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Abstract

Objectives. This study aimed to examine the physiological response to speed endurance soccer training (SEST),
which involved the measurement of heart rate (HR), blood lactate (LAC), and blood pressure (BP) are measured

during the four-week intervention period.

Materials and methods. The one-group pretest-posttest pre-experimental design was used in this study. The study
comprised 15 male amateur soccer players with an average age of 16.13 + 0.52 years. The participants’ mean

height was 167.4 + 4.63 cm, weight was 57.69 + 12.11 kg, and BMI was 20.44 + 3.45 kg/m?. The data findings are
presented using the mean and standard deviation. The paired t-test was employed to assess the impact of each group.
The threshold for statistical significance was set at a p-value of less than 0.05. The effect size (ES) was calculated using
Cohen’s ES as a metric to quantify the magnitude of the difference between the pretest and posttest stages.

Results. The HR results monitoring during the intervention period were in the high-intensity zone, with an average
0f 91.67 + 0.6 % and a HR of 187.67 + 1.24 bpm. No significant change was observed in the heart rate response

from baseline to end of intervention. The LAC results showed that the lactate level was in the high category, namely
an average of 11.03 + 1.3 mmol-L". BP indicated a significant difference between pretest and posttest (p < 0.05).

The systolic blood pressure (SBP) demonstrated an increase of A % = 0.95, while the diastolic blood pressure (DBP)

showed an increase of A % = 1.39.

Conclusions. The findings of this study indicate that SEST has a notable effect on the body’s physiological functions,
namely on the cardiovascular system, anaerobic metabolism, and blood pressure. This effect was observed over a

period of four weeks in amateur soccer players.
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Introduction

The progress of soccer places a greater demand on
players, especially in their capacity to handle the escalating
intensity of matches, both with and without possession of the
ball (Barnes et al., 2014; Bush et al., 2015; Nassis et al., 2020).
Consistent with prior studies, it has been determined that
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soccer is a sport that requires high levels of physical exertion.
The average heart rate during a soccer game reaches 85 %
of the maximum heart rate, and it is possible to attain an
intensity of 90-95% of the maximum heart rate (Mendez-
Villanueva et al., 2013; Rebelo et al., 2014). To meet the
high physical demands in soccer, physical training alone
is insuflicient; a combination with tactical training is also
necessary (Kusuma, Kusnanik, Lumintuarso, & Phanpheng,
2024). Recent research has identified a holistic training
method known as Speed Endurance Soccer Training (SEST),
which has been proven to enhance the abilities of soccer
players (Kusuma, Kusnanik, Lumintuarso, Setijono, et al.,
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2024). However, this research has limitations, particularly
the lack of an in-depth study on physiological responses,
such as heart rate (HR), blood lactate, and blood pressure.
Understanding physiological responses is crucial to ensure
that the training aligns with its objectives (Clemente et al.,
2023; Dello Iacono et al., 2022; Lechner et al., 2023). These
indicators are vital in determining whether the training goals
are met, as they provide insight into the internal load and
the body’s adaptation to training. Therefore, further studies
that integrate physiological aspects into the evaluation of the
SEST program are essential to ensure its effectiveness and
appropriateness for soccer players.

Previous research on physiological responses has been
carried out but is still separated into two studies, namely
HIIT and SSG (Arslan et al., 2017; Koklit & Alemdaroglu,
2016; Kunz et al., 2019; Ouertatani et al., 2022; Radziminski
etal., 2013). Studies analyzing physiological responses to the
combined training concept of HIIT and SSG are still very
limited. Previous research has analyzed heart rate and blood
lactate responses to SSG training combined with running
training, but this study did not analyze blood pressure
variables (Koklii et al., 2020). Physiological responses that
can be monitored from the exercise process are blood lactate
(LAC), heart rate (HR), and systolic and diastolic blood
pressures (SBP and DBP) (D. M. Forte et al., 2022; Koklu
et al., 2017). By knowing the lactate level in the blood, you
will know the type of exercise a person is doing at an aerobic
or anaerobic level and a person’s physical fitness (Selmi et
al., 2021). Meanwhile, measuring blood pressure during
exercise can provide information about the cardiovascular
response to physical activity (Arboleda-Serna et al., 2016).

