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Rinsing carbohydrate solutions in the mouth can produce positive effects on the central nervous system via mouth/tongue receptors, ultimately increasing cycling performance. However, previous investigations on this topic have used complex carbohydrate solutions and time trials on a cyclergometer to complete a set amount of work. The purpose of the present study was to examine the effects of carbohydrate mouth rinsing on physical performance by using a commercially available drink during a cycling time trial with varying slopes. In a double-blind, placebo-controlled and randomized manner, 16 well-trained cyclists (37.6 ± 3.5 years; 76.9 ± 7.9 kg) performed two simulated cycling time trial (25.3 km) with their own bikes on a 3D virtual trainer. In one occasion, participants mouth-rinsed a 6.4% carbohydrate mixed solution for 5 s each 12.5% of total completion of the trial; in other occasion participants rinsed with a taste-matched placebo with 0.0% of carbohydrate. During the trials, participants were instructed to perform as fast as possible at a self-chosen pace while time, cycling power output and ratings of perceived exertion were obtained during the trials. When compared to the placebo, carbohydrate mouth rinse decreased the time employed to complete the distance (2,960 ± 412 vs. 2,888 ± 396 s; P = 0.04, respectively), while it increased overall cycling power (222 ± 51 vs. 231 ± 46 w, P = 0.04) and cycling power during the climbing sections (238 ± 46 vs. 248 ± 47 w, P = 0.03). Carbohydrate mouth rinse also increased the rating of perceived exertion at the end of the trial (18.3 ± 1.7 vs. 18.9 ± 1.1 arbitrary units, P = 0.04). In summary, mouth rinsing with a commercially available carbohydrate drink might be considered as an effective strategy to increase physical performance during cycling time trials. However, due to the performance downsides of breaking the aero-position or interrupting the breathing pattern for rising during a time trial, carbohydrate mouth rinse protocols might be more suitable for high-intensity training sessions, particularly those sessions intentionally performed with low carbohydrate intake.
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INTRODUCTION

In 2004, well-trained endurance cyclists were infused with either glucose (1 g/min) or saline (placebo) while they completed as quickly as possible an ~1 h cycling performance test (1). In this study, the infusion of glucose did not produce any ergogenic effect over saline infusion despite the infusion of glucose increased availability of plasma glucose and increased glucose uptake into the skeletal muscle. This seminal investigation leaded to question that the ergogenic effects of carbohydrate ingestion on endurance performance, established 20 years before (2–4), were somewhat related to the exposure of the oral cavity to carbohydrate. For this reason, Carter et al. (5) subsequently investigated the effect of rinsing with a 6.4% carbohydrate-based solution (without ingesting the solution), in comparison to water mouth rinse, on the same ~1 h cycling performance test. In this latter investigation, carbohydrate mouth rinse promoted an ergogenic effect on endurance cycling performance that was related to an increase in central drive or motivation because it was unrelated to any metabolic mechanism.

These investigations were pioneer because they led to the notion that rinsing nutrient solutions in the mouth during exercise could possibly exert an effect on the central nervous system via mouth/tongue receptors, which could promote an improved sense of well-being and a decreased rate of perception of effort (6, 7). Posterior studies have confirmed that these oral receptors could directly stimulate reward centers in the brain, leading to a positive “central drive” that would ultimately improve endurance exercise performance even in situations in which muscle and hepatic glycogen stores are not depleted (6, 8–12).

Carbohydrate mouth rinsing can be defined as flushing a carbohydrate-based drink around the oral cavity for certain time, followed by the subsequent expulsion of fluid (13). Recently, plenty of research associates carbohydrate mouth rinse to positive effects in athletic performance, not only in endurance activities but also with a growing interest in high intensity sprint-based activities (14–23). Recently, Brietzke et al. (7) have reviewed the effects of carbohydrate mouth rinse on cycling time trial performance and they have concluded that this technique is effective in increasing cycling power output, although the magnitude of the effect was cataloged as “small.” Despite the overall positive effect of carbohydrate mouth rinse on cycling performance, all studies reporting no beneficial of carbohydrate mouth rinse on cycling performance tested participants in a fed state (24–28). Although it seems that carbohydrate mouth rinse improved performance to a greater extent in a fasted compared with a fed state, the use of fasting prior to exercise might not be an optimal choice to maximize cycling performance. Therefore, the combination of fasting and carbohydrate mouth rinse might be a strategy more suitable to training sessions, especially for those sessions intentionally performed with low carbohydrate intake. However, the usefulness of carbohydrate mouth rinse might be limited in a competitive context where athletes usually perform a carbohydrate loading in the hours previous to the competition to increase liver and muscle glycogen stores.

