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ABSTRACT ARTICLE HISTORY
Background: Mouth rinsing with carbohydrate (CHO), caffeine (CAF), and their com- Received 28 November 2024
bined (CHO+CAF) solutions has been shown to enhance exercise performance. However, Accepted 3 September 2025
most previous studies were conducted under fasted conditions, which may not accu- KEYWORDS

rately reflect the typical practices of athletes who generally consume food before intense Oral rinsing; ergogenic aid;
exercise or competition. This study examined the effects of CHO, CAF, and CHO+CAF taste receptor; cycling; sport
mouth rinses on physiological and perceptual responses during high-intensity interval nutrition

exercise (HIIE) following a pre-exercise meal.

Methods: Twelve recreationally active males (age: 23.4 + 3.2 years) completed four HIIE

trials involving 8 bouts of 1-min cycling at 85% of peak power output (PPO), separated by

1-min active recovery at 20% of PPO. Using a double-blinded randomized crossover

design, participants rinsed with either 10% maltodextrin (CHO), 1.2% caffeine (CAF), 10%

maltodextrin + 1.2% caffeine (CHO+CAF), or water (PLA) twice in each trial (after warm-

up and interval 4). All solutions were taste-matched using the artificial sweetener

sucralose. A standardized CHO-rich (1 g-kg™' body weight) breakfast was provided

an hour before testing.

Results: Ratings of perceived exertion were significantly different between conditions

after interval 4 (CHO: 12.3 +1.6; CAF: 13.5+£2.2; CHO+CAF: 12.7 £ 1.7; PLA: 13.7 +2.4;

p = 0.049, nf,=0.21), but no significant effects of the mouth rinse conditions were

observed on heart rate, blood glucose, blood lactate, affective valence, perceived

activation, or affective responses (pleasure, arousal, and dominance) (all p > 0.05).

Conclusion: These findings suggest a limited ergogenic benefit of CHO and/or CAF

mouth rinse through physiological and perceptual responses following sufficient food

intake.

1. Introduction

Mouth rinsing and expectorating solutions with carbohydrate (CHO) or caffeine (CAF) have been shown to
independently improve various aspects of exercise performance. For instance, CHO mouth rinses have been
associated with improvement in both endurance [1] and sprint performance [2], whereas CAF mouth rinses
have been suggested to enhance sprint performance [3], interval exercise performance [4], and cognitive
performance [5]. When CHO is rinsed, it stimulates oral cavity receptors regardless of sweetness and
subsequently activates brain regions related to reward processing and motor control, including the cingulate
cortex, orbitofrontal cortex, and corpus striatum [6,7]. This approach offers an ergogenic alternative to CHO
ingestion that may cause gastrointestinal distress during intense exercise [8]. Similarly, CAF mouth rinsing is
thought to antagonize oral adenosine receptors and stimulate oral bitter taste receptors without entering
circulation. This strategy may help mitigate common side effects associated with traditional CAF ingestion,
such as insomnia and headache [9], and results in the activation of the dorsolateral prefrontal cortex - an
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effect not observed when mouth rinsing CHO solutions [7]. As such, combining CHO and CAF in a mouth
rinse solution (CHO+CAF) has also been hypothesized to induce an additive activation of distinct taste
receptors via simultaneous stimulation of different neural pathways, potentially leading to further enhance-
ments in cognitive performance during exercise [10].

Despite these proposed mechanisms, the ergogenic effects of various mouth rinse were not universally
observed in the literature [10,11]. One reason cited for the discrepancies in studies reporting positive or no
effects of mouth rinses on exercise performance is the influence of pre-exercise meals. For example,
a previous systematic review revealed inconsistent results regarding the impact of CHO mouth rinses on
exercise performance, potentially influenced by endogenous glycogen availability and variations in study
designs [11]. Of note, many studies reporting an ergogenic effect of mouth rinses were conducted under
fasted conditions [6,12] or at least 4 hours post-absorption [1], which may not accurately reflect the typical
practices of athletes who generally consume food before intense exercise or competition.

