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Abstract. The purpose of this study was to investigate the effects of a commercially available energy drink 
(ED) on performance, rating of perceived exertion (RPE) and blood lactate in youth female water polo players. 
Sixteen youth Water Polo players (players in the league and national competitions) volunteered to participate 
in a double-blind repeated-measures cross-over counterbalanced research. The subjects ingested 6 ml/kg body 
weight of Red Bull (RB, n = 8) or a placebo (PL, n = 8) with the same appearance and taste. Fifteen minutes 
after ingestion, the subjects performed following tests: muscular strength (one repetition maximum (1RM)) 
and 60% of 1RM in the chest press and leg press, 50 m and 100 m swimming test, running-based anaerobic 
sprint test (RAST) and aerobic test. Also, before and after aerobic test and RAST, 5 ml blood from antecubi-
tal vein was taken from participants to measure plasma lactate. In addition, participants’ RPE (15-point scale 
ranging from six (extremely light) to twenty (extremely hard)) were measured before and after the aerobic 
and anaerobic tests. In comparison to the PL, the ingestion of ED reduced 50 m and 100 m swim record 
(Δ-change=-5.34, Δ-change=-5.85, P<0.001; respectively) and increased aerobic (Δ-change=2.55, P<0.001) 
and anaerobic performance (peak power: Δ-change=21.68, P=0.02; average power: Δ-change=24.04, P=0.03; 
fatigue index: Δ-change=0.98, P=0.003). The ingestion of the ED did not increase the muscular endurance in 
the bench press and leg press tests (P=0.59, P=0.35; respectively). Also, no differences were found in bench 
press strength between the two drink conditions (P=0.30). On the contrary, significance differences were 
found in leg press strength (Δ-change=2.56, P=0.03) and RPE post aerobic and anaerobic test between ED 
and PL (Δ-change=-0.72, P=0.04; Δ-change=-0.25, P=0.02; respectively). In contrast, blood lactate levels 
during the post exercise were unaffected by the ED ingestion (P=0.56, P=0.12; respectively). The intake of 
an ED (6 ml/kg body weight) increased some performance indicators and positively affected swimming at 
maximal speed. It seems that RB ingestion may have a positive effect on water polo athletes’ performance due 
to significant impact on their aerobic and anaerobic metabolism.
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Introduction

Ingestion of energy drink (ED) has increased 
globally and has high popularity among teenagers and 
students. Moreover, these beverages are one of the 
most popular supplements among athletes, with 73% 
of American athletes and 42% of British elite ath-

letes using them (1). The World Health Organization 
(WHO) has defined ED as the ones that can increase 
energy and consumer performance by their ingredients 
(caffeine, amino acids, plant extracts, carbohydrates, 
and vitamins) (2). 

Each ED may contain more than 20 ingredients, 
including caffeine, taurine, glucuronolactone, glucose, 
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sweeteners, vitamins B, and many others. The popular 
ED (Monster, Red Bull (RB), No Fear, and Rockstar) 
contain 80 mg of caffeine and 1 g of taurine in 250 ml 
cans (3). The ergogenic effects of caffeine have been 
studied more than other ingredients in ED. Studies 
have shown that caffeine can increase endurance and 
quantitative studies showed caffeine effects on anaer-
obic function (4). It has been suggested that the pri-
mary mechanism by which caffeine improves power 
is by increasing the use of motor units, thus causing 
larger output power (5). In addition to caffeine, tau-
rine is another important ingredient in RB. The effect 
of taurine on athletic performance has not been thor-
oughly investigated; it seems that taurine exerts meta-
bolic effects via interaction with the muscle membrane 
(6). A relatively high concentration of taurine is found 
in leukocytes (20-50 mM) and skeletal muscle (50-60 
mM). Taurine has been reported to have a significant 
effect on anti-inflammatory processes, reduce oxida-
tive stress and acts as a pH buffering in mitochondria 
(7), has a positive effect on the transmission of calcium 
of sarcoplasmic reticulum and cardiac muscle contrac-
tion (8). Taurine at high concentrations can increase 
the amount of calcium accumulation in the sarco-
plasmic cells of type I and II muscle fibers, and may 
stimulate skeletal muscle contraction (9). Del Coso et 
al. (10,11) stated that consuming 3 mg/kg of caffeine 
available ED would increase overall running pace and 
sprint velocities during rugby competition. Chtourou 
et al. (12) concluded that drinking RB had a positive 
effect on physical function and RPE in male students. 
Furthermore, Ivy et al. (13) stated that RB improved 
the performance of men and women cyclists. However, 
contrary to them, the results of Astorino et al. (14) 
indicated the ineffectiveness of RB on speed perfor-
mance and the RPE in women soccer players. Also, 
Eckerson et al. (9) showed that the ingestion of sug-
ar-free RB did not affect upper body 1RM strength or 
volume load in trained men.

