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ABSTRACT

Objective: This study aimed to evaluate the impact of mouth rinsing (MR) with carbohydrate (MRcyq), caffeine (MRcap), and their combinations
(MRcar+cHO and MRcho+cap) ON mental effort, technical activities, and kinematic variables in 4-vs-4 small-sided soccer games (SSGs).

Materials and methods: This study employed a single-blind, randomized repeated measures design. Sixteen young amateur soccer players participa-
ted (age: 16.56 + 0.51 years). The participants were categorized into balanced groups based on their Yo-Yo Intermittent Recovery Test Level 1 sco-
res. Subsequently, they participated in the SSG format, consisting of four sets of four minutes each, with two minutes of rest between sets. Players
were instructed to rinse their mouths with four different 25-ml solutions for 10 s before starting the task. The solutions comprised CHO (maltodextrin
at 6.4%, equal to 1.6 g), CAF (caffeine at 1.2%, equating to 300 mg), a combination of CHO and CAF (6.4% and 1.2%, respectively), and a combina-
tion of CAF and CHO (1.2% and 6.4%). This study measured the rating scale of mental effort (RSME), technical activities of games, and kinematic
profiles, including walking (0.0-7.1 km-h-), jogging (7.2-14.3 km-h-) and running (14.4-19.7 km-h-7), and high-speed running (>19.8 km-h-1) during
the games.

Results: Significant enhancements in kinematic performance at jogging and running speeds were observed with MReyg.car (P < 0.05), whereas
MRcarscro Most effectively improved the walking performance (p < 0.05). No significant differences were observed in kinematic performance during
high-speed running or technical performance (total passes, shots, and interceptions) across any intervention (p > 0.05). There were no significant diffe-
rences between the interventions in the RSME group (p > 0.05).

Conclusions: In summary, the MRcyo,cap combination markedly improved the low-intensity jogging and running kinematic performance, whereas
MRcarscHo showed more advantages for walking. However, neither intervention significantly affected the high-speed running, technical performance,
or mental effort levels.

Keywords: sports nutrition, game performance, cognitive performance, game-based training

6z

Amag: Bu ¢alismanin amaci, karbonhidrat (Karb), kafein (Kaf) ve bunlarin kombinasyonlariyla (Kaf+Karb ve Karb+Kaf) agiz calkalama uygulamasinin 4'e
4 dar alan oyunlar (DAO) sirasinda zihinsel ¢caba, teknik aktivite ve kinematik degiskenler Gzerindeki etkisini aragtirmaktir.

Gereg ve Yontem: Bu calismada tek kor, randomize, tekrarli élgtim tasanimi kullanimistir. Calismaya 16 geng amatér futbolcu (yas: 16.56 + 0.51 yil) ka-
tilmistir. Katiimelilar Yo-Yo Aralikll Toparlanma Testi Seviye 1 sonuglarina gére gruplara ayrimistir. Daha sonra, setler arasinda iki dakika dinlenme ile
dort dakikalik dort setten olusan DAO formatina katiimiglardir. Calismada katiimcilara, oyundan 6nce 25 ml'lik dort farkli solusyonla 10 saniye boyunca
calkalamalar istenmistir. Cozeltiler Karb (%6,4 oraninda maltodekstrin, 1,6 g'a esit), Kaf (%1,2 oraninda kafein, 300 mg'a esit), Karb+Kaf kombinasyo-
nu (6.4% ve 1.2%, sirasiyla) ve kaf+karb kombinasyonlarini (1.2% ve 6.4% sirasiyla) igermistir. Bu galismada oyunlar sirasinda, zihinsel gaba skalasi,
teknik aktivite ve yurtime (0.0-7.1 km-h-), hafif kosu (7.2-14.3 km-h-) ve kosu (14.4-19.7 km-h-7) ve yUksek hizll kosu (>19.8 km-h-') hizlarinda kine-
matik profiller dlcUlmustur.

Bulgular: Bulgular, Karb+Kaf'in kosu ve hafif kosu hizlarinda kinematik performansi dnemli dlgtide artirdigini (p < 0.05), Kaf+Karb'in ise ylrime igin en
yUksek etkinlige sahip oldugunu gostermistir (p < 0.05). Yiksek hizll kosudaki kinematik profilde veya teknik performansta (toplam pas, sut ve top cal-
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ma) higbir miidahale arasinda istatistiksel olarak anlamli bir fark olmadigi gérdimustir (p > 0.05). Zihinsel gabada oyunlar arasinda istatistiksel olarak an-

lamli bir fark olmadigi tespit edilmistir (p > 0.05).

