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INTRODUCTION
Abstaining of fluid and food intake for extended hours can affect 
athletic performance [1]. This low-intake situation is consistently 
observed during the Ramadan intermittent fasting observed by healthy 
adult Muslims, in which the daily fast spans between dawn and 
sunset. The daily fast during the Ramadan month is variable, depen-
dent on the latitude and seasonal variation, but commonly lasts 10 to 
20 hours daily across ~30 consecutive days. Varying levels of stress 
can be experienced during Ramadan, due to the alteration of bio-
logical clock, which affects the observant mentally and physically [2]. 
Elite soccer players are known to have strong negative beliefs and 
attitudes associating Ramadan fasting with poorer performance [3]. 
These psychological beliefs may impair exercise performance capac-
ity [2, 4]. Several strategies have been advocated to cope with the 
training demands during Ramadan fasting, including managing train-
ing volume and intensity [2]; altering the training schedule to man-
age sleep loss [1]; adjusting to the night-time intake of food and 
fluid [5]; and mouth-rinsing [6, 7] to optimise athletic performance.
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The effect of carbohydrate (CHO) mouth-rinsing on exercise per-
formance has been increasingly studied [8]. Mouth-rinsing prior to 
and during exercise has been shown to improve endurance perfor-
mance in running [9, 10] and cycling [6, 11], as well as repeated 
high-intensity bouts [12]. The primary mechanism of improved per-
formance with mouth-rinsing has been attributed to activation of 
brain areas involved in reward stimuli as a result of oral receptors 
stimulation  [11, 13], which improves motor drive or motiva-
tion [13, 14].

Some studies showing a positive effect of CHO mouth-rinsing 
involved exercise performance in a fasted state [14], which is not 
standard practice for athletes. Limited studies, however, are available 
concerning Ramadan fasting [6, 7], which numerous high-level ath-
letes adhere to. Despite the rapid adaptation to fasting conditions, 
depletion of muscle and liver glycogen to maintain glucose levels can 
also occur quickly, and likely further deteriorate during exercise [15]. 
Che Muhamed et al. [6] examined the impact of CHO mouth-rinsing 
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benefit sprint-endurance training in athletes observing Ramadan 
fasting. Therefore, our primary purpose was to assess the effects of 
CAF-CHO mouth-rinsing on performance, kinetics, kinematics, and 
perceived exertion variables from a multiple sprint-endurance running 
session typically performed by sprinters. We hypothesised that mouth-
rinsing and CAF-CHO solution would enhance sprint-endurance per-
formance and perceptual measures compared to no-rinse and pla-
cebo conditions.

MATERIALS AND METHODS 
Participants
Ten well-trained track and field athletes (six sprinters, four sprint/
middle-distance runners) training at the National Training Centre in 
Malaysia completed the data collection during Ramadan in 2016. 
Athletes (mean  ±  standard deviation) were 21.0  ±  2.0  y, 
1.71 ± 0.03 m, and 62.9 ± 4.8 kg with a competitive experience 
of 5.0 ± 1.6 y. The athletes had been training 6 to 9 sessions a week, 
2 to 2.5 hours each session, and followed a periodised training 
programme to prepare for national and international events. Each 
athlete had experience of Ramadan fasting for over 10 years, which 
encompassed a daily fasting period of about 14 hours (abstaining 
from eating and drinking during daylight hours, ~05:30 to ~19:30). 
All athletes had been involved in various high-intensity sprinting for 
more than three years. An institutional research ethics committee 
provided approval for this study (RE/A/004/2018-24/2016), which 

in a hot humid environment on participants observing Ramadan 
fasting and found improved endurance cycling performance, although 
the mechanism of performance improvement was not elucidated.

The beneficial effect of a combination of CHO and caffeine (CAF) 
mouth-rinses (CAF-CHO) on repeated high-intensity efforts has pre-
viously been demonstrated. Beaven et al. [12] reported that CHO 
enhanced peak power production, and that a CAF-CHO improved 
repeated sprint ability in a fed state. Caffeine is classified as a per-
formance-enhancing stimulant [16], and its consumption results in 
lower perceived effort and enhanced contractile force, which subse-
quently improve athletic performance [17]. CAF mouth-rinse has 
additionally been shown to have beneficial effects on cycling endur-
ance performance at moderate-intensity, muscle activity and fatigue 
tolerance among physically active men [18].