Every field of sport has specific metabolic and 
physical demands, and researchers are looking for ways 
to increase athletes’ performance. So far, no research 
has investigated the effect of ED on the performance 
of water polo athletes and its performance is in a state 
of uncertainty. Water polo is team water sports that 
require endurance, strength, power, speed, agility, tech-

nical awareness, and certain technical skills, including 
ball control (15). Water polo is an intense intermittent 
sport involving repeated and intense recurrent activi-
ties with low and moderate intensity activity periods 
(16). According to studies, despite intermittent activ-
ity patterns in the water polo, aerobic metabolism has 
a high pressure during the game and plays an import-
ant role (16,17). The median concentration of blood 
lactate in the elite Spanish players is between 7.1-9.5 
mmol/l (during the rest breaks of the final matches), 
and according to study, the glycolytic need of water 
polo is high (17). Considering the metabolic and phys-
ical requirements of the water polo and the RB ingre-
dients and its possible effects, it is hypothesized that 
the use of this beverage due to its compounds can have 
a positive effect on the metabolic and physical charac-
teristics of the water polo athletes and improve their 
performance.

The purpose of this study was to investigate the 
effects of caffeinated commercially available ED on 
performance indicators, perceived exertion, and blood 
lactate in youth female water polo players. Athletes 
generally use ED before the sports competition, but 
it is unclear whether this strategy is appropriate to in-
crease their performance, especially water polo players. 
Furthermore, ED can have different effects due to its 
different compounds, which can have different effects 
on the performance of athletes of various disciplines. 

Materials and Methods

Participants

In this study, a total of 16 female water polo 
players (mean age of 15.37±0.74 years) participated 
voluntarily. All participants had previous water polo 
experience of at least 4 years, they had special skills in 
the field of water polo, and were players in the league 
and national competitions. Each participant and her 
parent/guardian were informed of the experimental 
procedures and associated risks of the investigation 
and an informed consent was signed by both of them. 
This study was approved by the Research Committee 
of University and conducted according to the Declara-
tion of Helsinki. The day before each experimental tri-
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al, participants refrained from strenuous exercise and 
adopted a similar diet and fluid intake regimen. Also, 
participants were encouraged not to take drinks with 
caffeine (as ED, coffee, cola drinks, chocolate, etc) in 
the week before the test.

Exercise protocol

The study used a double-blind repeated-measures 
crossover counterbalanced design in which partici-
pants were randomized to supplement with RB (n = 8) 
or placebo (PL, n = 8) and receive the opposite treat-
ment one week later. All participants were familiarized 
with the experimental design and tests before the start 
of the study (in order to eliminate any learning effects). 
Also, the subjects were presented with the equipment 
and the correct procedure of performing tests. Each 
player performed two experimental trials under the 
same experimental conditions (28±1°C, 87±5% rela-
tive humidity). On first session, participants randomly 
ingested ED (6 mL/kg body weight RB) or PL (com-
prised carbonated water, citric acid lemon juice, fla-
vorings of sodium citrate, acesulfame K, sucralose, po-
tassium sorbate and propylene glycol E1520). On the 
other session, participants ingested PL and ED in re-
versely. One can of RB drink (i.e., 250 mL) contained 
80 mg of caffeine, 1 g of taurine, 27 g of carbohydrates, 
0.6 g of protein, 5 mg of vitamin B6, and 487 kJ of 
energy. The beverages were ingested 15 minutes before 
the start of the experimental trials and were provided 

in opaque plastic bottles to avoid identification (equal 
volume, and appeared, smelled, and tasted similar) 
(Figure 1).