In addition, the effect of carbohydrate mouth rinse on cycling performance has been investigated by using protocols on a cyclergometer consisting of completing an amount of work as quickly as possible or exercise at a fixed workload until exhaustion (7), applicable to real cycling time trials on flat courses. Although these types of performance test have validity and reliability, they are based on the maintaining of a relatively constant power output during the trial and thus, they lack the change in intensity and slope of mountain courses. In addition, previous studies on carbohydrate mouth rinse have used beverages with maltodextrin, glucose, and sucrose (7), while most of these solutions are not available in the market. Thus, the aim of the present study was to determine the effects of carbohydrate mouth rinse, using a commercially available drink, on cycling performance. We used an ecologically valid context to assess cycling performance that included a pre-competition meal and the simulation of a 25.3-km time trial with varying slopes. We hypothesized that carbohydrate mouth rinse would enhance cycling time-trial performance in well-trained cyclists when compared to mouth-rinsing a placebo solution.

MATERIALS AND METHODS

Participants

Sixteen male and well-trained cyclists volunteered to participate in this study (age = 37.6 ± 3.5 years; body mass = 76.9 ± 7.9 kg; cycling experience > 7 years). Participants trained > 4 days per week, > 60 min of training duration per day and they competed > 5 times per year in the last 5 years. Prior to the onset of the experiment, all the participants underwent a pre-participation screening that included a medical and training history. All the participants were non-smokers, who had no previous history of cardiopulmonary diseases or musculoskeletal injuries in the previous 3 months. The participants were encouraged to avoid medications or nutritional supplements for the duration of the study. One week before the onset of the study, the participants were fully informed of the experimental procedures and the risks and discomforts associated with the research and gave their informed written consent to participate in the investigation. The study was approved by the University Research Ethics Committee and has been performed in accordance with the ethical standards as laid down in the 1964 Declaration of Helsinki and its later amendments or comparable ethical standards.

Study Design

A double-blind, placebo-controlled, randomized, and cross-over experimental design was used in this study. Each participant took part in 2 identical protocols and thus acted as his own control: in one protocol, participants performed a simulated cycling time trial in a 3D virtual training simulator and rinsed their mouths with a carbohydrate beverage containing 6.4% carbohydrate concentration (Carrefour® sport drink, France); in another protocol, participants performed the same cycling trial but rinsed their mouths with a tasted-matched placebo beverage with 0.0% carbohydrate concentration (Carrefour®, sport drink Zero, Spain). The beverage for the carbohydrate mouth rinse protocol contained a mix of different types of carbohydrate (sucrose, glucose, and fructose) while the beverage for the placebo mouth rinse protocol was identical in appearance and taste but contained artificial sweeteners (sucralose and acesulfame-K). The full list of ingredients of each drink is described on Table 1. The use of a drink with artificial sweeteners is a valid beverage to create a placebo mouth rinse protocol as this type of drink does not activate the same cerebral structures involved in the reward system (8, 29) that a carbohydrate drink has been shown to activate. The participants did not report being able to distinguish a difference between the carbohydrate and placebo solutions. The order of the mouth rinse protocols was randomized, and they were separated by 7 days to allow for complete recovery. An alphanumeric code was assigned to each trial by a person who was independent of the investigation to blind participants and investigators to the drink tested.


Table 1. List of ingredients of the carbohydrate drink and the placebo drink.
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Standardizations

One week before the onset of the experiment, participants underwent a routine medical screening to ensure that they were in good health and suitable for the experiment. On this day, participants completed a familiarization trial that replicated all the settings included in the experimental trials. In the familiarization trial, the mouth rinse protocol was performed with tap water and participants tested both 5-s and 10-s mouth rinses to select the rinse duration that less interfered with the trial. For the 48 h before the onset of the experiments, participants refrained from all sources of dietary caffeine, alcohol, and stimulants. Participants were also encouraged to maintain their training routines and to keep a stable fitness state during the whole experiment, although strenuous exercise was avoided 48 h before the onset of the experimental trials to taper for the simulated time trial. On the 24 h preceding the first experimental trial, subjects recorded their dietary and fluid intake by photographs and they were asked to replicate this diet pattern on the second trial. Participants were encouraged to consume their habitual pre-competition meal, with at least 3 g/kg of body mass of carbohydrate, 3 h before the start of testing and replicated this before the second experimental trial. Adherence to these standardizations was checked verbally and visually before each trial. Environmental temperature and humidity were kept constant in all experimental trials (21.3 ± 0.3°C air temperature and 50 ± 10% relative humidity). Standardized encouragement and feedback were given to the participants in all trials by the same researcher who was blinded to the treatments. Participants were not allowed to listen to music during the experiments. The seat and handlebar positions on the bikes and tire pressure were obtained in the familiarization trials and replicated for each participant in all trials. Tire pressure was checked with a digital bike tire gauge before the experimental trials.

