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Abstract
Background and In an endurance sport such as triathlon, coaches at the elite level strive to select an appropriate
purpose nutritional strategy prior to performance in addition to optimizing the training process. Based

on this, the research in question was designed with the aim to verify the effect of caffeine on the
running performance of performance triathletes during the preparation period.
Purpose is to determine the effect of caffeine on running performance in triathletes.

Material and The study sample consisted of 8 performance triathletes from the TRIAN club of SK UMB

methods Banska Bystrica, whose age was 16.7 + 0.67 years. Diagnostics were run on InSPORTIline Condi
T6000i treadmill with the aim of detecting lactate and blood sugar levels (mmol/I) before the
performance and within 10 seconds after the performance. The blood lactate level was detected
with the portable device Lactate Scout+ and the blood glucose level was measured with the
Wellion CALLA light glucose meter. The running pace at which the participants performed the
test was at anaerobic threshold and they attempted to cover a distance of 1,500 m at a constant
incline of 3%. The testing took place 1 time per week in the morning hours (08:00-08:30).
On the second day after the initial testing from 01.03.2023 to 14.03.2023, the participants
started taking placebo (magnesii lactas) on a daily basis in form of capsules. The participants
took 2 capsules (200 mg magnesium) which they consumed with 200 mL of water 45 to 60
minutes before each morning workout/test. This was followed by the administration of caffeine
capsules, which they consumed for an additional 2 weeks from 03.15.2023 to 03.28.2023. The
participants consumed caffeine capsules at 5 mg/kg body weight 45 to 60 minutes before each
morning workout/test. The intervention programme lasted 5 weeks

Results When administering caffeine capsules at a dose of 5 mg/kg body weight, there was a significant
reduction of approximately 26% in the average blood lactate level of the participants after the
1,500 m run. The participants' mean blood glucose levels increased by approximately 4.9% after
the 1500 m run.

Conclusions Based on the results we can claim that for ergogenic effects on performance we recommend
supplementing with 5mg/kg body weight of caffeine approximately 45 to 60 minutes before
training.
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AHoTaLifA

Kpicrian bako, Mixaa I'naBek, IBana Bbypcka, Parko IlaBioBuuy. BiuiuB kodeiny Ha edexkTuBHicTH 0iry y
npodeciiHuX TPUATIOHICTIB

OG6rpyHTYBaHHSA i
meTa

Marepian i
meroau

Pe3ynbratn

BucHoBKM

Kniouosi cnosa

Y Takomy BMAi CNOPTY Ha BUTPUBAJICTb, AK TPMATIOH, TPEHEPM €NITHOTO PiBHA NparHyTb BUbpaTtu
Bi4NOBIAHY CTPATErito XapyyBaHHA Nepes, BUCTYNOM Ha A0A4ATOK A0 ONTMMIi3aL,ii TPeHyBaIbHOro
npouecy. Buxogaum 3 upboro, JOCNIAMKEHHA, NP0 AKe NAeTbeA, byno po3pobreHo 3 MeToto
nepesBipuTM BNAMB KodeiHy Ha 6iroBy NpOAYKTUBHICTb TPMATAOHICTIB Mif Yac NigrotoByoro
nepioay.

MeTa nonarae B8 Tomy, o6 BU3HaUMTK BNANB KodeiHy Ha edeKTUBHICTb Biry y TpMaTnoHicTiB.

Bubipka mocnigxeHHa cknaganaca 3 8 CNoOpTCMeEHiB-TpiaTnoHicTie i3 kayby TRIAN SK UMB
Banska Bystrica, Bik aKux ctaHoBuB 16,7 * 0,67 pokis. [iarHOCTMKY MpoBoAuAN Ha 6irosii
popixui INSPORTline Condi T6000i 3 meTol BU3HAYEHHA PiBHA NaKTaTy Ta LYKPY B KpoOBi
(Mmmonb/n) oo BMKOHaHHA Ta npoTArom 10 ceKyHA nicna BMKOHAHHA. PiBeHb nakTaTy Kposi
BM3HA4YaIM NOpTaTUBHMM npunagom Lactate Scout+, a piBeHb MMOKO3U KPOBi BUMIpHOBanu
rntokomeTpom Wellion CALLA light. Temn 6iry, 3 SKMM y4aCHUKM BUKOHYBau TecT, byB Ha piBHi
aHaepobHOro nopory, i BOHM Hamaranucsa nogonatn guctaHuito 1500 m 3 NOCTIMHUM Haxnaom
3%. TecTyBaHHA npoxoauno 1 pa3 Ha TMKAEeHb Y paHKoBi rogmHu (08:00-08:30). Ha apyruit
AeHb nicna noyatkosoro TectyBaHHA 3 01.03.2023 no 14.03.2023 y4yaCHWMKKM NOYanM WoOLHA
npuimaTn nnauebo (MarHesito naktart) y popmi Kancyn. YyacHuKM npuitmanu 2 kancyau (200
Mr MarHito), aki 3anusatotb 200 ma BoAm 3a 45-60 XBMAUH A0 KOXKHOTO PaHKOBOro TPeHyBaHHsA/
Tecty. Micnsa uporo 6yno BBeAEHO Kancynn KodeiHy, iKi BOHU BXKMBau e 2 TUHI 3 15.03.2023
no 28.03.2023. YYaCHUKM BKMBAAK Kancyan KodeiHy B A03i 5 mr/Kr macu Tina 3a 45-60 XBUAUH
[0 KOKHOro paHKOBOro TpeHyBaHHsA/TecTy. Mporpama iHTEpPBEHLi TPMBana 5 TUXKHIB