Two days before the experimental trials, height 
and weight (participants were nude-weighed to calcu-
late the ED dosage) of the participants were measured, 
and then, the body mass index was calculated using 
the formula of weight divided by the square of height. 
Experimental trials were conducted in the following 
order (after the completed a standardized warm-up): 
muscular strength, muscular endurance, 50 meters 
swimming, 100 meters swimming, anaerobic power, 
and aerobic power. All tests were performed under the 
supervision of a professional trainer.

Muscular strength and endurance

One repetition maximum (1RM) of bench press 
and leg press was determined using the Brzycki equa-
tion (18). After 15 minutes rest, muscular endurance 
test with 60% 1RM in the bench press and leg press 
was performed. 60% of 1-RM was placed on the bar 
to measure muscular endurance, and the participants 
completed repetitions to failure. All subjects per-
formed a standardized 10-min warm-up prior to per-
formance tests.

Swimming

Performance in the 50 m and 100 m front crawl 
were measured in a maximum effort and start was given 
when the swimmers were in the water. These tests were 
performed in a 50 m pool, indoor temperature 25°C, 
water temperature 27°C and humidity 60%. A record 
of swimming was measured by a stopwatch (CASIO, 
HS-80TW-1) and total recovery time between 50 and 
100 meters tests was 15 minutes.

Anaerobic power

After 30 minutes rest, the running based anaer-
obic sprint test (RAST) was performed to measure 
anaerobic power. This test consists six repetitions at a 
distance of 35 m; the maximum intensity is a quick 
run with 10 s rest between each repetition (recorded 
during the test by a timer 0.01 s) (19). Peak power 

Figure 1. Experimental design. Placebo (PL), energy drink 
(ED), body weight (BW), rating of perceived exertion (RPE).
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(PP) was defined as the highest calculated power, and 
mean power (MP) was defined as the average power 
over the six sprints.

Anaerobic power = body mass (kg) × distance 
(m)2 /time (s)3 

Fatigue index = [highest power (W) – lowest 
power (W)]/ sum of 6 sprints (s)

Aerobic capacity

The participants’ aerobic capacity was measured 
by a field test of 1600 m running (20). The run was 
continuous (nonstop), but subjects could run and walk 
if they were unable to run the entire distance. If a sub-
ject dropped out of the run for any reason, the test was 
stopped and considered a failure (time was recorded in 
the nearest 0.01 s). There was a 30 minutes rest period 
between RAST tests and aerobic tests. 

Ratings of perceived exertion (RPE)

RPE were assessed via the standard Borg RPE 
scale (21). It is based on the physical sensations a per-
son experiences during physical activity, including in-
creased heart rate, increased respiration or breathing 
rate, increased sweating, and muscle fatigue. The Borg 
RPE scale is a numerical scale that ranges from 6 to 
20; 6 (no exertion) – 20 (maximal exertion) category 
ratio scale was explained to the participants, and the 
instructions were repeated at the beginning and the 
end of the aerobic and anaerobic tests. 

Blood Sampling

Blood samples were withdrawn (5 ml) from the 
antecubital vein into plain evacuated test tubes. The 
blood was allowed to clot at room temperature for 30 
minutes and centrifuged at 3000× g for 15 minutes. 
The plasma was removed and frozen at 80 °C in mul-
tiple aliquots for further analyses. Enzymatic method 
(colorimetric, monoliquid) was used to measure plasma 
lactate (kit company Biorex, UK) and the results were 
recorded. The sensitivity was 0.165 mmol/l and coef-
ficient of variation (CV) was 5.72-3.62 %. The blood 
lactate was taken after the aerobic and anaerobic tests.

