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Abstract 

In contemporary football, success has been associated with technical skill 

implementation, mental awareness and short-time decision-making, which have been 

found to decline during the last minutes of the game. Possible explanations are related 

with players’ position, match intensity and strategy. In the context of physical 

performance, ingestion of 6-7% CHO at a rate of 60-80 g·h-1 can improve Inc and in 

some cases St. Furthermore, ingestion of CHO in similar amounts (6-8% CHO in a rate 

of 30-60 g·h-1), can decrease possible declines in technical skill implementation during 

the last minutes of a game due to fatigue. Although the possible mechanisms behind 

skill performance remain unclear, skill compounds such as cognitive and mental 

function have been found to increase after CHO supplementation in prolonged exercise. 

However, relative evidence on football-specific studies is sparse and usually under 

extreme conditions. Addendum of BCAA in a CHO beverage or alone, can enhance 

mental performance during prolonged exercise compared to placebo. However, 

increased doses of BCAA can provoke fatigue due to increased ammonia production. 

Generally, 100 mg·kg-1 BCAA can keep low the ammonia production due to BCAA, 

while can improve significantly mental and physical performance in prolonged exercise. 

However, no evidence exists on field sports considering both physical and mental 

performance. The effects of BCAA and/or CHO supplementation on cognition and 

physical performance in football have not been examined yet and research is needed.     

 

 



 

10 

 

Introduction 

Globally, intermittent or ‘team sports’ are the most popular in terms of 

participation and spectator interest (Baker, Rollo, Stein, & Jeukendrup, 2015). Team 

success is dependent upon the cooperation of individual players to score more 

goals/points than the opponent (Baker et al., 2015). All team sports require brief high-

intensity exercise, such as sprinting, tackling and jumping, as well as specific skills like 

dribbling, passing and shooting, depending on sport nature (Baker et al., 2015). 

Nonetheless, team sports physiological demands vary, as there are differences in 

periods or total game duration, size of the field, total distance covered, number and 

duration of high-intensity attempts and position-specific demands (Holway & Spriet, 

2011). Football can be classified as endurance-based sport similar to field hockey and 

lacrosse (Holway & Spriet, 2011) as presented in table 1.1. 

Table 1.1 Intermittent sports classification  
Classification Sport Characteristics 

Endurance-based field sports 
Soccer, field hockey, 

lacrosse 

Longer duration, larger field, longer 
distance area, continuous activity in 

variable speeds 

Court sports 
Basketball, 

volleyball, tennis 

Shorter duration, smaller playing area, 
sets/periods, frequent substitution, often 
several games per day or over several 

days. 

Strength and power field sports 
American football, 

rugby 
Shorter distance covered, frequent short 
explosive activities, high contact games. 

Batting field sports 
Baseball, softball, 

cricket 

Lower overall energy demands, many 
hours on field, greater rest duration 

between efforts. 

Source: adopted by (Baker et al., 2015)  

In football, apart from intermitted running, players perform a series of other 

activities such as acceleration, deceleration, change direction, jumping, tackling, static 

muscle contraction and getting up from the ground (Bangsbo, 1994; Russell et al., 



 

11 

 

2014). During a 90-min game, the average distance covered fluctuates from 10 to 13 

km, while players’ performance has been found to decrease at the latter stages of the 

game due to fatigue (Bradley et al., 2009; Mohr, Krustrup, & Bangsbo, 2003; Russell & 

Kingsley, 2014). However, the ability to maintain technical and skill implementation is 

associated with success, as teams with less declines in skill performance during a 

season have been found to finish in higher league positions (Rampinini, Impellizzeri, 

Castagna, Coutts, & Wisløff, 2009). It has been claimed that depletion of glycogen 

stores is associated with reductions in performance (Ivy, Res, Sprague, & Widzer, 2003) 

and fatigue (Bangsbo, Mohr, & Krustrup, 2006), due to an established higher metabolic 

demand for CHO during exercise (Hawley, Tipton, & Millard-Stafford, 2006). When six 

trained ( VO2max= 56.3 ± 1.3 ml·kg-1·min-1) males participated in a soccer simulated test 

(extended part A of LIST), there was a significant (p <.05) reduction of glycogen 

concentration in muscle fibres type I and II  after testing (Nicholas, Tsintzas, Boobis, & 

Williams, 1999). However, when subjects ingested a 6.9% CHO-E beverage, there was 

a reduced (22%, p <.05) glycogen utilisation compare to placebo (Nicholas et al., 1999). 

Plethora of evidence (Balsom, Wood, Olsson, & Ekblom, 1999; Davison et al., 

2008; Foskett, Williams, Boobis, & Tsintzas, 2008; Patterson & Gray, 2007) reveals that 

ingestion of CHO prior and during exercise delays fatigue and increases time to 

exhaustion, during HIIE. Furthermore, ingestion of CHO-E beverages (6-8%) had a 

positive effect on critical football-specific skill performance (agility, dribbling, passing, 

and shooting; Ali & Williams, 2009; Ali, Williams, Nicholas, & Foskett, 2007b; Currell, 

Conway, & Jeukendrup, 2009; Russell, Benton, & Kingsley, 2012) compared to placebo. 
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However, in some studies (Abbey & Rankin, 2009; Zeederberg et al., 1996) no benefit 

of CHO-E ingestion on skill performance was observed. Differences between skills 

implemented or testing protocols may be responsible for different results. Nonetheless, 

success in intermittent sports is also determined by aspects of cognitive function such 

as attention, decision-making and time-response (Baker et al., 2015). Two studies 

(Welsh, Davis, Burke, & Williams, 2002; Winnick et al., 2005) have assessed the effects 

of CHO-E ingestion (~6%) on mental function, during intermittent HIIE. In Welsh et al. 

(2002) study, although a significant overall time effect for word, colour and word-colour 

was found (p =.003; .02; .003 respectively) applying the SCWT, no improvement in 

interference score was reported. Similar interference findings were observed in Winnick 

et al. (2005) study, though no significant time effect was reported. Possible mechanisms 

behind the mental function and CHO, is that during exercise, CHO administration could 

reduce the FAs release and f-TRP uptake by the brain via CNS (Davis et al., 1992; 

Welsh, Waskovich, Alderson,  & Davis, 1997), which can lead to reduced 5-HT 

production and mental fatigue (Blomstrand, 2001; 2006). 

However, BCAAs (leucine, isoleucine and valine) have been found to be direct 

competitors of f-TRP uptake, as they are using the same transporter  with other LNAA 

to pass through the brain barrier (Gleeson, 2005). Evidence suggests that ingestion of 

BCAAs have a positive effect on mental performance during prolonged (Blomstrand, 

Hassmén, Ekblom, & Newsholme, 1991a; Hassmén, Blomstrand, Ekblom, & 

Newsholme, 1994) and HIIE (Blomstrand, Hassmen, & Newsholme, 1991b). 

Additionally, BCAAs can be used as an intramuscular energy source during exercise 

(De Feo et al., 2003) and have been associated with increased endurance capacity 
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(Matsumoto, Koba, Hamada, Tsujimoto, & Mitsuzono, 2009). The aim of this review is to 

assess the effects of CHO and/or BCAA supplementation on physical and mental 

performance during football-specific HIIE. 

Physiological demands of football 

 Football consists of endurance, strength and power characteristics. In terms of 

endurance, each player has been found to perform more than 1000 short activities 

(sprinting; tackling; heading; high-intensity running; walking; jogging; ball involved 

activities; changing pace and muscle contractions to maintain ball possession under 

pressure; Bangsbo et al., 2006; Ingebrigtsen et al., 2012; Mohr et al., 2003), changing 

every 4-6 seconds (Stølen, Chamari, Castagna, & Wisløff, 2005). However, technical 

characteristics  like tackling, heading, possession of the ball and ball related activities or 

sprinting consist of strength and power components as well (Stølen et al., 2005). The 

amount and type of activities performed varies, according to league level and players’ 

position. Bradley et al. (2013) assessed the differences in physical and technical 

characteristics among teams of different divisions in England and players’ position 

within teams. Interestingly, they found that higher division players performed less 

endurance and more technical characteristics compared to lower division (p <.01), while 

midfield and fullbacks covered more distance performing more high-intensity running 

compare to defenders and attackers (p <.05; Bradley et al., 2013). Thus, during a 

football match both aerobic and anaerobic metabolic pathways are being used, leading 

to an average estimated metabolic demand of ~70% VO2max (Bangsbo et al., 2006; 

Edwards & Clark, 2006; Mohr et al., 2003) and a total energy cost of 1200-1500 kcal 
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(Bangsbo, 1994; Stølen et al., 2005). However, the amount and the accuracy of 

technical characteristics implementation is reduced during second half and partly linked 

with fatigue (Carling & Dupont, 2011; Di Salvo et al., 2007), as can be part of team ( 

Bradley et al., 2013; Rampinini, Coutts, Castagna, Sassi, & Impellizzeri, 2007; Weston 

et al., 2011) or player’s self-pacing tactics (Edwards & Noakes, 2009).  

Mohr et al. (2003), among others, examined the possible differences in 

performance during a football game within and between elite (n = 18) and professional 

(n = 24) football players. Elite players covered 5% more distance (p <.05), consisted of 

28% more high-intensity running (p <.05), while both groups performed less high-

intensity running at second half (p <.05; Mohr et al., 2003). Only elite players covered 

less distance in the second half compared to the first (5.35 ± .09 versus 5.51± .10 km, p 

<.05), but higher than non-elite (Mohr et al., 2003). This is in line with Bradley et al. 

(2013) findings, though in the same study elite players were found to cover less total 

distance compare to non-elite (p <.01), opposed to Mohr et al. (2003) findings. A 

possible explanation is that in the decade between two studies the standards of elite 

football changed, focusing more on qualitative characteristics (skills) rather than 

physical. Success in contemporary football is deeply associated with technical 

characteristics and ball possession. Rampinini et al. (2009) examined the differences in 

physical and technical skills implemented during 416 games of the Italian ‘Serie A’, 

between both halves and their relation with success. Findings in physical performance 

were similar to Bradley et al. (2013) study, as less successful teams (ranked in the last 

5 positions) found to cover more distance and high-intensity running (+4% and +9-11% 

respectively, p <.01) compared to successful (ranked in the first 5 positions). In contrast, 
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successful teams covered higher distance and high-intensity running with the ball 

(+18% and +16% respectively, p <.01). However, both groups were found to cover less 

distance and high-intensity running in the second half (-2% and -7% respectively, p 

<.01), while declines were also observed in total distance covered with the ball and 

high-intensity running with ball (-5% and -9% respectively, p <.01; Rampinini et al., 

2009). An interesting finding of this study is that the reduced technical characteristics in 

the second half (involvements with the ball, -9%; short passes, -11%; and successful 

short passes -11%; p <.01) were associated with fatigue (p <.01), as in the less fatigued 

group no significant changes in technical characteristics were observed (p >.16; 

Rampinini et al., 2009). This is in line with Russell, Rees and Kingsley (2013) findings. 

Muscle glycogen was found reduced (by ~50%; p <.05) in thirty-one Danish fourth 

division football players after match-play, while in ~50% of total muscle fibres, glycogen 

concentration was almost-depleted or depleted (Krustrup et al., 2006). Higher metabolic 

rate during exercise might be responsible for glycogen depletion and fatigue (Hawley et 

al., 2006), which can be inhibited by CHO supplementation (Jeukendrup & Jentjens, 

2000).  

 

Carbohydrates during HIIE 

Effects on physical performance  

 Until the middle-90s most studies of CHO supplementation on football were 

indirectly associated with performance, as the relationship between intramuscular 
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glycogen stores and CHO supplementation, was mainly the aim (i.e. Leatt & Jacobs, 

1989). Nicholas, et al. (1995) in an innovative study, applied a football-specific testing 

protocol (LIST) and found a significant improvement (+33%, p <.05) on Inc after CHO 

supplementation, compared to placebo trial, but no significant improvement was 

observed in St. Similar findings in St were observed in a subsequent study by Nicholas, 

et al. (1999), although a slightly modified sprint-focused testing protocol was applied 

(extended LIST). The higher Inc that had been previously reported was directly linked 

with higher intramuscular glycogen concentration (Nicholas, et al., 1999). This is in line 

with Foskett et al. (2008) study, where an incremental run to exhaustion was added in 

Nicholas, et al. (1999) testing protocol. Similar improvements were observed in Inc when 

the same testing protocol (LIST) was applied on similar sample size (+32%, p <.05; 

Davis, Welsh, & Alerson, 2000b) or CHO were given in gel form (+42%, p <.05; 

Patterson & Gray, 2007). In table 1.2 are summarised studies relative to CHO 

supplementation during football-match, exercise protocols. Generally, CHO 

administration (6-6.9% and/or osmolality at 300 mOsmol·g-1) prior and during exercise 

leads to superior metabolic and physiological responses and improve Inc (by 32-42%; p 

<.05) and in some cases St compared to placebo. 

 



 

17 

 

Table 1.2. Summarise table of studies, assessing the effects of CHO on physical performance during HIIE relative to 
football in adults (continued to page 19). 

Source 
Study 

Design 
Sample 

Size 
Standard VO2max 

(ml·kg-1·min-1) 
Exercise Testing Protocol Supplementation Results 

Nicholas et al. 
(1995) C 9 M 

Trained 
game 

players 
NA Standard LIST  

-6.9% CHO-E solution: 
5 ml·kg-1 prior and 2 ml·kg-1 during exercise 
(every 15 min in Part A). 

↑ TTE (33%*) 

↔  TS 

Davis et  al. 
(1999) 

C 
8  

(3 M, 5 F) 
Active NG Standard LIST 

-20% CHO solution: 
5 ml·kg-1 1 hour prior  
-6% CHO solution: 
5 ml·kg-1 10 min prior and 2 ml·kg-1 during 
exercise (every 15 min in Part A). 