To further elucidate the ergogenic potential of various mouth rinse strategies in a practical context, the
current study aimed to examine the effects of combined or separated CHO and CAF mouth rinses on
physiological and perceptual responses during high-intensity interval exercise (HIIE) following a pre-
exercise meal. HIIE was chosen as the exercise modality for this study due to its interval nature that closely
resembles the competition demands of intermittent sports that involve fluctuation in exercise intensity and
efforts (e.g. soccer, rugby, and basketball), as well as its time efficiency in enhancing cardiovascular fitness
compared to traditional continuous exercise [13]. Notably, limited literature exists regarding mouth rinsing in
HIIE that incorporates pre-exercise CHO intake [14], which is commonly practiced by athletes before
competition. We hypothesized that the combined or separated CHO and CAF mouth rinses would elicit
more positive physiological and perceptual responses during HIIE compared to the placebo month rinse
condition following a pre-exercise meal.

2. Methods
2.1. Participants

Twelve recreationally active young males with diverse sports background voluntarily participated in
this study and completed all trials (Table 1). Participants were recruited through online advertise-
ments in the university and via social media. A CONSORT flowchart is shown in Figure 1. Inclusion
criteria included (1) ages 18-30years and (2) physically active (at least 150 min of moderate or
75 min of vigorous intensity exercise per week), as evaluated by the International Physical Activity
Questionnaire [15]. Exclusion criteria included (a) history of smoking; (b) diagnosis of diabetes,
hypertension, cardiovascular diseases, or metabolic disorders; or (c) use of medication that would
affect exercise performance and metabolic responses. Usual caffeine intake was measured by
a previously published questionnaire [16]. All participants received information of the experimental
procedures and provided their written informed consent. The study protocol was conducted in
accordance with the Declaration of Helsinki regarding the use of human participants and was
approved by the Research Ethics Committee of the University of Hong Kong School of
Professional and Continuing Education. Due to a lack of direct comparisons between various
mouth rinse approaches and their physiological responses following food ingestion in previous

Table 1. Characteristics of the partici-
pants (n=12).

Age (years) 234 + 32
Height (cm) 1727 + 6.5
Body weight (kg) 634 + 104
BMI (kg/m?) 212 + 3.
Body fat (%) 114 + 42
PPO (W) 2412 = 441
CHO intake (g/kg/day) 44 = 19
Caffeine intake (mg/kg/day) 04 = 05

Data are presented as mean = SD. BMI, body
mass index; CHO, carbohydrate; PPO, peak
power output.
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Figure 1. CONSORT flowchart.

studies, our current sample size (n=12) was determined based on a review of existing literature on
CHO+CAF mouth rinse [3,14,17]. This decision also considered the practical constraints of recruiting
and retaining participants for an extensive exercise study with four crossover trials. Post-hoc sample
size analysis is provided in the Discussion section.

2.2. Experimental design

A double-blinded, placebo-controlled, randomized crossover design was adopted. Each participant
visited the Exercise Physiology Laboratory at the Chinese University of Hong Kong a total of five
times at a similar time in the morning (£2 h). Visit 1 was a preliminary test comprised of anthropo-
metric measurement, a peak power output (PPO) test, and a familiarization session. The subsequent
four visits (Visit 2-5) were main experimental trials with 5-7 days apart, with four different mouth
rinse solutions. This washout period was chosen to accommodate individuals who might not be
accustomed to the vigorous nature HIIE, ensuring complete recovery. This approach aligns with
previous acute studies on mouth rinsing that utilized similar HIIE or repeated sprint protocols [17-
19]. Figure 2 shows the schematic overview of the study design.
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Visit 2-5: Experimental trials
A randomized, crossover, double-blinded design