Experimental Protocol

Both experimental trials (i.e., carbohydrate vs. placebo mouth rinse protocols) took place at the same time of the day (from 16:00 to 20:00). Participants arrived at the laboratory, emptied their bladders and their nude body mass measured afterwards (B-418, Tanita, Japan). Participants then dressed in a T-shirt, and shorts and performed a 10-min standardized warm-up on their own road bikes. After this, participants performed a simulated time trial consisting of completing a 25.3-km course as fast as possible. The trial was performed on a 3D cycling simulator (Smart Pro®, Bkool, Spain) which has an embedded adaptation mechanism that induces more or less resistance on the bike according to the slope shown in a screen, providing a similar feeling of pedaling on cycling route (30). This means that resistance was constantly varying depending on slopes and instant cycling velocity and participants had to adjust their cycling power output by changing pedaling cadency and shifting gears, as it happens in a real cycling route. Accordingly, in the downhill sections of the virtual route, the simulator decreased the resistance to pedaling in a similar manner to a real downhill descent. A pilot study with 10 amateur cyclists indicated that the coefficient of variation for the time employed to complete a cycling time trial was ~2% when they performed twice the same 20-km course with the cycling simulator. The course for the cycling trial was intentionally chosen because it has several variations on the slope of the track, as it happens during a mountain time trial (Figure 1). Because we intended to test the effects of carbohydrate mouth rinse during a mountain time trial, we chose a course with a climbing distance of ~15% of the trial distance, as well as a total elevation gain > 400 m (specifically, 432 m of elevation gain for the selected course). Participants were encouraged to complete the trial as fast and possible while exercise intensity (i.e., power output) was individually modulated by changes in slope, pedaling frequency, and shifting gears. In the last 500 meters of cycling time trial, participants were instructed to perform an all-out sprint to obtain their peak power output. During the time trial, participants had visual access to the route profile and current slope in a computer screen, so they could anticipate and adapt gear shifting. However, participants were blinded to elapsed time, speed, power output, and cadence information on screen and they obtained information about the time employed in each trial after the experiments were concluded. During the trial, once the 12.5% of the total cycling distance was completed, participants rinsed in their mouths 25 mL of the experimental beverages, following the protocol by Carter et al. (5). The solution mouth rinse was repeated each 12.5% of the total cycling distance for a total 7 mouth rinses in each experimental trial. Each mouth rinse lasted for 5 s and then participants were asked to spit the content to a glass provided by the investigator. Although several studies used 10-s rinse protocols (7), we selected a 5-s rinse time because participants chose this rinsing protocol, over the 10-s protocol, during the familiarization trial −75% of participants (12 out of 16) considered that 10-s of mouth rinsing negatively affected their breathing pattern during cycling. In addition, previous research has found positive results with 5-s carbohydrate mouth rinse protocols on cycling performance (9, 10). During the trials, participants were not allowed to consume any drink. Along with each mouth rinse, partial ratings of perceived exertion, measured with the 6-to-20 point Borg Scale, were registered (31). The rating of perceived exertion was also obtained at the end of the time trial. Once the cycling test was concluded, body mass was registered with the same apparatus and the experiment was finished. In a different day, total time employed to complete the 25.3-km, mean power output recorded by the virtual training, power output during the climbing sections (> 4% of slope) and peak power output during the sprint, were obtained by an investigator blinded to the treatments.
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FIGURE 1. Profile of the cycling time trial (25.3 km). Participants mouth-rinsed with a 6.4% carbohydrate beverage or a tasted-matched non-caloric placebo beverage during the trial.



Statistical Analysis

Data were collected as previously indicated and the results of each test were subsequently blindly introduced into the statistical package SPSS v 20.0 for analysis. Normality was tested for each variable with the Shapiro-Wilk test. All the variables included in this investigation presented a normal distribution (P > 0.05) and parametric statistics were used to determine the ergogenicity of carbohydrate mouth rinse. Differences between carbohydrate vs. placebo mouth-rinsing protocols in cycling time and power output were determined by paired samples T-tests. The differences in the ratings of perceived exertion where were determined by two-way analysis of variance (mouth-rinsing protocol × cycling section) with repeated measures. After a significant F-test (Geisser-Greenhouse correction for the assumption of sphericity), differences between means were identified using Tukey’s HSD post-hoc. The significance level was set at P < 0.05. The effect size was also calculated in all pairwise comparisons to allow a magnitude-based inference approach (32). Specifically, the effect-size statistic ± 90% confidence intervals (CI) was used on log transformed data to reduce bias due to non-uniformity of error. Effect sizes were interpreted according to the following ranges: <0.2, trivial; 0.2–0.6, small; 0.6–1.2, moderate; 1.2–2.0, large; 2.0–4.0, very large and; >4.0, extremely large (32).

RESULTS

In the carbohydrate mouth rinse trial, body mass changed from 76.9 ± 7.9 to 75.9 ± 7.9 kg (P < 0.05, t = 13.6), which represents a body mass decrease of 1.40 ± 0.42%. In the placebo trial, body mass changed from 76.9 ± 7.9 to 75.8 ± 7.9 kg (P < 0.05, t = 15.1), which constitutes a body mass decrease of 1.42 ± 0.41%. However, there were no statistical differences in body mass decrease between the two experimental trials (P = 0.58, t = −0.6; ES = 0.1 [−0.1 to −0.3]).