There are inconclusive findings seen in literature on exercise dur-
ing Ramadan fasting, with some studies highlighted negative effects 
in high-intensity anaerobic performance [19]. To date, few studies 
have examined the effectiveness of mouth-rinsing during an anaero-
bic training regime. Sprint-endurance training involves effort bouts 
lasting 10 to 40 s at maximal speed, with 1 to 5-min rest periods. 
Such training pattern requires maintaining a high mechanical power 
and provides a potent stimulus for glycolytic activity necessary to 
evoke adaptive physiological changes important for sprint and mid-
dle-distance track athletes [20]. Thus, it is currently unknown 
whether mouth-rinsing with a combined CAF-CHO solution would 

FIG. 1. Schematic representation of data collection.
BM, body mass; TSH, total sleep hour; USG, urine specific gravity; RTT, readiness to train; MR, mouth rinse; NMR, no mouth-rinse; 
RPE, rating of perceived exertion; BL, blood lactate; BG, blood glucose; FAS, felt arousal scale; S1/S2/S3, Sprint 1 or 2 or 3.
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was conducted in accordance with the Declaration of Helsinki. After 
understanding the risks and benefits of participation, all athletes gave 
their written informed consent to participate in this study.

Study design
The present investigation involved a randomised, placebo-controlled 
counter-balanced crossover design, in which subjects made four 
visits to the laboratory (~22 °C, ~50% relative humidity): one fa-
miliarisation and three experimental. Figure 1 outlines the study 
protocol. The familiarisation session was carried out pre-Ramadan 
and involved a series of sub-maximal sprints on the treadmill similar 
to the experimental protocol. The subsequent three experimental 
sessions were carried out during weeks 2 and 3 of Ramadan, and 
separated by a minimum of 72 h. All sprint tests were conducted 
using the same non-motorised, instrumented treadmill sampling at 
200 Hz (Woodway 3.0, Waukesha, Wisconsin, USA) [20]. For the 
experimental sessions, athletes reported to the laboratory at 
~16:00 for data collection, where the pre-experimental assessments, 
basic anthropometry, and experimental trials were performed. All 
athletes completed three experimental mouth-rinse conditions: 
a) CAF-CHO, b) a colour- and taste-matched placebo (PLA), or c) a no 
rinse control (NMR). All solutions were freshly prepared and kept in 
an insulated box containing ice during the test sessions. Throughout 
all trials, strong verbal encouragement was given for each subject. 
Athletes were also asked to guess what solution they had received 
after each test session.

The athletes were asked to maintain their regular training and to 
abstain from any intense exercise and caffeine intake in the 24 hours 
prior to each session. Athletes were also requested to standardise 
their meals during the 24 hours prior to each test, and instructed to 
replicate the first day’s diet at each experimental trial. During Rama-
dan, all athletes had similar lifestyles, as follows: a) time in bed was 
split into short sleeping periods, from about 00:30 to 04:30, 06:30 to 
10:30, 14:00 to 15:30; b) first meal at sunset (iftar) (between 
19:20 and 19:50), the second at midnight (23:00 to 23:30), and 
the third at dawn (05:00 to 05:30); c) one or two daily training 
sessions at 16:30 to 18:30 and/or 21:00 to 23:00. Only light to 
moderate training sessions were conducted before the first meal, with 
higher intensity training performed at night.

During each experimental session, the athletes performed a stan-
dardised warm-up (~20-min including rest), which consisted of 
3-min jogging on a motorised treadmill (at 8–10 km · h−1). Jogging 
was followed by 10-min of whole-body dynamic stretching 
(2 sets × 10 repetitions), 4-min of sprint drills (2 sets × 10-m of 
ankling, high-knee, back kick, and skipping), and 3-min of sub-
maximal sprinting (3 × ~5 s) on a non-motorised treadmill. Athletes 
then performed 3 × 15 s all-out sprints on a non-motorised treadmill, 
interspersed with 2-min active recovery between efforts (standing 
after the completion, and then walking while the perceptual measure-
ments were taken).

