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ABSTRACT

Object�ve: This study aimed to evaluate the impact of mouth rinsing (MR) with carbohydrate (MRCHO), caffeine (MRCAF), and their combinations
(MRCAF+CHO and MRCHO+CAF) on mental effort, technical activities, and kinematic variables in 4-vs-4 small-sided soccer games (SSGs).

Mater�als 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-¹) and running (14.4-19.7 km-h-¹), 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 MRCHO+CAF (p < 0.05), whereas
MRCAF+CHO 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).
Conclus�ons: In summary, the MRCHO+CAF combination markedly improved the low-intensity jogging and running kinematic performance, whereas
MRCAF+CHO 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
  
 

ÖZ

Amaç: Bu çalışmanın amacı, karbonhidrat (Karb), kafein (Kaf) ve bunların kombinasyonlarıyla (Kaf+Karb ve Karb+Kaf) ağız çalkalama uygulamasının 4'e
4 dar alan oyunları (DAO) sırasında zihinsel çaba, teknik aktivite ve kinematik değişkenler üzerindeki etkisini araştırmaktır.
Gereç ve Yöntem: Bu çalışmada tek kör, randomize, tekrarlı ölçüm tasarımı kullanılmıştır. Çalışmaya 16 genç amatör futbolcu (yaş: 16.56 ± 0.51 yıl) ka‐
tılmıştır. Katılımcılar Yo-Yo Aralıklı Toparlanma Testi Seviye 1 sonuçlarına göre gruplara ayrılmıştır. Daha sonra, setler arasında iki dakika dinlenme ile
dört dakikalık dört setten oluşan DAO formatına katılmışlardır. Çalışmada katılımcılara, oyundan önce 25 ml'lik dört farklı solüsyonla 10 saniye boyunca
çalkalamaları istenmiştir. Çözeltiler Karb (%6,4 oranında maltodekstrin, 1,6 g'a eşit), Kaf (%1,2 oranında kafein, 300 mg'a eşit), Karb+Kaf kombinasyo‐
nu (6.4% ve 1.2%, sırasıyla) ve kaf+karb kombinasyonlarını (1.2%  ve 6.4% sırasıyla) içermiştir. Bu çalışmada oyunlar sırasında, zihinsel çaba skalası,
teknik aktivite ve yürüme (0.0-7.1 km-h-), hafif koşu (7.2-14.3 km-h-¹) ve koşu (14.4-19.7 km-h-¹) ve yüksek hızlı koşu (>19.8 km-h-¹) hızlarında kine‐
matik profiller ölçülmüştür.
Bulgular: Bulgular, Karb+Kaf'ın koşu ve hafif koşu hızlarında kinematik performansı önemli ölçüde artırdığını (p < 0.05), Kaf+Karb'ın ise yürüme için en
yüksek etkinliğe sahip olduğunu göstermiştir (p < 0.05). Yüksek hızlı koşudaki kinematik profilde veya teknik performansta (toplam pas, şut ve top çal‑
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ma) hiçbir müdahale arasında istatistiksel olarak anlamlı bir fark olmadığı görülmüştür (p > 0.05). Zihinsel çabada oyunlar arasında istatistiksel olarak an‐
lamlı bir fark olmadığı tespit edilmiştir (p > 0.05).

Sonuçlar: Sonuç olarak, Karb+Kaf kombinasyonu hafif koşu ve koşu dahil kinematik performansı önemli ölçüde geliştirirken, Kaf+Karb sıralaması yürü‐
me performansı için daha faydalı olmuştur. Bununla birlikte, her iki müdahale de yüksek hızlı koşu, teknik performans veya algılanan efor seviyelerini
önemli ölçüde etkilememiştir.
Anahtar Sözcükler: spor beslenmesi, oyun performansı, bilişsel performans, oyun temelli antrenman

INTRODUCTION
Soccer demands a w�de range of sport-spec�f�c sk�lls, o�en
executed wh�le �n mot�on or follow�ng per�ods of runn�ng at
vary�ng speeds, from jogg�ng to h�gh-�ntens�ty spr�nts [1].
However, the �ncreased speed of a match accelerates player
fat�gue, �mpact�ng phys�cal capab�l�t�es and cogn�t�ve func-
t�ons and result�ng �n d�m�n�shed sk�ll execut�on dur�ng the
match [2,3]. Therefore, coaches and researchers have been
d�rected to explore var�ous f�elds, such as m�ndfulness
pract�ce [4], sleep opt�m�zat�on [5], and d��erent nutr�t�onal
strateg�es [6], �n add�t�on to other tra�n�ng methods that
can potent�ally �n�uence performance. In recent years, d�-
etary �ntervent�ons and the ut�l�zat�on of ergogen�c a�ds
have become prevalent �n soccer players’ preparat�on, ref-
lect�ng the w�despread �nterest �n performance-enhanc�ng
strateg�es, part�cularly those der�ved from nutr�t�onal sour-
ces [7]. Conven�ent nutr�t�on strateg�es support the de-
mands of the nervous and per�pheral mechan�sms to opt�-
m�ze performance.

Recent stud�es [1,8] have �ncreas�ngly focused on var�ous
methods of ut�l�z�ng ca�e�ne (CAF) and carbohydrates
(CHO), wh�ch are prevalent �n soccer-related stud�es. In par-
t�cular, mouth r�ns�ng (MR) w�th ca�e�ne (CAF) and car-
bohydrates (CHO) (MRCAF and MRCHO), wh�ch demonstrate
greater e��cacy, pract�cal�ty, and cost-e�ect�veness, have
ga�ned recogn�t�on �n sc�ent�f�c research and cl�n�cal pract�-
ce [9,10]. MR �s an �nnovat�ve method that c�rculates CHO
and CAF solut�ons �n the mouth through the taste buds w�t-
hout swallow�ng, a�ect�ng percept�on of exert�on, cogn�t�-
on and motor sk�lls. Lee and Owyang [11] stated that act�va-
t�ng taste receptors T1R2 and T1R3 on the tongue el�c�ts a
response �n the bra�n's reward centresthrough dopam�ner-
g�c pathways. Unl�ke sweet carbohydrates, CAF engage w�th
receptors for b�tter tastes (TAS2R fam�ly), pr�mar�ly located
on the poster�or port�on of the tongue [12]. When CAF b�nds
to receptors respons�ve to b�tter compounds, �t tr�ggers a
response �n taste-bud sensory cells and relays a react�on to
the central nervous system through taste percept�on nerves
[13]. Mouth r�ns�ng w�th ergogen�c a�ds such as CAF and
CHO may prov�de �mmed�ate sensory st�mul� to the central
nervous system, potent�ally enhanc�ng performance w�tho-
ut gastro�ntest�nal d�stress assoc�ated w�th �ngest�on [14].
However, research rema�ns controvers�al because MRCAF
and MRCHO solut�ons can �mprove soccer performance by

ut�l�z�ng the e�ects tr�ggered by the presence of these subs-
tances �n the mouth w�thout �ngest�ng CHO and CAF.

