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Summary. The effects of Red Bull Energy Drink, which includes taurine,
glucuronolactone, and caffeine amongst the ingredients, were examined over
3 studies in a total of 36 volunteers. Assessments included psychomotor
performance (reaction time, concentration, memory), subjective alertness and
physical endurance. When compared with control drinks, Red Bull Energy
Drink significantly (P < 0.05) improved aerobic endurance (maintaining
65-75% max. heart rate) and anaerobic performance (maintaining max.
speed) on cycle ergometers. Significant improvements in mental performance
included choice reaction time, concentration (number cancellation) and
memory (immediate recall), which reflected increased subjective alertness.
These consistent and wide ranging improvements in performance are
interpreted as reflecting the effects of the combination of ingredients.
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Introduction

University students in Bristol report improved work endurance and subjective
state after consuming Red Bull Energy Drink. Key constituents include
caffeine, glucuronolactone, and taurine amongst other potentially per-
formance enhancing ingredients. Geiss et al. (1994) reported improved
exercise performance in endurance athletes after consuming 500ml of this
taurine-containing drink. The studies presented here assessed physical and
mental performance, as well as subjective alertness, in order to investigate the
reported effects under controlled conditions.

Some of the individual constituents are known to be potentially perfor-
mance enhancing, with regards to both physical and mental performance, as
well as improving subjective state. Red Bull Energy Drink contains several
ingredients that have multiple effects on human metabolism, e.g., taurine
(Gaull, 1986; Stapleton et al., 1997), glucuronolactone (Hollmann, 1964;
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Masaki, 1972; Poon et al., 1993), caffeine (Arnaud, 1998; Spriet et al., 1992;
Daly, 1993; Dodd et al., 1993) and B vitamins (McArdle et al., 1994). The
product also contains glucose, an important metabolic substrate. A previous
study (Geiss et al., 1994) reported that Red Bull Energy Drink produced
a significant increase in endurance in trained athletes. The well-established
multiple biochemical actions of taurine (Huxtable, 1992), coupled with the
finding that taurine and glucuronolactone have an important effect on
endurance in trained athletes (Geiss et al., 1994), make it likely that taurine
has important effects on endurance in untrained subjects.

There is also an established literature on the psychomotor effects of
caffeine. Adenosine receptor blockade is a principle action of caffeine
resulting in a stimulant effect (Biaggoni et al., 1991; Franchetti et al., 1994;
Fredholm, 1995; Le Blanc and Soucy, 1994). Caffeine can improve
performance, although the latter is affected by dose, time-on-task and
memory load (Anderson, 1994; Bittig et al., 1984; Borland et al., 1986; Frewer
and Lader, 1991; Loke, 1988). Improvement in memory tasks, including free
recall and span, has similarly been observed with caffeine (Barraclough and
Foreman, 1994; Davidson and Smith, 1991; Smith et al., 1994).

Some studies have shown that caffeine can increase physical performance
capacity, including endurance and peak muscle strength (Anselme et al., 1992;
Berglund & Hemmingsson, 1982; Burke, 1992; Costill et al., 1978; Falk et al.,
1990; Graham and Spriet, 1991; Lindinger et al., 1993; Meliska and Lawson,
1996; Spriet et al., 1992).

The Red Bull Energy Drink contains glucose and B group vitamins.
Glucose is metabolised to release energy during both aerobic and anaerobic
metabolism (Sizer and Whitney, 1997), and may improve cognitive per-
formance although the findings are variable (Azari, 1991; Benton and Owens,
1993). Vitamin B12 may facilitate mental performance including concent-
ration (Benton and Cook, 1991; Mayer et al., 1996), and where a state of
depletion exists, restoration of B group vitamins may enhance physical per-
formance through their role in energy production (McArdle et al., 1994).

The following studies were designed to investigate the effects of Red Bull
Energy Drink, reported by students, under appropriate experimental
conditions. Cardiovascular effects were monitored under resting conditions,
in addition to mental performance and subjective state. Both aerobic and
anaerobic endurance were investigated to determine the range of potential
benefits on physical performance. Following a preliminary study to assess
potential effects, further investigations replicated assessments under more
controlled conditions and incorporated additional cognitive measures. Given
the beneficial effects previously reported for individual constituents, the aim
of these investigations was to see if the combined constituents of the drink, in
its commercially available form, produced consistent effects across a range of
human performance measures.