Biomechanical Measures
The distance, peak acceleration, peak velocity, peak horizontal force, 
and average velocity were recorded using the Force 3.0 software 
programme (Pacer Performance System, Joondalup, Australia). A lap-
top was interfaced with the four vertical load cells located under the 
running surface for vertical force measurement. A horizontal load cell 
connected to a non-elastic tether was attached via a vest allowing 
a slight forward lean position mimicking the sprinting posture. Load 
cells were calibrated using a range of known weights. Reliability data 
for speed and force measures have previously been reported with 
CV < 5% [21, 22].

Physiological measurements
To measure metabolic responses, blood lactate concentration was 
measured using a portable lactate analyser (Lactate Scout, SensLab 
GmbH, Germany) at the following time points: immediately pre-, and 
1-min and 4-min post exercise. Blood glucose concentration was 
determined from finger-prick samples taken at the same time points 
(Roche Diagnostics GmbH, Germany). Urine was collected prior to 
warm-up, and the urine specific gravity (USG) was analysed using 
a digital refractometer (Atago Co., Japan) to determine hydration 
status (Figure 1).

Perceptual Measures
A series of perceptual measurements were recorded to assess the 
effects of mouth-rinsing on subjective experiences (Figure 1). The 
ratings of perceived exertion (RPE) were obtained using the 10-point 
scale. The RPE was recorded after warm-up, and 30-sec after Sprint 
1, 2, and 3. A 6-point Felt Arousal Scale (FAS) was also administered 
to estimate the level of arousal/activation after mouth-rinsing. Ten 
minutes before the warm-up, athletes completed a pre-exercise as-
sessment of readiness to train using a 100 mm visual analogue 
scale (VAS). Total sleep time and athlete’s ability to determine the 
colour and composition of the mouth-rinse data was collected via 
simple questionnaire. Additionally, participants were required to in-
dicate “yes”, “no”, or “unsure” on a simple survey questionnaire to 
assess their perception on mouth-rinsing during Ramadan, whether 
it would improve performance. All participants agreed to perform 
mouth rinsing during Ramadan.

Mouth-rinsing protocol
Athletes were asked to rinse with either CAF-CHO (solution contain-
ing 4 g carbohydrate and 5 mg caffeine), or a placebo [Tartrazine 
with CHO-free artificial sweetener, (PLA)] solution prior to warm-up 
(30-min pre-trial), 1-min pre-exercise, and in the middle (at 1-min) 
of each 2-min period of active recovery in-between sprints. The 
PLA content was formulated to ensure that it was colour- and 
taste-matched with the CAF-CHO solution and athletes were blind-
ed to the composition. In accordance with previous research  
that has demonstrated positive effects of mouth-rinsing, 25 mL  
of solution was rinsed around the oral cavity for 10 s before  
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or kinematic measures being assessed with statistical power of 
1-β = 0.80 and α = 0.05.

RESULTS 
Pre-experimental condition
At the beginning of each trial, there were no significant differences 
(p > 0.05) in total sleep hours, training readiness, or hydration 
status (Table 1).

Physiological measures
There was no interaction, and main effect of condition on blood 
lactate (p = 0.225 and 0.450, respectively) or blood glucose 
(p = 0.597 and 0.790, respectively); however, both increased lin-
early with time or number of sprints (p < 0.001) (Table 2).

Sprint-endurance performance
Five athletes (50%) attained the highest total sprint distance during 
CAF-CHO, four (40%) during NMR, and one (10%) during PLA trials. 
There was no significant main effect of condition observed for total 
distance (p = 0.071). A higher total distance achieved in CAF-CHO 
(210.3 ± 7.8 m) compared to NMR (208.7 ± 9.1, d: 0.20, 0.8%) 
and PLA (204.6 ± 8.7, d: 0.66, 2.8%). The difference between 
NMR and PLA was small (d: 0.44, 1.9%).