As soccer sk�ll performance �s cont�ngent on the �nteract�on
of cogn�t�ve, perceptual, and motor sk�lls �n dynam�c env�-
ronments [15], �ntervent�ons that enhance these aspects are
l�kely to �nterest soccer players and those �nvolved �n the�r
techn�cal development [6]. However, cons�der�ng the well-
establ�shed �mpact of spec�f�c nutr�t�onal �ntervent�ons
(such as the prov�s�on of CHOs, �u�ds, and CAF) on attenu-
at�ng decl�nes �n phys�cal performance, an �ncreas�ng num-
ber of stud�es are �nvest�gat�ng how these approaches can
contr�bute to the ma�ntenance of sk�lled performance thro-
ughout game performance [1,8]. Nevertheless, most stud�es
have predom�nantly focused on techn�cal or phys�cal test
performance rather than game performance. Only one
study [10] on the ergogen�c e�ects of MRCHO ex�sts us�ng a
game-based tra�n�ng approach on soccer players’ phys�cal
or psychophys�olog�cal performance. Prev�ous stud�es have
shown that MR can enhance soccer performance �n terms of
mean power, endurance, and spr�nt�ng [16,17]. However,
Bortolott� et al. [18] reported no �mprovement �n spr�nt per-
formance a�er MR �ntervent�on. Conversely, Rollo et al. [19]
observed �mproved jogg�ng pace and enhanced repeated
spr�nt performance w�th MR compared to placebo. A recent
study found no s�gn�f�cant �mpact of s�ngle or ser�al MR on
Yo-Yo Interm�ttent Recovery Test Level 1 performance [20].
Prev�ous stud�es have pr�mar�ly observed the e�ects of
MRCHO, and only Gough et al. [9] conducted a study on the
�mpact of comb�n�ng MRCHO and MRCAF on soccer perfor-
mance. However, there have been no stud�es on MRCAF and
soccer performance.

Recent stud�es have �nd�cated that mouth r�ns�ng w�th CHO
and CAF may exert e�ects through d�st�nct neurophys�olo-
g�cal mechan�sms. CHO r�nse act�vates sweet taste recep-
tors (T1R2/T1R3), st�mulat�ng bra�n reg�ons assoc�ated w�th
reward process�ng and motor control, whereas CAF �nte-
racts w�th b�tter taste receptors (TAS2R), modulat�ng aro-
usal and cogn�t�ve funct�on [14, 21, 7). G�ven these d�st�nct
pathways, CHO and CAF percept�on may �n�uence neural
act�vat�on �n d��erent ways. CHO r�ns�ng may enhance re-
ward-related motor responses before �ntroduc�ng CAF aro-
usal e�ects. Conversely, CAF r�ns�ng may �ncrease alert-
ness, but potent�ally attenuate CHO's �mpact of CHO on re-
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ward s�gnal�ng. Desp�te the grow�ng body of l�terature on
the ergogen�c e�ects of CHO and CAF supplementat�on �n
sports, l�m�ted research has d�rectly compared the �nd�v�du-
al and comb�ned e�ects of these substances when adm�n�s-
tered v�a MR on soccer players' performance, part�cularly �n
the cogn�t�ve and k�nemat�c doma�ns dur�ng the dynam�c
and phys�cally demand�ng context of SSGs. Th�s study
a�med to 1) evaluate the �nd�v�dual and comb�ned e�ects of
MRCHOand MRCAF on mental e�ort, techn�cal performance,
and k�nemat�c prof�les dur�ng SSGs and 2) determ�ne whet-
her �n�t�al taste dom�nance modulates exerc�se and cogn�t�-
ve performance by �nvest�gat�ng the e�ects of sequenc�ng.

MATERIAL and METHODS
Exper�mental Des�gn

Employ�ng a s�ngle-bl�nd repeated measures des�gn, th�s
study �nvest�gated the �n�uence of carbohydrate and ca�e-
�ne and the�r comb�nat�ons of mouth r�nses (MRCHO,
MRCAF, MRCHO+CAF, MRCAF+CHO, respect�vely) on mental
e�ort (ME), techn�cal performance, and k�nemat�c respon-
ses dur�ng small-s�ded soccer games (SSGs). The study was
conducted 12 days before the soccer season, w�th players
part�c�pat�ng �n s�x SSG sess�ons (one fam�l�ar�zat�on, one
control sess�on and four exper�mental MR �ntervent�on ses-
s�ons). The order of the exper�mental cond�t�ons was rando-
m�zed (www.random�zat�on.com). The SSGs were schedu-
led 48 hours apart for psychophys�olog�cal recovery. Games
were cons�stently held between 17:00 and 19:00 to avo�d c�r-
cad�an rhythm d�srupt�ons. SSGs were performed on a stan-
dard art�f�c�al grass p�tch under s�m�lar weather cond�t�ons
(27–30°C, 35-37% hum�d�ty). The part�c�pants performed
the Yo-Yo IRT-1 test on the f�rst �ntervent�on day to determ�-
ne VO₂max. Based on Yo-Yo IRT-1 scores, play�ng pos�t�ons,
tra�n�ng exper�ence, and coach evaluat�on, they were d�v�-
ded �nto balanced four-player teams. On exper�mental days,
part�c�pants arr�ved two hours before the sess�ons, consu-
med �dent�cal meals w�th the same CHO amount as the�r
last pre-exper�ment meal, and rema�ned �n a controlled en-
v�ronment unt�l the exper�ment started. Part�c�pants rece-
�ved a l�st of ca�e�ne-conta�n�ng foods and beverages to
control d�etary ca�e�ne �ntake and were �nstructed to avo�d
ca�e�ne sources dur�ng the study per�od. Each mouth r�nse
was adm�n�stered �mmed�ately pr�or to the start of the
game. The part�c�pants r�nsed the�r mouths w�th 25 mL of
the ass�gned solut�on for 10 seconds before expectorat�on.

