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Abstract. Study Objectives: T﻿his study aimed to examine the effects of lactate elimination and saliva β-endorphin 
(β-End) levels on the decrease in shot and sprint performances in the last period of a soccer match, and 
changes in saliva cortisol and testosterone levels during the match and their relationship to performance pa-
rameters. Methods: Twenty-two trained amateur soccer players performed the 90 minutes soccer match, while 
saliva β-End, testosterone, cortisol, blood lactate, and glucose measurements were obtained pre-match (M1), 
after 1st half (M2), and after the 2nd half (M3). Sprint and shot performances were assessed after warm-up and 
match play and after the Yo-Yo intermittent recovery test level 1 (Yo-Yo IR-1) test. Lactate elimination was 
evaluated with the Yo-Yo IR-1. Results: Soccer match-play elevated some individual β-End levels between 
M1 and M3 (an increase of %25) but overall differences between M1, M2, and M3 were not significant 
(%3.34 increase from M1 to M2, %1.12 increase from M1 to M3, and %2.17 decrease from M2 to M3). M3 
testosterone levels significantly increased above basal (p < 0.01) and M2 levels (p < 0.001). Moreover, β-End 
levels and lactate elimination speeds were not significantly correlated with sprint and shot performance at 
M3 (p > 0.05). Conclusion: Our results suggest that β-End and lactate elimination is not effective on the 
differences in shot and sprint performances after exercise. Therefore, future studies will appropriate for the 
examination of β-End and other hormone levels to understand the exact mechanisms involved in different 
levels of soccer players.
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Introduction

In addition to their frequent use as indicators of 
psychological stress because of their effect on human 
behaviour under stress, beta-endorphin (β-End), cor-
tisol, and testosterone hormones also have important 
roles in regulating energy metabolism during exercise 
(1-3). β-End also elicits euphoria, reduces feelings of 
pain, and increases lactic acid (LA) tolerance, which is 
all-important in the development of fatigue (4). Fur-
thermore, cortisol regulates glucose (GLC) production 
(gluconeogenesis) from amino acids via protein catab-
olism (5), and testosterone stimulates glycogen storage, 
as well as skeletal tissue and inner muscular protein 
synthesis (6). Also, the testosterone/cortisol (T/C) 

ratio is also used as an indicator of exercise intensity 
(7). β-End levels increase when the exercise intensity is 
>60% of the maximal oxygen consumption (8), cortisol 
concentrations increase when the exercise intensity is 
>60% of the aerobic power (9), and testosterone levels 
increase by %13–185 during treadmill or field run-
ning exercises and during high-intensity weight and 
bicycle ergometer workouts (10,11). Moreover, acute 
or chronic exercise-related changes are reflected by 
changes in the levels of these three hormones (12). 

Depending on the frequency of high-intensity 
sprints during a match, peak LA levels of up to 10 
mmol/L can be observed during a game, and a match 
is played at an average LA level of 7 mmol/L (13). 
The main reason for fatigue during a game of soccer is 
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probably the emptying of glycogen stores, rather than 
LA accumulation (14). Due to the decreases in glyco-
gen levels during a match, fatty acid oxidation increases 
for energy supply, especially during the second half of a 
game. Thus, this means that the energy supply is slower, 
and resynthesizes GLC through glycogenesis is an 
important factor towards the end of the game, especially 
for a more effective shot and sprint performance. This 
finding shows that effective lactate elimination is impor-
tant for performance during the latter parts of a game. 

Studies have shown that important soccer perfor-
mance factors, including shot speed, the possibility of 
reaching the target, and the amount of high intensity 
running, decline towards the end of a match. Decreases 
in these variables are particularly evident during high 
intensity running in elite players compared to play-
ers at lower levels (15,16). However, the relationship 
between the decrease in glycogen stores and high lac-
tate levels, which are reasons for fatigue towards the 
end of a match, and the aforementioned hormones have 
not been determined. Besides, given that the decrease 
in a maximal exercise work capacity is related to an 
individual’s perception of effort, rather than physical 
fatigue, endogenous opioid peptides (EOP) like β-End 
may weaken this perception (1). This has not been pre-
viously studied, and this hormone is considered to have 
positive effects on shot and sprint performances. 