In the carbohydrate mouth rinse trial, the time employed to complete the cycling trial was reduced by 2.5 ± 5.1% respect to the placebo (P = 0.04, t = −3.8; ES = 0.2 [0.0–0.4]; Figure 1). Out of the 16 participants, 11 participants reduced their times to complete the trial with the rinsing of carbohydrate (Figure 1). Likewise, mean cycling power output was superior with carbohydrate mouth rinse vs. placebo (231 ± 46 and 222 ± 51 w, respectively) by 3.7 ± 9.4% (P = 0.04, t = 3.6; ES = 0.2 [0.0–0.4]; Figure 2). Out of the 16 participants, 12 participants increased their cycling power output with the carbohydrate mouth rinse (Figure 2). When considering only the climbing sections of the trial, the use of carbohydrate mouth rinse was also effective in increasing cycling power output (248 ± 47 and 238 ± 46 w,) by 4.2 ± 3.1% (P = 0.03, t = 4.2; ES = 0.2 [0.0–0.4]; Figure 3). Out of the 16 participants, 13 participants increased their cycling power during the climbing sections with the carbohydrate mouth rinse trial (Figure 3). The mouth rinse protocol also increased cycling power output in 12 out of the 16 participants during the non-hill sections of the time trial, in comparison to rinsing the placebo drink (227 ± 45 and 219 ± 52 w, respectively; P = 0.05, t = 3.5; ES = 0.2 [0.0–0.4]). In contrast, peak cycling power was similar in the carbohydrate mount rinse and placebo trials (731 ± 272 and 699 ± 234 w, respectively; P = 0.46, t = 0.7; ES = 0.1 [−0.3 to −0.2]). The rating of perceived exertion was similar during the two experiments (Figure 4) but the carbohydrate mouth rinse increased the rating of perceived exertion at the end of the trial (P = 0.04, t = 3.8; ES = 0.3 [0.0–0.6]).
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FIGURE 2. Time employed to complete the cycling time trial with carbohydrate mouth rinsing or with placebo mouth rinsing. Solid lines represent participants with lower times in the carbohydrate mouth rinsing protocol vs. placebo. Dashed lines represent participants with higher times in the carbohydrate mouth rinsing protocol vs. placebo. *Different from placebo at P < 0.05.
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FIGURE 3. Mean power output during the cycling time trial with carbohydrate mouth rinsing or with placebo mouth rinsing. Solid lines represent participants with higher power output in the carbohydrate mouth rinsing protocol vs. placebo. Dashed lines represent participants with lower power output in the carbohydrate mouth rinsing protocol vs. placebo. *Different from placebo at P < 0.05.
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FIGURE 4. Cycling power output during the climbing sections of the time trial with carbohydrate mouth rinsing or with placebo mouth rinsing. Solid lines represent participants with higher power output in the carbohydrate mouth rinsing protocol vs. placebo. Dashed lines represent participants with lower power output in the carbohydrate mouth rinsing protocol vs. placebo. *Different from placebo at P < 0.05.



DISCUSSION

The aim of the present study was to determine the effects of carbohydrate mouth rinse on cycling performance by using an ecologically valid context that included a pre-competition meal (e.g., fed state) and the simulation of a 25.3-km time trial with varying slopes that simulates the profile of some time trial stages. To accomplish this, the cyclists performed the time trial on their own bikes by using a cycling trainer that simulates the changes in slope of a cycling profile while the trials were carried out indoors were ambient conditions were kept constant. In this controlled and applicable context, and, in comparison to the placebo mouth-rinsing protocol, participants took less time to complete the cycling distance when they rinsed the carbohydrate-based solution because they were able to maintain a higher mean cycling power during the trial. The protocol of carbohydrate mouth rinse was effective to increase cycling power during both climbing and more flattish sections. Interestingly, participants indicated a higher rating of perceived exertion after the end of the trial with carbohydrate mouth rinse (Figure 5), likely as a result of the higher exercise intensity maintained during the whole test. Thus, these results suggest that mouth rinsing with a commercially available carbohydrate solution might be considered as an effective strategy to increase cycling performance. However, since time trials are cycling competitions that typically last < 1 h, in which proper bike positioning is one of the most critical factors for performance, breaking the cycling position to perform a carbohydrate mouth rinse may not be completely applicable to such context. Instead, such a strategy will probably be most applicable in the training context while performing high-intensity exercise sessions in the fasted state or while aiming to generate an energy deficit. During training sessions, carbohydrate mouth rinse may allow a better maintenance of exercise intensity despite reduced carbohydrate availability.
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FIGURE 5. Rating of perceived exertion, measured with the 6-20-point Borg scale, during the cycling time trial with carbohydrate mouth rinsing or with placebo mouth rinsing. *Different from placebo at P < 0.05.



The main outcomes of this investigation coincides with the recent review and meta-analysis by Brietzke et al. (7) on the effects of carbohydrate mouth rinse on cycling time trial performance. These authors systematically reviewed 16 randomized and placebo-controlled trials that assessed carbohydrate mouth rinse effects on mean power output and time to complete the trial and they concluded that mouth rinse improved mean power output with a standardized mean difference of 0.25 (95% CI 0.04–0.46). In the present investigation, the carbohydrate mouth rinse protocol also produced a significant increase in mean power output with the standardized mean difference was very comparable (0.2, 90% CI 0.0–0.4). However, the effect of rinsing carbohydrate during exercise on the time to complete the cycling trials did not reach statistical significance in the meta-analysis by Brietzke et al. (7) with a standardized mean difference of 0.13 (95% CI 0.10–0.36) while this effect was present in the current investigation (0.2, 90% CI 0.0–0.4). Taken together, this information suggests that carbohydrate mouth rinsing might have the capacity to increase cycling performance in time trials although the magnitude of the effect can be cataloged as small. Still, the applicability of carbohydrate mouth rinse during time trials remains questionable.

