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ABSTRACT

Jacobson, BH, Hester, GM, Palmer, TB, Williams, K, Pope, ZK,
Sellers, JH, Conchola, EC, Woolsey, C, and Estrada, C. Effect
of energy drink consumption on power and velocity of selected
sport performance activities. J Strength Cond Res 32(6):
1613–1618, 2018—Energy drinks (ED) comprise a multibillion
dollar market focused on younger, active, and competitive individuals. Marketing includes claims of improved alertness and
performance. The purpose of this study was to assess power
(W) and velocity (m$s21) of a simulated, isolated forehand
stroke (FHS), and a countermovement vertical jump (CVJ)
before and after ingestion of a commercially available energy
shot (ES) or a placebo (PL). Healthy college-aged men and
women (N = 36) volunteers were randomly placed in the ES
or PL. Before and 30 minutes after ingesting either the ES or
PL, participants performed 3 FHSs and CVJs. Power and
velocity of each performance was measured using a linear
velocity transducer and the highest value for each measure
was used for subsequent analysis. The ES group demonstrated a significant (p = 0.05) increase in velocity and W for
the FHS, but not for the CVJ. All measures remained
unchanged in the PL group for both, the FHS and CVJ. Females demonstrated a significant increase in velocity over
males in FHS, but not in CVJ. It was concluded that while
the dose of stimulants in the ES was adequate to improve
performance of smaller muscle groups, it may not have been
sufficient to affect the larger muscle groups of the lower legs
which contribute to the CVJ. While the ES used in the present
study contained a caffeine dosage within the NCAA limit and
Address correspondence to Bert H. Jacobson, bert.jacobson@
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did improve performance for the upper body, it must be noted
that there are health risks associated with ED consumption.

KEY WORDS muscle, speed, movement, vertical jump
INTRODUCTION

E

nergy drink (ED) manufacturers claim their product is related to improved sport performance presumably because of the inclusion of caffeine and
other active ingredients in the drink. Hence, a variety of competitive events such as X games, skateboarding,
snowboarding, and other extreme sports vividly reflect ED
sponsorship thereby glamorizing the product. The ED market was expected to reach 10.8 billion in sales in 2015. Indeed,
6 billion EDs were sold in the United States in 2010 (14) and
one early survey estimated that 32% of high school athletes
use EDs (25).
EDs often contain caffeine, guarana, ginseng, ginkgo
biloba, and yerba mate which are typically labeled as an
“energy blend” without actually indicating the exact amount
each in the beverage. While caffeine comprises a proportion
of the stimulants in the “energy blend,” other stimulants such
as yerba mate, guarana, which contains a higher concentration of caffeine than coffee. EDs often contain the herb ginseng which has also been believed to increase energy and to
have antifatigue assets. It has been widely known that moderate to a high dose of caffeine had pronounced effects on
physical performance (27). However, little is known of the
synergistic or additive effect the potential “energy blend”
may have. More recently a concentrated version of EDs
has appeared on the market as energy shots (ESs), and these
small doses contain as much or more of the aforementioned
ingredients in a much smaller dose (57 ml).
Much more than many of the other ingredients in EDs,
the ergogenic effects of caffeine have been investigated. For
example, while caffeine has been shown to enhance endurance, fewer studies have examined the effect of caffeine
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consumption on anaerobic performance (4), fewer studies
have examined the effect of caffeine on anaerobic performance. Research investigating caffeine supplementation
and anaerobic performance has primarily focused on tasks
such as maximal cycling or sprinting (2,11,15,31), and on
single-movement tasks (4,9,17,18).
It has been suggested that the primary mechanism by
which caffeine improves strength is thought to be through
increased motor unit recruitment (29), thus resulting in
greater force output. To date there is little evidence regarding the effects of EDs on power (W) output or velocity
during a single, explosive task. Hoffman et al. (16), found
that EDs improved reaction time among male strength athletes (16), and other researchers (22,24) found that the combination of caffeine and taurine, a common ingredient in ESs,
improves reaction time (15). Previous anaerobic-based assessments comprising EDs and 1RM strength (11,31), the
Wingate test (7), and sprints (3) have resulted in mixed conclusions. One study found that an ED had no effect on W
output during an explosive move when lighter loads were
used; however, W output was improved when heavier loads
were used (8). In assessing sports it has been found that ED
consumption significantly improved performance in female
volleyball players (26) and tennis players (12).
Because of the physical expectations associated with ED
and ES use among college-aged individuals, it is important
to determine what effect, if any, ESs have on functional
performance in this population. While caffeine has been
shown to produce an ergogenic effect during physical
performance, the combination of the previously mentioned
“energy blend” ingredients has not been investigated thoroughly. To our knowledge, there has been no previous
attempt to determine the effect of an ES on W and velocity
in a single, explosive movement. Based on the advertised
claims of EDs in general, the purpose of this study was to
assess the effects of a commercially available ES on velocity
(m$s21) of the small muscle group that is used in shoulder
rotation such as those recruited in a simulated, isolated forehand stroke (FHS) and the W and velocity of a large muscle

