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Introduction 

Many sports nutritionists, coaches, and researchers agree that when planning nutrition for 

athletes, one of the most crucial points is the need to supply the body with substances that 

quickly oxidize during sports performance. A vital aspect of this is regenerating the glycogen 

depleted during physical activity. Glycogen stored in the muscles is depleted during anaerobic 

sports, while glycogen stored in the liver is used with fat in aerobic sports to increase glycogen 

reserves in the body for the athletes; this can be achieved through increasing carbohydrate 

This study investigated the effect of mouth rinsing of carbohydrate solution (CMR) on 

physical performance and some physiological variables during a workout. Seven (n = 7) collegiate 

athletes participated in the study. The physiological characteristics, in mean and standard deviation 

(M ± SD) of the sample, were Age (25.6 ± 4.3 y), weight (79.6 ± 22.7 kg), Height (172.3 ± 6.7 cm), 

BMI (26.6 ± 6.4 kg/m2), Percent of Body Fat (17.7 ± 6.9 %), and VO2 Max (49.5 ± 6.8 ml/min.kg-

1). All subjects completed four experimental trials; the first visit was to collect baseline data and the 

subjects' physical characteristics. The three trials afterward were done in a crossover design. These 

trials consisted of a control test. Carbohydrate Mouth Rinsing (CMR) test: The subjects rinsed their 

mouths in (25 ml) of Carbohydrate (CHO) solution for (10 seconds) every (15 minutes). The third 

test was a placebo test, mouth rinsing in (25 ml) of colored water for (10 seconds). They ran on a 

treadmill to exhaustion throughout the three trials. There was a significant difference in the 

Maximum Heart Rate (Max HR) and Body Temperature at (P ≤ 0.05). No significant differences 

were found in the physiological variables for the other variables. The use of CMR should be carefully 

considered as a protocol for enhancing sports performance. Appropriate dietary and fluid strategies 

should be prioritized during both training and competition. The study emphasizes the need for further 

research in this area, highlighting its importance and potential impact on sports performance 

enhancement. 
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consumption for several days before the sporting event. (Al-Sharifi, 2019), (Salama B. E.-D., 

2002),  (Fink, Mikesky, & Burgoon, 2012) Carbohydrates (CHO) are the body's primary source 

of energy production, playing a vital role in metabolic processes. The amount of CHO athletes 

should consume varies according to the nature and type of sports activity. The appropriate 

consumption of CHO positively affects an athlete’s performance and can delay the onset of 

fatigue and stress; consuming CHO after intense sports activities helps speed up recovery. (Al-

Beik, Abbas, & Khalil, 2009), (Al-Naga, 2018), (Fink, Mikesky, & Burgoon, 2012). 

Upon digestion, CHO are converted into glucose, a simple sugar that serves as the direct 

energy source for the muscles. When glucose reaches the muscles and liver, it is further 

transformed into glycogen and stored until needed. The body's glycogen stores amount to 

approximately 450 grams. When the glycogen stored in the body decreases, the body can 

produce glucose from alternative food sources, such as protein. (Al-Sharifi, 2019), (Al-Naga, 

2018), (McArdle, Katch, & Katch, 2015) CHO is a source of energy that helps delay central 

fatigue. However, consuming carbohydrates during short-term, high-intensity physical 

activities or within the first hour of exercise is not advisable due to the ample muscle glycogen 

stores. (Correia-Oliveira, Bertuzzi, Dal'Molin Kiss, & Lima-Silva, 2013), (Ferreira, et al., 

2018), (Jeukendrup, 2014), (Torrens, Areta, Parr, & Hawley, 2016), (Winnick, et al., 2005).  

Breaking down CHO begins in the mouth with saliva enzymes, which partially digest 

starch. Subsequently, hydrochloric acid in the stomach acts on starch and sucrose. Finally, 

pancreatic amylase takes over in the small intestine to complete the digestion process. (Sayed, 

2014) However, rinsing the mouth with CHO solutions can help prevent a drop in blood sugar 

levels, maintain blood glucose levels, and delay the onset of fatigue. Low sugar levels can lead 

to fatigue and lethargy, negatively affecting athlete’s performance. (Ali, C, Wilkinson, & 

Breier, 2017), (Duckworth, Backhouse, & Stevenson, 2013) One effective method to combat 

fatigue and enhance physical performance involves rinsing the mouth with CHO solutions. 