Mpwu BBeAEHHI KodeiHy B Kancynax y A03i 5 mr/Kr macu Tina cnocrepiranoca 3HauyHe 3HUMKEHHA
nNpunban3HO Ha 26% cepeiHbOTO PiBHA IAKTaTy B KPOBI y4aCHMKIB nicaa 6iry Ha 1500 m. CepeaHiii
piBEHb [1IOKO3M B KPOBi y4aCHMKIB NigsumBeca npnbamsHo Ha 4,9% nicns 6iry Ha 1500 m.

Ha ocHOBi pe3ynbTaTiB MW MOXKEMO CTBEPAKYBaTWM, WO A8 €eproreHHoro BNAMBY Ha
NPOAYKTUBHICTb MU PEKOMEHAYEMO A0AaBaTh 5 Mr/Kr macu Tina kodeiHy npnbnunsHo 3a 45-60
XBWJIMH A0 TPEHYBAHHSA.

KodeiH, BUTPMBaANiCTb, NPOAYKTUBHICTb, Bir, TPMATIOH
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Introduction

The triathlon is an endurance contest in
which we must compete in 3 consecutive events [1].
In elite and high-performance triathlon, every detail
is crucial to the outcome. Therefore, it is essential
to optimize not only the methods of triathlon
performance development but also the improvement
of cycling and running equipment, nutrition, and
sports nutrition [2]. Optimal endurance performance
requires careful consideration of nutrient intake.
Endurance athletes rarely compete fasted because it
can compromise their performance. The timing and
composition of the pre-training meal is an important
factor involved in their subsequent endurance
performance [3]. Authors [4, 5, 6] say that we
cannot expect to perform at our best in the triathlon
if we do not strategically optimise our diet as well
as our pre-exercise sports nutrition. Sindelai and
Roubik [7] recommend that other aspects of sports
nutrition such as energy balance, macronutrients,
micronutrients and meal timing should also be
observed for ergogenic effects caused by dietary
supplements. One of the most widespread and widely
used psychoactive substances that positively effects
the functions of the nervous, cardiovascular and
respiratory systems is caffeine. In addition to health
benefits, it also has significant stimulatory effects on
athletic performance. The ideal timing of caffeine
administration prior to exercise also depends on the
form in which the caffeine is consumed. Caffeine
chewing gum is ideally consumed 5 to 15 minutes
before exercise, coffee 40 minutes, and caffeine
capsules approximately 60 minutes before exercise.

Caffeine in endurance sports shows positive
effects on aerobic performance, as confirmed in a
field study by [8]. A systematic review and meta-
analysis by [9] summarises 44 studies, suggesting
that caffeine supplementation has the greatest effect
on endurance performance when taken at 3-6 mg/
kg body weight. Authors [7], who report that taking
this amount of caffeine reduces the time taken to
complete an endurance event by approximately 2%,
share this view. This 2% can also determine the top
position for an elite triathlete at the performance
level. Caffeine also has a positive effect on mental
exhaustion. A study by [10] physically tested eight
mentally exhausted participants on a bicycle.
The results indicated an increase in endurance
performance of approximately 14%. Based on this
research, we can assume that the higher the amount
of caffeine consumed, the more significant the
improvement may be. Desbrow et al. [11] addressed

the issue of the amount of caffeine consumed in their
study, which showed that there were no significant
differences in endurance performance when 3 mg/kg
or 6 mg/kg were consumed, therefore the previous
claim can be rejected. Higher doses of caffeine
can have rather negative effects such as headache,
restlessness, nervousness, which will be reflected
in sport performance. Additionally, an athlete's
individual profile, i.e. their genetic make-up in terms
of caffeine metabolism, has to be taken into account
when consuming caffeine. Caffeine is metabolized
in the liver, causing an increase in lipolysis, which
increases the concentration of fatty acids in the blood
and subsequently uses them as a source of energy
from intra and extra muscular stores, thus allowing
to reduce glycogen consumption and to increase
endurance performance.

