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Abstract: Studies have shown that nitrate (NOs")-rich beetroot juice (B]) supplementation improves
endurance and high-intensity intermittent exercise. The dose-response effects on taekwondo
following BJ supplementation are yet to be determined. This study aimed to investigate two acute
doses of 400 mg of NOs~ (BJ-400) and 800 mg of NOs~ (BJ-800) on taekwondo-specific performance
and cognitive function tests compared with a placebo (PL) and control (CON) conditions. Eight
trained male taekwondo athletes (age: 20 + 4 years, height: 180 + 2 cm, body mass: 64.8 + 4.0 kg)
completed four experimental trials using a randomized, double-blind placebo-controlled design:
BJ-400, BJ-800, PL, and CON. Participants consumed two doses of BJ-400 and BJ-800 or nitrate-
depleted PL at 2.5 h prior to performing the Multiple Frequency Speed of Kick Test (FSKT).
Countermovement jump (CM]) was performed before the (FSKT) and PSTT, whereas cognitive
function was assessed (via the Stroop test) before and after supplementation and 10 min following
PSTT. Blood lactate was collected before the CM]J tests immediately and 3 min after the FSKT and
PSST; rating of perceived exertion (RPE) was recorded during and after both specific taekwondo
tests. No significant differences (p > 0.05), with moderate and large effect sizes, between conditions
were observed for PSTT and FSKT performances. In addition, blood lactate, RPE, heart rate, and
CM]J height were not significantly different among conditions (p > 0.05). However, after the PSTT
test, cognitive function was higher in BJ-400 compared to other treatments (p < 0.05). It was
concluded that acute intake of 400 and 800 mg of NOsrich BJ reported a moderate to large effect
size in anaerobic and aerobic; however, no statistical differences were found in taekwondo-specific
performance.
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1. Introduction

Taekwondo is an Olympic combat sport, with matches contested over three 2 min
rounds separated by 1 min rest. It is a striking sport characterized by repeated high-
intensity bursts of punching and predominantly kicking techniques lasting ~1-5 s,
interspersed by low-intensity bouncing actions lasting ~10-35 s in a range from 1:2-1:7
work-to-rest ratios within each of the rounds [1]. Campos et al. [2] found that adenosine
triphosphate (ATP) resynthesis during taekwondo competition is predominantly
produced via the oxidative energy system (accounting for ~66 + 6% of total energy cost).
However, both anaerobic glycolytic and ATP-PCr systems contribute to energy cost for ~4
+ 2% and ~30 * 6% of total energy expenditure, respectively. Oxidative metabolism is the
primary metabolic pathway during taekwondo combats, but the contribution of non-
oxidative metabolism is likely to be the main source supporting repeated high-intensity
kicking actions [3], which are required to score points and win matches. Nutritional
supplement strategies that may improve performance or recovery as well as aiding
oxidative and/or non-oxidative metabolism relevant in combat sport are of interest to
taekwondo athletes [4]. However, studies have investigated dietary supplements, such as
vitamins [5-7], carbohydrate drinks [8], caffeine [9], creatine monohydrate [10] and
sodium bicarbonate [3,10] in the context of taekwondo, but no studies have analyzed the
possible ergogenic effect of nitrate (NOs")-rich beetroot juice (BJ) supplementation. BJ is
an ergogenic aid that has received increased attention in the last decade, garnering strong
support for enhancing exercise performance [11]. NOs~ is a nitric oxide (NO) precursor
and part of the NOs~—nitrite (NO2)NO pathway [12], shown to modulate various aspects
of physiological mechanisms, including muscle contraction and mechanical efficiency
[13]. Improvements in exercise capacity are suggested to occur due to a lowering of the
cost of ATP to exercising muscles [14,15], increased vasodilation [16], and mitochondrial
respiration, as well as intracellular calcium handling [17]. In addition, B] diminishes the
reduction of phosphocreatine (PCr) for a determined work [18], a mechanism that may
delay the depletion of PCr and favor the restoration of PCr during high-intensity
intermittent efforts [19]. In addition, BJ supplementation may exert a central effect based
on an increased level of tension and subjective vitality at the start of exercise [19,20] and
improved physical performance with the same [21,22] or a lower [20,23] rating of
perceived exertion (RPE). It is mediated by a possible increase in brain perfusion or a
diminution of metabolite accumulation that attenuate activation of III/IV muscle afferent
feedback to the central nervous system and the potential for central fatigue development
[23]. A meta-analysis found that dietary NOs~ supplementation can improve endurance
exercise performance [24] and improve cognitive function during exercises demanding
quick and accurate decisions [25,26]. Additionally, increased power and force production
in fast-twitch fibers [17,27] and improved reaction time [27,28] were reported with intake
of B]. As with all supplements, determining the ideal dose and duration of the intake
protocol is necessary to optimize ergogenic benefits [29]. The International Olympic
Committee (IOC) consensus statement suggests that an effective dosing protocol involves
the acute ingestion of BJ in a range from 5 to 9 mmol (310-560 mg) dietary NOs-, 2-3 h
pre-exercise [11], with lower dosages generally not showing beneficial effects on
performance [30,31].

Taekwondo (and other combat sport) athletes may benefit from acute dietary NOs
ingestion due to the intermittent nature of combat sports [19], and the physical fitness
variables (such as strength, aerobic and anaerobic performance), and the cognitive
functions required for successful performance in competition [1,32] Although positive
effects of NOssupplementation on handgrip strength in jiu-jitsu athletes [33] have been
reported, the ergogenic effects of dietary NOs~ ingestion on taekwondo or other striking
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combat sports performance are yet to be explored. In addition, the study that examined
NOs supplementation on combat sports athletes utilized doses (12 mmol) well above that
known to be generally efficacious in other contexts [33].

Accordingly, the present study aimed to examine the effect of two acute doses of
NOs™ rich BJ (400 mg NOs~vs. 800 mg NOs) on aerobic and anaerobic taekwondo-specific
performance, RPE, blood lactate, and cognitive function. The hypothesis was that the
ingestion of a high dosage (800 mg NOs") would increase taeckwondo performance
compared to a low dosage (400 mg NOs") during specific taekwondo tests. However, high
and low dosage of BJ] supplementation would increase both cognitive function and
exercise performance compared to placebo (PL) and control (CO) conditions.

2. Materials and Methods
2.1. Participants

The study started with 12 black belt male athletes from the Iranian National
Taekwondo League, but four taekwondo athletes could not complete our study due to
injury during the period of the investigation. Therefore, eight athletes (age: 20 + 4 years;
height: 180 + 2 cm; body mass: 64.8 + 4.0 kg) completed the study. All athletes were from
the same club to prevent potential interference/variation caused by different training
programs implemented among taekwondo clubs. The inclusion criteria included: (1) more
than five years of experience in tackwondo; (2) not having consumed any ergogenic aids
including: creatine, beta-alanine, caffeine, sodium bicarbonate, and caffeine content
supplements three months before the study; (3) be training at least five times a week; (4)
be older than 18 years old; (5) not currently having any musculoskeletal injuries. This
study was conducted during the 4-week pre-competition preparation phase. During this
time, participants trained six sessions per week, including three taekwondo-specific
training and three conditioning sessions, including strength training and taekwondo-
specific fitness. The Sport Science Research Institute of Iran approved of current study
(IR.SSRC.REC.1399.062).

2.2. Experimental Design

This study had a randomized, double-blind placebo-controlled crossover design with
five testing sessions at the laboratory. The first session was used to explain the
experimental procedures, take anthropometric measurements, and familiarize with the
Multiple Frequency Speed of Kick Test (FSKT), countermovement jump (CM]), and the
Progressive Specific Taekwondo Test (PSTT). All participants were familiar with the
above specific tests, but under supervision of a qualified coach, the participants repeated
the tests until the coach considered the technique was appropriate. Subsequently,
participants were set to 4 conditions: (1) 60 mL BJ (400 mg NOs-) + 60 mL placebo (PL) (B]J-
400), (2) 60 mL BJ + 60 mL BJ (BJ-800), (3) 60 mL PL + 60 mL PL (PL), and (4) control (CON).
The washout between sessions was seven days, and all measurements were performed
between 10:00 a.m. and 4:30 p.m. at the same day of each week to align with normal
weekly routines [34]. Participants were instructed to prevent strenuous exercise 24 h
before each session. To prevent overreaching, coaches were requested to control the
training volume and intensity throughout the study. The Hooper Index questionnaire was
used before each test to monitor and evaluate the recovery and accumulated fatigue
[34,35]. The experimental design is summarized in Figure 1.
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Figure 1. Schematic representation of the experimental design. BJ, beetroot juice; CM], counter movement jump; FSKT,
Frequency Speed of Kick Test; PSTT, Progressive Specific Taekwondo Test; RPE, rating of perceived exertion.