(Carter, Jeukendrup, & Jones, 2004), (Chiu, et al., 2022) This practice helps to sustain blood 

glucose levels, elevate CHO oxidation rates, and preserve muscle glycogen. These benefits are 

especially relevant for prolonged endurance activities with moderate intensity lasting over two 

hours. (Ali, C, Wilkinson, & Breier, 2017), (Duckworth, Backhouse, & Stevenson, 2013), 

(Jeukendrup A. , 2014) 

According to (Ali, C, Wilkinson, & Breier, 2017), and (Pottier, Bouckaert, Gilis, Roeles, 

& Derave, 2010), swishing a CHO solution in the mouth and then spitting it out is called 

(Carbohydrate Mouth Rinsing). This technique has significantly enhanced physical and 

temporal performance compared to swallowing the solution. The improved performance is 

attributed to the activation of oral receptors and stimulation of brain centers, which are 

associated with motivation. However, (Ispoglou, et al., 2015), (Beelen, et al., 2009), and 

(Whitham & McKinney, 2007) observed no notable effect on performance levels in their 

studies. This lack of effect may be linked to the amount of solution used, as small amounts of 
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CHO are more effective in energizing and stimulating the motivation centers in the brain, 

especially when glycogen levels are low. (Ali, C, Wilkinson, & Breier, 2017), (Beelen, et al., 

2009), (Ispoglou, et al., 2015), (Pottier, Bouckaert, Gilis, Roeles, & Derave, 2010), (Whitham 

& McKinney, 2007), (Phillips, Findlay, Kavaliauskas, & Grant, 2014),  and (Painelli, et al., 

2011) have detailed the process of CHO mouthwash. This process triggers signals to the brain, 

reducing perceived fatigue and enhancing concentration. As a result, muscles can work more 

effectively without the discomfort of ingesting CHO, which can cause stomach heaviness and 

bloating.  

(Ferreira, et al., 2018) found that rinsing the mouth with CHO solution without 

swallowing can generate energy. This effect was confirmed by other studies conducted by 

(Lane, Bird, Burke, & Hawley, 2013), (Fares & Kayser, 2011), (Pottier, Bouckaert, Gilis, 

Roeles, & Derave, 2010), (Chambers, Bridge, & Jones, 2009), (Rollo, Williams, Gant, & Nute, 

2008), and (Carter, Jeukendrup, & Jones, 2004). The practical implications for athletes are 

significant as it showed improvement in performance during a one-hour training unit with 

relatively high intensity (75%). (Devenney, Mangan, Shortall, & Collins, 2018), (Turner, 

Byblow, Stinear, & Gant, 2014), and (Bortolotti, Altimari, Vitor-Costa, & Cyrino, 2014) also 

suggested that the absorption of CHO through the taste receptors in the oral cavity is the 

possible mechanism responsible for improving performance after gargling with CHO solution 

without swallowing.  

Studies by (Ferreira, et al., 2018), and (Berkulo, et al., 2016) has highlighted the potential 

impact of gargling with a CHO solution without swallowing on the secretion of hormones 

associated with CHO consumption. Their findings have shed light on the unclear effects on 

hormones such as cortisol and insulin, adding a new dimension to the discussion.  

During prolonged exercise (lasting one to two hours), a significant amount of glycogen 

is utilized in the muscles, reducing exercise performance. To sustain performance during 

exercises lasting 30-75 minutes or high-intensity exercise when there is no significant drop in 

blood glucose levels, mouth rinsing with CHO solution has been introduced. This underscores 

the importance of CHO intake in sustaining athletic endurance. The solution is swished in the 

mouth for 5-10 seconds and then spat out without swallowing, which delays fatigue and 

activates brain areas, as indicated in the study by (Brietzke, et al., 2020). This study provided 

valuable insights into how rinsing the mouth with a carbohydrate solution affects brain, 

cognitive, and perceptual responses. (Brietzke, et al., 2020), (Chambers, Bridge, & Jones, 

2009), (Ferreira, et al., 2018), (Shirai, Wadazumi, Hirata, , Hamada , & Hongu, 2022), (Temesi, 

Johnson, Raymond, Burdon, & O'Connor, 2011) 