Statistical analyses

All parameters met parametric assumptions on 
the basis of the Shapiro-Wilk’s test. The Student’s 
t-test was used to determine differences between the 
effects of ED and the PL in each test individually. The 
Δ-change induced by the drinks (i.e., the difference 
between PL and ED) was calculated as follow: 

Δ-change drink = ED – PL
Because the number of subjects in the present 

study was less than 20, we used the Hedges’ g formula 
to calculated effect size (ES). An ES of 0.20–0.49 was 
considered as small, 0.50–0.79 as moderate, and ≥ 0.80 
as large (22,23). The analyses were performed using 
SPSS 20 and Excel 2016. The P ≤ 0.05 was considered 
as the level of significance.

Results

Descriptive characteristics of the participants are 
reported in Table 1. The ED tended to increase mean 
swimming speed during the 50 meters, and 100 meters 
of swimming test with statistical significance (t=13.92, 
ES=-2.86; t=12.69, ES=-2.46; P<0.001; respectively, 
Table 2). In comparison with the PL drink, the pre-ex-
ercise ingestion of the ED increased aerobic power 
(t=-3.66, ES=1.10, P=0.008, Table 2). 

According to Table 2, when results of anaero-
bic power test were examined, the values of increase 
in peak power (Δ-change=21.68), average power 
(Δ-change=24.04), fatigue index (Δ-change=0.98) 
during ingesting ED were shown compared to the 
PL (t=-2.89, ES=1.12; t=-2.53, ES=1.11; t=-4.33, 
ES=2.37; respectively). These differences were statisti-
cally significant (P=0.02, P=0.03, P=0.003; respective-
ly). Compared to PL, there was no main effect of ED 

Table 1. Participants’ characteristics (mean ± SD).

Mean±SDVariable

15.37±0.74Age (years)

55.65±1.96Weight (kg)

1.66±0.05Height (m)

20.26±1.33BMI (kg/m2)

SD= standard deviations, BMI= body mass index.
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on blood lactate after the aerobic and anaerobic test 
(t=0.6, P=0.56, ES=-0.37; t=1.72, P=0.12, ES=-0.56; 
respectively, Figure 2A).

In comparison to the PL, the ingestion of the 
ED did not increase the muscular endurance in the 
bench press and leg press exercises (t=-0.55, ES=0.08, 
P=0.59; t=-1, ES=0.42, P=0.35; respectively). Also, 
no differences were found in bench press strength 
between the two drink conditions (t=-1.10, ES=0.61, 
P=0.30). In contrast, significance differences were 
found in leg press strength (t=-2.58, ES=1.49, P=0.03, 
Table 2) and RPE post aerobic and anaerobic pow-
er between the two drink conditions (t=2.37, P=0.04, 
ES=-1.28; t=2.75, P=0.02, ES=-1.28; respectively, 
Figure 2B).

Discussion

The main objective of this study was to investigate the 
effect of caffeinated commercially available ED in-
gestion on performance, perceived exertion and blood 
lactate in youth female water polo players. The results 
showed that the ingestion of ED had a positive effect 
on the speed record of 50 m and 100 m swimming of 
water polo athletics. Moreover, the results showed the 
positive effect of ED ingestion on aerobic and anaer-
obic power and athlete’s RPE. In addition, the results 
showed that ingestion of ED did not have effect on 

Table 2. Δ-change, effect size (ES), mean and standard deviations (SD) of performance indicators during the energy drink (ED) and 
placebo (PL) conditions.

ESΔ-changeMean±SDVariable
PLED

-2.86-5.34*35.44±1.7930.10±1.9350 m swimming (s)

-2.46-5.85*73.25±1.9267.39±2.76100 m swimming (s)

1.102.55*44.12±1.5346.67±2.89Aerobic power (ml/kg/min)

1.1221.68*435.19±24.55456.88±11.90PP (w)Anaerobic power

1.1124.04*422.44±27.16446.48±13.87AP (w)

2.370.98*3.16±0.384.15±0.45FI (w/s)

0.610.8763.18±1.2864.06±1.56Bench pressMuscular Strength (kg)

1.492.56*123.75±1.90126.31±1.51Leg press

0.080.1226.25±1.3826.37±1.40Bench pressMuscular endurance (rep)

0.420.6231.87±1.6432.50±1.30Leg press

PP= peak power, AP= average power, FI= fatigue index, rep = repetition. *: Significant differences compared to PL at P< 0.05.

