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A B S T R A C T   

Background: Within professional European competitions, matches can be played in extreme environmental 
temperatures, ranging from − 5 ◦C to +30 ◦C in different countries. Furthermore, the World Cups are usually 
played in the summer months, when temperatures can exceed 35 ◦C, increasing physiological stress. Practical 
and cost-effective cooling strategies may be implemented to help players and referees to cope with exercising in 
the heat. No study has evaluated the effect of non-thermal internal cooling techniques regarding performance 
responses on elite football referees, so far. This study aims to analyse the effects of a menthol mouth rinse 
regarding physical, physiological, and perceptual performance in elite male football referees, during a 90-min 
football protocol in the heat. 
Methods: At least thirteen male football referees will be recruited to perform two intermittent football protocols, 
separated by no less than 7 days. After passing the eligibility criteria, the participants will be randomly assigned 
to 1 of 2 beverages: (1) intervention - menthol solution 0.01% and (2) placebo - noncaloric berry-flavored so
lution, both at room temperature. The beverages will be given before warm-up (pre-cooling) and at the half-time 
(per-cooling). The trials will follow a randomized counterbalanced crossover design, single blinded, and will take 
place in indoor facilities, with Wet Bulb Globe Temperature (WBGT) > 30 ◦C, at the same time of the day to 
control for circadian variations. 
Impact of the project: The results of this study are expected to determine whether mouth rinsing a menthol so
lution before and during a football exercise protocol performed in the heat will alter perceptual measures and 
help ease physiological strain and attenuate performance decrements in elite male football referees, comparing to 
a non-cooling strategy. Thus, we can be closer to defining nutritional strategies of internal cooling that may be an 
advantage for the performance of the football referees in the heat. 
Trial registration: www.ClinicalTrials.gov NCT05632692 registered on 20 November 2022.   

1. Introduction 

Sports competitions take place in a great diversity of geographical 
areas, some characterized by hot environments, being anticipated that 

an increasing number of competitions are and will be held in adverse 
ambient conditions due to climate change, which is expected to aggra
vate over the coming years [1]. For instance in Europe, football matches 
have been reported to be played in extreme environmental temperatures 
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ranging from − 5 ◦C in Norway, to +30 ◦C in Spain [2]. Moreover, to 
facilitate the congested European league season, the FIFA World Cup 
and the UEFA European Championship are usually played during the 
summer, when temperatures can exceed 35 ◦C, with potentially high 
levels of humidity [3,4]. 

Thermal challenges in sports events carried out under heat stress 
might influence athletic and cognitive performance, through an increase 
in core temperature (Tcore) and individual sweating rate (SR) responses, 
especially for those who live and perform in more temperate climates 
[5]. As a consequence of the rise of the SR, the risk of dehydration is 
significantly increased [6]. Dehydration is detrimental to thermoregu
latory function during exercise in the heat, resulting in an inhibition of 
reflex heat dissipation mechanisms of sweating and cutaneous vasodi
lation, hampering core body temperature maintenance [7,8]. 

Referees’ physical activity during a football match induce a mean 
total body water loss of 1.60 ± 0.13 L (i.e, mild 2.0% dehydration) [9]. 
Such a level of dehydration, induced by water restriction, heat, or 
physical exertion (or a combination of these), cause a reduction in 
physical [10], psychomotor [11], and cognitive performances, even in 
temperate environments (22.0 ◦C ± 2.0 ◦C, 60.0%–70.0% relative hu
midity) [12]. In moderately high environmental temperatures (~30 ◦C), 
sprint and jump performances decreased markedly in the last 15 min of a 
football match [13–15]. Furthermore, a marked reduction in 
high-intensity running has been observed in a standardised set-up in 
matches played in hot environments [15], and supported by retrospec
tive analyses of the 2014 FIFA World Cup [16]. 