The performance in average distance was comprised of improved 
distances (d: > 0.50) in Sprint 1 and Sprint 2, but not Sprint 3 (Fig-
ure 2A). Individual distance data (total) are presented in Figure 2B.

Although comparison between the conditions did not reach sig-
nificance for the other main dependent variables (peak acceleration, 
peak velocity, peak horizontal force, and average velocity), clear 
beneficial effects of CAF-CHO were observed for peak horizontal force 
in Sprint 2 relative to NMR (d: 0.78) and PLA (d: 0.70), and also 

expectoration [6, 8, 11]. For the NMR control trial, no fluid was  
provided.

Statistical Analysis
Data are reported as mean ± SD unless otherwise stated. Data 
normality was checked using the Shapiro-Wilk test. One-way re-
peated measures analysis of variance (ANOVA) was used to detect 
significant differences between conditions for: (a) main dependent 
variables: distance, peak acceleration, peak velocity, peak horizontal 
force, and average velocity; (b) each of the pre-experimental condi-
tions: USG and readiness to train. A series of two-way repeated 
measures ANOVA [condition (CAF-CHO vs. PLA vs. NMR) × time 
(e.g., pre vs. post)] was used to detect significant differences in the 
continuous variables or across multiple test series: sprint series of 
main dependent variables, blood lactate, blood glucose, RPE, and 
FAS. When sphericity was violated, Huynh-Feldt (ε > 0.75) or 
Greenhouse-Geisser (ε < 0.75) corrections were applied to adjust 
the degrees of freedom. When significance was reached, main effects 
for individual time points were further analysed using post-hoc anal-
ysis or paired t-tests, with Bonferroni adjustment for the number of 
pairwise comparisons. Statistical significance was set at p ≤ 0.05 for 
all analyses. All statistical analyses were performed using SPSS Ver-
sion 16.0 (SPSS Inc., Chicago, IL, USA). The magnitude of mean 
differences was interpreted using Cohen’s d [23] effect size (ES), 
where ES of 0.20, 0.50, and 0.80 were interpreted as representing 
a small, moderate, and large change, respectively. An effect was 
deemed unclear if the 95% confidence interval overlapped the thresh-
olds for both small positive and negative effects. Power analysis 
(G*Power 3.1, Franz Faul, Germany) showed that a sample size of 
nine would minimise the risk of incurring a type 2 statistical error, 
allowing detection of a moderate effect in five performance, kinetic, 

TABLE 1. Pre-exercise total sleep hour, readiness to train, and 
urine specific gravity

NMR PLA CAF-CHO

Total sleep 
hours (h)

6.70
± 0.67

7.15
± 0.75

7.00
± 1.83

Readiness to 
train (mm)

6.00
± 1.70

5.60
± 2.07

5.20
± 1.69

Urine 
specific 
gravity (AU)

1.021
± 0.005

1.020
± 0.004

1.020
± 0.007

NMR, no mouth-rinse; PLA, placebo rinse; and CAF-CHO, caffeine 
and carbohydrate rinse.

TABLE 2. Physiological response before and after sprint-endurance 
trial during three different exercise conditions

Pre-exercise Post 1-min Post 4-min

Blood lactate concentration (mmol · L−1)

NMR 1.3 ± 0.5 12.4 ± 2.5* 13.8 ± 1.4*

PLA 1.2 ± 0.4 11.9 ± 2.7* 12.7 ± 1.5*

CAF-CHO 1.2 ± 0.5 12.5 ± 1.6* 13.9 ± 1.1*

Blood glucose concentration (mmol · L−1)

NMR 4.7 ± 0.4 5.5 ± 0.7* 6.3 ± 0.6*

PLA 4.6 ± 0.3 5.2 ± 0.7* 6.5 ± 0.7*

CAF-CHO 4.6 ± 0.4 5.6 ± 0.7* 6.4 ± 0.8*

*Significantly different from baseline: p < 0.05; for both, no 
condition × time interaction.