The effectiveness of carbohydrate mouth rinse (CMR) in improving aerobic endurance 

and high-intensity exercise performance has been demonstrated in several studies (James, 

Ritchie , Rollo, & James , 2017), (Ataide-Silva, et al., 2016), (Phillips, Findlay, Kavaliauskas, 
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& Grant, 2014), (Beaven, Maulder , Pooley, Kilduff , & Cook, 2013). However, most research 

has concentrated on endurance-based activities like running and sprinting, with limited 

evidence of their effects on muscular strength and endurance (Clarke, Hammond , Kornilios, & 

Mundy, 2017), (Přibyslavská, et al., 2016), (Rollo, Homewood , Williams , Carter , & Goosey-

Tolfrey, 2015). Studies indicate that significant glycogen depletion occurs during prolonged 

exercise lasting one to two hours, affecting exercise performance. Introducing CMR before and 

during prolonged exercise has been found to delay fatigue and activate specific brain areas, as 

stated in a study by (Brietzke, et al., 2020), providing valuable insights into its effects on brain, 

cognitive, and perceptual responses. 

During prolonged exercise, rinsing the mouth with CHO solution for 5-10 seconds, 

referred to as CMR, has been shown to help maintain performance. This practice should be 

conducted before and during exercises lasting 30-75 minutes or high-intensity exercise when 

there is no significant drop in blood glucose levels. The CHO solution is then spat out without 

swallowing. This method has been found to delay fatigue and activate areas of the brain, as 

demonstrated in a study by (Brietzke, et al., 2020). The study provided valuable insights into 

the effects of this method on brain, cognitive, and perceptual responses.  

Studies conducted by (James, Ritchie , Rollo, & James , 2017), (Ataide-Silva, et al., 

2016), (Phillips, Findlay, Kavaliauskas, & Grant, 2014), (Beaven, Maulder , Pooley, Kilduff , 

& Cook, 2013), (Chryssanthopoulos, et al., 2018), and (Dolan, Witherbee , Peterson , & 

Kerksick , 2017), they all indicated that CMR has the potential to enhance aerobic endurance 

and high-intensity exercise performance significantly. However, most studies have focused on 

endurance-based exercise, running, and sprinting activities. There is a clear need for further 

research to understand its effects on muscular strength and endurance fully. 

In previous studies, researchers identified discrepancies in investigations examining the 

effects of CHO mouth rinsing on exercise performance. This method may reduce fatigue and 

effort by influencing muscle glycogen, which supplies energy to the body. The studies involved 

moderate-intensity and long-duration exercises (lasting over an hour) and high-intensity 

exercises (lasting less than an hour). Some studies suggested that the variability in performance 

improvement from rinsing the mouth with CHO solutions may be due to differences in fasting 

duration before the experiment, duration of mouth rinsing, type of activity, exercise protocols, 

and sample size. (Silva, et al., 2013) confirmed these factors, sparking further interest in the 

need for more research on rinsing the mouth with a CHO solution on physical performance. 

 Materials and Method 

Participants  

Convenience sample: ten collegiate athletes from the Physical Education Department at 

the College of Basic Education in Kuwait participated in the study (N = 10). However, three 

subjects were excluded as they needed to complete all the necessary measurements, resulting 
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in a final sample of seven (n = 7). The physiological characteristics, in mean and standard 

deviation (M ± SD) of the sample, were as follows: Age (25.6 ± 4.3 y), weight (79.6 ± 22.7 kg), 

Height (172.3 ± 6.7 cm), BMI (26.6 ± 6.4 kg/m2), Percent of Body Fat (17.7 ± 6.9%), and VO2 

Max (49.5 ± 6.8 ml/min.kg-1). One of the criteria for participation in this study was engaging 

in physical activities 3-5 days a week, totaling 1.5-5 hours per week. Table 1 shows the physical 

characteristics of all the subjects involved and the type of sports they engaged in. 

Table 1. Physical characteristics and the type of sports for each subject. (N=7) 

Subjects Age Weight Height BMI Sports 

1 23 61 167 21.9 Soccer 

2 25 99.5 186 28.8 Jiu-Jitsu 

3 22 58 166 21 Soccer 

4 21 67.5 171 23.1 Volleyball 

5 32 70 170 24.2 Soccer 

6 25 81.5 172 27.5 Handball 

7 31 120 174 39.6 Judo 

Mean 25.6 79.6 172.3 26.6  

SD 4.3 22.7 6.7 6.4  

 

Before participating in this study, all subjects must submit medical clearance from their 

physician regarding their physical health and their dentist regarding their oral and gum health. 