During football competition in extreme temperatures, players can 
modify their game in order to maintain performance and prevent fatigue 
[17], through the flexibility to adjust game intensity, especially when 
they are “off-the-ball.” Referees, though, have to follow the rhythm of 
the match and maintain closeness to match events so that correct de
cisions can be made [18]. Therefore, although previous research showed 
that the physiological and physical demands of elite-standard football 
referees are similar to those of a midfield football player [19,20], these 
demands may increase under more extreme temperatures since they 
cannot use the same coping strategies [3]. Thus, heat stress may have 
detrimental effects on performance and sudden or extreme exposure is a 
major health concern in this population [15,16]. 

Several thermal (cooling) strategies have been tested and used with 
the primary goal of reducing central temperature and thermal sensation 
(TS), and further delaying the onset of hyperthermia-induced fatigue 
[21]. These can be applied externally (e.g., using a cooling vest, ice pack, 
cold-water immersion, topically applied menthol) or internally (e.g., ice 
slurry, crushed ice, cold beverage ingestion, menthol mouth rinsing) 
[22]. As a matter of fact, ice slurry ingestion has shown to decrease 
central and brain temperature, and to improve thermal perception via 
the stimulation of thermoreceptors located within oral and abdominal 
regions [22,23]. This has led to an increase in the use of this method in 
professional competitions performed in hot and humid environments 
[24]. 

Research on non-thermal internal cooling methods has increased 
recently, with particular attention to L-menthol, due to its properties in 
relieving thermal strain associated with exercise in the heat. Menthol 
oral application stimulates the mandibular and maxillary branches of 
the trigeminal nerve (which are predominantly responsible for the 
detection of temperature and nociceptive stimuli across the face and 
within the oral cavity) and has consistently shown to improve thermal 
comfort (TC) and decrease TS, which are thought to modulate perceived 
exertion to improve performance in the heat [24,25]. 

A recent systematic review found that rinsing a menthol solution 
(0.01%) during exercise in the heat significantly improved physical 
performance (by 3.6–34.4%), mainly in continuous exercises. 

Conversely, less favourable results were reported for thermal tech
niques, with less than half of the studies revealing significant improve
ments in physical performance [26]. However, most of the clinical trials 
carried out in this area predominantly involve endurance exercise pro
tocols with recreational athletes. It has been pointed out that it is urgent 
to evaluate the effect of internal cooling strategies on intermittent ex
ercises, especially in elite sports. In this context, the studies carried out 
concerning internal cooling strategies did not include referees, despite a 
negative impact of heat stress on both physical and cognitive perfor
mance being already well established. 

Therefore, the present manuscript intends to propose a protocol for a 
randomized crossover trial, which aims to analyse the effects of a 
menthol solution mouth rinse, comparing to a non-cooling strategy, on 
perceptual, physical and physiological performance responses, in elite 
male football referees, during a standardised laboratory exercise pro
tocol performed in the heat that aims to mimic the intermittent and 
multi-directional nature of running in football match-play. 

2. Methods and analysis 

The study has been approved by the Ethics Committee of the Faculty 
of Nutrition and Food Sciences of University of Porto, Portugal (Report 
112/22 CEFCNAUP 2022) and will be conducted in accordance to the 
declaration of Helsinki for human studies [27]. The study protocol was 
developed considering the guidelines from Consolidated Standards of 
Reporting Trials (CONSORT) [28] and the Recommendations for Inter
ventional Trials (SPIRIT) [29]. 

2.1. Sample size and recruitment 

For sample size and statistical power calculations, power analysis 
was based on changes in TS after the internal administration via mouth- 
rinsing or ingestion of menthol solution. Considering a type I error of 5% 
and a power of 90%, with a statistical significance (p-value ≤0.05) and a 
moderate effect size of 0.54 (differences in TS were considered following 
Jeffries and Waldron results [30]), a total of 10 participants will be 
needed (using G*Power 3.1.9.2 ®). Considering a drop-out rate of 30% 
throughout the study, 13 participants as a buffer against attrition. 

