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Abstract: Soccer is the most famous sport in the world. Soccer is a sport with moderate to high intensity, which can
cause physical and physiological fatigue in soccer athletes. Limited recovery time can also increase muscle tissue damage.
Therefore, this study aimed to examine the time interval for performance recovery in female amateur soccer athletes as
measured by checking physical performance and through biomarkers after a soccer match. Quantitative research is used.
The type of experimental research is pre-experimental with a one-group pretest-posttest design. Sampling in this study used
an accidental sampling technique. The respondents were 20 female soccer athletes who competed in the ul7 women's soc-
cer competition. The variables examined in the research included vertical jump, CPK, LDH, and II-6. Examinations are
carried out before the match, immediately after the match, 24 hours after, and 48 hours after. Next, the results were ana-
lyzed using the one-way ANOVA and post-hoc follow-up tests via the SPSS application. Doing soccer can reduce physical
performance and increase CPK, LDH, and IL-6 levels due to fatigue. Fatigue peaks significantly after 24 hours after the
match. However, 48 hours after the match, the fatigue gradually disappeared and decreased. Based on this research, female
athletes’ soccer matches must be accompanied by a sufficient recovery time of at least 48 hours to avoid muscle damage
and an increased decline in muscle performance.
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INTRODUCTION

The numerous soccer teams from different parts of Indonesia are proof of the country’s high interest in soccer
(Fuller, 2015). Both Indonesia’s women’s and men’s soccer teams are highly intriguing. Indonesia has 1,300 female
soccer players registered with FIFA, and the number of female soccer players in Asia reached 784 thousand in 2019
(Doewes et al., 2021). Only a small percentage of Indonesian female soccer players are registered with FIFA (Des-
trian et al., 2022).

The players’ physical strength is required to withstand frequent changes in the direction of the ball, sprinting,
and acceleration in the high-intensity soccer game (Hisdal et al., 2013). Soccer players will have a lot of matches to
attend. These loads are composed of psychological, physiological, and physical loads (Hisdal et al., 2013). Soccer
players also expect that they will win each game they play. This may have an impact on soccer players’ decisions to
give their all in each game (Pollard & Gomez, 2014). The physiological and physical reactions after this match might
have an impact on physical performance in the following one. If it keeps happening, this can lead to an acute and
persistent fatigue response (Montgomery et al., 2008).

A process that occurs in tandem with an increase in muscle temperature leads to high rates of reactive oxygen
species (ROS) and an inflammatory response from the muscles mediated by neutrophil xanthin oxidase (Dewangga
& Irianto, 2023). High-intensity exercise causes oxidative stress, which alters cell structure and disturbs intracellular
homeostasis, allowing intracellular molecules like enzymes to migrate to extracellular regions and altering function
(Dewangga et al., 2021).
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Physical stressors that are severe and ongoing are the primary cause of fatigue (Poenaru et al., 2021). Damage to
micromuscles can result from prolonged stress. Furthermore, a decrease in muscle glycogen stores is linked to the fa-
tigue process following a soccer game (Krustrup et al., 2022). It has been demonstrated that there is a 48—72-hour recov-
ery phase following competition that is responsible for restoring muscle glycogen and performance (Marqués-Jiménez
et al., 2022). Both the extent of the inflammatory response and the degree of muscle damage affect how long recovery
takes. When muscle damage happens, a number of biomarkers of muscle damage, including interleukin-6, creatine
kinase, and lactate dehydrogenase, appear at the site of injury (Dewangga et al., 2022). As these molecules accumulate,
cell necrosis, elevated body temperature, and delayed-onset muscle soreness (DOMS) result (dos Santos et al., 2020).

Giving athletes enough time to recuperate can help them in a number of ways. For example, it can accelerate
metabolic processes like protein synthesis, ensuring that their bodies are balanced with protein when they return to
the field (de Sousa et al., 2022). Athletes can compete with enjoyment if they have a good recovery, which can en-
hance sleep quality, decrease fatigue, and reduce DOMS (Rahman et al., 2022). The bulk of earlier research on the
recovery aspects of soccer games only looked at male athletes’ game responses; however, women could also be the
subjects of this research to find out how changes in biomarkers of muscle damage and physical performance occur
after soccer games (Pérez-Castillo et al., 2023). The fact that estrogen, for instance, has been demonstrated to have a
protective effect on reactive oxygen species (ROS) is another reason for conducting this research. This suggests that
gender differences may influence recovery patterns (lorga et al., 2017).

Research on female players is also important, considering that the impact of the menstrual cycle on performance
parameters in elite athletes is still inconclusive. However, recent literature suggests a possible influence of the men-
strual cycle phase on the recovery process and health (Goulart et al., 2022). Therefore, it is still being determined
whether applying information regarding male players’ post-match recovery can accurately understand female play-
ers’ responses, which is important for adequate training and recovery planning (Doeven et al., 2018). This study
aimed to examine the time interval for performance recovery in female amateur soccer athletes as measured by
checking physical performance and through biomarkers after a soccer match.