Many coach, both professional and amateur, have
included the SEST training idea into their programs, even
if they do not openly refer to it by name. This approach
incorporates both physical and tactical elements under a
single training model. SEST involves various acts in soccer,
including passing, dribbling, crossing, shooting, sprinting,
as well as situations such as attacking, transitioning, and
defending. In order to enhance physical performance, it is
important to examine an individual’s physiological reaction
throughout the execution of this exercise. To investigate the
physiological response of LAC, HR, SBP and DBP during
SEST training, it is imperative to do study on this topic. It is
anticipated that it can offer more reliable information in the
realm of sports coaching, particularly for soccer coaches,
whether they are professionals or amateurs.

Materials and Methods

Study participants

The population for this study consisted of 117 male soc-
cer player. This study included a sample of 15 male soccer
players with an average age of 16.13 + 0.52 years. The par-
ticipants had an average height of 167.4 + 4.63 cm, weight of
57.69 + 12.11 kg, and BMI of 20.44 + 3.45 kg/m™.

Study Organization

The research employed a pre-experimental procedure
utilizing a one-group pretest and posttest design. Subjects
were given a pretest to determine their initial HR, LAC, and

BP. Next, the subject was given SEST for four weeks with
a frequency of three times a week, and intensity 80-90 %
HRmax. After treatment, the samples were given a posttest
in the final week to determine differences in physiological
responses to SEST. Apart from that, each sample training
session continues to have its HR and BP monitored, while its
LAC was monitored once a week. The process of gathering
data involved the use of an OMRON automatic equipment
(OMRON Model HEM-7130 L, Omron Co., Osaka, Japan)
to measure BP. HR measurement utilizing the Polar H10
Sensor, manufactured by Polar Inc. in the United States.
Concurrently, LAC levels were assessed using the Accutrend
Plus Meter (Accutrend® lactate meter, Roche Diagnostics,
Mannheim, Germany).

Statistical Analysis

The data is displayed in the form of the mean and standard
deviation. The Shapiro-Wilk test was employed to evaluate the
normality of the data. The percentage change (A%) between
the pretest and posttest results during the training period was
determined using the formula: A % = ((Post-Pre)/Pre)*100.
Apaired t-test was performed to assess the effect within each
group. The threshold for statistical significance was established
at a p-value of less than 0.05. Cohen’s effect sizes (ES) were
calculated to measure the extent of disparities between groups.
A value of ES more than 0.8 was categorized as big, while a
value between 0.8 and 0.5 was classified as medium. A value
between 0.5 and 0.2 was considered minor, and any value
below 0.2 was regarded as negligible, according to Cohen
(2013).

Results

The normality test using the Shapiro-Wilk test shows
that the data was normally distributed with a significance
value of Sig > 0.05. Next, a paired sample t-test was carried
out with the results in Table 1.

Table 1. Pretest and posttest results of SEST

Parameter Pretest Posttest A% p ES

Heart Rate (bpm) 185.64 +6.59 186.80 +5.16 0.62 0.600 0.140

Heart Rate (%) 90.67 +3.14 91.24+2.51 0.62 0.600 0.140
Lactate (mmol/L) 10.33+2.31 9.87+0.98 4.45 0.410 0.220
SBP (mmHg) 119.33 £2.97 118.20 £3.00 0.95 0.000"2.190
DBP (mmHg) 76.80 +£2.62 7573 +£2.46 1.39 0.000"1.110

Description: Data are presented as mean + SD; A (%): Percentage
of change between pre and post-training performance; p: Level of
significance; ES: Effect size; (*): Significant at pretest (p < 0.05).

Based on the research results Table 1 shows the pretest
and posttest analysis data where the SBP and DBP values
have a significant difference with p < 0.05, with an increase
of 0.96% in SBP and 1.39% in DBP. Meanwhile, other
parameters did not show significant differences.

