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Abstract

This study tested the hypothesis that watermelme jsupplementation would improve nitric
oxide bioavailability and exercise performance.gtihealthy recreationally-active adult
males reported to the laboratory on two occasiams ifitial testing without dietary
supplementation (control condition). Thereaftartigsipants were randomly assigned, in a
cross-over experimental design, to receive 16 d&gsipplementation with 300 mL-daypf

a watermelon juice concentrate, which provided g3-gitrulline-day* and an apple juice
concentrate as a placebo. Participants reportettheéodaboratory on days 14 and 16 of
supplementation to assess the effects of the m¢ions on blood pressure, plasma |
citrulline], plasma [-arginine], plasma [nitrite], muscle oxygenatiordame-to-exhaustion
during severe-intensity exercise. Compared torobanhd placebo, plasma-§itrulline] (29

+ 4,22 £ 6 and 101 + 238M), [L-arginine] (74 £ 9, 67 = 13 and 116 M) and [nitrite]
(102 £ 29, 106 + 21 and 201 + 106 nM) were higHtaravatermelon juice supplementation
(P<0.01). However, systolic blood pressure was highehe watermelon juice (130 + 11)
and placebo (131 + 9) conditions compared to thetrob condition (124 + 8 mmHg;
P<0.05). The skeletal muscle oxygenation index rdunmoderate-intensity exercise was
greater in the watermelon juice condition than plecebo and control conditionB<0.05),
but time-to-exhaustion during the severe-intensitgrcise test (control: 478 = 80, placebo:
539 + 108, watermelon juice: 550 + 143 s) was mgniBcantly different between conditions
(P<0.05). In conclusion, while watermelon juice slgppentation increased baseline plasma
[nitrite] and improved muscle oxygenation during demte-intensity exercise, it increased
resting blood pressure and did not improve timexbaustion during severe-intensity
exercise. These findings do not support the useatérmelon juice supplementation as a
nutritional intervention to lower blood pressureimprove endurance exercise performance
in healthy adults.

Key Words: nitric oxide; L-arginine; blood pressure; muscle oxygenation; bwism;
fatigue



1. Introduction

The free radical gas, nitric oxide—{NO), is a mdlimctional physiological signalling
molecule that plays an integral role in skeletalsole perfusion, metabolism, contractility
and fatigue resistance [1,2]. The most recognpetway for nitric oxide generation is the
oxidation ofL-arginine catalysed by the nitric oxide synthaseyares to yield nitric oxide
andc-citrulline [3]. However, while oral-arginine supplementation can increase circulating
[L-arginine] [4,5], and therefore one of the subssdor nitric oxide synthase, whether aral
arginine supplementation increases nitric oxidenaitkers (nitrate and nitrite) and improves
exercise performance is controversial [4,6-9, deéot review]. These conflicting findings
might be linked, at least in part, to significame{systemic [11,12] and systemic [11,13-16]

breakdown of orally ingestadarginine.

Although traditionally recognised as a product bk tnitric oxide synthase-mediated
oxidation ofL-arginine [3], recent evidence suggests thaitrulline can be recycled back to
L-arginine [17] and is more effective than orallg@sted.-arginine at increasing systemic
[18,19] and muscle [20]c-arginine. It has also been reported thatitrulline
supplementation can increase the activity of nikide synthase [20] and increase nitric
oxide biomarkers [19,21], and there is accumula@vglence to suggest that short term
supplementation with-citrulline can improve skeletal muscle oxygenatj22], metabolism
[23-24], force production [23] and fatigue resigi@n([22]. Therefore, short-term
supplementation with-citrulline might represent an effective dietaryeirvention to increase
nitric oxide synthase-derived nitric oxide and tmprove skeletal muscle perfusion,

metabolism and exercise performance.

The name for the amino acidkcitrulline, is derived from the Latin word for wamelon
(Citrullus), from which it was first extracted [25,26, seef@i7review]. Although -citrulline

is a component of a number of different foods, watdon juice is a particularly rich source
of L-citrulline. It has been reported that watermglaoe contains ~ 2.33 g afcitrulline per

L of unpasteurised juice [28]. Consequently, watgon juice ingestion has been reported to
increase plasmecitrulline [29] andL-arginine [29,30], and may also increase nitricdexi
biomarkers [31]. We recently reported that seveysdof supplementation with 6 g

citrulline-day* tended to, but did not significantly, increasespia [nitrite] [22], a sensitive



marker of nitric oxide synthase activity [32]. hfas been suggested that concurrently
supplementing with-citrulline and glutathione is more effective atri@asing plasma nitric
oxide markers thao-citrulline alone [33]. Since watermelon is riah glutathione [34] as
well as L-citrulline, watermelon juice supplementation migiepresent a more effective
dietary intervention to increase nitric oxide protion than pure-citrulline supplementation.
Moreover, watermelon is rich in many antioxidantsaddition to glutathione, including
lycopene andp-carotene [34-36]. Lycopene arfiicarotene may increase nitric oxide
bioavailability since they have been shown to bltimt scavenging of nitric oxide by
superoxide [37]. Taken together, these obsernmsoggest that watermelon juice could be a

nitric oxide precursor, but this has yet to be diyetested in humans.

Supplementation with watermelon juice has beenrtegoto enhance aspects of vascular
health in hypertensive individuals [38-41], but motnormotensive individuals [42]. It has
also been reported that watermelon juice ingestian attenuate muscle soreness after
completing intense exercise [28]. The effect otesaelon juice consumption on exercise
performance, on the other hand, is unclear. Thedngestion of 500 mL watermelon juice,
which provided a-citrulline dose of 1.17 g, did not improve perf@nce during 8 x 30 s
cycle efforts [28], while the acute ingestion o7#hL watermelon juice, which provided.a
citrulline dose of ~ 1 g, did not increase the namiif repetitions completed during 5 sets of
bench press at 80% of the 1 repetition maximuminorease time-to-exhaustion, the gas
exchange threshold or maximal oxygen uptake dudngincremental treadmill test to
exhaustion [42]. Since neither of these studiek4[2] assessed plasmadjtrulline], [L-
arginine] and nitric oxide biomarkers, it is uncleahether these watermelon juice
interventions were effective at increasing nitricide production. Moreover, both these
studies only administered a small acute dose-@frulline and it has yet to be determined
whether consuming a largercitrulline dose through watermelon juice suppletagan can

improve nitric oxide biomarkers and exercise penance.