Part�c�pants

S�xteen young amateur soccer players (age 16.56 ± 0.51 ye-
ars, he�ght 174.63 ± 4.26 cm, we�ght 61.77 ± 5.28 kg, tra�n�ng
Exper�ence 5.50 ± 0.63 years, and body mass �ndex 20.26 ±
1.82 kg/m2) voluntar�ly part�c�pated �n the study. The study

was conducted dur�ng the pre-season per�od. The �nclus�on
cr�ter�a were as follows: (�) players must not have had any
�njury �n the last 6 months; (��) players must have act�vely
attended a m�n�mum of four tra�n�ng sess�ons per week pla-
yed and l�censed soccer for at least 5 years; (���) the�r avera-
ge da�ly CAF consumpt�on must be below 200 mg. The exc-
lus�on cr�ter�a were as follows: (�) players who had any �n-
jury dur�ng the exper�ment; (��) players who d�d not part�c�-
pate �n the exper�ment; (���) players who took any med�cat�-
on or ergogen�c substance dur�ng the exper�ment; and (�v)
players who d�d not comply w�th the nutr�t�onal restr�ct�ons
dur�ng the exper�ment. Before data collect�on, the part�c�-
pants and the�r parents were �nformed about the benef�ts
and r�sks of the study and s�gned a wr�tten �nformed con-
sent form. Throughout the study, part�c�pants ma�nta�ned
the�r d�etary rout�nes, hydrat�on status, and sleep qual�ty,
and d�d not consume ca�e�ne conta�n�ng foods or
beverages.

Data Collect�on Tools

Anthropometr�c measurements: Anthropometr�c measu-
rements were taken on the f�rst day of the exper�ment, �n
the morn�ng a�er an overn�ght fast, and wh�le wear�ng only
shorts, us�ng a profess�onal body compos�t�on analys�s sys-
tem (Tan�ta BC 418, Tan�ta Corp, Inc., USA).

Ca�e�ne Consumpt�on Quest�onna�re: The average da�ly
CAF �ntake of the players was assessed us�ng the CAF Con-
sumpt�on Quest�onna�re (CCQ) developed by John Preston
[22], and the mean �ntake of the 16 �nd�v�duals was reported
as 168.44 ± 54.55 mg.

Yo-Yo Interm�ttent Recovery Test (Yo-Yo IRT-1):  The Yo-
Yo IRT-1 �s a w�dely ut�l�zed f�eld test to assess aerob�c en-
durance and anaerob�c threshold. It cons�sts of repeated
shuttle runs of 20 m, w�th progress�vely �ncreas�ng runn�ng
speeds and short recovery per�ods between each shuttle.
The test �s des�gned to el�c�t max�mum phys�olog�cal res-
ponses from the part�c�pant, mak�ng �t a valuable tool for
assess�ng f�tness levels and mon�tor�ng tra�n�ng progress
[23].

Rat�ng Scale of Mental E�ort (RSME): The mental e�ort
of the athletes was measured us�ng the ME rat�ng scale de-
veloped by Z�jlstra [24]. The RSME �s one of the most frequ-
ently used self-assessment scales �n the sports performance
psychology l�terature and cons�sts of a vert�cal ax�s w�th a
range of 0-150. Immed�ately a�er the games, part�c�pants
marked the amount of ME expended on the game w�th a po-
�nt on the scale.

Techn�cal Analys�s: The SSGs were recorded us�ng a h�gh-
def�n�t�on v�deo camera (Canon HF R806, Tokyo, Japan).
Techn�cal analyses of the SSGs recorded by the camera
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F�gure 1.  Study Des�gn

were performed us�ng eAnalyze Soccer so�ware (Espor so�-
ware, Ankara, Turkey). Techn�cal analyses exam�ned the
total pass�ng, shoot�ng, and tackl�ng act�v�t�es. An exper�-
enced coach w�th match and performance analys�s cert�f�-
cates conducted techn�cal analyses.

K�nemat�c Prof�les: A Polar V800 dev�ce w�th GPS techno-
logy was used to analyze the k�nemat�c data. Polar V800
measures 37 mm × 56 mm x 12.7 mm and we�ghs 79 g. Polar
V800 �s a rel�able dev�ce based on S�RFstarIV technology
that prov�des an accuracy of ±2% for d�stance measure-
ments and ±2 km/h for speed measurements �n all outdoor
sports [26]. Furthermore, �t has a pos�t�onal update rate of 1
Hz �n the h�gh-accuracy mode. For each part�c�pant, total
d�stance travelled var�ables 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 var�ables were recorded us�ng the equ�p-
ment and used for analys�s.

Mouth R�nse Protocol

The s�ngle-bl�nd, random�zed repeated measures study
exam�ned the e�ects of f�ve d��erent MR cond�t�ons on
mental e�ort, techn�cal performance, and k�nemat�c res-
ponses dur�ng SSGs. There were f�ve MR cond�t�ons as follo-
ws: �) MRCHO solut�on only (CHO; 6.4% maltodextr�n, 1.6 g
per 25 mL, 1.6 g, Prote�n Ocean, Türk�ye), ��) MRCAF solut�on
only (CAF; 1.2% ca�e�ne, 300 mg per 25 mL, 300 mg, Natu-
re’s Supreme), and ���) s�ngle MR solut�on comb�n�ng CHO
and CAF (6.4% maltodextr�n + 1%. 2% ca�e�ne �n 25 mL),
where part�c�pants were �nstructed to focus on the sweet
taste (CHO) as the predom�nant percept�on, �v) the same
comb�ned CHO+CAF solut�on (same as MRCHO+CAF), howe-
ver part�c�pants were �nstructed to focus on the b�tter taste
(CAF) as the predom�nant percept�on, v) the control cond�-
t�on w�th no MR �ntervent�on. The solut�on comb�nat�on
and total volume were �dent�cal under the MRCHO+CAF and
MRCAF+CHO cond�t�ons (25 mL conta�n�ng CHO and CAF).
Thus, the only d��erence between these cond�t�ons was the