Figure 1 above shows that the results of HR monitoring
on SEST are in the high category where, in each training
session, the average heart rate is above 90%, whereas if we
look at the average for 4 weeks of training, the heart rate
shows an average of 91.67 + 0.6 %.
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Fig. 1. HR monitoring during four weeks of SEST
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Fig. 2. LAC monitoring during four weeks of SEST

Fig. 2 above shows LAC monitoring during the four
weeks of SEST. If we look at the LAC results per week, it
shows that lactate was 10.33 £2.23 mmol/L in the first week,
12.83 +1.74 mmol/L in the second week, 11.08 +0.98 mmol/L
in the third week, and 9.87 + 0.94 mmol/L in the fourth week.
Meanwhile, if we look at the total of four weeks of SEST
sessions, the average LAC result was 11.03 + 1.3 mmol/L.
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Fig. 3. BP Monitoring for four-weeks

Fig. 3 above shows the BP monitoring results for each
training session for four weeks. The average SBP and DBP
results for each exercise show the normal limits below
120 mmHg and 80 mmHg. If we look at the average for
four weeks, it was that SBP: 114.21+3.07 mmHg and DBP:
71.47 +3.46 mmHg.

Discussion

This study analyzes the physiological response to SEST
during 4 weeks of treatment. The findings showed that the
HR response during exercise entered the high-intensity
zone with an average of 91.67+0.6% and a heart rate of
187.67 +1.24 beats/min. There was no significant change in
heart rate response from the start of treatment to the end.
The response from lactate taken 4 times showed that the
lactate level was in the high category, namely an average
of 11.03 £+ 1.3 mmol-L". An interesting finding was an in-
crease in the first 2 weeks and a relative decrease in the final
2 weeks, while blood pressure showed a significant difference
between the pretest and posttest. SBP shows an increase of
A% = 0.95, while DBP shows an increase of A % = 1.39.

Significant findings related to physiological responses,
especially in HR levels during four weeks of SEST. Over four

weeks, it was observed that the training zone was consistently
in the high zone for each training session. These results align
with previous research, which examined the response of
SSG combined with running drill to produce a heart rate of
88.9+2.5% HRmax in the 3-a-sided model and 86.8 + 4.0 %
HRmaxinthe4-a-sided (Kokliietal.,2020). Previousresearch
also obtained similar results, namely that the HR level was
in the high category (Brandes & Elvers, 2017; Halouani et
al., 2017). The increase in HR occurs simultaneously with
a decrease in parasympathetic stimulus and an increase in
autonomic sympathetic stimulus, which during exercise is
caused by proprioceptors (movement), baroreceptor reflexes
(carotid dilation), and chemoreceptors (low pO,, high pCO,,
and H+ in the bloodstream) (O’Leary, 1996). These findings
indicate that SEST training consistently induces high levels of
cardiovascular activity, with exercise participants’ HR falling
into the high category. This phenomenon can be interpreted
as a physiological response that occurs due to the high
intensity of the exercise. The sustained increase in HR over
four weeks indicates that the exercise participants continued
to experience significant cardiovascular stress, resulting in
cardiac adaptation to the continuous training load. These
findings provide a further understanding of the effects of SEST
training on the cardiovascular system, and the implications can
be used by trainers to design appropriate training programs to
increase endurance (Brandes & Elvers, 2017).

This study highlights interesting findings related to phys-
iological responses, specifically to LAC levels. In the first two
weeks of SEST, a significant increase in LAC levels after the
training session was found to be 12.83 + 1.74 mmol-L. These
results are in line with previous research which examined
the response of combined SSG with a running drill, which
produced LAC 9.6+ 1.9 mmol-L" in the 3-a-sided model and
8.2+1.79 mmol-L'in4-a-sided (Kokli et al., 2020). Previous
research also obtained similar results, namely high Lactad
levels (Chmura et al., 2023). Elevated lactate concentrations
are believed to result from glycolytic flow rates (Gladden
et al., 1995; MacRae et al., 1992). This indicates that the
exercise participants experienced an increase in anaerobic
metabolic rate, reflecting the high intensity of the exercise.
An interesting finding in the last two weeks of the study was
a tendency to decrease LAC levels after the SEST training
session. Even though there was a decrease, the lactate re-
sults in the third and fourth weeks were 9.87 +0.94 mmol-L .
This value was still in the high category, which exceeded the
lactate threshold of the lactate curve according to the Steg-
mann procedure (Faude et al., 2013, 2014). The decrease in
lactate can be interpreted as the working of the Cori cycle
in the liver. The Cori cycle refers to the metabolic pathway
of lactate produced by anaerobic glycolysis in muscle cells,
which is transferred to the liver and converted into glucose
for eventual return to the muscles (Yang et al., 2020). Ad-
ditionally, the decrease may reflect the body’s adaptation to
sustained exercise, where the exercise participant becomes
more efficient in his metabolic processes. A decrease in LAC
levels does not significantly reflect a decrease in exercise in-
tensity or reduced physiological impact but rather indicates
the body’s ability to adapt to high-intensity exercise over
time (Hostrup & Bangsbo, 2023).