↑ TTE (52%) * 

Nicholas et al. 
(1999) 

C 6 M 
Trained 
game 

players 
56.3 ± 1.3 

Part A of LIST only for 90 min (6 
blocks) 

-6.9% CHO-E solution: 
5 ml·kg-1 prior and 2 ml·kg-1 during exercise 
(every 15 min). 

↔  TS 

↓ (22%*) of utilised 

glycogen in CHO-E  

Davis et  al. 
(2000b) 

C 8 M Active 55 ± 6.7 Standard LIST 

-6% CHO or 6% CHO + Cr solution: 
200 μg CR prior; 
5 ml·kg-1 10 min prior and 2 ml·kg-1 during 
exercise (every 15 min in Part A). 

↑ TTE (32%* in CHO 

and CHO-Cr trial) 

Welsh et al. 
(2002) 

C 
10 

(5 M, 5 F) 

Trained 
game 

players 
(both 

football and 
basketball) 

50.1 ± 3.4 

  LIST: 4 modified blocks of part A with 
20 min rest between block 2 and 3, 

consisted of  
-3 x 20 m walk, 
-2 vertical jumps at 80% of maximum 
height  
-1 x 20 m sprint  
-3 x 20 m run at 120% VO2max 
-2 vertical jumps at 80% of maximum 
height. 
-3 x 20 m jogging at 55% VO2max. 
And part B (run to fatigue) 

-6% CHO-E solution: 
5 ml·kg-1 30 min prior and 3 ml·kg-1 during 
exercise (before 2nd, 3rd, 4th, and fatigue 
block). 
-18% CHO-E solution: 
5 ml·kg-1 during 20 min half-time  

↑ TTE (37%*) 

↑TS (~14%* in the 4th 

block) 

Morris et al. 
(2003) 

C 9 M 
Active 

(University 
students) 

57.1 ± 1.2 

LIST under heat (30 0C): 5 blocks of 
parts A followed by part B consisted of 
60 s run at 100% VO2max/ 60 s rest, 

until exhaustion 

-6.9% CHO-E solution: 
6.5 ml·kg-1 prior and 4.5 ml·kg-1 during 
exercise (every 15 min during part A). 

↔ TTE  

↔  TS 

Winnick et al. 
(2005) 

C 
20 

(10 M, 10 F) 

Active 
(University 
students) 

51.3 ± 4.1 

LIST: 4 modified blocks of part A 
similar to Welsh et al. (2002).  

-5 min rest after 1st and 3nd  block 
-20 min rest after 2nd block   

-6% CHO-E solution: 
5 ml·kg-1 prior and at the beginning of 20 min 
half-time 
3 ml·kg-1in 10’ during  20 min half-time and 
after 1st  and 3rd block 

↑TS (0.1 s** in the 4th 

block) 
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Source 
Study 

Design 
Sample 

Size 
Standard VO2max 

(ml·kg-1·min-1) 
Exercise Testing Protocol Supplementation Results 

Ali et al. (2007b) C 16 M 
University 

soccer 
players  

56 ± 1.6 
LIST: 6 blocks of part A, after 

glycogen-depleted exercise protocol 
one day before LIST.  

-6.4% CHO-E solution: 
5 ml·kg-1 prior and 2 ml·kg-1 during exercise     
(every 15 min during part A). 

↑TS (~0.03 s* during all 

LIST blocks) 

Gant et al. (2007) C 9 M 
Active game 

players 
55.5 ± 4.2 

LIST under heat (30 0C): 4 blocks of 
Part A (60 min) 

-6.2% CHO-E solution: 
6.5 ml·kg-1 prior and 3.5 ml·kg-1 during 
exercise   (every 15 min during part A).   

↑TS (1.2 ± 0.4 s* during 

all LIST blocks) 

Patterson and 
Gray (2007) 

C 7 M 
University 

soccer 
players 

52.3 ± 1.6 Standard LIST 
-CHO gel  with osmolality at  300 mOsmol·g-1: 
0.89 ml·kg-1 prior and 0.35 ml·kg-1 during 
exercise (every 15 min during part A). 

↑ TTE (45%*) 

Davison et al. 
(2008) 

C 10 M Active 56 ± 3 

LIST: 4 blocks of part A followed by 
incremental run to exhaustion 

(Ramsbottom, Brewer, & Williams, 
1988) 

-6% CHO-E solution: 
8 ml·kg-1 15 min prior to exercise  

↑ TTE (8%*) 

Foskett et al. 
(2008) 

C 6 M 
Active game 

players  
60.2 ± 1.6  

LIST: 6 blocks of part A followed by an 
incremental run to exhaustion  

-6.4% CHO-E solution: 
8 ml·kg-1 15 min prior and 2 ml·kg-1 during 
exercise (every 15 min during part A). 

↑ TTE (21%*) 

↔  TS 

Abbey and Rankin 
(2009) 

C 10 M 
Experienced 

game 
players 

50.1 ± 4.4 

5 x 15-min blocks of intermittent 
exercise consisted of: 

-2 x 55 m walk 
-4 x 55 m sprint 
-2 x 55 m jog at 55% VO2max 
-2 x 55 m run at 120% VO2max with 
10 min ‘half-time’ after 3rd block, 

followed by a progressive run to 
fatigue 

-6% CHO-E solution: 
8.8 ml·kg-1 prior and during ‘half-time’ period 

↔  TS 

↔  TTE 

Ali and Williams 
(2009) 

C 17 M 

Active game 
players 

(University 
students)  

59 ± 3.1 
LIST: 6 blocks of part A, after 

glycogen-depleted exercise protocol 
one day before LIST. 

-6.4% CHO-E solution: 
8 ml·kg-1 prior and 3 ml·kg-1 during exercise 
(every 15 min during part A). 

↔  TS 

Alghannam (2011) C 6 M 

Active 
amateur 

game 
players 

(University 
students) 

51.4 ± 5 

Football-specific treadmill testing 
protocol (similar to LIST) consisted of 

5 blocks of intermittent run with 15 min 
rest after 3rd block, followed by running 

to exhaustion at 80% VO2peak 

-6.9% CHO-E solution: 
1 g·kg-1 prior and during ‘half-time’  resulting in  
a 515 ± 33 ml beverage 

↑ TTE (49%*) 

Goedecke et al. 
(2013) 

C 22 M 
Active game 

players 
51.8 ± 3 Standard LIST 

-7% CHO-E solution: 
250 ml prior and after 3rd block;  
50 ml during exercise (every 15 min in part A,  

↔  TTE 
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Source 
Study 

Design 
Sample 

Size 
Standard VO2max 

(ml·kg-1·min-1) 
Exercise Testing Protocol Supplementation Dosage Results 

      apart from the 3rd).  

Kingsley et al. 
(2014) 

C 14 M 
Active 

recreational 
players 

48.7 ± 1.6 
Modified LIST according to Russell, 
Rees, Benton, and Kingsley (2011)  

design 

-5.6% CHO-E solution or gel: 
2 x 60g gel 20 min before exercise and 10 min 
before second half during exercise; 
2.63 ml·kg-1 of CHO beverage at 15’, 30’, 60’ 
and 75’ of exercise. 

↔  TS 

Notes:  

- The LIST or Standard LIST testing protocol represents the Loughborough Intermittent Shuttle Test as described and validated in Nicholas, Nuttall and Williams (2000). 

- Numbers in the brackets reveal improvements compare to baseline  

*      Significant difference at p ≤ .05, compared with placebo trial 

**    Significant difference at p < .01, compared with placebo trial 

 

Abbreviations: C, placebo-controlled; M, males; F, females; NG, not given; NA, not applicable; ↑, increased/improved; ↔, unchanged/no significant difference; TTE, Time to 
exhaustion; TS, Sprinting time; s, seconds; 
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  However, extended cycles of LIST may be responsible for no differences in Inc 

and St, compare to placebo. For instance, in Abbey and Rankin (2009) study, the 

demanding exercise protocol may have led to glycogen stores depletion before the end 

of testing, resulting in similar findings with placebo trial. Thus, any possible benefits in 

CHO trial were impossible to be detected. However, no differences in Inc were observed 

in Goedecke et al. (2013) study where the LIST was applied on twenty-two trained 

males in postprandial state. The aim of this study was to assess the effects of CHO 

supplementation in real-time match conditions, as most of the football games are 

conducted noon or evening hours. Nonetheless, a major limitation of the study, which is 

recognised by the authors, is that fluid intake during LIST was not weight-adjusted and 

hence, possible declines in endurance performance occurred due to dehydration (Barr, 

1999), as there was a negative balance between total fluid intake and weight loss 

(750ml versus 0.9-0.88 kg respectively). Moreover, differences in food diaries among 

participants may contribute to differences in performance, as although there were no 

differences in total kcal and kcal sources within trials, similar differences among 

participants were not assessed. Similar findings were observed by Morris, Nevill, 

Thompson, Collie, and Williams (2003), as 6.9% CHO-E did not improve Inc and St 

under heat. Surprisingly, only in the flavoured water trial participants did manage to 

improve their Inc compare to CHO-E (by 19%, p <.05; Morris et al., 2003). A possible 

explanation is that participants had longer time to adjust themselves in heat conditions, 

as flavoured water trial was the last. However, the sample size that managed to finish 

the three trials (CHO: n=1, placebo: n=3; flavoured water: n=3) sets the power of 

findings under question, as participants were forced to withdraw from testing due to 
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increased body hyperthermia. Finally, no differences were observed in St (Morris et al., 

2003). In contrast, Gant, Leiper and Williams (2007) found a significant (p <.05) 

difference in St compared to placebo under the same heat  conditions, although CHO 

amount was lower than in Morris et al. (2003). A possible explanation is that in Gant et 

al., (2007) study, subjects did not reach fatigue due to hyperthermia, as assessment of 

endurance capacity was not included to their aims, performing only four blocks of LIST. 

However, the same methods as Morris et al. (2003) in food diaries were followed. Welsh 

et al. (2002) were the first that found improvement in St after ingestion of CHO under 

normal conditions, during 4th block of LIST, while similar applied testing protocol by 

Winnick et al. (2005) on larger sample size, led to similar improvements in St. Ali et al. 

(2007b), by applying a modified version of the LIST, also found a significant 

improvement (by ~0.03s, p <.05) in St after CHO supplementation (30 g·h-1) compared 

to placebo, though, during last two blocks of the LIST the average St was reduced (p 

<.01). However, no significant improvement in St was found when the dose of CHO 

increased to 52 g·h-1, following almost same protocol (p >.05; Ali & Williams, 2009).  

Carbohydrate dose and duration of exercise  

In a review by  Jeukendrup and Jentjens 2000 on factors that can influence the 

efficiency of CHO during exercise, concluded that exogenous CHO intake in a rate of 1 

g·min-1/60 g·h-1 can provide maximum oxidation during exercise. Indeed, CHO intake in 

different rates (15, 30 and 60 g·h-1) during cycling at 77% VO2peak for two hours, 

followed by a 20 km time-trial on twelve trained male cyclists ( VO2max= 55.3 ± 3.6 

ml·kg-1·min-1), led to progressively higher exogenous oxidation in response to CHO 
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dose (0.17 ± 0.04, 0.33 ± 0.04 and 0.52 ± 0.09 g·min-1 for 15, 30 and 60 g·h-1 

respectively), which is possibly related to improved 20 km trial performance (Smith et 

al., 2010b). Carbohydrate ingestion at rates of 60 – 80 g·h-1 during exercise have been 

found to maximally enhance physical performance (Smith et al., 2010a; 

Vandenbogaerde & Hopkins, 2010), while similar metabolic responses occurred even 

when different feeding strategies were followed (Clarke, Drust, Maclaren, & Reilly, 

2008). However, multiple transportable CHO can increase the oxidation rate during 

exercise.  

In a study, Jentjens, Moseley, Waring, Harding, and Jeukendrup (2004) 

assessed any added increase in oxidation rate between multiple transportable CHO 

(glucose-fructose; 1.2-0.6 g·min-1), glucose (1.2 g·min-1) and high-glucose (1.8 g·min-1) 

beverages, on eight trained ( VO2max= 62 ± 3 ml·kg-1·min-1) male cyclists. The exercise 

protocol consisted of 120 min cycling at 50% Pmax, in order to be reached the maximal 

exogenous CHO oxidation even in glucose trial. In mixed CHO trial, maximal CHO 

oxidation was ~55% higher (p <.001) compared to high-glucose and glucose (1.26 ± .07 

versus .83 ± .05 and .80 ± .04 g·min-1 respectively; Jentjens et al., 2004). Interestingly, 

maximal CHO oxidation in high-glucose trial was not different than glucose, suggesting 

that increased intake of CHO will not necessarily increase CHO oxidation. Instead, 

ingestion of mixed CHO, can increase the maximal CHO oxidation above 1 g·min-1 

during exercise (Jentjens et al., 2004). This is in line with a recent review by Jeukendrup 

(2010) where, multiple transportable CHO found to increase maximal exogenous 

oxidation by ~65% compare to glucose alone, reaching values of 1.75 g·min-1, while  
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oxidation rate was not significantly different (p >.05) when CHO were given in gel form 

(Pfeiffer, Stellingwerff, Zaltas, & Jeukendrup, 2010). Increased oxidation rate during 

exercise, is linked with enhanced performance. Currell and Jeukendrup (2008), 

examined the effects on performance after 2 hours cycling at 55% Wmax, followed by 

an one-hour time trial on eight trained ( VO2max= 64.7 ± 3.9 ml·kg-1·min-1) male cyclists, 

ingested either glucose or glucose-fructose solutions same to Jentjens et al. (2004). 

Power output was significantly (p <.05) increased by 9% in the glucose trial compared to 

placebo (254 versus 231W), while in glucose-fructose trial, the improvement was 

enhanced by another 8% (p <.05) compared to glucose (Currell & Jeukendrup, 2008). 

