supplementation in
muscular strength, power, and endurance performance. Thirteen resistance-trained males participated
in a triple-blind, cross-over, randomized controlled-trial with four conditions: (a) caffeine (CAF); (b)
beetroot juice (BJ); (c) caffeine and beetroot juice (CAF + BJ); (d) placebo (PLA). Participants ingested
70 mL of beetroot juice, concentrated NO, -rich beverage (BJ, 6.4 mmol NO;") or PLA (~0.04 mmol
NO,") 180 min and caffeine or placebo (3 mg/kg) 60 min before the trial. Muscular strength/power was
evaluated at 25%, 50%, 75%, 90% and 100%1RM and muscular endurance at 65%1RM, in bench press
(BP) and back squat (BS). In all tests, mean (V. andW__ ) and peak (Vpeak and Wpeak) velocity and
power output were measured. In BS, muscular strength/power showed a supplement-by-load effect in
Viean@ndW,__(P<0.05n 2=0.167-0.173), with caffeine increased compared to placebo at 75%, 90%
and 100%1RM (9-25%, P <0.005, g=0.51-1.47); while in muscular endurance, significant differences
were found in number of repetitions, V.. andW__  (P<0.05, npz >0.277), in all experimental groups
(CAF, BJ and CAF +BJ) compared to placebo (6-17%, P <0.05, g=0.46-94). No differences in muscular
strength/power or endurance were found in BP. Single and combined acute beetroot juice and caffeine
intake increased muscular endurance performance at 65%1RM in back squat but not in bench press

exercise.
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Caffeine is a dietary supplement with strong scientific evidence for enhancing short-duration efforts
performance!, and a high prevalence of use among competitive athletes (~75% of Olympic athletes)?. Nitrate
(NO,") has also been proposed as an ergogenic supplement in short-duration efforts’, but its prevalence is
low among the athletic population®. Since NO,™ and caffeine could enhance performance through different
physiological mechanisms'>, the ingestion of both supplements could stimulate an additive ergogenic effect.
However, the interaction between NO,™ and caffeine has been limited study, particularly in muscular strength,
power, and endurance performance, despite being a critical performance component in several sports.

Nitrate (NO,") intake increases nitric oxide bioavailability via the NO,-nitrite-NO pathway, which allows
for the improvement of skeletal muscle function via type II muscle fibers>® and by reducing ATP cost of muscle
force production’. Moreover, nitrate may improve local perfusion, fatigue resistance, and contractility of low-
oxygenated type II (fast twitch) muscle fibers® as well as increase neurotransmitter release!® and attenuate muscle
K+ efflux!! that could benefit neuromuscular performance. Caffeine’s effect mainly occurs in the central nervous
system (CNS) by antagonizing adenosine receptors, reducing fatigue and perceived effort, increasing alertness
and vigour, and facilitating muscle fiber recruitment during muscle contraction’. Besides, caffeine may promote
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intracellular calcium ion (Ca?*) mobilization, stimulating force production!? and delaying fatigue caused by a
gradual reduction in Ca?* bioavailability!*. Although both supplements may enhance force production and delay
fatigue, the combined effect of both supplements has been scarcely explored.

The isolated ergogenic effect of NO,™ and caffeine occurs through different mechanisms of action, which
may indicate that the combined ingestion of both supplements could produce a synergic effect. This idea has
been previously explored in 20-km cycling time trial performance'?, in time-to-exhaustion at 80% VO, 2pea . after
30 min submaximal cycling test's, in cycling time trial simulating the 2012 London Olympic Games course
(29.35 km females and 43.83 km males)'® or in 2x 5 min submaximal running bout (70 and 80% VO__ ) and
1-km time trial'’. In these studies, caffeine improved performance in the time trial, but no isolated or combined
effect of nitrate was found in any of them. Nevertheless, to our knowledge, no studies have explored the potential
additive effect of these two supplements in short duration effort (e.g., <30 s) despite isolated intake of NO, '3
and caffeine!*?® improving muscular strength and power production. Therefore, this study aimed to examine the
single and combined effect of acute beetroot juice and caffeine supplementation on muscular strength, power
and endurance performance in resistance-trained male participants.