METHOD

The type of research used is quantitative research. The type of experimental research is pre-experimental with a
one-group pretest-posttest design. Sampling in this study used an accidental sampling technique. Incidental sampling
is a method of determining samples based on chance, meaning anyone who coincidentally or accidentally meets the
researcher can be used as a sample. The total number of samples obtained in this research was 20. The research is
carried out after the sample agrees to fill in the consent information.

Four women’s soccer teams participated in a tournament between representatives of the West Java and Central
Java Provinces. The women’s soccer teams include the Persib Women’s Soccer Team, the Princess Wijaya Subang
Soccer Team, the Surakarta Women’s Soccer Team, and the Semarang Ratanika Soccer Team. Female soccer players
under the age of 17 (U-17) are competing in this tournament. This tournament, held for one week, requires one team
to play three matches so that one team will compete every two days. From each team, 5 people will be randomly
selected to be respondents for this research.

The Faculty of Medicine, Sultan Agung Islamic University, Semarang, Central Java, research ethics commit-
tee has approved this study No. 436/X/2023/Bioethics Committee. Before conducting the research, the respondents
agreed and signed their consent to become research respondents after reading the experimental methods. Researchers
conducted research in the city of Surakarta in November 2023.

The research data is a general examination, such as age, heart rate, and body mass index. Then, physical per-
formance data was taken from vertical jump results. Muscle damage biomarker research data was examined using
creatine kinase, lactate dehydrogenase, and interleukin-6 results. Physical performance data and muscle damage
biomarkers were taken 2 hours before the first match, 24 hours after the match, and 48 hours after the first match. A
general examination is carried out by asking for your name and age, then continuing by calculating your heart rate in
one minute (BPM). The HR examination is manual: palpating the radial artery and counting for 1 minute. Then, the
BMI examination was carried out by measuring the height and weight of the research respondents. Then, after the
height and weight data is obtained, it is calculated using a formula. BMI = Body Weight (kg): [Height (m) x Body
Height (m)] (Syamsuryadin et al., 2022).
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The athlete performs the vertical jump test by extending the hand that is closest to the wall while standing side-
ways to the wall. Keep feet flat on the ground, toe tips marked or noted. This is called the standing-to-reach height.
The athlete then stands away from the wall and jumps vertically as high as possible, using both arms and legs to help
protect the body upwards. The jumping technique may or may not use a counter-movement (see vertical jump tech-
nique). Try to touch the wall at the highest jumping point. The difference in distance between standing reach height
and jumping height is called the score. Sampling was carried out in the brachial artery.

The blood sample was then put into a vacutainer tube and centrifuge machine. centrifuge at 3000 rpm for 30
minutes to obtain blood serum. Then, the blood sample is put into a microtube, placed, and stored in a cooler with a
temperature of -20°C (Dewangga & Irianto, 2023). Then, blood samples were taken to be examined for the biomark-
ers creatine phosphokinase, lactic acid dehydrogenase, and interleukin-6 using basic biomedical research techniques
with ELISA at the Clinical Pathology Laboratory of Dr. Hospital Sardjito Yogyakarta.

The process of examining creatine phosphokinase consists of several stages. First, prepare all the tools and
muscle blood samples. Next, make solutions of monoreagents 1 and 2 by adding 2.5 ml of monoreagent 1 to the
monoreagent. CPK activity was measured at 25°C. Next, 40 pL of homogenate was mixed with 1.0 mL of mono
reagent Incubate for 3 minutes. Read the absorbance at 1, 2, and 3 minutes at a wavelength of 340 nm (Bernat-Adell
etal., 2021).

Examination of serum interleukin-6 levels was carried out using an ELISA tool (Human Interleukin 6 ELISA
Kit Cat. No. EO090Hu and Elisa Reader PHO MO Autobio), which is an immunoserological examination tool at the
Immunology Laboratory, Department of Medical Laboratory Technology, Muhammadiyah University, Semarang.
The interleukin-6 examination procedure was carried out using the SOP Bioassay Technology Laboratory’s Human
Interleukin 6 ELISA kit, Cat. No. EO090Hu, with a sensitivity of 1.03 ng/L and a 96-well size. The principle of the
examination is a microplate coated with IL-6 antibodies. Interleukin-6 contained in the sample will bind to antibodies
coated on the microplate. When biotinylated IL-6 antibodies are added, they bind to the IL-6 in the sample. Biotin
binds covalently to proteins, nucleic acids, or other molecules. Then streptavadin-HRP is added and binds to the
biotinylated IL-6 antibody. After incubation, unbound Streptavidin-HRP was removed during a washing step. The
substrate is then added, and the color changes proportionally to the IL-6 level. The reaction will end by adding a stop
solution, and absorbance will be measured at a wavelength of 450 nm. The work procedure is as follows:

RESuLTS
Variable Mean (SD) P-value
HR Pre-match (bpm) 81+9.06
HR Post-match(bpm) 120+7.94 0.000
HR 24h after match (bpm) 88+9.4
HR 48h after match (bpm) 84+4.4
Vertical Jump Pre-match (cm) 44.7+5.88
Vertical Jump Post-match (cm) 38.216.01 0.000
Vertical Jump 24h after match (cm) 43.4+4.82
Vertical Jump 48h after match (cm) 44.3+3.38
CK Pre-match (U/mL) 153.4+51.04
CK Post-match (U/mL) 165.5+57.48 0.000
CK 24h after match (U/mL) 233.7+81.93
CK 48h after match (U/mL) 173.2448.1
LDH Pre-match (mg/dL) 201.7+26.44
LDH Post-match (mg/dL) 207.05+16.11 0.000
LDH 24h after match (mg/dL) 273.3+32.62
LDH 48h after match (mg/dL) 228.8+22.41
IL-6 Pre-match (pg/mL) 2.7+0.33
IL-6 Post-match (pg/mL) 3.5+0.52 0.000
IL-6 24h after match (pg/mL) 5.4+0.71
IL-6 48h after match (pg/mL) 3.7+0.55
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RATE (HR)

The normality test results using the Shapiro-Wilk test for measuring HR before the match, after the match, 24
hours after the match, and 48 hours after the match proved that all groups had a normal distribution. This is indicated
by the results of the Shapiro-Wilk test, with a significance value of <0.05. Then, the data was tested for influence
using the one-way ANOVA test. The results of the one-way ANOVA test obtained a significance value of 0.00. This
proves that there is a significant difference in influence between before the match, post-match, 24 hours after, and 48
hours after. In this study, the soccer match was held in the afternoon with a 2 x 45-minute playing time. The soccer
match will certainly increase HR significantly (p<0.05), but after 24 hours and 48 hours, the heart rate will drop signi-
ficantly and return to normal. Before the game, the average HR was 81 bpm. Then, after the match, the average HR
increased to 154 bpm. 24 hours after the match, the average HR decreased to 88 bpm, and 48 hours after the match,
the average heart rate decreased to 84 bpm. The difference in average HR can be seen in Graph 1.

Heart Rate (bpm)
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Graph 1. The difference in average HR

ANOVA followed by Post Hoc Analysis by SPSS 26. *P < 0.05 has significant diferent II-6 levels with pre-match. **P < 0.05
has significant diferent I1-6 with post-match. ***p<0.05 has significant diferent 1I-6 with 24h after match

Vertical Jump

The normality test results using the Shapiro-Wilk test for vertical jump measurements before, after, 24 hours
after, and 48 hours after the match proved that all groups had a normal distribution. This is indicated by the results of
the Shapiro-Wilk test, with a significance value of <0.05. Then, the data was tested for influence using the one-way
ANOVA test. The results of the one-way ANOVA test obtained a significance value of 0.00. This proves that there is a
significant difference in influence between before, post-match, 24 hours after, and 48 hours after. In this study, soccer
matches were held in the afternoon, with a playing time of 2 x 45 minutes. Soccer matches will certainly reduce the
results of vertical jumps caused by fatigue significantly (p<0.05). Before the match, the average vertical jump result
was 44.7 cm. Then, after the match, the average vertical jump result decreased to 38.2 cm. 24 hours after the match,
the average vertical jump result increased to 43.4 cm, and 48 hours after the match, the average vertical jump result
increased to 44.3cm. The difference in average vertical jump results can be seen in graph 2.
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Graph 2. The difference in average vertical jump results

ANOVA followed by Post Hoc Analysis by SPSS 26. *P < 0.05 has significant diferent HR with pre-match. **P < 0.05 has
significant diferent HR with post-match.

Creatine Kinase (CK)

The normality test results using the Shapiro-Wilk test for measuring creatine kinase before the match, after the
match, 24 hours after the match, and 48 hours after the match proved that all groups had a normal distribution. This
is indicated by the results of the Shapiro-Wilk test, with a significance value of <0.05. Then, the data was tested for
influence using the one-way ANOVA test. The results of the one-way ANOVA test obtained a significance value of
0.00. This proves that there is a significant difference in influence between before the match, post-match, 24 hours
after, and 48 hours after. In this study, soccer matches were held in the afternoon with a 2 x 45-minute game time.
Soccer matches will certainly increase the results of creatine kinase, which is caused by damage to tired muscles,
significantly (p<0.05). Before the competition, the average creatine kinase result was 153.4 U/mL. Then, after the
competition, the average creatine kinase result increased to 165.5 U/mL. 24 hours after the match, the average crea-
tine kinase result increased to 233.7 U/mL 48 hours after the match, and the average creatine kinase result decreased
to 196.2 U/mL. The average difference in creatine kinase results can be seen in graph 3.
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Graph 3. The average difference in creatine kinase results