2.3. Supplementation Protocol and Standardization of Physical Activity and Diet

Participants arrived for the four trials (BJ-400, BJ-800, PL, CON) at the laboratory 3 h
prior to the tests. Two hours and thirty minutes before starting the tests, each participant
ingested either one bottle of 60 mL BJ + one bottle of 60 mL of PL or two bottles of BJ (120
mL) (Red Beet Vinitrox Shot; Sponsor Ltd.; Germany) containing 400 mg NOs- per bottle
or depleted dried powder NOs™ for PL [36]. Based on previous instructions, PL was pre-
pared by dissolving 1 g of dried powder of BJ into one liter of water and adding lemon
juice to mirror the taste of the commercial supplement [36]. Both B] and PL were provided
in identical bottles. Based on the pharmacodynamics of NO:~ after BJ ingestion [37] and
the recommendation of ingesting B] 2.5-3 h before exercise to synchronize with the peak
of plasma NO:[11,29,38], supplementation was given 2.5 h previous to FSKT. In consid-
eration of the anti-bacterial effect in the mouth by oral antiseptics which may prevent the
rise in blood NO: after the intake of NOs, participants were instructed to abstain from
teeth brushing, using mouthwash, chewing gum, or sweets that could contain anti-bacte-
rial substance during the 24 h prior to the test session [36]. Furthermore, a list of dietary
sources rich in NOs~ was given to participants, with instructions to avoid eating those in
the 24 h prior to arriving at the laboratory (i.e., beetroot, celery, arugula, lettuce, spinach,
turnip, endives, leek, parsley, cabbage, etc.). Participants were also instructed to avoid
drinks containing caffeine and nitrate-rich fruits and vegetables 72 h before the tests due
to its potential ergogenic effect. Participants were asked to replicate their food and drink
intake 24 h before each session. On the test day, water was provided ad libitum during
the rest period between the tests, and a standardized snack was ingested four hours before
starting the test consisted of 1.5 g/kg carbohydrate and 20 g protein [35].

2.4. Frequency Speed of Kick Test Multiple

The FSKT included 5 sets of FSKT, and each set’s period was 10 s interspersed with
10 s passive rest. Each athlete had to stay in front of the punching mitt to perform the test.
After the sound signal, athletes performed the maximal number of kicks, alternating right
and left legs. Performance was measured via the number of kicks in each set, the total
number of kicks, and the kick decrement index (KDI) during the test. KDI indicates the
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degree that performance decreases during the test and was calculated based on the num-
ber of kicks performed during five sets of the FSKT [39] using the following equation:

FSKT1 + FSKT2 4 FSKT3 + FSKT4 + FSKT5
KDI (%) = 1-— x 100
Best FSKT x Number of Sets

2.5. Progressive Specific Taekwondo Test

The PSTT used a kick pad and was performed in a 2 m x 2 m area. Kicks had to be
between the navel and nipples height. Participants started the PSTT from the first stage
with six kicks, performed by the right leg alternating between right and left legs, and then
progressively increasing by four kicks in each new stage. Athletes were standing the test
in step (fighting stance hopping). Sound signals set the pace performance with the time
distance interval between each kick fixed for each new stage, intervals decreased for every
new stage, increasing the kicking frequency (more details are provided in the original ref-
erence) [40]. Each athlete continued to pace until exhaustion and received verbal encour-
agement such that participants performed the kicks with maximum power and main-
tained the technical quality of the kicks for the whole duration of the test. Heart rate (HR)
was recorded (Polar H10, Kempele, Finland) every 5 s during the protocol. The HR at the
end of the test was taken as HRpeak. During the PSTT, the highest frequency of kicks was
defined as the peak frequency kick that athletes reached in the last stage. Athletes were
instructed to perform the bandal-tchagui kick on the pad throughout the test. The test was
stopped upon the athlete failing to maintain more than two standard technical kicks or
when the athlete stopped the test [40].

2.6. Counter Movement Jump

Subjects had to perform a maximal CM] via a validated cellphone app, the My jump
2 app [41]. Athletes performed the jump from a start position with extended knees, before
squatting down to 90 knee flexion, with hands in mild pronation and without any subse-
quent arm swing, followed by an immediate jump for maximal height. Knees were ex-
tended during the flight stage, as arms moved down with the elbows extended, and con-
tact with the ground was made with the toes. Athletes CM] were recorded by the cell-
phone’s camera and My jump 2 app measured and calculate the CM] components. This
test was performed prior to the conduct of each specific taekwondo tests. Three CM] were
executed with a period of 30 s rest between jumps, and the highest jump was taken for
analysis.

2.7. Lactate Measurement and Rating of Perceived Exertion Recording

Finger-prick blood samples for lactate were collected before the CM] tests, immedi-
ately and 3 min after the PSST and FSKT (Lactate h/p/Cosmos, Germany). The rating of
perceived exertion (RPE, 6-20 Borg scale) was recorded during and after the FSKT and
PSST.

2.8. Cognitive Function Assessment

Cognitive function was assessed with the Stroop word—color test before and after
supplementation and 10 min following the progressive specific taekwondo test [42]. The
test has three pages including a word page printed with black words (W), a page contain-
ing “XXXX” printed in different colors (C), a final page combines “RED”, “GREEN" and
“BLUE” words from the first page printed with colors from the second page, where the
ink color did not match with text of the color word (CW). All subjects were instructed to
respond as quickly as possible to each page for 45 s. The tests of the first two pages eval-
uated congruence, whereas the last test measures incongruence or interference to identify
the true word without color effect on their choice to correct answer. The correct answers
were scored for percentage accuracy, and reaction time was considered for assessing cog-
nitive function.
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2.9. Gastrointestinal Symptoms Assessment

Gastrointestinal (GI) symptoms after supplement ingestion were recorded with a
gastrointestinal questionnaire [43]. Participants selected values ranging from 0 to 9, where
0 indicated “no problem at all” and 9 indicated “the worst it has ever been”. The symp-
toms were considered severe when the score was equal to or higher than 5.

2.10. Statistical Analysis

All results are reported as means and standard deviation. Normality was checked
by using graphing (Boxplots, histograms, and scatterplots), interquartile range to create
outlier fences, and hypothesis tests (Grubbs’ test) and all data were normally distributed
(p > 0.05). Several one-way repeated measure ANOVA analyses were used to compare
aerobic performance (TTE), anaerobic performance (total kicks and KDI), and height
reached on CM]J between the four treatments. A two-way repeated measure (treatment-
by-time) ANOVA analysis was used for each variable of anaerobic performance, Stroop
test, lactate, and RPE. Bonferroni test was used as post hoc when a significant difference
was found in the ANOVA. ANOVA-partial eta squared denoted as n3 is the effect size
(ES) for all types of ANOVA, which were classified as small (0.01), medium (0.06), and
large effect (0.14 and higher). The statistical significance was set as p < 0.05. Statistical
analyses were performed using SPSS 22 (IBM Corp. Released 2013. IBM SPSS Statistics
for Windows, Version 22.0. IBM Corp, Armonk, NY, USA) whereas figures were drawn
using GraphPad Prism 8 statistical software (San Diego, CA, USA).

3. Results
3.1. Progressive Specific Tackwondo Test

For aerobic performance (TTE), there was a large ES with a trend of statistical differ-
ences between treatments (Fz21=2.79, p =0.069, n3 =0.285) (Figure 2).
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Figure 2. Time to exhaustion during the Progressive Specific Taekwondo Test in four treatments. BJ, beetroot juice; PLA,

placebo; CON, control.

3.2. Kick Decrement Index and Frequency Speed of Kick Test Multiple

No differences were observed for anaerobic performance, but KDI had a large ES
(Fs21 = 1.71, p = 0.195, n2 = 0.196) (Figure 3), whereas total kicks in FSKT had a medium
ES (F321=0.87, p=0.471, n3 =0.111) (Figure 4). In addition, medium ES treatment-by-time
interactions (Fizs: = 1.52, p = 0.134, n2 = 0.178) were observed for the number of kicks in
each set (F321=0.873, p=0.471, n3 =0.111). The main effect of the set was significant (Fss
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=35.04, p = 0.001, n3 = 0.834), and the number of kicks decreased from set one to five in
all treatments (p < 0.001), but there was no significant difference between sets four and
five (p > 0.05) (Figure 5).