Sonuglar: Sonug olarak, Karb+Kaf kombinasyonu hafif kosu ve kosu dahil kinematik performansi énemli élglide gelistirirken, Kaf+Karb siralamasi yira-
me performansi i¢in daha faydall olmustur. Bununla birlikte, her iki midahale de ytksek hizli kosu, teknik performans veya algilanan efor seviyelerini

onemli dlctide etkilememistir.

Anahtar Sozciikler: spor beslenmesi, oyun performansi, bilissel performans, oyun temelli antrenman

INTRODUCTION

Soccer demands a wide range of sport-specific skills, often
executed while in motion or following periods of running at
varying speeds, from jogging to high-intensity sprints [1].
However, the increased speed of a match accelerates player
fatigue, impacting physical capabilities and cognitive func-
tions and resulting in diminished skill execution during the
match [2,3]. Therefore, coaches and researchers have been
directed to explore various fields, such as mindfulness
practice [4], sleep optimization [5], and different nutritional
strategies [6], in addition to other training methods that
can potentially influence performance. In recent years, di-
etary interventions and the utilization of ergogenic aids
have become prevalent in soccer players’ preparation, ref-
lecting the widespread interest in performance-enhancing
strategies, particularly those derived from nutritional sour-
ces [7]. Convenient nutrition strategies support the de-
mands of the nervous and peripheral mechanisms to opti-
mize performance.

Recent studies [1,8] have increasingly focused on various
methods of utilizing caffeine (CAF) and carbohydrates
(CHO), which are prevalent in soccer-related studies. In par-
ticular, mouth rinsing (MR) with caffeine (CAF) and car-
bohydrates (CHO) (MRcar and MRcy(), which demonstrate
greater efficacy, practicality, and cost-effectiveness, have
gained recognition in scientific research and clinical practi-
ce [9,10]. MR is an innovative method that circulates CHO
and CAF solutions in the mouth through the taste buds wit-
hout swallowing, affecting perception of exertion, cogniti-
on and motor skills. Lee and Owyang [11] stated that activa-
ting taste receptors T1R2 and T1R3 on the tongue elicits a
response in the brain's reward centresthrough dopaminer-
gic pathways. Unlike sweet carbohydrates, CAF engage with
receptors for bitter tastes (TAS2R family), primarily located
on the posterior portion of the tongue [12]. When CAF binds
to receptors responsive to bitter compounds, it triggers a
response in taste-bud sensory cells and relays a reaction to
the central nervous system through taste perception nerves
[13]. Mouth rinsing with ergogenic aids such as CAF and
CHO may provide immediate sensory stimuli to the central
nervous system, potentially enhancing performance witho-
ut gastrointestinal distress associated with ingestion [14].
However, research remains controversial because MRcar

and MRcyg solutions can improve soccer performance by

utilizing the effects triggered by the presence of these subs-
tances in the mouth without ingesting CHO and CAF.

As soccer skill performance is contingent on the interaction
of cognitive, perceptual, and motor skills in dynamic envi-
ronments [15], interventions that enhance these aspects are
likely to interest soccer players and those involved in their
technical development [6]. However, considering the well-
established impact of specific nutritional interventions
(such as the provision of CHOs, fluids, and CAF) on attenu-
ating declines in physical performance, an increasing num-
ber of studies are investigating how these approaches can
contribute to the maintenance of skilled performance thro-
ughout game performance [1,8]. Nevertheless, most studies
have predominantly focused on technical or physical test
performance rather than game performance. Only one
study [10] on the ergogenic effects of MRy exists using a
game-based training approach on soccer players’ physical
or psychophysiological performance. Previous studies have
shown that MR can enhance soccer performance in terms of
mean power, endurance, and sprinting [16,17]. However,
Bortolotti et al. [18] reported no improvement in sprint per-
formance after MR intervention. Conversely, Rollo et al. [19]
observed improved jogging pace and enhanced repeated
sprint performance with MR compared to placebo. A recent
study found no significant impact of single or serial MR on
Yo-Yo Intermittent Recovery Test Level 1 performance [20].
Previous studies have primarily observed the effects of
MRcHo, and only Gough et al. [9] conducted a study on the
impact of combining MRcyo and MRcafr on soccer perfor-
mance. However, there have been no studies on MR¢cap and
soccer performance.