They completed a health and training history questionnaire and read and signed written 

informed consent forms. Procedures and protocols were approved by the Research Committee 

at the Public Authority for Applied Education & Training – Kuwait (PAAET) and the 

Department of Physical Education and Sport at the College of Basic Education. 

Procedures 

Protocol and devices 

At the beginning of the study, a meeting was held for the subjects participating. In this 

study, a full explanation was given of the nature of this study and the vital role the participants 

play in improving physical fitness and enhancing and contributing to sports science in Kuwait. 

All questions or inquiries related to this study were answered in this meeting. The participants 

also read and viewed the informed consent to participate as subjects in this study. After the 

explanation, the consent form was signed, and all the subjects who participated in this study 

had to present and sign a health medical examination form from their doctor or clinic stating 

that the subject was fit to participate in the study. 

 

All subjects completed four experimental trials; the first visit was to collect baseline data 

and the subjects' physical characteristics. The three trials afterward were done in crossover 
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design; each of these trials was separated by 7 – 10 days (Dolan, Witherbee , Peterson , & 

Kerksick , 2017). All trials have been done in the same laboratory under the same environmental 

conditions and simultaneously for each subject (Zaher, 2011), (Salama B. E.-D., 2000), (Carter, 

Jeukendrup, & Jones, 2004), (Duckworth, Backhouse, & Stevenson, 2013). The subjects were 

instructed to refrain from strenuous physical activities and asked to abstain from caffeine, 

tobacco, and consumption for 24 hours before each trial (Duckworth, Backhouse, & Stevenson, 

2013). They should also have repeated their recorded diet for 24 hours, as close as possible, 

before the first visit for every trial (Chambers, Bridge, & Jones, 2009). All trials should be done 

at the same time of day and at least three hours from the last meal consumed by each subject 

for each trial. (Salama B. E.-D., 2000), (Salama B. E.-D., 2002), (Kumar, Wheaton, Snow, & 

Millard-Stafford, 2016). All subjects kept an exercise diary for 48 hours before each test for 

repetition before each test. (Zaher, 2011)  

 

In the study, at the first visit, every subject was familiarized with the test procedures, 

protocol, purpose, and benefits of this study before the test. Before beginning any procedures, 

the researchers clarified any questions or inquiries by the subjects about data gathering. Each 

subject signed a subject consent form. The date, time, and body temperature were recorded 

during this first visit. Age was recorded to the nearest one year, height to the nearest 0.5 cm, 

and body weight to the nearest 0.5 kg. Body composition was recorded using (Bodystat 1500, 

Isle of Man, British Isles), according to manufacturer instructions specified in the user's manual. 

At this visit, each subject undertook a continuous incremental test to exhaustion on a treadmill 

to determine the maximum oxygen consumption (VO2 max); T 150 with controller unit 

(Cosmed et al.), Quark B2: (Breath by breath pulmonary gas exchange measuring device Gas 

analysis:(Cosmed, Rome, Italy), was used to measure expired-air. ECG monitored and recorded 

(Cosmed, Rome, Italy).  Borg's 20-point scale of perceived exertion (RPE) was used to 

determine the workout intensity every 10 min. through the trails. (Zaher, 2011). 

 

For the following trials, upon arrival of the subjects, a Polor short-range radio telemetry 

heart rate monitor was fitted to subjects (Polar Vantage NV, Polar Electro, Oy, Finland). The 

subjects were required to sit quietly in a quiet place for 30 minutes. After this 30 min., the 

resting value for the following measurements was taken: resting heart rate (RHR), resting blood 

glucose (RBG), using (Accu –Chek Performa, Roche Diagnostics GmbH, Mannheim, 

Germany), and the resting blood lactate (RBL) using (Accutrend et al.). 

