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Abstract

Despite the numerous scientific evidence on the topic, there is no
clear and consistent answer that clarifies the true effects of beet-
root juice (BJ) supplementation on different types of physical per-
formance. This study examined whether an acute intake of BJ im-
proves swimming performance, physiological variables of anaer-
obic metabolism, or subjective measures during high-intensity in-
terval exercise with incomplete rest in competitive swimmers.
Eighteen competitive swimmers (nine females and nine males)
participated in this cross-over randomized, placebo-controlled,
double-blind and counterbalanced study. In two trials, swimmers
ingested BJ (70 mL, 6.4 mmol/400 mg NO3-) or placebo (PLA)
(70 mL, 0.04 mmol/3 mg NO3-) three hours before a 2x6x100 m
maximal effort with 40 seconds rest between repetitions and three
minutes between blocks. The 100 m times showed no differences
between groups (p > 0.05), but there was an interaction between
blockxrepetitionxcondition (Fs= 3.10; p = 0.046; np?>= 0.54), in-
dicating that the BJ group decreased the time of the sixth repeti-
tion of block2 compared to blockl (p =0.01). Lactate concentra-
tion showed no differences between conditions (p > 0.05), but
there was a main effect of block (np?= 0.60) and a blockxrepeti-
tion interaction (np*= 0.70), indicating higher values in block2
and increasing values between repetitions in block1. The subjec-
tive scales, perception of exertion (RPE) and Total Quality Re-
covery (TQR), showed no effects of condition (p > 0.05), but BJ
swimmers had a greater TQR in the last repetitions of each block.
In conclusion, a single dose of BJ did not enhance intermittent
swimming performance or modified the physiological (lactate
and heart rate) or subjective (RPE and TQR) variables; although
there was a possible positive effect on the exercise tolerance at
the end of effort.

Key words: Nitrate, ergogenic aids, intermittent efforts, swim-
ming performance, exercise tolerance.

Introduction

In competitive swimming, 81% of the events on the Olym-
pic schedule are 200m races or shorter, typically lasting no
more than two and a half minutes. However, in contrast to
these relatively brief times, the in-water training volume of
young competitive swimmers (aged 13 - 17) can tradition-
ally range from 4,000 m to 7,000 m per session (Amara et
al., 2022) with a large proportion of the weekly training
volume usually performed at low intensities (Mujika,
1998). In recent years, the effects of high-intensity interval
training in competitive swimmers have been investigated
and the results suggest similar performance responses

compared to traditional higher volume training (Nugent et
al., 2017). In a study by Clemente-Suarez, et al. (2018), af-
ter ten weeks of traditional training based on high training
volume and low intensity, there was no benefit compared
to ten weeks of reverse training based on lower training
volume and higher intensity (Clemente-Suarez et al.,
2018).

In addition to high-intensity interval work, another
strategy used by athletes to improve performance is the use
of sports supplements (SS), with swimmers being no ex-
ception. In a recent study, 86.9% of the sample of national
and international swimmers had used SS on regular basis,
with no differences between men and women (Moreno et
al.,2022). Although there is a wide variety of supplements
on the market, the Australian Institute of Sport (AIS) clas-
sifies them into four groups (A-B-C-D) from highest to
lowest level of scientific evidence, with group A having the
most evidence and group D having the least (AIS, 2022).
One of the SS that the AIS classifies as Group A is dietary
nitrate. Nitrate is continuously produced in our bodies as a
result of the oxidation of the amino acid arginine to nitric
oxide (NO) (Silva et al., 2022).