The effects of Red Bull Energy Drink on human performance 141

Methods
Subjects

The first study involved 5 male and 5 female subjects, aged 18-30 years with a mean of
approximately 23 years; there were 7 male and 7 female subjects in the second study, aged
18-35, mean 24 years; whilst 7 male and 5 female subjects participated in the third study,
aged 20-21 years, these unpaid healthy volunteers included moderate caffeine users
screened for physical exercise capacity, who were not diabetic and had no known sensitiv-
ity to test compounds. They were recruited from amongst the students and their friends
at the University of the West of England, Bristol, UK. All participants had the experimen-
tal procedures explained or demonstrated to them before giving their informed consent.
Study protocols were approved by an Ethics Committee of the University.

Study design

The preliminary study was undertaken in 1997 to establish possible treatment effects, with
subsequent studies in the following 2 years including additional controls. A repeated
measures, double-blind design was employed with each subject receiving both treatments
in a randomised order. Similar designs were employed for subsequent studies although
treatment order was based on latin squares.

The preliminary study assessed heart rate, blood pressure, subjective mood and choice
reaction time both pre- and post treatment. The second study assessed heart rate, blood
pressure, subjective alertness (VAS) and choice reaction time both pre- and post
treatment. Aerobic endurance was tested post treatment only. The third study included
cognitive tasks with established sensitivity assessing concentration and memory pre- and
post treatment, with anaerobic endurance assessed post treatment.

Treatments

The preliminary study included: carbonated mineral water and Red Bull Energy Drink. A
no drink control was added for the second study. Still water replaced carbonated water in
the third study with a ‘dummy’ energy drink being added as a comparator for Red Bull
Energy Drink. The dummy energy drink comprised low calorie quinine flavoured
carbonated water with additional lime, apple and blackcurrent concentrates with no
added sugar. Red Bull Energy Drink contains carbonated water, sucrose (21.50g),
glucose (5.25g), citric acid, taurine (1,000mg), glucuronolactone (600mg), caffeine
(80myg), inositol (50mg), vitamins (niacin, panthenol, B6, B12), flavours, colour (caramel,
riboflavin). The volume of all drinks was 250 ml (equivalent to a standard can of Red Bull
Energy Drink).

Assessments and equipment

A psychomotor test battery (Comstat) was employed for testing 5-choice reaction time
(Hindmarch and Parrott, 1978; Smith, 1999) with 20 stimulus presentations following
5 practice trials for each assessment. The concentration task (Anderson, 1994; Frewer
and Lader, 1991) required subjects to cancel a specific digit (e.g. all ‘7’s) from a sheet
containing a pseudo-random list of characters such that the distribution of single digits
(1-9) was approximately balanced. This was assessed as the number crossed-out within
a 1 minute period after a 30 second practice period. A memory task (immediate recall)
in which subjects were given 1 minute to learn a list of 22 two-digit numbers (e.g. 12, 45),
and then a further minute to recall as many numbers as they could from the list
(Baraclough and Foreman, 1994; Smith et al., 1994). Effect on mood/subjective alertness
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was based on 100mm visual analogue scales (VAS) with S0mm representing a neutral
position (Bond and Lader, 1974).

Heart rate and blood pressure were measured with subjects sitting, using on Omega
1400 monitor (Invivo Research Labs. Inc.). A Cat-Eye Ergociser 1600 with built-in ear
clip heart rate monitor was used for aerobic endurance assessment and a high torque
ergociser (e.g. Tunturi 604) for testing anaerobic endurance.

Procedures

Each study was completed within a 4 week period, whilst for individual participants, test
days for separate treatments were within a week. Preliminary test sessions were provided
to help control for practice effects on psychomotor or cognitive tasks, and to provide
an initial assessment of physical performance on exercise tests. The first study involved
the use of opaque cups, lids and straws to enable double-blind, randomised, treat-
ment administration for both experimenters and participants. There were no caffeine
consumption restrictions on study days. Subjects were tested as a group, with assessments
made both before drinks were consumed (pre-treatment) and 30 minutes after con-
sumption (post-treatment), to allow for absorption. A restful video was watched by
participants until post-treatment testing began.