 

Before every test, the subject was asked if he liked to use the bathroom to empty his 

bladder before any testing began. Then, the subject was allowed 15 minutes of self–selected 

worm–, which included jogging at various speeds and many types of stretching. The test took 

place at the end of the worm–up section. 
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Experimental Design 

 

▪ First Trial: In this stage of the study, the subjects received no substance except drinking 

water if they need it (Control Test). They ran on a treadmill at 75- 85% of their Maximum 

Heart Rate (HR max) to exhaustion. 

 

▪ The Second Trial: At this stage, carbohydrate Mouth Rinsing (CMR) was used; the subjects 

rinsed their mouths in (25 ml) of CHO solution of 6.4 g. of colorless and odorless 

Maltodextrin dissolved in (93.6 ml) of water. The mixtures were then adjusted to 6.4% 

Maltodextrin solution for the subjects to rinse it in their mouths for (10 seconds) then the 

mouth-rinsed solution was spat out and collected in a graded beaker. This mouth rinsing was 

done at the per-test, and after every (15 minutes) during the workout; after every mouth rinse, 

the subjects were instructed not to drink any water for (5 minutes) to avoid diluting the CHO 

solution. (Bastos-Silva, et al., 2017), (Chiu, et al., 2022), (Kamaruddin, Ooi , Abu Bakar , & 

Che Muhamed, 2017), (Lane, Bird, Burke, & Hawley, 2013), (Yang, et al., 2024) 

 

▪ The Third Trial: was the (placebo test), where the subjects rinsed their mouths in (25 ml) 

of colored water for (10 seconds) at the pre-test and every (15 minutes); the placebo solution 

was drinking water with food coloring, which contains (0 calories), and sweetened with (0.34 

g of artificial sweetener (Canderel Tablets)) it is made to look like the CMR solution in color. 

The mouth-rinsed solution was spat out and collected in a graded beaker, and subjects were 

instructed not to drink any water for (5 minutes) after every rinse. (Bastos-Silva, et al., 2017), 

(Chiu, et al., 2022), (Kamaruddin, Ooi , Abu Bakar , & Che Muhamed, 2017), (Lane, Bird, 

Burke, & Hawley, 2013), (Yang, et al., 2024) 

 

This study was a crossover design where all subjects completed three experimental trials 

in a random order. The subjects ran on a treadmill at 75- 85% of the heart rate max (HR max) 

to exhaustion, and all trials were separated by 7–10 days each. Throughout the three trials, a 

bottle of water (0.800 ml) was available for subjects throughout the workout, and if the subject 

needed water, another bottle was provided. All the amounts of water consumed were recorded 

(Correia-Oliveira, Bertuzzi, Dal'Molin Kiss, & Lima-Silva, 2013), (Shirai, Wadazumi, Hirata, 

, Hamada , & Hongu, 2022) .The control panel was completely covered throughout all the trials, 

so the subjects could not compare their performance from one trial to another regarding the 

distance or time of the workout.  All these trials were conducted in the same laboratory and 

under the same environmental conditions (23 C). 

 

Statistical Analysis 

All data were analyzed using SPSS for Windows version 22.0 (SPSS, Inc., Chicago, IL. 

USA). One–way ANOVA with repeated measures to analyze the overall differences in the 

physiological responses and the subject's performance in the trials. Significance differences 
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were set at the (P ≤ 0.05) confidence level; descriptive statistics' results were presented as a 

(mean ± standard deviation). 

 

 

Results and Discussion 

 

1.Heart Rate Measurements (HR) 

The statistics showed no significant difference in the physiological variables between 

Control test and (CMR) and (PMR) at the (P ≤ 0.05) level; in one-way ANOVA repeated test 

for Heart Rate (HR) measurement, and these finding consistent with the finding of (Beelen, et 

al., 2009) in their study. Figure (1) shows HR values in different stages. 

 

Figure (1): The Heart Rate Values in different stages of the tests in (Mean ± SD) (N= 7) 

Resting Heart Rate (RHR), Average Heart Rate (Avge. HR), Maximum Heart Rate (Max. HR), 

PostTest Heart Rate (Post-Test HR) 

There was no significant difference in the Heart Rate (HR) measurements in all the tests 

between the three conditions at the different stages of the tests at (P ≤ 0.05) confidence level; 

in the one-way ANOVA repeated test, for Heart Rate (HR) measurement the (Mean ± SD) for 

the Resting Heart Rate (RHR) for Control test was (67.3 ± 10.0 b.pm), the CMR was (69.0 ± 

