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ABSTRACT 
Oliveira JJ, Salles AHS, Barbosa CGR, Silva JAO, Dias RM, 
Ribeiro AGSV, Lacerda FV, Silva JM, Silva AS. Effect of Post-
Activation Potentiation and Carbohydrate Mouth Rinse on Repeated 
Sprint Ability in University Futsal Players. JEPonline 2020;23(2):29-
40. This study examined the effects of PAP, mouth rise with CHO, 
and the combination of both strategies on the performance of college 
futsal players. Fourteen subjects (age = 20.85 ± 1.46 yrs; body mass 
= 77.07 ± 6.94 kg; height = 1.77 ± 0.83 cm; BMI = 24.4 ± 2.60) 
randomly performed 8 experimental conditions before undergoing a 
Repeat Sprints Test (RSA, 6 sets of 40 m): (a) Placebo (PLA) (10 
sec), (b) Placebo (PLA) (40 sec), (c) CHO mouth rinse (10 sec), (d) 
CHO mouth rinse (40 sec), (e) PAP + PLA (10 sec), (f) PAP + PLA 
(40 sec), (g) PAP + CHO mouth rinse (10 sec), and (h) PAP + CHO 
mouth rinse (40 sec). Significant interactions were observed between 
the Best Sprint Time experimental conditions (P<0.001), Mean Sprint 
Time experimental conditions (P<0.001), and Total Sprint Time 
experimental conditions (P<0.001). There were no significant 
interactions between the experimental conditions (P = 0.164) for the 
variable percentage of decreased performance. Thus, PAP positively 
affects RSA in university futsal players while the combination of PAP 
and CHO mouth rinse had no additional effect. 
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INTRODUCTION 
 
The use of ergogenic resources for the purpose of improving physical performance is 
focused most often defined by different nutritional supplements and training methods 
(15). Among these resources, post-activation potentiation (PAP) demonstrates 
important results in the improvement of performance and the contribution to increased 
muscle strength and power, which are important variables for the performance of most 
sports (20,35). 
 
The increase in muscle strength and power after stimulating muscle contraction with 
moderate to high intensity exercise is linked to a high level of calcium in the 
sarcoplasmic reticulum. The release of calcium ions into the sarcoplasm of the muscle 
cell after an action potential on the plasma membrane contributes to the improvement 
of muscle performance (2,18). Other factors that improve physical performance 
includes the increase in the recruitment of high-threshold motor units (1,8,20) and the 
phosphorylation of regulatory light chain myosin (17,30), which occurs in greater 
magnitude in type II muscle fibers that favors muscle performance of high intensity and 
short duration (31). 
 
The interaction and combination of different ergogenic strategies represent another 
strategy recently investigated (13). Carbohydrate mouth rise (CHO), for example, is a 
recently investigated strategy that has an influence on endurance performance (32). 
Although the mechanisms involved have not been fully elucidated, rinsing with CHO is 
said to stimulate taste receptors and neurophysiological pathways that influence brain 
regions related to neuromotor motivation and control (6,19,36). The result is an 
improvement in physical performance (22) due to the delay in muscle fatigue. However, 
a relatively small number of studies have investigated the effects of mouth rinse with 
CHO on sprint performance (3,5,9,13,27,28), with some evidence reporting positive 
results on the performance of single sprint (27) and repeated (3) in cycle ergometer. 
 
Due to the acute improvement in physical performance by different routes, our initial 
hypothesis is that PAP improves the ability to repeat sprints (RSA), and that 
mouthwash with CHO for 40 sec in association with PAP may promote an additional 
positive effect on performance. The purpose of this study was to investigate the effects 
of PAP, mouth rise with CHO, and the combination of both strategies on the physical 
performance of university futsal players. 
 