The Portuguese Football Federation (PFF) will contribute by 
recruiting referees through direct contact, databases, and referral sour
ces. Following an initial telephone screen to determine the eligibility of 
potential participants, an orientation session (introductory meeting) will 
be scheduled to offer detailed information about the study, including the 
number and type of assessments, the length and nature of the exercise 
training, and the time commitment required to complete the study. After 
eligibility criteria confirmation, all participants will sign an informed 
consent form before being allocated to the study. Participants’ privacy 
and confidentiality will be guaranteed during and after investigation 
according to the Portuguese data protection law. Privacy, anonymity, 
and confidentiality of data/information identifying the participants will 
be strictly maintained. All information and results of the tests performed 
on the participants will be confidential. No one other than the in
vestigators of this research will have access to the data. 

2.2. Participants characteristics and eligibility criteria 

Participants meeting the following inclusion criteria will be 
recruited. 

1. Highly trained male field football referees registered in the Portu
guese Football Federation aged ≥18 and ≤45 years;  

2. With normal weight (Body Mass Index ≥18.5 and ≤24.9 kg/m2); 
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3. Availability to participate in the introductory meeting, familiariza
tion session and 2 experimental sessions;  

4. Ability to read and agree to sign the informed consent. 

Participants with at least one of the following criteria will be 
excluded from the study. 

1. Under the influence of any medications that may affect urinary pa
rameters, thermoregulation mechanisms, circulatory system, thyroid 
and pituitary function or metabolic status;  

2. Injury, diabetes, autoimmune disease, cardiovascular disease or 
obstructive disease of the gastrointestinal tract (e.g., diverticulitis, 
inflammatory bowel disease);  

3. Schizophrenia, bipolar disorder or other psychotic disorders;  
4. Diagnosed eating disorders;  
5. Magnetic resonance imaging (MRI) scans performed within 48 h 

after familiarization session or any of the experimental trials. 

2.3. Study design, setting and randomization 

A randomized counterbalanced crossover trial with two conditions 
will be carried out. After passing the eligibility criteria and attending the 
introductory meeting and a familiarization visit, the participants will be 
assigned to 2 experimental days for undergoing 2 different randomly 
ordered experimental conditions. Each condition will be comprised of a 
90-min football protocol (SAFT 90) [31], with the administration of one 
of 2 beverages before warm-up (5 min of pre-cooling) and at the 
half-time (5 min of per-cooling). There will be a minimum washout 
period of 7 days between each trial, to reduce carryover effects from the 
previous condition and to assure an adequate exercise recovery. The 
trials will take place in an indoor environment, with Wet Bulb Globe 
Temperature (WBGT) values exceeding 30 ◦C, at the same time of the 
day, to control for circadian variations. 

After the familiarization visit, the allocation sequence for the order 
of the experimental conditions will be assigned through individual 
randomization from a computer-generated random order, equally 
assigned to every participant, by the main researcher. Randomization 
will be concealed through a password-protected document that will not 
be revealed until the first trial. The main researcher will not be blinded 
in this type of study condition and will have access to the allocation 
sequence list and will retrieve the randomization code prior to each 
experimental to prepare the beverages. All the other investigators and 
the outcomes assessors will be blinded to study condition and group 
allocation, as well as participants will be blind to the beverages content 
and aim of the study. 

2.4. Procedures 

2.4.1. Beverage preparation 
Beverage A (placebo) is going to be prepared using a noncaloric 

berry-flavored sweetener consisting of sucralose. 
Beverage B (menthol solution) is going to be formulated by crushing 

and dissolving noncalorific menthol lozenge in warm deionized water, 
to obtain a solution with a concentration of 0.01%. 

Prior to use, both solutions are going to be aliquoted for mouth rinse 
and warmed at room temperature. They will be served to each partici
pant in individual bottles (75 ml at pre-cooling and 75 ml at per-cooling) 
and participants will be told to mouth rinse the beverage for 10 s and 
then to spit-out. 