Recent studies have indicated that mouth rinsing with CHO
and CAF may exert effects through distinct neurophysiolo-
gical mechanisms. CHO rinse activates sweet taste recep-
tors (T1R2/T1R3), stimulating brain regions associated with
reward processing and motor control, whereas CAF inte-
racts with bitter taste receptors (TAS2R), modulating aro-
usal and cognitive function [14, 21, 7). Given these distinct
pathways, CHO and CAF perception may influence neural
activation in different ways. CHO rinsing may enhance re-
ward-related motor responses before introducing CAF aro-
usal effects. Conversely, CAF rinsing may increase alert-
ness, but potentially attenuate CHO's impact of CHO on re-
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ward signaling. Despite the growing body of literature on
the ergogenic effects of CHO and CAF supplementation in
sports, limited research has directly compared the individu-
al and combined effects of these substances when adminis-
tered via MR on soccer players' performance, particularly in
the cognitive and kinematic domains during the dynamic
and physically demanding context of SSGs. This study
aimed to 1) evaluate the individual and combined effects of
MRchoand MRcar on mental effort, technical performance,
and kinematic profiles during SSGs and 2) determine whet-
her initial taste dominance modulates exercise and cogniti-
ve performance by investigating the effects of sequencing.

MATERIAL and METHODS
Experimental Design

Employing a single-blind repeated measures design, this
study investigated the influence of carbohydrate and caffe-
ine and their combinations of mouth rinses (MRcyo,
MRcar, MRcHO+CAFs MRCAF+CHO, Te€Spectively) on mental
effort (ME), technical performance, and kinematic respon-
ses during small-sided soccer games (SSGs). The study was
conducted 12 days before the soccer season, with players
participating in six SSG sessions (one familiarization, one
control session and four experimental MR intervention ses-
sions). The order of the experimental conditions was rando-
mized (www.randomization.com). The SSGs were schedu-
led 48 hours apart for psychophysiological recovery. Games
were consistently held between 17:00 and 19:00 to avoid cir-
cadian rhythm disruptions. SSGs were performed on a stan-
dard artificial grass pitch under similar weather conditions
(27-30°C, 35-37% humidity). The participants performed
the Yo-Yo IRT-1 test on the first intervention day to determi-
ne VO,max. Based on Yo-Yo IRT-1 scores, playing positions,
training experience, and coach evaluation, they were divi-
ded into balanced four-player teams. On experimental days,
participants arrived two hours before the sessions, consu-
med identical meals with the same CHO amount as their
last pre-experiment meal, and remained in a controlled en-
vironment until the experiment started. Participants rece-
ived a list of caffeine-containing foods and beverages to
control dietary caffeine intake and were instructed to avoid
caffeine sources during the study period. Each mouth rinse
was administered immediately prior to the start of the
game. The participants rinsed their mouths with 25 mL of
the assigned solution for 10 seconds before expectoration.

Participants

Sixteen young amateur soccer players (age 16.56 * 0.51 ye-
ars, height 174.63 + 4.26 cm, weight 61.77 + 5.28 kg, training
Experience 5.50 + 0.63 years, and body mass index 20.26 +
1.82 kg/m2) voluntarily participated in the study. The study

Mouth rinsing with CHO and caffeine and sports performance

was conducted during the pre-season period. The inclusion
criteria were as follows: (i) players must not have had any
injury in the last 6 months; (ii) players must have actively
attended a minimum of four training sessions per week pla-
yed and licensed soccer for at least 5 years; (iii) their avera-
ge daily CAF consumption must be below 200 mg. The exc-
lusion criteria were as follows: (i) players who had any in-
jury during the experiment; (ii) players who did not partici-
pate in the experiment; (iii) players who took any medicati-
on or ergogenic substance during the experiment; and (iv)
players who did not comply with the nutritional restrictions
during the experiment. Before data collection, the partici-
pants and their parents were informed about the benefits
and risks of the study and signed a written informed con-
sent form. Throughout the study, participants maintained
their dietary routines, hydration status, and sleep quality,
and did not consume caffeine containing foods or
beverages.