Results

Muscular strength and power

Differences in mean, peak and time to reach peak velocity and power output in the bench press exercise are
illustrated in Fig. 1. No differences in supplement effect or supplement by load effect was found in mean velocity
(V,.., P=0269-0.321, n >=0.113-0.099), peak velocity (V. _,, P=0.135-0.621, 1 2=0.164-0.070), time
to reach V__ (P =0.264-0.496, npz 0.114-0.063), mean power output (W__ , P=0.253-0.188, ) 2=0.118-
0.131), pea}i< power output (W __,, P=0.354-0.323, n, 2=0.083-0.093) or time to reach W e (P=0. 563 0.498,
r]pz 0.114-0.062) in the bencﬁ’ press exercise.

Differences in mean, peak and time to reach peak velocity and power output in the back squat exercise are
illustrated in Fig. 2. Supplement effect was found in V__, (P=0.032, n *= O 234) while supplement by load
effect was found in V., (P=0.031, n, 2=0.173) and W an (P=0.042, n.2=0.167). In Ve the differences
were found when caffeine was compared to placebo at 75%1RM (0. 447+OPOSS vs 0.395+0.059 m/s; P=0.008,
£=0.88), at 90%1RM (0.319+0.042 vs 0.247 +0.050 m/s; P=0.002, g=1.47) and 100%1RM (0.233+0.045 vs
0.173+0.039 m/s; P=0.002, g=1.34). In Weam the differences were found when caffeine was compared to

placebo at 75%1RM (798 +124 vs 699+100 W; P=0.008, g=0.82), at 90%1RM (552+107 vs 501+119 W;
P=0.041, g=0.52) and 100%1RM (448 £ 111 vs 370 99 W; P=0.009, g=0.70).

Muscular endurance
Differences in the number of repetitions, mean velocity, and power output in the bench press and back squat
exercises are illustrated in Figs. 3 and 4, repectively. In the bench press, no statistically significant differences were
found in the number of repetitions, V, .V, pealo time to reachV. peak Wineans W, peak OF time toreach Wieak (P=0. 090—
0.251,n 2=0.115-0.212). In the back squat exercise, no dlfferences were found in VPe 1o time to reach Ve peak
or time to reach W (P=0.062-0.111, n *=0.246-0.403), but in contrast statistically s1gn1ﬁcant differences
were found in the number of repetitions performed (P=0.030, n 2=0.277), Vmean (P<0.001, n.*=0.470) and
, (P=0.001, npz 0.458). In the number of repetitions, CAPP (204 reps; P=0.043, g:0.54), BJ (19+4;
P 20.049, g=0.57) and CAF+BJ (19+4; P=0.022, g=0.50) increased performance compared to placebo (17 +4
reps). In V__ . CAF (0.361+0.045 m/s; P=0.008, g=0.75), BJ (0.350£0.041 m/s; P=0.008, g=0.54) and
CAF+B]J (0 366 +0.034; P=0.001, g=0.92) increased performance compared to placebo (0.328£0.036 m/s). In
W, CAF (574+80 W; P=0.001, g=0.55), B (570 +91; P=0.019, g=0.46) and CAF +BJ (588 +93; P<0.001,

g=0.67) increased performance compared to placebo (528+73 W).

Isometric strength and vertical jump test

No differences were found in isometric handgrip strength in the dominant hand (P=0.511, n_°=0.047) and
the non-dominant hand (P=0.422, n, 2=0.060), the isometric mid-thigh pull test (P=0.148, n, ZP—0 160), CM]J
height (P=0.171, n, 2=0.139) or CM] power (P=0.052,n, 2=0.231).