NMR, no mouth-rinse; PLA, placebo rinse; CAF-CHO, caffeine 
and carbohydrate rinse.
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TABLE 3. Kinetics, and kinematics parameters of sprint-endurance performance

 
Distance

(m), ± SD
Peak Velocity
(m/s), ± SD

Peak Acceleration
(m/s2), ± SD

Peak Horizontal 
Force, (N) ± SD

Average Velocity
(m/s), ± SD

NMR Average 69.6 ± 3.9 5.6 ± 0.4 5.8 ± 0.3 234 ± 24 4.6 ± 0.5

Sprint 1 69.8 ± 3.3 5.6 ± 0.3 5.7 ± 0.3 237 ± 22 4.7 ± 0.2

Sprint 2 70.3 ± 3.0 5.7 ± 0.3 5.8 ± 0.3 226 ± 19 4.6 ± 0.7

Sprint 3 68.5 ± 5.2 5.4 ± 0.4 5.8 ± 0.4 241 ± 29 4.6 ± 0.3

PLA Average 68.2 ± 3.2 5.5 ± 0.3 5.8 ± 0.5 243 ± 36 4.6 ± 0.2

Sprint 1 67.9 ± 3.8 5.5 ± 0.4 5.8 ± 0.3 256 ± 51 4.6 ± 0.3

Sprint 2 68.4 ± 3.6 5.4 ± 0.3 5.8 ± 0.5 232 ± 19 4.6 ± 0.2

Sprint 3 68.3 ± 2.5 5.4 ± 0.2 5.9 ± 0.7 242 ± 31 4.6 ± 0.2

CAF-CHO Average 70.2 ± 3.5 5.6 ± 0.3 6.0 ± 0.9 256 ± 67 4.7 ± 0.3

Sprint 1 70.3 ± 4.4 5.6 ± 0.3 6.0 ± 1.0 244 ± 46 4.7 ± 0.3

Sprint 2 71.0 ± 3.4 5.6 ± 0.3 6.1 ± 0.9 266 ± 86 4.8 ± 0.2

Sprint 3 69.2 ± 2.6 5.5 ± 0.2 5.9 ± 0.8 257 ± 70 4.6 ± 0.3

For all variables, no condition × time interaction was found. NMR, no mouth-rinse; PLA, placebo rinse; CAF-CHO, caffeine and 
carbohydrate rinse.

FIG. 2. A: Sprint distances covered in Sprint 1, Sprint 2, and 
Sprint 3. B: Individual (white circles) and average (black circles) 
total distance covered during the 3 × 15 s sprint trials in the three 
conditions.
NMR, no mouth-rinse; CAF-CHO, PLA, placebo rinse; caffeine 
and carbohydrate rinse; # Moderate difference from CAF-CHO 
and PLA; * Moderate difference from CAF-CHO; † Small difference 
from CAF-CHO; ‡ Moderate difference from CAF-CHO.

FIG. 3. A: RPE (Rating of perceived exertion) and B: FAS (Felt 
arousal scale) throughout the performance test in the NMR, PLA, 
and CAF-CHO trials. NMR, no mouth-rinse; CAF-CHO, PLA, 
placebo rinse; caffeine and carbohydrate rinse. Note: Mouth-rinse 
was not administered for each condition after the last repetition 
(Post S3).
* Significant difference in comparison to baseline (Pre), p < 0.05; 
a Significant between-group difference for CAF-CHO and NMR, 
p < 0.05; b Significant between-group difference for PLA and 
NMR, p < 0.05; Significant condition × time interaction for FAS, 
p < 0.05.
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1 hour cycling time trial during a postprandial or fed state [26]. 
Similarly, CHO mouth-rinsing does not improve multiple sprint per-
formance and RPE during a field-based sprint test among physi-
cally active males [27]. Clearly, a number of variables could have 
influenced the potential ergogenic effects of mouth-rinsing, including 
fasting and training state of the participants.