These findings are confirmed in a subsequent study by Triplett, Doyle, Rupp, and 

Benardot (2010). Nonetheless, few of the studies in table 2 provide information about 

the kind of CHO contained in beverages, impeding any juxtaposition between CHO 

intake and performance.  

Exercise intensity 

 Increased exercise intensity leads to exclusively higher CHO utilisation in order 

to respond in the higher energy demand. Research undertaken by Van Loon, 

Greenhaff, Constantin-Teodosiu, Saris, and Wagenmakers (2001) on eight trained 

( VO2max= 5.48 ± .16 L·min-1) male cyclists, cycling at different intensities (40, 55 and 

75% Wmax) suggests that higher exercise intensities elicit higher glycogen and blood 

glucose utilisation with a reduced use of FFAs in parallel for energy production, 

compared to moderate and low intensities (for results, see table 1.3). Thus, it could be 

said that increased intensity of exercise, could elicit higher exogenous or endogenous 
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CHO oxidation. An early study by Pirnay, Crielaard, Pallikarakis, Lacroix, and Mosora 

(1982) on four healthy males performing a treadmill exercise protocol at intensities of 

22, 39, 51 and 64% VO2max, after ingesting 100g CHO revealed a significant strong, 

positive, linear relationship (r =.81, p <.01) between workload and CHO oxidation rates 

until 51% VO2max, where exogenous CHO oxidation plateaued and no further 

differences were observed. Although the small sample size, these findings are 

confirmed in a subsequent study (Pirnay et al., 1995). A possible explanation is that in 

high exercise intensities (70-75% VO2max), CHO absorption declines due to limited 

digestive capacity of the intestine (Jeukendrup & Jentjens, 2000). However, recent 

research reveals that increased CHO consumption in daily food diary during training, 

can improve CHO oxidation during exercise (Cox et al., 2010). 

Table 1.3 Energy contribution in response to exercise intensity on eight trained cyclists 
(in g·min-1, as mean ± St. Dev. and as percentage in the brackets) 
 

Energy sources Exercise intensity 

 40% Wmax 55% Wmax 75% Wmax 

FFA .39 ± .04 (31%) .41 ± .04 (25%) .31 ± .02 (15%)b 
Fat resources .29 ± .05 (24%) .39 ± .03 (24%) .20 ± .04 (9%)b 
Blood glucose .33 ± .03 (10%) .51 ± .03 (13%)a .90 ± .06 (18%)a b 

Muscle glycogen 1.11 ± .12 (35%) 1.53 ± .13 (38%)a 3.00 ± .10 (58%)a b 
 
Note:  
a, Significant difference at p ≤ .05, compared with 40 % Wmax workload 
b, Significant difference at p ≤ .05, compared with 55 % Wmax workload 

Data are presented as means ± SD 
Source: adopted by Van Loon et al. (2001) 

Therefore, differences in CHO digestion capacity of the participants, combined 

with different exercise intensities and protocols may be responsible for declines in 

physical performance on studies presented in table 1.2. Furthermore, the applied 

protocols may not be accurate in terms of replicating a real-time game protocol or 
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detecting differences individually. For instance in studies where standard LIST was 

applied, fixed given times in Part A did not provide the privilege of changing pace 

according to participants’ capacity, in response to real-game intensity while, intermittent 

running in part B may not lead to exhaustion in all participants. However, modified 

versions of the LIST, by inducing self-regulated parts can address these issues. 

Moreover, the addendum of technical features during testing may create protocols 

closer to real football-game demands, as success in contemporary football is linked with 

technical skill implementation, mental concentration and cognitive awareness (Baker et 

al., 2015). 

Effects on skills implementation and mental awareness 

   In table 1.4 are summarised studies relative to CHO supplementation on football-

related skills or mental performance. In terms of skill performance, it seems that 

ingestion of 6-8% CHO solutions at rates of 30-60 g·h-1 can enhance dribbling, passing 

and shooting performance compared to placebo trials. Nonetheless, the enhancements 

yielded in CHO trials, are mainly related with resistance in fatigue during the last 

minutes of exercise. For instance in Russell et al. (2012) study, participants’ shooting 

speed declined only by 5.2% in the CHO trial compared to 10.5% in placebo. Similar 

findings were observed in Ali et al. (2007b) and Ali and Williams (2009) although that in 

Ali and Williams (2009), statistical significance was not achieved (p =.07). Added to the 

aforementioned, another aspect that determines CHO efficiency and utilisation is related 

to performed skills. For instance, in Ali et al. (2007b) study, performance differences in 

placebo trial both during LSST and LSPT, was mainly due to penalties for delaying 
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performing the assessed skills, increasing the mean score. Declines in LSST were 

associated with ergogenic reasons, as subjects preferred to sacrifice running speed, 

shot velocity and time-taken to complete the shot in order to preserve accuracy, while in 

LSPT, control ability and cognitive awareness (i.e. decision-making and reaction-time) 

was linked with declines in performance (Ali et al., 2007b). Similar observations were 

also made in Ali and Williams (2009) study.  Although the possible mechanisms 

responsible for skill improvements remain unknown (Baker, Nuccio, & Jeukendrup, 

2014), few studies have assessed the relation between CHO feeding and cognition 

(Baker et al., 2015). 
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Table 1.4. Summarise table of studies, assessing the effects of CHO on skill implementation and mental agility during 
exercise protocols similar to football (continued to page 29). 

CHO and Skill Performance 
Source 

Study 
Design 

Sample 
Size 

Standard VO2max 

(ml·kg-1·min-1) 
Supplementation Exercise Skills examined Results 

Zeederberg et 
al. (1996) 

C 11 M 
Trained 
game 

players 
NG 

6.9% CHO-E polymer 
solution: 

-5 ml·kg-1 15 min prior 
and during  half-time 

Real-time football match (90 
min) 

Tackling, controlling, 
passing, dribbling, heading 

and shooting 
NO effects 

Northcott et 
al.,(1999) 

C 10 M 

Trained 
game 

players 
(University 
standards) 

NG 
8% CHO-glucose 
polymer solution: 

NA 

90 min football-related 
testing protocol 

Passing accuracy (10, 20 
and 30 m) 

Shooting accuracy (15 m) 
↑ Skills in last 15 min 

Ostojic and 
Mazic  (2002) 

C 22 M 
Professional 

level 
55.2 ± 8.9 

7% CHO-E solution: 
-5 ml·kg-1 prior and  
2 ml·kg-1 every 15 min of 
exercise  

Football match (90 min) 

Dribbling [as described in 
McGregor, Nicholas, 

Lakomy, and Williams, 
1999)], precision, power and 

coordination  

↑ Precision (~14%) * 
↑ Dribbling time (~5.4%) * 

↔ Coordination 
↔ Power 

Ali et al. 
(2007b) 

C 16 M 

Active game 
players ex-

/semi-
professionals 

56 ± 1.6 

6.4% CHO-E solution: 
-5 ml·kg-1 prior and 2 
ml·kg-1 during exercise     
(every 15 min during part 
A). 

LIST: 6 blocks of part A, after 
glycogen-depleted exercise 

protocol one day before 
LIST. 

LSPT (Loughborough Soccer 
Passing Test) and LSST 
(Loughborough Soccer 

Shooting Test) as described 
and validated in Ali et al. 

(2007a) 

↑ LSST score (11%) a 
↔ LSPT 

Abbey and 
Rankin (2009) 

C 10 M 
Experienced 

game 
players 

50.1 ± 4.4 
6% CHO-E solution: 

-8.8 ml·kg-1 prior and 
during ‘half-time’ period 

5 x 15-min blocks of 
intermittent exercise 

consisted of: 
-2 x 55 m walk 
-4 x 55 m sprint 
-2 x 55 m jog at 55% 
VO2max 
-2 x 55 m run at 120% 
VO2max with 10 min ‘half-
time’ after 3rd block, 
followed by a progressive run 

to fatigue 

Agility drill similar to Chamari 
et al. (2005) and a modified 
shooting drill based on Cox, 
Mujika, Tumilty, and Burke 

(2002) 

NO effects 

Ali and Williams 
(2009) 

C 17 M 

Active game 
players ex-

/semi-
professionals  

59 ± 3.1 

-6.4% CHO-E solution: 
8 ml·kg-1 prior and 3 

ml·kg-1 during exercise 
(every 15 min during part 

A). 

LIST: 6 blocks of part A, after 
glycogen-depleted exercise 

protocol one day before 
LIST. 

LSPT(Loughborough Soccer 
Passing Test) 

↑ LSPT (11% compared to 

placebo trial; p =.07) 
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Source Study 
Design 

Sample 
Size 

Standard VO2max 

(ml·kg-1·min-1) 
Supplementation Exercise Skills examined Results 

Currell et al. 
(2009) 

C 11 M 
Active 

recreational  
NG 

7.5% CHO-E solution: 
-6 ml·kg-1 30 min prior to 
exercise 
-4 ml·kg-1during half-time 
and 
-1 ml·kg-1 every 12 min 
 

10 x 6-min blocks of 
intermittent exercise 

consisted of: 
-walk (10s) 
-jog (10s) at 50% Smax 
-cruise (10s) at 50% Smax 
-walk (15s) 
-sprint (5s) 
-jog (15s) at 50% Smax 
-sprint  (5s) 
For 60 min followed by skill 
drills every after each block 

Agility, Dribbling, Shooting 
and Heading drills  

↑ Agility times (2%) ** 

↑ Shooting scores (3.5%) * 

↑Dribbling (3.5%) ** 

↔ Heading  

Russell 
et al. (2012) 

C 15 M 
Academy 

soccer game 
players 

58.4 ± 0.8 

6% CHO-E solution: 
-500 ml with breakfast 
-3.5 ml·kg-1 10 min prior 
and every 15 min during 
exercise 

 
90 min football-specific 
protocol as described in 

Russell et al. (2011)  

Shooting, Passing and 
Dribbling drills, in the context 
of speed, precision, success 
and overall (performance) as 

described and validated in 
Russell, Benton, and 

Kingsley (2010) 

↑ Shooting speed and 

performance (5.3%) * 

↔ Dribbling and Passing 

CHO and Mental Performance 

Source 
Study 

Design 
Sample 

Size 
Standard VO2max 

(ml·kg-1·min-1) 
Supplementation Exercise Function examined Results 

Welsh et al. 
(2002) 

C 
10 

(5 M, 5 F) 

Trained 
game 

players (both 
football and 
basketball) 

50.1 ± 3.4 

-6% CHO-E solution: 
5 ml·kg-1 30 min prior 
and 3 ml·kg-1 during 
exercise (before 2nd, 3rd, 
4th, and fatigue block). 
-18% CHO-E solution: 
5 ml·kg-1 during 20 min 

half-time   
 

 LIST: 4 modified blocks of 
part A with 20 min rest 
between block 2 and 3, 

consisted of  
-3 x 20 m walk, 
-2 vertical jumps at 80% of 
maximum height  
-1 x 20 m sprint  
-3 x 20 m run at 120% 
VO2max 
-2 vertical jumps at 80% of 
maximum height. 
-3 x 20 m jogging at 55% 
VO2max. 
And part B (run to fatigue) 

Cognitive  awareness and 
decision making, by applied 
the Stroop Colour and Word 

Test (CWT) 

↑ time effect for all parts 

of CWT * (data NG) 
NO effects on interference 

score  

Winnick et al. 
(2005) 

C 
20 

(10 M, 10 F) 

Trained 
game 

players (both 
football and 
basketball) 

51.3 ± 4.1 

 -6% CHO-E solution: 
5 ml·kg-1 prior and at the 
beginning of 20 min half-
time 
3 ml·kg-1in 10’ during  20 
min half-time and after 
1st  and 3rd block 

LIST: 4 modified blocks of 
part A similar to Welsh et al. 

(2002).  
-5 min rest after 1st and 3nd  
block 
-20 min rest after 2nd block   

Cognitive  awareness and 
decision making, by applied 
the Stroop Colour and Word 

Test (CWT) 

NO effects 
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Clarke et al. 
(2011)  

C 12 M 
Active 

(University) 
61.3 ± 1.4 

-6.6% CHO-E solution: 
3 ml·kg-1 prior and half-
time and every 15 min 
during exercise (6 times 
in total) 

90 min football-specific 
exercise protocol under heat 
(30.5 ±0.1 oC wearing pre-

cooling vest or not) as 
applied in  Clarke et al. 

(2008) study.  