2.4.2. Introductory meeting 
A previous presentation is going to be carried out by the research 

team to explain the study in detail to the participants. All stages of the 
study will be described, as well as the scales and procedures that are 
going to be adopted. Participants will be informed that they will have to 
swallow a telemetric pill 60 min before each trial, and to avoid con
sumption of alcohol and caffeinated products for 24 h before each trial, 
as well as strenuous exercise 48 h before testing. The participants will 
also be asked to drink 2–3 L of water in the day before each session. After 
understanding and agreeing with the information provided, the partic
ipants will sign the informed consent. 

2.4.3. Familiarization session 
All participants will undergo a familiarization session. All experi

mental procedures will again be fully described and tested in the field, so 
that the familiarization trial is as close as possible to the experimental 
trials resembles. The procedures and timings will be explained to 
participants. 

2.4.4. Exercise protocol 
The SAFT90 protocol emulates the intermittent and multi-directional 

nature of football match-play, with frequent changes in direction and 
activity [32]. It is based on time-motion analysis data from the English 
Championship level match play acquired during the 2007 season [31], 
and simulates the activity demands and physiological responses of 
football match play [33]. Players navigate around a 20 m agility course 
in an intermittent fashion via standing (0 km h− 1), walking (5.5 km h− 1), 
jogging (10.7 km h− 1), striding (15.0 km h− 1) or sprinting (maximal 
effort). The players cover 11.1 km in total, 18.5% of this distance (2.04 
km) is performed at high-speed (≥15 km h− 1) with 1269 changes in 
speed (every 4.3 s), and 888 changes in direction (180◦) and 444 cutting 
manoeuvres over the 90 min (1332 directional changes). The protocol is 
divided into equivalent 15-min activity profiles, lasts 90 min and is 
performed on an indoor running surface. The type of movement activity 
and intensity is controlled using verbal signals from an audio MP3 file 
[31]. 

The participants of the present study will perform a standardized 
pre-match routine in terms of rest, nutrition, hydration and physical 
preparation and a 15-min warm-up will precede the 90-min simula
tion, which is going to be interceded by a 15-min passive half-time 
interval. 

2.4.5. Environmental conditions measurement 
The trial will be performed in an indoor facility, under high envi

ronmental stress conditions asper FIFA’s guidelines: a Wet Bulb Globe 
Temperature (WBGT) between 29.4 and 32.1 ◦C [34]. Temperature, 
Relative Humidity and WBGT are going to be measured recurring to 
Kestrel 5400 Heat Stress Tracker (Kestrel Instruments®, Boothwyn, 
Pennsylvania, USA). In order to understand a possible heat acclima
tization interference in the trial results, Temperature, Relative Hu
midity and WBGT are going to be recorded in the two days prior to the 
tests. 

2.4.6. Outcomes 
The primary outcomes of interest for this study involve physiolog

ical, physical and perceptual parameters. Physiological primary out
comes include heart rate (HR), SR and Tcore. 

2.4.6.1. Heart rate. HR will be measured through HR monitors (Polar 
H10 Heart Rate Sensor, USA). PolarH10 can accurately measure mean 
HR and low-frequency oscillations (up to 0.15 Hz) of HR at rest and 
during the protocol [35]. 
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2.4.6.2. Sweating rate. SR is going to be calculated recurring to the 
following equation [36]:   