There is reason to believe that improving NO bioa-
vailability by increasing the nitrate-nitrite-NO pathway
may influence muscle function and exercise performance
(Jones et al., 2003). Nitrate and nitrite are the main sub-
strates to produce NO via the NO synthase (NOS)-
independent pathway. Inhibition of NOS, which would re-
duce endogenous NO production, could regulate blood
flow and increase oxygen consumption (Bescos et al.,
2012). In addition, it has been suggested that L-citrulline
could be an alternative NO donor in the NOS-dependent
pathway, as it can increase L-arginine levels, which is also
a participant in the NOS-dependent pathway (Bescoés et al.,
2012) and could improve the respiratory response and the
maximal power in relation to body mass (Koppo et al.,
2009). Increasing dietary nitrate intake or using a nitrate
supplement, such as beetroot juice (BJ), may increase NO
bioavailability and have the potential to improve exercise
performance in situations where NO production may be
impaired (Lowings et al., 2017), like in high-intensity in-
tervallic efforts with a predominant oxidative metabolism
(Dominguez et al., 2018). In fact, the levels of nitrate intake
reported in humans through diet are much lower than those
ingested with a 70 mL nitrate shot, as was the case in our
study (Jonvik et al., 2017). There is evidence that nitrate
supplementation may be particularly effective in reducing
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muscle fatigue associated with high-intensity exercise by a
selective physiological efficacy of nitrates in type II (fast
twitch) muscle (Jones et al., 2016). The nitrate supplemen-
tation may help to restore the phosphocreatine stores, pre-
vent their depletion during repeated efforts and limit the
accumulation of metabolites such as adenosine diphos-
phate (ADP) and inorganic phosphates, which are known
to induce muscle fatigue (Dominguez et al., 2018). Conse-
quently, the use of BJ could have ergogenic effects that
may increase time to exhaustion and, therefore, exercise
tolerance (Bailey et al., 2009).

At present, there is no clear and consistent answer
that clarifies the true effects of BJ on physical performance,
as many studies have been based on lesser-trained athletes
and differ in experimental design in terms of type of phys-
ical exertion, recovery times, and intake protocol. A sys-
tematic review of nine articles on the effects of beet juice
supplementation showed that both acute and chronic sup-
plementation can improve performance during high-inten-
sity, intermittent exercise with short rest periods
(Dominguez et al., 2018). Wylie et al (2016) also found
that BJ could be ergogenic during repeated short duration
sets of maximal intensity cycling sprints, interspersed with
short recovery periods (Wylie et al., 2016). On the other
hand, during a 15-second cycling bout at 170% of maximal
aerobic power output interspersed with 30-second passive
recovery periods, Pawlak-Chaouch et al. (2019) reported
that BJ supplementation did not increase tolerance to su-
pramaximal intensity intermittent exercise. Specifically in
the sport of swimming, few studies have examined the ef-
fects of BJ intake despite the specific characteristics of the
sport (with a partial hypoxia in nature and a more dominant
use of upper-limbs for propulsion) that could enhance or at
least modify the responses to BJ supplementation (Mug-
geridge et al., 2013; Patrician and Schagatay, 2017). With
a similar intake protocol, Pinna et al. (2014) observed sig-
nificant improvement in exercise tolerance during a swim-
ming test to exhaustion with a chronic BJ intake, while
Esen et al. (2018) and Lowings et al., (2017) did not obtain
significant improvements in time trials over 100 and 200m
front-crawl or 168m backstroke performance, respectively.
During a repeated swimming effort of 6x100m with seven
minutes rest, and following an acute BJ ingestion, Moreno
et al. (Moreno et al., 2023) failed to show significant im-
provements in 100m times; although, no information is
available for repeated efforts with reduced recovery times
as typically employed by swimmers during training blocks.

Given the controversial results on the effects of BJ
ingestion on performance, but considering the possible ef-
fect during high-intensity intermittent exercise with short
rest periods in other sport disciplines than swimming
(Dominguez et al., 2018), the aim of our study was to ex-
amined whether an acute intake of BJ improves swimming
performance, physiological variables of anaerobic metabo-
lism, or subjective measures during high-intensity interval
exercise with incomplete rest in competitive swimmers. In
this regard, we hypothesized that an acute BJ ingestion pro-
tocol could show an improvement in overall performance
or, at least, in the exercise tolerance compared to the
control group during a high-intensity intermittent swim-
ming effort with incomplete rests.