It is important to note that the current study combined CAF and 
CHO solutions as a means of further developing the ergogenic effect 
of mouth-rinsing [12]. Beaven et al. [12] postulated that a contribu-
tion of central mechanisms to aspects of muscular function and sprint 
performance could be manipulated using a mouth-rinse intervention 
by combining CAF and CHO. Previous research has demonstrated 
the potential for rapid central effects of caffeine to impact on exercise 
performance [14]. Earlier investigations have similarly proposed 
central stimulation as the underlying mechanism of mouth-rinsing 
(i.e., CHO), which involves triggering of receptors located in the 
mouth [11, 13]. CAF mouth-rinsing activates the receptor cells (oro-
pharyngeal epithelia) in the oral cavity, activating gustatory (i.e., 
taste) neural pathways to stimulate the same brain regions respon-
sible for reward and information processing [28]. This effect would 
contribute to an increased motor drive [14] as a result of the enhanced 
central nervous system function, and in turn enhance muscle contrac-
tion, which is a prerequisite to improve exercise performance [13]. 
The results reported here are supported somewhat by earlier obser-
vations showing superior beneficial effects of a carbohydrate mouth-
rinse on high-intensity running intervals when combined with caffeine 
ingestion than without [29].

A direct comparison with previous studies is limited due to pau-
city of research investigating sprint-endurance performance during 
Ramadan fasting. To date, CHO mouth-rinsing has yielded up to 
12% improvement in cycling and endurance performances when 
compared to PLA or NMR conditions in Ramadan-fasting sub-
jects [6, 10]. The performance improvement in biomechanical pa-
rameters in the present study are also consistent with the previous 
literatures that showed positive effects following a mouth-rinsing 
intervention [6, 7, 10, 11, 12, 18, 25]. A recent fasting study, 
however, found no statistically significant main effect of CHO mouth-
rinsing on average power, average speed, and vertical stiffness dur-
ing an interval sprinting protocol (2 sets of 5 × 5 s each, 25 s and 
3 min recovery in-between sprints and sets, respectively), when 
comparing PLA and NMR [30]. This outcome contrasted studies that 
have found mouth-rinsing as a viable strategy to improve both cycling 
and running performances during the Ramadan fasting [6, 12]. The 
authors suggested that an insufficient volume and duration (10 mL 
rinsed for 5 s) of mouth-rinsing and also type of exercise performed 
for the lack of experimental effect [30].

CAF-CHO mouth-rinsing appeared to be beneficial in enhancing 
the kinematic parameters of sprint-endurance performance. Indi-
vidual performance data suggested that the majority of participants 
attained best performances either during the CAF-CHO (50%) or 
NMR (40%) for the total distance, while only one (10%) of the 

average velocity in Sprint 1 (d: 0.59) and Sprint 2 (d: 0.74) vs PLA. 
Average velocity in the NMR condition during Sprint 1 was also 
clearly greater than the PLA condition (d: 0.64).

There were no significant effects observed regarding the condition 
by time (interaction effects) for average distance (p = 0.699) (Fig-
ure 2A), peak velocity (p = 0.248), peak acceleration (p = 0.970), 
peak horizontal force (p = 0.139), and average velocity (p = 0.512) 
(Table 3).

Perceptual responses
RPE increased linearly with time (p = 0.001), but there was no 
interaction (p = 0.060) and main effect of condition on RPE 
(p = 0.313) despite the observed values being lower by 3.0% (d: 
0.12) for CAF-CHO and 15.3% (d: 0.58) for PLA compared to NMR 
(Figure 3A). A  significant interaction (p = 0.001), condition 
(p = 0.001), and time (p = 0.001) effect was observed in the FAS, 
whereby the CAF-CHO condition exhibited higher perceived activation 
or arousal (p < 0.05, d: 1.23–2.05) than the NMR condition prior 
to each Sprint (Figure 3B). Post-trial RPE was ‘lower’ for CAF-CHO 
(d: 0.12) and PLA (d: 0.58) compared to NMR (p > 0.05). Fur-
thermore, athletes indicated either “no” (50%) or “unsure” (50%) 
on mouth-rinsing perception during Ramadan.

Solution identification
At the beginning of the experiment, all athletes were unsure wheth-
er any of the solutions or NMR would impact performance. Chi-
squared analyses established that athletes were unable to distinguish 
the colour of solutions or correctly identify the CAF-CHO solution (p 
> 0.05).