For the reasons above, the main purpose of this 
study was to examine the effects of lactate elimination 
and salivary β-End levels on the possible decrease in 
shot and sprint performance during the last period of 
a game played by 18–25 year-old trained soccer play-
ers. Furthermore, changes in salivary cortisol and tes-
tosterone levels during a game and their relationships 
with performance parameters specified were examined. 

Materials and Methods

Participants

Twenty-two male players (age 23.7 ± 3.47 years, 
height 177.43 ± 5.46 cm, body mass 75.2 ± 6.96 kg) 
who did not smoke or consume alcohol, were not 
taking any medicine or ergogenic supplement and 
attended amateur level soccer training (4 days per 

week, an average of 1.5 h of training, and a 1-day 
league match) voluntarily participated in the study. 
After receiving the approval of the Clinical Research 
Ethics Committee of the Faculty of Medicine, on the 
testing days, signed written consent was provided by 
each athlete after informing them of the purpose and 
benefits of the study and giving a detailed explanation 
of the tests to be performed on the testing days.

Experimental Design

After a contact meeting with the study partici-
pants, height, and body mass (Sinbo SBS-4414, pre-
cision: 100 g) were recorded. A week later, a Yo-Yo 
IR-1 test protocol was performed with soccer equip-
ment on natural grass. Three days after the first test, 
a lactate elimination test (LET) was performed using 
multiple sprint tests on the soccer pitch to determine 
the lactate elimination speed (LES) of each subject. 
A week after this measurement a soccer match was 
held on a proper soccer pitch (90 × 120 m). Sprint and 
shot performance tests were evaluated after warm-up 
before routine team training was finalized. All testing 
was carried out at 16:00 ± 1 and at a temperature of 
24.5°C ± 2°C. The participants were instructed to avoid 
changing their diets significantly and were prohibited 
from consuming alcohol 2 days before the measure-
ments specified. Necessary arrangements were made 
with the team trainers about the training loads to be 
given before the tests, and the players were instructed 
to avoid individual training, except for team training. 

Collection of Data

Yo-yo intermittent recovery test: Yo-Yo test proce-
dures were performed according to the recommenda-
tions of Krustrup et al (2003) (17). The test consisted 
of 20-m shuttle runs performed at increasing veloci-
ties, with 10 s of active recovery between runs until 
exhaustion. The increases in running speed during the 
test were given by signals on a portable CD player 
(Philips, Az1030 CD player, Eindhoven, Holland) 
until the athletes finalized the test. The tests were 
ended when the participants could not reach the front 
line twice (objective evaluation) within a given signal 
or when they would not be able to complete another 
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shuttle run at a specified speed (subjective evaluation). 
When the test was finalized, the distance covered by 
the subject was recorded as the test score, and the sub-
ject’s heart rate (HR) was recorded with a Polar RS 
400 HR monitor (Polar, Kempele, Finland). 

As soon as the tests were finalized, the athlete’s level 
of perception of the exercise intensity was determined 
with an oral 10-point Borg Scale (RPE). Subsequently, 
approximately 5 min after finalizing the test, saliva, and 
fingertip blood samples were taken for hormone and lac-
tate measurements, and they were termed “after Yo-Yo” 
(AYY). Yo-Yo IR-1 test results were used to evaluate the 
individual maximal effort of the participants. 

Lactate elimination test: Seven 30-m sprints, with 
a 25-s turning jog to the start line at the end of each 
sprint, were performed. The athletes’ sprint times were 
recorded by infrared sensor gates (Newtest Oy, Oulu, 
Finland) located at the start and 5 m and 30 m of the 
finish lines. For the participants to reach their maximal 
LA levels, the test was not finalized after the seventh 
30-m sprint but was evaluated after they ran half of the 
soccer pitch at maximal speed to the test finish point. 
The amount of lactate in the fingertip blood samples 
was evaluated at 5 min (maximal lactate; LAmax) and 20 
min (LA20) after the test. The LES was calculated by 
dividing the difference between LAmax and LA20 rela-
tive to the time passed (15 min). Besides, to assess the 
heart rate recovery speed (HRrs), we measured the dif-
ference between the maximal HR values taken imme-
diately after exercise (HRmax) and those taken 3 min 
after exercise (HR3) and divided it by 3. 