Pre-exercise body weight will be measured after participants voiding 
their bladder. Body weight will be measured on a digital platform scale 
(Seca, Hamburg, Germany), with minimal clothing, to the nearest 0.1 
kg. Post-exercise body weight is going to be evaluated also with minimal 
clothing, after participants’ towel-off themselves, at the half-time, 
before and after urine excretion (if needed), and at the end of the pro
tocol. Fluid intake is going to be recorded via the measurement of mass 
change of the individual bottles, provided to the participants, at the 
warm-up and at the end of the first “water break” at the end of the 
session, to the nearest 0.1 ml (Seca, Hamburg, Germany). Urine volume 

will be determined through the difference of the referees’ weight before 
and after urine excretion, using a digital platform scale. Participants will 
be advised not to rinse and spit out the fluids from the bottle at any time 

of the trial and that they should not drink any other beverages other than 
those provided by the researchers. Also, fluid intake will only be allowed 
in the 30th minute of each half, to simulate “cooling break” (“water 
break”) rule implemented by FIFA. FIFA’s guidelines for extreme heat 
conditions (i.e. a WGBT of more than 32 ◦C) refer cooling breaks are 
mandatory in both halves of a match, around the 30th minute and 75th 
minute, so that football players and referees may rehydrate [37]. 

2.4.6.3. Core temperature. Tcore will be evaluated through the entire 
trial through a telemetric pill ingested 60 min prior the start of the 
session (BodyCap®, Hérouville-Saint-Clair, France). Due to the good 

Table 1 
Description of the experimental trial phases.  

T1 BodyCap® will be ingested by the participant. 
T2 Then, participant’s 24-h food recall diary will be collected. 
T3 Hydration status will be assessed, after urine collection. 
T4 After voiding their bladder, body mass will be measured on a digital platform scale, weighted with minimal clothing. Individual marked drink bottles will be distributed to the 

referee so that fluid consumed at “water breaks” may be recorded via the measurement of body mass changes. Participants will be informed that they may drink water ad 
libitum, on “water breaks”. 

T5 Lactate and blood glucose levels are now going to be measured. 
T6 Devices for assessing HR and physical performance parameters will now be placed on the referee and synchronized. 
T7 TC, PT and TS are will be measured. 
T8 Beverages (previously prepared and stored at the intended temperature) will be distributed to the referee. Total amount of beverages for pre-cooling previously described (75 

ml of beverage A or B) will be divided into 3 equal parts and made available to the participant every 1 min. Beverages temperature will be monitored with a digital 
thermometer, to the nearest 0.1 ◦C (Proficook, Germany). The entire cooling stage will be carried out at a mild temperature of 18–20 ◦C, at rest. Participants will be instructed 
to swill both beverages for 10-s before spitting into a bowl without swallowing. The first 1/3 of the 75 ml of beverage will be administered. 

T9 TC, PT and TS will be again evaluated. 
T10 The second 1/3 of the 75 ml of pre-cooling beverage will be distributed. 
T11 TC, PT and TS will be recorded. 
T12 The third 1/3 of the 75 ml of pre-cooling beverage will be administered. 
T13 TC, PT and TS will be again evaluated. 
T14 Ambient temperature, relative humidity, and heat stress and WBGT will be recorded. 
T15 Participants will start the 15-min warm-up. 
T16 After the warm-up, TC, PT and TS will be again evaluated. 
T17 The first 15-min block of the first half will start. 
T18 TC, PT and TS will be recorded again after the end of the first block. 
T19 The second 15-min block of the first half will begin. 
T20 TC, PT and TS will be evaluated after the end of the second block. 
T21 First “water break” is now going to occur. The third 15-min block of the first half will start. 
T22 TC, PT and TS will be assessed after the end of the third block and half-time period is going to start. 
T23 If needed, participants will towel-dry themselves and then have their body mass measured (before and after urine excretion) with the same scale and while wearing the same 

clothes as the pre-exercise body mass assessment. Water bottles will be weighted. 
T24 The same beverage (as in T8) will be provided to each participant, exactly in same conditions as in the pre-cooling phase. The first 1/3 of the 75 ml of the same beverage will be 