24
22
20+
o
é 18-
5 16 o L]
=
-E 14— o Qo
=
] 12—
g ° o
5 Ch —8—
£ 10+ o
o
2 a- = —_— oo
=z oo o - P
6 o 8
o o © o
4]
2
o L] L] L] L]
BJ-400 BJ-800 PLA CON

Figure 3. The kick decrement index in five sets of Frequency Speed of Kick Test in four treatments.
BJ, beetroot juice; PLA, placebo; CON, control.
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Figure 4. The number of total kicks in five sets of Frequency Speed of Kick Test in four treatments.
BJ, beetroot juice; PLA, placebo; CON, control.
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Figure 5. The number of kicks in five sets of Frequency Speed of Kick Test. Values are presented as
mean and standard deviation. BJ, beetroot juice; PLA, placebo; CON, control. * Significant difference
with Set 1 in same treatment (p < 0.05). T Significant difference with Set 2 in same treatment (p <
0.05). 1 Significant difference with Set 3 in same treatment (p < 0.05).

3.3. Blood Lactate

There were no significant treatment-by-time interactions (Fis10s = 1.24, p=0.252, n3 =
0.151) and main effects of treatment for blood lactate (Fs21 = 1.05, p = 0.392, n3 = 0.051).
However, the main effect of time was significant (Fs31 = 31.01, p = 0.001, n% =0.816), and
it was lower in the pre-test of FSKT than the other five measurements (p < 0.001 for all
comparisons). Blood lactate three minutes after FSKT was higher than before PSTT (p =
0.013) and three minutes after PSTT (p = 0.033) in all conditions, but there was no differ-
ence between conditions (Figure 6).

20+
-e- BJ-400 .8- BJ-800 A PLA S# CON
18-

16+

Blood lactate concentration (mmol/L)

T
A
‘.9'\

Figure 6. Blood lactate before and after Frequency Speed of Kick Test and Progressive Specific
Taekwondo Test. Values are presented as mean and standard deviation. B,] beetroot juice; PLA,
placebo; CON, control. * Significant difference before FSKT in all treatments (p < 0.05). t Significant
difference 3 min after FSKT in all treatments (p < 0.05).
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3.4. Counter Movement Jump

There were medium and large ES, but no significant differences between treatments
before FSKT for average height (Fs21 = 1.073, p = 0.382, n3 = 0.133), force output (Fs21 =
1.112,p=0.366, n3 =0.137), highest jump height (Fs21=0.234, p=0.872, n% =0.032), power
(F321=1.228, p=0.324, n§ =0.149), velocity (Fs21 = 0.195, p = 0.898, n = 0.027), and flight
time (Fs21 = 0.253, p = 0.858, n = 0.035). In addition, there were no significant differences
between treatments before PSTT for average height (Fs21 = 2.004, p = 0.144, n =0.223),
force output (Fs21=1.190, p = 0.338, n% =0.145), highest jump height (Fs21=1.25, p=0.317,
n3 =0.151), power (Fs21 = 0.822, p = 0.497, n2 = 0.105), velocity (Fs21 = 1.272, p = 0.310, n3
=0.154), and flight time (Fs21 = 1.833, p =0.172, 1 = 0.208) (see Table 1).

Table 1. Countermovement jump performance before the different experimental conditions.

Flsslif,?r]:] Before PSTT Before FSKT Before PSTT Before FSKT Before PSTT Before FSKT Before PSTT
100 BJ-400 BJ-800 BJ-800 PLA PLA CON CON
Highest Jump
) 429+49 417+49 423451 412+47 423+44 404+43% 427+31  39.8+2.8%
Averaifn?aght 42.0+47 40.6+4.9 40.6+4.6 389+49 409+3.4 393+42% 415+31  385+3.1%
564.4+30.5

Flight Time (ms)  590.7 +30.9

583.5+34.5 586.4 +34.6 579.0£32.9 586.6+29.7 5709+334* 590.0+21.6

*%

Velocity (m-s) 1.441+0.078

1.431+0.086 1.439+0.08 1410+0.085 1438+0.071 1.405+0.072 1.450+0.058 1.395+ 0**049

Force (n'kg™) 1.435+0.134

1.445 +

1414+0.110 1.426+0.158 1.360+0.127 1.415+0.097 1.377+0.062* 1.499+0.175 0.154%

Power (W-kg™)  2.056 +0.287

2.010+0.197 2.059+0.320 1.996+0245 2.011+0.209 1.909+0.143* 2.168+0.295 2.001+0.223

* Significant difference with before FSKT in PLA (p < 0.05). ** Significant difference with before FSKT in CON (p < 0.05);
BJ, beetroot juice; PLA, placebo; CON, control. Values are presented as means and standard deviation.

3.5. Cognitive Function

In the Stroop test, there were significant treatment-by-time interactions for word-
color score (Fs42 = 4.530, p = 0.001, n% = 0.393), word score (Fea2= 5.707, p = 0.001, 0%
0.449), and total score (Fe42= 4.414, p = 0.002, n% = 0.387), but not for color score (Fe =
1.459, p = 0.216, 0 = 0.172). Word—color score (p = 0.035), word score (p = 0.040), or total
score (p = 0.020), with BJ-400 treatment being higher than control. Word—-color score in
post-ingestion of BJ-400 was lower than pre-ingestion (p = 0.018). Word—color score in
post-test of control condition was higher than pre-ingestion (p = 0.046). The main effect of
time was significant for color (Fss = 4.932, p = 0.024, n3 = 0.413) and increased from pre-
ingestion to post-test in all experimental conditions (see Table 2).

Table 2. Stroop test performance in the different experimental conditions.

Word-Color (1) Word (n) Color (n) Total (n)

Pre-ingestion 135+11 149 +10 88+2 373 £21

BJ-400 Post-ingestion 119+ 16 134 + 20 96 + 15 349 £ 48
Post-exercise 130 £19 135+20 97 £17 362 + 55

Pre-ingestion 119+ 16 131 +12 9111 342 +38

BJ-800

Post-ingestion 117 £ 18 128 £17 93+14 339 +46
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Post-exercise 125+ 18 136 £ 20 99 +16 361 +52
Pre-ingestion 117 £ 14 127 £ 16 93+7 338 +32
PLA Post-ingestion 116 £13 127 £10 92+8 335+29
Post-exercise 124+9 133+6 102 £13 360 + 25
Pre-ingestion 114 +11 122 +15 87+6 324 £ 32
CON Post-ingestion 121 +15 128 +15 93+14 343 £43
Post-exercise 124 +17 136 +20 101 +20 362 + 56

Values are presented as mean and standard deviation. BJ, beetroot juice; PLA, placebo; CON, control.

3.6. Rating of Perceived Exertion

There were moderate and large ES, but no significant treatment-by-time interactions
for RPE in five sets of FSKT (Fizsa=1.19, p =0.289, n3 =0.146) (Table 3) and levels of PSTT
(Fs6.36 = 0.82, p=0.724, np = 0.450) (Table 4). The main effects of treatment for PSTT (Fs3 =
1.663, p = 0.343, n3 =0.624), and FSKT (Fs21 = 2.508, p = 0.087, n3 = 0.264) were not signif-
icant different. However, the main effect of time was significant in FSKT (Fa2s = 105.443, p
=0.001, ng =0.938), and PSTT (Fi212 = 542.888, p = 0.001, n; =0.998).

Table 3. Rating of perceived exertion after each set of the Frequency of Speed Kick Test.

Set 1 (a.u.) Set 2 (a.u.) Set 3 (a.u.) Set 4 (a.u.) Set 5 (a.u.)

BJ-400 6+1 8+2 11+2 12+2 14+2
BJ-800 7+1 9+1 111 12+2 131
PLA 7+1 101 12+2 142 15+2
CON 6+1 8+1 10+2 12+2 13+2

Values are presented as mean and standard deviation. a.u., arbitrary unit; BJ, beetroot juice; PLA,
placebo; CON, control.

Table 4. Rating of perceived exertion (RPE) in each level of the Progressive Specific Taekwondo Test and the number of
participants reaching the level.