10.0 b.pm), and PMR was (69.4 ± 9.1 b.pm). The same held for the Average HR (Avg. HR) 

where the control test was (138.4 ± 9.2 b.pm), the CMR was (137.0 ± 9.2 b.pm), and the PMR 

was (137.0 ± 9.2 b.pm) F value the Avge.HR was [F (2,12) = 0.275, P = 0.76, ηρ2= 0.126)], 

but there was a significant difference in the Maximum Heart Rate (Max HR) tests at (P ≤ 0.05); 

the value of the (Mean ± SD) for the control test was (157.6 ± 17.7 b.pm), the CMR was (145.1 

± 9.9 b.pm), and at the PMR was (145.1 ± 11.6 b.pm). Moreover, the F value is the Max.HR 

was [F (2,12) = 3.774, P = 0.05, ηρ2= 0.180)]; These finding of the Max. HR is in agreement 
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with the findings of (Chambers, Bridge, & Jones, 2009), (James, Ritchie , Rollo, & James , 

2017), and (Phillips, Findlay, Kavaliauskas, & Grant, 2014), in their investigations of the CMR 

effects on performance. On the other hand, there was no significant difference in the Post-Test 

Heart Rate (PHR), where the (Mean ± SD) for the Control test was (141.7 ± 13.3 b.pm), for the 

CMR was (142.7 ± 9.2 b.pm), and the PMR was (142.1 ± 10.9 b.pm). 

2. Blood Glucose & Blood Lactate 

Figure (2) shows the values of the Blood Glucose and Blood Lactate values in all the 

stages of the tests; there was no significant difference in blood glucose measurements in all the 

test between the three conditions at the different stages of the tests at (P ≤ 0.05) confidence 

level; in one-way ANOVA repeated test, were the values in the (Mean ± SD) for the three tests 

at the resting stage was for the Blood Glucose test at resting state, for the Control test was (C-

G) was (5.3 ± 0.4 mmol/L)), for the CMR was (5.1 ± 0.2 mmol/L), and for the PMR was (5.3 

± 0.4 mmol/L). There was no significant difference for the Blood Glucose post-test at (P ≤ 

0.05), were the F value was [F (2,12) = 0.54, P = 0.6, ηρ2 = 0.034)], the values the Blood 

Glucose Post-test was at the Control test was (C-G) was (5.0 ± 0.4 mmol/L)), for the CMR was 

(5.2 ± 0.5 mmol/L), and for the PMR was (5.1 ± 0.4 mmol/L). As is shown from the values of 

the Blood Glucose at all the stages, there is no significant difference in the one-way ANOVA 

repeated test at (P ≤ 0.05) level; these findings agree with what (Ispoglou, et al., 2015), and 

(Whitham & McKinney, 2007) in their studies. 

 

 

Figure (2): The Blood Glucose and blood Lactate values at different stages of the tests in 

(Mean ± SD) (N= 7) 

Control Glucose (C-G), Control Lactate (C-L), Carbohydrate Mouth Rinsing Glucose (CMR-G), 

Carbohydrate Mouth Rinsing Lactate (CMR-L), Placebo Mouth Rinsing Glucose (PMR-G), Placebo 

Mouth Rinsing Lactate (PMR-L) 
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For the Blood Lactate test, there was no significant difference in one-way ANOVA 

repeated test at (P ≤ 0.05) confidence level for the Blood Lactate value during the pre-test or 

the post-test, the values for the pre-test for the Control resting was (C-L) (2.1 ± 0.4 mmol/L), 

CMR was (2.1 ± 0.2 mmol/L), and for the PMR was (2.1 ± 0.3 mmol/L). While at the Post-test, 

the values were for the Control were (4.9 ± 0.7 mmol/L), the CMR was (4.8 ± 0.3 mmol/L), 

and the PMR was (5.1 ± 0.8 mmol/L). There was no significant difference in one-way ANOVA 

repeated test at (P ≤ 0.05) confidence level for the post-test Blood lactate where the F value was 

[F (2,12) = 0.813, P = 0.5, ηρ2 = 0.054)]. 