administered. 
T25 TC, PT and TS will be recorded. 
T26 The second 1/3 of the 75 ml of per-cooling beverage will be distributed. 
T27 TC, PT and TS will be evaluated. 
T28 The third 1/3 of the 75 ml of per-cooling beverage will be administered. 
T29 TC, PT and TS will be accessed. 
T30 The first 15-min block of the second half will start. 
T31 TC, PT and TS will be recorded again after the end of the fourth block. 
T32 The second 15-min block of the second half will begin. 
T33 TC, PT and TS will be evaluated after the end of the fifth block. 
T34 Second “water break” will occur. The third 15-min block of the second half will start. 
T35 TC, PT and TS will be evaluated at the end of the sixth block. 
T36 Lactate and blood glucose levels are going to be reassessed. 
T37 Participants will towel-dry themselves and then have their body mass measured (before urine excretion) with the same scale and while wearing the same clothes as the pre- 

exercise body mass assessment. Water bottles will be weighed. Subsequently, the difference between the referee’s weight at T4 and T37 is going to be calculated, to estimate 
whole-body sweat loss as well as SR during the protocol (the volume of fluid intake is going to be subtracted, as well as urine output). 

T38 Hydration status is going to be evaluated, after urine collection. 
T39 RPE will be assessed.  

SR=
Pre exercise body weight − postexercise body weight + fluid intake − urine volume

exercise time in hours   
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measuring accuracy, the ability to measure in field-based situations and 
the non-invasive character of this temperature measurement method, 
the ingestible telemetric temperature pill is suitable to assess Tcore 
during exercise [38]. 

2.4.6.4. Physical performance. Physical performance responses will be 
measured using 100 Hz accelerometery, with Sonda 4.0 software 
(StatSports®, London, UK) to estimate total distance, sprint distance, 
accelerations, and decelerations. 

2.4.6.5. Perceptual parameters. Perceptual responses that are going to 
be evaluated in this study include 4 subjective scales: RPE, TC, perceived 
thirst (PT) and TS. RPE will be recorded through CR-10 Borg scale [39] 
that goes from 0 (“rest”) to 10 (“maximal effort”). TC is going to be 
assessed according to a 6-point scale from to − 3 (“very uncomfortable) 
to 3 (“very comfortable”) [40]. PT will be evaluated recurring to a 
7-point scale from 1 (“not thirsty at all”) to 7 (“very, very thirsty”) [27]. 
TS will be recorded with a 9-point scale (33) from − 4 (“very cold”) to 4 
(“very warm”) [41]. 

Secondary outcomes of this study include hydration status, ad libitum 
fluid intake during “water breaks”, lactate, and glucose blood levels. 

2.4.6.6. Hydration status. Hydration status is going to be assessed 
through urine specific gravity, recurring to urine test strips (Combur10 
Test M, Roche, Switzerland) and a Urisys 1100® analyzer (Roche, 
Switzerland) before the start and at the end of the session. Hydration 
status will also be evaluated through urine colour assessment, by a 
trained researcher, according to Armstrong scale [36]. 

2.4.6.7. Ad libitum fluid intake. Ad libitum fluid intake allowed on 
“water break” time is going to be recorded through the same procedures 
used to estimate fluid intake as previously described methods to assess 
SR evaluation. 

2.4.6.8. Blood lactate and glucose levels. Blood lactate and glucose levels 
will be measured before and after the protocol, recurring to a Blood 
Lactate Meter (Lactate Pro 2, Arkray, U.S.A) and a Glucometer 

(FreeStyle Precision Neo, Abbott Laboratories, U.S.A), respectively. Both 
devices have been previous validated [42,43]. 

2.4.7. Experimental trial protocol 
The protocol of the trial will be divided into 39 phases (T1-T39) 

(Table 1 and Fig. 1). The participants will arrive at the testing facilities 1 
h before the start of the warm-up. Schedule of the enrolment, in
terventions, and assessments is described in Fig. 2. 