Soccer match: Five days before the soccer match, the 
players did not participate in other official matches, and 
2 days before the match, they were subjected to training 
programs without extensive high-intensity work and 1 
day of rest. The match was played as a practice match on 
a proper soccer pitch (90 × 120 m), in which the rules of 
a 90-min official soccer match were applied. For meas-
uring biochemical and hormonal parameters, saliva and 
fingertip blood samples were taken approximately 5 min 
before the match (M1), at halftime (M2), and at the 
end of the match (M3). The physiological, biochemical, 
and hormonal parameters measured before the match 
were accepted as the basal values. During the game, the 
HRs of all the players were recorded on a computer 
with an Activio Sport System (Activio AB, Stockholm, 

Sweden). Fatigue perceptions of each player after the 
M2 and M3 periods were determined using an RPE. 
During the last 10 min of the match, 2 players from 
each team performed 5 × 20-m sprints and shot tests 
in a specified measurement area, and the percentages of 
shots on target and shot and sprint speeds under end-
of-match conditions were determined. 

 Sprint and shot performance: Performance tests, 
including 5 and 20 m sprint times, shot speeds, and 
shots on target, were evaluated at the end of the match, 
Yo-Yo IR-1 test, and after warm-up. After the warm-
up session testing was performed on the third day fol-
lowing the match, after 1 day of recovery training, and 
1 day of aerobic training (60–65% HRmax). This test 
was used as the rest performance of the subjects. 

The test procedure included a total of 5 × 20-m 
sprints and shooting the ball towards the goal after 
each sprint while standing in the penalty area. Also, 
30-s rests were taken after each sprint and shot activity. 
The athletes’ sprint times were recorded using infrared 
sensor gates (Newtest Oy, Oulu, Finland) located at 
the start and 5 m and 30 m of the finish lines. The 
shot speed after the sprints was recorded behind the 
goal using a Bushnell Speedster II Sports Radar Gun 
(Bushnell Performance Optics, Kansas, USA), which 
can take measurements from distances of 27 m and 
speeds of 16–177 km/s with an accuracy of ±2 km/s. 
The number of shots hitting the target was evaluated in 
terms of sending the ball to the target without a goal-
keeper, and each shot was recorded as a goal or a miss.

 Blood handling and analysis: To perform the LA 
and GLC analysis, capillary blood samples (10 µL) 
were taken from the fingertip of each participant. The 
subject’s fingertip was first wiped with alcohol and 
then dried with a piece of cotton wool. The fingertip 
was then pierced with a lancet and squeezed gently. 
LA and GLC concentrations were measured with 
a Biosen C-Line Sport Analyser (EKF Diagnostics, 
Magdeburg, Germany).

Salivary handling and analysis: Two to three mil-
liliters of saliva were collected by blowing into high-
quality, clean hygienic polypropylene tubes through a 
10-cm plastic pipe. The collected samples were stored 
at 4ºC within 30 min. These samples were centrifuged 
for 20 min at 1000 g (NÜVE, NF200, Ankara) within 
2 h of collection. Following centrifugation, the top 
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clear liquid portion was transferred into a clean poly-
propylene tube, covered with a parafilm, and refriger-
ated at -20°C (Regal CF 2101, Manisa) until analysis. 
Samples were thawed before analysis, mixed with a 
vortex to get rid of mucus and other substances, and 
were centrifuged again at 1000 g for 20 min. The top 
clear portion was transferred into polypropylene tubes. 
β-End, cortisol, and testosterone analyses were carried 
out with a microplate reader using commercially avail-
able enzyme-linked immunosorbent assay (ELISA) 
kits. The salivary β-End analysis was performed with a 
human beta-endorphin ELISA Kit (E0806H kit, Uscn 
Life Science Inc, Wuhan, P.R. China) and testosterone 
and cortisol analyses with DIAMETRA Saliva Kits 
(DKO02, Milano, Italy).

Statistical analysis

Simple descriptive statistics are reported as means 
± standard deviations (mean ± s). A Kolmogorov-
Smirnov test was used to determine whether the data 
were normally distributed. The data were found to 
have a normal distribution and parametric analysis 
techniques were therefore employed. Relationships 
between the data were evaluated with Pearson r cor-
relation analysis. A repeated-measures ANOVA was 
used to compare the differences in repeated measures. 
When a difference was found in the repeated meas-
ures, post hoc analysis with a Bonferroni adjustment 
was performed to determine the time point at which 
the difference occurred. The data were analysed with 
SPSS for Windows (version 18.0; SPSS Inc, Chicago). 
Statistical significance was set at p < 0.05.