A methodological concern in the meta-analysis by Brietzke et al. (7) is the combination of experiments in which participants performed the time trial in a fasted/fed state. Interestingly, these authors indicated in their manuscript that all studies reporting no benefits of carbohydrate mouth rinsing on cycling performance standardized the pre-exercise meal (24–27), which might have reduced the overall magnitude of the carbohydrate mouth rinse effect found in their meta-analysis. It is interesting to note that cortical responses to the presence of carbohydrates in the mouth (in the form of sucrose) activates more brain regions in the fasted state compared with the fed state (29). Based on these studies, it has been postulated that carbohydrate mouth rinse improves performance to a greater extent in a fasted compared with a fed state because there may be greater activation of cerebral structures involved in the reward system in the presence of hunger (15). The current investigation challenges this postulation because carbohydrate mouth rinsing was effective to increase cycling performance in cyclists that performed a tapering protocol that included a reduction of exercise intensity and volume and nutrition strategies such a pre-time trial meal rich in carbohydrates. Although the reasons for the increased performance with the rinse of carbohydrate in our fed participants is no evident from our data, more research is needed to clearly stablish whether feeding/fasting is a definitive fact to discard/obtain the benefits of carbohydrate mouth rinse during exercise.

Similarly to the current study, several investigations compared carbohydrate mouth rinse to an artificially sweetened placebo (6, 15, 33). Other studies used maltodextrin as the carbohydrate solution and thus, they used water rinse as the control situation because the tasteless and colorless nature of maltodextrins (5, 18, 24, 34). Chambers et al. (6) studied the effect of rinsing with glucose and maltodextrin beverages and observed that both carbohydrate-based solutions activated areas of the brain involved in reward center in the brain. Based on the performance results of these investigations, it seems that several sources of carbohydrate can be used to rinse during exercise in order to provide a potential increase in performance (35), although a tasted-matched placebo should be used when experimenting the ergogenic effects of carbohydrate mouth rinse.

Sinclair et al. (18) reported that cycling performance was improved by doubling the duration (from 5 to 10 s) of the carbohydrate mouth rinse protocol, although their results were recently contradicted by Tomko (36) who found no dose-response effect when increasing the rinse duration from 5 to 15 s. Although more evidence is needed to ascertain the optimal rinsing time, it has been suggested that increasing rinsing duration may interfere with participants’ breathing patterns during high intensity exercise (34), as we found in our familiarization trial. Based on the information available so far, carbohydrate mouth rinsing for 5 s, each 5–10 min of exercise, allows for a significant contact between oral cavity and a carbohydrate source. This time seems enough to produce the activation of buccal/tongue receptors that can induce motor signaling, ultimately leading to improved performance during high-intensity endurance exercise. Similarly, increasing the carbohydrate concentration of the rinsed solution from 7 to 14% resulted in no further performance improvement (37). Thus, the use of 5-s rinsing protocols with standard commercially available sport drinks -which have a carbohydrate concentration between 6 and 8% (38)- might be the best manner of obtaining the benefits of carbohydrate mouth rinse during cycling.

One of the main novelties of this investigation is the use of a simulated time trial with continuous changes of slope (and thus exercise intensity) by means of a virtual trainer, where participants performed the trial on their own bikes. This protocol constitutes a novelty because previous investigations used exercise testing on cyclergometers and consisted of completing an amount of work as quickly as possible or exercise at a fixed workload until exhaustion, in which exercise intensity was kept relatively constant. Beyond removing the negative effect of adaptation to the equipment/cyclergometer, the current analysis provides a scenario that a course of varying slopes or hard training session, to determine the effects of carbohydrate mouth rinse on cycling performance. Lane et al. (15) used a similar protocol that included an indoor trainer and the use of subjects’ own bikes while they also find positive effects of carbohydrate mouth rinse. These data suggest that carbohydrate mouth rinse might be an effective strategy to increase cycling performance, as it has been previously found (5).

Despite the positive outcomes of carbohydrate mouth rinsing found in this investigation, the results of this investigation should be translated to real cycling competitions with caution. In a real cycling time trial, maintaining the cycling position on the bike is a key factor for performance. For this reason, removing the hands of the handlebar to reach the rehydration bottle from the cage on the frame might offset the performance benefits of carbohydrate mouth rinsing due to the loss of aerodynamics. In addition, it is possible that carbohydrate mouth rinsing is more useful to mountain bike or cyclocross competitions where cycling position is not as important to overall performance. While it seems impractical to interrupt breathing and/or removing the hands of the handle bar in a real competition scenario, giving the case that a cyclist might experience gastrointestinal distress with carbohydrate ingestion (39), this strategy might be only valid for those cyclists who are prone or are already feeling gastrointestinal distress during a training session or a race event. All this information, taken together, suggests that the performance benefits of carbohydrate mouth rinse should be balanced with the negative effects of this protocol on cycling position (especially aero position during time trials) and on the respiratory pattern during high-intensity exercise. The utility of carbohydrate mount rinse in a real cycling competition should be made individually in terms of type of competition, likelihood of suffering gastrointestinal distress, and after a careful familiarization period.