2.5. Data management 

All participants will be assigned a unique identifier to protect they 
identify. All personal data will be stored in encrypted files with access 
restricted to the main researcher. Original paper files will be stored in 
secure, locked cabinets onsite. All data will be inserted electronically. 
Data will be double-checked for errors at the time of entry, with all 
changes performed being documented. Additional findings will be per
formed through statistical software. Data ranges and consistency checks 
will be performed for data integrity. No specific auditing procedures are 
planned for this trial. The results will be fully disseminated in peer- 
reviewed scientific journals and conferences. 

2.6. Adherence promotion efforts 

To increase adherence and promote the compliance of participants in 
the familiarization session and in each one of the 2 experimental trials, 
different strategies will be adopted namely logistical support (compen
sation for travel reimbursement) and collaboration between subjects 
and research staff (with regular phone calls and messages with positive 
reinforcement). Also, in the day before the familiarization session and 
the 2 experimental trials, the researchers will reach participants by 
phone, to gently remind them of the importance of participating in the 
study. 

2.7. Statistics 

Statistical analysis will be performed using IBM SPSS statistics 

Fig. 1. Schematic representation of the experimental protocol.  
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version 27.0, 2020 (SPSS Inc., an IBM Company, Chicago, IL, USA). To 
test the normality of distribution of the variables, the Shapiro-Wilk test 
will be performed. Baseline demographic and clinical characteristics of 
the participants will be analysed using descriptive statistics (mean, 
standard deviation, and range). For the continuous normal distributed 
variables, the one-way repeated measures analysis of variance (ANOVA) 
will be used to assess the association between the intervention and the 
perceptual, physical and physiological responses (thermal sensation, 
thermal comfort, perceived thirst, HR, accelerometery data, Tcore, SR, 
ad libitum fluid intake, lactate and glucose blood levels). Single time- 
point data will be examined for within-group effects across conditions 
using a one-way ANOVA. A two-way analysis repeated measures 
ANOVA will be used to test for within-group effects across time in both 
conditions. Missing data will not be included in the statistical analysis. 
Participants who discontinue or deviate from intervention protocols, 
and who meet exclusion criteria at some point of the intervention 
period, will be excluded. A p value of 0.05 will be considered statistically 
significant. Data will be reported according to the guidelines of 
consolidated standards of reporting trials (CONSORT) [28]. 

3. Discussion 

The present research protocol intends to provide insights on the ef
fect of the administration of oral menthol before and during intermittent 
exercise in the heat, in elite football referees. Due to the rules, regula
tions, and characteristics of the football game, to date, the evidence- 
based cooling options to be implemented in real-world are still 
limited. Though, in football, cooling strategies should be practical and 
cost-effective, and internal cooling strategies seem to meet these re
quirements, possibly assisting players and referees to cope with heat, 
mitigating the effects of hyperthermia and hypohydration on exercise 
performance. 

Even though the negative consequences of exercise in the heat are an 
already established problem by the scientific community, internal 
cooling methods have been mainly evaluated on endurance exercise and 
mainly with recreational athletes. More research is required on inter
mittent efforts and in elite athletes, especially regarding non-thermal 
internal cooling techniques [25]. 

Based on previous studies, we suggest that the thermal stress and 
fatigue experienced by football referees in extreme environments may 
interfere with their TS and TC, resulting in decreased physical 

Fig. 2. Schedule of enrolment, interventions, and assessments, according to the SPIRIT guidelines.  
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performance [3]. Mouth-rinsing a menthol solution, a non-thermal in
ternal cooling technique, may be used as a nutritional cooling inter
vention prior to and/or during exercise in hot conditions. The 
improvements in RPE, TC, and TS in response to menthol oral admin
istration may increase the thermal tolerance, which can lead to a better 
performance [21,25,44]. Also, mouth-swilling strategies may be useful 
during exercise to alleviate ‘dry mouth’ brought about by a reduction in 
salivary flow rate [45]. This use is fitting, with menthol shown to in
crease the drive to breathe [46], elevate ventilation [47] and attenuate 
thirst [48], along with eliciting sensations of coolness and freshness that 
may alleviate thermal symptoms during exercise [49]. However, as 
mentioned before, the ergogenic benefits of menthol have been essen
tially observed in fixed intensity/perceptual or tolerance-based pro
tocols, and further research is required among other training 
backgrounds. 