3. Rate Perceived Exertion (RPE) 

The Rate of Perceived Exertion (RPE) is one way to assess the feeling of exertion during 

workouts. (14). Our finding in this study indicated that there was no significant difference in the 

one-way ANOVA repeated test at (P ≤ 0.05) confidence level for test the Rate Perceived 

Exertion (RPE) test, were the values in the (Mean ± SD) for the three tests, for the Control trial 

was (15.4 ± 2.5), for the CMR was (15.4 ± 2.4), and for the PMR was (15.3 ± 2.7), therefor 

there was no significant difference in one-way ANOVA repeated test at (P ≤ 0.05) confidence 

level for both test the Rate Perceived Exertion (RPE) test, the F value was [F (2,12) = 0.109, P 

= 0.9, ηρ2 = 0.0009)]. These findings were consistent with the findings of (Beelen, et al., 2009), 

and (Whitham & McKinney, 2007) in their studies. 

4. Body Temperature (B.Temp. °C) 

There was a significant difference in Body Temperature (B.Temp) measurements in the 

one-way repeated measures ANOVA test. The value of (F) is the F value was [F (2,12) = 36.5, 

P = 0.01, ηρ2= 0.749)]. Post hoc test showed that CMR influence (B.Temp.) were the (mean ± 

SD) for the Control trial was (38.1 ± 0.4 °C), compared to the CMR trail (38.1 ± 0.4 °C), and 

the PMR trail was (36.8 ± 0.3 °C). correspond with what (Lane, Bird, Burke, & Hawley, 2013), 

(Fares & Kayser, 2011), and (Dolan, Witherbee , Peterson , & Kerksick , 2017) they found in 

their researches.  

5. Water Consumption (ml) 

Similar to what (Whitham & McKinney, 2007) had found in their study, that there was 

no significant difference in the one-way ANOVA repeated test at (P ≤ 0.05) confidence level 

for water consumption measurements, where the values in the (Mean ± SD) for the three trials, 

for the Control trial, was (625.0 ± 247.1 ml), for the CMR was (578.6 ± 210.2 ml), and for the 

PMR was (716.4 ± 304.5 ml), therefor there was no significant difference in one-way ANOVA 

repeated test at (P ≤ 0.05) confidence level for both test the water consumption measurements, 

the F value for the water consumption was [F (2,12) = 0.1.211, P = 0.3, ηρ2 = 0.0548)]. The 

total amount of mouth rinsing solution volume used in (Mean ± SD) by the subjects during the 

workout was for the CMR (154.7 ± 32.3 ml), and for the PMR trial was (165.4 ± 40.5 ml). From 

that, the amount of mouth-rinsed solution spat out for the CMR trial was (135.6 ± 33.2 ml), and 

for the PMR trial was (143.1 ± 34.9 ml). 
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6. Total Distance (km) 

There was no significant difference in one-way ANOVA repeated test at (P ≤ 0.05) 

confidence level total distance for the three trials, where the values in the (Mean ± SD) for the 

three trials, for the Control trial was (10.8 ± 1.4.km), for the CMR was (10.2 ± 2.8 km), and for 

the PMR was (11.3 ± 3.6 km), therefor there was no significant difference in one-way ANOVA 

repeated test at (P ≤ 0.05) confidence level in the total distance for the three trials, the F value 

for the total distance was [F (2,12) = 0.689, P = 0.5, ηρ2= 0.0383)]. These finding agree with 

what (Beelen, et al., 2009), (Ispoglou, et al., 2015) had found in their studies. 

7. Total Time Exhaustion (m: s) 

There was no significant difference in the one-way ANOVA repeated test at (P ≤ 0.05) 

in total time to exhaustion for the three trials, where the values in the (Mean ± SD) for the three 

trials, for the Control trial, was (83.6 ± 19.1 m:s), for the CMR was (77.1 ± 21.7 m:s), and for 

the PMR was (86.3 ± 27.0 m:s), therefor there was no significant difference in one-way 

ANOVA repeated test at (P ≤ 0.05) confidence level in the total time for the three trials, the F 

value for the total times to exhaustion was [F (2,12) = 0.788, P = 0.9, ηρ2 = 0.0325)]. This 

finding corresponds with the finding of (Beelen, et al., 2009). (Ispoglou, et al., 2015)), and 

(Whitham & McKinney, 2007) in their studies.  