METHODS 
  
Experimental Approach to the Problem 
This is a randomized, double-blind, placebo-controlled study that investigated the 
effects of PAP, mouth rise with CHO, and the combination of both strategies in RSA in 
college futsal players. One week before the first experimental condition, the subjects 
visited the laboratory to determine their maximum muscle strength (1RM test) using the 
squat exercise and to become familiar with the RSA test. Next, the players performed 
eight different experimental conditions in a randomized and crossed manner, with a 24-
hr interval between them. Experimental conditions involved the following: (a) placebo 
(PLA) (10 sec), (b) placebo (PLA) (40 sec), (c) CHO mouth rinse (10 sec), (d) CHO 
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mouth rinse (40 sec) , (e) PAP + PLA (10 sec), (f) PAP + PLA (40 sec) and (g) PAP + 
CHO mouth rinse (10 sec) and (h) PAP + CHO mouth rinse (40 sec). 
 
An independent researcher: (a) prepared the rinse solutions (CHO and PLA); (b) 
randomly assigned the experimental conditions to the subjects; and (c) revealed the 
solutions and sequence after data collection. Before each experimental condition, the 
subjects underwent a standard warm-up exercise that consisted of a 5-min run on a 
treadmill with the intensity between 60 and 70% of their maximum heart rate (34). 
 
The rest interval established after the PAP protocol was 4 min. The rest interval after 
PAP for mouth rinse (PLA or CHO) was 7 min. The RSA Test was performed 1 min 
after mouth rinse (PLA or CHO). The subjects were instructed not to consume any food 
for at least 2 hrs before each experimental condition. They were also told to abstain 
from alcohol and caffeine during the study period, and not to perform intense physical 
activities. Figure 1 illustrates the experimental design of the study. 
 

 
 

Figure 1: Experimental Design of the Study. 
 
 
Subjects 
Fourteen university futsal players (age = 20.85 ± 1.46 yrs; body mass = 77.07 ± 6.94 
kg; height = 1.77 ± 0.83 cm; BMI = 24.4 ± 2.60) volunteered to participate in the study. 
All subjects were on the same futsal team competing at the regional level. The number 
of subjects was determined through a G-power analysis, using data from the best RSA 
time in our pilot study. Based on the effect size (0.8), alpha level of 0.05, and power (1-
β) of 0.90, each group required 11 subjects. 
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The inclusion criteria in this study consisted of: (a) experience with the sport for at least 
1 yr; (b) experience with the squat exercise and with the 1RM test; and (c) experience 
with the RSA Test. The exclusion criteria included: (a) any type of injury that may 
interfere with the study; (b) failing to attend any of the collection visits; and (c) using 
anabolic steroids or dietary supplements. All subjects completed a questionnaire to 
assess their health status, which was followed by signing the consent form after being 
informed about the benefits and risks of the experimental procedures. This study was 
approved by the Research Ethics Committee (CAAE - 83210918.2.0000.5094). 
 
Instruments and Procedures 
 
Anthropometric Assessment 
Body mass was determined using a Filizola® scale (Filizola, Brazil) with a capacity of 
up to 180 kg and fractions of 100 g, with the plate base and the rubber mat. For height, 
a rigid PVC stadiometer (Seca® brand, Germany) was fixed to the wall with retractable 
metallic tape. The device has a scale from 0 to 220 cm and a resolution of 0.1 cm. The 
body mass index (BMI) was analyzed using the Quettlet formula: BMI = weight (kg) / 
height (m2) (14,26,39). 
 
Maximum Repeat Test (RM) Protocol 
The determination of the maximum muscular strength was performed through the test 
of 1 maximum repetition (1RM) in the squat exercise. Before executing the protocol, the 
subjects performed a warm-up of 2 to 3 sets of 5 to 10 repetitions with ~40 to 60% 
estimated 1RM. The determination of the subjects’ maximum muscular strength was 
carried out with a maximum number of 5 attempts and intervals of 5 min of recovery 
between each. 
 