In the Panveloski-Costa et al. (2012), the decrease in
blood lactate concentration after 6 weeks of exercise was
based on the effectiveness of muscle performance in storing

706



Kusuma, I. D. M. A. W., Kusnanik, N. W., Pramono, B. A., Pranoto, A., Phanpheng, Y., Nurpratiwi, R., Bawono, M. N.,
& Nurhayati, F. (2024). Physiological Response to Speed Endurance Soccer Training in Amateur Players

PCr. An increase in muscle ability to resynthesize PCr is
possible because training during the first 2 weeks increases
muscle function (volume and number of muscle fibers) so
that a lot of PCr is stored in it after 2 weeks of training.
Forbes’ study also found increased PCr resthesis in thigh
muscles, which also carried out high-intensity exercise for
2 weeks (Forbes et al., 2009).

The pretest and posttest results showed that SBP and
DBP had significant differences. However, if seen from
monitoring each exercise, there were variations in increasing
and decreasing blood pressure. This study’s findings align
with previous research with positive results in reducing
blood pressure (Carpes et al., 2022; Costa et al., 2018).
However, the sample in the study was people who had
hypertension. Other studies have found decreased DBP
due to HIIT training (Leal et al., 2020; Way et al., 2019).
Other research proves a decrease in SBP in HIIT training
(Oliveira et al., 2023). Different findings from the previous
study that compared the BP response in the HIIT and MICT
exercise models, which resulted in a reduction in diastolic
blood pressure only in the MICT model (Arboleda-Serna
et al., 2019). This indicates that SEST training may have
varying effects on exercise participants’ blood pressure over
time. These fluctuations can reflect individual responses to
training intensity and the body’s adaptation to changing
workloads. These findings provide important insight that
BP responses in the context of SEST exercise may vary, and
understanding these dynamics may be an important factor
in designing effective and safe exercise programs.

Conclusions

SEST produces significant physiological impacts
with dynamic cardiovascular system responses, anaerobic
metabolism, and blood pressure over a four-week training
period. This understanding can be the basis for designing
exercise programs that suit the physiological responses of
exercise participants
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QisionoriyHa peakuis opraHismy rpasuis-amaTtopis
Ha TPeHyBaHHA WBUAKICHOI BUTpMBanocti y pytéoni

I JeBa Mape Apsananpa Bimkas Kycyma'4®<P, Hinin Bigbsax Kycnanik'A<P,

baro Aryn IIpamono'*“P, Axi IIpanoro'*“P, SIupon IIxannxen* <P,
Pecti Hypnparisi'®*“®, Moxamag Hyp baBono'®“P, ®apina Hypxasri'®*?

'Cypabaiicbknil ep>KaBHUI YHIBEPCUTET
*Jloevicbkmii yHiBepcuTeT Pamxabxar

ABTOpCHKNMIT BKIAA: A — fU3aiiH BOCTimKeHHs; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xomTis

Pedepar. Crarrs: 7 ., 1 Tabn., 3 puc., 41 mxeper.