Questionnaires and scales

Caffeine intake stimulated a statistically significant reduction in fatigue perception in CAF and BJ+CAF
compared to PLA (2.15+1.1 & 2.00+0.1.1 vs 2.67+0.80; P <0.005, g=0.32). No statistical differences in side
effects were found in mood state, nervousness, activeness, insomnia, gastrointestinal discomfort, headache and
irritability. Finally, 15% (2 of 13) of participants correctly guessed the order of the supplement ingested, a 23%
(3 0f 13), 15% (2 of 13), 30% (4 of 13) and 30% (4 of 13) guessed the ingestion of PLA, BJ], CAF and BJ + CAE,
respectively.

Discussion

The purpose of this study was to evaluate the single and combined effect of acute beetroot juice and caffeine
supplementation on muscular strength, power and endurance performance in resistance-trained male
participants. Our results suggest that when muscular strength and power are required, only the isolated ingestion
of caffeine improves performance by increasing mean velocity and power production at 75%, 90%, and 100%
1RM. However, when muscular endurance is required, the single and combined ingestion of beetroot juice and
caffeine improves performance in the back squat but not in the bench press exercise, by increasing the number of
repetitions, mean velocity, and power production. This effect was more pronounced in mean velocity and power
production when both supplements were combined suggesting a potential summative effect.
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Fig. 1. Muscular strength and power tests differences in mean, peak and time to reach peak velocity and power
production among experimental conditions in the bench press exercise. Mean velocity (V, ., A), mean power

W B), peak velocity (Vpeak, C), peak power (W D), time to reach VPeak (E) and time to reach Wpeak (F).

n’ k>
PLXeBlacebo, BJ beetroot juice, CAF caffeine, B] + CPX% beetroot juice and cafteine.

Previous research has reported that acute caffeine intake improves Voean Vpeak, W n and in muscular
strength, power and endurance?'~%. In muscular strength and power, different doses of caffeine, from 3 to 9 mg/
kg of body mass, promote an increase in velocity and power at 25%, 50%, 75% and 90% of IRM?*%%. After low-
dose of caffeine intake (3 mg/kg), Pallares et al.? found an increase in mean propulsive velocity at 25% and 50%
1RM in bench press and full squat exercise, and at 75% 1RM for full squat; Mora-Rodriguez?® observed this
effect for full squat but not in bench press exercise; while Ruiz-Fernandez et al.'® and Montalvo-Alonso et al.”’
found an increase in V, _ and W__.in back squat, but not in bench press exercise, at moderate-to-high loads
275% of 1RM. Our results are in line with this evidence since caffeine increases V, . and W _ . at 75%, 90%
and 100% 1RM in the back squat but not in the bench press exercise.

Beetroot juice supplementation has been reported to improve maximal muscular strength production?
mainly by promoting type II muscle fiber recruitment’. Some evidence has questioned this idea based on
the lack of differences found in maximal strength and power of the upper leg in voluntary isometric and
isokinetic contractions?’. However, in isotonic exercises (e.g., resistance exercise), there is evidence that NO,~
supplementation can improve performance®3!. Nevertheless, when a pause was introduced between the
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Fig. 2. Muscular strength and power tests differences in mean, peak and time to reach peak velocity and power

production among experlmental condltlons in the back squat exercise. Mean velocity (V. . A), mean power

(W,_...o B), peak velocity (V ., C), peak power (W ., D), time to reach V__, (E) and time to reach W __, (F).
peal pea

*P <0.05 CAF compared to f’LA PLA placebo, B] beetroot juice, CAF caffeine, BJ + CAF beetroot juice and
caffeine.

eccentric and concentric phases of each repetition, to improve test reproducibility, no ergogenic effect of NO,~
was detected®. In line with this, in our study, B] did not cause an improvement in muscular strength and power
performance in bench press or back squat exercises in any of the %1RM evaluated (25%, 50%, 75%, 90% and
100%1RM), in isometric contractions or in countermovement jump (CMJ) height or power output. This could
be explamed because NO,™ supplementation has been demonstrated to increase velocity and power in eccentric
contractions® and the enhancement in muscle force is specific in isokinetic contractions to very high angular
velocities®®. The specific effect of beetroot juice on the type II muscle fibers?, the speed of contractions® and
contributions of the eccentric contraction strength®? could be affected by the procedure selected in this study.
Therefore, the pause between the eccentric and concentric phases could be a potential factor that blunts the
ergogenic effect of beetroot juice.