After a 5-min rest, the subjects were instructed to perform a single maximum movement 
(eccentric and concentric) until failure in the squat exercise on the back. For an 
unsuccessful attempt, the external load was adjusted by 5 to 10% until a 1RM 
movement with a suitable technique was produced. The squat exercise was performed 
using a guided bar (Smith equipment - to ensure greater stability among the subjects) 
at a cadence of 3 sec for eccentric and concentric muscle action with the aid of a 
metronome (60 b∙min-1). 
 
To validate the 1RM test, the subjects were instructed to perform knee flexion up to 90° 
during the eccentric phase. One researcher visually monitored the range of motion, and 
two observers were present beside the exercise bar to ensure the subjects' safety. The 
test was performed with a maximum of 5 attempts and with a rest of 5 min between 
each attempt. 
 

Post-Activation Potential (PAP) 
The application of the PAP protocol involved a single set of 3 repetitions of the squat 
exercise, with an external load at 90% of 1RM. The subjects were instructed to perform 
knee flexion up to 90° during exercise. The PAP protocol (high load and 7-min rest 
interval after conditioning activity) was chosen according to the meta-analysis study by 
Oliveira et al. (12). 
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Carbohydrate Mouth Rinse (CHO) and Placebo (PLA) 
The CHO solution contained 6% (w / v) of maltodextrin (without flavor and color) diluted 
in mineral water. For the placebo solution, non-caloric sweetener (sucralose) diluted in 
mineral water was used; its appearance was no different from the CHO solution. The 
subjects received 25 mL of the solution (CHO or placebo). They were instructed to 
wash their mouths for 10 sec or 40 sec and not to ingest the solution and subsequently 
to expel the solution in a bowl. 

 
Repeated Sprint Capacity (RSA) 
The protocol of capacity of repeated sprints (RSA) consisted of 6 sprints of 40 m (back 
and forth = 20 + 20 m), with 20 sec of passive recovery between sprints. The subjects 
were instructed to start each sprint behind the starting line (0.5 m), run for 20 m until 
they touch the bounding tape with any foot and return running to the starting line. The 
time to complete the sprints was measured using two digital chronometers of the brand 
Incoterm T-TIM-0010.00® controlled by the evaluators. The average between the two 
values was defined as the time of each sprint. The test was carried out in a covered 
gym to avoid environmental interference (wind) between the experimental conditions. 
During the study period, the subjects were instructed to wear the same shoes and 
sports clothes for the test. The following data were considered for analysis: (a) best 
sprint time (shortest time); (b) average sprint time (average of 6 sprints); (c) total sprint 
time (sum of 6 sprints); and (d) percentage drop in performance ([average time / best 
time X 100] - 100). 
 
Statistical Analysis 
 
The research analyzed the effect of post-activation potential and carbohydrate mouth 
rinse on the ability to repeat sprints. In the exploratory analysis, the normality of the 
data was verified by the Shapiro-Wilk test and the variance and outliers were analyzed. 
The frequency distribution (histogram), symmetry or asymmetry of the data was used to 
analyze whether the data were parametric or non-parametric. Descriptive statistics 
(mean ± standard deviation) were performed. One-way analysis of variance (ANOVA - 
One-Way) was used for repeated measures followed by Bonferroni's post hoc test to 
determine the difference between the experimental conditions. The level of significance 
adopted was P<0.05. The data trend was interpreted using Cohen's formula for effect 
size (10). The adopted magnitude threshold was: ≤0.19 trivial; between 0.20-0.59 small; 
between 0.60-1.19 moderate; between 1.20-1.99 large; and ≥2.00 very large (21). The 
data are expressed as mean ± standard deviation. 
 
RESULTS 
 
The values of the best sprint time, the average sprint time, and the percentage drop in 
performance between the futsal players' experimental conditions, as well as the 
Cohen’s d effect size value between the experimental conditions are presented in Table 
1. 
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Table 1. Variables of the Repeated Sprint Ability Test (N = 14). 