The purpose of this study was to assess the efféctisronic supplementation of watermelon
juice on plasmadc-citrulline, plasma L-arginine, plasma nitrite, muscle oxygenation,
pulmonary oxygen uptake, and exercise performame. hypothesised that, compared to a
placebo condition, concentrated watermelon juiggkmentation would increase plasma |[
citrulline], [L-arginine] and [nitrite] and improve muscle oxyggom, pulmonary Vo,

kinetics and exercise performance.



2. Methods

2.1 Subjects

Eight healthy, recreationally-active males (mea8L¥, age 22 + 2 yr, height 1.83 + 0.09 m,
body mass 79 *+ 12 kg) volunteered to participatéhia study. None of the subjects were
tobacco smokers or users of protein supplemengait@ative nitric oxide donors-{citrulline,
L-arginine or nitrate). The procedures employedthis study were approved by the
Institutional Research Ethics Committee. All sabgegave their written informed consent
prior to the commencement of the study, after tkgeamental procedures, associated risks,
and potential benefits of participation had beeplared. Subjects were instructed to arrive
at the laboratory in a rested and fully hydrateatestat least 3 h postprandial, and to avoid
strenuous exercise in the 24 h preceding eacimgeséission. Each subject was also asked to
refrain from caffeine and alcohol 6 and 24 h befeaeh test, respectively. All tests were

performed at the same time of day (= 2 hours).

2.2 Experimental Design

Subjects were required to report to the laboratmmyeight occasions over 7-9 weeks to
complete the experimental testing (see Figure lfschematic of the experimental design).
On the first visit to the laboratory, subjects céetgpd a ramp incremental exercise test for
determination of the gas exchange threshold angéh& oxygen uptakefzpeay. Subjects
were familiarized with the two exercise performatests employed in this study during the
second laboratory testing session. After theskngrery exercise tests, subjects returned to
the laboratory on two further occasions within ydaf the final familiarisation trial without
undergoing any dietary supplementation (the contriglls), with these two tests being
separated by 48 hours recovery. Thereafter, jjzatits were assigned to receive two
separate 16-day supplementation periods with eghesatermelon juice concentrate or an
apple juice concentrate as a placebo to completeekperimental testing. During these
laboratory visits, blood pressure, muscle oxyg@matpulmonaryV'o, kinetics and exercise
performance were assessed, and a resting venousl [dample was obtained. The
supplements were administered orally in a coundgéarred order as part of a double blind,
cross-over experimental design. Each supplementairiod was separated by 7-10 days of
washout. Subjects were required to complete a &y for the control trials. Specifically,

they were asked to record food and drink intakebfdays, starting two days prior to the first



control trial and ending on the day of the finahtol trial. They were provided with a list of
foods rich in nitrate and asked to avoid these $ostilst completing the food diary to avoid
a potential confounding influence of dietary niraintake on the physiological and
performance measurements completed in this stugly ibjects were instructed to replicate
their diet for the final 5 days of the subsequermipdementation periods. The subjects were
naive to the experimental hypotheses and werernrgédrthat this study sought to investigate

the effects of supplementation with two fruit jusoen exercise performance.

2.3 Incremental Test

During the first laboratory visit subjects comptéta ramp incremental cycle test on an
electronically-braked cycle ergometer (Lode ExaaliSport, Groningen, the Netherlands).
Initially, subjects performed 3 min of baseline layg at 20 W, after which the work rate was
increased by 30 W/min until exhaustion. The susjegcled at a self-selected pedal rate (70-
90 rpm) and this pedal rate along with saddle aamdle bar height and configuration was
recorded and reproduced in subsequent tests. Bogdbreath pulmonary gas-exchange data
were collected continuously during the incremetdats and averaged over consecutive 10-s
periods. Thel” geacwas taken as the highest 30-s mean value attpinedto the subject’s
volitional exhaustion in the test. The gas excleatigeshold was determined from a cluster
of measurements including 1) the first dispropowi® increase in GQproduction | cg)
from visual inspection of individual plots ¢ f£ws. Vop, 2) an increase in expired
ventilation ("g) /Vop with no increase iV’ /7°co,;, and 3) an increase in end-tidal ®©nsion
with no fall in end-tidal C@ tension. The work rates that would require 90%hef gas
exchange threshold (moderate-intensity exercisd) %0 A (gas exchange threshold plus
70% of the difference between the work rate atdhe exchange threshold ai ypeax
severe-intensity exercise) were subsequently caledlwith account taken of the mean
response time fol’o, during ramp exercise (i.e., two thirds of the rarafe was deducted

from the work rate at gas exchange threshold aal)pe

2.4 Familiarization Tests

To avoid any order effect on the performance resadta consequence of a potential ‘learning
effect’, subjects were familiarised with all perfmance tests prior to the experimental testing.
Subjects completed a severe-intensity step exetesteterminating with an all-out effort

(exercise performance test) followed, after a 45 passive recovery period, by a severe-
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intensity constant-work-rate step exercise test Was continued until exhaustion (time-to-
exhaustion test).

2.5 Supplementation Procedures

In addition to the unsupplemented control trialgpeximental testing was conducted during
separate 16-day supplementation periods with watiemmjuice and placebo (supplied by
Cobell, Exeter, United Kingdom). The watermeloicguand placebo juice concentrates
provided 259 kcal, 1.3 g protein, 61.8 g carbohtgli@s sugar), 0.025 g fat (6.4 mg as
saturated fatty acids), 0.075 g dietary fibre aB®4ng sodium per 100 g of juice. A sample
from the batch of watermelon juice used was sentAkl@Bioscience (Building Y10,
University of Birmingham, Birmingham, United Kinga) for determination of its amino
acid content via ion exchange chromatography. darreysis revealed that watermelon juice
contained 11.4 g-citrulline and 1.39 g-arginine per litre of juice. On days 1-13 andat5
watermelon juice and placebo supplementation (wpericipants did not complete any
experimental testing), participants were instrudtednix 150 ml of juice with 500 ml water
in the morning and late afternoon/evening and ttsame slowly over a few hours. On days
14 and 16 of watermelon juice and placebo supplétien (when participants underwent
the experimental testing procedures), participaui®e instructed to mix 150 ml of juice with
500 ml water 3 hours and 1 hour before reportintpéolaboratory and to ensure all juice had
been ingested 45 min minutes prior to arriving ted taboratory. Therefore, participants
received a daily-citrulline dose of ~ 3.4 g during the watermelaicg¢ supplementation
period.