Muscular endurance refers to skeletal muscles ability to resist fatigue by maintaining or delaying the
diminution of force and power production during repeated muscle contraction. Previous systematic reviews and
meta-analyses indicate that caffeine can improve muscular endurance by a 6-7%21*4%*, mainly due to an increase
in the number of repetitions performed per set after the acute intake of this substance®*-3°. Unfortunately, there
is scarce evidence evaluating multiple performance variables during muscular endurance tests, at any load, such
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Fig. 3. Muscular endurance test differences in the number of repetitions, mean velocity and power output
among experimental conditions in the bench press exercise. Number of repetitions (A), mean velocity (V. )

(B) and mean power output (W__ ) performed in the bench press exercise (C). PLA placebo, BJ beetroot juice,

mean

CAF caffeine, B] + CAF beetroot juice and caffeine.

as velocity and power production or time under tension. Only a couple of studies explored this idea, reporting
an increase in the number of repetitions, velocity and power production at 65 and 85% 1RM in bench press**
and 65% and 85% 1RM in back squat exercise!>*. Our results are aligned with this evidence, observing an
increase in the number of repetitions of V__ and W__ in the back squat exercise at 65%1RM. Prior studies
suggest that caffeine’s ergogenic effects may be more pronounced in larger muscle groups, such as the quadriceps
during back squat compared to the pectoralis major during bench press exercises'>?, likely due to enhanced
central nervous system stimulation that increases motor unit recruitment*’, However, it cannot be ruled out that
caffeine’s mechanisms of action may also involve peripheral factors, such as the inhibition of phosphodiesterase,
stimulation of calcium ion (Ca?*) release from the sarcoplasmic reticulum, increased sodium-potassium pump
activity, and antagonism of benzodiazepine receptors in skeletal muscle?' ™. Future studies are required to
further clarify the relative contributions of central and peripheral mechanisms to caffeine’s ergogenic effects.
Interestingly, in the muscular endurance test, beetroot juice supplementation also stimulates an ergogenic
effect by increasing the number of repetitions, V, ... and W, even though this effect was found in the back

mean
squat but not in the bench press exercise. Previous studies have reported conflicting results on this topic, some
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Fig. 4. Muscular endurance test differences in the number of repetitions, mean velocity and power output
among experimental conditions in the back squat exercise. Number of repetitions (A), mean velocity (V.. )

(B) and mean power output (W __ ) performed in the back squat exercise (C). *P <0.05 compared to PLA. PLA

mean

placebo, BJ beetroot juice, CAF cafteine, B] + CAF beetroot juice and caffeine.

of them reporting that low (~6 mmol/L of NO,") to moderate (~ 12 mmol/L of NO,") doses of BJ stimulate
an increase in one set of bench press or back squat exercise performing until task failure?®3!4445 but not in
others?#547_ In a meta-analysis, Evangelista et al.*® indicated that the acute intake of 316-985 mg of BJ during
the 2-3 h before the trial can cause a significant effect in strength production when this is measured under
fatigue conditions but not in a resting state. In fact, Tan et al.*” found that 11.8 mmol NO," increases muscular
endurance in one set of repetitions-to-failure in bench press when this exercise was preceded by the same test
performed in back squat exercise. In our study, the order of the muscular endurance tests was inverted and
the back squat was preceded by the bench press exercise, reporting an increase in performance in the second
muscular endurance test as the one reported by Tan et al.*” despite using a lower dose of NO,™ (6.5 mmol/L).
Prior fatigue of a remote muscle group can expedite fatigue in another muscle group an effect linked to a greater
central fatigue development®. Therefore, despite that dietary NO,~ supplementation does not appear to alter
central fatigue development during cycling exercise®®*!, in resistance exercises NO,™ supplementation may
mitigate central fatigue. In addition, this idea is also consistent with the notion that NO;~ supplementation
preferentially enhances type Il muscle fiber recruitment®. Although upper-body muscles may contain a higher
proportion of type II fibers compared to lower-body muscles®?, during tasks performed to failure, type II fibers
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are recruited regardless of load or repetition duration®. Nonetheless, further research is needed to determine
the mechanism by which NO,~ can cause an acute ergogenic effect after accumulated neuromuscular fatigue in
muscular endurance.