Mouth-rinsing a menthol solution throughout exercise has shown to 
improve time to exhaustion [50–53], power output [50,52,54], 
completion time in a time trial [54,55] in other studies in laboratory 
context within a different range of participants. As such, we posit that 
menthol will also benefit sports performance in an intermittent protocol 
with elite referees. Additionally, TS [50,52] and comfort rating scales 
[50], and physiological strain [53,55] are also expected to improve 
compared to the exercise under the same conditions without any cooling 
strategy, as other studies suggest. 

Oral menthol administration has been more frequently investigated 
as a per-cooling technique. Most studies assumed that this method will 
only have an ergogenic effect if applied during more advanced stages of 
exercise. However, in one study, the authors opted to apply menthol 
mouth rinsing 1 min before the start of a 3-min aerobic test, and found 
significant improvements in physical performance [56]. While in in
ternal thermal cooling methods, it is important that pre-cooling is car
ried out in advance to see improvements in heat storage, in the case of 
menthol it seems that pre-cooling can be performed very shortly before 
the start of the protocol [56]. This increases the likelihood of immedi
ately improving the TS and TC in the initial phases of short exercises. So, 
for those reasons, a pre- and per-cooling mode will be chosen to ad
ministrate oral menthol to the referees in the current research protocol. 
This way, we will be able to understand the effects of menthol even at 
the earliest stages of exercise. 

The main strength of the present study is the design. By using a 
crossover trial to compare the interventions, we can minimize the risk of 
confounding because each participant will be their own control. On the 
other hand, counterbalancing will allow to control the effects of 
nuisance variables (e.g., small differences on ambient conditions be
tween the trials, acclimatization effect, and beverages selection order 
bias), thus enhancing the study’s interval validity. 

However, the protocol of the study has some limitations. First, it will 
be very difficult to completely blind the participants to the beverage 
content, due to the sensorial characteristics of the intervention. Partic
ipants will not be told the content of the beverages and will be blinded to 
the aim of the study (i.e., they will be told that the purpose of the study is 
to evaluate the effect of the heat on physiological parameters, such as 
Tcore and HR). We are also expecting to find some barriers in retaining 
the participants through the study. To minimize this risk, participants 
will be frequently contacted during the wash-out period to motivate and 
remember about the following trial. Additionally, SAFT-90 protocol is 
validated for football players, not for referees. However, in order to 
achieve similar ambient conditions throughout the trials, the authors 
opted for an indoor protocol, where these conditions can be controlled. 
And, to the best of our knowledge, there are no laboratory and field- 
based match play simulations protocols validated for referees. It is 
also important to consider that this experimental protocol only allows 
the administration of the beverages before the protocol and at the half- 
time, leaving the referees for a long time (45 min) without access to any 
cooling method, besides the 1-min “cooling break” for hydration. 
However, this study pretends to apply a standardised laboratory exercise 

protocol designed to mimic the intermittent and multi-directional na
ture of running in football match-play, as well as game timings. So, also 
in a real game context, the administration of internal cooling strategies 
will only be possible before the start of the match-play, in “cooling 
breaks” (only in high temperature and relative humidity conditions, 
often 30 min after the start of the first and second halves, and at the half- 
time. In this case, as the present study sought to mimic the real game 
context as much as possible, the "cooling breaks" have the purpose to 
hydrate, so it would not be possible to rinse with menthol solution, or 
even the occurrence of both at the same time could generate con
founding results. Finally, this is the first study of this kind therefore 
subsequent studies will be required to confirm the results. 

Trial status: This is the first trial Protocol version and the trial is not 
yet ongoing. The recruitment is going to start and end in September 
2023. We expect the end of the study to take place by October 2023. 
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