Level Level Level Level Level Level Level Level Level Level Level Level Level Level Level

Treatment 1 2 3 4 5 6 7 8 9 0 11 12 13 14 15

BJ-400RPE  6+1 7+12 8+1 9+x2 9+3 10+3 11+3 12+3 13+3 153 15+2 15+1 17+1 181 18=x1
n 8 8 8 8 8

0]
o]
o]
N
N
'
~
~
@
N

BJ-800 RPE 6+x1 7+x1 9+1 10+2 11+2 12+2 14+2 14+1 16+1 16+x1 17+1 17+1 18+1 190 19=+1
n 8 8 8 8 8 8 8 7 7 6 6 6 3 2 2

PLA RPE 6+x1 8+x1 9+2 10+x2 11+2 13+1 14+2 15+1 16+x1 17+1 18+1 191 19+1 20.0 -
n 8 8 8 8 8 8 8 8 6 5 4 2 2 1

CON RPE 6+x1 8+1 9+1 10+2 12+2 13+3 14+3 15+3 16+3 16+2 18+2 18+2 17+2 181 19
n 8 8 8 8 8 8 8 7 6 5 4 3 2 2 1

3.7. Heart Rate

No differences were detected between treatments for HRpeak (Fs21 = 2.76, p = 0.068,
n3 =0.283) and average HR (F321=1.10, p=0.372, n2 =0.135) for FSKT, but with a medium
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or large ES (see Table 5). In addition, HRpeak (Fs21=0.76, p = 0.531, n2 =0.098) and average
HR (Fs21=0.67, p = 0.579, n =0.087) for PSTT did not differ between conditions (Table 5).

Table 5. Heart rate responses to Frequency of Speed Test and Progressive Specific Taekwondo Test.

FSKT PSTT
EII{)};:; HRaverage (bpm) (I;I)I;:; HRuverage (bpm)
BJ-400 185+7 174 £ 11 194 +7 174 £ 11
BJ-800 188 +5 169 +9 195+7 174 +5
PLA 1905 175+7 191+12 178 +10
CON 190 + 8 175+7 194+6 175+ 8

3.8. Gastrointestinal Symptoms

Three (37.5%) participants in BJ-800 and two (25%) in BJ-400 reported minor belching
problems. One (12.5%) participant in BJ-800 and one (12.5%) in BJ-40 reported very, very
minor bloating problems. One (12.5%) participant in BJ-800 reported a moderate bloating
problem. In BJ-800, one (12.5%) participant reported very, very minor stomach pain and
cramps problem, one (12.5%) very minor stomach pain and cramps problem, two (25%)
moderate stomach pain and cramps problem, and one (12.5%) very severe stomach pain
and cramps problem. In BJ-400, one (12.5%) participant reported very minor stomach pain
and cramps problems, and one (12.5%) severe problem. In BJ-800, one (12.5%) participant
reported a very minor nausea problem and two (25%) very minor nausea problems. In BJ-
400, one (12.5%) participant reported very, very minor nausea problems, two (25%) very
minor nausea problems, and one (12.5%) moderate nausea problems. In BJ-800, one
(12.5%) participant, and in the BJ-400 one (12.5%) reported very minor diarrhea problems.
In BJ-800, one (12.5%) participant reported minor heartburn problems, one (12.5%) mod-
erate heartburn problem, and one (12.5%) very, very severe heartburn problem. In PLA
and CON, none of the participants reported GI discomforts.

4. Discussion

The primary aim of the current study was to assess the acute effects of two different
dosing strategies of B] containing 400 mg (BJ-400) and 800 mg of NOs (BJ-800) on
taekwondo-specific performance. The results failed to support the original hypothesis and
showed no differences in taekwondo-specific performance when acute doses of NOsrich
in BJ were compared to PLA and CON conditions. However, BJ400 improved cognitive
function compared to other treatments.

Theoretically, B] supplementation can improve the performance of high-intensity ex-
ercise modalities relying on fast-twitch muscle fiber recruitment [19]. B] supplementation
increases blood flow [44], vascular conductance [45], intracellular calcium handling [17],
and may delay progressive depletion of PCr [19]. To determine if dietary NOs~ would
improve specific anaerobic performance of taekwondo athletes, we analyzed the effect of
400 mg NOs~ (BJ-400) and 800 mg NOs~ (BJ-800) on FSKTmult (which consists of 5 sets of
10 s of maximum effort interspersed with 10 s passive rest). Contrary to the original hy-
pothesis, the present study observed that neither BJ-400 nor BJ-800 increased the number
of kicks in each set, the total number of kicks, or KDI compared with PLA and CON. De-
spite these consistent results, the previous studies examining the effects of NOs supple-
mentation on high-intensity intermittent exercise performance have been equivocal
[19,30,36,44,46-51]. A variety of dosages and intake durations, test protocols, exercise mo-
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dalities, and work-to-rest ratios have been implemented, making difficult a direct com-
parison to the current study. Nevertheless, all of the studies showing an ergogenic effect
of BJ supplementation on high-intensity intermittent exercise performance following
chronic strategy (>2 days) [26,44,49,50]. In addition to our study, Muggeridge et al. [46]
and Martin et al. [47] detected no ergogenic effect of acute B] supplementation on high-
intensity exercise performance. Muggeridge et al. [46], specifically, analyzed the effect of
a single nitrate-rich concentrated BJ (5 mmol NOs") taken 180 min before on an interval
kayaking sprint test (five 10 s all-out sprints interspersed with 50 s of active recovery on
kayak ergometer) [46]. The authors reported no statistical differences in either power out-
put, total work, or fatigue index [46].

Therefore, we speculate that the acute supplementation protocol may not be suffi-
cient to take advantage of B] on high-intensity intermittent exercise performance. Hernan-
dez et al. [17] reported an increase in force development and the expression of the sarco-
plasmic reticulum (Ca?*) handling proteins only in type Il muscle fibers of mice after seven
days of NOssupplementation. An improvement in rats’ oxygenation of type II muscle
fibers after five days of B] consumption has also been reported [45]. Although these po-
tentially ergogenic mechanisms following chronic BJ supplementation remained to be
confirmed in humans, the data to date suggest a chronic loading of NOs- is required to
elicit skeletal muscle adaptations mainly responsible for high-intensity intermittent exer-
cise performance [52]. Beyond the duration of supplementation, it is evident that there are
large variations in NOs~ levels of commercial products [53,54] and between different sam-
ples of the same product [53]. Wruss et al. reported that 60 mL of the Red Beet Vinitrox
Shot corresponds to 240 mg nitrate per serving while the company claims 400 mg nitrate
per serving [54]. Our participants consumed one or two shots of 60 mL Red Beet (120 mL).
Nevertheless, several subjects in the 120 mL BJ (BJ-800) condition had GI problems and
did not experience ergogenic effects. In addition, a correlation was reported between the
increase in plasma NO:~ following NOs~ supplementation and improved performance
[37]. Therefore, the absence of assessing NOz~ or NO levels in the present study is a limi-
tation because it was not possible to determine whether NO2~ levels were increased suffi-
ciently for obtaining ergogenic effects.

In the past years, nitrate-related research has shown the ergogenic effects of BJ sup-
plementation on exercise performance and aerobic capacity in endurance athletes [55,56].
Thus, it was hypothesized that B] supplementation could have beneficial effects on
taekwondo athletes during the PSTT test. However, our results indicated that BJ-400 and
BJ-800 supplementation could not improve PSTT compared with PLA and CON. To the
best of our knowledge, the current findings are the first evidence to assess specific aerobic
performance in taekwondo athletes following BJ supplementation. Therefore, a direct
comparison between these findings and other taekwondo-specific studies is not possible.
In contrast to our results, previous studies with other sports and exercise modes reported
improvements for the incremental cycle test [57] and the 4 km time trial by NOs~ supple-
mentation [58]. Kelly et al. [55] reported improvement with BJ (8.2 mmol NOs") at intensi-
ties of 60%, 70%, and 80% peak power during incremental tests. Conversely, several stud-
ies reported no significant improvement in trained runners during the incremental run-
ning time to exhaustion (TTE) test [59], cycling time-trial performance [60], 40 min cycle
ergometer distance-trial test [61], and 5 km running time-trial performance [62] following
BJ supplementation. Inconsistent results related to the ergogenic effects of B] supplemen-
tation on exercise performance may be due to the athletes’ fitness levels. As such, a study
showed that ingestion of B] did not reduce running VO2 or improve 1500 m time-trial
performance in a group of elite distance runners following acute and chronic dietary NOs-
supplementation [63], whereas BJ reduced 2000 m time in recreational male and female
runners [23]. A higher energetic demand and higher intake of dietary NOs™ in trained ath-
letes compared to non-athlete individuals are the main factors that may limit the ergo-
genic effect of dietary NOs~ supplementation in trained athletes [64]. This may explain the
lack of ergogenic response in well-trained athletes. Furthermore, it has been demonstrated
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that a high-intensity training program, which is a training strategy used by taeckwondo
athletes, may result in physiological adaptations (e.g., induced vasodilation) in these ath-
letes, which may reduce NO action during exercise [65]. Therefore, B] supplementation’s
lack of positive effect on exercise performance observed in the current study may be at-
tributed to the physiological adaptations occurring due to the high-intensity intermittent
training by taekwondo athletes [33].