Mental Concentration, by 
applying relative test (Hardy, 

& Fazey, 1990) 

↑ Mental concentration (in 

pre-cooling CHO compared 
to no pre-cooling placebo 

trial by ~5.5%) * 

         

         

Notes: 

- Numbers in the brackets reveal range of improvement:  

*      Significant difference at p ≤ .05, compared with placebo trial 

**     Significant difference at p ≤ .01, compared with placebo trial 
a      Significant difference at p ≤ .01, compared with pre exercise 

  

Abbreviations: C, placebo-controlled; M, males; F, females; NG, not given; NA, not applicable; ↑, increased/improved; ↔, unchanged/no significant difference 
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 In a more recent study Clarke, Maclaren, Reilly, and Drus (2011), examined any 

possible effects of CHO administration under heat, providing a cooling vest for one hour 

prior exercise and during half-time, on four different occasions; CHO and placebo with 

and without the cooling vest. The aim of the study was to examine any possible 

differences in physiological responses and concentration. In terms of concentration, 

ingestion of CHO with cooling vest resulted in higher concentration level (p <.05) until 

~50’ of exercise compared to placebo without cooling vest, as there were no differences 

(p >.05) among trials under same conditions (Clarke et al., 2011). The authors 

concluded that the decreased core temperature combined with CHO ingestion, 

contributed to constant glucose catabolism and absorption by the brain. However, CHO 

feeding (6-8% CHO-E solution/ at rates of 40-80 g·h-1) do not lead to enhanced 

cognition. In Winnick et al. (2005) study CHO supplementation had no any time effect or 

cognitive interference score after 4 blocks of LIST (p >.05) on twenty males and females 

basketball and football players. Similar findings on interference score were observed in 

Welsh et al. (2002) study on half sample size with similar standards. Nonetheless, a 

significant increased time effect was found after CHO supplementation during exercise 

(p <.05; Welsh et al., 2002). The small exercise duration in Winnick et al. (2005) study 

maybe was not enough to cause fatigue in placebo trial. In contrast, increased exercise 

duration combined with higher CHO dose in Welsh et al. (2002) study may be 

responsible for a significant time effect in CHO trial. Although the role of CHO in 

cognitive function has not been clearly specified (Welsh et al., 2002), supplementation 

with BCAA, which has been claimed superior ‘protector’ of mental cognition (Gleeson, 

2005), led to similar findings after a football match (Blomstrand et al., 1991b). 
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CHO, BCAA and mental function 

CHO and central fatigue  

 The central fatigue hypothesis suggests that during prolonged exercise, f-TRP 

passes the brain barrier and is converted into 5-HT (Gleeson, 2005), which is 

responsible for the onset of sleep (Davis, Alderson, & Welsh, 2000a) and reduced 

performance. Indeed, ingestion of 20 mg paroxetine (5-HT re-uptake inhibitor) on seven 

active males ( VO2max= 54 ± 7.1 ml·kg-1·min-1) cycling at 70% VO2max, led to increased 

endurance capacity compared to placebo [94 (84-127) versus 116 (86-113) minutes 

respectively, p <.05; Wilson & Maughan, 1992]. The mechanisms behind f-TRP and 5-

HT production are presented in figure 1.1. Generally, during exercise increased f-

TRP:BCAA ratio leads to increased f-TRP uptake and 5-HT production in the brain. 

However, CHO ingestion during exercise could increase the blood glucose availability 

for oxidation and decrease FAs release, which are responsible for f-TRP appearance. 

Thus, a decrease in f-TRP:BCAA ratio would be observed due to an increased albumin 

availability of free places (Blomstrand, 2006; Davis et al., 2000a; Gleeson, 2005), as 

presented in figure 1.2. 
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Figure 1.1. Schematic presentation of central fatigue hypothesis; designed based on 

Blomstrand (2001; 2006), Davis et al. (2000a), Fernstrom (2005), Gleeson (2005) and 

Shimomura, Murakami, Nakai, Nagasaki, and Harris (2004) references. In prolonged 

exercise after glycogen depletion, FAs are released from adipose tissue in a greater 

extent than their uptake by the muscles. The excess of FAs is called FFAs. At the same 

time the enzyme’s BCKDH (branched-chain α-keto acid dehydrogenase) activation is 

stimulated, due to its inhibitor inactivation, in order to catabolise BCAA at their second 

stage of their transamination, irreversibly, reducing the plasma BCAA concentration. 

Due to a higher affinity of FFAs with albumin (A) compared with TRP, FA release during 

exercise leads to increased concentration of f-TRP. The combination of increased f-TRP 

and reduced BCAA concentration implies to an increased f-TRP:BCAA ratio and hence 

increased f-TRP concentration in the brain, as both f-TRP and BCAA use the same 

transport sites with LNAA to pass throughout the blood-brain barrier. In the brain TRP is 

converted into 5-HT, a neurotransmitter responsible for the onset of sleep and changes 

in mood. 
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Figure 1.2. Schematic presentation of central fatigue hypothesis after CHO ingestion 

during exercise based on Blomstrand (2001; 2006), Davis et al. (2000a), Fernstrom 

(2005), Gleeson (2005) and Shimomura et al. (2004) references. Administration of CHO 

during exercise can increase blood glucose concentration and provide with extra energy 

the muscles, decreasing the FA release and consequently f-TRP in plasma. Reduced f-

TRP could decrease f-TRP:BCAA ratio as there would be an increased availability of 

free albumin to deploy bounds with and hence less TRP would be passed throughout 

the blood- brain barrier, decreasing 5-HT production.  

 

In a study, Blomstrand, Møller, Secher, and Nybo (2005), assessed the 

exchange ratio of amino acids (including BCAA and TRP) on five trained ( VO2max= 

~65.3 ml·kg-1·min-1) males, cycling at 60% VO2max for three hours on two occasions; 

ingesting 250 ml of either 6% CHO solution at a rate of ~0.7 g·kg-1·h-1 or flavoured 

BCAA 

INTRAMUSCULAR  

BCAA 

BCα-KA 

BCAT 

CoA 
BCKDH 

R-CoA 
BCKDH 

complex 
phosphorylate

d 

BLOOD 

BRAIN 

f-TRP 
BCAA 

 

FFA 
 

A 

A 

 

A 

 

CHO 

FFA 

TRP 

TRP 

TRP 

5-HT 

5-HT 

TRP 5-HT 

TRP 

LNAA 

TRP 5-HT 

FFA 

CHO 

BCAA 

BCAA 

TRP 

TRP 

CHO 

BCAA 



 

34 

 

water (placebo), every 15 min. Presuming that placebo trial represents the central 

responses to prolonged exercise and CHO trial the changes after CHO intervention, 

results are presented in table 1.5.  

Table 1.5. Arterial responses of FFAs, f-TRP, t-TRP and glucose after ingesting either 

CHO or placebo during cycling at 60% VO2max 

Assessed  
indices   

Exercise duration 

 Rest 30 min 180 min 

FFA (μmol·L-1) 
CHO 
PLAC 

 
302 ± 34 
589 ± 88 

 
274 ± 27 
550 ± 76 

 
558 ± 161 a b 
1550 ± 197 a 

f-TRP (μmol·L-1) 
CHO 
PLAC 

 
12 ± 1 
12 ± 1 

 
13 ± .4  
13 ± 1 

 
14 ± 1  b 
20 ± 2 a 

t-TRP (μmol·L-1) 
CHO 
PLAC 

 
68 ± 4 
61 ± 2 

 
78 ± 3 a 
70 ± 2 a 

 
 72 ± 3 b 
55 ± 5 

Glucose (mmol·L-1) 
CHO 
PLAC 

 
5.2 ± .2 
5.2 ± .2 

 
5.6 ± .4 
4.9 ± .2 

 
5.3 ± .3 b 
2.8 ± .1 a 

 
Note:  
a, Significant difference at p ≤ .05, compared with rest 
b, Significant difference at p ≤ .05, compared with placebo 

Data are presented as means ± SD 
Source: adopted by Blomstrand et al. (2005) 

In prolonged exercise, increased FAs release and f-TRP accumulation with a parallel 

decrease of blood glucose occurred compared with rest (Blomstrand et al., 2005). 

Interestingly, a strong positive relationship between the increased FFA and f-TRP in the 

placebo trial was found (r =.82, p <.05; Blomstrand et al., 2005). Moreover, the 

unchanged t-TRP in terms of significance, suggests that at least the increased f-TRP 

passed throughout the blood-brain barrier and possibly transformed in 5-HT. Finally, the 

reduced blood glucose concentration reveals that these changes came under an 

established hypoglycaemia (Blomstrand et al., 2005). Although only a few participants 

managed to finish testing (n = 4), findings in CHO and placebo trial, are supported by 
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earlier studies (Davis et al., 1992; Nybo, Nielsen, Blomstrand, Moller, & Secher, 2003) 

on a total sample size of sixteen participants under normal conditions, confirming the 

central fatigue theory. Moreover, it could be said that the preserved glucose level in 

CHO trial led to decreased FAs release and hence f-TRP and t-TRP maintenance, as 

FFAs were approximately three times less than in placebo trial. Nonetheless, plasma 

FFAs were increased in both trials (Blomstrand et al., 2005; Davis et al., 1992), 

confirming the proposed changes after CHO intake. Furthermore, additional BCAA in a 

CHO solution could drastically decrease the amount of f-TRP passing the blood-brain 

barrier (Blomstrand, 2006; Davis et al., 2000a).  

BCAA and central fatigue  

 BCAAs have been claimed direct competitors of f-TRP as both are using the 

same transporter to pass the throughout the blood-brain barrier. Thus, administration of 

BCAA combined with CHO could provide superior ‘protection’ from f-TRP (Blomstrand, 

2006), as presented in figure 1.3. Nonetheless, in a study Davis et al. (1992) among 

others examined the effects of prolonged exercise on BCAA plasma concentration on 

ten well-trained ( VO2max= 57.8 ± 4.1 ml·kg-1·min-1) male cyclists, cycling at 

~68% VO2max until fatigue ingesting either CHO (6 or 12% CHO solutions; 5 ml·kg-1 

every 30 min of exercise beginning from 14’) or placebo in the same portion. Although 

BCAA plasma concentration remained unchanged in placebo trial, in both CHO trials 

BCAA concentration were decreased (p <.05), while in high-CHO trial the reduction was 

greater (p <.05; Davis et al., 1992). The BCAA reduction was attributed to insulin 

concentration, which was proportional to CHO feeding, increasing the BCAA uptake by 
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the muscles, as has been found in Pan, Mauron, Glaeser, and Wurtman (1982). 

Furthermore, BCAA reduction was not considered of significant importance as had no 

effect on f-TRP:BCAA ratio. Thus, CHO feeding which led to decreased plasma FFAs 

and reduced f-TRP:BCAA ratio was considered of higher importance (Davis et al., 

1992). 

 

 

 

 

 

 

 

 

Figure 1.3. Schematic presentation of central fatigue hypothesis after ingesting CHO 

plus BCAA based on Blomstrand (2001; 2006), Davis et al. (2000a), Fernstrom (2005), 

Gleeson (2005) and Shimomura et al. (2004) references. Addendum of BCAAs in a 

CHO solution can blockade the f-TRP absorption by the brain in two stages: as 

mentioned, ingestion of CHO decreases the FAs release, while ingestion of BCAA will 

increase the blood concentration in BCAA, reducing dramatically the f-TRP:BCAA ratio. 

Thus, less f-TRP would ideally lead to reduced absorption by the brain and hence less 

5-HT production.  
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Nevertheless, this claim opposes to Blomstrand et al. (1991a, and b) findings, where a 

significant reduction in BCAA occurred in ‘placebo’ trials during prolonged and HIIE 

respectively and ingestion of BCAA was considered necessary for BCAA replacement 

and f-TRP:BCAA ratio maintenance. However, in both studies for placebo were used 5-

6% CHO solutions, resulting in plasma BCAA reduction for reasons similar to Davis et 

al. (1992). Nonetheless, similar CHO solutions were also used in BCAA trials. Thus, it 

seems that added BCAA in a CHO solution would inhibit reduction of plasma BCAAs, 

occurred either due to increased insulin or as a physiological response to exercise. 

However, there is no available research regarding BCAA supplementation and mental 

function, on experimental-based HIIE, relative to football (Baker et al., 2014), although 

the benefits of BCAA supplementation on physical and mental performance during 

prolonged exercise have been assessed (for studies see table 1.6). Only one study 

examined the effects of BCAA on mental function during HIIE. 

BCAA, mental and physical performance 

 Blomstrand et al. (1991a) assessed the effects of BCAA in CHO solution in 

mental function on six Swedish national female football players before and after a 90-

min match, compared to just CHO solution, based on SCWT results. In BCAA-CHO 

supplementation, all parts of SCWT score were significantly increased in post-exercise 

state compared with pre-exercise (154 ± 7.7 versus 164 ± 7.5, 81.5 ± 2.4 and 60.9 ± 3.4 

versus 65.1 ± 3.7 for part 1, 2 and 3 prior and after match respectively, p <.05; 

Blomstrand et al., 1991a). Despite the small sample size, the study was conducted 

under real-time conditions in order to provide real-time evidence. However, field studies 
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are considered of low scientific importance, as they cannot control factors such as 

weather, humidity or pitch condition. Moreover, as mentioned, the intensity of football 
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Table 1.6. Summarise table of studies, assessing the effects of BCAA supplementation on physical performance and 
mental function (continued to page 42). 

Source 
Study 

Design 
Sample 

Size 
Standard VO2max 

(ml·kg-1·min-1) 
Exercise Supplementation Performance examined Results 

       Mental Physical  

Studies relative to football or intermittent exercise 

Blomstrand et 
al. (1991b) 

NC 6 F 
Swedish 
national 
players 

NA Football match (90 min) 

-6% CHO plus BCAA 
(7.5 g·L-1) or  

-6% CHO  
(amount of solutions not 

given) 

SCWT  
(2-2.5 hours 

prior and 
within 45 
min after 

game) 

N ↑ All parts of SCWT £ 

Davis et  al. 
(1999) 

C 
8  

(3 M, 5 F) 
Active NG Standard LIST 

-20% CHO plus 7g 
BCAA solution:  
5 ml·kg-1 1 hour prior  
-6% CHO plus 7g 
BCAA: 

5 ml·kg-1 10 min prior 
and 2 ml·kg-1 during 

exercise (every 15 min 
in Part A of the LIST). 