The main novel finding of the present study is that not only the single but the combined caffeine and
beetroot juice supplementation increase muscular endurance performance. In back squat exercise, although
no differences were found in the number of repetitions performed, which were similar among experimental
conditions: caffeine and beetroot juice (19 £ 2 repetitions), beetroot juice (18 £ 3 repetitions) and caffeine (18+3
repetitions); we observed that compared to the placebo condition, the V. and W, increase after caffeine
and beetroot juice intake (11.5% and 11.3%) was slightly greater than the single intake of beetroot juice (6.8%
and 7.8%, respectively) and caffeine (10% and 8.6%, respectively). Although the combination of BJ and CAF led
to small, non-significant improvements in V, __and W__.compared to either supplement alone (1.5-2.7%),
these differences may reflect true but undetected effects due to limited statistical power and individual variability.
Repetition count to failure, however, did not differ across conditions, suggesting that enhancements in power
output may not necessarily translate into improved muscular endurance. This discrepancy may be explained by
the distinct physiological determinants of each measure (e.g., peripheral fatigue tolerance, substrate availability
or neuromuscular efficiency) and may reflect that V. and W __ may be more sensitive indicators of subtle
ergogenic effects than repetition count alone. Therefore, to our knowledge, no previous study has evaluated the
potential additive effect of these supplements, particularly in resistance exercise. Consequently, although future
studies with larger sample sizes and more fatigue-sensitive protocols may help clarify the potential additive
effects of combined supplementation, the co-ingestion of caffeine and beetroot juice may constitute an effective
dietary supplement protocol under conditions where fatigue affects the skeletal muscles’ ability to preserve force
and power production during repeated muscle contraction.

Limitations

Finally, while this study provides novel insights into the combined and isolated effects of beetroot juice and
caffeine on resistance exercise performance, some limitations should be acknowledged. A major limitation
was the inability to measure plasma levels of nitrate and caffeine. This restricts our ability to confirm whether
the supplementation protocols effectively elevated systemic concentrations of these substances, or to verify
individual variability in absorption and metabolism. Consequently, we cannot entirely rule out differences in
pharmacokinetics that might have influenced the ergogenic responses observed.

Additionally, although participants were instructed to replicate their diet and abstain from foods rich in
nitrates and caffeine, as well as to avoid oral hygiene practices that might interfere with nitrate reduction, we
cannot completely eliminate the possibility of residual dietary intake or differences in oral microbiota that could
act as confounding factors. Nonetheless, rigorous control measures, such as a triple-blind, randomized, and
crossover design, strict pre-trial dietary restrictions, and standardized testing protocols, were implemented to
minimize potential biases and variability.

Finally, it should be noted that the fixed testing sequence, with muscular endurance preceding strength/power
assessments, may have introduced a degree of fatigue that could potentially influence subsequent performance
outcomes, despite standardized rest periods.

Future studies including blood sampling to confirm plasma nitrate and caffeine concentrations would
strengthen the interpretation of the physiological responses to these supplements. Additionally, it would be
beneficial to explore the combined effects of these supplements in larger sample sizes, exploring different
populations (e.g., female athletes or non-resistance-trained individuals) and varying dosages of these supplements
(e.g., 16.8 mmol of nitrates and 6 mg/kg of caffeine).