We observed no effect of supplementation on CM] variables. Our results were con-
sistent with studies showing no improvement in CM] performance following B] consump-
tion [19,66-68]. NOs~ supplementation appears to be less effective for explosive actions
such as CM] although it seems that factors, including habitual consumption (i.e., daily
NOs- intake), and exercise type, may affect CM] variables [66]. For instance, in terms of
exercise type, it was reported that NOs~ supplementation has larger effects in exercise with
involvement of small muscle, compared with whole-body or large muscle exercise [66].
There were significant increases in certain cognitive measures (color and word—color
scores) in BJ-400 compared to other treatments. These findings agree with previous stud-
ies investigating the benefits of NOs~ supplementation on cognitive function [26]. How-
ever, it is unclear why BJ-800 had no effects on cognitive function in this study. This im-
provement in BJ-400 condition might be a consequence of enhanced cerebral oxygenation
due to NOs™ supplementation [25]. Besides, previous findings have shown that high-in-
tensity intermittent exercise may improve cognitive function [69,70]. Thus, more investi-
gation is needed to determine the possible impact of B supplementation on cognitive
function.

There was no difference in RPE between conditions during sets of FSKT and PSTT.
Our results agree with observations reported in the literature, which shows that BJ sup-
plementation does not have a positive effect on RPE [67,68]. Our findings demonstrated
no statistical improvement in peak and average HR during the FSKT and PSTT tests fol-
lowing B] supplementation. Although most available literature describing the advantages
of NOs~ on HR in heart failure patients [71], our results are consistent with previous stud-
ies that reported no effect of B] on HR in healthy athletes [72,73]. As expected, during
high-intensity exercise, blood lactate was increased three minutes after FSKT and PSTT in
all conditions. However, the lactate concentrations were not different between conditions.
These findings corroborate previous studies that described a lack of positive effects BJ
supplementation on lactate concentration after high-intensity intermittent exercise [50]. A
study reported chronic NOs~ supplementation during a four-week training program
caused a lowering in blood lactate during exercise in recreational runners [74]. This might
have been due to a change in the energy supply from an anaerobic source to an oxidative
supply, as suggested by Wylie et al. [75]. These data show that the benefits of NOs~ sup-
plementation on blood lactate may depend on the supplementation period/protocol, and
athletes’ physical fitness level [36,74]. GI discomforts sometimes attribute to intake of nu-
tritional supplements, negatively affecting the quality of life and athletic performance.
Nevertheless, in our study, we reported a moderate to severe side effect in five partici-
pants including: bloating stomach pain and cramps, heartburn, and heartburn following
ingestion of BJ-800 supplement. Two participants also reported severe GI discomfort and
moderate nausea problem separately in BJ-400 condition. These events are possibly re-
lated to the content of commercial beetroot products. Commercial beetroot products con-
tain various compounds (i.e., minerals, betalains, oxalic acid, phenolic acids, and sugars),
of which ingestion of large volumes of these compounds might provoke gastric discom-
fort [54,76].

The high level of performance of the participants (member of the Iranian National
Taekwondo League) gave rise to a small sample size that may mask ergogenic effects of
BJ. In this sense, however, statistical differences in the physical performance variables
were not reported, but we did report a trend for statistical differences in aerobic TTE per-
formance and a moderate or large ES in aerobic and anaerobic performances. Considering
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that it is difficult to detect statistical differences in small sample sizes [77] and that mini-
mal differences in performance (<0.6%) is important for competition [78], the effects of BJ
could provide important practical implications for competitive athletes as participants in
this study. In addition to the sample size, in this study, the NO2- and NO concentrations
were not measured. Therefore, based on the relationship between the magnitude of the
increased plasma levels and increased performance, the use in this study of a supplement
that could have lower levels of NOs~ than declared by the manufacturer [54] cannot ensure
that NOz2-and NO levels increased more than the amount necessary for reaching ergogenic
effects. All these limitations suggest that these results must be considered as caution.
Thus, future studies must analyze the effect of B] on taekwondo athletes, including a
larger sample size, analyzing the NOs~ amount ingested by athletes and the increased
plasma NO: and NO level post-supplementation for correlating differences in plasma
value with differences in sport performance. In addition, future studies may also want to
address the effects of acute and chronic supplementation in taekwondo athletes.

5. Conclusions

In summary, the results of this pilot study indicated that an acute B] ingestion con-
taining 400 mg of NOs- improved cognitive function. However, the ingestion of acute two
doses of B] supplementation containing 400 and 800 mg of NOs in trained taekwondo
athletes provided moderate and large effect sizes on anaerobic and large effect size on
aerobic, but not statistical differences in taekwondo-specific performance.

Author Contributions: Conceptualization, E.F.,, HM., Z.A,, E.B., and A.N.; data curation, HM., E.B.,
M.H.S,, RR. and Z.A; formal analysis, A.S.; investigation, R.D., E.F., and M.S.K.; methodology,
AN, S.R; project administration, H.M.; supervision, A.N.; writing —original draft, HM., AN, E.B.,
R.R, SR, MEET.W. and A.N.; writing—review and editing, R.D., EF., M.SK,, and M.ET.W. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The ethical committee approved the study of science min-
istry, research technology sport science research institute of Iran (IR.SSRC.REC.1399.062; approval
date: 2020/08/19).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: The current data in this study are available on request from the cor-
responding author.

Acknowledgments: We would like to thank the athletes for participating in this research.

Conflicts of Interest: The authors did not declare any conflict of interest.

References

1. Bridge, C.A.; da Silva Santos, J.F.; Chaabene, H.; Pieter, W.; Franchini, E. Physical and Physiological Profiles of Taekwondo
Athletes. Sports Med. 2014, 44, 713-733, https://doi.org/10.1007/s40279-014-0159-9.

2. Campos, F.A.D.; Bertuzzi, R.; Dourado, A.C.; Santos, V.G.F.; Franchini, E. Energy demands in taekwondo athletes during com-
bat simulation. Eur. J. Appl. Physiol. 2012, 112, 1221-1228, https://doi.org/10.1007/s00421-011-2071-4.

3. Lopes-Silva, ].P.; Da Silva Santos, J.F.; Artioli, G.G.; LoTurco, I.; Abbiss, C.; Franchini, E. Sodium bicarbonate ingestion increases
glycolytic contribution and improves performance during simulated taekwondo combat. Eur. J. Sport Sci. 2018, 18, 431-440,
d0i:10.1080/17461391.2018.1424942.

4.  Seyhan, S. Evaluation of the Use of Nutrition Support Products in Taekwondo Athletes. J. Educ. Learn. 2018, 7, 222-229,
doi:10.5539/jel.v7n6p222.

5. Jung, H.C.; Seo, M.-W.; Lee, S.; Kim, S.W.; Song, ] K. Vitamin D3 Supplementation Reduces the Symptoms of Upper Respiratory
Tract Infection during Winter Training in Vitamin D-Insufficient Taekwondo Athletes: A Randomized Controlled Trial. Int. J.
Environ. Res. Public Health 2018, 15, 2003, d0i:10.3390/ijerph15092003.

6.  Chou, C.-C.; Sung, Y.-C; Davison, G.; Chen, C.-Y; Liao, Y.-H. Short-Term High-Dose Vitamin C and E Supplementation Atten-

uates Muscle Damage and Inflammatory Responses to Repeated Taekwondo Competitions: A Randomized Placebo-Controlled
Trial. Int. J. Med. Sci. 2018, 15, 1217-1226, d0i:10.7150/ijms.26340.



Int. ]. Environ. Res. Public Health 2021, 18, 10202 15 of 18

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Patlar, S.; Boyali, E.; Baltaci, A.K.; Mogulkoc, R. The Effect of Vitamin A Supplementation on Various Elements in Elite
Taekwondo Players. Biol. Trace Element Res. 2011, 139, 296-300, d0i:10.1007/s12011-010-8668-3.

Naderi, A.; Samanipour, M.H.; Sarshin, A.; Forbes, S.C.; Koozehchian, M.S.; Franchini, E.; Reale, R.; Berjisian, E.; de Oliveira,
E.P.; Miraftabi, H. Effects of two different doses of carbohydrate ingestion on tackwondo-related performance during a simu-
lated tournament. J. Int. Soc. Sports Nutr. 2021, 18, 1-8, d0i:10.1186/s12970-021-00434-4.