It is worth considering a number of limitations to the current study. First, the study sample was composed of amateur, although well-trained cyclists, that performed a cycling time trial of 25.3 km in ~48 min of duration. Thus, the application of these results to professional cyclists in longer races/competitions should not be generalized. To this respect, it is fundamental to verify the utility of carbohydrate mouth rinse protocol in the specific context of elite athletes, and to study whether the conditions of the cycling event (e.g., distance and elevation gain, conditions of the road, etc.) justify such approach. Second, although diet and exercise were standardized before the experimental trials, we did not obtain blood or muscle samples to assess the level of serum glucose, insulin or muscle glycogen stores. Third, the current study did not utilize a “no rinse” control situation, as suggested by Gam et al. (34), and we were unable to determine whether mouth rinsing per se during exercise was detrimental/beneficial for cycling performance. Fourth, we used a 3D cycling simulator with a coefficient of variation of ~2% for the measurement of the time employed to complete a cycling trial, which can contribute to the inter and intraindividual variability found in this investigation. Last, because a final sprint is common in many races, we set a 500 m all-out sprint at the end of the simulated time trial. However, this final sprint was not preceded of a mouth rinse, while the previous rinse was produced after the completion of 87.5% of the event (3.1 km before the finish line). It might be of interest in future studies to investigate if a carbohydrate mouth rinse has some effect in the capacity of performing a final sprint at the end of an exhausting trial when the rinsing protocol is performed just before the engagement in the sprint action. Despite all these limitations, the authors of this study consider that the current investigation adds some light to the literature on carbohydrate mouth rinse, particularly in relation to the use of a more ecologically valid context.

In summary, mouth rinsing with a 6.4% carbohydrate solution might be considered as an effective strategy to increase physical performance during cycling. Thus, carbohydrate mouth rinse protocols might be considered useful for training sessions performed with low carbohydrate/energy availability. Carbohydrate mouth rinse had the potential of increasing overall cycling power, and it was effective to increase cycling power during both climbing sections and flattish sections, ultimately reducing the total time to complete a 25.3 km-course. Nevertheless, the size of effect induced by the carbohydrate mouth rinse protocol on cycling performance was cataloged as small. However, the use of this protocol should only be recommended on an individual-basis, after experimenting with carbohydrate mouth rinsing while training, and in time trials that favors the use of this protocol.

ETHICS STATEMENT

One week before the onset of the study, the participants were fully informed of the experimental procedures and the risks and discomforts associated with the research and gave their informed written consent to participate in the investigation. The study was approved by the Camilo José; Cela University Research Ethics Committee and has been performed in accordance with the ethical standards as laid down in the 1964 Declaration of Helsinki and its later amendments or comparable ethical standards.

AUTHOR CONTRIBUTIONS

GB-M and JDC conceived and designed the investigation, analyzed and interpreted the data, drafted the paper, and approved the final version submitted for publication.

ACKNOWLEDGMENTS

The authors wish to thank the subjects for their invaluable contribution to the study.

REFERENCES

 1. Carter JM, Jeukendrup AE, Mann CH, Jones DA. The effect of glucose infusion on glucose kinetics during a 1-h time trial. Med Sci Sports Exerc. (2004) 36:1543–50. doi: 10.1249/01.MSS.0000139892.69410.D8

 2. Hargreaves M, Costill DL, Coggan A, Fink WJ, Nishibata I. Effect of carbohydrate feedings on muscle glycogen utilization and exercise performance. Med Sci Sports Exerc. (1984) 16:219–22. doi: 10.1249/00005768-198406000-00004

 3. Fielding RA, Costill DL, Fink WJ, King DS, Hargreaves M, Kovaleski JE. Effect of carbohydrate feeding frequencies and dosage on muscle glycogen use during exercise. Med Sci Sports Exerc. (1985) 17:472–6. doi: 10.1249/00005768-198508000-00012

 4. Coyle EF, Coggan AR, Hemmert MK, Ivy JL. Muscle glycogen utilization during prolonged strenuous exercise when fed carbohydrate. J Appl Physiol. (1986) 61:165–72. doi: 10.1152/jappl.1986.61.1.165

 5. Carter JM, Jeukendrup AE, Jones DA. The effect of carbohydrate mouth rinse on 1-h cycle time trial performance. Med Sci Sports Exerc. (2004) 36:2107–11. doi: 10.1249/01.MSS.0000147585.65709.6F

 6. Chambers ES, Bridge MW, Jones DA. Carbohydrate sensing in the human mouth: effects on exercise performance and brain activity. J Physiol. (2009) 587:1779–94. doi: 10.1113/jphysiol.2008.164285