Conclusions

In conclusion, acute caffeine but not beetroot juice intake improves velocity and power production, particularly
at high loads (75-100%1RM) and in lower-body (i.e., back squat) but not in upper-body exercises (i.e., bench
press). In contrast, the single but particularly combined acute intake of beetroot juice and caffeine increase the
number of repetitions, mean velocity and power production in muscular endurance at 65%1RM in back squat
exercise. Therefore, in resistance-trained males, the combined beetroot juice and caffeine intake may produce a
summative effect in fatiguing tasks where velocity and power production are required to be maintained.

Practical applications

The findings of this study have important implications for sports nutrition and resistance training practices.
Firstly, acute caffeine intake at a moderate dose (3 mg/kg) can enhance muscular strength and power,
particularly in lower-body exercises at high loads (75-100% 1RM). Thus, athletes aiming to maximize peak
force production and velocity during strength-focused training or competition might benefit from strategic
caffeine supplementation.

Secondly, both beetroot juice (6.5 mmol NO;~) and caffeine supplementation improved muscular endurance
performance during back squat exercises at 65% 1RM, with combined supplementation producing a slightly
superior effect on maintaining mean velocity and power output under fatigue. Therefore, in disciplines requiring
repeated high-intensity efforts (e.g., CrossFit or rugby), combined ingestion of beetroot juice and caffeine before
competition or training could help maintain performance under conditions of muscular fatigue.

Given that no improvements were observed in upper-body exercises (bench press), these strategies should be
specifically recommended for activities with a greater reliance on lower-body strength and endurance. Finally,
athletes and coaches should consider timing the supplementation appropriately (e.g., caffeine 60 min and
beetroot juice 180 min before activity) to optimize ergogenic effects.
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Methods

Participants

Thirteen male resistance-trained individuals (age, 23.8 £ 4.9 years; body mass, 73.4 7.8 kg; training experience,
4.6+3.3 years and 4.6+ 1.3 sessions/week; bench press (1RM/kg body mass), 1.25+0.3; back squat (1IRM/kg
body mass), 1.85+0.4) participated in this study being recruited in a 2 month period of time.

The inclusion/exclusion criteria for this study were as follows: (a) participants aged between 18 and 35 years;
(b) absence of neuromuscular, musculoskeletal, neurological, immunological, or cardio-metabolic disorders; (c)
a minimum of 8 months of experience in resistance training, with a training frequency of at least 3 days per week
over the past 3 months, as confirmed by a questionnaire; (d) no use of tobacco®, vaper, or taking any medication
known to interfere with stomach acid production, drug, stimulant or any other sports supplement during the
trial that may interfere neuromuscular performance. Consumption of caffeine was not considered an inclusion
or exclusion criterion; however, in the pre-trial 24-h recall, participants reported a caffeine intake of 6.9 £ 6.2 mg/
kg/day, classifying them as high caffeine consumers®.

Before study enrolment, all procedures potential risks or discomfort associated with the experiments were
explained to participants, and after solving any doubts related to the experiment, they gave their written informed
consent. The study design and protocol adhered to the tenets of the Declaration of Helsinki and was approved
by the University Ethical Committee of Investigation (CEIP/2023/4/093) and registered at ClinicalTrial.gov
(NCT06596395).

Experimental design

The study design was randomized, triple-blind, cross-over and placebo-controlled. Participants reported to the
laboratory on 5 occasions at the same time of day (+ 0.5 h) to avoid the potential influence of circadian rhythms
on neuromuscular performance. During the first visit, participants underwent preliminary questionnaires of
dietary and physical activity habits and body composition assessments, and a familiarization session where
they experienced all tests performed in the trials. During visits two to five, participants were assigned to four
conditions: (a) Caffeine (CAF); (b) Beetroot juice (BJ); (c) Caffeine plus beetroot juice (CAF + BJ); (d) Placebo
(PLA). The experimental protocol is illustrated in Supplementary Fig. 1. Each trial was separated by 3 to 7 days.
The order of the trials was randomized according to each participant’s experimental condition (www.randomized.
org). An external researcher elaborated the alphanumeric code assigned to each sequence to blind participants
and researchers during the trials. The codes were unveiled after statistical analysis to blind statistician.