ANOVA followed by Post Hoc Analysis by SPSS 26. *P < 0.05 has significant diferent CK levels with pre-match. **P < 0.05
has significant diferent CK with post-match. ***p<0.05 has significant diferent CK with 24h after match
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Lactate Dehydrogenase (LDH)

The normality test results using the Shapiro-Wilk test for measuring lactate dehydrogenase before the match,
after the match, 24 hours after the match, and 48 hours after the match proved that all groups had a normal distribu-
tion. This is indicated by the results of the Shapiro-Wilk test, with a significance value of <0.05. Then, the data was
tested for influence using the one-way ANOVA test. The results of the one-way ANOVA test obtained a significance
value of 0.00. This proves that there is a significant difference in influence between before, post-match, 24 hours af-
ter, and 48 hours after. In this study, soccer matches were held in the afternoon, with 2 x 45 minutes of playing time.
Soccer matches will certainly increase lactate dehydrogenase results, which are significantly caused by damage to
tired muscles (p<0.05). Before the match, the average lactate dehydrogenase result was 201.7 mg/dL. Then, after the
match, the average lactate dehydrogenase result increased to 207.05 mg/dL. 24 hours after the match, the average
lactate dehydrogenase result increased to 273.3 mg/dL, and 48 hours after the match, the average lactate dehydroge-
nase result increased to 228.8 mg/dL. The difference in average lactate dehydrogenase results can be seen in graph 4.
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Graph 4. The difference in average lactate dehydrogenase results

ANOVA followed by Post Hoc Analysis by SPSS 26. *P < 0.05 has significant diferent LDH levels with pre-match. **P < 0.05
has significant diferent LDH with post-match. ***p<0.05 has significant diferent LDH with 24h after match

Interleukin-6 (IL-6)

The results of the normality test using the Shapiro-Wilk test for measuring interleukin-6 before the match, after
the match, 24 hours after the match, and 48 hours after the match proved that all groups had a normal distribution.
This is indicated by the results of the Shapiro-Wilk test, with a significance value of <0.05. Then the data was tested
for influence using the one-way ANOVA test. The results of the one-way ANOVA test obtained a significance value
of 0.00. This proves that there is a significant difference in influence between before the match, post-match, 24 hours
after the match, and 48 hours after the match. In this study, soccer matches were held in the afternoon with a playing
time of 45x2. Soccer matches will certainly increase the results of interleukin-6, which is caused by damage to tired
muscles, significantly (p<0.05). Before the match, the average interleukin-6 result was 2.7 pg/mL. Then, after the
match, the average interleukin-6 result increased to 3.5 pg/mL. 24 hours after the match, the average interleukin-6
result increased to 5.4 pg/mL, and 48 hours after the match, the average interleukin-6 result increased to 3.7 pg/mL.
The difference in average interleukin-6 results can be seen in graph 5.
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Graph 5. The difference in average interleukin-6 results

ANOVA followed by Post Hoc Analysis by SPSS 26. *P < 0.05 has significant diferent 11-6 levels with pre-match. **P < 0.05
has significant diferent I1-6 with post-match. ***p<0.05 has significant diferent 1I-6 with 24h after match

DISCUSSION

This study aimed to examine the time interval for performance recovery in female amateur soccer athletes as
measured by checking physical performance and through biomarkers after a soccer match. More specifically, physi-
cal performance parameters were measured by a vertical jump, which was checked before the match, immediately
after the match, 24 hours after the match, and 48 hours after the match. The muscle damage profile also shows an
increased response, measured by checking CK, LDH, and IL-6 parameters. The parameters CK, LDH, and IL-6 in-
creased significantly after the game after 24 hours. Then, during an examination 48 hours after the match, the results
showed a significant decrease in CK, LDH, and IL-6 levels.

Our research shows that this recovery time is at least 48 hours. It should be noted that we intentionally limited
the definition of training recovery to the ability to replicate or exceed baseline performance on our measures. To
be clear, we are not saying that our subjects have fully recovered because we recognize that other disturbances to
homeostasis, such as changes in muscle tissue, nerves, and hormonal status, may have occurred; however, we chose
not to investigate this. Instead, we looked into what we consider a useful, performance-based recovery assessment
that coaches and athletes can use. Additionally, because our performance measures are general and straightforward,
coaches can easily evaluate performance recovery, and they also apply to other sports.