 7. Brietzke C, Franco-Alvarenga PE, Coelho-Junior HJ, Silveira R, Asano RY, Pires FO. Effects of carbohydrate mouth rinse on cycling time trial performance: a systematic review and meta-analysis. Sports Med. (2018) 49:57–66. doi: 10.1007/s40279-018-1029-7

 8. Jeukendrup AE, Chambers ES. Oral carbohydrate sensing and exercise performance. Curr Opin Clin Nutr Metab Care. (2010) 13:447–51. doi: 10.1097/MCO.0b013e328339de83

 9. Pottier A, Bouckaert J, Gilis W, Roels T, Derave W. Mouth rinse but not ingestion of a carbohydrate solution improves 1-h cycle time trial performance. Scand J Med Sci Sports. (2010) 20:105–11. doi: 10.1111/j.1600-0838.2008.00868.x

 10. Rollo I, Cole M, Miller R, Williams C. Influence of mouth rinsing a carbohydrate solution on 1-h running performance. Med Sci Sports Exerc. (2010) 42:798–804. doi: 10.1249/MSS.0b013e3181bac6e4

 11. Fares E-J, Kayser B. Carbohydrate mouth rinse effects on exercise capacity in pre-and postprandial states. J Nutr Metab. (2011) 2011:385962. doi: 10.1155/2011/385962

 12. Painelli VS, Roschel H, Gualano B, Del-Favero S, Benatti FB, Ugrinowitsch C, et al. The effect of carbohydrate mouth rinse on maximal strength and strength endurance. Eur J Appl Physiol. (2011) 111:2381–6. doi: 10.1007/s00421-011-1865-8

 13. Deutz MT, Vollmer RL, Wolfe K. Using carbohydrate mouth rinsing solutions to improve performance during sprint-based running and cycling: a literature review. J Athl Enhan. (2017) 6:4. doi: 10.4172/2324-9080.1000265

 14. Beaven CM, Maulder P, Pooley A, Kilduff L, Cook C. Effects of caffeine and carbohydrate mouth rinses on repeated sprint performance. Appl Physiol Nutri Metabo. (2013) 38:633–7. doi: 10.1139/apnm-2012-0333

 15. Lane SC, Bird SR, Burke LM, Hawley JA. Effect of a carbohydrate mouth rinse on simulated cycling time-trial performance commenced in a fed or fasted state. Appl Physiol Nutr Metab. (2013) 38:134–9. doi: 10.1139/apnm-2012-0300

 16. Che Muhamed AM, Mohamed NG, Ismail N, Aziz AR, Singh R. Mouth rinsing improves cycling endurance performance during Ramadan fasting in a hot humid environment. Appl Physiol Nutr Metab. (2014) 39:458–64. doi: 10.1139/apnm-2013-0276

 17. Phillips SM, Findlay S, Kavaliauskas M, Grant MC. The Influence of serial carbohydrate mouth rinsing on power output during a cycle sprint. J Sports Sci Med. (2014) 13:252–8.

 18. Sinclair J, Bottoms L, Flynn C, Bradley E, Alexander G, Mccullagh S, et al. The effect of different durations of carbohydrate mouth rinse on cycling performance. Eur J Sport Sci. (2014) 14:259–64. doi: 10.1080/17461391.2013.785599

 19. Jeffers R, Shave R, Ross E, Stevenson EJ, Goodall S. The effect of a carbohydrate mouth-rinse on neuromuscular fatigue following cycling exercise. Appl Physiol Nutr Metab. (2015) 40:557–64. doi: 10.1139/apnm-2014-0393

 20. Jensen M, Stellingwerff T, Klimstra M. Carbohydrate mouth rinse counters fatigue related strength reduction. Int J Sport Nutr Exerc Metab. (2015) 25:252–61. doi: 10.1123/ijsnem.2014-0061

 21. Kasper AM, Cocking S, Cockayne M, Barnard M, Tench J, Parker L, et al. Carbohydrate mouth rinse and caffeine improves high-intensity interval running capacity when carbohydrate restricted. Eur J Sport Sci. (2016) 16:560–8. doi: 10.1080/17461391.2015.1041063

 22. Luden ND, Saunders MJ, D’lugos AC, Pataky MW, Baur DA, Vining CB, et al. Carbohydrate mouth rinsing enhances high intensity time trial performance following prolonged cycling. Nutrients. (2016) 8:576. doi: 10.3390/nu8090576

 23. Bastos-Silva VJ, Prestes J, Geraldes AR. Effect of carbohydrate mouth rinse on training load volume in resistance exercises. J Strength Condition Res. (2017) doi: 10.1519/JSC.0000000000002092. [Epub ahead of print].