The schedule was designed to allow for absorption and enable testing whilst signifi-
cant levels of the drinks constituents remained in the plasma. For example, signifi-
cant absorption of caffeine has occurred within half an hour of consumption, with an
elimination half-life between 2.5 to 6 hours (Arnaud, 1998; Griffiths and Woodson, 1988).
Elevations of blood glucose are achieved within half an hour, and remain when tested an
hour after ingestion (Kennedy and Scholey, 2000). Taurine is rapidly absorbed and
excreted in experimental animals and primates following ip or oral administration.
Plasma levels peaked within 30 minutes and fell with a half-life of 35 minutes following ip
administration of taurine in mice (Hruska et al., 1976). An initial half-life of 24 minutes
was seen in plasma levels after iv administration in rhesus monkeys (Matsubara et al.,
1985). In humans, 70-80% of radiolabelled taurine given orally as a supplemented diet
was excreted in urine within 24 hours; whilst iv administration led to rapid elevation of
plasma levels with half appearing in urine 6-12 hours after administration (Sturman et al.,
1975; 1976). Oral absorption produced elevated plasma levels which peaked when
sampled at 1 hour and remained elevated 2 hours after supplementation (Thompson,
1988). These findings suggest that taurine is rapidly absorbed and that in excess of
physiological requirements is rapidly excreted. Limited data are available on the human
kinetics of glucuronolactone. It is rapidly metabolised (Hollmann, 1964) with elevation of
the urinary metabolite glucaric acid within an hour and peak levels sustained at 5 hours
(Poon et al., 1993).

Additional controls were included in subsequent studies. Administration was based
on latin squares to provide a balanced treatment order, subjects were tested individually
at similar times of day, and a no drink control treatment was added. Caffeine sources were
avoided on test days and a hydration procedure of 1 pint water before going to bed and
a minimum of 2 pints in the morning before testing, was followed on test days for the final
study. Post treatment testing was from 30 minutes after drink consumption. The dummy
energy drink was included in the final study because of increased exposure to Red Bull
Energy Drink amongst participants, and difficulties in masking the flavour and texture of
the drink.

Physical performance assessments followed American College of Sports Medicine
guidelines for exercise testing and prescription (1991). Aerobic endurance included an
initial trial period to establish aerobic work threshold. A similar 3 minute warm-up
period, to enable achievement of maximum oxidative energy production, was used at the
start of each test. During the final minute torque and work rate increases brought
participants to aerobic threshold measured as maintaining 65-75% maximum heart rate
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(Cooper et al., 1975; MacDougall et al., 1991). This work level was maintained until heart
rate moved outside these limits, with elapsed time recording maximum aerobic
endurance. Anaerobic endurance testing was based on an all-out cycling procedure of less
than 20 seconds (Bar-Or, 1987; Katch, 1977; Karlsson et al., 1971). This was preceded by
cycling for 5 minutes at around 50 Watts work rate, followed by hamstring, neck and
shoulder stretches. Subjects then pedalled at their maximum work rate with elapsed time
recorded from achieving maximal speed until it decreased, followed by a wind-down and
recovery period. Physical endurance was assessed post treatment only to limit fatigue
effects.

Statistical analyses

Differences between treatments were assessed using repeated measures analysis of vari-
ance (ANOVA) with pre treatment scores as covariates where both pre and post treat-
ment assessments were made (SPSS release 6). Significant treatment differences
(P < 0.05) were further investigated using Tukey’s HSD to determine specific treatment
comparisons between Red Bull Energy Drink and control drinks. Significant performance
changes from the preliminary study enabled the use of a priori t-tests assessing pre
and post treatment mean differences in the subsequent studies for marginally significant
(P < 0.1) ANOVA effects, or where relatively conservative HSD comparisons were not
significant. Two-tailed significance levels were employed throughout. The results are
presented as combined pre treatment means, then with pre-post treatment differences
added for individual treatments. Means and standard deviations for raw data were
calculated in Excel.

Results

Preliminary study. The results presented in Table 1 show a decrease in heart
rate and systolic blood pressure after mineral water when compared with Red
Bull Energy Drink, whilst diastolic blood pressure remained more constant
across treatments, with differences failing to achieve significance for any
measure. Choice reaction time was significantly improved [F 5 18.02; Mse

Table 1. Preliminary study — The effects of Red Bull in comparison to a control drink on
resting cardiovascular physiology and choice reaction time: Means (SEM) n = 10
[Combined pre treatment means + pre-post differences for each treament]