DISCUSSION 
The primary finding of this study indicated that CAF-CHO resulted 
in a clear beneficial effect in sprint distances achieved in a typical 
sprint-endurance athletics training protocol when compared to PLA. 
Higher peak velocities obtained in the initial sprints drove the im-
proved performance. Thus, the constituents of the CAF-CHO mouth-
rinsing had a rapid (centrally-mediated) beneficial effect. However, 
the act of mouth-rinsing had a negative effect on performance as 
evidenced by the small favourable effect of NMR relative to the PLA. 
Overall, the positive effects of the CAF-CHO mouth-rinsing salvaged 
the negative effects of mouth-rinsing, but had a minimal and indi-
vidual effects relative to the NMR condition.

The effects of mouth-rinsing in non-Ramadan conditions have 
been extensively studied, with improvement especially notable in 
endurance exercise lasting approximately 1 hour in fasted sub-
jects [24]. There are also studies that have reported improvements 
in repeated sprint performance and power output [12], a 30-min 
running [9], moderate-intensity cycling to task failure [18], and 
a 2-km cycling time trial lasting ~200 s that was incorporated into 
a protocol designed to mimic a competitive event [25]. However, 
a study of endurance-trained males reported no improvement in 
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participants attained best performance during the PLA (Figure 2B). 
Taken together, our findings indicate that sprint distance and veloci-
ties were enhanced by CAF-CHO during the sprint-endurance proto-
col; whereas, mouth-rinsing per se had a detrimental effect relative 
to a no-rinse condition. The lack of statistical difference between 
CAF-CHO and NMR in our study could have been due to the behav-
ioural or society norms and beliefs regarding the practice of mouth-
rinsing during the fasting ritual in Ramadan month. Different beliefs 
on mouth-rinse practice during Ramadan are an issue that needs 
clarification from religious scholars, as some permit the practice while 
others rule it as Makruh, or not recommended, during religious fast-
ing [31]. Moreover, participants in the present study had a neutral 
or negative perception about the potential benefits of mouth-rising. 
Indeed, having negative attitudes and beliefs are considered con-
straints that could potentially affect performance [3] due to psycho-
logical consequence related to nocebo effect [2, 32]. This negative 
perception could have led to the observed decreased performance 
following PLA mouth-rinse; however, the constituents of CAF-CHO 
counteracted the observed negative effects of mouth-rinsing. It is 
also known that physiological response to caffeine administration is 
variable, with ‘caffeine responders’ identified in earlier studies that 
used CAF-CHO mouth-rinse [12]. Another potential explanation is 
the reported detrimental effect of the act of mouth-rinsing on exercise 
performance [33]. These authors reported a tendency for average 
power to be lower in the 10-s window of the mouth-rinse. It should 
be noted though, that in study of Gam et al. [33], rinsing was per-
formed during exercise, as opposed to the rest periods in the current 
work. It is possible, however, that disruptions to the breathing pat-
terns and other factors negatively affected the active rest obtained 
by our athletes. Importantly, the findings of the present study highlight 
the need for inclusion of NMR control condition when investigating 
mouth-rinsing effect.

The increment in perceptual responses over time appear to reflect 
the increased exercise demand across the three sprints (Figure 3), 
and an attenuation in the rise of RPE may well be interpreted as 
improvement in performance associated with mouth-rinsing protocols. 
However, this change must be carefully interpreted as reduced RPE 
may also indicate lower exercise effort. In the present study, the RPE 
recorded at the end of trials was higher in NMR when compared to 
CAF-CHO and PLA. An elevated RPE during NMR at the end of trials 
is comparable to a Ramadan study finding on cycling endurance [6] 
that also found significantly higher RPE in NMR compared to CHO 
mouth-rinsing. However, Dorling and Earnest [27] found that CHO 
mouth-rinsing did not influence RPE or other performance parameters, 
including the repeated sprint ability, compared to PLA rinsing. A sub-
sequent study was also unable to detect between-group difference 
in RPE with CHO mouth-rinsing (vs PLA and NMR) in a repeated-
sprint exercise in participants having fasted for 3 days (simulated 
Ramadan intermittent fasting) [30].