Data Collection Tools

Anthropometric measurements: Anthropometric measu-
rements were taken on the first day of the experiment, in
the morning after an overnight fast, and while wearing only
shorts, using a professional body composition analysis sys-
tem (Tanita BC 418, Tanita Corp, Inc., USA).

Caffeine Consumption Questionnaire: The average daily
CAF intake of the players was assessed using the CAF Con-
sumption Questionnaire (CCQ) developed by John Preston
[22], and the mean intake of the 16 individuals was reported
as 168.44 + 54.55 mg.

Yo-Yo Intermittent Recovery Test (Yo-Yo IRT-1): The Yo-
Yo IRT-1 is a widely utilized field test to assess aerobic en-
durance and anaerobic threshold. It consists of repeated
shuttle runs of 20 m, with progressively increasing running
speeds and short recovery periods between each shuttle.
The test is designed to elicit maximum physiological res-
ponses from the participant, making it a valuable tool for
assessing fitness levels and monitoring training progress
[23].

Rating Scale of Mental Effort (RSME): The mental effort
of the athletes was measured using the ME rating scale de-
veloped by Zijlstra [24]. The RSME is one of the most frequ-
ently used self-assessment scales in the sports performance
psychology literature and consists of a vertical axis with a
range of o-150. Immediately after the games, participants
marked the amount of ME expended on the game with a po-
int on the scale.

Technical Analysis: The SSGs were recorded using a high-
definition video camera (Canon HF R806, Tokyo, Japan).
Technical analyses of the SSGs recorded by the camera
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were performed using eAnalyze Soccer software (Espor soft-
ware, Ankara, Turkey). Technical analyses examined the
total passing, shooting, and tackling activities. An experi-
enced coach with match and performance analysis certifi-
cates conducted technical analyses.

Kinematic Profiles: A Polar V8oo device with GPS techno-
logy was used to analyze the kinematic data. Polar V800
measures 37 mm x 56 mm X 12.7 mm and weighs 79 g. Polar
V800 is a reliable device based on SiRFstarIV technology
that provides an accuracy of +2% for distance measure-
ments and +2 km/h for speed measurements in all outdoor
sports [26]. Furthermore, it has a positional update rate of 1
Hz in the high-accuracy mode. For each participant, total
distance travelled variables were collected for the speed
segments 0.7-7.1 km/h, 7.2-14.3 km/h, 19.8-25.1 km/h and
>25 km/h. These variables were recorded using the equip-
ment and used for analysis.

Mouth Rinse Protocol

The single-blind, randomized repeated measures study
examined the effects of five different MR conditions on
mental effort, technical performance, and kinematic res-
ponses during SSGs. There were five MR conditions as follo-
ws: i) MRcyo solution only (CHO; 6.4% maltodextrin, 1.6 g
per 25 mL, 1.6 g, Protein Ocean, Tiirkiye), ii) MRcaf solution
only (CAF; 1.2% caffeine, 300 mg per 25 mL, 300 mg, Natu-
re’s Supreme), and iii) single MR solution combining CHO
and CAF (6.4% maltodextrin + 1%. 2% caffeine in 25 mL),
where participants were instructed to focus on the sweet
taste (CHO) as the predominant perception, iv) the same
combined CHO+CAF solution (same as MR¢yo4+caF), howe-
ver participants were instructed to focus on the bitter taste
(CAF) as the predominant perception, v) the control condi-
tion with no MR intervention. The solution combination
and total volume were identical under the MRcyo+car and
MRcarscHo conditions (25 mL containing CHO and CAF).
Thus, the only difference between these conditions was the

pre-rinse verbal instruction to change participants’ perce-
ived taste dominance to sweet (CHO) or bitter (CAF). The
present study builds on previous findings showing that ac-
tivating different taste receptors (T1R2/T1R3 for sweet and
TAS2R for bitter) can initiate different neural pathways that
influence performance and cognitive responses [7,14,21].
MR interventions were performed 10 s before each SSG, du-
ring which participants were instructed to rinse the entire
volume in their mouths for 10 s and then spit the solution
back into the pre-weighed container [26]. To verify compli-
ance and ensure no ingestion, containers were weighed be-
fore and after each rinse using a calibrated precision digital
scale (Etekcity, USA; accuracy: 1 g / 0.04 0z). No sequential
rinses or volumes greater than 25 mL were performed under
any condition.