N 
Y 

(See table 
2) 

↑ TTE (42%) * 

Wiśnik et al. 
(2011) 

C 10 M 
Professional 

players  
57.5 ± 2.6 

Football specific 
treadmill running 

consisted of: 
-13.8% standing  
-32.4%  walking (<2 
m·s-1)  
-30.9% trotting (<2.5 
m·s-1) 
-15.7% run (5-4 m·s-1) 
-5.9% run (> 4 m·s-1) 
-1.3% sprint (6.4 m·s-1) 
Repeated every 15 min 
for 90 min separated in 

two halves (45 min) 

-7 g BCAA mixed with 
250 ml non-sweetened, 

vanilla-flavoured 
Solution containing 3.4 
g carbohydrates, 1.0 g 
proteins and 1.15 g fat. 
1 hour prior exercise 

MRT 
(every 

15min of 
exercise) 

N ↑ MRT (~10%) * 

BCAA in prolonged exercise 

Blomstrand et 
al. (1991a) 

C 218 
Experienced 

runners 
NA 

Real-time run: 
cross-country (30km) or 
marathon run (42.2 km) 

-7.5 g/16g BCAA in a 
5%CHO solution in 

cross-country (30km) or 
marathon run (42.2 km) 

SCWT 
(prior and 

after 
exercise; 

n=16) 

T (n=193) 

↑ SCWT (parts 1, 3) £ 

↑ T (only in slow runners) 

* ** 
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Source 
Study 

Design 
Sample 

Size 
Standard VO2max 

(ml·kg-1·min-1) 
Exercise Supplementation Performance examined Results 

       Mental Physical  

Hassmen et al. 
(1994) 

NC 23 M 
Experienced 

runners 
NA 

30 km cross-country 
runs  

5 x 150 ml of 7% CHO 
plus 5.3 g BCAA or just 

7% CHO 

SCWT (2-3 h 
prior, 0.5-1 h 
after and 2 h 

after 
exercise) 

N 

↑ All parts of SCWT in 

BCAA (3-7%) £ 

↔ In CHO 

NC 29 M 
Experienced 

runners 
NA 

Cognitive 
tests (1-3 h 
prior and 
0.5-1.5 h 

after 
exercise) 

N 
↔ In BCAA 

↓ In CHO (15-25%) £  

Varnier et al. 
(1994) 

C 6 M 
Moderately 

trained 
NA 

Incremental cycling: 
Increase 35 W every 4 

min until reach workload 
at 70% Wmax, where 

cycled for 70 min 
followed by repeated 1-
min periods of cycling at 
130% Wmax, with 2 min 

rest until exhaustion 

~20g of BCAA in 500 ml 
of saline 70 min prior to 

exercise 
N 

Y 
(P) 

↔ P 

van Hall et al. 
(1995) 

C 10 M 
Endurance 

trained  
NA 

Cycling at 70-75% Pmax 
until exhaustion 

Low BCAA: 
- 6 g·L-1  in a 6% 
sucrose solution 

High BCAA: 
- 18 g·L-1 in a 6% 
sucrose solution given 
as bolus; 5 ml·kg-1 after 
warm up and 2 ml·kg-1 
every 15 min of exercise 

N 
Y 

(Cex) 
↔ Cex 

Madsen et al. 

(1996) C 9 M 
Well-trained 
cyclists or 
triathletes 

63.1 ± 1.5 

Cycling in a steady pace 
at 70% VO2max for the 

first 15 km and then 
follow their own pace 

18 g BCAA on a 5% 
CHO solution in a total 

volume of 3.5 L: 
-600 ml prior exercise 
-200ml after 15 min 
-350 ml after 35 min 
-350 ml every 30 min of 
exercise 

N 
Y 

(TT100) 
↔ TT100 
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Source 
Study 

Design 
Sample 

Size 
Standard VO2max 

(ml·kg-1·min-1) 
Exercise Supplementation Performance examined Results 

 
      

Mental Physical 
 

Blomstrand et 

al. (1997) 

 

C 7 M 
Endurance 

trained cyclists 
~63.5 

Cycling at 70% VO2max 
for 60 min followed by 

20 min maximal 
exercise  

90 mg·kg-1 of BCAA in:  
-150-200 ml prior and 
every 15 min during 

exercise  

Y 
(SCWT) 

Y 
(W 

performed 
during 20 

min 
maximal 
effort) 

↔ W 

↑ SCWT (only part 2) * 

Cheuvront et al. 
(2004) 

NC 7 M Healthy 
46.4 ± 5.3 
(VO2peak) 

Cycling at 50% VO2peak 
for 60 min followed by a 
30-min TT, under heat 
conditions(40 oC), after 

glycogen reduction 
exercise the day before 

and dehydration 

BCAA: 10 g·L-1 plus 60 
g·L-1 CHO in a total 1.4 
L solution, ingested by 

250 ml prior and very 15 
min of exercise or just 
60 g·L-1 CHO in the 

same beverage dose. 

Y  
(several 

cognitive 
tests to 

elicit 
reaction 

time, 
vigilance 

etc) 

Y 
(TT30) 

↔ TT30 
↔ Mental performance 

Watson et al. 
(2004) 

C 8 M Healthy 
~55.6 

(VO2peak) 

Cycling at 50% VO2peak 
until volitional 

exhaustion under heat 
conditions (30 ± .2 oC), 
after glycogen reduction 
exercise  the day before 

BCAA solution 12 g·L-1: 
-4 x 250 ml at 30 min 
intervals prior and  
-150 ml every 15 min of 
exercise  

N 
Y 

(Cex) 
↔  Cex 

Greer et al. 
(2011) 

C 9 M Untrained 
36.3 ± 2.2 
(VO2peak) 

Cycling for 90 min at 
55% VO2peak, followed 

by 15min TT 

200 kcal of BCAA 
solution: 

-100 kcal 5 min prior  
-100 kcal at the 60’ of 
exercise  or CHO in 
same kcal 

N 
Y 

(TT15) 
↔  TT15 

Knechtle et al. 
(2012) 

C 28 M Ultra-runners NA 
100 km ultra-marathon 

run (event) 

20g BCAA of a total 50g 
amino acids (40%) in 
tablet form ingested in 

pill form: 
-12 pills 1 hour  prior 
-4 pills at each aid 
station (17 aid stations) 
 
 
 

N 
Y 

(T) 
↔  T 
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Notes: 

- Numbers in the brackets reveal range of improvement in percentage where applicable  

*      Significant difference at p ≤ .05, compared with placebo trial 

**     Significant difference at p ≤ .01, compared with placebo trial 
£      Significant difference at p ≤ .05, compared with pre exercise 

Abbreviations: C, placebo-controlled; M, males; F, females; NG, not given; NA, not applicable; ↑, increased/improved; ↔, unchanged/no significant difference; MRT, multiple-choice 
reaction time; T, event time; TT, time trial;  TT15-30, 15-30 min time trial; TT100, 100 km time trial; SCWT, Stroop colour and word test; Cex, exercise capacity; POMS, profile of mood 
states; N, no; Y, yes; W, work 
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match varies according to position, opponent and team strategy (Rampinini et al., 2007) 

contributing in dissimilar exercise intensity, energy demand and caused fatigue. The 

same could be said for Zeederberg et al. (1996) study, presented in table 4. Finally, the 

given supplements were not calorie-matched and hence, the superior mental function in 

BCAA trials may be caused due to increased energy ingestion. Similar observations 

occurred in studies where CHO were used with BCAA in prolonged exercise (i.e. 

Blomstrand et al., 1991b; Madsen, MacLean, Kiens, & Christensen, 1996). This could 

have a positive impact in physical performance too, as athletes could improve their 

time-trials or endurance capacity. Furthermore, energy intake may have led to 

improvements in both physical and mental performance in studies where BCAA were 

compared with no-caloric flavoured water (i.e. Blomstrand, Hassmén, Ek, Ekblom, & 

Newsholme, 1997). However, despite the higher energy intake, BCAA did not improve 

performance in all occasions (i.e. Blomstrand et al., 1991a), while in both conditions 

CHO supplementation led to superior enhancements in physical performance compared 

to BCA+CHO beverages, (Davis et al., 1992; Greer, White, Arguello, & Haymes, 2011). 

A possible explanation is that fatigue during exercise can be caused due to high BCAA 

dose, rather than exercise intensity or duration. 

 In van Hall, Raaymakers, Saris and Wagenmakers (1995) study, where no 

significant improvement in performance was observed, participants ingested either 6 or 

18 g·L-1 BCAA. This could indirectly cause fatigue due to higher intramuscular ammonia 

production, as a result of BCAA oxidation (MacLean & Graham, 1993). Indeed, 

ammonia production was significantly higher in both BCAA trials compared with placebo 

(180 ± 59, 157 ± 65 and 105 ± 55 μmol·L-1 in high-, low- and placebo trial respectively, p 
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< .05; van Hall et al.,1995). However, ammonia production in BCAA trial was not 

significantly higher than placebo in Varnier et al. (1994) study, although participants 

ingested a higher amount of BCAA (~20g). A possible explanation is that in Varnier et 

al.'s (1994) study, participants completed a glycogen depletion protocol prior to testing, 

while BCAA ingestion was 70 min prior to exercise, resulting in reduced ammonia 

production, similar to placebo trial. Instead, smaller amounts of BCAA (90 mg·kg-1) 

ingested during exercise led to similar ammonia results and superior mental function in  

Blomstrand et al.'s (1997) study. Generally, ingestion of BCAA at a rate of 100 mg·kg-1 

in small portions during exercise could tackle ammonia accumulation owing to BCAA 

(Blomstrand, 2006). The effects of BCAA on physical and mental performance are 

controversial, setting under question any possible benefit (Baker et al., 2014).  

Conclusion 

 Apart from Inc, success in contemporary football is linked with technical skills 

implementation. Both characteristics have been found to decline during the last parts of 

HIIE mainly due to an established higher metabolic rate, responsible for fatigue. 

However, CHO administration (6-7% and/or osmolality at 300 mOsmol·g-1) prior and/or 

during exercise has been found to improve Inc (by 32-49%; p <.05) and in some cases 

St compare to placebo, due to superior metabolic and physiological responses. From a 

different approach, ingestion of CHO in similar amounts led to decreased declines in 

skill performance compared to placebo. Possible explanations are hidden both in testing 

protocols duration and technical skills energy demand. Nonetheless, components of skill 

implementation are cognition and quick-response, which are related to mental function. 
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However, CHO ingestion in similar doses did not improve cognition under extreme 

conditions. Instead, added BCAA in a CHO solution led to significantly higher mental 

and physical response in prolonged exercise. Nonetheless, increased ingestion of 

BCAA can cause fatigue due to high ammonia production. Generally, ingestion of BCAA 

in a rate of 100 mg·kg-1 in small portions during exercise could tackle ammonia 

accumulation owing to BCAA. However, there is no available research regarding BCAA 

supplementation physical performance and mental function, on experimental-based 

HIIE relative to football, while no evidence exists on CHO supplementation and mental 

performance under normal conditions.  
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Rationale for journal 

A potential journal for publication of this research project would be The Journal of the 

International Society of Sports nutrition (JISSN), a journal that focuses on acute and 

chronic effects of sports nutrition and supplementation strategies on body composition, 

physical performance and metabolism. Recently, it has been classified in 59th position of 

sport sciences journals around the world and it seems a reliable choice.  
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Abstract 

Background: It has been suggested that ingestion of BCAA during exercise can affect 

positively cognition, a critical characteristic for success in contemporary football. 

Mechanisms behind BCAA function are linked with the ‘central fatigue’ theory which has 

been shown to be established during the last minutes of the game. Studies on HIIE and 

However, no relative evidence exists. Therefore, this research aimed to determine the 

effects of BCAA supplementation on mental and physical performance during football-

specific exercise.  

Methods: Nine amateur football players participated in three trials separated by ≥5 

days from each other, ingesting either BCAA-CHO (0.6-7.4%) or mixed CHO (8%) or 

placebo beverages in a double-blind, cross-over randomised fashion. Beverage 

ingestion rate, blood-sampling, sprint times, total distance covered and mental tests 

were based on football-specific exercise protocol, a modified version of the LIST. 

Results: In BCAA-CHO trial participants improved their mental performance (by ~7-

10%; p <.05) compared with baseline and CHO trial. Additionally, an almost double 

interference effect (p <.05) was observed in BCAA-CHO trial. Cognitive function 

remained unchanged in the CHO and placebo trials. Moreover, BCAA-CHO resulted in 

a trend for higher concentration during exercise, without reaching significance. No 

significant improvements were observed in St and total distance covered in all trials. 

Conclusion: Ingestion of BCAA in a CHO beverage can lead to superior cognitive 

performance during exercise similar to football.  
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Introduction 

Success in contemporary football has been associated with ball possession and 

technical skill implementation (Bradley et al., 2013), which have been found to decline 

during last minutes of the game either due to fatigue (Carling & Dupont, 2011; Di Salvo 

et al., 2007) or team and players’ strategy (Weston et al., 2011). Concerning fatigue, in 

a recent review by Phillips, Sproule and Turner (2011) on studies assessing the effects 

of CHO supplementation in Inc and St, ingestion of 6-7% CHO-E solution during football-

specific HIIE has been found to increase Inc but not essentially St. Moreover, ingestion 

of 6-8% CHO-E solution prior and during exercise can lead to decreased declines in 

technical skill implementation compared with placebo (Russell & Kingsley, 2014). 

Although the mechanisms behind technical skill performance and CHO supplementation 

are unclear (Baker, Rollo, Stein, & Jeukendrup, 2015), possible effects of CHO on 

cognitive function (concentration, quick decision-making and time-response) have been 

linked with skill performance (Ali, Williams, Nicholas, & Foskett, 2007; Baker et al. 

2015). Cognitive function is  linked with the ‘central fatigue theory’ (Blomstrand, 2006). 

According to this, after muscle glycogen depletion during exercise FAs released for 

oxidation would increase the f-TRP plasma concentration, as both bound with albumin, 

though, FAs have higher affinity for albumin than TRP (Davis, Alderson, & Welsh, 

2000). Increased f-TRP would be resulted in increased f-TRP:BCAA ratio, higher f-TRP 

uptake by the brain and 5-HT production (serotonin), as both are using the same 

neurotransmitters (Blomstrand, 2006). Hence, CHO ingestion could inhibit FAs release 

and 5-HT production indirectly, by increasing the glucose contribution in energy 

production (Davis et al., 2000).  
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 However, few studies have examined the effects of CHO on cognitive function 

(Baker, Nuccio, & Jeukendrup, 2014). In Welsh, Davis, Burke and Williams (2002) 

study, although a significant (p <.05) overall time effect for word, colour and word-colour 

was found applying the SCWT, no improvement in interference score was reported. 