group such as those recruited in a countermovement vertical
jump (CVJ).

METHODS
Experimental Approach to the Problem

A randomized, double-blind, placebo (PL)-controlled design
was used to investigate the acute effects of a commercial ES
on rapid muscle contraction during simple activity-related
movement. Participants were randomly assigned to either
a treatment (ES) or PL group, based on their assigned
participant number and corresponding randomized code.
Before testing, the participants were to be 48 hours caffeine
free and 6 hours without food. Each participant was
familiarized with the protocols by performing practice FHSs
and CVJs at submaximal speed. Following familiarization
and a 5 minutes rest, participants completed 3 FHSs and 3
CVJs followed by random oral administration of either an ES
or PL beverage, both of which were supplied in small cups.
The PL was mixed to be similar in color and taste to the ES.
After administration of either of the beverages participants
rested quietly for 30 minutes to allow for peak blood caffeine
concentrations to be reached before being post-tested in an
identical manner as the pretest. During the absorption
period participants were instructed to not compare taste of
the beverages or to speculate on what they had consumed.
Subjects

Participants consisted of healthy, active male (n = 17) and
female (n = 19) undergraduate students (age range = 19–26
years) at a Midwestern University. Subjects were briefed on the
objectives and task of the study prior to choosing to volunteer
and before reading and signing an Oklahoma State Universityapproved IRB written informed consent form. Participants
completed a brief questionnaire in which age, height, body
mass, and typical caffeine intake was included. While all of
the subjects had knowledge and experience in jumping, none
of them were actively engaged in racquet sports. Furthermore,
any prospective participant who consumed over 90 mg caffeine daily was eliminated from the study. Before testing,

TABLE 1. Demographic characteristics (mean 6 SD) for the energy shot and placebo groups.
Group
Energy shot
Placebo
Energy shot
Placebo
Energy shot
Placebo
Energy shot
Placebo
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Variable

Mean

SD (6)

Age (y)
Age (y)
Body mass (kg)
Body mass (kg)
Height (cm)
Height (cm)
Caffeine per day (mg)
Caffeine per day (mg)

23.07
21.40
76.96
76.61
172.30
175.26
65.33
78.05

2.36
1.35
16.76
15.19
12.02
5.09
51.96
77.34
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Figure 1. Pre- and post-test vertical jump peak power by group. ES = energy shot; PL = placebo.

participants were asked to abstain from consuming caffeinecontaining beverages for 48 hours and food for 6 hours.