Methods

Participants

Eighteen competitive swimmers, nine females (17.11 =+
1.05 years old, 1.71 £ 1.41 m and 55 + 1.41 kg) and nine
males (17.00 + 1.32 years old, 1.78 = 8.29 m and 69.33 +
10.02 kg) participated in this study. They were part of a
training program of at least 18 hours per week in the water
(approximately 40 - 50 km/week), 5 hours per week out of
the water, and had at least 4 years of competitive experi-
ence. Their average personal best times corresponded to
level 3 (national level) according to Ruiz-Navarro et al.
(Ruiz-Navarro et al., 2023). Written informed consent was
obtained from all participants and their legal guardians af-
ter they were informed of the method and purpose of the
study. The experimental protocol was approved by the lo-
cal University Ethics Committee (No. 79/2022) and com-
plied with the recommendations of the Declaration of Hel-
sinki.

Experimental design

The experiment was a cross-over study with randomized,
placebo-controlled, double-blind, and counterbalanced de-
sign. An external researcher randomized the drinks of all
participants to eliminate any order effects (Research Ran-
domizer, https://www.randomizer.org). The ClinicalTri-
als.gov identifier was NCT05657093. In the first session,
ten swimmers consumed the BJ supplement and eight con-
sumed a placebo (PLA). Each participant completed two
sessions, separated by 7 days to allow for recovery and
washout of the substance, in their usual training pool and
under the same experimental conditions (i.e., same time of
day). The pool was indoor, 50x25 meters, with a water tem-
perature of 27°C on both days.

Procedure

In both experimental conditions, the swimmers ingested
the Beetroot Juice (BJ) in a pocket-sized delivers; BJ (70
mL, 6.4 mmol/400 mg NO3-; Beet-It-Pro Elite Shot; James
White Drinks Ltd., Ipswich, UK) or PLA (70 mL, 0.04
mmol/3 mg NO3-), matched in flavour, dosage, appear-
ance, and packaging as described elsewhere (Cuenca et al.,
2018; Lopez-Samanes et al., 2020). In line with previous
studies (Cuenca et al., 2018; Lopez-Samanes et al., 2020;
Silva et al., 2022), the juice intake was done for all swim-
mers three hours before the swimming test (Figure 1). This
ensured a peak of nitrate levels during the exercise test, as
reported in Wylie et al. (2013). The day before the test,
swimmers followed an intake protocol of approximately
60% carbohydrate, 30% fat and 10% protein, with a list of
NO3-rich foods (e.g., beets, celery, spinach) to be elimi-
nated from the diet (Lopez-Samanes et al., 2020). In addi-
tion, swimmers avoided brushing their teeth, using mouth-
wash, chewing gum, and consuming sweets, stimulants
(e.g., caffeine), or alcohol, all of which could alter the oral
microbiota and interfere with NO3- reduction, for 24 h
prior to the experiments (Lopez-Samanes et al., 2020). To
determine whether participants had identified which day
they had ingested the BJand/or PLA they were asked
"What do you think you ingested?" at the end of each con-
dition (Lopez-Samanes et al., 2020). Less than half of the
participants correctly guessed which group they belonged
to.
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Figure 1. Diagram of the intervention procedure. BJ: Beetroot Juice; PLA: placebo; HR: Heart Rate; RPE: Rate of Perceived Exertion; TQR:
Total Quality Recovery Scale; CMJ: Counter Movement Jump; Tp: Partial Time; TT: Total Time; SR: Stroke Rate.

Before starting the swimming test, the swimmers'
resting lactate was measured (Lactate Pro2 lactate ana-
lyzer; Arkray, Shiga, Japan) to ensure similar baseline con-
ditions before each test. A record sheet was used to record
what the swimmers had for dinner the night before the ex-
periment, so that they could be reminded of this before the
second experiment.