Results 

Data regarding the soccer match 

Table 1 shows the M1 (after warm-up as pre-
match), M2 (half time), and M3 (after match) physio-
logical, biochemical, and hormonal parameters, as well 
as the differences between the time points. Although 
the β-End levels between M1 and M3 increased in 
some players (an increase of 251% between M1 and 
M3) overall differences were not significant (p = 0.83, 

95% CI: -0.97 to 0.80, p = 0.95, 95% CI: -1.10 to 1.04, 
p = 0.91, %95 CI: -1.08 to 1.20), between M1, M2, 
and M3 values (3.34% between M1 and M2, 1.12% 
increase between M1 and M3, and 2.17% decrease 
between M2 and M3). Typical errors above 52.6% 
coefficient of variation (CV) demonstrated an unfa-
vorable level of agreement in β-End levels between 
M1, M2, and M3. Testosterone levels at M3 showed 
a significant increase compared to those at M1 (p < 
0.01) and M2 (p < 0.001). Although no significant 
difference in the testosterone level was observed 
between M1 and M2 (P= 0.476, 95% CI = -29.50 to 
60.38), typical errors were ≥55% CV for these periods. 
Although cortisol did not show a significant difference 
in the third period examined (between M1 and M2 
95% CI: -4.28 to 3.61, between M1 and M3 95% CI: 
-3.41 to 3.54, and between M2 and M3 95% CI: -2.17 
to 2.97), a bigger typical error (71.5% CV) was found 
between hormone levels (Table 1).

Correlation analysis of parameters during different parts 
of the soccer match

The relationships between HR, LA, GLC,  
β-End, testosterone, cortisol, and T/C ratios during 
different parts of the match (M1-M2-M3) were ana-
lysed. A significant correlation are shown in Table 2. 
There was no significant correlation (data not shown) 
between other markers.

Percentage evaluations of the match data in comparison 
with the data obtained after a maximal effort and the 
results of the Yo-Yo intermittent recovery test

Comparisons between the data obtained from 3 
different parts of the soccer match obtained after the 
maximal exercise test (Yo-Yo IR-1) are shown in Table 
4, and the Yo-Yo IR-1 test results are shown in Table 3. 
HR values during the match corresponded to a maximal 
level. On the other hand, LA levels were almost half of 
the maximal lactate. β-End levels during all parts of 
the match were close to those at a maximal effort level. 
M2 testosterone levels corresponded to nearly 68% of 
the maximal, while they appeared to exceed 100% at 
M3. M2 cortisol levels were 3 times higher than maxi-
mal and returned to the basal values at the end of the 
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Table 1. Physical, physiological, biochemical measurements and differences between the time points 

Variables M1 M2 M3 Periods Diff. p-value

LA (mmol. L-1) 1.76±0.55 5.21±1.68 5.42±185
M1 – M2
M1 – M3
M2 – M3

-3.4***
-3.6***
-0.2

0.000
0.000
0.698

β-End (pg/mL) 2.67±1.52 2.76±1.76 2.70±1.07
M1 – M2
M1 – M3
M2 – M3

-0.0
-0.0
-0.0

0.837
0.957
0.913

Testosterone (pg/mL) 96.81±46.82 81.37±50.33 140.68±39.30
M1 – M2
M1 – M3
M2 – M3

-15.4
-43.8**
-59.3***

0.475
0.010
0.001

Body Mass (kg) 75.21±6.96 74.66±6.80 73.98±6.73
M1 – M2
M1 – M3
M2 – M3

  0.5***
  1.2***
  0.6**

0.000
0.000
0.002

HR (beats. min-1) 67.56±3.79 154.12±8.42 157.31±5.58
M1 – M2
M1 – M3
M2 – M3

-86.5***
-89.7***

-3.1

0.000
0.000
0.081

GLC (mmol. L-1) 3.16±0.66 4.41±1.71 3.26±1.09
M1 – M2
M1 – M3
M2 – M3

-1.2**
-0.0

-1.1**

0.008
0.660
0.009

Cortisol (ng/mL) 5.93±4.74 6.26±4.44 5.86±4.37
M1 – M2
M1 – M3
M2 – M3

-0.3
-0.06
-0.4

0.858
0.970
0.745

T/C 25.86±20.15 19.25±15.38 39.59±32.91
M1 – M2
M1 – M3
M2 – M3

-6.6
-13.7
-20.3*

0.259
0.098
0.018

M1= Before match, M2= Half-time, M3= After match, HR= Heart rate, LA= Lactate, GLC= Glucose, β-End= Saliva beta endor-
phin, T/C= Testosterone-cortisol ratio. *significant at p < 0.05, ** significant at p < 0.01, ***significant at p < 0.001.

match. M2 T/C values were at 25% of the maximal but 
reached 50% after the match (Table 4).