The average HR recorded before the match averaged around 81 bpm. After the match, the average HR in-
creased to 154 bpm. 24 hours after the match, the average HR of the athletes returned to normal at 88 bpm, and
48 hours after the match, the average HR was still at a normal number of around 84 bpm. This is similar to Tes-
sitore’s study, which found that women’s soccer post-match HR ranged between 120 and 140 bpm. Additionally,
Capranica’s research indicates that among teenage athletes, the HR of female soccer players will rise to about
170 bpm (Capranica et al., 2001). Women’s soccer involves explosive actions, including sprinting, acceleration,
or peak jump height. For example, at the elite level, competition demands include a total distance of between 9
and 11 km, with 1.5 km covered in high-speed running (>13 km/h) and around 4.7 km in sprinting (>22 km/hour)
per player (Goulart et al., 2022). Competition-related acute fatigue will cause HR to rise to over 70% of HR max.
This can also illustrate that soccer activities are carried out at low to moderate intensity; this sport is described as
an “intermittent aerobic sport,” with approximately 90% of total energy expenditure provided by aerobic energy
sources or pathways. However, current data lack evidence to completely explain the recovery time of all physical
performance actions on female soccer players. Different fatigue levels resulting from various skill sets, muscle
mass recruitment, and intermuscular coordination between tests may cause the various recovery profiles for per-
formance parameters (Alexandre et al., 2012).
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Soccer matches that take place at high intensity will result in muscle fatigue. Muscle fatigue usually occurs after
high-intensity exercise or prolonged physical activity (Dambroz et al., 2022). Fatigue can be defined as a decrease
in tension capacity or force output after repeated muscle contractions. This can result in a negative impact on an in-
dividual’s overall performance. One way to check for leg fatigue is to check the power output during a jump height
test (vertical jump) (Cooper et al., 2020). The vertical jump results in the pre-match showed it was 44.7cm. After the
match, the vertical jump test results decreased to 38.2cm. 24 hours after the match, the vertical jump result increased
to 43.4cm. The vertical jump test results 48 hours after the match were still in the same condition at 44.3cm. These
findings corroborate Jesper Sjokvist’s research, which demonstrated a decrease in vertical jump height in women
following soccer activities (Sjokvist et al., 2011). Apart from that, there are also other studies, such as those condu-
cted by Kreamer et al., who reported finding the effect of physical recovery after fatigue in the recovery period after
24 hours of a tennis match in female players (Girard et al., 2014).

According to Rodrigues research, moderate to high-intensity physical activity can cause significant muscle
damage to muscle fibers. These findings explain the increase in CK levels, which lasts up to 24 hours after activity.
Several studies report that soccer activities cause severe microdamage to muscle tissue at the cellular level, resulting
in higher CK activity (Rodrigues et al., 2010). Another thing that deserves attention is that lower speeds, especially
in the eccentric phase, increase muscle damage. CK is a good indicator to use in monitoring athlete recovery, and an
increase in CK indicates a muscle damage response after a soccer game. Some studies show that CK concentrations
can remain high for hours or even days after intense competition or prolonged training sessions (YAPALI & KUR-
KLU, 2022). In this study, CK levels were checked several times. The first check is at pre-match, the second check
is immediately after the soccer match, the third check is 24 hours later, and the fourth check is 48 hours later. When
pre-matched, the average was 153.4 U/mL. The average CK level increased to 165.5 U/mL in the second examination
after the match. On the third examination, 24 hours after the match, the average CK level had increased to 233.7 U/
mL. On the fourth examination, 48 hours after the match, the average CK level had decreased to 228.8 U/mL.

Another important finding of this study concerns the LDH response. A significant increase in LDH can be expe-
rienced after exercise. Previous research by Kobayashi, demonstrated that primarily aerobic exercise can increase
LDH activity for 12 to 24 hours (Kobayashi et al., 2005). Since both aerobic and resistance exercise are linked to
stress-strain, it is thought that these changes in the immune system and hormones may be caused by increasing the
amount and intensity of exercise (Walsh et al., 2011). This is, of course, in line with the research we conducted. The
peak of LDH production occurs 24 hours after a soccer match. After that, LDH will decrease until it returns to normal.
In this study, the LDH level was 201.7 mg/dL before the match. After the match, it increased to 207 mg/dL. 24 hours
after the match, this is the peak of LDH production; the LDH levels examined had an average of 273.3 mg/dL. After
48 hours, LDH levels tended to decrease; the results showed that the average LDH level after 48 hours was 228.8
mg/dL.