After the resting values were measured, the swim-
mers performed 3 repetitions of the counter movement
jump (CMJ) with hands on waist and 45 s of passive recov-
ery using an infrared jump system (Optojump Next; Micro-
gate, Bolzano, Italy). This CMJ measure was included as
an indicator of general fatigue of athletes (Gathercole et al.,
2015). The swimming test consisted of 2 blocks of 6 x 100
m front crawl at maximal effort with push start (Trinidad
et al., 2022). Recovery time between 100m repetitions was
40 seconds, while a rest period of 3 minutes was allowed
between the first and second blocks. To ensure accurate
timing, two experienced coaches recorded split and total
times for each 100m repetition, which were then given to
the swimmers during the recovery period. The Finnis Chro-
nometer 3x100 digital stopwatch (Seiko SVAS003, Seiko
Watch Corporation, Japan) was utilized to record and av-
erage the times. This training set represented a typical
training exercise for middle-distance competitive swim-
mers when aiming for intensity zones 3 and 4 (above 4
mmol.L-1), as previously reported (Hellard et al., 2017).

Blood lactate concentrations were measured twice.
During the even repetitions, when the swimmers com-
pleted the repetition, and during the three minutes rest pe-
riod before the start of block 2. Heart rate was also meas-
ured with a Geonaute Oxylane-4 heart rate monitor at the
end of each block and also after the rest period before the
start of the next block.

The perceived exertion scale (RPE) with Borg's CR-
10 category ratio scale was given to the swimmers on a
laminated board so that they could identify their perceived
exertion at the end of the repetition (Borg, 1982). The
recovery quality scale (TQR) with Kentta's scale was
measured after each 100 m repetition, just before the start
of the next repetition (Kenttd and Hassmén, 1998). Finally,
the swimmers performed three CMJ jumps after the test,
following the same procedure as before the test.

Statistical Analysis

Statistical tests were performed using IBM SPSS Statistics
for Macintosh (version 26.0; IBM Corp., Armonk, NY).
Assuming an alpha level of 0.05 and B of 0.80, the sample
size was estimated at 18 participants using G*Power soft-
ware (Faul et al., 2007). A Shapiro-Wilk test was per-
formed to determine whether the distribution of the data
met the assumption of normality. A three-way repeated
measures analysis of variance (condition: BJ or PLA,
block: first or second, repetition: first to sixth) was then
used to identify effects on the dependent variables. As-
sumptions of variance and sphericity were tested using
Levene's and Mauchly's tests, respectively. Partial eta
squared (np2) was used as an effect size indicator, and it
was classified as 0.01 - 0.1 small effect, 0.11 - 0.15 medium
effect, and 0.16 - 1 large effect (Pierce et al., 2004). Bon-
ferroni post hoc test was used to check pairwise compari-
sons. The significance level was set at p < 0.05.

Results

Overall, the partial and total times during the 2 x 6 x 100
m test showed no differences (p > 0.05) between the PLA
and BJ conditions. However, for total times, there was a
blockxrepetitionxcondition interaction (Fs = 3.10; p =
0.046; np? = 0.54), suggesting that swimmers in the BJ
group reduced the time of the sixth repetition of block 2
compared to block 1 (p = 0.011) (Figure 2). In addition,
there was a main effect of repetitions on both partial (Fs=
10.45; p < 0.001; np? = 0.80) and total (Fs= 11.71; p <
0.001; np?= 0.82) times, pointing out that swimmers in the
BJ group performed longer times in the second through
fifth repetitions compared to the first (all p < 0.005) in the
total times of block 2.