Lactate elimination test

The lactate elimination test parameters provided 
in Table 5.

Relationships between the end-of-match sprint and 
shot performance and β-End, LES, FI, RPE, and other 
parameters

A negative relationship was found between 
T/C3 and the ratio of end-of-match shots on target 
(r = -0.613; p < 0.01). Also, a negative relationship 
was determined between LAmax and the ratio of M3 
shots on target (r = -0.775; p < 0.001). No relationships 
were found between the physiological and biochemical 

parameters at M3 and those at M3 sprint and shot 
parameters (Table 6).

Changes in measurements of performance and biochemical 
parameters

There was a non-significant 9% decrease in the 
average 20-m sprint running time between M1 and 
M3 and a 3% decrease between AYY and M3. A sig-
nificant difference (p < 0.05) was found only in the 
5-m and 20-m sprint times between M3 and AYY 
(Figure 1). 

Discussion and Conclusion

This is the first study to examine possible rela-
tionships between changes in the shot and sprint 



Progress in Nutrition 2021; Vol. 23, Supplement 1: e20211256

Table 2. Relationships between the HR, LA, GLC, β-End, 
testosterone, cortisol, and T/C ratios during different parts of 
the match 

Variables Periods r-value p-value

β-End1 - β-End2 M1 – M2 0.498 0.05

GLC1 - GLC3 M1 – M3 0.615 0.01

β-End1 - T/C2 M1 – M2 0.533 0.03

Cortisol1 - GLC2 M1 – M2 0.537 0.03

T/C1 and β-End3 M1 – M3 0.489 0.05

T/C1 and Testosterone3 M1 – M3 0.538 0.03

HR2 - HR3 M2 – M3 0.592 0.01

HR2 - GLC3 M2 – M3 0.633 0.01

T/C2 - β-End3 M2 – M3 0.493 0.05

HR1 - HR2 M1 – M2 -0.628 0.01

GLC1 - Testosterone2 M1 – M2 -0.692 0.03

Testosterone1 - 
Testosterone2

M1 – M2 -0.504 0.04

Testosterone1 - 
Cortisol2

M1 – M2 -0.486 0.05

Cortisol1 - 
Testosterone3

M1 – M3 -0.569 0.02

Testosterone1 - GLC3 M1 – M3 -0.628 0.02

T/C2 and testosterone3 M2 – M3 -0.054 0.03

M1= Before match, M2= Half time, M3= After match HR= 
Heart rate, LA= Lactate, GLC= Glucose, β-End= Beta endor-
phin, T/C= Testosterone /cortisol ratio 

Table 3. The Yo-Yo intermittent recovery test level-1 results

LA
(mmol. L-1)

GLC
(mmol. L-1)

HR
(beats. min-1)

Total distance
(m)

RPE Testosterone 
(pg/ml)

Cortisol 
(ng/mL)

β-End 
(pg/ml)

T/C

Mean±SD 11.73±1.94 5.76±0.97 181.75±10.36 813.75±264.19 7.87±0.71 130.18±29.15 2.08±0.75 2.87±1.10 69.87±30.01

HR= Heart rate, LA= Lactate, GLC= Glucose, β-End= Saliva beta-endorphin, T/C= Testosterone-cortisol ratio, RPE= Rate of 
perceived exertion

performances observed during the last period of an 
amateur soccer game and lactate elimination, as well 
as salivary β-End, cortisol, and testosterone levels. The 
average HR values at half-time and the end of the 
match corresponded to 85–87% of the athlete’s maxi-
mal values, while blood LA values were 5.4 mmol/L 
and 5.2 mmol/L levels at half-time and the end of 
the match, respectively. Our match results showed the 
same effect on HR and LA levels with other training 
and practice match studies (18-20). The results of our 

study, which were performed in the form of a training 
match, generally coincide with those of similar studies, 
suggesting that the training match had a physiological 
stress effect on the players similar to the effects of real 
matches. 