Similar interference findings were observed in Winnick et al. (2005) study, though no 

significant time effect was reported. However, both studies’ sample size consisted of 

football and basketball players resulted in increased ‘half time’ periods (20 min), while in 

Winnick et al. (2005) study there was decreased exercise duration (60 min) compared 

with football match, rising questions about their fatigue level. Clarke, Maclaren, Reilly 

and Drust (2011) examined the effects of CHO on concentration, on twelve university-

football players and found a significant (p <.05) higher concentration level after CHO 

supplementation. However, the football-specific test was applied under heat (30.5 ± 

.1oC) conditions providing a pre-cooling vest or no, while the observed difference was 

between CHO with pre-cooling and placebo without pre-cooling vest. Ingestion of BCAA 

combined with CHO could lead to superior cognitive results, as added BCAA in a CHO 

solution could replace the increased BCAA absorption for energy production due to 

insulin (Pan et al., 1982), preserving the BCAA plasma concentration (Blomstrand, 

2006). 

 Although the positive effects of BCAA in mental and physical performance in 

prolonged exercise have been well-documented (Blomstrand, Hassmén, Ek, Ekblom, & 

Newsholme, 1997; Blomstrand, Hassmén, Ekblom, & Newsholme, 1991a; Cheuvront et 

al., 2004; Hassmén, Blomstrand, Ekblom, & Newsholme, 1994) very few studies have 

assessed any possible effects on exercise protocols similar to football. Blomstrand, 
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Hassmen and Newsholme (1991b) assessed the effects of BCAA supplementation on 

six female national Swedish football-players during real-time football match and found 

significant (p <.05) improvement in cognitive function after ingestion of BCAA solutions 

by applying the SCWT. Despite the small sample size, research based on real-time 

outdoor events, cannot control factors such as weather or pitch condition, which have 

impact on physiological demands of a game (Andersson, Randers, Heiner-Møller, 

Krustrup, & Mohr, 2010; Mohr, Nybo, Grantham, & Racinais, 2012). Moreover, 

opponent level (Rampinini, Coutts, Castagna, Sassi, & Impellizzeri, 2007), team 

formation (Bradley et al., 2011) and players’ position (Bradley et al., 2013) can affect 

technical skill implementation in football. 

In one laboratory-controlled study, Wiśnik, Chmura, Ziemba, Mikulski and Nazar 

(2011) examined the effects of BCCA in MRT on 10 male professional football players, 

and found a significant improvement (by 10%; p <.05)  in reaction-time after BCAA 

supplementation compared with placebo. However, although the applied exercise-

testing protocol was designed according to video-match analysis, it has not been 

validated. Additionally, the fixed dosses (7g) of BCAA may not fit to every participant 

demands, giving underestimated results. Finally, the assessed MRT is indirectly 

associated with the ‘central fatigue’ hypothesis  (Wiśnik et al., 2011). There is limited 

evidence on the effects of CHO in cognitive function (Baker et al., 2015), while no 

evidence exists concerning BCAA supplementation and cognitive performance in 

intermittent sports, including football (Baker et al., 2014). The aim of this research is to 

assess any possible effects of BCAA and/or CHO supplementation on (i) mental and (ii) 

physical performance during football-specific exercise under normal conditions. 
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Methods 

Participants 

 Nine healthy, male, amateur football players (age= 24 ± 3.4 years; BW= 74.3 ± 

10.1 kg; height= 175 ± 9 cm; VO2max= 52.06 ± 4.83 ml·kg-1·min-1; mean ± SD) were 

voluntarily recruited to participate in this study after reading the provided information 

sheet (appendix 1). Subjects were active players of all positions but goalkeeper and did 

not receive any medication or supplementation prior and during testing period. 

Participants submitted written informed consent (appendix 2) and completed health 

questionnaire (appendix 3) in order to participate in the project. This research received 

ethical approval from the University of Chester Faculty of Life Sciences ethics 

committee (appendix 4). 

 

Study design 

 Participants visited the University of Chester on four different occasions. During 

the first visit, participants’ aerobic fitness and anthropometric features (BW, Tanita 

Innerscan body composition monitor, Tokyo Japan; height, Sega 264 Stadiometer, 

Hamburg, Germany) were assessed, while familiarisation with mental tests and 

exercise-testing protocol occurred. In the next three visits, separated by ≥5 days from 

each other, participants participated in a modified version of the LIST ingesting CHO-

BCAA, CHO or placebo solutions in a double-blind, cross-over, randomised design as 

presented in figure 2.1. List protocol was applied in University of Chester gymnasium or 
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sports hall, on a wooden or rubber floor respectively. Room temperature and humidity 

were measured (LG, S. Korea) prior and after the end of testing. Mean temperature and 

humidity were not different (p >.05) between trials (19.5 ± .63, 19.3 ± .85, 19.7 ± .9 oC; 

56.2 ± 4.4, 55.4 ± 2.7, 53.3 ± 3.7 % for CHO-BCAA, CHO and placebo trial 

respectively). Before each LIST performance, participants arrived in the morning (7.30-

10.30 am) after an 8-hour overnight fast, ingesting 500 ml water ~1 hour prior testing. 

Participants were asked to refrain from any strenuous activity and alcohol two days prior 

to testing. In addition they were asked to follow the same food diary 48 hours prior to 

testing in order to come fully rested and with the same glycogen load. For these 

purposes the followed 48h food diaries were recorded in special designed sheets 

(appendix 5) by the participants. Food diaries were analysed using nutritional software 

(Microdiet, version 3, Downlee systems Ltd, UK). No differences (p >.05) between trials 

in energy, CHO, protein and fats intake was observed (data are presented in table 2.1). 

Nude body weight was measured prior and after testing using the same scales that 

used for anthropometric measurements, in order to estimate differences in weight loss 

due to exercise.  
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Table  2.1. Participants’ 48-hour food diaries analysis 

 TRIALS 

 CHO-BCAA CHO PLACEBO 

Energy (kcal)    

48h-prior 2341.4 ± 301.4 2351.9 ± 396 2398 ± 384.1 

24h-prior 2330.4 ± 384.3 2366 ± 427.3 2368.4 ± 427.2 

Carbohydrates (%)    

48h-prior 49.1 ± 2 48.9 ± 2.5 50.1 ± 1.7 

24h-prior 50 ± 3 47 ± 4 49.5 ± 3 

Protein (%)    

48h-prior 21.3 ± 2.2 20.3 ± 1.8 19.9 ± 2 

24h-prior 18.8 ± 2.3 21 ± 2.4 19.4 ± 1.4 

Fats (%)    

48h-prior 29.6 ± 1.6  31.1 ± 3.1 29.4 ± 1.4 

24h-prior 31.3 ± 2.1 32 ± 4 31.1 ± 2.5 

Note: Data are presented as means ± SD.  

 

 

 

 

 

 

Figure 2.1. Schematic presentation of the study design 
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Aerobic fitness assessment  

 In order to estimate participants’ VO2max the MSFT (Ramsbottom, Brewer, & 

Williams, 1988) was applied in University of Chester sports hall. Participants wore HR 

monitors (Polar, Finland) to make sure that they have reached their maximal effort; 

mean HR achieved in MSFT: 197 ± 13.9 beats·min-1. The VO2max was estimated 

according to the level and shuttles achieved based on Ramsbottom et al. (1988). The 

achieved MSFT level was also used for LIST running speeds estimation (Nicholas, 

Nuttall, & Williams, 2000).  

 

The modified LIST 

 For each treatment, a modified version of the LIST with induced self-paced parts 

as described in Ali and Williams (2009) and validated by Ali, Foskett and Gant (2014), 

for sprint times and total distance covered was applied, in order to stimulate football-

specific exercise. Furthermore, in order to create real-match conditions, five meters 

deceleration after sprint were added, as described in Stone and Oliver (2009). 

Schematic presentation of the applied testing protocol is presented in figure 2.2. Before 

the LIST performance, participants participated in a 15-min standardised warm up which 

consisted of 20 m shuttle running, including different drills of upper body and legs, 

followed by active stretching exercises and six ten-metres explosions. Part A consisted 

of four 15-min blocks with the exercise intensity given throughout by an audio CD. Part 

B consisted of two 15-min blocks, though the exercise intensity was self-regulated by 

the participants. The aim for the participants in part B was to maintain the given pace in 
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part A and to increase it, if possible. The number of cycles completed in a giving time of 

15 min was recorded. 

The 20 m distance was defined with coloured cones, using tape measure (30m 

Surveyors tape measure, Am-Tech). Extra cones were placed 2 meters beyond the 

initial distance on both sides and participants were asked to step on these in order to 

make sure that there were no declines in distance covered. Fifteen-meter sprint times 

were taken using timer gates (Brower timing system, Utah, USA). Heart rate and RPE 

were recorded at the end of each cycle. Rates of perceived exertion were estimated 

using the Borg 6-20 (appendix 6) scale (Borg, 1998), while HR was measured using the 

same equipment that was used during MSFT. Gut fullness was measured every after 

beverage ingestion using 1-10 sale. Concentration test was applied at rest and after 

each block (7 times in total), while the SCWT prior warm-up and after exercise. The 

same was followed for blood urea samples, while glucose and lactate measurements 

were collected at rest and every 30 minute of exercise (4 times in total). All the 

aforementioned measurements data were collected in a summary sheet (appendix 7). 

Beverage intake took place prior (5 ml·kg-1 BW) and at the end of each block during 3-

min resting period (5 x 2.5 ml·kg-1 BW).  

 

 

 

 



 

75 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2. Schematic presentation of the modified LIST protocol according to Ali and 
Williams (2009) and Stone and Oliver (2009) references, adjusted to this study 
interventions. 
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Beverages composition 

 Beverages administrated in this study had the same volume (17.5 ml ml·kg-1 

BW), colour (pink) and flavour (berries-based). For the CHO trial, 8% CHO solution 

produced from mixed CHO powder (dextrose and maltodextrin; 50:50, BULK 

POWDERSTM) administrated. The mean rate of CHO ingested was 66.6 ± 5.5 g·h-1, 

meeting the criteria for maximal exogenous CHO oxidation (60 g·h-1; Jeukendrup & 

Jentjens, 2000). In the CHO-BCAA trial, beverages consisted of 7.4% mixed CHO 

(similar to CHO trial) and .6% BCAA (leucine, isoleucine and valine; 4:1:1, BULK 

POWDERSTM) in a mean rate of 61.9 ± 5.08 g·h-1 and 7.14 ± .59 g respectively, 

meeting the Blomstrand (2006) recommendation for 100 mg·kg-1 BCAA 

supplementation during exercise. Both CHO-BCAA and CHO beverages were calorie-

matched, excluding any possible improvements occurred due to higher energy intake. 

For placebo trial, berries fruit squash was used after dilution with water in a rate of 1:9. 

Thus placebo beverages concentration was 3 g·L-1 CHO. Beverages ingested according 

to LIST protocol (figure 2.2). 

 

Mental tests 

Cognitive function among trials was examined via the SCWT (Golden, 1978), as 

it applied and described in Blomstrand et al. (1991b). However, for the interference 

score calculation the new equation (equation 1) was applied, as designed and validated 

by Chafetz and Matthews (2004). In this way there are less chances of underestimating 

the calculated interference score. For mental concentration assessment similar number 
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test that used and described in Clarke et al. (2011) was applied. However, in this case, 

instead of wall presentation, participants required to cycle all couples of ten recognised 

in the given time (90 sec), on a printed paper. Mental tests were applied according to 

LIST protocol (figure 2.2). 

((216−Words) × Colours) / ((216−Words) + Colours)) (equation 1) 

Blood sampling 

 All blood samples were taken via capillary blood after the area was cleaned with 

alcohol wipe and wiped from the first blood. Blood lactate was measured using lactate 

pro 2 analyser (the Netherlands) with suitable strips. Blood glucose was measured via 

Bayer contour nect (Basel, Switzerland), with relative glucose strips. Blood urea was 

measured via a Reflotron Plus (Roche Diagnostics, Burges Hill, UK) analyser, using 

nobly urea strips. However, urea analyser could not measure accurately urea 

concentration bellow 20 mg·dl-1 and hence urea measurements <20 was considered as 

20 mg·dl-1 for analysis purposes. Blood samples were taken according to LIST protocol 

(figure 2.2). 

 

Statistical analysis  

 Statistical analysis was conducted using IBM SPSS statistics version 22 (SPSS 

Inc., Chicago Illinois, USA) software. A two-way repeated measures ANOVA (condition 

x score/time) was conducted to detect differences in mental (i.e. concentration test) 

blood samples (i.e. blood glucose) and physical performance (i.e. sprint times). One-

way repeated measures ANOVA was used to detect any possible differences where 
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thre was only one factor (i.e. Temperature) and as post hoc analysis for differences. 

Multiple paired-t-tests were conducted to clarify differences in one-way analysis.  All 

data were checked for normality in order to conduct appropriate statistical tests and 

Bonferroni adjustment used where appropriate. Significance level was set at p ≤ .05 and 

data presented as means ± standards deviations.    

Results 

Mental tests 

There was no significant (p >.05) difference between treatments for concentration 

scores (figure 2.3). A significant (p ≤.05) difference within time of testing was observed 

at 30th min of exercise between BCAA-CHO and CHO versus placebo, however, no 

significant difference was observed after adjustment (p >.017). 

 

Figure 2.3.  Mean concentration (%) at rest and during modified-LIST for CHO+BCAA, 

CHO and PLACEBO trial. Data are presented as means (error bars have been removed 

for clarity). 
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 A significant (p <.05) time effect was observed between supplementation and 

SCWT. Score in part A (words) was significantly (p =.002) higher after BCAA-CHO 

supplementation compared with prior (117.6 ± 13.3 versus 106.7 ± 14.7 words). No 

significant difference (p >.05) was found in CHO and PLAC trial (figure 2.4). 