2.6 Experimental Tests

After reporting to the laboratory, subjects werguieed to rest in a seated position for 10 min
in an isolated room. Thereafter, blood pressure puide rate of the brachial artery was
measured using an automated sphygmomanometer (Bmdro, GE Medical Systems,
Tampa, USA) whilst the subject was seated. Fivasuements were taken and the mean of
the measurements was calculated. A venous blooghleawvas then drawn into a lithium-
heparin tube and centrifuged at 4000 rpm and 4%Cl@omin, within 3 min of collection.
Plasma was subsequently extracted and immediateheri at -80°C for later analysis of
[nitrite] via chemiluminescence [43], anddrginine] and (-citrulline] via high-performance

liquid chromatography (see below for details). Thsting pulse rate, blood pressure and



plasma data are expressed as the mean valuestedllea the two visits for the control,

watermelon juice and placebo trials.

Thirty minutes after arriving at the laboratory (ThBinutes after the ingestion of the
supplement), subjects completed a series of cyaecise tests. We elected to commence
exercise testing 75 minutes after supplement copsamas the performance trials would
then commence ~ 90 minutes after supplement corsamp which published
pharmacokinetic data has shown coincides with pplsma [-arginine] after orally
ingesting 3 g-citrulline [19]. The exercise protocol consistefdtwo ‘step’ exercise tests
including one moderate-intensity step test followmdone severe-intensity exercise bout.
Therefore, all subjects performed a total of twatsaf moderate-intensity exercise and two

bouts of severe-intensity exercise for each expartal condition.

Each transition began with 3 min of baseline cyglat 20 W before an abrupt transition to
the target work rate. A passive recovery of 5 g@parated the transitions. The moderate-
intensity steps were each of 4 min duration. Gmnfitst control visit and on day 14 of each
supplementation trial, subjects cycled at a seirgessity constant-work-rate (7029 until
exhaustion (see Figure 1 for a schematic of thigeamental protocol). The time-to-
exhaustion was recorded when the pedal rate fed b9 rpm below the required pedal rate.
On day 16 of the supplementation period, subjegtded for 6 min at a severe-intensity
constant-work-rate (70%) followed immediately by a 30 s all-out effort ésEigure 1 for a
schematic of this experimental protocol). Thegtsice on the pedals during the 30 s all-out
effort was set using the linear mode of the Lodmereter so that the subject would attain the
power output calculated to be 5Q%if they attained their preferred cadence (lineatdr =
power/preferred caderfje Subjects were provided with a 5 s countdownrpio the all-out
effort and were instructed to attain peak powerqagkly as possible and to continue
exercising maximally for the duration of the alltaffort. No time feedback was given to

the subjects at any point during the all-out effort

2.7 Measurements
During all tests, pulmonary gas exchange and \aiutii were measured breath-by-breath
with subjects wearing a nose clip and breathingugh a low-dead-space, low-resistance

mouthpiece and impeller turbine assembly (Jaeg@tel¥). The inspired and expired gas
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volume and gas concentration signals were contslyaampled at 100 Hz, the latter using
paramagnetic (§ and infrared (Cg analyzers (Jaeger Oxycon Pro, Hoechberg, Germany)
via a capillary line connected to the mouthpiedéde gas analyzers were calibrated before
each test with gases of known concentration antuttiine volume transducer was calibrated
with a 3-liter syringe (Hans Rudolph, Kansas CM0Q). The volume and concentration
signals were time-aligned by accounting for theaglah the capillary gas transit and the
analyzer rise time relative to the volume sign&ulmonary gas exchange and ventilation
were calculated and displayed breath-by-breath. glieonary V"o, responses in the two
moderate-intensity and severe-intensity step t@stontrol, watermelon juice and placebo
were averaged to improve the signal-to-noise ramal the confidence surrounding the
estimation of thel” o, kinetic parameters obtained from the exponentadeiling procedures
[44] (see Data Analysis Procedures below).

During the exercise trials, a blood sample wasectdld from a fingertip into a capillary tube
over the 20 s preceding the step transition in watk, the 20 s preceding the completion of
240 s of moderate cycling exercise and 360 s senyaleng exercise, and also immediately
following the all-out effort and immediately aftexhaustion during the severe-intensity
constant-work-rate trial. These whole blood sampleere subsequently analyzed to
determine blood [lactate] and [glucose] (YSI 230@llow Springs Instruments, Yellow
Springs, OH, United States) within 30 s of colleati

The oxygenation status of thm. vastus lateralis of the right leg was monitored using a
commercially available near-infrared spectroscopstean (model NIRO 300, Hamamatsu
Photonics KK, Hiugashi-ku, Japan). The system isted of an emission probe that
irradiates laser beams and a detection probe. diffarent wavelength laser diodes provided
the light source (776, 826, 845, and 905 nm) amdlighht returning from the tissue was
detected by a photomultiplier tube in the specti@me The intensity of incident and
transmitted light was recorded continuously at 2 &fwl used to estimate concentration
changes from the resting baseline for oxygenategipxybenated, and total tissue
hemoglobin/myoglobin. Therefore, the near-infraspectroscopy data represent a relative
change based on the optical density measured ifirsheatum collected. It should be noted
here that the contribution of deoxygenated myoglotu the near-infrared spectroscopy
signal is presently unclear, and, as such, thest¢omyhemoglobin], and [deoxyhemoglobin]
used in this paper should be considered to refdret@ombined concentrations of oxygenated
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and deoxygenated hemoglobin and myoglobin, respgti The tissue oxygenation index

FOh was calculated using the following equation:

[oxyhemoglobin]

Tissue oxygenation index = %X 100 (Eqn 1)

[oxyhemoglobin]+ [deoxyhemoglobin]

The leg was initially cleaned and shaved around#ily of the muscle, and the optodes were
placed in the holder, which was secured to the skih adhesive at 20 cm above the fibular
head. To secure the holder and wires in placelastic bandage was wrapped around the
subject’s leg. The wrap helped to minimize the sgmbty that extraneous light could
influence the signal and also ensured that thedestdid not move during exercise. Indelible
pen marks were made around the holder to enabtaspreeproduction of the placement in
subsequent tests. The probe gain was set witbutbiect at rest in a seated position with the
leg extended at down stroke on the cycle ergontetfare the first exercise bout, and near-
infrared spectroscopy data were collected contislyothroughout the exercise protocols.
The data were subsequently downloaded onto a pErsomputer, and the resulting text files

were stored on disk for later analysis.