There were no differences between conditions in
blood lactate concentrations measured at the end of the 100
m paired repetitions (p > 0.05) (Table 1). The main effects
were between blocks (F1=19.79; p=0.001; np>= 0.60),
between repetitions (F3 = 9.57; p = 0.002; np?>= 0.72) and
between blockxrepetition interaction (F = 8.52; p = 0.003;
np?= 0.70), being lactate concentrations higher in all repe-
titions of block 2 compared to block 1 (except for the 6th
repetition of the PLA condition) and increasing lactate
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Figure 2. Total and partial times (mean + standard deviation) of competitive swimmers in BJ and PLA condi-

tions during a 2 x 6 x 100m test. BJ: beetroot juice; PLA: pl
BJ. #Significant differences with respect to the 1st repetition.

Table 1. Physiological variables (mean + standard devi
ina2x6x100m swim test.

acebo. *Difference between blocks for the 6th repetition in condition

ation) in beetroot juice (BJ) and placebo (PLA) conditions

Block 1
2nd 4th 6th Rest
Lactate BJ 493 4+ 1.95% 7.31 £ 2.60#* 8.99 £ 2.67#* 8.15+297
PLA 5.67+220% 7.14 £2.70% 8.36+2.21# 727 £2.48*#
Heart rate BJ 157.29 £ 12.11 11429 £ 10.61#
PLA 154.71 £21.75 110.71 £9.13#
Block 2
Lactate BJ 9.56 +3.32 10.16 £3.77 11.05+3.81 9.77 £4.28
PLA 9.11+2.96 9.09 £2.67 991 +£4.10 9.23 +3.64
Heart rate BJ 160.06 =21.33 110.71 £9.13#
PLA 157.24 £ 13.35 111 +9.9#

* Different values (p<0.05) than block 2 in the same condition. # Different values (p<0.05) from previous rep-

etition in the same block and condition.

values between repetitions were detected only in block 1.
For heart rate and CMJ (Pre-Post Apra 1.64 £ 2.77cm; Agy
0.84 £ 2.31cm), no variations were found between condi-
tions (p > 0.05), although the resting values for HR were
lower than the values at the end of the sixth repetition of

each block (Table 1).

In the cases of RPE and TQR variables, no main ef-
fects of condition were detected (p > 0.05). However, there
was a block (F;=31.83; p <0.001; np>= 0.68 for RPE and
F1=22.40; p <0.001; np>= 0.58 for TQR), repetition (Fs=
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31.26; p < 0.001; np?= 0.93 for RPE and F, = 10.72; p <
0.001; np?= 0.82 for TQR), and blockxrepetition interac-
tion (Fs=7.19; p = 0.003; np*>= 0. 77 for RPE). RPE was
lower in all repetitions of block 1 compared to block 2 (ex-
cept for the first and second repetitions of the BJ condition)
and no changes in RPE were detected between repetitions
of block 1 for the BJ group and between repetitions of
block 2 for the PLA group (Table 2). As far TQR scale is

concerned, post hoc comparisons revealed no changes in
recovery perception between consecutive repetitions for BJ
swimmers, but a lower recovery perception for PLA swim-
mers in the sixth repetition of block 1 and in the fifth and
sixth repetitions of block 2. In addition, all swimmers
showed a lower recovery perception before the third, fourth
and fifth repetitions of block 2 compared to block 1 (Table
2).

Table 2. Descriptive data of the RPE and TQR subjective scales (mean * standard deviation) in the beetroot juice (BJ) and

placebo (PLA) conditions in a 2 x 6 x 100m swimming test.

Block 1
1st 2nd 3rd 4th 5th 6™"/Rest

Lactate BJ 13.22+2.30 14.11 £2.90 14.39 +£2.83%* 15.11 £2.56* 15.61 £2.50* 16.28 +2.10*
PLA  11.38+2.72*  13.06 £ 2.46#* 1422 £2.13* 14.83 £2.20* 15.33 £2.00* 16.06 + 1.62*
Heart rate BJ 13.47 +3.47 13.18 +3.41 12.53 £3.00* 11.88 +2.7* 12.94 +3.07* 13.65 £ 3.16
PLA 14.12 £ 3.00 13.41 £2.58 12.35 £2.29* 12.12 £2.7* 1147 £2.21* 14.47 + 2.93#

