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Abstract: Recently, the use of pre-workout supplements has become popular. Research has shown
their ability to increase performance for single bouts but little exists showing their ability to maintain
this increase in performance over multiple bouts. Purpose: To investigate the effects of supplements on
power production and the maintenance of upper and lower body tasks. Methods: Twenty-three males
(22.9 ± 3.6 years, 175.6 ± 6.5 cm, 86.9 ± 15.1 kg, 19.1 ± 8.4 BF% mean ± standard deviation
(SD)) were familiarized with the testing protocols and maximal bench press performances were
attained (109.1 ± 34.0 kg). Utilizing a double-blind crossover design, subjects completed three
trials of five countermovement vertical jumps before and after a high-intensity cycle sprint protocol,
which consisted of ten maximal 5 s cycle ergometer sprints utilizing 7.5% of the subject’s body weight
as resistance, with 55 s of recovery between each sprint. Subjects ingested in a randomized order
a commercially available pre-workout supplement (SUP), placebo + 300 mg caffeine (CAF), or a placebo
(PLA). Peak power (PP), mean power (MP), and minimum power (MNP) were recorded for each sprint.
Subjects performed a velocity bench press test utilizing 80% of their predetermined one repetition
maximum (1RM) for 10 sets of 3 repetitions for maximal speed, with one-minute rests between
sets. Maximal velocity from each set was recorded. For analysis, bike sprint and bench press data
were normalized to the placebo trial. Results: Cycle sprint testing showed no significant differences
through the testing sessions. In the bench press, the peak velocity was higher with both the SUP and
CAF treatments compared to the placebo group (1.09 ± 0.17 SUP, 1.10 ± 0.16 CAF, and 1 ± 0 PLA,
p < 0.05) and the supplement group was higher than the PLA for mean velocity (1.11 ± 0.18 SUP and
1 ± 0 PLA, p < 0.05). Vertical jump performance and lactate levels were not significantly different
(RMANOVA showed no significant differences from any treatments). Conclusions: Supplementation
with a pre-workout supplement or placebo with caffeine showed positive benefits in performance in
bench press velocity.
Keywords: pre-workout; power production; anaerobic; bench press