In this case, we have decided to use the
dosage according to the aforementioned authors, at a
level of 5 mg/kg body weight, in the form of caffeine
capsules, 45-60 minutes before the start of the test.
The purpose is to determine the effect of caffeine on
running performance in triathletes

Material and Methods

Participants

The study of the effect of caffeine on running
performance was carried out on 8 performance
triathletes from the club TRIAN SK UMB Banska
Bystrica, whose age during the initial measurements
was 16.7 + 0.67 years. The research was conducted
from 21.3.2023 to 28.3.2023 during the triathletes’
preparation period. The entire testing process took
place in the premises of the Sports School in Banska
Bystrica. The room temperature was 20 to 22 °C.

Experimental study design

The intervention program consisted of 5
weeks, during which the triathletes completed the
1,500 m running test 5 times (at weekly intervals).
Every Tuesday morning (08:00-08:30), the triathletes
completed a 1500m treadmill running test using
four InSPORTIline Condi T6000i treadmills. The
speed at which the triathletes performed the test was
determined by individual performance. Triathletes
were instructed to cover a distance of 1 500 m at an
anaerobic threshold level at a constant incline of 3%.
Blood lactate (mmol/l) and blood glucose (mmol/l)
levels were recorded for each participant before
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each test. The participants' lactate and blood glucose
levels were also measured immediately after the test
(within 10 seconds). The blood lactate level was
measured with the portable device Lactate Scout+
and the blood glucose level was measured with the
Wellion CALLA light glucose meter. The test was
accompanied by a warm-up consisting of a 10-minute
run on the treadmill on which the test was carried
out. The warm-up consisted of dynamic stretching
focused on the lower limbs. The test was performed
in groups of four with one-minute intervals between
each group to ensure accurate data output (lactate
and glucose).

Procedures

The participants consumed caffeine on a
regular basis in the form of coffee or energy drink
and therefore they were informed on 21.02.2023 to
cut out any form of caffeine (energy drinks, green/
black teas, coffee, caffeine capsules...) from their
diet one week before to the first testing, so that the
ergogenic effects of caffeine were avoided at the
initial testing (28.02.2023).

On the second day after the initial testing,
the participants began taking a placebo on a daily
basis. Placebo as the control variable was magnesii
lactas and was administered in capsule form. The
participants consumed 2 magnesium capsules 45 to
60 minutes before each morning trainig or testing.
In terms of nutritional data, 2 magnesium capsules
represent 200 mg of magnesium. Placebo was taken
by the participants with 200 ml of water and taken
from 01.03.2023 to 14.03.2023. The experimental
variable in this research was caffeine. The participants
also consumed caffeine in the form of capsules, but
the dosage was adjusted according to body weight
(5 mg/kg). They started taking the capsules from
15. 03. 2023 until 28. 03. 2023, when the final tests
were carried out. The participants also consumed
the caffeine capsules with 200 ml of water 45 to 60
minutes before each morning practice or test. The
caffeine dosing method was based on the findings of
[7, 9], who recommend supplementing caffeine 3 to 6
mg/kg within 60 minutes (capsule form) before each
training session for ergogenic effects. The placebo
together with the caffeine was in unmarked packets
and both types of capsules were white in colour.
The participants reported the consumption of each
dietary supplement (placebo/caffeine) to their head
coach on a daily basis. They did not consume any
energy drinks, green/black teas or coffee during the

entire research period.
Statistical analysis

In this study, we used Microsoft Excel 2016
to process the data and to calculate arithmetic means,
standard deviations and percentage differences of
each variable in the research.

When developing the theoretical background,
we used the methods of logical analysis, induction
and deduction, comparing the results of our research
with previous knowledge, from which we drawn
conclusions in the discussion of the study.

Results

In the following figures we illustrate and summarize
the results of our research conducted on 8
performance triathletes aged 16.7 = 0.67 years from
the club TRIAN SK UMB Bansk4 Bystrica.