Block 2
Lactate BJ 14.33 £2.30 14.72 £2.08 16.83 + 1.72# 17.00 +2.08 17.78 £ 1.48# 18.44 + 1.38#
PLA 15.22+2.04 15.06 £ 2.38 17.00 +£2.10 17.11+£1.78 17.56 + 1.85 18.22 +1.73
Heart rate BJ 13.06 £ 2.41 12.18 +£2.98 10.76 £2.14 10.12+£2.18 9.71+2.14 12.00 £ 3.52
PLA 13.00 + 2.83 12.06 £ 2.51 11.00 £ 2.94 9.88 +2.32 924 +2.11# 13.59 £ 2.57#

*Different values (p<0.05) than block 2 in the same condition. #Different values (p<0.05) from previous repetition in the same block

and condition.
Discussion

The aim of the present study was to determine whether an
acute intake of BJ could improve performance during a
high-intensity intermittent effort in competitive swimmers.
The results did not confirm any overall performance differ-
ences between the PLA and BJ groups. However, there was
a potential ergogenic effect on exercise tolerance at the end
of interval exercise.

Competitive swimmers in the present study per-
formed 100m swim repetitions in an average time of 75 to
73 seconds for females and 68 to 66 seconds for males,
with no differences regardless of BJ or PLA conditions.
This is consistent with previous studies in swimming,
which found no beneficial effects on swimmers' perfor-
mance after BJ ingestion (Lowings et al., 2017; Esen et al.,
2018; Moreno et al., 2023), even when the swim distance
and thus the type of effort (Moreno et al., 2023), ingestion
protocol (Lowings et al., 2017; Moreno et al., 2023), and
rest conditions were matched (Esen et al., 2018; Moreno et
al., 2023). Nevertheless, by consuming BJ in the present
study, swimmers were able to reduce their times of the last
repetition in block 2 compared to block 1. The average
magnitude of these differences reached 0.20 units of the
standard deviation of 100m times (calculated as effect
size), which would correspond to a percentile gain of eight
positions (Marzano et al., 2011) for a given sample of com-
petitive swimmers. This improvement could be related to a
ergogenic effect of BJ in the later phases of the effort, as
others have shown in prolonging the time to exhaustion
(Lowings et al., 2017; Behrens CE Jr. et al., 2020) or de-
tecting a possible improvement in the last part of a 168m
swimming effort (Lowings et al., 2017). An increased
blood flow through vasodilation as well as a lower blood
pressure following nitrates supplementation (Anderson et
al., 2022) could reduce the cardiovascular stress and in-
crease the efficiency of oxygen utilization, potentially
speeding recovery (Bailey et al., 2009). One can argue, the

improved performance of swimmers after BJ ingestion in
the last repetition of the intermittent bout could also be re-
lated to their effort regulation in the previous repetitions
(Figure 2), as the pace profile over the six 100m repetitions
showed a parabolic pattern typically observed in middle-
distance swimming events (Mauger et al., 2012; Mytton et
al., 2015). However, this hypothesis does not seem to be
supported by the subjective variables between groups (Ta-
ble 2).