Lopes-Silva, ].P.; Silva Santos, ].F.D.; Branco, B.H.M.; Abad, C.C.C.; De Oliveira, L.F.; LoTurco, I; Franchini, E. Caffeine Inges-
tion Increases Estimated Glycolytic Metabolism during Taekwondo Combat Simulation but Does Not Improve Performance or
Parasympathetic Reactivation. PLoS ONE 2015, 10, e0142078, doi:10.1371/journal.pone.0142078.

Sarshin, A.; Fallahi, V.; Forbes, S.C.; Rahimi, A.; Koozehchian, M.S.; Candow, D.G.; Kaviani, M.; Abdollahi, V.; Naderi, A. Short-
term co-ingestion of creatine and sodium bicarbonate improves anaerobic performance in trained taekwondo athletes. J. Int.
Soc. Sports Nutr. 2021, 18, 1-9, d0i:10.1186/s12970-021-00407-7.

Maughan, R.J.; Burke, L.M.; Dvorak, J.; Larson-Meyer, D.E.; Peeling, P.; Phillips, S.M.; Rawson, E.S.; Walsh, N.P.; Garthe, L;
Geyer, H. IOC Consensus Statement: Dietary Supplements and the High-Performance Athlete. Int. . Sport Nutr. Exerc. Metab.
2018, 28, 104-125, doi:10.1123/ijsnem.2018-0020.

Lundberg, ].O.; Weitzberg, E.; Gladwin, M.T. The nitrate-nitrite-nitric oxide pathway in physiology and therapeutics. Nat. Rev.
Drug Discov. 2008, 7, 156-167.

Dominguez, R.; Cuenca, E.; Maté-Mufioz, J.L.; Garcia-Fernandez, P.; Serra-Paya, N.; Estevan, M.C.L.; Herreros, P.V.; Garnacho-
Castafio, M.V. Effects of Beetroot Juice Supplementation on Cardiorespiratory Endurance in Athletes. A Systematic Review.
Nutrients 2017, 9, 43, doi:10.3390/nu9010043.

Bailey, S.J.; Winyard, P.; Vanhatalo, A.; Blackwell, ].R.; DiMenna, F.J.; Wilkerson, D.P.; Tarr, J.; Benjamin, N.; Jones, A.M. Dietary
nitrate supplementation reduces the Oz cost of low-intensity exercise and enhances tolerance to high-intensity exercise in hu-
mans. J. Appl. Physiol. 2009, 107, 1144-1155, doi:10.1152/japplphysiol.00722.2009.

Larsen, F.; Weitzberg, E.; Lundberg, J.; Ekblom, B. Effects of dietary nitrate on oxygen cost during exercise. Acta Physiol. 2007,
191, 59-66, doi:10.1111/j.1748-1716.2007.01713.x.

Richards, J.C.; Racine, M.L.; Hearon, C.M,, Jr.; Kunkel, M.; Luckasen, G.J.; Larson, D.G.; Allen, ].D.; Dinenno, F.A. Acute
ingestion of dietary nitrate increases muscle blood flow via local vasodilation during handgrip exercise in young adults. Physiol.
Rep. 2018, 6, €13572.

Hernandez, A.; Schiffer, T.A.; Ivarsson, N.; Cheng, A.]J.; Bruton, J.D.; Lundberg, J.O.; Weitzberg, E.; Westerblad, H. Dietary
nitrate increases tetanic [Ca*] i and contractile force in mouse fast-twitch muscle. J. Physiol. 2012, 590, 3575-3583,
doi:10.1113/jphysiol.2012.232777.

Bailey, S.J.; Fulford, J.; Vanhatalo, A.; Winyard, P.G.; Blackwell, ].R.; DiMenna, F.J.; Wilkerson, D.P.; Benjamin, N.; Jones, A.M.
Dietary nitrate supplementation enhances muscle contractile efficiency during knee-extensor exercise in humans. J. Appl. Physiol.
2010, 109, 135-148, doi:10.1152/japplphysiol.00046.2010.

Dominguez, R.; Maté-Mufioz, J.L.; Cuenca, E.; Garcia-Fernandez, P.; Mata-Ordonez, F.; Lozano-Estevan, M.C.; Veiga-Herreros,
P.; da Silva, S.F.; Garnacho-Castafio, M.V. Effects of beetroot juice supplementation on intermittent high-intensity exercise ef-
forts. J. Int. Soc. Sports Nutr. 2018, 15, 1-12, doi:10.1186/s12970-017-0204-9.

Jodra, P.; Dominguez, R.; Sanchez-Oliver, A.J.; Veiga-Herreros, P.; Bailey, S.J. Effect of Beetroot Juice Supplementation on Mood,
Perceived Exertion, and Performance During a 30-Second Wingate Test. Int. J. Sports Physiol. Perform. 2020, 15, 243-248,
doi:10.1123/ijspp.2019-0149.

Porcelli, S.; Ramaglia, M.; Bellistri, G.; Pavei, G.; Pugliese, L.; Montorsi, M.; Rasica, L.; Marzorati, M. Aerobic Fitness Affects the
Exercise Performance Responses to Nitrate Supplementation. Med. Sci. Sports Exerc. 2015, 47, 1643-1651,
do0i:10.1249/mss.0000000000000577.

Shannon, O.M.; Barlow, M.].; Duckworth, L.; Williams, E.; Wort, G.; Woods, D.; Siervo, M.; O’'Hara, J.P. Dietary nitrate supple-
mentation enhances short but not longer duration running time-trial performance. Eur. . Appl. Physiol. 2017, 117, 775-785,
d0i:10.1007/s00421-017-3580-6.

Casado, A.; Dominguez, R.; Fernandes Da Silva, S.; Bailey, S.J. Influence of Sex and Acute Beetroot Juice Supplementation on 2
KM Running Performance. Appl. Sci. 2021, 11, 977, d0i:10.3390/app11030977.

McMahon, N.F.; Leveritt, M.D.; Pavey, T.G. The Effect of Dietary Nitrate Supplementation on Endurance Exercise Performance
in Healthy Adults: A Systematic Review and Meta-Analysis. Sports Med. 2017, 47, 735-756, d0i:10.1007/s40279-016-0617-7.
Thompson, K.G.; Turner, L.; Prichard, J.; Dodd, F.; Kennedy, D.O.; Haskell, C.; Blackwell, ].R.; Jones, A.M. Influence of dietary
nitrate supplementation on physiological and cognitive responses to incremental cycle exercise. Respir. Physiol. Neurobiol. 2014,
193, 11-20, doi:10.1016/j.resp.2013.12.015.

Thompson, C.; Wylie, L.J.; Fulford, J.; Kelly, J.; Black, M.I.; McDonagh, S.T.; Jeukendrup, A.E.; Vanhatalo, A.; Jones, A.M. Dietary
nitrate improves sprint performance and cognitive function during prolonged intermittent exercise. Eur. J. Appl. Physiol. 2015,
115, 1825-1834, d0i:10.1007/s00421-015-3166-0.

Fulford, J.; Winyard, P.G.; Vanhatalo, A.; Bailey, S.J.; Blackwell, ].R.; Jones, A.M. Influence of dietary nitrate supplementation
on human skeletal muscle metabolism and force production during maximum voluntary contractions. Pfliigers Arch. Eur. |.
Physiol. 2013, 465, 517-528, d0i:10.1007/s00424-013-1220-5.



Int. ]. Environ. Res. Public Health 2021, 18, 10202 16 of 18

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Gilchrist, M.; Winyard, P.G.; Fulford, J.; Anning, C.; Shore, A.C.; Benjamin, N. Dietary nitrate supplementation improves reac-
tion time in type 2 diabetes: Development and application of a novel nitrate-depleted beetroot juice placebo. Nitric Oxide 2014,
40, 67-74, doi:10.1016/j.niox.2014.05.003.

Naderi, A.; De Oliveira, E.P.; Ziegenfuss, T.N.; Willems, M.E. Timing, optimal dose and intake duration of dietary supplements
with evidence-based use in sports nutrition. J. Exerc. Nutr. Biochem. 2016, 20, 1.

Lopez-Samanes, A Pérez-Lopez, A.; Moreno-Pérez, V.; Nakamura, F.Y.; Acebes-Sanchez, J.; Quintana-Milla, I.; Sdnchez-Oliver,
AJ.; Moreno-Pérez, D.; Fernandez-Elias, V.E.; Dominguez, R. Effects of Beetroot Juice Ingestion on Physical Performance in
Highly Competitive Tennis Players. Nutrients 2020, 12, 584, doi:10.3390/nu12020584.