pre-r�nse verbal �nstruct�on to change part�c�pants’ perce-
�ved taste dom�nance to sweet (CHO) or b�tter (CAF). The
present study bu�lds on prev�ous f�nd�ngs show�ng that ac-
t�vat�ng d��erent taste receptors (T1R2/T1R3 for sweet and
TAS2R for b�tter) can �n�t�ate d��erent neural pathways that
�n�uence performance and cogn�t�ve responses [7,14,21].
MR �ntervent�ons were performed 10 s before each SSG, du-
r�ng wh�ch part�c�pants were �nstructed to r�nse the ent�re
volume �n the�r mouths for 10 s and then sp�t the solut�on
back �nto the pre-we�ghed conta�ner [26]. To ver�fy compl�-
ance and ensure no �ngest�on, conta�ners were we�ghed be-
fore and a�er each r�nse us�ng a cal�brated prec�s�on d�g�tal
scale (Etekc�ty, USA; accuracy: 1 g / 0.04 oz). No sequent�al
r�nses or volumes greater than 25 mL were performed under
any cond�t�on.

Procedures

All SSG sess�ons were conducted s�multaneously on a stan-
dard�zed turf soccer p�tch under controlled env�ronmental
cond�t�ons (temperature: 27–30°C, hum�d�ty: ~40-45%)
(17:00-19:00). Players engaged �n 4-a-s�de formats, each
compr�s�ng four bouts and four-m�nute halves separated by
a 2-m�nute pass�ve recovery. P�tch d�mens�ons (25 × 32m)
rema�ned constant across formats to control for p�tch s�ze
e�ects, result�ng �n a play�ng area of ~ 100 m2 per player �n
4-a-s�de formats, respect�vely. Standard 1m x 1.5m goals
were used, and players were encouraged verbally v�a coac-
hes. Each sess�on began w�th a 15-m�nute warm-up, wh�ch
�ncluded 5 m�n of l�ght jogg�ng, dynam�c stretches, ag�l�ty
dr�lls, accelerat�on spr�nts, and game-based act�v�t�es.
Techn�cal act�v�ty and k�nemat�c prof�le responses were
mon�tored dur�ng games, except for RSME, wh�ch was only
collected a�er games �n f�ve m�nutes. The two coaches over-
saw the game and promptly prov�ded the new balls. The
players rece�ved standard�zed �nstruct�ons to susta�n game
�ntens�ty w�thout spec�f�c tact�cal or techn�cal gu�dance.
The deta�ls and �nstruct�ons for the study des�gn of MR �n-
tervent�ons are shown �n F�gure 1.
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Table 1. K�nemat�c prof�le of d��erent MR �ntervent�on dur�ng SSGs

SSGs
Walk�ng 

(0.0–7.1 km · h-1)
Jogg�ng 

(7.2–14.3 km · h-1)
Runn�ng 

(14.4–19.7 km · h-1)
H�gh-speed runn�ng 

(> 19.8 km · h-1)
(1) Control 895.19 ± 42.95 251.69 ± 67.88 4.19 ± 3.92 0.19 ± 0.75
(2) MRCAF 963.38 ± 82.83 321.31 ± 119.26 10.94 ± 21.65 2.50 ± 8.12
(3) MRCHO 958.00 ± 60.20 465.94 ± 141.07 15.88 ± 10.81 0.88 ± 1.89
(4) MRCAF+CHO 1065.75 ± 83.51 455.63 ± 123.02 11.19 ± 6.73 0.56 ± 1.55
(5) MRCHO+CAF 941.44 ± 167.51 769.63 ± 237.33 49.43 ± 20.43 3.88 ± 4.80
F 7.616 41.567 22.705 1.848
p 0.002* 0.001* 0.001* 0.183

0.337 0.735 0.602 0.110

Post-hoc 4**1 (0.01); 4**2 (0.04) 
4**3 (0.01)

5**1 (0.01); 5**2 (0.01) 
5**3 (0.01); 5**4 (0.01)

5**1 (0.01); 5**2 (0.02) 
5**3 (0.01); 5**4 (0.01) -

1: Control; 2: MRCAF; 3: MRCHO; 4: MRCAF+CHO; 5: MRCHO+CAF; ** S�gn�f�cant d��erences between SSGs (p < 0.01); * S�gn�f�cant d��erences between SSGs (p < 0.05).

Analys�s of Data

The ar�thmet�c mean and standard dev�at�on values were
calculated for descr�pt�ve analys�s, and the normal�ty of the
data was assessed us�ng the Shap�ro-W�lk test. For repe-
ated-measures analyses, v�olat�ons of the spher�c�ty as-
sumpt�on, as determ�ned by Mauchly’s test, were corrected
us�ng the Greenhouse-Ge�sser correct�on. One-way repe-
ated-measures ANOVA was used to compare the f�ve exper�-
mental cond�t�ons. In contrast, one-way analys�s of var�an-
ce (ANOVA) was used to evaluate d��erences �n the RSME,
k�nemat�c prof�le, and techn�cal act�v�ty responses. The as-
sumpt�ons of ANOVA, �nclud�ng normal�ty and homogene-
�ty of var�ance, were assessed us�ng the Levene’s test. Bon-
ferron� post hoc analys�s was conducted to determ�ne gro-
up-spec�f�c d��erences, and part�al eta-squared (ɳƤ²) valu-
es were reported as an �nd�cator of e�ect s�ze, class�f�ed as
small (0.01), med�um (0.06), or large (0.14) [27]. The s�gn�f�-
cance level was set at P <0.05. All stat�st�cal analyses were
performed us�ng SPSS 27 so�ware.

RESULTS
In th�s part of the study, we present the stat�st�cal results of
the RSME, techn�cal act�v�ty, and k�nemat�c prof�les �n res-
ponse to MR �ntervent�ons dur�ng 4-a-s�de SSGs �n soccer.