Figure 1 shows a comparison of the mean
blood lactate levels of the 8 participants. The
caffeine-free column represents the mean blood
lactate level at the baseline measurement, which was
1.76 = 0.4 mmol/L. The participants did not consume
any form of caffeine during this period. The placebo
column indicates the period when the participants
took placebo (magnesium lactate). This column
shows a slightly higher blood lactate level of 1.83 +
0.56 mmol/l. The caffeine column defines the period
of caffeine consumption. The mean blood lactate of
the participants was 1.73 = 0.35 mmol/l, which was
the lowest value compared to weeks in which the
participants were not given caffeine or had placebo
(magnesium lactate) as substitute.

In Figure 2 we interpret the mean blood
lactate level achieved by the 8 participants. This data
was obtained after the 1,500 m run. The caffeine-
free column shows that the mean blood lactate level
of the participants was 5.7 = 2.52 mmol/l after the
performance. In the second, placebo, column, we
can see that during the 2-week period when the
participants supplemented with magnesium lactate,
the mean blood lactate level after the test was
lower at 4.65 + 1.48 mmol/l. The caffeine column
characterises the 2-week period during which the
participants supplemented with caffeine. During this
period, the blood lactate level was significantly lower
after the 1,500 m run, at 4.2 + 1.77 mmol/l. From the
current results, we can assume that the consumption
of caffeine before exercise can reduce the level of
lactate in the blood, which is in accordance with the
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findings of the study [12].

Figure 3 compares the 3 periods when
participants were caffeine-free, took placebo
(magnesium lactate) and caffeine, and their effect
on blood glucose levels before the performance. The
caffeine-free column represents the lowest blood
glucose level of 5.32 + 1.38 mmol/l. During the 2
weeks of magnesium lactate supplementation, the
blood glucose level before the performance increased
slightly to 5.48 = 0.72 mmol/l. The highest blood
glucose values were during the 2-week period of
caffeine use. During this period, the participants had
a mean blood glucose level of 5.54 £ 0.47 mmol/l
before the 1500 m run.

Figure 4 shows the average blood glucose
level achieved by the 8 participants. These data
were obtained after the 1,500 m run. The caffeine-
free column shows that the mean blood glucose

1,84

level of the participants after exercise was 5.43
+ 1.11 mmol/l. On the second, placebo column,
we can see that over the 2-week period when the
participants supplemented with magnesium lactate,
the mean post-test blood glucose level was almost
identical to that of the caffeine-free column, at 5.44
+ 0.44 mmol/l. The caffeine column characterises
the 2-week period during which the participants
supplemented with caffeine. During this period,
blood glucose levels were significantly higher after
the 1,500 m run compared to the caffeine-free and
placebo measurements. The blood glucose level
was 5.7 £ 0.65 mmol/l. From these results, we can
assume that consuming caffeine before exercise may
increase blood glucose levels. Graham et al. [13] also
suggest that caffeine may be involved in the increase
in blood glucose during exercise.
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Fig. 1. Mean blood lactate levels (mmol/l) of the participants before performance
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Fig. 2. Mean blood lactate levels (mmol/l) of participants after the 1,500 m run

22



2024
2(2)

56
5,55 |
55

5,45 |
54 |
5,35 |
53 |
5,25 |
5,2

Z

GLUCOSE (mmaol/)

%

B Caffeine-free

EAPlacebo

O Caffeine

Fig. 3. Mean blood glucose levels (mmol/l) of participants before exercise

5,7 |

5,6 F

54 |

GLUCOSE (mmol/L)

5,2

H Caffeine-free

El Placebo

Fig. 4. Mean blood glucose levels (mmol/l) of participants after the 1,500 m run

Discussion

The aim of this study was to verify the
effect of caffeine on the running performance of
high performance triathletes during the preparation
period, which we were able to do.

On average, 8 performance triathletes
showed minimal differences in pre-exercise blood
lactate and blood glucose levels compared to results
obtained after the 1500 m run. Pre-exercise blood
lactate levels were nearly identical when compared
to baseline, but pre-exercise blood glucose levels
were slightly elevated.

There was a reduction of approximately
26% when comparing the participants' average
blood lactate levels after a 1500m run. The
participants' mean blood glucose levels increased by
approximately 4.9% after the run.