β-Endorphin

During a soccer match, the average consumed 
energy corresponds to approximately %75 of the maxi-
mal aerobic power. Due to this high energy demand, 
a decrease in muscular glycogen levels occurs towards 
the end of the game, which means that the glycogen 
content of Type I fibrils is halfway depleted, and Type 
IIA fibril glycogen is almost depleted (17). This is 
reflected in a decrease in the work rate (14). Therefore, 
the depleted muscular glycogen stores may have an 
important role in the decrease in performance during a 
game (17). It has also been stated β-End levels increase 
at anaerobic threshold intensities (21), facilitate work-
ing muscle glucose uptake during exercises at this 
intensity (22), and limit the decrease in blood GLC 
levels by increasing glucagon synthesis. In our study, no 
significant relationship was found between β-End and 
GLC levels at any sampling point. However, positive 
correlations were found between β-End and testos-
terone and T/C levels, implying that β-End may only 
have an indirect anabolic role, parallel to testosterone, 
in maintaining blood GLC levels during a match. 

β-End receptors are excessively located in the neu-
romuscular intersections of muscles, and production at 
the neuromuscular junction of β-End by motor nerve 
terminals may be an important factor in reducing neu-
romuscular fatigue during the exercise of enough time 
and intensity (23). In a study by Khan et al. (2005), 
no significant relationship was found between basal 
plasma levels (4.8 ± 1.0 pmol/L) and plasma β-End 
levels after cycle ergometer exercise at work rates of 
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Table 4. Percentage ratios of the data obtained from different parts of the soccer match in comparison with the data after the maximal 
exercise test (Yo-Yo IR-1 test)

Variables M1 (%) M1 M2 (%) M2 M3 (%) M3

HR (beats. min-1) 37.17 67.56±3.79 84.79 154.12±8.42 86.55 157.31±5.58

LA (mmol · L−1) 15.00 1.76±0.55 44.41 5.21±1.68 46.20 5.42±1.85

GLC (mmol · L−1) 54.86 3.16±0.66 76.56 4.41±1.71 56.59 3.26±1.09

β-End (pg/ml) 93.03 2.67±1.52 96.16 2.76±1.76 94.07 2.70±1.07

Testosterone (pg/ml) 74.36 96.81±46.82 62.50 81.37±50.33 108.06 140.68±39.30

Cortisol (ng/ml) 285.09 5.93±4.74 300.96 6.26±4.44 281.73 5.86±4.37

T/C 37.01 25.86±20.15 27.55 19.25±30.01 56.66 39.59±32.91

M1= Before match, M2= Half time, M3= After match, HR= Heart rate, LA= Lactate, GLC= Glucose, β-End= Saliva beta-endor-
phin, T/C= Testosterone-cortisol ratio

Table 5. Lactate elimination test results

5m sprint (s) 30m sprint (s)
LAB 

(mmol · L−1)
GLCB

 (mmol · L−1)
LA5 

(mmol · L−1)
LA20 

(mmol · L−1)
LES

(mM/min)

Mean±SD 0.96±0.06 4.31±0.18 1.63±0.50 4.36±0.42 14.11±2.43 8.43±2.49 0.37±0.08

HRend
(beats · min-1)

HR3
(beats · min-1)

HRRS
(beats · min-1)

GLC5
(mmol · L−1)

GLC20
(mmol · L−1) FI (%) RPE

Mean±SD 184.50±7.44 114.37±12.12 23.37±3.48 5.27±0.87 4.36±0.46 0.28±0.14 9.12±0.71

LA= Lactate, LAB= Basal lactate, LA5= Lactate in after 5 min test, LA20= Lactate in after 20 min test, HRend= Lactate in after finish 
test, HR3= Heart rate in after 3 min test, HRRS= Hear rate recovery speed, GLC5: Glucose in after 5 min test, GLC20: Glucose in after 
20 min test, FI: Fatigue index, LES: Lactate elimination speed, RPE: Rate of perceived exertion