Plasma [-arginine] and (-citrulline] were determined byo-phthaldialdehyde—(OPRA)
derivatised, fluorescence-detection HPLC, usinghows adapted from Jones and Gilligan
[45]. The high-performance liquid chromatographypaatus was a Perkin Elmer Flexar LC
system with Chromera software (Perkin Elmer, MARKA). In brief, plasma was de-
proteinised in 1.5N perchloric acid, neutralised2 potassium hydrogen carbonate, and
centrifuged. 100 uL of supernatant, 100 uL of 1.Béhmzoic acid, and 1.4 mL.B were
added to high-performance liquid chromatographysvia0O uL of unknowns/standards were
mixed with 50 pL of an OPA solution containing 2+cegptoethanol (fluoraldehyde-
phthaldialdehyde reagent solution, Thermo Scientifi, USA), enabling the pre-column
derivatization of amino acids with a highly fluocesito-phthaldialdehyde adduct. 25 pL of
derivatised sample was mixed in mobile phase amgelat 0.8 ml.min through a 4.6 x 150
mm, 2.7 um Brownlee SPP C18 reverse-phase andlgtbamn with 5 mm guard column
with matching specification. A gradient protocol afjueous mobile phase A (0.05M
potassium  phosphate buffer, pH 7.2) with organic bieo phase B
(acetonitrile/methanol/water, 40/40/20) was perfedmO — 1.5 min, 80% Mobile A; 1.5 —
18.5, 80 — 65%; 23.5, 50%; 32.5, 40%; 36.5, 30%5,48%; 51.5, 80%. Fluorescence was
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monitored at excitation and emission wavelength84ff and 455 nm, respectively. Amino

acid concentrations were determined against stdraaves between 0 and 500!.

2.8 Data Analysis Procedures

The breath-by-breath’o, data from each test were initially examined tolade errant
breaths caused by coughing, swallowing, sighing, @nd those values lying more than four
standard deviations from the local mean were rechov@he breath-by-breath data were
subsequently linearly interpolated to provide secby-second values and, for each
individual, the two moderate-intensity and two sevatensity repetitions were time-aligned
to the start of exercise and ensemble-averaged mbderate-intensity exercise, baseline and
end-exercisel’o, were taken as the med o, over the 90 s preceding the step transition and
the meanV'o, over the final 60 s of the step transition, respety. For severe-intensity
exercise, the first 20 s of data after the onsee>a@frcise (i.e., thephase | response) were
deleted and a nonlinear least-squalgorithm was used to fit the data thereafter. iA b
exponential model was used to characterizeli"heresponses to severe-intensity exercise, as

described in the following equation:
i--02 (t) = i--02 baselinet Ap(l'é (t-TDp/‘rp)) + As(l'é (t-TDShS)) (Eqn- 2)

where Vo, (t) representthe absoluteo, ata given timet; I"ozpaseinefe€presents the meaio,
in the baseline period; ATD,, and-, represent the amplitudéme delay, and time constant,
respectively, describing thehase Il increase i'o, above baseline; andsATDs, and ¢
represent thamplitude of, time delay before the onset of, antetconstant describing the

developmenof, the’o, slow componentespectively.

In addition, a single-exponential model without dindelay, with the fitting window
commencing at = 0 s (equivalent to the mean response time), wad to characterize the

kinetics of the overali’o, response during the trials as described in tHeviarhg equation:
‘-.02 (t) = ‘--02 baselinet A (1'é t/MRT)) (Eqn- 3)

An iterative process was used to minimize shen of the squared errors between the fitted
function and th®@bserved valuesy ospascinewas defined as the meda v, measured over the

final 90 s of the resting baseline period. T at 360 s was taken as the md m between
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330 and 360 s, thi'o, at exhaustion was taken as the mi'apmeasured over the final 30 s
of the exhaustive exercise bout, and 7w at the end of the all-out effort was taken as the
meani'o, measured over the final 15 s of the all-out effoBecause the asymptotic value
(As) of the exponentiderm describing thé o, slow component may represent a higher value
than is actuallyeached at the end of the exercise, the actualita@lofthe 1o, slow
componenat the end of exercise was defined @s Ahe A' parameter was compared at the
same iso-time (360-s) for all dietary intervention§he near-infrared spectroscopy-derived
TOI was assessed at baseline (90-s mean preceeindransition) and end-exercise (mean

response over the final 30 s of exercise).

2.9 Statistics

A one-way repeated-measures ANOVA was employed gsess between-supplement
differences in blood pressure and heart rate; blghatose] and [lactate]; plasmadrginineg],
[L-citrulline] and [nitrite]; pulmonary V'op; near-infrared spectroscopy-derived tissue
oxygenation index; and exercise performance indiceSignificant effects were further
explored using simple contrasts with Fisher's L9Data are presented as mean + SD, unless
otherwise stated. Statistical significance wasepted whenP<0.05. Effect size was
calculated as Cohents

3. Results

On the days of the experimental testing, all pgodiots reported mild gastrointestinat{Gl)
discomfort with symptoms of mild stomach cramps /andflatulence with both the
watermelon juice and placebo supplements. Altigipants consumed at least 95% of the
required supplement portions and their diet wasistent in the days surrounding each of the
intervention periods. In the ramp incremental,tpatticipants attained a peak power output
of 360 + 61 W and & ogeaof 4.11 + 0.71 L-mitt (52 = 8 ml-kg'-min). The work rates
applied during the moderate-intensity and sevetensity step tests were 112 + 22 W and
274 + 54 W, respectively.

Plasma [L-citrulling], [L-argining], and [NO,]
The plasmaifcitrulline], [L-arginine], and [N@] in the CON, WMJ and PLA conditions are

illustrated in Figure 2. There was a significarsimeffect for supplement on plasma [
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citrulline], [L-arginine], and [nitrite]. Plasma-Eitrulline] was higher in the watermelon juice
condition (101 + 23uM) compared to the placebo (22 +ué1) and control (29 £ 4M)
conditions P<0.001), with plasmac{citrulline] being lower with PLA than CONPKO0.05;
Figure 2). Plasma.{arginine] was higher in the watermelon juice ctiodi (116 + 9uM)
compared to the placebo (67 = iBl) and control (74 + M) conditions P<0.001), with
no significant differences between plasmaaiginine] in the placebo and control trials
(P>0.05; Figure 2). Similarly, plasma [nitrite] wagher in the watermelon juice condition
(201 + 106 nM) compared to the placebo (106 + 21) ravid control (102 + 29 nM)
conditions P<0.05), with no significant differences in plasnmitrite] between the placebo
and control trials#>0.05; Figure 2).