Experimental protocol

Body composition, dietary and physical activity habits

Body composition was assessed using electric bioimpedance (Tanita MC-780MA, Tanita Corporation of America
Inc. IL, USA). Dietary habits were analyzed using a 24-h dietary recall (i.e., Spanish Food Composition Database
(BEDCA) and CESNID Food composition data tables) while physical activity habits were evaluated using the
International Physical Activity Questionnaire (IPAQ). Dietary habits (energy intake, 2489 + 759 kcal; protein,
1.92 g/kg; carbohydrate, 3.33 g/kg; fat, 1.28 g/kg), physical activity habits (physical activity, 4983 +457 METs-
min/week; sedentary time, 6.4+ 2.8 h/day) were replicated in the 24 h before each trial. Moreover, 24 h before
the familiarization session and until the end of the trial, participants were encouraged to refrain from stimulants
and alcohol intake. Participants were also instructed to abstain from all caffeine-containing foods, beverages,
and supplements for 24 h before each testing session to minimize potential variability related to habitual caffeine
intake and to standardize baseline caffeine levels across conditions. Besides, Dietary NO,~ intake was restricted
by providing subjects with a list of foods rich in NO,™ (e.g., beetroot, celery, or spinach) that they should avoid
in the 48 h before each trial session. Participants were encouraged to avoid brushing their teeth or using any
oral antiseptic rinse, or chewing gum or ingesting sweets that could alter their oral microbiota and interfere with
NO,™ reduction during the 24 h leading up to each experimental trial.

Supplementation protocol

The supplementation protocol started 180 min before the trial. Participants ingested 70 mL of concentrated
NO, -rich (BJ, 6.5 mmol NO,") or NO, -depleted (PLA,~0.04 mmol NO,") beetroot juice (Beet IT; James
White Drinks Ltd., Ipswich, UK). Then, 60 min before the trial, participants ingested caffeine (CAF, 3 mg/kg,
HSN, Granada, Spain) or placebo (PLA, 3 mg/kg, maltodextrin), dissolved in 150 ml of tap water adding a
flavoring with no calories to mask the supplements’ flavor and smell (MyProtein, Northwich, UK). The beverages
were provided in opaque shaker bottles.

One-repetition maximum (1RM)

1-repetition maximum (1RM) of bench press and back squat exercises were obtained during the first visit to
determine the load (kg) corresponding to 25%, 50%, 75%, 90% and 100% 1RM for each participant in a Smith
machine (Multipower, Technogym, Spain). The 1RM protocol was initiated with a load set at 20 kg. This load
was increased by 15-10 kg until mean velocity (V, .. ) reached 0.2 m/s in bench press and 0.4 m/s in back squat
using a linear transductor (Encoder, Chronojump Boscosystem, Spain)'®. Then, smaller increments (< 5 kg) were
adjusted to determine the IRM. After 20 min of passive recovery, participants carried out a familiarization

session, performing the same test in the same order as in the experimental trials.

Muscular strength and power

After a standardized warm-up of 10 min of dynamic stretches and joint mobilization exercises, the participants
initiated the muscular strength and power test. The test consisted of the measurement of bar velocity
displacement in a Smith machine (Multipower, Technogym, Spain), with a linear encoder attached to the bar
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(Encoder, Chronojump Boscosystem, Spain) to measure muscular mean, peak and time to reach peak velocity
(Viean Voear 20d Time to V) and power output (W, WPeak and Time to W __ ) at five incremental loads
25%, 50%), 75%, 90% and 108% 1RM for bench press and back squat exercises. On each trial, three attempts were
executed to 25%1RM, two to 50%1RM and one for 75%, 90% and 100% 1RM. On each attempt, participants
were instructed to perform the eccentric phase in a controlled manner, pause for 2 s in the isometric phase, and
then execute the concentric phase at the maximal velocity possible, ensuring a similar range of movement for

each exercise®”. Three minutes of passive recovery were allowed between sets and exercises.