as quickly as possible. The transducer was interfaced with
a computer that recorded peak and average velocity (m$s21)
during internal rotation of the FHS. Each subject performed
Procedures
3 separate trials with 15 seconds rest intervals. For the CVJ,
For the FHS, the subject’s dominant upper arm was isolated
subjects completed 3 CVJs separated by 15 seconds rest
to the torso by a Velcro strap in order to avoid shoulder
intervals in which peak W and peak velocity during the
movement other than rotation. Subjects faced away from
concentric phase were recorded via a second linear velocity
the timing equipment with the elbow flexed at 908 while
transducer. During the CVJs, participants stood on the floor
a cord from a linear velocity transducer (Tendo Speed Anawith feet shoulder-width apart, and hands positioned on the
lyzer; Tendo Sports Machines, Trencin, Slovak Republic)
hips. Participants were not allowed to take any steps before
was attached to the subject’s thumb. Further, subjects were
performing the CVJ, and a quick descending quarter-squat
asked to externally rotate the shoulder as far as comfortable.
countermovement was allowed before the ascending takeoff
At the prompt of a light stimulus situated directly in front of
phase. The participants were instructed to jump as explothem, they were instructed to internally rotate the shoulder
sively as possible with both feet at the same time and land on
the floor in the starting
position.
Following pretesting, subjects
consumed either a commercially
available ES (5-hour ENERGY,
Living Essentials LLC) or a PL
in a double-blind format. The
one 5-hour ES (57 ml) contained approximately 240 mg
caffeine, taurine, glucoronolactone, malic acid, N-Acetyl Ltyrosine, L-phenylalanine, and
citicoline labeled as “Energy
Blend – 2000 mg.” Subjects
were instructed to drink the
“shot” quickly and to not discuss or compare taste or assumptions of what was
ingested. Following consumpFigure 2. Pre- and post-test vertical jump peak velocity by group. ES = energy shot; PL = placebo.
tion of either the ES or PL,
VOLUME 32 | NUMBER 6 | JUNE 2018 |
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Figure 3. Pre- and post-test forehand stroke peak and average velocity by group (m$s21).

subjects underwent a quiet 30 minutes absorption period.
Post-testing consisted of identical assessments of FHS and
CVJs.