F�gure 2.  RSME responses to MR �ntervent�ons

F�gure 2 shows the responses regard�ng the e�ects of MR
�ntervent�ons on RSME dur�ng the SSGs. There was no sta-
t�st�cally s�gn�f�cant d��erence �n the RSME between the
Control (69.61 ± 22.70), MRCAF(69.84 ± 24.19), MRCHO (74.53
± 26.48), MRCAF+CHO (72.34 ± 23.71) and MRCHO+CAF (81.09 ±
27.49) MR �ntervent�ons (F = 2.153; p = 0.106; η_p^2   =
0.126).
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Table 1 demonstrates the e�ects of the MR �ntervent�ons on
k�nemat�c performance at d��erent speed zones. The results
showed that MRCHO+CAF s�gn�f�cantly �mproved performan-
ce at jogg�ng (7.2-14.3 km-h-¹) and runn�ng (14.4-19.7 km-h-
¹) speeds (p < 0.05). The MRCAF+CHO comb�nat�on was the
most e�ect�ve �ntervent�on for walk�ng (0.0-7.1 km-h-) (p <
0.05). However, no s�gn�f�cant d��erence was found betwe-
en any h�gh-speed runn�ng (>19.8 km-h-¹) runn�ng speed
zone �ntervent�on.

Table 2. The techn�cal act�v�ty of d��erent MR �ntervent�ons dur�ng
SSGs

SSGs Total Pass Total Shot Intercept�on
Control 33.81 ± 9.57 2.31 ± 2.18 1.75 ± 1.44
MRCAF 36.06 ± 9.86 2.19 ± 2.07 1.13 ± 0.96
MRCHO 32.06 ± 11.70 3.56 ± 2.16 1.19 ± 1.05
MRCAF+CHO 32.06 ± 11.47 4.06 ± 2.64 1.56 ± 1.55
MRCHO+CAF 37.00 ± 11.15 3.31 ± 2.33 1.63 ± 1.20
F 0.884 2.680 0.848
p 0.429 0.058 0.500

0.056 0.152 0.054
Post-hoc - - -
1: Control; 2: MRCAF; 3: MRCHO; 4: MRCAF+CHO; 5: MRCHO+CAF; ** S�gn�f�cant d��eren-
ces between SSGs (p < 0.01); * S�gn�f�cant d��erences between SSGs (p < 0.05).

Table 2 dep�cts the MR �ntervent�ons' e�ects on soccer pla-
yers' techn�cal performance. The results showed no s�gn�f�-
cant d��erences between the �ntervent�ons �n terms of the
total number of passes, shots, or �ntercept�ons (p > 0.05).

DISCUSSION
Th�s study �nvest�gated the e�ects of MRCAF, MRCHO,
MRCAF+CHO, and MRCHO+CAF �ntervent�ons and control con-
d�t�ons on RSME, techn�cal act�v�ty, and k�nemat�c prof�les
of soccer SSGs. The results of the present study showed no
stat�st�cal d��erence between the total pass�ng, shoot�ng,
and tackl�ng act�v�t�es �n all cond�t�ons. Cons�der�ng the
d�stances covered at d��erent speeds, wh�le MRCHO+CAF s�g-
n�f�cantly �mproved performance at jogg�ng (7.2-14.3 km-h-
¹) and runn�ng (14.4-19.7 km-h-¹) speeds, the MRCAF+CHO
comb�nat�on was the most e�ect�ve �ntervent�on for wal-
k�ng (0.0-7.1 km-h-). However, no s�gn�f�cant d��erence was
found between any h�gh-speed runn�ng (>19.8 km-h-¹) run-
n�ng speed zone �ntervent�on. Another f�nd�ng of the cur-
rent study was that MR pract�ce had no s�gn�f�cant e�ect on
ME. To the best of our knowledge, th�s l�terature rev�ew
shows no other study �n wh�ch MRCAF and MRCHO pract�ces
and a comb�nat�on of MRCAF+CHO and MRCHO+CAF pract�ces
were exam�ned �n soccer SSGs.

We found no s�gn�f�cant d��erences �n total passes, shots,
or �ntercept�ons among the var�ous MR �ntervent�ons du-
r�ng the SSGs. Arla� and Nana [28] exam�ned the e�ects of
MRCAF and MRCHO on soccer performance and found that
these �ntervent�ons d�d not s�gn�f�cantly �mprove spr�nt�ng,

pass�ng, or shoot�ng. Our f�nd�ngs al�gn w�th th�s, sugges-
t�ng that MR exper�ments have a l�m�ted e�ect on the tech-
n�cal parameters. The m�n�mal changes �n techn�cal perfor-
mance �nd�cate that soccer sk�lls are �n�uenced not only by
ergogen�c a�ds but also by factors such as player sk�ll levels,
tact�cal dec�s�ons, and game dynam�cs. Although no other
study has d�rectly �nvest�gated the e�ect of MR on techn�cal
performance �n soccer, the �mpact of d��erent CHO and CAF
�ntake methods has been exam�ned. For example, Al� et al.
[29] found that CHO-electrolyte solut�ons �mproved sho-
ot�ng performance �n players w�th low glycogen stores, but
had l�ttle e�ect on pass�ng. Andrade-Souza et al. [30] �nves-
t�gated the e�ects of CHO and CAF on soccer pass�ng per-
formance, separately and �n comb�nat�on �nvolv�ng 11 ama-
teur male soccer players who completed the Loughborough
Interm�ttent Shuttle Test followed by the Loughborough
Soccer Pass�ng Test and found no s�gn�f�cant d��erence �n
the total pass�ng t�me when CHO and CAF were comb�ned.
In contrast, Foskett et al. [31] reported that CAF �n capsule
form �mproved pass�ng accuracy and overall football sk�ll
performance. These con��ct�ng f�nd�ngs suggest that the
e�ects of CAF may vary depend�ng on the method of adm�-
n�strat�on and that phys�olog�cal d��erences between the
MR method and d�rect CAF �ntake could �n�uence the re-
sults. Therefore, further research �s needed to clar�fy MR's
e�ects on soccer's techn�cal parameters.

