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Abstract Muscle fatigue often occurs when a person
performs a maximal activity. However, some substances
are believed to be able to improve exercise performance
and control energy due to muscle fatigue called ergogenic
substances. Ergogenic substances that are not included in
the doping category are theobromine and caffeine.
Unfortunately, there are very few exercise studies
examining theobromine and caffeine, so further testing to
prove their benefits is still needed. Therefore, this study
aims to determine the effect of the administration of
ergogenic theobromine and caffeine after the maximum
activity so that a decrease in lactic acid levels can be
found. This research is an experimental study with
laboratory testing and is carried out based on a random
control posttest approach. Sampling was done by using
the total sampling technique. The research sample was 18
male Wistar rats aged 2-3 months with a weight of
150-250 grams. Samples were divided into 3 groups
consisting of the control group, theobromine group, and
the caffeine group. The instrument for taking blood
samples is accutrend plus. The data obtained were
analyzed using descriptive analysis. The hypothesis was
tested using One Way Anova with the help of SPSS 16.
The tests carried out found that the average values of the
control group, theobromine, and caffeine were 5.2, 4.9,

and 4.2, respectively. The results of the hypothesis test
showed that the significance value obtained was 0.35 >
0.05 which indicated that the hypothesis was rejected. In
conclusion, the administration of ergogenic theobromine
and caffeine did not give a significant difference in
reducing lactic acid levels. This invention can thus be
used as a reference for athletes not to use these substances
to reduce fatigue and increase energy.

Keywords Theobromine, Caffeine, Muscle Fatigue,
Lactic Acid, Physical Activity

1. Introduction

Physical activity is described as the movement of the
body so that energy is produced. Conceptually, physical
activity can be done with low to maximum intensity [1].
Physical activity provided programmatically can have a
positive impact on the body, such as increasing physical
and psychological fitness [2][3][4] system provides energy
for short, maximal-intensity physical activity. However, if
physical activity continues, the energy system used is
anaerobic glycolysis which is obtained from muscle
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glycogen and blood glucose. This system produces 2-3
ATP from carbohydrates with a byproduct of lactic acid
[s][6).

Muscle contractions that work repeatedly for a long
duration trigger fatigue [7]. Fatigue is the inability of
muscles to maintain and maintain strength to produce
energy expenditure. Fatigue in this case is associated with
decreased glycogen reserves caused by the intensity and
duration of physical activity [8][9][10][6]. Fatigue occurs
because of the role of lactic acid and can be defined as a
decrease in muscle strength and power, causing
disturbances during training and competition [11]. Many
athletes, therefore, consume ergogenic substances or
substances to increase productivity and control energy [9]
One of the ergogenic substances that can be used is
caffeine and theobromine [12].

Several past studies have reported that caffeine
consumption before physical activity will help produce
ergogenic effects and improve performance in sports
[13][14][15][16]. Research on the effect of giving
theophylline and theobromine on physical activity recently
revealed that theobromine has a caffeine-like effect.
Theophylline and theobromine have therefore become
agents used in enhancing sports performance. Only one
study was found regarding theobromine administration
based on investigations in several works of literature. This
leads the author to argue that studies on giving
theobromine to physical activity are still very limited [12]

Based on the description above, it has been explained
that fatigue is the inability of muscles to perform physical
activity. Therefore, substances are needed to reduce lactic
acid levels. Therefore, this study aims to determine the
effect of caffeine and theobromine on the level of muscle
fatigue after maximal activity. This study hypothesized
that caffeine and theobromine had a significant effect on
reducing lactic acid levels in muscles after maximal
physical activity.

2. Materials and Methods

The type of this research is experimental research with
laboratory testing. Laboratory testing is a scientific testing
activity that is applied as a theoretical and practical
approach to prove a hypothesis [19][20]. The sampling
technique used is total sampling. This study took a
random control group posttest. The sample of this study
was 18 male Wistar rats aged 2-3 months with a
bodyweight of 150-250 grams which were divided into
the control group, theobromine group, and caffeine group.
Thus, each group consisted of 6 male Wistar rats. The
independent variables in this study were ergogenic
substances, namely theobromine, and caffeine which were
given to Wistar rats before maximum physical activity.
Meanwhile, the dependent variable is the level of lactic

acid which is intended to determine the level of muscle
fatigue. The instrument for taking blood to measure lactic
acid levels is accutrend plus. The test results are presented
in the form of descriptive analysis, prerequisite tests. The
data analysis test was carried out using one-way ANOVA
using SPSS version 16. The study took place at the
Biology Laboratory of the State University of Semarang
from January 11 to January 25, 2016. The adaptation time
for the three groups was given from the first day to the
seventh day of the experiment. From the eighth day to the
fourteenth day, the adaptation given to the theobromine
and caffeine groups was in the form of maximum physical
activity for one week. The purpose of this activity was to
determine the results of lactic acid levels in Wistar male
white rats as the control group, theobromine group, and
the caffeine group.