Mean ± SD  
PLA Control CHO (10 sec) CHO (40 sec) PAP + PLA PAP + CHO (10 sec) PAP + CHO (40 sec) 

Best Sprint 
Time (sec) 

7.77 ± 0.28 
(95% CI: 7.51; 8.03) 

7.79 ± 0.19 
(95% CI: 7.60; 7.97) 

7.71 ± 0.15 

(95% CI: 7.57; 7.85) 
7.21 ± 0.14 a,b 

(95% CI: 7.06; 7.35) 

7.35 ± 0.15 a,b 

(95% CI: 7.19; 7.51) 
7.38 ± 0.44 a,b 

(95% CI: 7.91; 7.85) 

Mean Sprint 
Time (sec) 

8.18 ± 0.21 
(95% CI: 7.98; 8.37) 

8.18 ± 0.37 
(95% CI: 8.15; 8.22) 

8.15 ± 0.62 
(95% CI: 8.09; 8.20) 

7.73 ± 0.20 a,b 

(95% CI: 7.51; 7.94) 

7.73 ± 0.26 a,b 

(95% CI: 7.45; 8.01) 
7.79 ± 0.20 a,b 

(95% CI: 7.57; 8.01) 

Total Sprint 
Time (sec) 

49.02 ± 0.82 
(95% CI: 48.25; 49.79) 

49.12 ± 0.21 
(95% CI: 48.92; 49.33) 

48.92 ± 0.36 

(95% CI: 48.58; 49.26) 
46.39 ± 1.22 a,b 

(95% CI: 45.10; 47.68) 

46.40 ± 1.58 a,b 

(95% CI: 48.58; 49.26) 
46.78 ± 1.25 a,b 

(95% CI: 45.46; 48.09) 

Performance 
Decrement (%) 

5.98 ± 1.79 
(95% CI: 4.32; 7.64) 

5.12 ± 2.38 
(95% CI: 2.91; 7.32) 

5.71 ± 2.42 
(95% CI: 3.46; 7.96) 

7.58 ± 2.09 
(95% CI: 5.38; 9.77) 

5.15 ± 2.63 
(95% CI: 2.38; 7.91) 

5.76 ± 3.89 
(95% CI: 1.67; 9.84) 

aSignificantly different (P<0.05) from PLA control condition 

bSignificantly different (P<0.05) from CHO condition (10 sec and 40 sec)
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Best Sprint Time 
A significant interaction was observed between the experimental conditions (F = 5,862; 
P<0.001). The post hoc test showed a significant difference between the PAP + CHO Control 
(10 sec) vs. PLA (P = 0.003, Δ = 5.71%; large effect size), PAP + CHO (10 sec) vs. CHO (10 
sec) (P = 0.002, Δ = 5.99%; very large effect size), PAP + CHO (10 sec) vs. CHO (40s) (P = 
0.006, Δ = 4.90%; very large effect size). Between PAP + CHO (40 sec) vs. PLA) (P = 0.005, 
Δ = 5.28%; very large effect size), PAP + CHO (40 sec) vs. CHO (10 sec) (P = 0.021, Δ = 
5.56%; very large effect size), PAP + CHO (40 sec) vs. CHO (40 sec) (P = 0.036, Δ = 4.47%; 
very large effect size) showed a significant difference. There was also a significant difference 
between PAP + PLA vs. PLA (P = 0.003, Δ = 7.77%; very large effect size), PAP + PLA vs. 
CHO (10 sec) (P = 0.004, Δ = 8.04%; very large effect size), PAP + PLA vs. CHO (40 sec) (P 
= 0.016, Δ = 6.93%; very large effect size). There were no significant differences (P>0.05) 
between PAP + CHO (10 sec) vs. PAP + PLA (Δ = -1.90%; moderate effect size) and CHO 
(10 sec) vs. Control PLA (Δ = -0.26; moderate effect size), PAP + CHO (40 sec) vs. PAP + 
PLA (Δ = -2.30%; small effect size) and CHO (40 sec) vs. PLA control (Δ = 0.78%; small 
effect size). 
 