The lack of overall differences in swimming perfor-
mance was supported by no differences in blood lactate
concentrations between conditions during the high-inten-
sity efforts with incomplete recovery (Table 1). These find-
ings support previous studies that described no effects of
BJ supplementation on lactate concentration after high-in-
tensity intermittent exercise in competitive swimmers over
the same swimming distances (Moreno et al., 2023), nor in
other sports like tackwondo during an anaerobic effort (Mi-
raftabi et al., 2021), team sports after an intense intermit-
tent effort undergoing a yo-yo test (Wylie et al., 2013).
Acute ingestion of nitrates has been shown to reduce the
0?2 cost during submaximal exercise, thereby reducing the
physiological load by reducing the contribution of sub-
strate-level phosphorylation and lactate production during
exercise (Jones et al., 2014). Furthermore, BJ supplemen-
tation has been shown to increase microvascular PO? in rat
type Il muscle during submaximal exercise, thereby en-
hancing capillary-myofibril oxygen exchange and allowing
for better maintenance of intramuscular homeostasis (Fer-
guson et al., 2013; 2015). By improving oxidative func-
tion, this mechanism may be important in delaying lactate
accumulation during high-intensity exercise (Krustrup et
al., 2004). Our results do not support this argument, as
there was no complete recovery between efforts following
recommendations for high-intensity interval training in
competitive swimmers (Kilen et al., 2014). Therefore, we
could speculate that during longer intervals (>3 min),
which rely more on oxidative phosphorylation, acute BJ
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ingestion could potentially have ergogenic effects on per-
formance, as shown by other authors (Dominguez et al.,
2018). However, this hypothesis does not hold in view of
the results obtained in other competitive swimmers with
similar training workloads and performance levels
(Moreno et al., 2023).

Regarding the values of the subjective scales RPE
and TQR, in line with CMJ results as an indicator of gen-
eral fatigue of athletes, there were no overall differences
between the conditions. However, the swimmers in the BJ
group (in contrast to the PLA group) started block 2 with
similar RPE values as in block 1 whereas the PLA group
(unlike the BJ group) showed a lower perceived recovery
(TQR) in the final repetitions of each block (Table 2). Pos-
sible improvements in performance during this type of ef-
fort have been linked to a faster resynthesis of phosphocre-
atine. It is speculated that the ingestion of beetroot juice
may delay depletion during repetitive exercise efforts
(Dominguez et al., 2018). Since BJ may have an ergogenic
effect on efforts with an oxidative metabolic component,
as shown in the study by Mosher et al (Mosher et al., 2016),
it is possible that the supplement accelerates this recovery,
thereby delaying the onset of fatigue. This may be one of
the reasons why our swimmers in the BJ group had better
RPE and TQR than those in the PLA group.

The present results provided valuable information
about the swimmers' performance at the end of a 2 x 6 x
100 at maximal effort, suggesting that BJ supplementation
may provide improvements in exercise tolerance or subjec-
tive sensation during the later phases of training. That said,
physiological measures other than lactate or heart rate may
help to understand how BJ affects swimmers. But, overall,
considering the small differences between successful and
unsuccessful performance at the competitive level (Born et
al., 2022), a possible ergogenic effect of BJ on exercise tol-
erance could play a role on the competitive outcome of
high-level swimmers. Future research in this area is en-
couraged to conduct tests with incomplete rest periods but
with chronic BJ ingestion to determine if this might pro-
duce different results. For example, it is unknown whether
higher doses of BJ (i.e., ~12.5 mmol) or multi-day supple-
mentation (i.e., 3 or 7 days) could produce an ergogenic
effect on performance in elite swimmers. In addition, data
about the nitrate absorption through plasma and/or saliva
levels could increase the understanding of the experimental
results about BJ supplementation.

Conclusion

The results of our study point out that acute ingestion of BJ
three hours prior to a high-intensity 2 x 6 x 100 test with
reduced recovery did not significantly affect the overall ex-
ercise performance, physiological variables of anaerobic
metabolism, or subjective measures of fatigue/recovery of
swimmers. However, an improvement in the perceived
recovery at the end of the interval effort was observed that
could be connected to a potential positive effect of BJ sup-
plementation in the performance of the final effort repeti-
tion.
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Key points

e The effect of an acute dose of beet juice three hours before
a high-intensity 2 x 6 x 100 test with reduced recovery, as
typically used during training blocks, was tested in compet-
itive swimmers.

e The BJ supplementation did not significantly affect the
overall performance of competitive swimmers or their phys-
iological variables.

e However, an improvement in perceived recovery (TQR) at
the end of the interval effort was noted for the BJ group,
suggesting an improvement in exercise tolerance that may
play a role in the competitive outcome of competitive swim-
mers.
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