1. CHO: 10% maltodextrin + 1.2% sucralose

””””””””””” 7 2.CAF: 1.2% caffeine + 1.2% sucralose

--------------------- 3. CHO+CAF: 10% maltodextrin + 1.2% caffeine + 1.2% sucralose
4.PLA: 1.2% sucralose

Visit 1: Preliminary Test | = | "7 777 mmmmmm o s e e ST
1. Anthropometries = =
¢ mp Cn & &
2. PPO test t
3. Familiarizati o Warm up HIIE Cool-down
sramEiatieation ﬂ@? —'Oﬁ‘o—> 3-min 8 * 1-min 85% PPO interspersed 3-min
1 Fosiae 40W with 1-min 20% PPO active recovery 40W
T
before 00:00 00:03 00:11 00:18 00:21
=Fi ick blood li
ﬂ@? = Carbohydrate-rich breakfast ﬁ =25mL mouthrinse @’ HIESERIIEKBICASAMPANE
(1 g/kg bodyweight) =FS, FAS, SAM

HR: measured continuously; RPE: measured after warmup, each interval and cool-down

Figure 2. A schematic overview of the experimental design. CHO = carbohydrate mouth rinse; CAF = caffeine mouth rinse;
CHO+CAF = combined carbohydrate and caffeine mouth rinse; PLA = placebo mouth rinse. FAS, felt arousal scale; FS,
feeling scale; HR, heart rate; PPO, peak power output; RPE, rating of perceived exertion; SAM, self-assessment manikin.

2.3. Preliminary testing

All participants attended the preliminary test at least 7 days before commencing their first experimental trial.
Upon arrival, participants’ height and weight were measured (Seca, Leicester; MC-780 MA, Tanita, Japan,
respectively) while wearing light clothing and barefoot after being asked to void their bladders. Then, an
incremental cycling test was performed on an ergometer (LC7, Monark Exercise AB, Sweden) at a fixed, self-
chosen pace (60-80 rpm) to determine PPO, as adapted from a previously published protocol [20]. The same
ergometer was used throughout the study. Seat height and handlebar setting were adjusted to an appropriate
position and duplicated in all subsequent trials for each participant. The cycling test started at 40 W for 3 min as
a warm-up. Then, the workload was increased by 30 W per min. The test stopped when reaching volitional
exhaustion, defined as a pedal cadence lower than 55 rpm. Encouragement was given to the participants to
exert maximal effort throughout the test. The determination of PPO was based on the following formula [21]:

PPO = Weompleted + (/60 x 30)

where Weompleted is the workload of the last completed workout and t is the time (seconds) of the duration of
the uncompleted workout. After a sufficient rest period, as perceived by the participants (i.e. at least 15 min
following the PPO tests), they were introduced to the testing procedures of the subsequent main trials and
were allowed to test the intensity of the HIIE protocol and other experimental setting, which served as
a familiarization session.

2.4. Experimental trials

Each participants attended four main experimental trials (Visit 2-5) after an overnight fasting. Upon arrival at
the laboratory in the morning, they were provided with a CHO-rich standardized breakfast (1 g-kg™' body
weight of CHO; 53.2 £ 2.7% CHO; 16.3 + 0.3% protein; 25.5 + 2.4% fat) composed of cereal (Weetabix, England)
and milk (lactose-free, Pauls), 1 hour before the interval exercise was performed. This nutrient provision was
aligned with current pre-exercise fueling guidelines, which suggest that athletes should consume 1-4 g-kg™ '
body weight of CHO 1-4 hours before exercise, ensuring practicality for their needs [22]. During the interim
period, the participants stayed in the laboratory and only plain water was allowed for consumption. The
exercise protocol consisted of a 3-min cycling warm-up at 40 W, 8 bouts of 1-min high-intensity cycling at 85%
PPO separated by 1-min low-intensity recovery at 20% PPO, and a 3-min cycling cool-down at 40 W. This
exercise protocol is adapted from previous studies [23,24] and has been supported for developing both aerobic
and anaerobic capacities in athletes during specific periods of a periodization program [25].
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2.5. Mouth rinse protocols