intake (Table 1). Average caffeine intake by the participants
was approximately 58 mg$d21 primarily coming from EDs
or caffeinated soda. Repeated measures ANOVA for the CVJ
yielded no significant difference (p . 0.05, ES = 0.29)
Statistical Analyses
between the ES and PL groups for peak W, nor was there
Independent samples t-tests were used to compare pretest
a significant difference (p . 0.05, ES = 0.24) between the ES
values and demographic characteristics between the ED and
and PL groups for peak velocity (Figures 1 and 2). However,
PL groups. Repeated measures ANOVAs (group [ES vs. PL]
the ES group posted a slight increase in peak W compared
3 time [pre vs. post]) with SPSS 21.0 were used to analyze
with the PL group (+2.3 vs. 20.2% respectively) (Figure 1)
between-group and within-group differences for each depenand a slight increase in peak velocity (+2.9 vs. 20.1%,
dent variable. Posthoc analyses of data were done with
respectively) over the PL group (Figure 2). A comparison
Neuman-Keuls posthoc tests. An alpha level of p # 0.05
of gender with a Newman-Keuls posthoc test yielded no
was set to determine statistical significance.
significant (p . 0.05) difference in either peak W or peak
velocity in either the PL or ES groups.
RESULTS
A repeated measure ANOVA for FHS yielded significant
There were no significant (p # 0.05) differences between the
(p # 0.05, ES = 0.20) between-group differences in peak
velocity (Figure 3), with the ES group increasing 5.9% and
ES and PLA groups for age, body mass, height, or caffeine
the PL group declining by
1.9%. A comparison of gender
with a Newman-Keuls posthoc
test yielded significantly (p #
0.05) greater pre- to post-test
peak velocity in women who
were in the ES group, but not
in men in the ES group (Figure
4), thus the female participants
contributed primarily to the
overall group effect in producing significant improvement
between the ES group over
the PL group for peak velocity
(Figure 1).
Similarly, the ES group reFigure 4. Pre-to post-test forehand stroke peak velocity means by group and gender. ES = energy shot; PL =
sulted in a significantly (p #
placebo.
0.05, ES = 0.23) greater
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suggested that caffeine exerts
effects
on
excitationcontraction coupling in 2 ways:
the inhibition of calcium
sequestration by the SR and
increased cell membrane permeability leading to increased
calcium entry.
Regarding these findings, the
CVJ requires the use of a group
of very large muscles which is
in contrast with the fewer
number of smaller muscle
required for the FHS. It is
Figure 5. Pre-to post-test forehand stroke average velocity by group (ES & PL) and gender. ES = energy shot;
possible that the dose of cafPL = placebo.
feine in the ES was not sufficient to enhance performance
of the large lower body
muscles, but was adequate to impact the smaller muscles
improvement in average velocity (Figure 3) with the ES
required for shoulder rotation. This is also evident in the
group improving 8.6% and the PL group declining by
comparison of gender. Presumably, the effect of caffeine and
1.1%. Again, in a breakdown of gender, women in the ES
the accompanying active ingredients are relative to body
group registered significantly (p # 0.05) faster average velocmass (BM) since caffeine is distributed in various tissues in
ities than men, thereby resulting in making the whole ES
proportion to their water content (5). With muscle containgroup significantly faster than the PL group (Figure 5).
ing approximately 75% caffeine, those with greater muscle
DISCUSSION
mass may need a larger dose of “energy blend” than smaller
individuals in order to elicit similar effects. The BM of men
There are over 40 commercially available EDs/ESs available
and women were 84.4 6 13.6 and 60.1 6 6.5 kg, respectively,
to the consumer with the most popular brand amassing over
thus, the men were over 23% heavier than the women ala billion dollars in sales (13). Typically the most common
lowing perhaps, greater concentration of “energy blend” in
stimulant in ESs is caffeine; however, the “energy blend”
the women. Given that the ES contained about 240 mg
contains several ingredients that can trigger neurological
caffeine, the men received an average dose of 2.8 mg$kg21
and physiological elements. With caffeine being a large conand the women received an average dose of nearly 4.0
tributor to the “energy blend” it has been suggested that
mg$kg21. Thus, it is plausible that this is why women in
caffeine may result in potentiation of muscle contractility
the ES group outperformed men in the FHS velocity trials.
through the induction of the sarcoplasmic reticulum (SR)
With regards to greater muscle activation (i.e., increased
calcium release (21). While several studies have noted that
motor unit recruitment), the same task-dependent rationale
EDs can provide some physical improvement in selected
could be proposed as the mechanism by which performance
areas such as endurance (28) and strength (9), others have
was improved during the FHS but not the CVJ. However,
failed to find significant improvement in these areas (10,11).
since there were no measures of cellular or neuromuscular
Furthermore, to our knowledge, no study has attempted to
responses in this study it is unknown what mechanism(s)
determine the potential effects of ESs on movement velocity
contributed to the task-dependent effects of ES used in the
and W during a singular explosive motion. The significant
present study. These results correspond to several other
improvements of W and velocity in the FHS found in the
studies that have found EDs to improve anaerobic perforcurrent study are similar to those of Del Coso and associates
mance (1), muscle endurance (11), movement time (18,19),
(8) who found an increase in muscle performance after conand strength (31). In conclusion, while EDs and ESs may
sumption of an energy beverage. Regarding W output, reprovide some ergogenic effect in sport and competitive persearchers in separate studies (7,11,15) reported no effect on
formance, consumption of such beverages is not without
anaerobic peak or average W. While we failed to find a sigrisk. It is not unusual for competitive individuals to overexnificant improvement in the CVJ, the ES group significantly
tend doses of particular supplements for the benefit of
outperformed the PLA group in both peak and average FHS
improved performance. Such practice should be strictly disvelocity.
couraged since reports of serious health complications after
Given that caffeine (1,3,7 trimethylxanthine) produces
consumption of EDs have surfaced. For instance, Meier (23)
muscle contracture because of a release of calcium in the SR
claims that the Food and Drug Administration has found
(30) it is possible that caffeine may contribute to a more
ESs to be associated with 13 deaths and over 90 liferapid muscular contraction (20). Blinks and associates (6)
VOLUME 32 | NUMBER 6 | JUNE 2018 |
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threatening events. As the popularity and use of EDs is likely
to increase, further research is needed to ascertain both the
benefits and risks of long-term use.

PRACTICAL APPLICATION
ESs contain more active ingredients than just caffeine, but it
should be mentioned that while caffeine has been removed
as a banned substance by the International Olympic
Committee, it remains on its monitoring list. In contrast,
the National Collegiate Athletic Association currently allows
caffeine to a maximum of 15 mg$ml21. The caffeine content
of the ES used in the present study was below the NCAA
limit, yet quantity of caffeine and other ingredients of the ES
used in the current study seems to enhance a certain
velocity-related activity in smaller muscles in those with less
BM. Coaches and athletes should know that while these ESs
may be beneficial for some physical performance, before
recommending use it must be noted that EDs/ESs should
be used only in moderation if at all.
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