Measure Pre treatment Carbonated Red Bull
Means water (250ml) (250 ml)
Heart rate 78.4 74.6 78.8
Beats/min. (3.0) 2.7) (2.9)
Systolic blood pressure 117.0 114.1 116.3
(mmHg) (3.3) (3.6) (2.7)
Diastolic blood 70.7 68.0 72.2
Pressure (mmHg) (1.6) (2.1) (2.2)
Choice reaction time 529.5 521.7 433.0*
(msec.) (19.9) (12.8) (22.6)

Key: * = HSD: P < 0.05 Red Bull Vs carbonated water.
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Table 2. Second study — The effects of Red Bull in comparison to no drink and a control
drink on resting cardiovascular physiology, performance and mood: Means (SEM) n = 14
[Combined pre treatment means + pre-post differences for each treatment]

Measure Pre treatment No Carbonated Red Bull
Means drink water (250ml) (250 ml)
Heart rate 75.9 74.8 75.4 83.3%
Beats/min. (1.9) (1.5) (1.9) (2.9)
Systolic blood pressure 118.7 117.1 118.3 118.3
(mmHg) (32) (3.5) (34) (32)
Diastolic blood 73.3 68.7 69.1 74.3
Pressure (mmHg) (2.0) (34) (3.0) (3.0)
Choice reaction time 559.9 558.7 555.5 528.6*
(msec.) (12.9) (17.3) (13.9) (16.3)
Subjective alertness 39.0 39.6 36.5 61.9%
(mm) (2.1) (2.1) (2.2) (4.8)
Aerobic endurance Not 948.5 1,016.1 1,109.0*
(secs.) Recorded (87.0) (76.6) (85.1)

Key: * = HSD: P < 0.05 Red Bull Vs carbonated water; * = t: P < 0.05 Red Bull Vs
carbonated water.

0.00; P < 0.005] by Red Bull Energy Drink when contrasted with carbonated
water. Subjective mood was descriptively assessed with greater changes
(18mm) from pre treatment values being seen after Red Bull Energy Drink
in comparison to carbonated water (4mm) on the 100mm visual analogue
ratings.

Second study. The results presented in Table 2. contrast the no drink
condition with carbonated water and Red Bull Energy Drink, revealing fairly
stable levels for both systolic and diastolic blood pressure. Significant
differences were found overall for heart rate [F,, 8.30; Mse 62.38; P < 0.005],
providing significant contrasts (HSD: P < 0.05) between Red Bull Energy
Drink and other treatments. Differences in choice reaction time were again
significant [F,,5 3.93; Mse 956.0; P < 0.05] and revealed a significant
improvement for Red Bull Energy Drink when compared with carbonated
water (t: P < 0.05). Significant effects for subjective alertness (VAS) [F, s
28.84; Mse 0.97; P < 0.001], and aerobic endurance [F,,, 14.67; Mse 6196.5; P
< 0.001] revealed significant improvements (HSD: P < 0.05) for Red Bull
Energy Drink when compared with carbonated water. The relative improve-
ment with Red Bull Energy Drink when compared with carbonated water and
the poorest performance for the no drink control is plotted in Fig. 1.

Third study. Results presented in Table 3 include those for no drink, water,
the dummy energy drink and Red Bull Energy Drink. Differences in memory
performance, assessed as immediate recall, were significant [F;, 4.02;
Mse 3.14; P < 0.05]; whilst concentration task performance provided mar-
ginal significance with ANOVA [F;, 2.64; Mse 5.39; P < 0.07]. Paired
comparisons showed significant improvements for memory (HSD: P < 0.05)
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Fig. 2. Concentration task means (+SEM) n = 12

and concentration (t: P < 0.05) with Red Bull Energy Drink when contrasted
with the dummy energy drink. With anaerobic endurance [F;;; 4.13; Mse
1.10; P < 0.05] Red Bull Energy Drink significantly improved performance in
comparison to the dummy energy drink (HSD: P < 0.05). The improvement
in concentration after drinking Red Bull Energy Drink when compared to
either comparator drinks or the no drink condition is plotted in Fig. 2.