Hoon, M.W_; Jones, A.M.; Johnson, N.A.; Blackwell, ].R.; Broad, E.M.; Lundy, B.; Rice, A.J.; Burke, L.M. The Effect of Variable
Doses of Inorganic Nitrate-Rich Beetroot Juice on Simulated 2000-m Rowing Performance in Trained Athletes. Int. J. Sports
Physiol. Perform. 2014, 9, 615620, doi:10.1123/ijspp.2013-0207.

Santos, V.G.; Santos, V.R.; Felippe, L.J.; Almeida, ] W., Jr.; Bertuzzi, R.; Kiss, M.A.; Lima-Silva, A.E. Caffeine reduces reaction
time and improves performance in simulated-contest of tackwondo. Nutrients 2014, 6, 637-649.

de Oliveira, G.V.; Nascimento, L.A.D.D.; Volino-Souza, M.; Mesquita, ].D.S.; Alvares, T.S. Beetroot-based gel supplementation
improves handgrip strength and forearm muscle O2 saturation but not exercise tolerance and blood volume in jiu-jitsu athletes.
Appl. Physiol. Nutr. Metab. 2018, 43, 920-927, doi:10.1139/apnm-2017-0828.

Dumar, A.M.; Huntington, A.F.; Rogers, R.R.; Kopec, T.].; Williams, T.D.; Ballmann, C.G. Acute Beetroot Juice Supplementation
Attenuates Morning-Associated Decrements in Supramaximal Exercise Performance in Trained Sprinters. Int. ]. Environ. Res.
Public Health 2021, 18, 412, doi:10.3390/ijerph18020412.

Rezaei, S.; Akbari, K.; Gahreman, D.E.; Sarshin, A.; Tabben, M.; Kaviani, M.; Sadeghinikoo, A.; Koozehchian, M.S.; Naderi, A.
Caffeine and sodium bicarbonate supplementation alone or together improve karate performance. J. Int. Soc. Sports Nutr. 2019,
16, 1-8, doi:10.1186/s12970-019-0313-8.

Dominguez, R.; Garnacho-Castafio, M.V.; Cuenca, E.; Garcia-Fernandez, P.; Mufioz-Gonzalez, A.; De Jesus, F.; Lozano-Estevan,
M.D.C,; Fernandes da Silva, S.; Veiga-Herreros, P.; Maté-Mufioz, J.L. Effects of Beetroot Juice Supplementation on a 30-s High-
Intensity Inertial Cycle Ergometer Test. Nutrients 2017, 9, 1360, doi:10.3390/nu9121360.

Wylie, L.].; Kelly, J.; Bailey, S.J.; Blackwell, J.R.; Skiba, P.F.; Winyard, P.G.; Jeukendrup, A.E.; Vanhatalo, A.; Jones, A.M. Beetroot
juice and exercise: Pharmacodynamic and dose-response relationships. J. Appl. Physiol. 2013, 115, 325-336, doi:10.1152/jap-
plphysiol.00372.2013.

Stecker, R.A.; Harty, P.S,; Jagim, A.R.; Candow, D.G.; Kerksick, C.M. Timing of ergogenic aids and micronutrients on muscle
and exercise performance. J. Int. Soc. Sports Nutr. 2019, 16, 1-8, doi:10.1186/s12970-019-0304-9.

da Silva Santos, ].F.; Franchini, E. Is frequency speed of kick test responsive to training? A study with taekwondo athletes. Sport
Sci. Health 2016, 12, 377-382, d0i:10.1007/s11332-016-0300-2.

Sant'Ana, J.; Franchini, E.; Murias, ].M.; Diefenthaeler, F. Validity of a Taekwondo-Specific Test to Measure Vo 2peak and the
Heart Rate Deflection Point. ]. Strength Cond. Res. 2019, 33, 2523-2529, d0i:10.1519/jsc.0000000000002153.
Balsalobre-Fernandez, C.; Glaister, M.; Lockey, R.A. The validity and reliability of an iPhone app for measuring vertical jump
performance. J. Sports Sci. 2015, 33, 1574-1579, doi:10.1080/02640414.2014.996184.

Koozehchian, M.S.; Earnest, C.P.; Jung, Y.P.; Collins, P.B.; O’Connor, A.; Dalton, R.; Shin, 5.Y.; Sowinski, R.; Rasmussen, C.;
Murano, P.S. Dose Response to One Week of Supplementation of a Multi-Ingredient Preworkout Supplement Containing Caf-
feine Before Exercise. J. Caffeine Res. 2017, 7, 81-94, d0i:10.1089/jcr.2017.0001.

Pfeiffer, B.; Cotterill, A.; Grathwohl, D.; Stellingwerff, T.; Jeukendrup, A.E. The Effect of Carbohydrate Gels on Gastrointestinal
Tolerance during a 16-km Run. Int. . Sport Nutr. Exerc. Metab. 2009, 19, 485-503, doi:10.1123/ijsnem.19.5.485.

Aucouturier, J.; Boissiére, J.; Pawlak-Chaouch, M.; Cuvelier, G.; Gamelin, F.-X. Effect of dietary nitrate supplementation on
tolerance to supramaximal intensity intermittent exercise. Nitric Oxide 2015, 49, 16-25, d0i:10.1016/j.niox.2015.05.004.
Ferguson, S.K.; Holdsworth, C.T.; Wright, ].L.; Fees, A.].; Allen, ].D.; Jones, A.M.; Musch, T.I; Poole, D.C. Microvascular oxygen
pressures in muscles comprised of different fiber types: Impact of dietary nitrate supplementation. Nitric Oxide 2015, 48, 38-43,
doi:10.1016/j.niox.2014.09.157.

Muggeridge, D.J.; Howe, C.C.; Spendiff, O.; Pedlar, C.; James, P.E.; Easton, C. The Effects of a Single Dose of Concentrated
Beetroot Juice on Performance in Trained Flatwater Kayakers. Int. ]. Sport Nutr. Exerc. Metab. 2013, 23, 498-506,
doi:10.1123/ijsnem.23.5.498.

Martin, K.; Smee, D.; Thompson, K.G.; Rattray, B. No Improvement of Repeated-Sprint Performance with Dietary Nitrate. Int.
J. Sports Physiol. Perform. 2014, 9, 845-850, d0i:10.1123/ijspp.2013-0384.

Rimer, E.G.; Peterson, L.R.; Coggan, A.R.; Martin, ].C. Acute dietary nitrate supplementation increases maximal cycling power
in athletes. Int. J. Sports Physiol. Perform. 2016, 11, 715.

Buck, C.L.; Henry, T.; Guelfi, K.; Dawson, B.; Mc Naughton, L.R.; Wallman, K. Effects of sodium phosphate and beetroot juice
supplementation on repeated-sprint ability in females. Eur. ]. Appl. Physiol. 2015, 115, 2205-2213, d0i:10.1007/s00421-015-3201-
1.

Wylie, L.]J.; Mohr, M.; Krustrup, P.; Jackman, S.R.; Ermudis, G.; Kelly, J.; Black, M.L; Bailey, S.J.; Vanhatalo, A.; Jones, A.M.
Dietary nitrate supplementation improves team sport-specific intense intermittent exercise performance. Eur. J. Appl. Physiol.
2013, 113, 1673-1684, doi:10.1007/s00421-013-2589-8.



Int. ]. Environ. Res. Public Health 2021, 18, 10202 17 of 18

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Clifford, T.; Berntzen, B.; Davison, G.W.; West, D.J.; Howatson, G.; Stevenson, E.J. Effects of Beetroot Juice on Recovery of
Muscle Function and Performance between Bouts of Repeated Sprint Exercise. Nutrients 2016, 8, 506, doi:10.3390/nu8080506.
Rojas-Valverde, D.; Montoya-Rodriguez, ].; Azofeifa-Mora, C.; Sanchez-Urena, B. Effectiveness of beetroot juice derived nitrates
supplementation on fatigue resistance during repeated-sprints: A systematic review. Crit. Rev. Food Sci. Nutr. 2020, 1-12,
do0i:10.1080/10408398.2020.1798351.

Gallardo, E.J.; Coggan, A.R. What Is in Your Beet Juice? Nitrate and Nitrite Content of Beet Juice Products Marketed to Athletes.
Int. . Sport Nutr. Exerc. Metab. 2019, 29, 1-5, d0i:10.1123/ijsnem.2018-0223.