Our f�nd�ngs suggest that carbohydrate and MRCAF proto-
cols have the potent�al to enhance low-speed k�nemat�c
performance; however, the�r e�ects on h�gh-speed act�v�t�es
are l�m�ted. Although CHO and CAF �n�uence MR mecha-
n�sms, they act�vate d��erent bra�n reg�ons. MRCHO st�mu-
lates motor cortex act�vat�on by send�ng rap�d s�gnals re-
gard�ng energy ava�lab�l�ty, enhanc�ng mot�vat�on, and re-
duc�ng perce�ved e�ort [14,32]. In contrast, the bronchod�la-
tor e�ect of CAFs may support aerob�c metabol�sm by �ncre-
as�ng oxygen uptake at low speeds [33]. However, th�s e�ect
may be �nsu��c�ent at h�gh speeds, ow�ng to the dom�nance
of anaerob�c energy systems. Add�t�onally, CAF can act�vate
b�tter taste receptors �n the oral cav�ty, enhanc�ng cogn�t�ve
alertness through dopam�ne release and a�ect�ng bra�n re-
g�ons l�nked to motor control, attent�on, and mot�vat�on
[12,21]. Neuro�mag�ng stud�es have conf�rmed �ncreased ac-
t�v�ty �n the prefrontal, orb�tofrontal, and dorsolateral cort�-
ces follow�ng MRCAF [21]. Act�vat�on of the sympathet�c ner-
vous system v�a b�tter compounds, such as CAF, may contr�-
bute to �ts ergogen�c e�ects [34]. However, because the CAF
does not tr�gger energy s�gnals, �ts full potent�al may not be
real�zed. Nevertheless, the strong s�gnals transm�tted to the
bra�n v�a CAF-st�mulated TAS2R receptors may opt�m�ze
motor control, attent�on, and mot�vat�on mechan�sms, po-
tent�ally enabl�ng susta�ned performance at low speeds.
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These f�nd�ngs suggest that CHO and CAF enhance perfor-
mance through d��erent mechan�sms, depend�ng on the or-
der of adm�n�strat�on, wh�ch could be part�cularly advanta-
geous �n small-s�ded soccer games.

ME �s def�ned as the cogn�t�ve workload requ�red to perform
a task and the subject�ve exper�ence of engag�ng �n the task
[35]. SSGs �n�uence athletes’ mental states dur�ng tra�n�ng,
�ncreas�ng the demand for cogn�t�ve processes [36]. Intense
ME can lead to mental fat�gue by act�vat�ng �nh�b�t�on cen-
ters �n the bra�n, �ncreas�ng perce�ved e�ort wh�le reduc�ng
mot�vat�on and w�ll�ngness to act [37]. Our study suggests
that d��erent MR methods do not alter the ME. Wh�le prev�-
ous stud�es [9,25] have pr�mar�ly focused on the e�ects of
CHO and CAF consumpt�on on phys�cal performance, re-
cent research [21,31,38] has exam�ned the potent�al of CHO,
CAF, and the�r comb�nat�ons to enhance cogn�t�ve perfor-
mance. However, only one study has �nvest�gated the e�ect
of MRs on ME �n SSGs. Soylu et al. [10] reported that cont�-
nuous and �nterm�ttent SSGs w�th MRCHO d�d not s�gn�f�-
cantly a�ect RSME compared to a placebo. In a study �nvol-
v�ng profess�onal athletes, Alme�da et al. [39] found that
acute CAF �ntake before SSGs had no s�gn�f�cant e�ect on
perce�ved e�ort. S�m�larly, Gutt�erres et al. [40] emphas�zed
that compar�ng CAF and CHO �ntake �n sports dr�nks dur�ng
matches d�d not s�gn�f�cantly �mpact the perce�ved e�ort
levels. These f�nd�ngs were cons�stent w�th those of the pre-
sent study. G�ven the l�m�ted number of stud�es on d��erent
MR pract�ces �n SSGs, a comprehens�ve d�scuss�on rema�ns
challeng�ng. However, based on our results, CAF, CHO, and
the�r comb�nat�on d�d not a�ect ME s�gn�f�cantly.

Th�s study on MR e�ects dur�ng SSGs had l�m�tat�ons, �nc-
lud�ng a focus on young amateur male soccer players, l�m�-
ted general�zab�l�ty to other groups, and a lack of assess-
ment of long-term e�ects. RSME measures mental e�ort but
does not other psycholog�cal factors such as anx�ety or st-
ress. Future research could use real-game scenar�os to ach�-
eve greater ecolog�cal val�d�ty. A key l�m�tat�on was the lack
of a placebo due to the challenges �n creat�ng a taste-matc-
hed, non-calor�c solut�on. Includ�ng a placebo would have
compl�cated the crossover des�gn, �ncreas�ng part�c�pant
burden. The control cond�t�on w�thout MR served as the ba-
sel�ne. Although the study was conducted under a s�ngle-
bl�nd des�gn, complete perceptual bl�nd�ng was �mposs�ble
�n all cond�t�ons because of the d�st�nct taste prof�les of
CAF (b�tter) and CAF (sweet). In MRCHO+CAF and
MRCAF+CHO, the part�c�pants were not �nformed of the solu-
t�on content. However, they were g�ven sensory-focus �nst-
ruct�ons (�.e., to attend to sweet or b�tter aspects), wh�ch
may have �n�uenced the�r awareness of the cond�t�on. Th�s
l�m�tat�on �s standard �n stud�es �nvolv�ng oral taste recep-

tor st�mulat�on and should be cons�dered when �nterpret�ng
the f�nd�ngs. Future stud�es should explore alternat�ve pla-
cebos or controls to �solate MR's e�ects better. Address�ng
these l�m�tat�ons w�ll �mprove our understand�ng and gu�de
further research on nutr�t�onal �ntervent�ons for sports
performance.

CONCLUSION
Us�ng MRCAF and MRCHO separately d�d not a�ect techn�cal
parameters or ME. However, the MRCHO+CAFcond�t�on s�g-
n�f�cantly �mproved performance at jogg�ng and runn�ng
speeds. S�multaneously, the MRCAF+CHO comb�nat�on was
the most e�ect�ve �ntervent�on for walk�ng speed, w�th no
s�gn�f�cant d��erence between the �ntervent�ons at h�gh-
speed runn�ng speeds. These f�nd�ngs suggest that the act�-
ve compounds used �n MR and the order �n wh�ch they are
perce�ved may �n�uence the psychophys�olog�cal responses
dur�ng �nterm�ttent sports act�v�t�es. However, future rese-
arch should cons�der �ncorporat�ng man�pulat�on checks or
alternat�ve perceptual measures to further clar�fy the role of
taste dom�nance sequenc�ng.