Overall, these studies have demonstrated no significant effects on either
systolic or diastolic blood pressure when measured at rest. Changes in heart
rate were less consistent, with no effects observed in the preliminary study
although an increase was found with Red Bull Energy Drink when contrasted
with carbonated water in the second study. Red Bull Energy Drink was
associated with enhanced performance on choice reaction time in both the
preliminary and second study, and with improved performance for both
concentration and memory tasks in the third study. These significant changes
in psychomotor and cognitive task performance were compatible with the
observed increase in subjective alertness.
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Table 3. Third study — The effects of Red Bull in comparison to no drink and a control
drink on cognitive task performance and physical endurance: Means (SEM) n = 12
[Combined pre treatment means + pre-post differences for each treatment]

Measure Pre treatment No Water Dummy energy Red Bull
Means drink (250ml) Drink (250ml) (250ml)
Memory 8.5 9.3 8.6 8.2 10.6%
(Number recalled) (0.4) (0.8) (0.8) (0.4) (0.9)
Concentration task 20.7 228 226 22.5 25.7*
(Number Crossed out) (0.9) (1.6) (1.0) (1.1) (1.5)
Anaerobic endurance Not 59 6.1 5.7 7.1%
(secs.) Recorded (0.5) (0.5) (0.4) (0.3)

Key: * = HSD: P < 0.05 Red Bull Vs Dummy Energy Drink; * = t: P < 0.05 Red Bull Vs
Dummy Energy Drink.

Improved exercise performance was observed for both aerobic endurance,
indicating longer maintenance of 65-75% maximum heart rate with Red
Bull Energy Drink, and anaerobic endurance. Comparisons between con-
trol conditions (no drink, carbonated water, dummy energy drink) failed
to achieve significance, reflecting a similarity in performance for these
treatments.

Discussion

The preliminary study recorded cardiovascular effects when at rest and found
little change following consumption of Red Bull Energy Drink in comparison
to carbonated water. Slight increases in diastolic blood pressure relative to
control drinks and pre treatment levels were observed in the first 2 studies,
with an increase in heart rate recorded after Red Bull Energy Drink in
the second study, following overnight caffeine abstinence. This pattern of
response is in keeping with the findings of previous studies. Where caffeine
has been given after a temporary withdrawal period such as the night, or 24
hours, before testing a modest increase in blood pressure can occur. This may
be accompanied by more variable findings for heart rate with either little
effect (France and Ditto, 1992), a decrease (Whitsett et al., 1983), or more
rarely an increase (Green and Suls, 1996) being reported. What is clear is that
tolerance to these effects soon develops (Robertson et al., 1981) reflecting the
lack of a significant cardiovascular response observed in the preliminary study
where participants did not undergo temporary caffeine withdrawal. Further,
the antihypertensive action of taurine (Huxtable, 1992) may oppose
experimentally induced increases in blood pressure, so that observed changes
may reflect the combined ingredients of Red Bull Energy Drink.

The significant reduction in choice reaction time, seen in the preliminary
and second studies, is supported by some previous caffeine research (Stelt
and Snel, 1998). The significant improvements in concentration and immedi-
ate recall are supported by the caffeine literature reporting concentration
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(Anderson, 1994; Frewer and Lader, 1991; Loke, 1988) and memory changes
after caffeine (Arnold et al., 1987; Barraclough and Foreman, 1994; Smith et
al., 1994). However, it should also be noted that the energy drink tested
contained several biologically active ingredients which may contribute to the
improvements (e.g. glucose: Benton and Owens, 1993).

The significant increases in physical endurance seen in the second and
third studies clearly demonstrated the ability of Red Bull Energy Drink to
improve both aerobic endurance by 9% and anaerobic endurance by up to
24% in comparison to the control drinks. These results support earlier work
on both caffeine and taurine (e.g. Anselme et al., 1992; Geiss et al., 1994;
Graham and Spriet, 1991; Ono et al., 1987). This may also reflect the action of
glucuronolactone in providing additional energy resources (Hollmann, 1964).
Similarly, increased subjective alertness is in keeping with the caffeine
literature (Loke, 1988; Smith et al., 1994). Other positive effects on mood
(VAS), which are apparent in our current research programme, may be
related to the taurine content of the drink. Taurine is known to modulate
mood (Mandel et al., 1985) as well as stress and behavioural response (Belfer
et al., 1998; Milakofsky et al., 1993; Yamamoto et al., 1985). The mechanism
of action for taurine within the CNS may involve a variety of neurotransmitter
systems (Ramanathan et al., 1997).

In conclusion, the studies presented here have shown consistent posi-
tive effects of Red Bull Energy Drink on physical performance with both
aerobic and anaerobic endurance enhanced. Mental performance, includ-
ing psychomotor and more cognitive tasks, was improved, as was subjective
alertness. The consistent improvements seen here may well reflect the
physical and mental benefits of the combined ingredients in this energy drink.
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