During each experimental trial, participants were given two boluses in 25 mL of either 10% (2.5 g) maltodex-
trin (MyProtein, UK) (CHO), 1.2% caffeine (300 mg) (Nutricost, USA) (CAF), 10% maltodextrin + 1.2% caffeine
(CHO+CAF) or water as a placebo (PLA). The ergogenic effects of 10% CHO and 1.2% CAF mouth rinsing have
been reported previously [26,27]. All solutions were flavored with 1.2% (300mg) sucralose
(BULKSUPPLEMENTS.com, USA) for taste-matching. Participants rinsed the solution within the buccal cavity
for 10 s after warm-up and interval 4 (before physiological and perceptual measurements were taken). The
investigators monitored the process to ensure participants’ compliance. None of the participants correctly
determine the order of mouth rinse solutions received.

2.6. Dietary and exercise control

Participants were asked to abstain from any intense exercise, alcohol, and caffeine the day before all testing
sessions. They were informed to report their diet the day before their first experimental trials and replicate
a similar diet 24 h before all subsequent sessions. Dietary intake was calculated based on a local government
nutritional database (Center for Food Safety, HKSAR).

2.7. Physiological responses

Heart rate (HR) was continuously monitored by telemetry (H10 Sensor, Polar Electro, Finland). Approximately
20 pL of whole blood was collected through finger prick sampling at three-time points: before interval 1,
before interval 5, and upon completion. Portable analyzers (Contour Plus, Bayer HealthCare LLC, Diabetes
Care, Tarrytown, NY, USA; Lactate Plus, Nova Biomedical, Waltham, MA, USA) were used to measured blood
glucose and blood lactate concentrations.

2.8. Psychological responses

Participants indicated their responses regarding the rating of perceived exertion (RPE) after warm-up,
each interval, and cool-down, using the revised 6-to-20-point scale [28]. The feeling scale (FS) [29] and
the felt arousal scale (FAS) [30] were used to assess affective valence and perceived activation respec-
tively. Affective responses were assessed by the self-assessment manikin (SAM) which comprised of three
aspects: pleasure, arousal, and dominance, shown as pictorial scales [31]. FS, FAS, and SAM were
measured after warm-up, after interval 4, and after interval 8. All scales were printed and visually
available during the exercise protocol.

2.9. Statistical analysis

Data were analyzed using IBM SPSS software package (version 28.0; Chicago, IL, USA). Shapiro-Wilk statistics
was used to confirm the normality of data. Mauchly’s test of sphericity was performed with Huynh-Feldt
correction for violated sphericity. A two-way repeated-measures ANOVA, with time and mouth rinse treat-
ments as factors (i.e. independent variables), was used to examine the main and interaction effects on the
outcome measures, following the approach used in previous relevant studies [16,32]. An additional one-way
ANOVA was conducted at individual time points for isolating the effects of mouth rinse treatments during
HIIE. This approach can provide more detailed insights into how each treatment performs at different stages
of the exercise protocol and help identify if there are significant effects that might be masked in the two-way
ANOVA due to interaction effects. When statistical significance was observed, post hoc tests were performed
with Bonferroni adjustment to reduce the likelihood of false position findings under multiple comparisons.
The effect size was expressed as partial eta squared (ng) with 0.01 as small, 0.06 as moderate, and > 0.14 as
large [33]. All data are reported as mean = SD unless otherwise specified. The significance was set at p <0.05.
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3. Results

The physiological and perceptual responses across different mouth rinse conditions at each individual time
point are shown in Table 2.