Mean Sprint Time 
Significant interaction was observed between the experimental conditions (F = 7,532; 
P<0.001). The post hoc test showed a significant difference between the PAP + CHO control 
(10 sec) vs. PLA (P = 0.003, Δ = 5.82%; large effect size), PAP + CHO (10 sec) vs. CHO (10 
sec) (P = 0.002, Δ = 5.82%; large effect size), PAP + CHO (10 sec) vs. CHO (40 sec) (P = 
0.006, Δ = 5.43%; moderate effect size). Between PAP + CHO (40 sec) vs. PLA) (P = 0.021, 
Δ = 5.01%; large effect size), PAP + CHO (40 sec) vs. CHO (10 sec) (P = 0.013, Δ = 5.01%; 
large effect size), PAP + CHO (40 sec) vs. CHO (40 sec) (P = 0.036, Δ = 4.62%; moderate 
effect size) showed a significant difference. There was also a significant difference between 
PAP + PLA vs. PLA (P = 0.003, Δ = 7.77%; very large effect size), PAP + PLA vs. CHO (10 
sec) (P = 0.004, Δ = 8.04%; very large effect size), PAP + PLA vs. CHO (40 sec) (P = 0.016, 
Δ = 6.93%; very large effect size). There were no significant differences (P>0.05) between 
PAP + CHO (10 sec) vs. PAP + PLA (Δ = -0.00%; trivial effect size) and CHO (10 sec) vs. 
PLA control (Δ = -0.00; trivial effect size), PAP + CHO (40 sec) vs. PAP + PLA (Δ = -0.77%; 
small effect size) and CHO (40 sec) vs. Control PLA (Δ = -0.37%; trivial effect size). 
 
Total Sprint Time 
Significant interaction was observed between experimental conditions (F = 7,573; P<0.001). 
The post hoc test showed a significant difference between the PAP + CHO control (10 sec) 
vs. PLA (P = 0.003, Δ = 5.65%; very large effect size), PAP + CHO (10 sec) vs. CHO (10 sec) 
(P = 0.002, Δ = 5.86%; very large effect size), PAP + CHO (10 sec) vs. CHO (40 sec) (P = 
0.005, Δ = 5.43%; very large effect size). Between PAP + CHO (40 sec) vs. PLA) (P = 0.020, 
Δ = 4.79%; very large effect size), PAP + CHO (40 sec) vs. CHO (10 sec) (P = 0.012, Δ = 
5.00%; very large effect size), PAP + CHO (40 sec) vs. CHO (40 sec) (P = 0.032, Δ = 4.57%; 
very large effect size) showed a significant difference. There was also a significant difference 
between PAP + PLA vs. PLA (P = 0.002, Δ = 5.67%; very large effect size), PAP + PLA vs. 
CHO (10 sec) (P = 0.002, Δ = 5.88%; very large effect size), PAP + PLA vs. CHO (40 sec) (P 
= 0.005, Δ = 5.45%; very large effect size). There were no significant differences (P>0.05) 
between PAP + CHO (10 sec) vs. PAP + PLA (Δ = -5.56%; trivial effect size) and CHO (10 
sec) vs. Control PLA (Δ = -0.20; trivial effect size), PAP + CHO (40 sec) vs. PAP + PLA (Δ = -
5.17%; small effect size) and CHO (40 sec) vs. Control PLA (Δ = 0.20%; trivial effect size). 
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Percentage Performance Decrement 
There was no significant interaction between the experimental conditions (F = 1.518, P = 
0.164) for the variable percentage of decreased performance. 
 