This study showed a statistically significant difference between basal levels and levels 24 hours after the match
in soccer players. This means a rapid homeostatic reorganization of the immune system, which lasts at least 24 hours
in soccer players. However, contracting muscles are not the only source of IL-6 after exercise. For example, small
discharges from the internal jugular vein suggest central nervous system (CNS) attribution in IL-6 secretion during
exercise (Nybo et al., 2002). Under normal conditions, IL-6 levels are almost undetectable in the CNS. However,
in pathological situations, such as trauma, hypoxia, or ischemia, IL-6 can be reduced by activated astrocytes (Van
Wagoner et al., 1999). However, it can also be expressed in the form of the hypothalamus after acute and prolonged
stress, such as intense and long-lasting exercise. Exercise-induced increases in athletes’ serum IL-6 depend on the
type, intensity, and duration of exercise. The initial view that IL-6 is a result of muscle damage that often accompa-
nies some types of exercise has yet to be confirmed by current bibliographic data (Athanasios, 2014). Some research
showed that IL-6 production was the same in athletes who performed isokinetic exercise, regardless of fitness level.
In addition, IL-6 and creatine kinase, which are sensitive markers of muscle damage (Bouzigon et al., 2021).

CONCLUSION

Based on our research, soccer matches are light- to moderate-intensity sports played for 2 x 45 minutes. This
makes the body feel tired, and performance decreases acutely, heart rate increases, and muscle tissue damage occurs,
as indicated by the biomarkers CPK, LDH, and IL-6. Peak fatigue, characterized by increased biomarkers, will occur
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in the first 24 hours. Then, 24 hours later (48 hours after the match), physical performance and muscle tissue damage
return to normal. The slow recovery time experienced by an athlete is certainly not influenced by just one or two
factors but by various complementary factors.

Acknowledgments

We would like to thank the Department of Physiotherapy, Faculty of Health Sciences, Muhammadiyah University of Surakarta. We also thank
the Research and Innovation Institute, Muhammadiyah University of Surakarta, which has funded all of this research.

Conflict of Interest

The authors declare that there are no conflicts of interest.

REFERENCE

Alexandre, D, Silva, C. D. Da, Hill-Haas, S., Wong, D. P., Natali, A. J., De Lima, J. R. P, Filho, M. G. B. B., Marins, J. J. C. B., Garcia, E. S., &
Karim, C. (2012). Heart ratemonitoring in soccer: Interest and limits during competitive match play and training, practical application.
Journal of Strength and Conditioning Research, 26(10), 2890-2906. https://doi.org/10.1519/JSC.0b013e3182429ac7

Athanasios, S. (2014). Time-Course of IL-6 in amateur soccer players after an official soccer match. Journal of Physical Education and Sport,
14(3), 386-390. https://doi.org/10.7752/jpes.2014.03059

Bernat-Adell, M. D., Collado-Boira, E. J., Moles-Julio, P., Panizo-Gonzalez, N., Martinez-Navarro, 1., Hernando-Fuster, B., & Hernando-Do-
mingo, C. (2021). Recovery of Inflammation, Cardiac, and Muscle Damage Biomarkers After Running a Marathon. Journal of Strength
and Conditioning Research, 35(3), 626—632. https://doi.org/10.1519/JSC.0000000000003167

Bouzigon, R., Dupuy, O., Tiemessen, ., De Nardi, M., Bernard, J.-P., Mihailovic, T., Theurot, D., Miller, E. D., Lombardi, G., & Dugué, B. M.
(2021). Cryostimulation for Post-exercise Recovery in Athletes: A Consensus and Position Paper. Frontiers in Sports and Active Living,
3, 688828. https://doi.org/10.3389/fspor.2021.688828

Capranica, L., Tessitore, A., Guidetti, L., & Figura, F. (2001). Heart rate and match analysis in pre-pubescent soccer players. Journal of Sports
Sciences, 19(6), 379-384. https://doi.org/10.1080/026404101300149339

Cooper, C. N., Dabbs, N. C., Davis, J., & Sauls, N. M. (2020). Effects of Lower-Body Muscular Fatigue on Vertical Jump and Balance Perfor-
mance. Journal of Strength and Conditioning Research, 34(10), 2903-2910. https://doi.org/10.1519/JSC.0000000000002882

Dambroz, F., Clemente, F. M., & Teoldo, I. (2022). The effect of physical fatigue on the performance of soccer players: A systematic review.
PLoS ONE, 17(7 July), 1-19. https://doi.org/10.1371/journal.pone.0270099

de Sousa, M. V., Lundsgaard, A. M., Christensen, P. M., Christensen, L., Randers, M. B., Mohr, M., Nybo, L., Kiens, B., & Fritzen, A. M.
(2022). Nutritional optimization for female elite football players—topical review. Scandinavian Journal of Medicine and Science in
Sports, 32(S1), 81-104. https://doi.org/10.1111/sms.14102

Destrian, O., Sumartias, S., Setiawan, W., & Board, E. (2022). Women in “ Masculine “ Sports : Self-Concept Female Referee in Football.
Journal of Positive School Psychology, 6(8), 8966—8978.