3.1. Physiological responses

HR significantly changed over time during interval exercise (p <0.001) but no main effect by treatment
(p = 0.966, nf, =0.008) or Treatment x Time interaction (F2,060, 242761 = 0.618, p=0.910, n; =0.053) was
observed. Blood glucose and blood lactate significantly increased over time (p < 0.001). There was no main
effect by treatment (p = 0.899, nf, =0.017) or Treatment X Time interactions (F3 s4g, 30028 = 1.312, p = 0.284, r]f7

=0.107) on blood glucose. Similarly, no main effects of treatment (p =0.173, nf, =0.138) or Treatment x Time
interactions (F333=0.622, p=0.712, nf, = 0.054) were observed for blood lactate.

3.2. Perceptual responses

RPE significantly increased over time during interval exercise (p < 0.001) and there was no significant main
effect by treatments (p=0.436, nf, =0.078). As shown in Table 2, however, differences in RPE between
treatment conditions approached significance after interval 4 (p = 0.049, nf, =0.210), with large effect sizes.
The lowest RPE was observed for CHO mouth rinse after warm-up and interval 4. However, post hoc tests
showed no significant results among all paired conditions (p > 0.05, Supplementary Table S1).

There were no main effects by treatment (p=0.494, nf,=0.069) and by time (p=0.331), and no
Treatment x Time interaction (F3 33=0.315, p=0.927, r],2)=0.028) for FS. FAS significantly changed over

time but no main effect by treatment (p =0.451, nf, =0.072) or Treatment X Time interaction (F3, 33=0.902,

p = 0.499, n’ =0.076) was observed.
For SAM, there was a main effect by time on arousal (p <0.001) but not pleasure (p=0.103) and
dominance (p=0.718). Pleasure (p =0.482, r]fJ =0.071), arousal (p=0.531, ng =0.064) and dominance (p =

0.500, nf, = 0.068) were not significantly different between treatment conditions. Also, no Treatment x Time
interactions were observed in pleasure (F3 33=0.630, p=0.705, r/f, =0.054), arousal (F3, 33 =0.657, p=0.685,
nf, =0.056) and dominance (Fs, 33=0.719, p = 0.635, nf, =0.061).

4. Discussion

The primary findings of our study indicated that neither combined nor separated mouth rinse of CHO and
CAF improved overall physiological (HR, blood glucose, and blood lactate) and perceptual (RPE, FS, FAS, and
SAM) responses during a 21-min interval cycling protocol, which contradicts our hypothesis. However, trends
of a significant effect of mouth rinsing over time on RPE, particularly by CHO solution, were observed after
warm-up and interval 4, when mouth rinsing was performed.

In line with previous studies that examined the ergogenic effects of combined mouth rinse on HIIE
postprandially [14,34], our results suggest a limited benefit after a standardized CHO intake. Gough et al. [14]
examined the effects of CHO+CAF mouth rinse on repeated sprint test performance (at 75" min) during a 90-
min simulated soccer match. The authors reported no significant improvement in power output and
physiological and perceptual responses by CHO and/or CAF mouth rinse during the sprint test, after
participants consumed a high CHO (2 g-kg™") meal 2 hours before each trial. Similarly, after only 3 hours of
fasting, Devenney et al. [34] reported no differences in exercise capacity, HR, blood lactate, and RPE between
CHO mouth rinse and placebo during HIIE. Notably, caffeine ingestion augmented CHO mouth rinse and
increased distances to exhaustion compared to sole CHO mouth rinse and placebo, implying a smaller effect
of mouth rinsing compared to traditional ergogenic aid. Indeed, the limitation of gustatory stimulation
following food ingestion has been reported with neuroimaging evidence. Haase et al. [35] reported that taste
stimuli by sucrose and caffeine elicited greater activation of brain regions relating to sensory reception when
fasted and lower activation of regions relating to emotional and motivational responses when fed. These
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Table 2. Physiological and perceptual responses across different mouth rinse conditions at each time point (n =12).