Procedures

All SSG sessions were conducted simultaneously on a stan-
dardized turf soccer pitch under controlled environmental
conditions (temperature: 27-30°C, humidity: ~40-45%)
(17:00-19:00). Players engaged in 4-a-side formats, each
comprising four bouts and four-minute halves separated by
a 2-minute passive recovery. Pitch dimensions (25 x 32m)
remained constant across formats to control for pitch size
effects, resulting in a playing area of ~ 100 m2 per player in
4-a-side formats, respectively. Standard 1m x 1.5m goals
were used, and players were encouraged verbally via coac-
hes. Each session began with a 15-minute warm-up, which
included 5 min of light jogging, dynamic stretches, agility
drills, acceleration sprints, and game-based activities.
Technical activity and kinematic profile responses were
monitored during games, except for RSME, which was only
collected after games in five minutes. The two coaches over-
saw the game and promptly provided the new balls. The
players received standardized instructions to sustain game
intensity without specific tactical or technical guidance.
The details and instructions for the study design of MR in-
terventions are shown in Figure 1.
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Analysis of Data

The arithmetic mean and standard deviation values were
calculated for descriptive analysis, and the normality of the
data was assessed using the Shapiro-Wilk test. For repe-
ated-measures analyses, violations of the sphericity as-
sumption, as determined by Mauchly’s test, were corrected
using the Greenhouse-Geisser correction. One-way repe-
ated-measures ANOVA was used to compare the five experi-
mental conditions. In contrast, one-way analysis of varian-
ce (ANOVA) was used to evaluate differences in the RSME,
kinematic profile, and technical activity responses. The as-
sumptions of ANOVA, including normality and homogene-
ity of variance, were assessed using the Levene’s test. Bon-
ferroni post hoc analysis was conducted to determine gro-
up-specific differences, and partial eta-squared (nP?) valu-
es were reported as an indicator of effect size, classified as
small (0.01), medium (0.06), or large (0.14) [27]. The signifi-
cance level was set at P <0.05. All statistical analyses were
performed using SPSS 27 software.

RESULTS

In this part of the study, we present the statistical results of
the RSME, technical activity, and kinematic profiles in res-
ponse to MR interventions during 4-a-side SSGs in soccer.

Table 1. Kinematic profile of different MR intervention during SSGs

SSGs Walking Jogging

Mouth rinsing with CHO and caffeine and sports performance

Small-Sided Games

-é- 150- @ Control
£ 4 MRcho
2 125- <+ MReaf
g -k MRcaf+cho
"‘t" - MRcho+caf
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& 754
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o 504
3
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g 25-
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Figure 2. RSME responses to MR interventions

Figure 2 shows the responses regarding the effects of MR
interventions on RSME during the SSGs. There was no sta-
tistically significant difference in the RSME between the
Control (69.61 + 22.70), MRcap(69.84 * 24.19), MRcyo (74-53
+26.48), MRcap.cHO (7234 £ 23.71) and MRcyo4caF (81.09 +
27.49) MR interventions (F = 2.153; p = 0.106; n_p”2 =
0.126).

Running High-speed running

(0.0-7.2km-h?) (7.2-14.3km - h™?) (14.4-19.7 km - h) (>19.8 km-h?)
(1) Control 805.19 * 42.95 251.69 t 67.88 410+ 3.92 0.19 t 0.75
(2) MRcpF 063.38 + 82.83 321.31 + 119.26 10.94 * 21.65 250 + 812
(3 MRcho 958.00 + 60.20 46594 + 141.07 15.88 + 10.81 0.88+189
(4) MRcaF+cHO 106575 + 83.51 455.63 * 123.02 1119+ 673 056 * 155
(5) MRcHO+CAF 04144 + 16751 769.63 + 237.33 49.43 £ 20.43 3.88 £ 4.80
F 7.616 41567 22.705 1.848
o) 0.002" 0.001" 0.001" 0.183
0.337 0.735 0.602 0.110
4""1(0.01); 42 (0.04) 5"1(0.01); 52 (0.01) 5"1(0.01); 52 (0.02)
Post-hoc - e - . . -
4"3(0.01) 5"3(0.01); 54 (0.01) 53(0.01); 574 (0.01)

1. Control; 2. MR car 3: MR crio 4: MR car+crO 5 MR cro+caF ** Significant differences between SSGs (p < 0.01); * Significant differences between SSGs (p < 0.05).
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Table 1 demonstrates the effects of the MR interventions on
kinematic performance at different speed zones. The results
showed that MRcyo, car significantly improved performan-
ce at jogging (7.2-14.3 km-h-1) and running (14.4-19.7 km-h-
1) speeds (p < 0.05). The MRcpp.cHo combination was the
most effective intervention for walking (0.0-7.1 km-h-) (p <
0.05). However, no significant difference was found betwe-
en any high-speed running (>19.8 km-h-1) running speed
zone intervention.