 24. Beelen M, Berghuis J, Bonaparte B, Ballak SB, Jeukendrup AE, Van LJ. Carbohydrate mouth rinsing in the fed state: lack of enhancement of time-trial performance. Int J Sport Nutr Exerc Metab. (2009) 19:400–9. doi: 10.1123/ijsnem.19.4.400

 25. Ispoglou T, O’kelly D, Angelopoulou A, Bargh M, O’hara JP, Duckworth LC. Mouth rinsing with carbohydrate solutions at the postprandial state fail to improve performance during simulated cycling time trials. J Strength Cond Res. (2015) 29:2316–25. doi: 10.1519/JSC.0000000000000882

 26. Trommelen J, Beelen M, Mullers M, Gibala MJ, Van Loon LJ, Cermak NM. A sucrose mouth rinse does not improve 1-hr cycle time trial performance when performed in the fasted or fed state. Int J Sport Nutr Exerc Metab. (2015) 25:576–83. doi: 10.1123/ijsnem.2015-0094

 27. Ferreira AMJ, Farias-Junior LF, Mota TA, Elsangedy HM, Marcadenti A, Lemos TMAM, et al. Carbohydrate mouth rinse and hydration strategies on cycling performance in 30 km time trial: a randomized, crossover, controlled trial. J Sports Sci Med. (2018) 17:181–7.

 28. Pires FO, Brietzke C, Pinheiro FA, Veras K, De Mattos ECT, Rodacki ALF, et al. Carbohydrate mouth rinse fails to improve four-kilometer cycling time trial performance. Nutrients. (2018) 10:E342. doi: 10.3390/nu10030342

 29. Haase L, Cerf-Ducastel B, Murphy C. Cortical activation in response to pure taste stimuli during the physiological states of hunger and satiety. Neuroimage. (2009) 44:1008–21. doi: 10.1016/j.neuroimage.2008.09.044

 30. Soler MM, Mejuto G, Bentley D, Norton L, Torres-Unda J, Arrieta H, et al. Effects of 4 weeks high-intensity training on running and cycling performance in well-trained triathletes. J Sci Med Sport. (2017) 20:e18. doi: 10.1016/j.jsams.2016.12.043

 31. Borg GA. Psychophysical bases of perceived exertion. Med Sci Sports Exerc. (1982) 14:377–81. doi: 10.1249/00005768-198205000-00012

 32. Hopkins WG, Marshall SW, Batterham AM, Hanin J. Progressive statistics for studies in sports medicine and exercise science. Med Sci Sports Exerc. (2009) 41:3–13. doi: 10.1249/MSS.0b013e31818cb278

 33. Rollo I, Williams C, Gant N, Nute M. The influence of carbohydrate mouth rinse on self-selected speeds during a 30-min treadmill run. Int J Sport Nutr Exerc Metab. (2008) 18:585–600. doi: 10.1123/ijsnem.18.6.585

 34. Gam S, Guelfi KJ, Fournier PA. Opposition of carbohydrate in a mouth-rinse solution to the detrimental effect of mouth rinsing during cycling time trials. Int J Sport Nutr Exerc Metab. (2013) 23:48–56. doi: 10.1123/ijsnem.23.1.48

 35. Burke LM, Maughan RJ. The Governor has a sweet tooth - mouth sensing of nutrients to enhance sports performance. Eur J Sport Sci. (2015) 15:29–40. doi: 10.1080/17461391.2014.971880

 36. Tomko PM. Carbohydrate Mouth Rinsing Duration Impact on Fatigue and Recovery from Repeated Sprint Exercise. Bowling Green State University. (2017). Retrieved from https://etd.ohiolink.edu/

 37. James RM, Ritchie S, Rollo I, James LJ. No dose response effect of carbohydrate mouth rinse on cycling time-trial performance. Int J Sport Nutr Exerc Metab. (2017) 27:25–31. doi: 10.1123/ijsnem.2016-0111

 38. Coso JD, Estevez E, Baquero RA, Mora-Rodriguez R. Anaerobic performance when rehydrating with water or commercially available sports drinks during prolonged exercise in the heat. Appl Physiol Nutr Metab. (2008) 33:290–8. doi: 10.1139/H07-188

 39. Guillochon M, Rowlands DS. Solid, gel, and liquid carbohydrate format effects on gut comfort and performance. Int J Sport Nutr Exerc Metab. (2017) 27:247–54. doi: 10.1123/ijsnem.2016-0211

Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2019 Baltazar-Martins and Del Coso. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fnut-06-00065-g005.gif





OPS/images/fnut-06-00065-t001.jpg
Carbohydrate drink Placebo drink

Natural mineral water (839%), orange juice (10%), sugar, glucose, and fructose syrup,  Natural mineral water 96%, acidulant: citric acid, antioxidant: ascorbic acid,
acidifier: citric acid, stabilizers: locust bean gum and pectin, antioxidant: ascorbic natural orange flavor with other natural aromas, swesteners: acesulfame and
acid, coloring: carotenes, natural orange flavoring and other natural flavorings. sucralose, stabilizers: pectin and gum, coloring: carotenes.





OPS/images/fnut-06-00065-g003.gif





OPS/images/fnut-06-00065-g004.gif
Wl !






OPS/images/fnut-06-00065-g001.gif
Distance (km)

Y Yh Ya Ya Ya Y Y

Cycling time tial (%)





OPS/images/fnut-06-00065-g002.gif
Cycling thme trial (1)

FEEEEEEE

8
P






OPS/images/cover.jpg
’ frontiers
in Nutrition

Carbohydrate Mouth Rinse
Decreases Time to Complete a
Simulated Cycling Time Trial









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Nutrition