Furthermore, BCAA-CHO part 1 score after exercise was significantly (p =.002) higher 

than CHO (117.6 ± 13.3 versus 108.3 ± 14.7 words). Similar findings observed in part 2 

(colours), where a significant (p =.004) difference between pre- and post-exercise was 

observed (80.56 ± 10.7 versus 86.3 ± 8.7 colours). Again, a significant difference 

between BCAA-CHO and CHO occurred after exercise (86.3 ± 8.7 versus 80.4 ± 11.8 

colours; p =.009). Moreover, a difference observed between BCAA-CHO and placebo 

trial, but did not reach significance after adjustment (p =.024). Finally, same findings in 

BCAA-CHO trial occurred during the last part of SCWT. Named coloured words were 

higher post-exercise than pre- (61.9 ± 11.3 versus 53.7 ± 9.5 coloured words; p =.009). 

Additionally, same findings occurred in placebo trial (55 ± 9 versus 58.1 ± 8.8 coloured 

words in post-exercise; p =.007). Coloured words in BCAA-CHO trial post-exercise 

found higher than in CHO (61.9 ± 11.3 versus 53.4 ± 9.5 coloured words; p =.014). No 

differences observed between trials pre-exercise (p >.05). 

 A significant time effect was also observed between interference differences (p 

=.009). However, only in BCAA-CHO trial a significant time effect for interference 

differences was observed, as they were found higher after exercise (8 ± 8.6 versus 16.4 

± 11.3 post-exercise; p =.013; figure 2.5). Though, no any significant difference was 
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observed, between treatments and interference difference, although a significant 

difference between CHO-BCAA and PLAC was observed prior to adjustment (p =.024), 

but not after. 

 

 

 

 

 

Figure 2.5. Mean differences between calculated interference and part 3 (coloured 

words) scores (ΔIn-part 3), in SCWT prior and after modified-LIST, for CHO+BCAA, 

CHO and PLACEBO trial. *, for significant difference compared with pre-exercise at p 

<.05; Data are presented as means ± SD. 
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Figure 2.4. Mean scores for SCWT (part 1-words, part 2-colours and part 3-coloured 

words) prior and after modified-LIST, for CHO+BCAA, CHO and PLACEBO trial. *, for 

significant difference compared with pre-exercise at p <.05; £, for significant difference 

compared with CHO trial at p <.05; Data are presented as means ± SD. 
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Physical performance 

 In the context of physical performance, the 15-m sprint times per block and the 

total distance covered during the modified-LIST were assessed. Data for physical 

performance produced by eight participants instead of nine, as one participant declare 

weakness to fulfil sprint up to his maximal effort due to muscle pain, during last blocks, 

on his last two trials. Mean total distance covered was not significantly (p >.05) different 

between trials as presented in figure 2.6.  

 

 

 

Figure 2.6. Mean total distance covered (m) during modified-LIST, for CHO+BCAA, 

CHO and PLACEBO trial. Data are presented as means ± SD. 
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Similarly, no significant (p >.05) differences in mean 15m sprint times were observed, 

among treatments. However, a significant (p =.01) difference within modified-LIST 

blocks found. After adjustment in CHO trial, a significant difference in mean 15m sprint 

time between block 1 and 4; 1 and 5; 2 and 4 was observed (2.66 ± .1 and 2.82 ± .1, p 

=.001 ; 2.66 ± .1 and 2.77 ± .9, p =.002; 2.73 ± 1.2 and 2.82 ± .1 s, p =.001 

respectively). Block 1 was faster than blocks 4 and 5, while block 2 was also faster than 

4 as presented in figure 2.7. 

 

 

Figure 2.7. Mean 15m sprint times (s) during modified-LIST, for CHO-BCAA, CHO and 

PLACEBO trial. Significant level has been adjusted with Bonferroni adjustment and the 

new level o significance was set at p ≤.003 *, significant different form block 4 at p 

<.003; #, significant different form block 1 at p <.003; Data are presented as means 

(error bars have been removed for clarity). 
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Blood analysis, HR and RPE 

 There was no treatment effect on participants HR during exercise, (p >.05). 

There was a significant difference in HR within blocks, but no significance observed 

after adjustment (data are presented in table 2.2). In addition, no differences (p >.05) 

were observed in gut fullness among trials. In contrast, a significant difference was 

observed in mean RPE among trials (p =.019) and blocks within trials (p =.003). Mean 

RPE was significantly lower in block 3 in CHO-BCAA trial compared with CHO (table 

2.2; p =.008). In CHO trial a significant (p =.008) difference between blocks was found 

(table 2.2). Mean RPE was significantly higher in block 6 compared with 2, 3 and 5 (p 

=.002; p =.002; p =.003 respectively). Mean RPE was also significantly (p <.001) 

different in placebo trial; block 1 was significantly lower than block 3, 5 and 6 (p =.003; p 

=.001; p <.001 respectively), while block 6 had significantly higher RPE than 2 and 5 (p 

<.001 and p =.001 respectively. 

Table 2.2. Mean heart rate, RPE and gut fullness responses to exercise and 
supplementation respectively (continued to page 85).  

 Rest Block 1 Block 2 Block 3 Block 4 Block 5 Block 6 

Gut Fullness (1-10)        

CHO-BCAA 3.7 ± 1.4 4 ± 1.4 4.1 ± 1.5 4.1 ± 1.5 4.1 ± 1.5 4.1 ± 1.5 - 

CHO 4 ±1.1 4.1 ± 1.3 4 ± 1.2 4.1 ± 1.4 3.9 ± 1.3 3.9 ± 1.5 - 

PLAC 3.6 ± 1.5 3.6 ± 1.4 3.7 ± 1.5 4.2 ± 1.6 4.1 ± 1.6 3.7 ± 1.4 - 

RPE (6-20)        

CHO-BCAA 6 13.4 ± 2.4 13.9 ± 2.3 14 ± 1.5£ 14.8 ± 1.4 15.2 ± .6 15.3 ± 1.5 

CHO 6 14.3 ± 2.1 14.6 ± 1.5* 15 ± 1.8* 15.3 ± 1.7 15.6 ± 1.7* 16.3 ± 1.6 

PLAC 6 13.6 ± 1* 14.5 ± 1* 15 ± 1.2# 15.1 ± 1.6 15.6 ±1.1*# 16.2 ± .9# 
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Heart Rate (beats·min-1)        

CHO-BCAA 65.2 ± 7.5 166.5 ± 15.7 170.6 ± 15.1 170.7 ±14.1 170.2 ± 14.1 172 ± 16.6 175.4 ± 15.2 

CHO 69.9 ± 16.6 177.3 ± 11.9 176.9 ± 12.8 176.2 ± 13.1 175.4 ± 11.2 176.1 ± 13.1 178.4 ± 13 

PLAC 67.8 ± 10 170.2 ± 15.9 173.6 ± 15.4 174.1 ± 14.3 174.1 ± 13.1 175.4 ± 14.2 177.1 ± 15 

Note: Rested mean RPE did not received under consideration for the statistical analysis. Data are 
presented as means ± SD. £, significant difference from CHO trial at p ≤.017, after adjustment; *, 
significant different from block 6 within trial at p ≤.003, after adjustment; #, significant different from block 
1 within trial at p ≤.003, after adjustment.  
 
 

 A significant time effect (p =.022) was observed in urea measurements. In 

placebo trial mean blood urea post-exercise was significantly higher than at rest after 

adjustment (p =.011; data are presented in table 2.3). However, no any significant 

difference (p >.05) between trials in blood urea was observed.  Similarly, no significant 

difference in lactate concentration was observed among trials, although a significant 

time effect within all trials was observed (p =.009 for BCAA-CHO and CHO; p =.007 for 

placebo trial). However after adjustment only in CHO and placebo trial were found 

differences. In CHO trial mean blood lactate was significantly higher in 30th and 90th min 

of exercise compared with rest (p =.008 and p =.006 respectively; data are presented in 

table 2.3). Accordingly, in placebo trial blood lactate was significantly higher in 30th and 

60th min of exercise compared with rest (p =.007 and p =.004 respectively). There was a 

significant difference in mean blood glucose concentration between and within trials (p 

=.001 and p < .001 respectively), however, no any significant interaction effect was 

found (p >.05). After adjustment, at 30th min of exercise, mean blood glucose was 

significantly higher in CHO trial compared with placebo (table 2.3; p =.016). Post 

exercise glucose level was significantly higher both in CHO-BCAA and CHO trial 

compared with placebo (table 2.3; p =.001 and .06 respectively). Additionally, within 
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placebo trial, glucose after exercise was significantly (p =.006) lower than in 60th. In 

contrast, in CHO trial at the 30th min of exercise glucose was higher (p =.004) than 60th. 

 

 

 Table 2.3. Mean blood lactate, glucose and urea responses to exercise 

Note: Data are presented as means ± SD. *, significant different from rest within trial at p ≤.008, after 
adjustment; #, significant different from rest within trial at p ≤.05; £, significant difference from CHO trial at 
p ≤.017, after adjustment; ∞, significant difference from 30th min of exercise trial at p ≤.008, after 

adjustment. 

 

 

 

 

  Rest 30 min 60 min 90 min 

Blood urea (mg·dl-1)      

CHO-BCAA  28 ± 6.9 - - 30 ± 8.5 

CHO  31.8 ± 11.4 - - 32.6 ± 11.8 

PLAC  25.1 ± 6.5 - - 28.9 ± 8.9# 

Blood glucose (mmol·L-1)      

CHO-BCAA  5.1 ± .6 5.9 ± .5 5.5 ± .4 5.5 ± .3£ 

CHO  5.3 ± .3 6.6 ± 1£ 5.5 ± .9∞ 5.6 ± .7£ 

PLAC  5.1 ± .4 5.4 ± .6 5.1 ± .7 4.8 ± .3∞ 

Blood lactate (mmol·L-1)      

CHO-BCAA  1.2 ± .5 3.3 ± 2.2 3 ±1.9 4.4 ± 3.3 

CHO  1.2 ± .3 4.1 ± 2.4* 3.3 ± 1.8 2.4 ± 1* 

PLAC  1.2 ± .3 3.5 ± 2* 3.7 ±1.8* 3.5 ± 2.6 
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Discussion  

 The primary aim of this research was to assess any possible effects of BCCA 

supplementation on mental performance during football-specific exercise. Previous 

studies on cognitive function and HIIE relative to football was conducted under real-time 

conditions (Blomstrand et al.,1991b) or on a treadmill (Wiśnik et al., 2011). However, no 

any relative study has been conducted on football-specific protocol (Baker et al., 2014). 

Considering that higher cognitive function during game has been linked with preserved 

technical skill implementation (Ali et al., 2007) and hence success in contemporary 

football (Bradley et al., 2013), results of this study are of significant importance. 

 The main finding of this study is that ingestion of BCAA in a CHO solution 

increased the cognitive function after exercise compared with prior, as well as with CHO 

or placebo. Based on results, this illustrates an improvement ~8-13% compared with 

just CHO and placebo as well as with pre-exercise. An interesting finding was that 

BCAA supplementation after exercise induced almost a double interference effect. This 

has not been reported by previous studies where the SCWT was applied during 

prolonged (Blomstrand et al., 1997; Blomstrand et al., 1991a; Hassmen et al., 1994) or 

HIIE (Blomstrand et al., 1991b), although significant improvements occurred in SCWT. 

Hence, findings from this study support the ‘central fatigue theory’ (Blomstrand, 2006). 

On this basis, can be explained results occurred in SCWT. In prolonged exercise and in 

an established peripheral fatigue FAs are released in order to produce energy. For the 

same purposes, BCAA are driven in muscles for oxidation. Combined both, lead to high 

f-TRP:BCAA ratio as on one hand FAs have higher affinity for albumin compared to 
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TRP, while on the other BCCA plasma concentration decreases due to their use for 

energy production (Davis et al., 2000; Fernstrom, 2005). Ingestion of BCAA with CHO 

can lead to superior cognitive result, as ingestion of CHO will inhibit FAs release, while 

BCAA will replace the losses for energy production (Davis et al., 2000). This mechanism 

seems that elicited during LIST and BCAA-CHO supplementation, in that extent that 

caused an interference effect. The CWT was applied prior and after exercise and it 

cannot be said that superior cognitive function is established during exercise. However, 

a trend for higher concentration in BCAA-CHO trial can be seen (figure 2.3), although 

significance was not reached. Nonetheless, findings on concentration in CHO and 

placebo trial are in line with Clarke et al. (2011), under same conditions, despite the 

higher temperature that exercise protocol was conducted. Furthermore, SCWT findings 

in CHO trial are in line with Welsh et al. (2002) and Winnick et al. (2005) findings on  

basketball and football players. According to Winnick et al. (2005) either CHO cannot 

elicit any cognitive improvement or the SCWT is not suitable cognitive test during 

exercise. However, findings from this study reject the later hypothesis. Instead, CHO 

have been found indirect inhibitors of central fatigue, while CHO oxidation increases in 

increased exercise intensity (Van Loon et al., 2001). Thus, in HIIE CHO may have no 

effect on cognitive function. However, in this study exercise protocol applied on wooden 

and/or rubber floor limiting the reliability of findings. This may had an impact in physical 

performance as well. 

 The secondary aim of this study was to assess any differences between BCAA-

CHO and CHO in physical performance. Based on findings, total distance covered in 

BCAA-CHO and CHO do not differ from placebo. This opposes to the large body of 
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evidence (Davison et al., 2008; Foskett, Williams, Boobis, & Tsintzas, 2008; Patterson & 

Gray, 2007). A possible explanation is that participants’ performance influenced from 

the floor surface as wooden floor reported more slippery, producing ergogenic losses, 

while participants report to feel more convenient and perform better in the rubber floor. 