Blood pressure and heart rate

There was a significant main effect for supplen@anteart rate, systolic blood pressure and
mean arterial pressure (#k0.05), but not diastolic blood pressufe>(.05). Heart rate,
systolic blood pressure and mean arterial pressare higher in both watermelon juice and
placebo compared to the control conditid?<@.05; Table 1). These variables were not

different between the watermelon juice and placahulitions P>0.05; Table 1).

Tissue oxygenation index

The tissue oxygenation index in the control, watdon juice and placebo conditions during
moderate-intensity and severe-intensity cycling@se is illustrated in Figure 3. There was
a significant main effect for supplement on therge A end-start) in tissue oxygenation
index during moderate-intensity exercide<(Q.05). Further analysis revealed that tissue
oxygenation declined by a smaller magnitude dunngderate-intensity exercise in the
watermelon juice condition compared to the placabd control conditionsP<0.05; Figure
3). There were no between-condition differencetsssue oxygenation index during baseline
cycling (P>0.05), but the tissue oxygenation index at endese was higher in the
watermelon juice condition that the placebo condit{P<0.05; Figure 3). There were no
significant differences between the experimentaiditions in tissue oxygenation index at

baseline or end-exercise during the severe-inieas#rcise testR>0.05; Figure 3).

Pulmonary 1o,
There were no significant differences in pulmoni‘rg at baseline or end-exercise during the

moderate-intensity step exercise tests betweerthtte® experimental condition$%0.05;
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Table 2). Likewise, there were no differencesuimppnaryi o, at baseline, 360 s, the end of
the all-out effort or exhaustion during the sevietensity step exercise tests between the
three experimental conditionBX0.05; Table 2). Moreover, phaselb; kinetics and thel

o, fundamental and slow component amplitudes weresigoiificantly different between the

three experimental condition8X0.05; Table 2).

Blood [glucose] and [lactate]

There were no significant between-condition diffexes in blood [glucose] at any point of
the moderate-intensity and severe-intensity steprogse tests. In contrast, there were
significant main effects for condition on baselar@d end-exercise blood [lactate] during the
moderate-intensity step test8<(Q.05). The baseline blood [lactate] during thederate-
intensity step test was higher with both watermejoice and placebo supplementation
compared to the control conditioR<0.05), while end-exercise blood [lactate] was kigh
than the control condition after placebo supplemigont (P<0.05; Table 3). The ANOVA
indicated a significant main effect for condition baseline blood [lactate] during the severe-
intensity step testP<0.05), with baseline blood [lactate] being highkan the control
condition after watermelon juice and placebo supgeletation P<0.05; Table 3). There was
no significant main effect for condition on blodddtate] at any other time point during the

severe-intensity exercise teB>0.05; Table 3).

Exercise performance

The power output during the 30 s all-out efforthie control, watermelon juice and placebo
conditions is illustrated in Figure 4. There wasgignificant main effect for condition on
either the peak power output or total work donéhan 30 s all-out effortR>0.05). However,
there was a significant main effect for conditiontbe total work done over the first 10 s of
the all-out effort P<0.05; Figure 4). Follow-up analyses indicated tha total work done
over the first 10 s of the all-out effort was higlivethe watermelon juice condition (4.7 + 1.7
kJ) compared to the control condition (4.2 + 1.4RJ0.05; Table 4; Figure 4), but not the
placebo condition (4.5 + 1.6 kB>0.05). There was no significant main effect fondition

on the time to exhaustion during the severe-intgnsonstant work rate exercise test
(P>0.05; Table 4).
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4. Discussion

The important novel finding from this study is thahronic supplementation with a
watermelon juice concentrate, which provided aydaikitrulline dose of ~ 3.4 g and
increased plasma.-gitrulline] and [-arginine], also increased the sensitive biomaxker
nitric oxide synthase activity, plasma [nitrite]ln addition, muscle oxygenation during
moderate-intensity exercise was increased aftererweon juice supplementation.
However, in spite of a significant increase in plas[nitrite], watermelon juice increased
resting blood pressure and heart rate above valbssrved in the unsupplemented control
condition.  Muscle oxygenation and performanceirdursevere-intensity exercise, and
pulmonaryi o, during moderate-intensity and severe-intensity@se were not significantly
impacted by watermelon juice supplementation. @fuee, the results of this study suggest
that, while chronic watermelon juice supplementatltas the potential to increase nitric
oxide synthesis, this benefit is somewhat offsetbyincrease in resting blood pressure and
heart rate. Moreover, given that severe-intenskgrcise performance was not improved
following watermelon juice supplementation, our diigs do not support the use of
watermelon juice as a nutritional aid to improved@mrance exercise performance in

recreationally-active participants.

It is well documented that watermelon juice is rinh-citrulline [28,30,34,46,47] and that
orally ingested -citrulline readily passes into the systemic ciatian [48]. Consistent with
this, 16 days supplementation with 300 mL-Haj a watermelon juice concentrate, which
provided ~ 3.4 g.-citrulline-day', increased plasma.-Eitrulline] 3-4 fold above values
observed in the placebo condition. The two previstudies that have measured plasma [
citrulline] following watermelon juice ingestion W& reported conflicting findings.
Specifically, Mandel et al. [29] observed a 26 foildrease in plasma-gitrulline] after the
acute consumption of 3.3 kg (wet weight) watermdlonitrulline content not quantified),
whereas plasma-itrulline] was not increased after consuming 830 1 g.-citrulline) or
1560 g (~ 2 g-citrulline) of watermelon juice- d&yfor 3 weeks in the study by Collins et al.
[30]. These inter-study differences might be lidke differences in the watermelon
supplementation procedures employed anditbérulline doses administered. However,
while the effect of watermelon consumption on pladrrcitrulline] is equivocal, plasma-{

arginine] was increased in the current study (+4286)well as the studies by Mandel et al.
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[29] (+2 fold) and Collins et al. [30] (+10% withe lower dose; +25% with the higher dose)
compared to the respective placebo/control contioFollowing oral ingestion, circulating
L-citrulline is taken up by a number of tissues antisequently converted, via the stepwise
activity of the enzymes, arginoinosuccinate syrdhasd arginoinosuccinate lyase, ito
arginine [17,49,50]. Therefore, the findings oiststudy suggest that chronic watermelon
juice supplementation can increase the circulatiagginine pool and, by extension, substrate

for nitric oxide synthase.