Table 2. The technical activity of different MR interventions during

SSGs

SSGs Total Pass Total Shot Interception

Control 33.81+ 957 231+218 175 + 1.44
MRcar 36.06 t 9.86 219 + 2.07 113 + 0.96
MRchHo 32.06 +11.70 356 + 216 119 + 1.05
MRcaF+CHO 32.06 +11.47 4.06 + 2.64 156 + 1.55
MRcHO+CAF 37.00 1115 331+233 163 120
= 0.884 2.680 0.848
o) 0.429 0.058 0.500
0.056 0.152 0.054
Post-hoc - - -

1. Control; 2. MR caf 3: MR crio 4 MR car+cro 5 MR cro+caF = Significant differen-
ces between SSGs (p < 0.01); * Significant differences between SSGs (p < 0.05).

Table 2 depicts the MR interventions' effects on soccer pla-
yers' technical performance. The results showed no signifi-
cant differences between the interventions in terms of the
total number of passes, shots, or interceptions (p > 0.05).

DISCUSSION

This study investigated the effects of MRcar, MRcho,
MRcar+cHO> and MRcyo.caF interventions and control con-
ditions on RSME, technical activity, and kinematic profiles
of soccer SSGs. The results of the present study showed no
statistical difference between the total passing, shooting,
and tackling activities in all conditions. Considering the
distances covered at different speeds, while MRcyo+caF Sig-
nificantly improved performance at jogging (7.2-14.3 km-h-
1) and running (14.4-19.7 km-h-1) speeds, the MRcaf.cHO
combination was the most effective intervention for wal-
king (0.0-7.1 km-h-). However, no significant difference was
found between any high-speed running (>19.8 km-h-?) run-
ning speed zone intervention. Another finding of the cur-
rent study was that MR practice had no significant effect on
ME. To the best of our knowledge, this literature review
shows no other study in which MRcar and MRcyq practices
and a combination of MRcaf,cho and MRcyo+caF Practices
were examined in soccer SSGs.

We found no significant differences in total passes, shots,
or interceptions among the various MR interventions du-
ring the SSGs. Arlai and Nana [28] examined the effects of
MRcar and MRy on soccer performance and found that

these interventions did not significantly improve sprinting,

passing, or shooting. Our findings align with this, sugges-
ting that MR experiments have a limited effect on the tech-
nical parameters. The minimal changes in technical perfor-
mance indicate that soccer skills are influenced not only by
ergogenic aids but also by factors such as player skill levels,
tactical decisions, and game dynamics. Although no other
study has directly investigated the effect of MR on technical
performance in soccer, the impact of different CHO and CAF
intake methods has been examined. For example, Ali et al.
[29] found that CHO-electrolyte solutions improved sho-
oting performance in players with low glycogen stores, but
had little effect on passing. Andrade-Souza et al. [30] inves-
tigated the effects of CHO and CAF on soccer passing per-
formance, separately and in combination involving 11 ama-
teur male soccer players who completed the Loughborough
Intermittent Shuttle Test followed by the Loughborough
Soccer Passing Test and found no significant difference in
the total passing time when CHO and CAF were combined.
In contrast, Foskett et al. [31] reported that CAF in capsule
form improved passing accuracy and overall football skill
performance. These conflicting findings suggest that the
effects of CAF may vary depending on the method of admi-
nistration and that physiological differences between the
MR method and direct CAF intake could influence the re-
sults. Therefore, further research is needed to clarify MR's
effects on soccer's technical parameters.