Dewangga, M. W., Dimyati, & Irianto, D. P. (2022). Antioxidant effect of purple sweet potato (Ipomoea batatas var. Antin 3) for the prevention
of oxidative stress after high-intensity physical exercise in rat. Eurasian Chemical Communications, 4(9). https://doi.org/10.22034/
ecc.2022.335086.1390

Dewangga, M. W., & Irianto, D. P. (2023). The differences frequency of weekly physical exercise in antioxidant serum levels and muscle da-
mage. Fizjoterapia Polska, 2, 112—120. https://doi.org/https://doi.org/10.56984/8ZGODFB15

Dewangga, M. W, Irianto, D. P., Dimyati, Sumaryanto, Nasihun, T., Febrianta, Y., Wahyuni, Wijianto, & Agustiyawan. (2021). Different Effects
of Acute and Chronic Strenuous Physical Exercise on Superoxide Dismutase (SOD), Malondialdehyde (MDA) Levels, and Sperm Qua-
lity of the Wistar Rats. Journal of Kerman University of Medical Sciences, 28(6), 539-547. https://doi.org/10.22062/jkmu.2021.91825

Doeven, S. H., Brink, M. S., Kosse, S. J., & Lemmink, K. A. P. M. (2018). Postmatch recovery of physical performance and biochemical
markers in team ball sports: A systematic review. BMJ Open Sport and Exercise Medicine, 4(1), 1-10. https://doi.org/10.1136/bmj-
sem-2017-000264

Doewes, R. 1., Hidayatullah, M. F., Irawan, D., Syaifullah, R., & Nugroho, H. (2021). Konstruksi Sosial Melalui Kompetisi Sepakbola Wanita.
Jurnal Widya Laksana, 10(2), 126. https://doi.org/10.23887/jwl.v10i2.36604

dos Santos, R. S., Veras, F. P.,, Ferreira, D. W., Sant’Anna, M. B., Lollo, P. C. B., Cunha, T. M., & Galdino, G. (2020). Involvement of the
Hsp70/TLR4/IL-6 and TNF-o pathways in delayed-onset muscle soreness. Journal of Neurochemistry, 155(1), 29—44. https://doi.
org/10.1111/jnc.15006

Fuller, A. (2015). Approaching football in Indonesia. Soccer and Society, 16(1), 140-148. https://doi.org/10.1080/14660970.2014.954387

Girard, O., Christian, R. J., Racinais, S., & Périard, J. D. (2014). Heat stress does not exacerbate tennis-induced alterations in physical perfor-
mance. British Journal of Sports Medicine, 48(SUPPL. 1), 1-6. https://doi.org/10.1136/bjsports-2013-093165

Goulart, K. N. O., Coimbra, C. C., Campos, H. O., Drummond, L. R., Ogando, P. H. M., Brown, G., Couto, B. P., Duffield, R., & Wanner, S. P.
(2022). Fatigue and Recovery Time Course After Female Soccer Matches: A Systematic Review And Meta-analysis. Sports Medicine
- Open, 8(1). https://doi.org/10.1186/s40798-022-00466-3

Hisdal, J., Seiler, S., Federation, N. O., & Sciences, S. (2013). The Role and Development of Sprinting Speed in Soccer Authors: International
Journal of Sports Physiology and Performance, 432—441.

Iorga, A., Cunningham, C. M., Moazeni, S., Ruffenach, G., Umar, S., & Eghbali, M. (2017). The protective role of estrogen and estrogen
receptors in cardiovascular disease and the controversial use of estrogen therapy. Biology of Sex Differences, 8(1), 33. https://doi.
org/10.1186/513293-017-0152-8

Kobayashi, Y., Takeuchi, T., Hosoi, T., Yoshizaki, H., & Loeppky, J. A. (2005). Effect of a Marathon Run on Serum Lipoproteins, Creatine
Kinase, and Lactate Dehydrogenase in Recreational Runners. Research Quarterly for Exercise and Sport, 76(4), 450—-455. https://doi.
org/10.1080/02701367.2005.10599318

Maj/May, 2024 13



MAHENDRA WAHYU DEWANGGA, ET AL.
BIOMARKERS OF MUSCLE DAMAGE AND PHYSICAL PERFORMANCE AFTER SOCCER MATCHES FOR WOMEN'S SOCCER TEAMS SPORTS SCIENCE AND HEALTH 14(V):5-14

Krustrup, P., Mohr, M., Nybo, L., Draganidis, D., Randers, M. B., Ermidis, G., @rntoft, C., Reddik, L., Batsilas, D., Poulios, A., Ortenblad,
N., Loules, G., Deli, C. K., Batrakoulis, A., Nielsen, J. L., Jamurtas, A. Z., & Fatouros, I. G. (2022). Muscle metabolism and impaired
sprint performance in an elite women’s football game. Scandinavian Journal of Medicine and Science in Sports, 32(S1), 27-38. https://
doi.org/10.1111/sms.13970