Mera mocmigKeHHA. MeTa 1[bOro JOCTI/PKEHH: NOJATaIa y BUBYEeHHI (isionorivynoi peakuii Ha TpeHyBaHHA MIBUKICHOI
ButpuBanocti y ¢gyrooni (TIIB®D), wo nependadtano BUMIpIOBaHHSA MOKa3HUKIB 4acToTu cepueBux ckopodeHnb (UCC), piBHA
nakrary B KpoBi (JIAK) Ta aprepianbHoro Tucky (AT) IpOTAroM 4OTUPUTIKHEBOTO Iepiofy iHTepBeHIIl.

Marepianu Ta MeToay. Y 1bOMY HOCTi/PKEHHI BUKOPUCTOBYBABCsl OJHOTPYIIOBMII IIepEATECTOBMIT Ta MICATECTOBUIL Iepe-
IeKCIepUMEHTA/IbHUI MeTOf. Y HOCTiKeHHI B3sUIM y4acThb 15 pyTOomicTiB-aMaTopiB 40/10Biuoi CTAaTi i3 cepefnim Bikom 16,13 +
0,52 poky. CepepiHili 3picT yyacHMKiB cTaHOBUB 167,4 * 4,63 cM, Bara — 57,69 + 12,11 k1, a IMT — 20,44 + 3,45 xr/m2. PesynbraTn
IOCTIiKEeHHs IPEeCTaB/IEHO 13 3aCTOCYBAHHAM CEPEHbOTO 3HAUYEHHS Ta CTAHIAPTHOTO BIIXVJICHH:. 3 METOH0 OLIHKY e(eKTUB-
HOCTi BIUIMBY [JOCTifI)KEHHS KOXKHOI IPYIIN BUKOPMCTOBYBABCs MapHumii t-kpurepiit. ITopir craTuctudHoi 3HaYymocTi 6yB BCTa-
HOBJIEHNIT Ha piBHI p-3HaueHHA MeHIIe 0,05. PosMip edekry (ES) pospaxosysanu 3 BukopyuctaHuaM ES KoeHa sk mmokasHmka s
Ki/IbKiCHOI OLJiHKM BeIMYMHY Pi3HUI]i MXK ITepef- Ta MiCIATeCTOBUM eTallaMI.

Pesynbraru. Pesynbratu BumiproBanssa nokasHukis YCC mif yac nepiosy iHTepBeH1ii 3HAXOAM/INCA B MeXXaX 30HM BICOKOTO
PpiBHA iHTEHCUBHOCTI, B cepegHboMy 91,67 + 0,6 %, a YCC cranosmia 187,67 + 1,24 yn/xB. 3HayHux 3MiH y peakuii YCC Bif mo-
JaTKy [J0 3aBeplIeHHs iHTepBeHIlil He cocrepiranocs. 3a pesynpraramu aHanisy JIAK, mokasHUK TaKTaTy B KpOBi OyB y MexKax
BUCOKOTO PiBHA, a cCaMe CTaHOBMB y cepelHboMy 11,03 + 1,3 mmonb-1-1. PiBenp AT BKasdyBaB Ha [OCTOBipHY pi3HUIIIO MK pe-
3y/IbTaTaMM JO Ta IiC/A MPOBEEeHHA TECTY (p < 0,05). Cucromiynmit apTepianbHUI TUCK (CAT) 36inmpmmBcsa Ha A % = 0,95, Toxi
SIK miactomiunmit aprepianbumit Tuck (JAT) migBummsces Ha A % = 1,39.

BucnoBku. Pe3ynbTaTy 11bOTo JOCTIIKeHHA CBiffuaTh mpo sHayHmit BB TIIB® na ¢isionoriuni (byHKui'l' OpraHismy, a came
Ha CeplLieBO-CyAUHHY CUCTEeMY, aHaepOOHMIT MeTabos1isM Ta apTepiaibHuil TUCK. [laHuit eeKT crocTepiraBcs BIPOROBXK YOTUPH-
TIDKHEBOTO Iepiofy y dyTbomicTiB-aMaTopiB.

Knroyosi cnoBa: 1akTaT KpoBi, apTepiabHMil TUCK, YaCTOTA CEPLIEBUX CKOPOYEHb, TPEHYBAHHA MIBUIKICHOI BUTPUBA/IOCTI

y dyT6OIi.
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