Eth�cs Comm�ttee Approval / Et�k Kom�te Onayı

The Eth�cs Comm�ttee of Tokat Gaz�osmanpasa Un�vers�ty granted eth�cal
approval (approval number 35711501-68, dated 26/12/2023.

Con��ct of Interest / Çıkar Çatışması
The authors declared no con��cts of �nterest w�th respect to authorsh�p
and/or publ�cat�on of the art�cle.

F�nanc�al D�sclosure / F�nansal Destek
Th�s research was produced as part of Umut Gök’s PhD thes�s and was
supported by Tokat Gaz�osmanpasa Un�vers�ty Coord�natorsh�p of Sc�ent�-
f�c Research (2024/30).

Author Contr�but�ons / Yazar Katkıları
Concept: YS, UG, EA, BK; Des�gn: YS, UG, EA, BK; Superv�s�on: YS; Mate-
r�als: YS, UG; Data Collect�on and Process�ng: YS, UG; Analys�s and In-
terpretat�on: YS, UG; L�terature Rev�ew: UG; Wr�t�ng Manuscr�pt: YS, UG,
EA, BK; Cr�t�cal Rev�ews: YS, EA, BK. All authors contr�buted to the f�nal
vers�on of the manuscr�pt and d�scussed the results and contr�buted to
the f�nal manuscr�pt.

REFERENCES
Rollo I, W�ll�ams C. Carbohydrate nutr�t�on and sk�ll performance �n soccer. Sports Med.
2023;53(1):7-14.
Mohr M, Krustrup P, Bangsbo J. Fat�gue �n soccer: A br�ef rev�ew. J. Sports Sc�.
2005;23(6):593-99.
Soylu Y, Arslan E, K�l�t B. Psychophys�olog�cal Responses and Cogn�t�ve Performance: A Syste-
mat�c Rev�ew of Mental Fat�gue on Soccer Performance. Int J Sport Stud Health.
2022;4(2):20-27.
Zhu Y, Sun F, L� C, Chow DHK. Acute E�ects of Br�ef M�nd�lness Intervent�on Coupled w�th Car-
bohydrate Ingest�on to Re-Energ�ze Soccer Players: A Random�zed Crossover Tr�al. Int J En-
v�ron Res Publ�c Health. 2020;17(23):9037.
Nédélec M, Halson S, Delecro�x B, Aba�d�a AE, Ahma�d� S, Dupont G. Sleep Hyg�ene and Reco-
very Strateg�es �n El�te Soccer Players. Sports Med. 2015;45(11):1547-59.
Russell M, K�ngsley M. The e��cacy of acute nutr�t�onal �ntervent�ons on soccer sk�ll performan-
ce. Sports Med. 2014;44(7):957-70.
Poon ETCTC, Tsang JH, Sun FH, Al� AA, Rollo I, Wong SHS. Explor�ng the Ergogen�c Potent�al of
Carbohydrate-Ca�e�ne Comb�ned Mouth R�nse on Exerc�se and Cogn�t�ve Performance: A Sys-

1.

2.

3.

4.

5.

6.

7.



U. Gök, Y. Soylu, E. Arslan, et al.

8

temat�c Rev�ew. Appl Phys�ol Nutr Metab. 2024;49(12):1611-21.
Ferre�ra RES, Pacheco RL, de Ol�ve�ra Cruz Latorraca C, R�era R, E�d RG, Mart�mb�anco ALC. Ef-
fects of ca�e�ne supplementat�on on phys�cal performance of soccer players: systemat�c rev�ew
and meta-analys�s. Sports Health. 2021;13(4):347-58.
Gough LA, Faghy M, Clarke N, Kelly AL, Cole M, Lun Foo W. No �ndependent or synerg�st�c ef-
fects of carbohydrate-ca�e�ne mouth r�nse on repeated spr�nt performance dur�ng s�mulated
soccer match play �n male recreat�onal soccer players. Sc� Med Footb. 2022;6(4):519-27.
Soylu Y, Chmura P, Arslan E, K�l�t B. The E�ects of Carbohydrate Mouth R�nse on Psychophys�-
olog�cal Responses and K�nemat�c Prof�les �n Interm�ttent and Cont�nuous Small-S�ded Games
�n Adolescent Soccer Players: A Random�zed, Double-Bl�nded, Placebo-Controlled, and Crosso-
ver Tr�al. Nutr�ents.2024;16(22);3910.
Lee A, Owyang C. Sugars, Sweet Taste Receptors, and Bra�n Responses. Nutr�ents.
2017;9(7):653.
Meyerhof W, Batram C, Kuhn C, Brockho� A, Chudoba E, Bufe B, et al. The Molecular Recept�ve
Ranges of Human TAS2R B�tter Taste Receptors. Chem Senses. 2010;35(2):157-70.
L�ma-S�lva AE, Cr�st�na-Souza G, S�lva-Cavalcante MD, Bertuzz� R, B�shop DJ. CAFe�ne dur�ng
H�gh-Intens�ty Whole-Body Exerc�se: An Integrat�ve Approach beyond the Central Nervous Sys-
tem.Nutr�ents. 2021;13(8):2503.
Chambers ES, Br�dge MW, Jones DA. (2009). Carbohydrate sens�ng �n the human mouth: Ef-
fects on exerc�se performance and bra�n act�v�ty. Phys�ol. J. 2009;587(8):1779-94.
Br�to P, Costa JA, F�gue�redo P, Br�to J. S�mulated Soccer Game Protocols: A Systemat�c Rev�ew
on Val�dated Protocols That Represent the Demands of the Game. J. Strength Cond.
Res.2024;38(1):192-205.
Ol�ve�ra JJD, Verleng�a R, Barbosa CGR, S�ndorf MAG, Rocha GLD, Lopes CR, et al. E�ects of
post-act�vat�on potent�at�on and carbohydrate mouth r�nse on repeated spr�nt ab�l�ty. J. Hum.
Sport. Exerc. 2019;14(1).
S�mpson GW, Pr�tchett R, O’Neal E, Hosk�ns G, Pr�tchett K. Carbohydrate Mouth R�nse Improves
Relat�ve Mean Power Dur�ng Mult�ple Spr�nt Performance. Int. J. Exerc. Sc�.
2018;11(6):754-63.
Bortolott� H, Ol�ve�ra RS, Cyr�no ES, Alt�mar� LR. Carbohydrate mouth r�nse does not �mprove
repeated spr�nt performance. Braz. J. K�nanthrop. Hum. Perform. 2013;15(6):639-
45.
Rollo I, Homewood G, W�ll�ams C, Carter J, Goosey-Tolfrey VL. The Influence of Carbohydrate
Mouth R�nse on Self-Selected Interm�ttent Runn�ng Performance. Int. J. Sport. Nutr.
Exerc. Metab.2015;25(6):550-58.
Nehme R, de Branco FMS, V�e�ra PF, Gu�marães AVC, Gomes GK, Te�xe�ra GP, et al. S�ngle and
Ser�al Carbohydrate Mouth R�ns�ng Do Not Improve Yo-Yo Interm�ttent Recovery Test Perfor-
mance �n Soccer Players. . Int. J. Sport. Nutr. Exerc. Metab. 2022;32(1):22-29.
De Pauw K, Roelands B, Knaepen K, Polfl�et M, St�ens J, Meeusen R. E�ects of ca�e�ne and mal-
todextr�n mouth r�ns�ng on P300, bra�n �mag�ng, and cogn�t�ve performance. J. Appl. Phy-
s�ol.2015;118(6):776-82.
Preston J, Mura A. Lessons from neuropsycholog�st John Preston, Psy. D. on stress, sleep,
energy, and solut�ons that backf�re. Internat�onal Journal of Coach�ng �n Organ�-
zat�ons, 2006:4(2);16-21.