Ourclaimthat caffeine contributes to lowering
blood lactate levels, which may ultimately positively
affect running performance, can be supported by the
research of [12]. In that research, a reduction in blood

lactate levels occurred with an identical amount of
caffeine intake (5 mg/kg body weight). Gaesser &
Rich [14] also support this claim. According to them,
blood lactate levels can be significantly affected
by caffeine consumption. A slower onset or lower
blood lactate level allows us to reach exhaustion
later, which can prolong endurance performance.
This is supported by [7], who say that consuming
this amount of caffeine reduces the time needed to
complete an endurance event by about 2%. Also [8,
9] are inclined to suggest that caffeine has positive
effects on endurance performance. According to [7],
the approximately 4.9% increase in blood glucose
levels in our participants may be due to an increase
in lipolysis, which increases the concentration of
fatty acids in the blood and uses them as an energy
source from intra- and extra muscular stores, causing
a decrease in glycogen consumption. The result of
this process is an increase in endurance performance.
According to [13], glycogen levels increase after the
initial few minutes of the performance following
caffeine consumption.

The research was limited by the number of
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participants who completed it. The reason for this
limitation is a low representation of participants at
the performance level in the club TRIAN SK UMB.

A further limitation of the study may be
the individual profile of athletes and their reaction
to caffeine in terms of their genetic make-up of
caffeine metabolism [7]. For this reason, it may not
suit everyone to consume capsules 45-60 minutes
before exercise. Another alternative we would like to
test in the future is caffeine chewing gums. Baretoet
al. [15-20] conducted an interesting meta-analysis
based on 14 studies showing that caffeine chewing
gum supplementation is significant in competitive
endurance athletes who ingested caffeine via caffeine

chewing gum at >3 mg/kg body weight within 15
min before the start of exercise.

Conclusion
Based on our findings regarding ergogenic
effects, we recommend supplementing with 5 mg/

kg body weight of caffeine approximately 45 to 60
minutes before training.

Conflict of interest

The author declares no conflict of interest.

References

1. O’Toole ML, Douglas PS. & Hiller W.D.B. Applied
Physiology of a Triathlon. Sports Medicine, 1989;
(8): 201-225.  https://doi.org/10.2165/00007256-
198908040-00002

2. Bako K. Vplyv intervalového tréningu na cyklisticky
vykon triatlonistov. [Diplomova praca]. Banska
Bystrica. 2021.

3. Ormsbee MJ, Bach CW, Baur DA. Pre-Exercise
Nutrition: The Role of Macronutrients, Modified
Starches and Supplements on Metabolism and
Endurance Performance. Nutrients. 2014; 6(5):1782-
1808. https://doi.org/10.3390/nu6051782

4. Friel J, Vance J. Triathlon science. Champaign, IL :
Human Kinetics, 2013. 684 s. ISBN 978-1-4504-
2380-9.

5. Hiller WD. Dehydration and hyponatremia during
triathlons. Medicine and Science in Sports and
Exercise. 1989 Oct;21(5 Suppl):S219-21. PMID:
269183

6. Bentley DJ, Cox GR, Green D, Laursen PB.Maximising
performance in triathlon: Applied physiological
and nutritional aspects of elite and non-elite
competitions. Journal of Science and Medicine in
Sport. 2008; (11):407-416. https://doi.org/10.1016/j.
jsams.2007.07.010

7. Sindelat M, Roubik L. Suplementuj efektivng. 1.
elektronické vydanie. Praha, 2020. 270 s. ISBN 978-
80-270-7581-2.

8. Potgieter S, Wright HH, Smith C. Caffeine Improves
Triathlon Performance: A Field Study in Males and
Females. Human Kinetics Journal. 2017; 28 (3): 228-
237. https://doi.org/10.1123/ijsnem.2017-0165

9. Southward K, Rutherfurd-Markwick KJ, Ali A. The
Effect of Acute Caffeine Ingestion on Endurance
Performance: A Systematic Review and Meta-
Analysis. Sports Med. 2018; 48(8):1913-1928. doi:
10.1007/s40279-018-0939-8.

10. Azevedo, R. Silva-Cavalcante, MD, Gualano B,

Lima-Silva AE, Bertuzzi R.. Effects of caffeine
ingestion on endurance performance in mentally
fatigued individuals. Eur J Appl Physiol. 2016; 116
(11-12):2293-2303. DOI:10.1007/s00421-016-
3483-y

Desbrow B, Biddulph C, Devlin B, Grant GD,
Anoopkumar-Dukie S, Leveritt MD. The effects of
different doses of caffeine on endurance cycling time
trial performance. J Sports Sci. 2012;30(2):115-20.
doi: 10.1080/02640414.2011.632431.