Figure 2. Evolution of blood lactate levels (A) and rating of 
perceived exertion (RPE) (B) (mean ± SD) from post-test (aer-
obic and anaerobic) during the placebo (PL) and the energy 
drink (ED) sessions. *: Significant differences compared to PL 
at P< 0.05.
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strength, muscular endurance and blood lactate in fe-
male athletes of water polo.

The effect of ED ingestion on the performance of 
athletes in this field has not been studied so far, and 
this study was the first to analyze its effects as a popu-
lar drink among water polo athletes. In this study, re-
sults showed that ED ingestion had a positive effect on 
the record of 50 m and 100 m swimming of water polo 
athletes. In this regard, we can refer to the Prins et al. 
(24) study. Regarding the effect of ED on performance 
and physiological reactions of 5 km running in recre-
ational endurance runners, the researchers concluded 
that the ingestion of RB before exercise could increase 
the efficiency of 5-km time trial performance in male 
and female recreational distance runners. They also ar-
gued that this beverage can be used before exercise for 
altering nutritional strategies (24). In contrast, Jeffries 
et al. (1) showed that taking caffeine and taurine with 
proportional doses in common ED does not improve 
repeat-sprint cycling performance. Most studies have 
shown that the average dose of caffeine (3-6 mg/kg) 
one hour before training increase endurance perfor-
mance in various protocols such as cycling, endurance 
running, swimming, and boating, and can improve 
team-related activities such as football, field hockey, 
and rugby (25-27). Nevertheless, the results of this 
study may be affected by measurement error. In this 
study, 50 m and 100 m swimming tests were measured 
with a stopwatch (due to some limitations), and de-
spite regarding all the standard conditions, using refer-
ees and professional trainers to measure these tests, the 
researchers give the probability of measurement error.

 In the present study, results on aerobic power 
showed the positive effect of ED ingestion. Moreover, 
the results showed that ingestion of ED increased the 
maximum power, average power and has positive ef-
fects on the athlete’s fatigue index. Studies showed 
that moderate (5-6 mg per kg body weight) to high 
(more than 7 mg/kg) doses of caffeine can increase 
anaerobic ability (4). The results of Ivy et al. (13) and 
Waldron et al. (28) showed that the ingestion of RB 
and oral taurine (varying doses 1–6 g) improves en-
durance performance. Del Coso et al. (29) found that 
the consumption of caffeine-containing drinks at a 
dose of 3 mg/kg 30 minutes before the start of the test 
increased the ability to run at a velocity of 7 × 30 m. 

Contrary to the results of this study, Arazi et al. (30) 
showed that the ingestion of Big Bear did not have a 
significant effect on the aerobic and anaerobic power 
of the adolescent professional swimmers. Besides, Del 
Coso et al. (11) and Astorino et al. (14) stated that the 
ingestion ED 60 minutes before exercise, did not affect 
the speed of women rugby players and soccer players. 
Rutherford et al. (31) showed no change in heart rate 
and blood VO2 due to taurine ingestion compared to 
PL; the ergogenic effects of taurine occur via interac-
tion with muscle membrane receptors or by affecting 
other organs such as the liver, adipose tissue, or central 
nervous system. Also, they suggested that the effects 
of taurine may be mediated through the activation of 
adenyl cyclase, the increased cAMP and, consequently, 
increased lipolysis and lipid oxidation after it; however, 
so far, this hypothesis has not been investigated. 