%40 and %60 VO2max (3.8 ± 0.7 and 6.3 ± 0.9 pmol/L 
respectively) in 10 healthy men and women (23). 
However, a significant increase (16.1 ± 4.0 pmol/L) 
has been shown to occur at high exercise intensities 
(%80 VO2max) than those performed in the current 
study (21). When examining the salivary β-End levels 
in our study, the values obtained at M1 (2.7 pg/mL), 
M2 (2.8 pg/mL), and M3 (2.7 pg/mL) showed a very 
small increase, but this was not statistically signifi-
cant. However, the β-End levels of 2 athletes at M1 
were 1.50 pg/mL, whereas those values increased to 
5.27 pg/mL at M3. Considering these results, sali-
vary β-End levels may show changes and are useful 
in place of plasma in these types of studies. Moreo-
ver, no significant relationship was found between the 
RPE and β-End levels after the match. However, in 
another study, β-End levels were increased 2-fold fol-
lowing maximal treadmill exercise in trained men, and 
6 months of endurance training, basal plasma values 

were decreased by nearly %47, and the feeling of pain 
after exercise was reduced. The same study also found 
no significant relationship between blood plasma 
β-End levels and the feeling of pain (24), which is 
similar to that reported in our study. 

Although the 5-m and 20-m sprint speeds and 
the shot speeds on target at the end of the match were 
not significantly different from the after-warm-up 
values, a %9 decrease in the 20-m sprint times at M1 
and M3 was observed. Moreover, the percentage of 
shots on target was lower, although not significant. In 
a study carried out with elite players, the end-of-game 
sprint times did not significantly decrease, like that 
reported in our study (25). Besides, we found that M3 
β-End levels were not significantly related to the shot 
speed and percentage of shots on target. Therefore, it 
is not possible to claim that β-End levels may have a 
role in the end-of-the-match small decreases (%3.2) in 
the 20-m shot speed and percentage of shots on target. 
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Lactate elimination

In our study, no significant relationships or dif-
ferences were found between the LES and shot per-
formances during M1 and M3. In studies examining 
fatigue and recovery, and the effects of these param-
eters on leg strength during short-term intensive leg 
extensions (26,27), 8–9 mmol/L peak LA levels were 
reached after exercise, which is similar to the values 
obtained in our study and soccer matches. Further-
more, these authors found a %40–80 decrease in 
the average leg peak torque following loading peri-
ods. Small decreases in LA during 30–60-s recovery 
periods were found, whereas a much faster recovery 
(47–85%) was seen in strength levels. Considering the 
importance of the rectus abdominis and knee exten-
sor muscle strength for effective shot performance, it 

is possible to 1- 1.5 min rest time before the shot test 
could have provided enough strength recovery in these 
muscles to effective shot performance even during M3. 

Furthermore, as strength is maintained to a greater 
extent during maximal voluntary muscle movements, 
than during concentric movements at large angular 
speeds (i.e., shot movements) (28), we suggest that the 
maintenance of leg strength plays a more important role 
in shot performance efficiency than lactate elimination. 

Testosterone and cortisol

Testosterone levels showed biphasic during the 
match, decreasing in the first half and increasing in the 
second half. The reason for the decrease during M1 may 
be due to the suppression of luteinizing hormone pro-
duction by the pituitary gland (29) and hypothalamic 

Table 6. Relationships between the shot and sprint performance data and β-End, LES, FI, RPE, and other parameters at the end 
of the match 

Variables 5 m (s) 20 m (s) Shot speed (km/h) Goal percentage (%)