Wruss, J.; Waldenberger, G.; Huemer, S.; Uygun, P.; Lanzerstorfer, P.; Miiller, U.; Hoglinger, O.; Weghuber, ]. Compositional
characteristics of commercial beetroot products and beetroot juice prepared from seven beetroot varieties grown in Upper Aus-
tria. J. Food Compos. Anal. 2015, 42, 46-55, doi:10.1016/j.jfca.2015.03.005.

Kelly, J.; Vanhatalo, A.; Wilkerson, D.P.; Wylie, L.].; Jones, A.M. Effects of Nitrate on the Power-Duration Relationship for
Severe-Intensity Exercise. Med. Sci. Sports Exerc. 2013, 45, 1798-1806, d0i:10.1249/mss.0b013e31828e885c.

Cermak, N.M.; Gibala, M.].; van Loon, L.J. Nitrate Supplementation’s Improvement of 10-km Time-Trial Performance in Trained
Cyclists. Int. ]. Sport Nutr. Exerc. Metab. 2012, 22, 64-71, doi:10.1123/ijsnem.22.1.64.

Vanhatalo, A.; Bailey, S.J.; Blackwell, J.R.; DiMenna, F.J.; Pavey, T.G.; Wilkerson, D.P.; Benjamin, N.; Winyard, P.G.; Jones, A M.
Acute and chronic effects of dietary nitrate supplementation on blood pressure and the physiological responses to moderate-
intensity and incremental exercise. Am. J. Physiol. Integr. Comp. Physiol. 2010, 299, R1121-R1131, doi:10.1152/ajpregu.00206.2010.
Lansley, K.E.; Winyard, P.G.; Bailey, S.J.; Vanhatalo, A.; Wilkerson, D.P.; Blackwell, ].R.; Gilchrist, M.; Benjamin, N.; Jones, A.M.
Acute Dietary Nitrate Supplementation Improves Cycling Time Trial Performance. Med. Sci. Sports Exerc. 2011, 43, 1125-1131,
d0i:10.1249/mss.0b013e31821597b4.

Arnold, ].T.; Oliver, SJ.; Lewis-Jones, T.M.; Wylie, L.J.; Macdonald, J.H. Beetroot juice does not enhance altitude running per-
formance in well-trained athletes. Appl. Physiol. Nutr. Metab. 2015, 40, 590-595, d0i:10.1139/apnm-2014-0470.

Cermak, N.M.; Stinkens, R.; Lundberg, J.O.; Gibala, M.J.; van Loon, L.J. No Improvement in Endurance Performance after a
Single Dose of Beetroot Juice. Int. J. Sport Nutr. Exerc. Metab. 2012, 22, 470-478, d0i:10.1123/ijsnem.22.6.470.

Bescos, R.; Ferrer-Roca, V.; Galilea, P.A.; Roig, A.; Drobnic, F.; Sureda, A.; Martorell, M.; Cordova, A.; Tur, J.A.; Pons, A. Sodium
Nitrate Supplementation Does Not Enhance Performance of Endurance Athletes. Med. Sci. Sports Exerc. 2012, 44, 24002409,
d0i:10.1249/mss.0b013e3182687e5¢.

Peacock, O.; Tjenna, A.E.; James, P.; Wisloff, U.; Welde, B.; Bohlke, N.; Smith, A.; Stokes, K.; Cook, C.; Sandbakk, O. Dietary
Nitrate Does Not Enhance Running Performance in Elite Cross-Country Skiers. Med. Sci. Sports Exerc. 2012, 44, 2213-2219,
d0i:10.1249/mss.0b013e3182640f48.

Boorsma, RK.; Whitfield, J.; Spriet, L.L. Beetroot Juice Supplementation Does Not Improve Performance of Elite 1500-m Run-
ners. Med. Sci. Sports Exerc. 2014, 46, 2326-2334, d0i:10.1249/mss.0000000000000364.

Jonvik, K.L.; Nyakayiru, J.; van Loon, L.J.; Verdijk, L.B. Can elite athletes benefit from dietary nitrate supplementation? J. Appl.
Physiol. 2015, 119, 759-761, d0i:10.1152/japplphysiol.00232.2015.

Green, D.J.; Rowley, N.; Spence, A.; Carter, H.; Whyte, G.; George, K.; Naylor, L.H.; Cable, N.T.; Dawson, E.A.; Thijssen, D. Why
Isn’t Flow-Mediated Dilation Enhanced in Athletes. Med. Sci. Sports Exerc. 2013, 45, 75-82, doi:10.1249/mss.0b013e318269affe.
Senefeld, ].W.; Wiggins, C.C.; Regimbal, R.J.; Dominelli, P.B.; Baker, S.E.; Joyner, M.]. Ergogenic Effect of Nitrate Supplementa-
tion: A Systematic Review and Meta-analysis. Med. Sci. Sports Exerc. 2020, 52, 2250-2261, doi:10.1249/mss.0000000000002363.
Mosher, S.; Gough, L.A.; Deb, S.; Saunders, B.; Mc Naughton, L.R.; Brown, D.; Sparks, S. High dose Nitrate ingestion does not
improve 40 km cycling time trial performance in trained cyclists. Res. Sports Med. 2020, 28, 138-146,
d0i:10.1080/15438627.2019.1586707.

Collins, S.M.; Kearns, D. The Effect of Beetroot Supplementation on High Intensity Functional Training Performance. Int. |.
Exerc. Sci. 2020, 13, 667.

Cooper, S.B.; Bandelow, S.; Nute, M.L.; Dring, K.J.; Stannard, R.L.; Morris, ].G.; Nevill, M.E. Sprint-based exercise and cognitive
function in adolescents. Prev. Med. Rep. 2016, 4, 155-161, d0i:10.1016/j.pmedr.2016.06.004.

Calverley, T.A.; Ogoh, S.; Marley, C.J.; Steggall, M.; Marchi, N.; Brassard, P.; Lucas, S.J.; Cotter, ].D.; Roig, M.; Ainslie, P.N.
HIITing the brain with exercise: Mechanisms, consequences and practical recommendations. J. Physiol. 2020, 598, 2513-2530,
doi:10.1113/jp275021.

Borlaug, B.A.; Koepp, K.E.; Melenovsky, V. Sodium Nitrite Improves Exercise Hemodynamics and Ventricular Performance in
Heart Failure With Preserved Ejection Fraction. ]. Am. Coll. Cardiol. 2015, 66, 16721682, doi:10.1016/j.jacc.2015.07.067.

De Castro, T.F.; Manoel, F.D.A; Figueiredo, D.H.; Figueiredo, D.H.; Machado, F.A. Effect of beetroot juice supplementation on
10-km performance in recreational runners. Appl. Physiol. Nutr. Metab. 2019, 44, 90-94, d0i:10.1139/apnm-2018-0277.

Kroll, J.L.; Werchan, C.A.; Rosenfield, D.; Ritz, T. Acute ingestion of beetroot juice increases exhaled nitric oxide in healthy
individuals. PLoS ONE 2018, 13, €0191030, doi:10.1371/journal.pone.0191030.

Santana, ].; Madureira, D.; de Franca, E.; Rossi, F.; Rodrigues, B.; Fukushima, A.; Billaut, F.; Lira, F.; Caperuto, E. Nitrate
supplementation combined with a running training program improved time-trial performance in recreationally trained
runners. Sports 2019, 7, 120.

Wylie, L.J.; de Zevallos, J.O.; Isidore, T.; Nyman, L.; Vanhatalo, A.; Bailey, S.J.; Jones, A M. Dose-dependent effects of dietary
nitrate on the oxygen cost of moderate-intensity exercise: Acute vs. chronic supplementation. Nitric Oxide 2016, 57, 30-39,
doi:10.1016/j.niox.2016.04.004.



Int. ]. Environ. Res. Public Health 2021, 18, 10202 18 of 18

76.

77.

78.

dos S Baiao, D.; da Silva, D.V.; Paschoalin, V.M. Beetroot, a remarkable vegetable: Its nitrate and phytochemical contents can
be adjusted in novel formulations to benefit health and support cardiovascular disease therapies. Antioxidants 2020, 9, 960.
Sullivan, G.M.; Feinn, R. Using Effect Size—or Why the P Value Is Not Enough. ]. Grad. Med. Educ. 2012, 4, 279-282,
doi:10.4300/jgme-d-12-00156.1.

Paton, C.D.; Hopkins, W.G. Variation in performance of elite cyclists from race to race. Eur. J. Sport Sci. 2006, 6, 25-31,
do0i:10.1080/17461390500422796.