3. Results

Descriptive data analysis found the weight of wistar rats
in each group to be used as a sample. The results are
presented in the following data:

Table 1. Description of Wistar Rat Weight
Rat Weight (gram)
Control Theobromine Caffeine
189 166 178
214 196 159
N=8 155 212 157
232 195 226
206 222 156
217 164 173
Total 1213 1155 1049
Average 202.1 192.5 174.8
Table 2. Analysis Results of Theobromine and Caffeine
Posttest results of Rat Lactic Acid Levels (mmol)
Control Theobromine Caffeine
323 3.60 3.20
4-80 5.30 3.40
5-1{} 340 5.70
5-‘.-‘{) 4.30 3.90
?'40 5.60 4.60
. 7.20 4.10
Average 52 4.9 42

Referring to the data presented in Table 2, it is known
that the average value of lactic acid levels in the control
group after treatment was 5.2 mmol. On the other hand, the
values in the theobromine and caffeine groups were 4.9
mmol and 4.2 mmol, respectively. Based on these average
values, it was concluded that the caffeine group had lower
levels of lactic acid than the theobromine and control
groups.
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Table 3. Normality Test
Variable Statistic Significance Status
Control Group 0472 0,979 Normal
Theobromi
reobromine 0398 0997 Normal
Group
Caffeine Group 0462 0983 Normal

Based on table 3, the results of the normality test shows
a significance value of 0.979 for the control group, 0.997
for the theobromine group, and 0.983 for the caffeine
group. In other words, all variables are significantly
greater than 0.05 so it can be concluded that all data are
normally distributed.

Table 4. Homogeneity Test

Variable Statistie Significance
Control Group 0,001 1.000
Theobromine Group 0,001 1.000
Caffeine Group 0,001 1.000

Based on table 4, the homogeneity test shows a
significance value of 1,000 for the control group, 1,000
for the theobromine group, and 1,000 for the caffeine
group. The results obtained indicate that all variables are
significantly greater than 0.05 so it can be concluded that
all data are homogeneous.

Table 5. One Way Anova Hypothesis Testing

Anova
Sum of Mean .
Square o Square B Sig
FSSEENE 3.421 2 1711 1145 | 0.34
Groups
. 2403 | 15 | 1494
Groups
Total 25.824 17

Table 5 above presents the results of the one-way
ANOVA  hypothesis test. Decision-making on the
one-way ANOVA hypothesis test is if the significance
value > 0.05 indicates that the hypothesis is rejected. On
the other hand, a significance value <0.05 means that the
hypothesis is accepted. Thus, referring to the data
presented, the significance value obtained in this study is
0.34 > 0.05. In other words, the hypothesis is rejected. In
conclusion, no significant difference was found in the
control group, the theobromine group, and the caffeine
group from the administration of the ergogenic
theobromine and caffeine at the maximal activity. This is
because based on the findings, the two substances did not
significantly affect the level of muscle fatigue.

4. Discussion

This study was intended to determine the effect of giving
theobromine and caffeine after maximum physical activity

(swimming stress) for 7 days on reducing lactic acid levels
in 18 male white rats of Wistar strain. There is a past study
conducted by Hu [17] regarding the ergogenic effects of
the intake of salbutamol, caffeine, and theobromine on
non-asthmatic  subjects. The study found that the
completion time after administration of caffeine and
administration of theobromine was lower than placebo
(p<0.05), so it concluded that caffeine and
theobromine were said to be able to improve performance
in sports.

In the hypothesis test related to the comparison of lactic
acid levels after maximal physical activity (swimming
stress) for 7 days in the control group, the theobromine
group and the caffeine group produced a significance value
of 0.034 or greater than 0.05. With these being obtained, it
was concluded that there was no significant difference
regarding the effect of theobromine and caffeine on fatigue
due to maximal physical activity. This illustrates that the
administration of theobromine and caffeine has not
provided effective results on changes in lactic acid levels in
each sample. The decrease in lactic acid levels cannot be
known significantly because the data in this study did not
use pretest data.

This finding is supported by the literature [9][12][17]
which states that theobromine, pharmacologically, belongs
to the category of xanthine derivatives. However,
theobromine clinically has a low pharmacological effect
and is relatively useless. On the other hand, a comparison
between administration of theobromine and caffeine in the
500-meter interval sprint traming showed that caffeine was
successful in increasing performance in early running and
theobromine at a later stage.

The results showed that the comparison of the average
value of the sample in the group given theobromine at a
dose of 0.9 mg per 150-250 grams of body weight with
maximum physical activity (swimming stress) for 7 days
resulted in lower lactic acid levels, namely 4,9 mmol
compared to the control group with lactic acid levels o' 5.2
mmol. Comparison of the average value in the sample
given caffeine at a dose of 0.9 mg per 150-250 grams of

was

body weight and maximum physical activity (swimming
stress) for 7 days resulted in lower lactic acid levels,
namely 4.2 mmol compared to the control group, 5.2 mmol.
These results imply that the average lactic acid level in the
caffeine-treated group was lower than the control group
and the theobromine although no significant changes were
found.

Referring to the results of the research and discussion
that have been described, it 1s concluded that the effect of
givin56g theobromine and caffeine on the maximum
physical activity does not produce a significant effect on
reducing lactic acid levels. Therefore, the authors suggest
not consuming theobromine and caffeine to prevent muscle
fatigue after maximal physical activity. The researcher's
hope for further research is that the results of these findings
can be used as a basic reference for relevant research.
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5. Conclusions

Summarizing the results and discussion, it
concluded that the administration of theobromine and
caffeine had no significant effect on reducing lactic acid
levels. It is thus recommended that theobromine and
caffeine should not be consumed for the prevention of
muscle fatigue.
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