HR3 (beats · min-1) r=-0.127
p=0.64

r=-0.127
p=0.64

r=-0.168
p=0.53

r=0.336
p=0.20

LA3 (mmol · L−1) r=-0.002
p=0.99

r=0.079
p=0.77

r=-0.214
p=0.42

r=-0.093
p=0.73

GLC3 (mmol · L−1) r=-0.174
p=0.51

r=-0.343
p=0.19

r=-0.322
p=0.22

r=-0.054
p=0.84

β-End3 (pg/mL) r=0.078
p=0.77

r=-0.041
p=0.87

r=-0.392
p=0.13

r=-0.284
p=0.28

Testosterone3 (pg/mL) r=-0.463
p=0.07

r=-0.332
p=0.20

r=0.173
p=0.52

r=-0.025
p=0.92

Cortisol3 (ng/mL) r=-0.233
p=0.38

r=0.055
p=0.84

r=0.369
p=0.16

r=0.345
p=0.19

T/C3

r=-0.209
p=0.43

r=-0.364
p=0.16

r=-0.314
p=0.23

r=-0.613
p=0.01**

LAmax (mmol · L−1) r=0.080
p=0.76

r=-0.202
p=0.45

r=-0.352
p=0.18

r=-0.775
p=0.000***

LES (mmol/min) r=-0.365
p=0.16

r=-0.147
p=0.58

r=0.049
p=0.85

r=-0.211
p=0.43

HRRS (beats · min-1) r=-0.197
p=0.46

r=0.076
p=0.78

r=0.178
p=0.51

r=0.176
p=0.51

FI (%) r=-0.159
p=0.55

r=0.119
p=0.65

r=0.447
p=0.08

r=0.435
p=0.09

RPE r=0.247
p=0.35

r=0.320
p=0.22

r=-0.017
p=0.95

r=-0.103
p=0.70

HR3= Heart rate in M3, LA3= Lactate in M3, GLC3= Glucose in M3, β-End3= Beta endorphin in M3, FI= Fatigue index, T/C3= 
Testosterone / cortisol ratio in M3, LES= Lactate elimination speed, HRRS= Heart recovery speed, RPE= Rate of perceived exertion. 
LAmax= Maximal lactate
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corticotrophin-releasing hormone (CRH) secretion 
because of increased cortisol levels. Due to the secretion 
of gonadotropin-releasing hormone, the corticotropic 
axis suppresses the gonadotropic axis at the hypotha-
lamic level (29,30) with a direct effect of CRH or via 
an increase in β-End. This may explain the decrease in 
testosterone levels during M1, while cortisol levels were 
high, which was observed at half-time in our study. The 
reason behind the increase in testosterone during M2 
may be related to a decrease in testosterone discharge 
and inactivation due to a decline in liver blood flow, thus 
resulting in a temporary increase in blood testosterone 
levels at the end of the exercise (31). The increase in tes-
tosterone levels may also be due to the decrease in gly-
cogen stores towards the end of the soccer match, which 

employs both anaerobic and aerobic endurance because 
testosterone is known to have opposite effects to corti-
sol and also affects the maintenance of glycogen stores 
(32). Therefore, endogenous hormones may change with 
an energy metabolism based on fat dominance, rather 
than GLC, towards the end of the match. In support of 
this, a study carried out with female soccer players found 
that parallel with an increased anti-oxidant capacity 
after a match, blood-free testosterone levels increased 
while GLC levels decreased to a similar extent as the 
current study (33). Testosterone is a hormone with posi-
tive effects on muscle growth and consequential per-
formance (34). It has been shown that, particularly in 
studies with male athletes (weight-lifters, soccer play-
ers, and handball players), there are low or moderate 

Figure 1. Changes in measurements of performance (5-m sprint, 20-m sprint, goal percentage, and shot speed) at pre-match (M1), 
post-match (M3), and after Yo-Yo IR-1 test (AYY) and in biochemical parameters (beta-endorphin, testosterone, cortisol lev-
els). The times when the measurements were taken and the average values of these measurements are shown in different colors  
(Red: before match, purple: after the match, green: after Yo-Yo IR-1 test). Values for the hormones are given at the right down corner  
(Blue: beta-endorphin, orange: cortisol, black: testosterone).
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level correlations between blood and salivary testoster-
one and/or cortisol levels and jump height, sprint abil-
ity, and maximal strength (35-37). In another study 
with elite rugby players, significant relationships were 
found between salivary testosterone and cortisol levels 
and several measurements of sprint speed, power, and 
strength (38). In contrast to other studies, we found that 
the end-of-match performance parameters (sprint, shot 
speed, and percentage of shots on target) were not sig-
nificantly different from after warm-up values. The lack 
of a significant increase in β-End and cortisol levels and 
an increase in testosterone levels may be due to the non-
significant relationships between sprint and shot perfor-
mance parameters and cortisol and testosterone levels. 

Since the present study is the first to examine 
β-End with salivary samples in a team sport, it is 
quite difficult to compare these results with those of 
studies that have used blood hormone levels. This is 
because, as an indirect determiner of free hormones, 
saliva allows for an endocrinal measurement that is 
more sensitive than total hormonal measurements 
(39). Besides, factors such as the analytic methods and 
study designs employed, the training state of the sub-
jects, and the type, duration, and intensity of exercises 
may have played a role in the differences found with 
other studies. Moreover, the relationships between 
the performance parameters and the hormones exam-
ined in the present study may have been influenced by 
the positional differences of the players on the field. 
However, this type of possible relationship could not 
be studied due to the inadequate numbers of players. 
This assumption may be addressed in future research. 
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