DISCUSSION 
 

The purpose of the present study was to analyze the effects of post-activation potential (PAP) 
and carbohydrate mouth rinse (CHO) and the combination of both strategies on the 
performance of college futsal players. The main findings indicate that PAP provides an 
improvement in RSA among the futsal players. The initial hypothesis was partially confirmed 
because PAP alone showed improvement in RSA. However, improvement in RSA was 
observed only with CHO (10 sec and 40 sec) and both strategies (PAP + CHO10 sec) and 
(PAP + CHO40 sec) showed no additional effect on the performance of repeated sprints. 
 
Corroborating with our findings, previous studies have shown sharp improvements in sprint 
performance after performing PAP in athletes from different sports (4,7,18,23,24,29,33,38). 
Oliveira et al. (12) investigated the effectiveness of PAP in short sprints in a systematic 
review and meta-analysis and observed a reduction in sprint time after PAP stimulus in 
relation to the control condition. The study indicates that the exponential effect in most 
studies was a single set of 3 repetitions, performed at high intensity load (~90% 1RM) and 
the interval between 4 and 8 min after the PAP stimulus. 
 
Post-activation potential is a phenomenon in which there is an increase in physical 
performance after voluntary muscle contraction with a moderate to high intensity, which is 
described as anterior contractile conditioning (20). In the present study, the PAP protocol (3 
repetitions 90% 1RM) applied alone (PAP + placebo) reduced the sprint time (best time, 
average time, and total time) during the RSA test compared to the control (placebo). 
 
Possible mechanisms such as muscle strength and/or energy production capacity may have 
been associated with higher levels of performance. The studies by Wisloff et al. (37) indicate 
a moderate correlation between muscle strength and/or power and RSA. These results 
suggest a possible effect of the level of muscle strength in association with the performance 
of activities of high intensity and short duration, and strategies that enhance muscle strength 
and/or power may result in the improvement of RSA. 
 
Another possible ergogenic aid investigated in the present study was CHO mouth rinse at 
different times of exposure with the oral cavity (10 and 40 sec). The study by de Ataide e 
Silva et al. (11) demonstrated positive evidence on resistance performance. The mechanisms 
involved are not fully elucidated in the literature, it is suggested that the mouth rinse with 
CHO stimulates the taste receptors and the neurophysiological pathways that can enhance 
physical performance through a "non-metabolic" method (22). In the present study, the CHO 
mouth rinse protocol (10 sec; 6% maltodextrin) had no influence on RSA. 
 
Along the same lines, Oliveira et al. (13) investigated the efficacy of carbohydrate mouth 
rinse (10 sec ~6% maltodextrin) in soccer players through the analysis of repeated sprints 
(i.e., the same protocol used in the present study) and found no positive effect in the 
comparison with the placebo group and/or control. On the other hand, Beaven et al. (3) and 
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Phillips et al. (27) found an improvement in peak power with CHO mouth rinse, but both 
studies evaluated the sprint performance of physically active men on a cycle ergometer. 
 
Hence, it is appropriate to conclude that most studies reported in the literature did not find a 
significant difference in the performance of sprints after mouth rinse with CHO (5,16,28). In 
this sense, a systematic review and meta-analysis study on the influence of carbohydrate 
mouth rinse on sprint performance reports that CHO mouthwash does not positively affect 
sprint performance (25). Thus, the present study confirms the positive effect of PAP on RSA 
and indicates that mouth rinse regardless of the time of exposure with the oral cavity does not 
provide a positive effect on the performance of university futsal players. 
 
CONCLUSIONS 
 

The findings indicate that PAP positively affects RSA in university futsal players. However, 
the combination of PAP and CHO mouth rinse (10 and 40 sec) has no additional effect. 
Mouth rinse with CHO at different times of exposure with the oral cavity has no significant 
influence on the performance of short anaerobic tasks. Further studies are needed to 
investigate the effect of different concentrations of the CHO exposure solution on the oral 
cavity. 
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