In addition to increasing substrate provision fatrio oxide synthase, we observed an
increase in the circulating plasma [nitrite] aféestermelon juice supplementation. There is
evidence to suggest that the plasma [nitrite] $ime$y reflects endothelial nitric oxide
synthase activity [32] and thedcitrulline supplementation can increase nitricdexsynthase
activation [20] and nitric oxide biomarkers [19,21]The greater plasma [nitrite] after
watermelon juice supplementation in this study eéfeme suggests that watermelon juice
supplementation was effective at increasing nitrkidde synthase-derived nitric oxide. A
previous study has reported that nitric oxide sgséhactivity and plasma [NOx] ([nitrate] +
[nitrite]) were increased after 4 weeks supplenmt@mnawith watermelon pomace in Zucker
diabetic fatty rats [31], but the current studythe first, to our knowledge, to suggest that
watermelon juice supplementation can increasecnitxide production through nitric oxide
synthase in humans. In a recent study, we repthegdseven days supplementation with 6 g
L-citrulline-day" (total L-citrulline dose of 42 g) did not significantly i@se plasma
[nitrite], but the 21% increase did approach dtiiaas significance [22]. However, when a
similar total L-citrulline dose was administered as concentratedesmnelon juice in this
study, plasma [nitrite] was increased by 90% inesmf a lower increase in plasma [
arginine] (+42%) compared to our previous study3(A%) [22]. The greater potential for
nitric oxide synthesis after watermelon juice seppéntation might be linked to a synergistic
effect betweenc-citrulline and other constituents of watermeloricgu For example,
watermelon juice is high in the non-enzyme antiexid, glutathione, lycopene aifid
carotene [34-36], which can scavenge the superaaidieal [37,51]. This is important given
the rapid reaction of superoxide with nitric oxieform peroxynitrite which compromises
nitric oxide bioavailability [52]. Importantly, vwarmelon juice supplementation has been
shown to increase plasma [lycopene] afwddrotene] [35] and recent evidence suggests that
concurrent supplementation witkcitrulline and glutathione is more effective atrieasing

nitric oxide biomarkers than independent suppleat@r with L-citrulline [33]. Taken
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together, these findings suggest that watermelare jaupplementation might represent an

effective nutritional intervention to increase witoxide production and bioavailability.

Pulmonary 1’0o, during moderate-intensity exercise was not sigaiftly impacted by
watermelon juice supplementation in this studyhds recently been reported that increasing
the circulating plasma [nitrite] via nitrate-ricledtroot juice supplementation can lovi
during moderate-intensity exercise [e.g., 43]. wer, plasma [nitrite] was only increased
by 90% after watermelon juice supplementation is #tudy and a reduction ii"o, during
moderate-intensity exercise is only typically oleer after nitrate-rich beetroot juice
supplementation when plasma [nitrite] is increaaelbast 2 fold above baseline when using
the same plasma [nitrite] assay (ozone-based chmmméscence analysis of non-
deproteinised plasma) used in this study [43]. rétoge, the increase in nitric oxide
synthesis after watermelon juice supplementationthis study was likely insufficient to
evoke an improvement in cycling economy. Howewehjle the Q cost of moderate-
intensity exercise was not altered after watermejaite supplementation, muscle
oxygenation during moderate-intensity was greateiloWwing watermelon juice
supplementation. Indices of muscle oxygenatiorevedéso improved in our recent study after
L-citrulline supplementation [22]. Taken togethethese findings suggest that
supplementation with watermelon juice ocitrulline may improve the balance between

muscle Q supply and muscle Qlemand during moderate-intensity exercise.

In contrast to our recent study witkeitrulline supplementation [22], time-to-exhaustiand
the total work completed during the all-out effartre not improved after watermelon juice
supplementation compared to placebo in this studyo other recent studies have also
observed no improvement in exercise performanceicesd after watermelon juice
supplementation [28,42]. In our previous study mhe-citrulline was ergogenic, we
observed improved muscle oxygenation and falterkinetics and attributed the ergogenic
effects of L-citrulline to an increase in proportional energyntibution from oxidative
metabolism [22]. Previous studies have also repormproved muscle function after
citrulline supplementation when oxidative metabuliss improved [23,24]. However,
pulmonaryi'o, kinetics and muscle oxygenation during severensitg exercise were not
improved by watermelon juice supplementation irs tstudy and exercise performance was
unaltered. Collectively, these observations sugthes increasing dietany-citrulline intake

has the potential to improve endurance exercistompeance only when indices of aerobic
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metabolism are improved. The improvements in muBmiee production/fatigue resistance
after studies administeringcitrulline powder [22,23] compared to the lackimprovements

in muscle performance after watermelon juice [28#2 current study] might be linked to
the greater-citrulline doses administered in the studies adstening L-citrulline powder.
To our knowledge, this study has assessed exgrersermance variables after the largest
citrulline dose administered via watermelon juiggiven that exercise performance was not
enhanced with a watermelon juice concentrate is #8tudy, our findings suggest that
watermelon juice supplementation is unlikely toressgnt an ergogenic aid for endurance
performance. We observed that watermelon juiceplsamentation and the apple juice
placebo tended to increase time-to-exhaustion coedp@a the control condition. This might
be linked to the chronic carbohydrate consumptiobath the juice concentrate conditions
compared to the control conditions [53]. Theralso evidence that chronic carbohydrate
consumption does not improve performance duringtshgation high-intensity exercise
[see 54 for review] and the general consensusai darbohydrate supplementation is not

necessary to optimise performance during event® mif in duration [55].

While watermelon juice supplementation offers pregmias a nutritional intervention to
increase nitric oxide bioavailability and muscleyge&nation during moderate-intensity
exercise, there were some negative side effecteciassd with the watermelon juice
supplementation regime used in this study. Firgthrticipants reported mild gastrointestinal
discomfort after watermelon juice supplementatloat tvas manifest as mild stomach cramps
and/or flatulence. Since similar side effects wegorted with placebo supplementation, and
since previous studies administering a simikaitrulline dose to that ingested in this study
have reported no side effects [e.g., 19], the gedéstinal discomfort after watermelon juice
supplementation in this study is unlikely to beomsequence afcitrulline ingestion per se.
Gastrointestinal discomfort can be provoked by Haghfibre or protein consumption, or the
ingestion of a concentrated carbohydrate soluti].[ The watermelon juice and placebo
supplements were low in fat (0.025 g/100 g juitibye (0.075 g/100 g juice) and protein (1.3
g/100 g juice), but high in carbohydrate (61.8 ¢asilO0 g juice). As such, the
gastrointestinal discomfort reported after wateonglice and placebo ingestion is likely to
have arisen as a consequence of the high sugantarftthe watermelon juice and placebo
supplements. Secondly, blood pressure and hdartvere increased after watermelon juice
supplementation.  This conflicts with recent obations that supplementation with