Caffeine is structurally similar to adenosine and 
can prevent its action by binding to cell membrane re-
ceptors. Adenosine receptors are found in tissues such 
as the brain, heart, smooth muscle, fat cells, and skel-
etal muscle (32). Caffeine affects the central nervous 
system, inhibits phosphodiesterase, increases cAMP, 
and stimulates adrenaline secretion and, as a result, 
increases lipolysis and glycogenolysis; during these 
events, caffeine helps to save glycogen and increase fat 
oxidation, thus affecting long-term activity (32,33). It 
seems that the amount of caffeine in ED is the main 
factor for improving the performance of individuals 
and studies have shown that taking more than 2-3 mg 
per kg body weight of caffeine increases cardiovascular 
endurance, but has no effect for less than 2-3 mg per 
kg body weight (34). The phosphocreatine and ATP 
in the glycolytic pathway are two main products in the 
anaerobic system. When caffeine enters the body, it 
affects neuromuscular activity and neurological levels. 
Researchers have shown that caffeine stimulates the 
central nervous system and delays fatigue through act-
ing as adenosine antagonists (4). Adenosine receptors 
are widely found in type 1 muscle fibers, which may 
explain the reduction on the likelihood of increased 
productivity of short-term, high intensity activities 
in anaerobic activities such as sprint, in which type 2 
muscle fibers dominate (4).

The results of this study indicated that ED inges-
tion significantly increases the muscular strength of the 
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lower body, but does not affect the upper body strength 
and muscular endurance of the lower and upper body 
of the professional female water polo players. In this 
regard, the results of Eckerson et al. (9) and Arazi et al. 
(30) indicated that the ingestion of sugar-free RB and 
Big Bear did not have a significant effect on the up-
per body strength (1RM) or volume load and muscular 
strength in unexercised male and adolescent swimmers 
participants. But, Chtourou et al. (12) and Forbes et al. 
(33) concluded that RB significantly increased hand-
grip strength and the upper body muscular endurance 
in male and young adult participants. Furthermore, 
Souza et al. (35) suggested that drinking ED improves 
strength and endurance, and they attributed these im-
provements to the taurine dose. Lim et al. (36) stated 
that people who did not normally take caffeine, tau-
rine ingestion is bad for their muscle strength, while 
taurine ingestion in caffeine consumers improve the 
maximum muscle strength. 

The ergogenic range of caffeine was 3-6 mg/kg 
(37) and taurine was 50 mg/kg (38) in previous stud-
ies. One of the reasons for this difference in results 
was the dose of caffeine and taurine in ED, and the 
effect of the other ingredients in these drinks on the 
performance of the participants. Caffeine increases the 
muscle contractility by increasing the permeability of 
calcium ion in muscle tissues and increasing intracel-
lular potassium concentration with its reduction out of 
the cells (it helps maintain the membrane’s contrac-
tility while exercising) (32,33). Research has shown 
that taurine is the most abundant amino acid in type II 
muscle fibers, even more so than glutamine, which in-
creases the strength of athletes. This amino acid is pro-
duced in the body by the metabolism of methionine 
and cysteine and is involved in several physiological 
processes, such as cardiac contraction and antioxidant 
activity (8). Taurine is found at high concentrations 
in skeletal muscle, and it seems to play an important 
role in modulating the contraction of muscle. When 
calcium is released from the sarcoplasmic reticulum in 
muscle fibers and attaches to troponin, taurine releas-
es calcium and the sensitivity of the cells to calcium 
increases and causing increases in contractility. Like 
creatine, it seems that taurine has several important 
functions and can act like cells in the body and increase 
cell size (8).

The amount of caffeine metabolism varies among 
people due to the variability of the CYP1A2 hepat-
ic enzyme that causes different responses to caffeine 
(39). Also, the sensitivity of caffeine consumers to the 
performance-enhancing effects of caffeine is related to 
habitual intake (40). Besides, peak caffeine in plasma 
is 0.25 to 1 hour (average 0.5 hours) (41) and taurine 
is 1-2.5 hours (1.5 hours average) after it is consumed 
(42). Caffeine is completely absorbed in the stomach 
and intestine after 45 minutes and has a half-life of 3-4 
hours. Therefore, the maximum effect of caffeinated 
beverages should be taken 45 minutes before activity 
(14). In this study, ED was ingested 15 minutes be-
fore the test, and it is possible that caffeine and taurine 
were not at its peak ergogenic potency and therefore 
no significant effect was observed (14). Regarding in-
crease in the lower body strength, researchers are likely 
to think that more muscle mass in the lower body or 
the type of muscle fibers in athletes may have had an 
impact on the effect of ED consumption, which has 
had a significant effect. Besides, Lack of significant the 
upper body strength and muscular endurance of the 
lower and upper body can be due to the lack of mental 
preparation and measurement errors. 