CHO CAF CHO+CAF PLA p
HR (beats/min)
Baseline 84 + 11 83+9 86+ 6 87 +7 0.490
Post warm-up 114 £ 10 112 +£10 113 +£13 115 +15 0.850
Work interval 1 137 £ 10 136 £ 8 137 £9 136 £ 10 0.823
Recovery interval 1 124+ 8 124+ 6 124 +7 125 £10 0.959
Work interval 2 146 £ 9 145+ 9 146 £ 8 147 £+ 1 0.787
Recovery interval 2 129+ 8 132+8 131+8 130 £ 11 0.726
Work interval 3 152+8 153 +7 153+7 154 £12 0.876
Recovery interval 3 136 £ 8 136 £7 136 + 8 135+ 11 0.975
Work interval 4 156 + 8 158 £ 8 157 £ 8 158 + 11 0.800
Recovery interval 4 144+ 9 144 £ 10 143+7 143 £ 10 0.921
Work interval 5 160 + 7 159 £ 8 160 £ 8 161 + 11 0.580
Recovery interval 5 142 +£8 143+ 8 143+ 8 143 £ 12 0.917
Work interval 6 162 +7 164 £7 163 £7 163 £ 11 0.856
Recovery interval 6 146 £ 8 145 £ 10 145+ 9 146 £ 13 0.953
Work interval 7 165+ 7 165 +7 165 +7 166 + 11 0.938
Recovery interval 7 146 £ 9 145 £ 10 148 £ 10 148 £ 11 0.546
Work interval 8 167 £7 166 + 8 168 £ 8 167 £ 11 0413
Post cool-down 125+ 11 125 £ 10 122 £ 10 123 £12 0.594
RPE
Post warm-up 73+1.2 83+15 84+19 83+21 0.088
Interval 1 9.1+14 10.1 £ 2.1 96+ 1.6 9.7+13 0.298
Interval 2 108+ 1.4 113+18 105+ 1.6 106 £ 1.4 0.457
Interval 3 119+1.2 123+ 14 116+ 1.6 120+ 2.2 0.688
Interval 4 123+ 1.6 135+22 127 £ 1.7 137 £24 0.049
Interval 5 129+ 1.9 13.7£1.9 135+ 2.1 13.8+27 0.422
Interval 6 13.8+23 145+ 24 143 £26 147 £ 2.7 0.473
Interval 7 144 +£3.0 149 £ 25 15.1 £3.0 155 %27 0.419
Interval 8 15.5+2.9 16.1 £ 3.0 16.0 £ 2.6 16.5 £ 24 0.583
Post cool-down 11.1+24 10.1 £2.0 11.3+£27 11.3+28 0.227
Blood Glucose (mmol/L)
Post warm-up 52+09 5516 55+1.0 53+08 0.482
Interval 4 44 +0.7 43 +0.9 45+0.7 44 +05 0.767
Post cool-down 47 £1.1 43+0.6 45+04 47 £13 0.543
Blood Lactate (mmol/L)
Post warm-up 21+04 23+038 24+£1.0 2717 0.436
Interval 4 6.7 £ 1.1 6.7 +£0.8 7.0+ 09 6.6 £ 1.1 0.479
Post cool-down 76 +19 77+18 83+15 81+19 0.338
FS
Post warm-up 23+ 21 1.8+18 1.8+19 1.7 +£21 0.546
Interval 4 15+1.8 12+19 08 +25 1.0+2.1 0.673
Interval 8 15+27 13+£26 12+£25 0.8 £ 3.0 0.562
FAS
Post warm-up 24+13 29+038 28 £ 1.1 29+1.2 0.384
Interval 4 38+ 1.1 3.7+09 38+1.2 41+£1.1 0.386
Interval 8 44 +£12 48 +09 46 +£038 47 £1.1 0.621
SAM — Pleasure
Post warm-up 22+09 23+09 22+09 23+12 0.782
Interval 4 24 +£0.8 28 +0.7 26+ 1.1 29+£1.0 0.174
Interval 8 28+ 1.1 27 +1.2 26+ 1.0 28+ 1.1 0.820
SAM — Arousal
Post warm-up 33+£15 35+ 1.1 36+ 1.1 33+£09 0.774
Interval 4 23+0.8 27+08 25+07 28 £ 1.1 0.189
Interval 8 23+1.1 25+ 1.1 21+£09 2308 0.559
SAM — Dominance
Post warm-up 3411 31 +1.1 32+14 29+09 0.569
Interval 4 31+£08 31107 28+ 1.1 32+06 0.466
Interval 8 33+1.0 30+ 1.3 28+ 1.2 3.0+ 1.1 0.510