watermelon juice can lower blood pressure in hypive participants [38-41]. Blood
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pressure and heart rate were increased above thegpiemented control condition by a
similar magnitude after watermelon juice and placsbpplementation. This suggests that
the high sugar intake with the watermelon juice afatebo supplements might also have
played a role in increasing blood pressure and nat. Previous studies have also observed
an increase in blood pressure after the consummidpeverages rich in sugar [e.g., 57].
Although the mechanism for the increase in blooglspure following the consumption of
sugar-enriched beverages is not entirely clearetiee some evidence that increased sugar
intake can increase sympathetic nervous systemitgd®8]. Therefore, the increased blood
pressure after watermelon juice and placebo suppitation in this study might be linked to
an increase in sympathetic drive. The increaseesting heart rate after watermelon juice
and placebo supplementation in this study is ctersiswith this interpretation. Given the
increased stress placed on the cardiovascularsyatier watermelon juice consumption in
this study, and the increase in coronary hearadsend hypertension morbidity associated
with the consumption of sugar-sweetened beverdgslpnger term supplementation with a
watermelon juice concentrate, at least in the f@wministered in this study, cannot be

recommended.

Although the watermelon juice concentrate admingsten this study was not ergogenic for
endurance exercise performance and evoked negatrdgovascular responses, it is known
that thec-citrulline content of watermelon varies by the @ratelon variety [46] and that the
rind of a watermelon contains mareitrulline than the flesh of the fruit [46,47]. h&refore,
we acknowledge that it might have been possibeotsume a lower volume of watermelon
juice (with a corresponding reduction in sugar kefato attain the same or a larger
citrulline dose to that administered in the currsetoidy if a different watermelon variety had
been used or more of the rind was incorporated timtowatermelon juice. Administering a
sugar-free/reduced sugar watermelon juice condentraght also hold promise given that
watermelon juice appears to be more effective atessing nitric oxide production (the
current study) compare to an equivalent total dgeurec-citrulline [22]. Further research
is required to assess the effects of a sugar-éeeded sugar watermelon juice concentrate
and lower doses of watermelon juice on nitric oxjeduction, vascular and metabolic
function, and functional capacity in healthy adulis well as patients with vascular and

metabolic diseases.
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5. Conclusion

In conclusion, 14-16 days supplementation with aewaelon juice concentrate, that
provided 3.4 g-citrulline-day', increased plasma [nitrite]. This suggests irsedanitric
oxide production through nitric oxide synthase. riBg moderate-intensity exercise
pulmonaryi o, was not different but muscle oxygenation was gneatter watermelon juice
supplementation. This implies that watermelonguscpplementation improved the balance
between muscle Osupply and muscle Odemand during moderate-intensity exercise.
However, watermelon juice supplementation did noprove pulmonaryio, kinetics,
muscle oxygenation or exercise performance indicesg severe-intensity cycling exercise.
Moreover, participants experienced gastrointestiatomfort and exhibited increases in
resting blood pressure and heart rate after theerw&on juice supplementation regime
employed in this study. Therefore, while the resubf this study suggest that
supplementation with a watermelon juice concentcate elicit improvements in baseline
nitric oxide production and muscle oxygenation dgrmoderate-intensity exercise, severe-
intensity exercise performance was unaffected rasting blood pressure and heart rate were
increased after watermelon juice supplementatiompared to placebo supplementation.
These findings do not support the use of watermplme supplementation to aid endurance

exercise performance and vascular health in healtlts.
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Figure Legends

Figure 1: Schematic of the experimental protocol (panel A) tre time to exhaustion (panel
B) and all-out effort (panel C) tests that were pteted in the control condition and during
16 day supplementation periods with watermelon guimoncentrate and apple juice
concentrate as a placebo. Tlim = time to exhaushimte that the watermelon juice and apple
juice supplements were administered in a countartoald order in a crossover experimental

design.

Figure 2: Plasma [-citrulline] (upper panel), [L-arginine] (middle pal) and [nitrite] (lower
panel) in the control (CON) condition and duringl@ day supplementation period with
watermelon juice concentrate (WMJ) and apple juiocecentrate as a placebo (PLA). The
open bars represent the group mean + SD responses in the, @N and PLA conditions.
The solid black lines represent the individual tesges to the supplements. * indicates
significantly different from CON and PLAPK0.05). # indicates significantly different from
CON (P<0.05).

Figure 3: Group mean near-infrared spectroscopy-deriveddisslygenation index during a
moderate-intensity step cycle test (upper paned)asevere-intensity step cycle test (lower
panel) in the control (CON) condition and durindl@ day supplementation period with
watermelon juice concentrate (WMJ) and apple jaicecentrate as a placebo (PLA). Note

the improved tissue oxygenation index with WMJ dgnmoderate-intensity cycling exercise.

Figure 4: Group mean power profiles during a 30 s all-oubfEommenced immediately
after 6 min of severe-intensity cycle exercisehi@ tontrol (CON) condition and during a 16
day supplementation period with watermelon juicencemtrate (WMJ) and apple juice
concentrate as a placebo (PLA). The dashed vEklitiearepresents the onset of the 30-s all-
out effort. * indicates a significantly higher mepower output over the first 10-s of the all-
out effort in the WMJ condition compared to the C@dhdition.
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Table 1. Resting blood pressure and heart rate measur es during the control (CON),
watermelon juice (WM J) and placebo (PLA) conditions.

CON WMJ PLA CON-WMJ PLA-WMJ
Mean Effect | Mean Effect
Difference | Size | Difference | Size
(95% CI) (95% ClI)
Heart rate (bpm) 66 +4 76 £ 6* 77 £ 8F -9.88 (+ 1.32 0.50 (- | 0.05
16.12, - 7.68, 8.68)
3.63)
Systolic blood pressure (mmHg) 124+8 130+11* 1¥P* | -6.13(- | 0.98 1.13(- | 0.26
11.38, - 2.57,4.82)
0.87)
Diastolic blood pressure (mmHg 68 + 4 69 + 9* 68| -1.63 (- 0.31 -1.00 (- | 0.12
6.00, 2.75) 8.21, 6.21)
Mean arterial pressure (mmHgQ) 89+5H 92 £+ 7* 92+[7 -2.75 (- 0.96 0.13(- | 0.04
5.15, - 2.95, 3.20)
0.35)

Values are presented as the mean + SD. * = sigmifig different from CONRF<0.05). 95%

Cl = 95% confidence interval.