Another part of the results of the present study 
was that the ingestion of ED had a significant effect 
on RPE after the aerobic and anaerobic tests. Sever-
al mechanisms may be responsible for reducing RPE. 
Caffeine enhances the activation of the central sympa-
thetic nervous system through adenosine receptor an-
tagonism (43); therefore, caffeine blocks endogenous 
adenosine inhibiting properties (especially in the A1 
and A2A receptor), which increases dopamine-related 
behaviors, norepinephrine and glutamate release. Gen-
erally, caffeine is a dopamine agonist that increases do-
pamine secretion (44) and possibly reduces RPE. Ch-
tourou et al. (12) and Guttierres et al. (45) stated that 
the consumption of RB and caffeine tends to reduce 
RPE. A research also found that caffeine reduces RPE 
in protocols that use constant exercise intensity (46). 
In contrast, Astorino et al. (14) and Santos et al. (47) 
reported that the ingestion of RB and caffeine before 
exercise did not affect RPE. The amount of caffeine 
used in the Santos research was 5 mg/kg caffeine, 1 
hour before exercise and the amount of caffeine used 
in the Astorino study was 3.1 mg/kg. Likely, the rea-
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son for this contradiction was the amount of caffeine 
being present in beverages, other ingredients, time of 
ingesting and the type of tests that before and after it, 
RPE was measured.

Concerning the effect of ED ingestion on blood 
lactate, the results indicated that the ingestion of ED 
reduces blood lactate levels after aerobic and anaerobic 
tests, but the observed changes are not significant. In 
this line, the results of Arazi et al. (30) showed that the 
ingestion of Big Bear had no significant effect on the 
level of blood lactate in adolescent girls. Balshaw et al. 
(6) showed that the ingestion of 1,000 mg of taurine 
does not affect blood lactate concentrations of trained 
endurance athletes during maximal middle-distance 
running. Also, Rutherford et al. (31) did not see a 
change in blood lactate levels as a result of taurine in-
gestion compared to PL. The findings of Jeffries et al. 
(1) showed that taking caffeine and taurine with pro-
portional doses in common ED increases blood lactate 
concentrations during sprinting. They stated that the 
increased blood lactate concentration during the study 
of caffeine and taurine ingestion indicated an increase 
in glycolytic response. In contrast, da Silva et al. (48) 
in a study that investigated the effect of taurine supple-
ment on oxidative stress following eccentric exercises in 
young men, found that the use of 50 mg/kg body weight 
of taurine reduced serum LDH activity. Caffeine seems 
to be able to remove lactic acid faster than muscle cells 
by increasing adrenaline secretion, increasing blood flow 
and heart rate (49). In addition, taurine is involved in 
antioxidant activity and fat oxidation (taurine as mito-
chondrial matrix buffer for stabilizing the mitochondrial 
oxidation) (7,8,31). It seems that these mechanisms can 
affect the level of blood lactate and the dose of caffeine 
and taurine and their time of use have a potential role 
in the effects of caffeine and taurine contained in ED. 
Furthermore, the type of test and protocol used, blood 
sampling time, the amount of fitness level and type of 
sport field participant can affect the results.

One limitation of the current study included lack 
of evaluation of dietary intake and the amount of caf-
feine consumed in the diet. Another limitation of the 
present study was that subjects were all female. Future 
studies are required to examine detail of daily diet and 
the amount of caffeine consumed. Also, using male or 
mixed-gender samples is warranted. 

Conclusions

In general, the results of this study indicated the 
positive effect of caffeinated commercially available 
ED ingestion on the record of swimming speed, aer-
obic and anaerobic power, and the RPE of the youth 
female water polo players. It seems that its utilization 
may have a positive effect on water polo athletes’ per-
formance due to the significant impact on their aerobic 
and anaerobic metabolism. In order to conclude more 
precisely, there is a need for further research in other 
gender and age categories.
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