The present study also shows that arousal (as assessed by the FAS) 
was highest after Sprint 2 (or last mouth-rinse administration) during 

the CAF-CHO mouth-rinsing, which indicates a higher perceived ac-
tivation when performing CAF-CHO compared to NMR condition. 
Additionally, a significant difference was also observed between 
CAF-CHO and NMR pre-exercise, indicating an elevated perceived 
arousal as a result of CAF-CHO mouth-rinsing prior to Sprint 1. Thus, 
the lower RPE and higher FAS during CAF-CHO were associated with 
an improvement in exercise tolerance and performance.

The present study was conducted 12–13 h into the fasting day, 
and at least 10 days after commencing the practice of Ramadan 
fasting. In such a situation, the participants’ endogenous glycogen 
would likely have been low [15]. However, no direct comparison was 
made between the participants’ non-Ramadan and Ramadan pre-
exercise blood glucose concentrations. Such data would have pro-
vided additional evidence regarding the impact of Ramadan fasting. 
Nevertheless, the level of blood glucose concentration pre-trial (4.6 to 
4.7 mmol · L-1) was similar in all conditions, and approximately 30% 
less than that reported by Che Muhamed et al. [6] in fasting athletes. 
Elevated glucose post-exercise has been previously attributed to 
a centrally mediated effect [25]. Importantly, the blood glucose con-
centration at the completion of each condition did not differ signifi-
cantly between conditions, indicating that the observed performance 
differences were not mediated by blood glucose levels.

We acknowledge that this study has several potential limitations. 
Participants in this study were training with different coaches, and 
variation in the training volume between participants may have af-
fected the individual sessions. Nevertheless, at least 24 h of rest was 
taken by each participant before the experimental sessions to elimi-
nate the potential influence of fatigue on the study results, and train-
ing readiness and hydration status were similar across all conditions. 
Although we did not measure the expectorated fluid, the experiment 
was conducted in a strict methodological design, and the investiga-
tors were present to ensure adherence of protocol. Moreover, the 
expectorated fluid may have included a small volume of saliva, al-
though it is unlikely swallowing small quantities of solution would 
have statistical influence [30]. We also note that the experimental 
group consisted of athletes taking part in a range of events (100 to 
800 m), and that a more homogenous group may also have lowered 
the variability in responses and increased the likelihood of detecting 
differences between the conditions. We note that small differences 
have the potential to be meaningful in high-level athletes and the 
cumulative effect of improved training has the potential to influence 
adaptive outcomes. Further studies may replicate the experiments 
to establish the outcomes. Additionally, future studies may investigate 
the effects of mouth-rinsing for different fasting durations (e.g., 13 vs 
18 hours into fasting), utilise a more homogenous sample, and include 
pre-Ramadan control condition, while considering female athletes.

CONCLUSIONS 
The present study indicated that CAF-CHO mouth-rinsing may be 
a viable strategy to counter-act the potential negative effects of mouth-
rinsing on sprint-endurance performance observed in some Muslims 
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the implementation of such an intervention needs to be considered 
alongside individualised efficacy, the noted NMR results, and acceptance 
in cultural practices. Specifically, Muslim athletes and practitioners 
should consult religious scholars prior to undertaking mouth-rinsing 
given the potential to inadvertently swallow the rinsed liquid. Coaches 
are encouraged to pre-test athletes before Ramadan to identify the 
effectiveness of any mouth rinse intervention at an individual level.
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who do not believe that mouth rinsing procedures are beneficial to 
performance. CAF-CHO did induce higher arousal (i.e., FAS) prior 
to the last repetition of sprint-endurance performance, and lower 
RPE which indicates perceptual benefits. Nevertheless, such an 
intervention should only be implemented on an individual-basis and 
accordance with accepted cultural practices.

Practical Applications
The outcomes of the present study highlighted the potential benefit of 
CAF-CHO mouth-rinsing during Ramadan fasting for counter-acting the 
negative effect of mouth rinsing in athletes for whom mouth rinsing 
was detrimental. Therefore, mouth-rinsing is a viable option, and 
CAF-CHO mouth-rinsing can be effective as an ergogenic aid in chal-
lenging metabolic conditions (i.e., Ramadan fasting) for athletes train-
ing to optimise sprint-endurance performance. However, 
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