Table 2. Pulmonary oxygen uptake (1 o2) during moder ate- and sever e-intensity cycle
exercisein the control (CON), watermelon juice (WM J) and placebo (PLA) conditions.

CON WMJ PLA CON-WMJ PLA-WMJ

Mean Effect | Mean Effect
Difference | Size | Difference | Size
(95% CI) (95% CI)

Pulmonary Vo,

Moderate-intensity cycling

Baseline (L-mif) 1.10+£0.18| 1.10+0.17 1.08+0.15 -0.01 (- 0.14 -0.02(- | 0.2
0.07, 0.47) 0.10, 0.64)

Enc-exercise(L- min™) 1.84+040 | 1.91+£0.3 | 1.91+£0.2' | -0.07(- 0.32 -0.02 0.2t
0.26, 0.11) 0.08, 0.05)

Severe-intensity cycling

Baseline (L-mifl) 1.13+0.18| 1.17+0.16 1.17+0.12 -0.04 (- 0.75 -0.00 (- | 0.01
0.07, 0.00) 0.08, 0.08)

360-s (L-mirt) 3.88+0.63| 3.84+0.64 3.95+0.63 0.03 (- 0.50 0.11 (- | 0.58
0.02, 0.09) 0.05, 0.27)

Phase Il time Constant (s) 28+6 26+ 3 29+4 8Z:0 | 0.31 279 (- | 0.45
3.47, 7.62) 2.38, 7.95)

Fundamental amplitude 216+052 | 211+054 223+0.52 0.05( 0.31 0.11 (- | 0.69

(L-min™) 0.08, 0.19) 0.02, 0.25)

Slow component amplitude 0.61 +0.14 | 0.60+0.17 0.60+0.16 0.01 (+ 0.08 0.00 (- | 0.00

(L-min™®) 0.09, 0.10) 0.08, 0.08)

Overall mean response time 57 +12 58+9 57 +11 -0.10 (-| 0.02 -0.23 (- | 0.04

(s) 4.66, 4.46) 4.91, 4.47)

End-sprint (L-mif) 412+0.74 | 4.08+057 4.14+0.76 0.04 (- 0.14 0.06 (- | 0.22
0.20, 0.28) 0.17, 0.29)

Exhaustion (L-mift) 3.99+0.48 | 3.91+0.66 4.04+0.59 0.08 (- 0.32 0.13(- | 0.42
0.12, 0.29) 0.12, 0.39)

Values are presented as the mean + SD. 95% CI =c@bfidence interval.




Table 3. Blood [glucose] and [lactate] during moder ate- and sever e-intensity cycle
exercisein the control (CON), watermelon juice (WM J) and placebo (PLA) conditions.

CON WMJ PLA CON-WMJ PLA-WMJ
Mean Effect | Mean Effect
Difference| Size | Difference| Size
(95% CI) (95% CI)
Blood glucose concentration
(mM)
Moderate-intensity cycling
Baseline 40+£08 41+07 41106 -0.13(-0.11 -0.02 (- | 0.02
1.08, 0.74,
0.82) 0.70)
End-exercise 42+04 3809 41108 0.43(-0.47 0.25(- | 0.27
0.34, 0.52,
1.20) 1.01)
Severe-intensity cycling
Baseline 40+£0.8/ 4.1x0.6 43105 -0.88 (- 0.68 0.23(- | 0.26
1.16, 0.50,
0.99) 0.95)
360-s 39+04| 42%+05 411D 0.23 (- 0.89 -0.38 (- | 0.47
0.44, - 0.71,
0.01) 0.64)
Post 30-s sprint 4.0+ 0.7 4005 43x(06 1q:0 | 0.01 0.30(- | 0.54
0.63, 0.17,
0.61) 0.77)
Post exhaustion 3.4+£0.9 38+x07 4110 -@-39 0.45 0.31(- | 0.36
1.11, 0.40,
0.33) 1.03)
Blood lactate concentration
(mM)
Moder ate-intensity cycling
Baseline 09+0.3 15+03* 14%+0.3* -0.61(- 2.65 -0.11 (- | 0.58
0.80, - 0.27,
0.41) 0.05)
End-exercise 1.3+0.6 16+0b 16+05* -0.26( 0.63 0.07 (- | 0.28
0.60, 0.15,
0.08) 0.28)
Severe-intensity cycling
Baselin 090 1.3+04 | 13+0.3 | -0.40+~ 0.87 0.03 - 0.1C
0.79, - 0.23,
0.01) 0.28)
360-s 6.9+1.7| 75+£21 7.4+20 -0.59 (- 0.38 -0.08 (- | 0.05
1.87, - 1.44,
0.70) 1.29)
Post 30-s sprint 9.3+ 1.6 96+15 10.1+P2.2 29Q- 0.79 0.51 (- 0.31




1.24, 0.88
0.66) 1.91)

Post exhaustic 73+2( | 84+2f | 87+2( | -1.07+ | 0.4€ | 034+~ | 0.17
2.99, 1.30,
0.86) 1.98)

Values are presented as the mean + SD. * = sigmifig different from CONRF<0.05). 95%
Cl = 95% confidence interval.




Table 4. Exercise performance measuresin the control (CON), watermelon juice
(WM J) and placebo (PLA) conditions.

CON WMJ PLA CON-WMJ PLA-WMJ
Mean Effect | Mean Effect
Difference | Size | Difference | Size
(95% CI) (95% CI)
Sprint test performance
Peak power output (W) 509 £+ 167 565 +2D0 547 +1966.75(- | 1.03 -18.38 (-| 0.27
102.84, - 75.05,
10.66) 38.30)
Total work done over 10 s (kJ 42+14 47+1|745+1.6 -0.54 (- | 1.17 -0.19(- | 0.39
0.93, - 0.60, 0.21)
0.16)
Total work done over 30s (I | 125+3.« | 13.2+4.! | 126 +4.( | -0.65~- 0.4¢ -0.58 ~ 0.44
1.79, 0.49) 1.68, 0.53)
Exercise Toler ance
Time-to-exhaustion (s) 478 +8(0 550 +143 539+10872.25(-| 0.62 -10.75(-| 0.10
169.49, 97.30,
24.99) 75.80)

Values are presented as the mean = SD. * = sigmifig different from CONRK<0.05). 95%
Cl = 95% confidence interval.
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