1. Introduction
The use of pre-workout supplements has gained popularity among many individuals to help
increase both anaerobic and aerobic performance [1,2]. A number of supplement companies offer
pre-workout supplements that are optimized with a variety of ingredients, with a number that are
found frequently in all products. Ingredients such as creatine, branch-chain amino acids (BCAAs),
and caffeine, to name a few, are all combined into one proprietary blend. The theory is that these
ingredients will complement each other by increasing energy and focus and by delaying fatigue,
which provides a synergistic effect on performance. Previous studies on pre-workout supplements
have shown an increase in the number of successful repetitions during resistance training, greater peak
power, increased choice reaction time, increased lower body muscular endurance, and reduced fatigue,
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along with an increase in perceived alertness, focus, and energy levels [3–6]. Individually, ingredients such
as creatine have been shown to increase growth hormone and testosterone concentrations during exercise,
decrease lactate levels, and increase power output [7,8] but work much better as a chronic effect [9,10].
Caffeine supplementation has been shown to increase muscular endurance [5] and muscular strength [6]
along with increases in peak and mean power out [11,12].
A number of other compounds have been put into pre-workout supplements in order to enhance
performance both acutely and chronically. Supplements that increase nitric oxide levels, specifically
citrulline malate and beetroot extract, have been shown to enhance performance [13–19]. Citrulline has
been shown to have effects after being chronically ingested at 6 grams per day for 3 weeks [14] or at
loads relative to body size [15]. However, some research has shown that it can have an acute effect on
total work that can be performed in a training session when given at a dosage of 8 grams in men [16].
Other vasodilators such as beetroot (Beta vulgaris) have been shown to enhance performance with
chronic supplementation [17], with mixed results from acute consumption where it does and does
not work [18]. Furthermore, beetroot juice has not always been shown to be effective with aerobic
performance in highly trained individuals [19]. Overall, beta-alanine has been shown to have positive
effects on exercise performance that lasts for 30 s to 2 min; however, these effects are typically observed
with chronic supplementation [20,21]. A recent supplement on the market is ancient peat and apple
extract, which is sold under the label of “elevATP”. This supplement has been shown to increase blood
levels of ATP [22], increase exercise levels in sedentary individuals from a single dose [23], and enhance
responses to chronic resistance training [24]. The supplement Huperzine has been shown to have
positive effects on brain function, specifically decreasing cognitive deficits and oxidative stress in the
rodent model after hypobaric hypoxia [25], and has been shown in conjunction with other supplements
to enhance upper body strength endurance performance [6] and anaerobic sprint performance [26].
The current research shows how the use of pre-workout supplements and the various ingredients
that compose them may improve performance parameters such as peak power; however, there is
limited research on whether a pre-workout supplement allows for this improvement of peak power to
be maintained throughout the session. The purpose of this research study is to investigate the effects
of pre-workout supplementation on power production and maintenance during a high-intensity cycle
ergometry sprint, vertical jump, and bench press performance. The research study will also evaluate
vertical jump performance and lactate response in exercise. We hypothesize that the supplement will
have a positive effect on all of those metrics.
2. Materials and Methods
2.1. Experimental Design
After approval from the institutional review board in the spring of 2015 at Eastern Kentucky
University this study was conducted. This study involved four testing sessions separated by 3–9 days
and was approved by the Eastern Kentucky University’s Institutional Review Board. Each testing
session was completed at the same time of day plus or minus half an hour. There were at least 3 but no
more than 9 days between each testing session. Subjects were asked to refrain from hard training for
24 h before each training session and abstain from caffeine consumption. Subjects were instructed to
eat the same diet 24 h before each testing session. The first visit was for familiarization for the subjects.
The second through fourth visits involved the subjects performing the complete testing protocol of
cycle sprints, vertical jump, and barbell bench test under the three treatments (supplement (SUP),
placebo + caffeine (CAF), and placebo (PLA)) utilizing a double-blind crossover design. The SUP was
one serving of Muscle Pharm Assault Black (Figure 1), the CAF was 25 grams of maltodextrin with
300 mg of caffeine flavored to match the supplement, and the PLA was 25 grams of maltodextrin
flavored to match the supplement. Twenty minutes after ingestion of the treatment, the subjects
completed a warm-up on the cycle ergometer at a self-selected resistance for 5 min. Subjects then
performed stretching as needed before starting the testing portion of the session.
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Figure 1. Assault Black Supplement Nutritional Information.
Figure
1. Assault Black Supplement Nutritional Information.
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testing session. The subject’s blood lactate was retested again 4–5 min after the cycle sprint testing was
completed and again after the bench press testing was completed.
2.4.2. Vertical Jump
After the completion of the subject’s 5 min cycle warm-up, the subject performed 5 maximal
countermovement vertical jumps utilizing the Vertec (Power Systems, Knoxville, TN, USA). With the
subject’s dominant hand, subjects reached as high as they could with the highest marker touched being
the height recorded. Subjects were given a one-minute rest between each jump trial. The vertical jump
measurements were taken both pre and 5 min post cycle sprint testing.
2.4.3. Cycle Sprint Protocol
A Monark (Monark Exercise AB, Vansbro, Sweden) model 894E mechanically-braked cycle
ergometer at a resistance of 7.5% of the subject’s body weight was used for the cycle sprint testing.
The testing protocol consisted of pedaling at a pace of approximately 70 rpm for 1 min and 55 s followed
by a 5 s all-out sprint. The subject then returned to pedaling at a pace of 70 rpm for 55 s followed by
another 5 s all-out sprint. This process continued until a total of 10 all-out sprints were completed.
The subjects then performed a 1–2 min cooldown, with the subject pedaling at a self-selected pace.
The maximum/peak power output (highest, single power measurement produced during each of the
ten, 5 s cycle sprints), mean power output (the average of power measurements produced during
each of the ten, 5 s cycle sprints), and minimum power output (lowest, single power measurement
produced during each of the ten, 5 s cycle sprints) were recorded for each sprint.
2.4.4. BP (Bench Press) Testing
Following the second round of vertical jump performance, the subjects performed a warm-up
on the barbell bench press with the empty barbell (20.4 kg) followed by 50% and then 70% of their
1RM. Warm-up sets were given a two-minute rest period between each. The subjects then performed
10 sets of 3 maximal velocity repetitions at 80% of their predetermined 1RM. There was a one-minute
rest period between each set that started the moment the barbell was returned to the rack. A linear
position transducer (Gymaware, Sydney, Australia) unit was used for determining barbell velocity
and power (both peak and mean) output for each repetition.
2.4.5. Statistical Analyses
Data collected from each testing session was entered into Microsoft Excel and then analyzed
utilizing SPSS (v.23. IBM SPSS Inc., Chicago, IL, USA). The lactate data was first transformed so that
each testing session score was relative to the first measurement of the session. The lactate data was
then analyzed utilizing a repeated measures general linear model with least square distance (LSD)
post hoc analysis through the course of the testing session by treatment. The cycle sprint, vertical jump,
and bench press data were analyzed for best performance in each session, then normalized to the
placebo treatment. Total mean and peak power performance in the cycle sprint testing, vertical jump,
and total mean and peak velocity performance in the bench press testing were then analyzed by
treatment using an ANOVA with LSD post hoc analysis. Data are presented as the mean and standard
deviation (SD) throughout the paper.
3. Results
3.1. Familiarization Data
Preliminary testing during the subjects’ familiarization is listed in Table 1.
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Table 1. Familiarization data.
Test