Our findings suggest that carbohydrate and MRcpg proto-
cols have the potential to enhance low-speed kinematic
performance; however, their effects on high-speed activities
are limited. Although CHO and CAF influence MR mecha-
nisms, they activate different brain regions. MRcyg stimu-
lates motor cortex activation by sending rapid signals re-
garding energy availability, enhancing motivation, and re-
ducing perceived effort [14,32]. In contrast, the bronchodila-
tor effect of CAFs may support aerobic metabolism by incre-
asing oxygen uptake at low speeds [33]. However, this effect
may be insufficient at high speeds, owing to the dominance
of anaerobic energy systems. Additionally, CAF can activate
bitter taste receptors in the oral cavity, enhancing cognitive
alertness through dopamine release and affecting brain re-
gions linked to motor control, attention, and motivation
[12,21]. Neuroimaging studies have confirmed increased ac-
tivity in the prefrontal, orbitofrontal, and dorsolateral corti-
ces following MRc,F [21]. Activation of the sympathetic ner-
vous system via bitter compounds, such as CAF, may contri-
bute to its ergogenic effects [34]. However, because the CAF
does not trigger energy signals, its full potential may not be
realized. Nevertheless, the strong signals transmitted to the
brain via CAF-stimulated TAS2R receptors may optimize
motor control, attention, and motivation mechanisms, po-
tentially enabling sustained performance at low speeds.
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These findings suggest that CHO and CAF enhance perfor-
mance through different mechanisms, depending on the or-
der of administration, which could be particularly advanta-
geous in small-sided soccer games.

ME is defined as the cognitive workload required to perform
a task and the subjective experience of engaging in the task
[35]. SSGs influence athletes’ mental states during training,
increasing the demand for cognitive processes [36]. Intense
ME can lead to mental fatigue by activating inhibition cen-
ters in the brain, increasing perceived effort while reducing
motivation and willingness to act [37]. Our study suggests
that different MR methods do not alter the ME. While previ-
ous studies [9,25] have primarily focused on the effects of
CHO and CAF consumption on physical performance, re-
cent research [21,31,38] has examined the potential of CHO,
CAF, and their combinations to enhance cognitive perfor-
mance. However, only one study has investigated the effect
of MRs on ME in SSGs. Soylu et al. [10] reported that conti-
nuous and intermittent SSGs with MRCHO did not signifi-
cantly affect RSME compared to a placebo. In a study invol-
ving professional athletes, Almeida et al. [39] found that
acute CAF intake before SSGs had no significant effect on
perceived effort. Similarly, Guttierres et al. [40] emphasized
that comparing CAF and CHO intake in sports drinks during
matches did not significantly impact the perceived effort
levels. These findings were consistent with those of the pre-
sent study. Given the limited number of studies on different
MR practices in SSGs, a comprehensive discussion remains
challenging. However, based on our results, CAF, CHO, and
their combination did not affect ME significantly.

This study on MR effects during SSGs had limitations, inc-
luding a focus on young amateur male soccer players, limi-
ted generalizability to other groups, and a lack of assess-
ment of long-term effects. RSME measures mental effort but
does not other psychological factors such as anxiety or st-
ress. Future research could use real-game scenarios to achi-
eve greater ecological validity. A key limitation was the lack
of a placebo due to the challenges in creating a taste-matc-
hed, non-caloric solution. Including a placebo would have
complicated the crossover design, increasing participant
burden. The control condition without MR served as the ba-
seline. Although the study was conducted under a single-
blind design, complete perceptual blinding was impossible
in all conditions because of the distinct taste profiles of
CAF (bitter) and CAF (sweet). In MRcyoscap and
MRcar+cHO, the participants were not informed of the solu-
tion content. However, they were given sensory-focus inst-
ructions (i.e., to attend to sweet or bitter aspects), which
may have influenced their awareness of the condition. This
limitation is standard in studies involving oral taste recep-
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tor stimulation and should be considered when interpreting
the findings. Future studies should explore alternative pla-
cebos or controls to isolate MR's effects better. Addressing
these limitations will improve our understanding and guide
further research on nutritional interventions for sports
performance.

CONCLUSION

Using MRcar and MRy separately did not affect technical
parameters or ME. However, the MRy capcondition sig-

nificantly improved performance at jogging and running
speeds. Simultaneously, the MRcaf,cgo combination was

the most effective intervention for walking speed, with no
significant difference between the interventions at high-
speed running speeds. These findings suggest that the acti-
ve compounds used in MR and the order in which they are
perceived may influence the psychophysiological responses
during intermittent sports activities. However, future rese-
arch should consider incorporating manipulation checks or
alternative perceptual measures to further clarify the role of
taste dominance sequencing.
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