Data are presented as mean + SD. p -values shown were obtained from one-way repeated measures ANOVA. CHO = carbohydrate mouth rinse;
CAF = caffeine mouth rinse; CHO+CAF = combined carbohydrate and caffeine mouth rinse; PLA = placebo. HR, heart rate; FAS, felt arousal scale;
FS, feeling scale; RPE, rating of perceived exertion; SAM, self-assessment manikin.

differences in neuronal activation have further consolidated the findings by Fares and Kayser [36] and Lane
et al. [37]. Both studies observed a lower performance-enhancing effect of CHO mouth rinse in following
food ingestion comparing a fasted state. Although the moderation effect of acute dietary status on CAF
mouth rinse has not been explicitly studied, it is plausible that the oral CAF represents similar restrictions.
Washif et al. [38] reported increased arousal by CHO+CAF mouth rinse compared to no mouth rinse in
repeated sprints (3x 15 s sprint by 2 min active recovery). This ergogenic effect might be explained by
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overnight fasting during Ramadan in this study. Conversely, Taheri Karami et al. [4] suggested an ergogenic
effect of mouth rinsing regardless of exercising in a fed state. CAF mouth rinse improved shuttle running
capacity after consuming a standardized breakfast (~60 g CHO). However, CAF mouth rinse in this study was
performed using mixture of caffeinated and decaffeinated coffee to achieve targeted concentrations of
caffeine. Other chemicals in coffee such as tannin also contribute to its bitter taste and may lead to a stronger
neuronal activation through bitter taste stimulation [39].

Although there was no significant treatment effect over time by mouth rinsing CHO and/or CAF solution
in the present study, we observed trends of between-condition differences in perceived exertion immedi-
ately after mouth rinsing (after warm-up and interval 4). Beaven et al. [3] reported increased mean power of
sprint 1 by either CHO or CAF mouth rinse compared to placebo in repeated sprints (5 X 6 s sprint by 24
s active recovery). Increased peak power of sprint 1 and mean power of sprint 5 by CHO+CAF mouth rinse
compared to CHO mouth rinse were observed as well, despite being non-statistically significant with
moderate-large effect size (Cohen’s d =0.66-0.81). Collectively, these findings suggest that mouth rinsing
may offer benefits in shorter-duration protocols that involve multiple rinses and/or frequent measurements.
The previous work by Gough et al. [14] found no differences in performance between the first repeated sprint
test (0™ min) and the second repeated sprint test (75" min) while mouth rinsing was performed once only
(immediately before 75" min). Although Devenney et al. [34] applied multiple mouth rinsing (5 s mouth rinse
every second interval [4 min]) and found no effects of sole CHO mouth rinse on HIIE postprandially,
measurements were taken every 5-10 min. Most studies [3,38] and the current study employed multiple
mouth rinsing with outcome measurements on every interval/sprint (6 s—2 min) found between-condition
differences in specific time points but not continuously. This suggests that the benefit of mouth rinsing tends
to be acute and small and less likely to be sustained over time. Especially during HIIE, a ceiling effect of
physiological or psychological measurement upon exertion of high intensity effort has been hypothesized
[3]. As the high exercise load has elicited submaximal responses, changes in these outcome variables might
become less sensitive to interventions, hence limiting the observation of potential benefits.