Muscular endurance

Participants were required to complete one set at 65% 1RM in bench press and back squat exercise, performing
as many repetitions as possible until task failure. The order of the exercise types and loads was always the same
on each trial. On each attempt, participants were instructed to perform the eccentric phase in a controlled
manner, pause for 2 s in the isometric phase, and then execute the concentric phase at maximum velocity,
ensuring a similar range of movement for each exercise. Each set or exercise was interposed by 5 min of passive
recovery. The number of repetitions, as well as mean, peak and time to reach peak velocity and power output
were obtained from each repetition and averaged. On each participant, the number of repetitions selected to
average velocity and power variables were the lower performed on any of the experimental conditions.

Isometric strength and vertical jump test

The isometric handgrip and isometric mid-thigh pull tests were performed using handgrip and back/legs
dynamometers (Grip-D, Takei, Japan). Each test was repeated two times, maintaining maximal muscular tension
for five seconds on each attempt and allowing 30 s of passive recovery and the best attempt performed was
recorded for subsequent analysis.

Vertical jump ability was assessed using countermovement jump (CM], without arm swing) tests performed
on a force platform (Kistler 9229A, Winterthur, Switzerland). Participants completed three attempts for each
test, allowing one minute of passive recovery and recording the average and best attempt performed by each
participant.

Questionnaires and scales

At the end of the familiarization and the trials, participants were required to fill out a questionnaire about their
perception of power, endurance, energy and exertion, as well as heart, muscular and gastrointestinal discomfort.
This questionnaire included a 1- to 5-point scale to assess each item. Participants were previously informed that
1 point meant the minimal amount of that item and 5 points meant the maximal amount of the item. Moreover,
Participants’ mood was assessed using a reduced version of the profile of mood states questionnaire (POMS)%.
Participants graded a set of 29 items related to the mood on a Likert scale from 0 (not at all) to 4 (extremely) in
reply to the question "How do you feel at this moment?" to assess six scales: tension, depression, anger, vigor,
fatigue and confusion. Additionally, a specific question to evaluate the blinding procedure was also included.

Statistical analysis

The sample size calculation revealed that 12 participants were sufficient for the purpose of the study to show an
effect size 0f 0.45 (a=0.05; 1 — $=0.80) (v3.1, G*power, Dusseldorf University, Germany); finally, 14 participants
were recruited and finally 13 took part in the investigation.

Data collected in the study were analyzed using the statistical package SPSS v29.0 (SPSS Inc., Chicago, IL,
USA) and figures were generated using GraphPad Prism (v8, GraphPad Software Inc., La Jolla, CA, USA). Firstly,
the Shapiro-Wilk test was used to assess whether the data followed a normal distribution. At a significance level
(a) of 0.05, the resulting p-value was greater than 0.05, indicating that the assumption of normality was not
violated. Muscular strength/power was analyzed using a two-way ANOVA for repeated measures according
to supplements (CAE, BJ, CAF+B]J and PLA), load (25, 50, 75, 90 and 100%1RM) for each exercise type.
Muscular endurance was analyzed using a one-way ANOVA for repeated measures according to supplement
(CAEF BJ, CAF+BJ and PLA) using the only load measured (65%1RM) for each exercise type. Mauchly’s test
of sphericity was conducted to assess the assumption of sphericity required for repeated-measures ANOVA.
When the assumption of sphericity was violated (i.e., P <0.05), the degrees of freedom were corrected using
the Greenhouse-Geisser adjustment. In cases where the Greenhouse-Geisser epsilon exceeded 0.75, the
Huynh-Feldt correction was applied. Holm-Bonferroni correction was used as a post hoc test when the main
or interaction effect was identified in the ANOVA and when pairwise comparisons were conducted. Finally, the
McNemar test was also used to detect differences in side effects after beverage intake.

Values are reported as mean + standard deviation (SD). The significance level was set at P <0.05. Effect size
(ES) was calculated as partial eta squared statistic (qu) for the two-way repeated measures and Hedges’s (g) for
partial comparisons.

Data availability
The dataset used and analyzed during the current study is available from the corresponding author on reasonable
request.
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