The same could be said for sprint performance, although results on CHO and St are 

conflictive (Baker et al. 2015). The addendum of BCAA in a CHO solution could not 

enhance endurance performance, as the ergogenic effect of BCAA during exercise has 

been estimated at ~6% (Blomstrand, 2006; Davis et al., 2000). However, both in BCAA-

CHO and in CHO trial, after adjustment, data did not reach significance. A possible 

explanation is that the sample size was not enough to elicit significance. Moreover, 

lactate concentration in CHO trial at the end of exercise may dictate that participants 

‘gave up’ their effort. However, no significant difference was observed in HR and RPE 

during exercise. Nonetheless there is a trend for lower RPE in BCAA-CHO trial. In 

support, Blomstrand et al. (1997), found decreased RPE during exercise after BCAA 

administration, suggesting that BCAA can positively affect RPE. 

 

Conclusion 

Administration of BCAA improved cognitive function compared to CHO and revealed an 

interference effect during football-specific exercise protocol, while there in a trend for 

higher concentration during exercise. No significant improvements observed in 15m 

sprint performance and in total distance covered after each treatment. Possible 

explanations are related with the research limitations (sample size and surface of 
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exercise).  The same limitations may be responsible for no differences in performance 

indices, such as HR, lactate and RPE. The effects of BCAA in cognitive performance is 

during football or relative intermittent sports is a fertile are for future research, as there 

is lack of relative evidence.  
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Appendix  1. Information sheet 

 

A randomised double-blind control trial to determine the effects of branched-chain amino 

acids supplementation on mental agility and physical performance in amateur football 

players 

You are being invited to take part in a research study.  Before you decide, it is important 
for you to understand why the research is being done and what it will involve.  Please 
take time to read the following information carefully and discuss it with others if you 
wish.  Ask us if there is anything that is not clear or if you would like more information. 
Take time to decide whether or not you wish to take part.  
Thank you for reading this. 
What is the purpose of the study? 
This research is being undertaken on healthy male adults that are amateur football 
players. The project aim is to find out any possible effects of BCAA supplementation in 
mental and physical performance at high intensity intermittent exercise. 
Why have I been chosen? 
You have been chosen because you are male and active football player, aged between 
18 and 35. 
Do I have to take part? 
It is up to you to decide whether or not to take part.  If you decide to take part you will be 
given this information sheet to keep and be asked to sign a consent form.  If you decide 
to take part you are still free to withdraw at any time and without giving a reason.  A 
decision to withdraw at any time, or a decision not to take part, will not affect you in any 
way. 
What will happen to me if I take part? 
Overall, you will be required to attend the University of Chester, (Parkgate Road, 
Chester, CH1 4BJ) for approximately 1 hour for the first session and ~3 hours for each 
of the 3 testing protocol sessions. The first and the shorter will assess your fitness 
capacity and physical characteristics (height/weight). In addition there will be a 
simulation of testing protocols and equipment used during testing. The testing protocol 
(2nd, 3rd and 4th visits) will consist of the stoop colour and word test (CWT) and 
Loughborough Intermittent Shuttle Test (LIST). The CWT which consists of 3 parts is 
colour and word recognition test and will be applied prior and after LIST test. The LIST 
will last for 90min and is designed to replicate soccer or field sports match. You will also 
be required to complete a 48-hour food diary before each testing protocol and follow the 
same diet as much as possible for the rest testing sessions (2nd, 3rd and 4th). A food 
diary sheet will be provided for this. Prior to and during the LIST test you will be given a 
beverage containing carbohydrates or carbohydrates with branched-chain amino acids 
or placebo (flavoured water). The testing protocol will require you to give capillary blood 
(4x3) samples for glucose lactate and urea (2x3) concentration measurements 
according to the testing protocol. Your Nude Body Mass will also be measure prior to 
and after the testing protocol. In addition, your heart rate and subjective rate of perceive 
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exertion (RPE) will be monitored for each session. No-one will be identifiable in the final 
report.  
 
 
What are the possible disadvantages and risks of taking part? 
Prior to testing all equipment and facilities will be checked for faults and safe usability. 
Since the fitness testing protocol includes a run to exhaustion and 3 additional high-
intense running sessions, you may experience some discomfort, including muscle 
soreness following each session. This is why you will complete a health questionnaire 
and be required to avoid any strenuous activity 48 hours before each session. 
Nonetheless, you will be free to stop testing and withdraw from research at any time. In 
case of any adverse effects to exercise you will be monitored at all times and testig will 
stop, if you are not able to perform it. 
What are the possible benefits of taking part? 
High level research participation is a unique experience, while participants will have the 
oprtunity to receive information about their current level of aerobic fitness, as how BCAA 
can effect their performance. 
What if something goes wrong? 
If you wish to complain or have any concerns about any aspect of the way you have 
been approached or treated during the course of this study, please contact to the Dean 
of the Faculty of Life Sciences, University of Chester, Parkgate Road, Chester, CH1 
4BJ, 01244  513055. 
Will my taking part in the study be kept confidential? 
All information which is collected about you during the course of the research will be 
kept strictly confidential, so that only the researcher carrying out the research will have 
access to such information.   
What will happen to the results of the research study? 
The results will be written up into a dissertation for my final project of my MSc. 
Individuals who participate will not be identified in any subsequent report or publication. 
Who is organising the research? 
The research is conducted as part of an MSc in Exercise & Nutrition Science within the 
Department of Clinical Sciences & Nutrition at the University of Chester. The study is 
organised with supervision from the department, by Evangelos Katsavrias, an MSc 
student. 
Who may I contact for further information? 
If you would like more information about the research before you decide whether or not 
you would be willing to take part, please contact: 
 
Evangelos Katsavrias.1427398@chester.ac.uk. 
 
Thank you for your interest in this research 
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Appendix  2. Consent form  

 

A randomised double-blind control trial to determine the effects of branched-

chain amino acids supplementation on mental agility and physical performance in 

amateur football players 

Name of Researcher:  Evangelos Katsavrias 

       Please initial box 
 

1. I confirm that I have read and understand the information sheet  
     for the above study and have had the opportunity to ask questions. 

 

2. I understand that my participation is voluntary and that I am free to  
     withdraw at any time, without giving any reason and without my  
     legal rights being affected.  

 

3. I agree to take part in the above study.    

 

 

 

___________________                _________________   _____________ 

Name of Participant Date  Signature 

 

 

 

 

 

___________________                _________________   _____________ 

Researcher Date Signature 
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Appendix  3. Health screening   

 

A randomised double-blind control trial to determine the effects of branched-

chain amino acids supplementation on mental agility and physical performance in 

amateur football players 

 

Researcher:  Evangelos Katsavrias 

Name:_________________________________  Test date:________________ 
Contact number:____________________________ Date of birth:___________ 
In order to ensure that this study is as safe and accurate as possible, it is important that 
each potential participant is screened for any factors that may influence the study.  
Please circle your answer to the following questions: 
 
1. Has your doctor ever said that you have a heart condition and that     you 

should only perform physical activity recommended by a doctor? 
2.  
3. Do you feel pain in the chest when you perform physical activity? 
 
4. In the past month, have you had chest pain when you were not performing 

physical activity? 
 
5. Do you lose your balance because of dizziness or do you ever lose 

consciousness? 
 
6. Do you have bone or joint problems (e.g. back, knee or hip) that could be 

made worse by a change in your physical activity? 
 
7. Is your doctor currently prescribing drugs for your blood pressure or heart 

condition? 
 
8. Have you injured your hip, knee or ankle joint in the last six months? 
 
9. Do you know of any other reason why you should not participate in physical 

activity? 
 
 
Thank you for taking your time to fill in this form. If you have answered ‘yes’ to any of 
the above questions, unfortunately you will not be able to participate in this study. 
 
 
 

YES/NO 

YES/NO 

YES/NO 

YES/NO 

YES/NO 

YES/NO 

YES/NO 

YES/NO 
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Appendix  4. Ethics Committee approval  

  

 

 

 

 

Faculty of Life Sciences 

Research Ethics Committee 

frec@chester.ac.uk 

02/07/2015 

Evangelos Katsavrias 

Liverpool Road 

Chester 

 

Dear Evangelos 

Study title: a randomised double- blind control trial to determine the effects of 
branched–chain amino acids supplementation on mental agility and 
physical performance in amateur football players 

FREC reference: 1070/15/EK/CSN 

Version number: 1  

Thank you for sending your application to the Faculty of Life Sciences Research Ethics 
Committee for review. 

I am pleased to confirm ethical approval for the above research, provided that you comply with 
the conditions set out in the attached document, and adhere to the processes described in your 
application form and supporting documentation.  However, the Committee would like to make 
the following recommendations, which should be discussed with your supervisor:- 

 Demonstrate stronger justification for the 18-35 age range. 

 Reword the benefits – taking part in the study is not ‘unique’ or as is stated in the PIS ‘a 
once in a lifetime experience’. 

 Proofread letter of invitation and PIS – numerous typing errors. 
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The final list of documents reviewed and approved by the Committee is as follows: 

Document                       Version Date 

Application Form                                   1 April 2015 

Appendix 1 – List of References 1 April 2015 

Appendix 2 – Summary CV for Lead Researcher 1 April 2015 

Appendix 3 – Letter(s) of invitation to participants 1 April 2015 

Appendix 4 – Participant Information Sheet [PIS] 1 April 2015 

Appendix 5 – Participant Consent Form 1 April 2015 

Appendix 6 – Written permissions from relevant personnel 1 April 2015 

Appendix 7 – Risk Assessment 1 April 2015 

Appendix 8 – Health Screen Sheet 1 April 2015 

Appendix 9 – Food diary Sheet 1 April 2015 

Appendix 10 – Statistical power estimation  1 April 2015 

Appendix 11 – CV for additional researcher 1 April 2015 

Appendix 12 – Inclusion/exclusion criteria 1 April 2015 

Appendix 13 – 20m-CMF protocol 1 April 2015 

Appendix 14 – Testing protocols 1 April 2015 

Appendix 15 – Research diagram 1 April 2015 

Appendix 16 – Blood sampling  1 April 2015 

Appendix 17 – Anthropometric measurements 1 April 2015 

Response to FREC request for further information or 
clarification 

  

 

Please note that this approval is given in accordance with the requirements of English law only. 
For research taking place wholly or partly within other jurisdictions (including Wales, Scotland 
and Northern Ireland), you should seek further advice from the Committee Chair / Secretary or 
the Research and Knowledge Transfer Office and may need additional approval from the 
appropriate agencies in the country (or countries) in which the research will take place. 

 

With the Committee’s best wishes for the success of this project.  

 

Yours sincerely, 

 

 

 

Dr. Stephen Fallows 

Chair, Faculty Research Ethics Committee 

Enclosures: Standard conditions of approval.   
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Cc. Supervisor/FREC Representative 

Appendix  5. Food diaries   

 

A randomised double-blind control trial to determine the effects of branched-

chain amino acids supplementation on mental agility and physical performance in 

amateur football players 

Researcher:  Evangelos Katsavrias 

In the spaces provided, write down everything you eat or drink in the entire 24h of each 

2 days required. Try to write as much detail as you can in measuring (recording food 

weight or attaching packaging information) or if that’s not possible, estimating the 

amounts you eat or drink (1 cup or 1 heaped bowl of cereal). 

Also include detail on the type of food or drink that you consume; for example, 

distinguishing between fresh orange juice or concentrated orange juice, and white bread 

from wholemeal brown. In addition, record the way food is made; boiled, fried, steamed 

etc. 

In the bottom sections, write down any activities during the day such as walking or 

gardening etc. (intense: low, med, and high) 

Remember that the diary is confidential, so try to be as honest as possible in your 

answers. Importantly, in the 2 days prior to your second trial you will be required 

to replicate as accurately as possible your food and drink consumption that you 

recorded before the first trial. 

 

Example of how to fill in your diary… 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Time Food and drink 

8am 250 ml  freshly squeezed orange juice 

10am 100 g Chocolate muffin, 350 ml coffee 
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FOOD DIARY 

Name _____________________________    Trial__________________                                    

Day ____ 

Time Food/drink (including preparation) Amount (kg/ml)  

        

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

Time Activity Duration (min) Intensity 

    

    

    

    

    

    

    

    

    

 
Comments: 
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________ 
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Appendix  6. The 6-20 Borg scale 
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Appendix  7. Data collection sheet    

 

REST 

 Nude BW Urea 

C
W

T
 Part 1 Part 2 Part 3 Total 

Prior testing       

Post testing       

 
HR  RPE  GLU  LA  GF   

LIST 

 Walk Walk Walk Sprint Jog Jog Jog Cruise Cruise Cruise RPE HR 

B
L

O
C

K
 1

 

            

            

            

            

            

            

            

            

            

            

            

            

        GF    

B
L

O
C

K
 2

 

Walk Walk Walk Sprint Jog Jog Jog Cruise Cruise Cruise RPE HR 

            

            

            

            

            

            

            

            

            

            

            

30’ HR  RPE  GLU  LA  GF   

 Walk Walk Walk Sprint Jog Jog Jog Cruise Cruise Cruise RPE HR 

B
L

O
C

K
 3

 

            

            

            

            

            

            

            

            

            

        GF    

45’ Walk Walk Walk Sprint Jog Jog Jog Cruise Cruise Cruise RPE HR 
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60’ HR  RPE  GLU  LA  GF   

 Walk Walk Walk Sprint Jog Jog Jog Cruise Cruise Cruise RPE HR 

B
L

O
C

K
 5

-S
P

 

            

            

            

            

            

            

            

            

            

            

            

            

        GF    

75’ Walk Walk Walk Sprint Jog Jog Jog Cruise Cruise Cruise RPE HR 

B
L

O
C

K
 6

-S
P

 

            

            

            

            

            

            

            

            

            

            

            

            

            

90’ HR  RPE  GLU  LA  GF    

 

 

 

Concentration Test 

REST 15’ 30’ 45’ 60’ 75’ 90’ 

       

 