Our study has several strengths, including the use of a double-blinded, placebo-controlled design and
randomized cross-over design, which enhances the robustness of the methodology. Conducting HIIE
protocols following a pre-exercise breakfast also provides high external validity and practical relevance, as
it closely mimics the typical practices of athletes before exercise in the morning. However, this study
presented several limitations. First, due to the lack of relevant pilot data, an a priori sample size calculation
was not conducted. While our current sample size (n=12) may result in insufficient statistical power to
detect difference in certain outcomes, we performed post-hoc effect size analyses based on the significant
result observed for the RPE, which is our primary outcome variable. Using the partial eta-squared (nf, =0.21)
from the ANOVA results, we calculated Cohen'’s f effect size as 0.52. With a significance level (a) of 0.05 and
power (1 - 3) of 0.80, the post-hoc power analysis indicated that a sample size of at least 10 participants
would be sufficient to detect the observed effect after adjusting for nonsphericity. Our study included 12
participants, which falls within this range and achieves an actual power of ~ 88%, suggesting that our study
was adequately powered to detect differences in RPE between conditions. These findings provide valuable
preliminary evidence, and we acknowledge that future studies with larger sample sizes and a priori sample
size calculations are warranted to confirm these results. Secondly, our results were limited to recreationally
active individuals, and elite athletes may experience even small ergogenic benefits from mouth rinsing.
Future studies should investigate this application in individuals with higher fitness levels. Additionally, the
exclusive inclusion of male participants restricts the generalizability of our findings. Future research should
incorporate female participants and examine variations throughout the entire menstrual cycle, as hormonal
variations may affect metabolic and exercise responses to mouth rinses [40]. Furthermore, our study utilized
a 10 x 1-minute sprint protocol to address the demands of team-based intermittent sports. While shorter
intervals may better simulate high-intensity bursts, our focus on longer intervals aimed to enhance both
aerobic and anaerobic capacities, reflecting practices in some periodization programs [25]. Future research
should explore shorter interval protocols to further evaluate their effectiveness in training athletes for
intermittent sports, thereby providing a more comprehensive understanding of optimal training strategies.
Lastly, the exercise intensity of our HIIE protocol was controlled and pre-determined at 85% PPO, limiting our
ability to assess changes in performance variables such as mean power and peak power. Nonetheless, this
approach mitigates pacing challenges, as participants might have overexerted themselves in the initial



JOURNAL OF THE INTERNATIONAL SOCIETY OF SPORTS NUTRITION e 9

sprints if allowed to reach their highest power output within our relatively ‘endurance-based’ protocol. This
could introduce confounding factors related to pacing strategies and potential learning effects across trial
conditions, ultimately compromising the robustness of our results. Conversely, our current methodological
approach enables a fair comparison of physiological and perceptual responses while exercising at
a consistent intensity across different treatment conditions. This provides valuable insights for exercise
professionals, particularly regarding how mouth rinse strategies may influence training load, perceived
exertion, and emotional arousal during endurance capacity training.

In conclusion, our results suggest limited benefits of mouth rinsing CHO and/or CAF solutions during HIIE
following a pre-exercise meal. However, CHO and/or CAF mouth rinsing presents minimal side effects. The
feasibility of performing mouth rinsing during the recovery period of HIIE retains practical significance,
particularly in scenarios where food or supplementation intake is discouraged during competition. As
a greater impact of mouth rinsing is expected under the absence of pre-exercise meals, athletes who
often train in a fasted condition (e.g. those in weight category sports for weight control or those specifically
training under a low carbohydrate availability for specific metabolic [41]) may be able to mitigate declines in
training quality under these circumstances. Further investigation on the determinants of the ergogenic
effects of mouth rinse, such as the mouth rinse protocol, ideal dosage and types of exercise, would benefit
the development of practical guidelines to coaches and athletes.
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