Performance

89.1 ± 24.5 kg
Bike Peak Performance
887.78 ± 23.42 W
Bike Mean
809.39
20.84
BenchPerformance
Press 1RM
89.1 ± ±
24.5
kg W
Bike
Power
Drop
316.37
±
19.33
Bike Peak Performance 887.78 ± 23.42 WW
Vertical Jump
68.8 ± 9.2 cm
Bike Mean Performance 809.39 ± 20.84 W
Mean ±Drop
Standard Deviation.
Bike Power
316.37 ± 19.33 W
Vertical Jump
68.8 ± 9.2 cm

Bench
1RM
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Time

Lactate (mM)
TimePre Cycle
Lactate (mM)
2.3 ± 1.42
Pre Cycle
Post Cycle
12.86 ± 3.81 2.3
*,† ± 1.42
PostPost
Cycle
12.86
Bench Press
8.32 ± 3.42
* ± 3.81 *,†
Pressdata; † Denotes significance
8.32
* Denotes significance of p Post
< 0.05Bench
to pre-cycle
of ±p 3.42
< 0.05* to post bench press data.
* Denotes significance of p < 0.05 to pre-cycle data; † Denotes significance of p < 0.05 to post bench
press data.
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Figure
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the ten sets with lines for each different treatment. • = PLA trial, ▪ = SUP trial, ▲ = CAF.
the ten sets with lines for each different treatment. • = PLA trial,  = SUP trial, N = CAF.
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PL: 0.644 ± 0.11 m/s). This supplement could be utilized as a means to enhance velocity output
throughout a training session; however, caffeine seems to give just as great of an enhancement in

J. Funct. Morphol. Kinesiol. 2018, 3, 11

7 of 9

performance. This is likely due to the caffeine in the supplement being the ingredient with the
greatest effect.
In past research examining the use of beta-alanine supplementation on improving jump performance,
one of the individual ingredients within the SUP, resulted in an improvement in maximal and mean
power during countermovement jumps [28]. The results from the countermovement vertical jump test
from this study did not show the same response, likely due to the lack of chronic supplementation or the
much lower dosage. However, the dosage of the individual ingredients in the supplement was in line
with previous research; the chronic supplementation of creatine, nitrate supplements, and beta-alanine
are known to be effective after a certain period of use [9,17,18,20,21].
There was a significant blood lactate response to the bike sprints. This could possibly be attributed
to the increased production of carnosine from the beta-alanine within the SUP, which in past research
has shown to help buffer the hydrogen ions from the lactic acid [29]. However, lactate levels showed
no statistical significances between the treatments for any of the time points recorded.
The supplement did show positive effects on upper body velocity performance but further
research into the effectiveness of supplementation for power output maintenance in both upper and
lower body anaerobic activities is needed. The findings from this particular study are encouraging as
they highlight the effectiveness of pre-workout supplementation when exercising for increased upper
body anaerobic performance. The increase in acute performance in a training session has been shown
in the literature but the maintenance of this upper body performance has not been observed [30].
Further research is warranted to understand the appropriate dosage and timing for the most
effective use of this pre-workout supplement with recreationally trained athletes. Dosing with a set
serving amount might not adequately give performance benefits to all individuals who participate,
and instead dosing with body weight relative amounts seem to give better results. Additionally,
researching with higher level, strength/power athletes is desirable. The current research design though
suitable could be improved by adding in more repetitions to the cycle ergometer and bench presses to
find whether further fatigue would have a greater effect. Additionally, parsing the supplement into
more of its constituents over additional trials (for example, caffeine with beta-alanine) could further
elucidate any potential synergistic effects. Finally, administering the supplement chronically and then
providing a washout period with subjects could further show efficacy since a number of ingredients
have been shown in the literature to be more effective with chronic supplementation [6,9,14,15].
5. Conclusions
Overall, there was a positive effect on power maintenance in the bench press exercise by
supplementing with either caffeine or the supplement compared to the placebo. There were no
significant differences in the cycle sprint performance and vertical jumps. Further research must be
performed in this area to show if and how much of an effect pre-workout supplementation can have
on power maintenance in a training session.
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