The findings of this study showed that CMR did not result in any performance increases 

compared with the Control trial nor PMR. We found no significant differences between the 

three conditions tested regarding physiological variables for heart rate measurements in all the 

different stages except for the Max HR test, and these findings correspond with what (Beelen, 

et al., 2009), and (Whitham & McKinney, 2007). On the other hand, there was a significant 

difference found in heart rate measurements in some studies of CMR. (Black, et al., 1993), 

(Gam, Guelfi, & Fournier, 2013), (Lane, Bird, Burke, & Hawley, 2013) Similarly, the results 

of the Blood Glucose and Blood Lactate have no significant differences, and that is consistent 

with the finding of a similar study that found no difference between the Blood Glucose and 

Blood Lactate test. (Beelen, et al., 2009), (Chong, Guelfi, & Fournier, 2014), (Ispoglou, et al., 

2015) In contrast, some studies found a significant difference in blood lactate and blood glucose 

tests. (Fares & Kayser, 2011), (Gam, Guelfi, & Fournier, 2013), (Lane, Bird, Burke, & Hawley, 

2013), (Phillips, Findlay, Kavaliauskas, & Grant, 2014) 

While (Fares & Kayser, 2011), (Gam, Guelfi, & Fournier, 2013), and (Ispoglou, et al., 

2015), in their studies found that there are significant differences between RPE test in CMR 

compare to PMR, in contrast to our finding. Our findings did not find a difference in RPE, but 

there was a significant difference in Body Temperature (B. Temp) measurements in the one-

way repeated measures ANOVA test. The value of (F) is the F value was [F (2,12) = 36.5, P = 

0.01, ηρ2= 0.749)]. Post hoc test showed that CMR influence (B.Temp.) were the (mean ± SD) 

for the Control trial was (38.1 ± 0.4 °C), compared to the CMR trail (38.1 ± 0.4 °C), and the 

PMR trail was (36.8 ± 0.3 °C). These findings are consistent with another study. (Beaven, 
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Maulder , Pooley, Kilduff , & Cook, 2013), (Chong, Guelfi, & Fournier, 2014), (Rollo, 

Homewood , Williams , Carter , & Goosey-Tolfrey, 2015) Regarding the performance in the 

form of total time and the total distance of the test, we did not find a significant difference in 

total time nor the total distance, corresponding with other study findings. (Black, et al., 1993), 

(Chong, Guelfi, & Fournier, 2014), (Ispoglou, et al., 2015) On the other hand, some studies 

found that CMR increases performance and has significant differences. (Beaven, Maulder , 

Pooley, Kilduff , & Cook, 2013), (Chong, Guelfi, & Fournier, 2014), (Phillips, Findlay, 

Kavaliauskas, & Grant, 2014) 

Conclusion 

This study showed that CMR did not influence the total time or distance of the test and 

did not affect the physiological variables tested, such as blood glucose, blood lactate, and RPE. 

However, this seems to have had some effect on body temperature and Max HR; these 

differences in findings between our study finding, and other research may be due to the 

methodology used in each study, such as dosage more or less, the time for rinsing (5 s), (10 s), 

(15 s), as well as the frequency of mouth rinsing, in addition to CHO concentration in the 

solution. (Beaven, Maulder , Pooley, Kilduff , & Cook, 2013), (Chong, Guelfi, & Fournier, 

2014), (Fares & Kayser, 2011), (Kumar, Wheaton, Snow, & Millard-Stafford, 2016), (Lane, 

Bird, Burke, & Hawley, 2013), (Phillips, Findlay, Kavaliauskas, & Grant, 2014). 

Recommendation 

From this study finding, we recommend that mouth rinsing for longer duration (i.e., 10 

seconds) or higher and more frequent (i.e., 5 minutes) be more effective than the shorter 

duration during work-out. However, mouth rinsing more frequently and for longer durations 

may not be practical in many athletic settings. Alternatively, ad libitum water intake alongside 

CHO mouth rinsing protocols may be more effective than mouth rinsing alone; however, this 

is still to be confirmed. In conclusion, coaches and practitioners should be skeptical of adopting 

a conventional mouth rinsing protocol to optimize sports performance; however, other options 

may exist. Consequently, mouth rinsing as a practical strategy for coaches and athletes must be 

more credible under specific conditions and carefully considered before its inclusion. Emphasis 

should be focused on appropriate dietary and fluid strategies during training and competition 
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