Mahdavi R, Daneghian S, Jafari A, Homayouni
A. Effect of Acute Caffeine Supplementation on
Anaerobic Power and Blood Lactate Levels in
Female Athletes. 2015; 5 (2):83-87. DOI: 10.1089/
jcr.2014.0034

Graham TE, Hibbert E, Sathasivam P. Metabolic and
exercise endurance effects of coffee and caffeine
ingestion. J Appl Physiol. 1998; 85(3):883-9. doi:
10.1152/jappl.1998.85.3.883

Gaesser GA, Rich RG. Influence of caffeine on blood
lactate response during incremental exercise. Int J
Sports Med. 1985; 6(4):207-11. doi: 10.1055/5-2008-
1025841.

Barreto, G., Loureiro, L. M. R., Reis, C. E. G.,
& Saunders, B. Effects of caffeine chewing gum
supplementation on exercise performance: A
systematic review and meta-analysis. European
Journal of Sport Science. 2023;23(5), 714-725.
https://doi.org/10.1080/17461391.2022.2049885
Ahmadi S, Marszatek J, Gutierrez GL, Uchida MC.
Sitting volleyball players: Differences in physical and
psychological characteristics between national and
league teams. Kinesiology. 2020;52(2):169-77.
Sattler T, Hadzic V, Dervisevic E, Markovic G.
Vertical jump performance of professional male and
female volleyball players: Effects of playing position
and competition level. J Strength Cond Res. 2015;
1(1):13-24

Imas Y, Borysova O, Shlonska O, Kogut I, Marynych
V, Kostyukevich V. Technical and tactical training of
qualified volleyball players by improving attacking

I1.

12.

13.

14.

15.

16.

17.

18.

24



actions of players in different roles. Journal of
Physical Education and Sport. 2017; 1(1):13-24

19. Sujarwo, Suharjana, Rachman HA, Ardha MA Al
The development of physical education learning
models for mini-volleyball to habituate character

20.

2024 @%’a
2(2) }
Mont. 2021;19(2):29-33.

Masala A, Bajraktarevic A, Miokovic M, Omerovic
M, Rovcanin A, Sporisevic L. The age and gender
effects on heart rate in children school volleyball
players from Bosnia and Herzegovina. Br J Sports

values among elementary school students. Sport Med. 2011; 1(1):13-24

Information about the authors
Kristian Bako
kristian.bako@umb.sk
https://orcid.org/0000-0001-9241-0549
Matej Bel University, Department of Physical Education and Sports,
Banska Bystrica, Slovakia

Michal Hlavek

michal.hlavek@umb.sk

Matej Bel University, Department of Physical Education and Sports,
Banské Bystrica, Slovakia

Ivana Burska

ivan.burska@umb.sk

Matej Bel University, Department of Physical Education and Sports,
Banska Bystrica, Slovakia

Ratko Pavlovi¢
pavlovicratko@yahoo.com
http://orcid.org/000/0002/4007/4595
Faculty of Physical Education and Sport,

University of East Sarajevo, Bosnia and Herzegovina

Indopmauisi npo aBTOpIB

Kpicrian bako

kristian.bako@umb.sk

https://orcid.org/0000-0001-9241-0549

dakynbTeT CIOPTUBHUX HAyK 1 3110poB’sl, YHiBepcuteT Mares bena B bancekiii bucrpui, Tajovského 40, 974 01
CrnoBauunHa

Mixaua I'maBex

michal.hlavek@umb.sk

https://orcid.org/0009-0005-2582-1774

dakynbTeT CIOPTUBHUX HAyK 1 3110poB’sl, YHiBepcureT Mares bena B bancekiii bucrpuui, Tajovského 40, 974 01
CrnoBauunHa

IBana bypcbka

ivana.burska@student.umb.sk

(ORCID ID — nemae)

dakynbTeT CIOPTUBHUX HAyK 1 310poB’sl, YHiBepcuteT Mares bena B bancokiii bucrpui, Tajovského 40, 974 01
CrnoBauunHa

Parko IlaBiioBn4

pavlovicratko@yahoo.com
http://orcid.org/000/0002/4007/4595

dakynpreT (i3MIHOr0 BUXOBAHHS 1 CIIOPTY,
VYuiBepcuter Cxinnoro Capaeso, bocHist i ['epuerosuna

This work is licensed under a Creative Commons Attribution 4.0 International License (CC BY 4.0)

Received: 2024-03-17  Accepted: 2024-04-21 In press: 2024-05-02  Published: 2024-05-18

25