Bangsbo J, Ia�a FM, Krustrup P. The Yo-Yo Interm�ttent Recovery Test. Sports Med.
2008;38(1):37-51.
Z�jlstra FRH. E��c�ency �n work behav�or: a des�gn approach for modern tools [d�ssertat�on].
Del� (Netherlands): Del� Un�vers�ty of Technology; 1993.
Beaven CM, Maulder P, Pooley A, K�ldu� L, Cook C. E�ects of CAFe�ne and carbohydrate mouth
r�nses on repeated spr�nt performance. Appl Phys�ol Nutr Metab. 2013;38(6):633-37.
S�ncla�r J, Bottoms L, Flynn C, Bradley E, Alexander G, McCullagh S, et al. The e�ect of d��erent
durat�ons of carbohydrate mouth r�nse on cycl�ng performance. Eur. J. Sport Sc�.
2014;14(3):259-64.
Cohen J. Stat�st�cal power analys�s for the behav�oral sc�ences. 2nd ed.
Routledge:1988.
Arla� S, Nana A. Carbohydrate and ca�e�ne mouth r�nse a�er 45 m�nutes of an �nterm�ttent
shuttle run test d�d not enhance soccer performance �n colleg�ate players. J Sports Sc�
Technol. 2019:37-48.
Al� A, W�ll�ams C, N�cholas CW, Foskett A. The �nfluence of carbohydrate-electrolyte �ngest�on
on soccer sk�ll performance. Med Sc� Sports Exerc. 2007;39(11):1969.
Andrade-Souza VA, Bertuzz� R, de Araujo GG, B�shop D, L�ma-S�lva AE. E�ects of �solated or
comb�ned carbohydrate and ca�e�ne supplementat�on on soccer performance between 2 da�ly
tra�n�ng sess�ons. Appl. Phys�ol. Nutr. Metab. 2015;40(5):457-63.
Foskett A, Al� A, Gant N. Ca�e�ne enhances cogn�t�ve �nct�on and sk�ll performance dur�ng s�-
mulated soccer act�v�ty. Int J Sport Nutr Exerc Metab. 2009;19(4):410-23.
Pomportes L, Br�sswalter J. Carbohydrate mouth r�nse e�ects on phys�cal and cogn�t�ve perfor-
mance: Benef�ts and l�m�tat�ons �n sports. Sc�. & Sports. 2020;35(4):200-6
VanHa�tsma TA, M�ckleborough T, Stager JM, Koceja DM, L�ndley MR, Chapman R. Comparat�ve
E�ects of CAFe�ne and Albuterol on the Bronchoconstr�ctor Response to Exerc�se �n Asthmat�c
Athletes. Int. J. Sports Med. 2010;31(04):231-36.
Gam S, Guelf� KJ, Fourn�er PA. New Ins�ghts �nto Enhanc�ng Max�mal Exerc�se Performance Th-
rough the Use of a B�tter Tastant. Sports Med. 2016;46(10): 1385-90.
Wolpe N, Holton R, Fletcher PC. What �s mental e�ort: a cl�n�cal perspect�ve. B�ol Psych�-
atry. 2024;95:1030-37
Soylu Y. Futbolda 4v4 dar alan oyunlarına ver�len ps�koloj�k ve b�l�şsel cevaplar. Spor Per-
form Araştır Derg. 2021;12(2):186-99.
Sch�phof-Godart L, Roelands B, Hett�nga FJ. Dr�ve �n sports: How mental fat�gue a�ects endu-
rance performance. Front Psychol. 2018;9:383.
Van Cutsem J, De Pauw K, Marcora S, Meeusen R, Roelands B. A CAFe�ne-maltodextr�n mouth
r�nse counters mental fat�gue. Psychopharmacol. 2018;235: 947-58.
de Alme�da RF, de Ol�ve�ra M, Fur�go IC, Aqu�no R, Clarke ND, Tall�s J, et al. E�ects of Acute ca�e-
�ne �ngest�on on cogn�t�ve performance before and a�er repeated small-s�ded games �n profes-
s�onal soccer players: a placebo-controlled, random�zed crossover tr�al. Nutr�ents.
2023;15(14):3094.
Gutt�erres APM, Alfenas RDC, Gatt� K, L�ma JRP., S�lva ÂA, Natal� AJ, et al. Metabol�c e�ects of a
ca�e�nated sports dr�nk consumed dur�ng a soccer match. Mot Rev Educ F�s.
2013;19:688-95

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.