Marqués-Jiménez, D., Calleja-Gonzalez, J., Arratibel-Imaz, 1., & Terrados, N. (2022). Biochemical and Physical Performance Responses to a
Soccer Match after a 72-Hour Recovery Period. Sports, 10(10), 1-11. https://doi.org/10.3390/sports10100140

Montgomery, P. G., Pyne, D. B., Hopkins, W. G., Dorman, J. C., Cook, K. K., & Minahan, C. L. (2008). The effect of recovery strategies on
physical performance and cumulative fatigue in competitive basketball. Journal of Sports Sciences, 26(11), 1135-1145. https://doi.
org/10.1080/02640410802104912

Nybo, L., Nielsen, B., Klarlund Pedersen, B., Moller, K., & Secher, N. H. (2002). Interleukin-6 release from the human brain during prolonged
exercise. The Journal of Physiology, 542(3), 991-995. https://doi.org/10.1113/jphysiol.2002.022285

Pérez-Castillo, I. M., Rueda, R., Bouzamondo, H., Lépez-Chicharro, J., & Mihic, N. (2023). Biomarkers of post-match recovery in semi-pro-
fessional and professional football (soccer). Frontiers in Physiology, 14(April), 1-21. https://doi.org/10.3389/fphys.2023.1167449

Poenaru, S., Abdallah, S. J., Corrales-Medina, V., & Cowan, J. (2021). COVID-19 and post-infectious myalgic encephalomyelitis/chronic fa-
tigue syndrome: a narrative review. Therapeutic Advances in Infectious Disease, 8, 1-16. https://doi.org/10.1177/20499361211009385

Pollard, R., & Gomez, M. A. (2014). Comparison of home advantage in men’s and women’s football leagues in Europe. European Journal of
Sport Science, 14(SUPPL.1), 37—41. https://doi.org/10.1080/17461391.2011.651490

Rahman, F., Fathya, A., Surga, P. P. U., Putri, F. N, Billa, A. S., Yanitamara, D. L., & Pristianto, A. (2022). Edukasi Cara Mengatasi Delayed
Onset Muscle Soreness (DOMS) pada Komunitas Sepeda di Tasikmadu. Bima Abdi: Jurnal Pengabdian Masyarakat, 2(2), 254-258.
https://doi.org/10.53299/bajpm.v2i2.224

Rodrigues, B. M., Dantas, E., De Salles, B. F., Miranda, H., Koch, A. J., Willardson, J. M., & Simio, R. (2010). Creatine kinase and lactate
dehydrogenase responses after upper-body resistance exercise with different rest intervals. Journal of Strength and Conditioning Rese-
arch, 24(6), 1657-1662. https://doi.org/10.1519/JSC.0b013e3181d8e6bl

Sjokvist, J., Laurent, M. C., Richardson, M., Curtner-Smith, M., Holmberg, H. C., & Bishop, P. A. (2011). Recovery from high-intensity tra-
ining sessions in female soccer players. Journal of Strength and Conditioning Research, 25(6), 1726—1735. https://doi.org/10.1519/
JSC.0b013e3181e06de8

Syamsuryadin, Suharjana, Laksmi, A. R., Dewangga, M. W., Sirada, A., Hutomono, S., & Santoso, N. P. B. (2022). Correlation between Body
Mass Index and Cardiovascular Fitness of Volleyball Athletes at Athletes Training Center during the Covid-19 Pandemic. Journal of
Medicinal and Chemical Sciences, 5(4), 631-636. https://doi.org/10.26655/JMCHEMSCI.2022.4.19

Van Wagoner, N. J., Oh, J. W., Repovic, P., & Benveniste, E. N. (1999). Interleukin-6 (IL-6) production by astrocytes: autocrine regulation
by IL-6 and the soluble IL-6 receptor. The Journal of Neuroscience : The Official Journal of the Society for Neuroscience, 19(13),
5236-5244. https://doi.org/10.1523/JNEUROSCI.19-13-05236.1999

Walsh, N. P., Gleeson, M., Shephard, R. J., Gleeson, M., Woods, J. A., Bishop, N. C., Fleshner, M., Green, C., Pedersen, B. K., Hoffman-Goetz,
L., Rogers, C. J., Northoff, H., Abbasi, A., & Simon, P. (2011). Position statement. Part one: Immune function and exercise. Exercise
Immunology Review, 17, 6—63. http://www.ncbi.nlm.nih.gov/pubmed/21446352

YAPALI, G., & KURKLU, G. B. (2022). Physical match performance and creatine kinase levels in elite football players. Turkish Journal of
Kinesiology, 8(3), 67-72. https://doi.org/10.31459/turkjkin. 1173875

Primljen: 20. decembar 2023. / Received: December 20, 2023
Prihvacen: 31. januar 2024. / Accepted: January 31, 2024

[@No=l

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License.

14 www.siz-au.com



