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ABSTRACT 
 
 The aim of the present study was to determine differences in reaction time 

resulting from the ingestion of three caffeine containing beverages.  Six low-

caffeine consuming college students (25.2 + 7.0 years) were recruited to 

participate in this study.  The participants were tested for simple and choice 

reaction time prior to consuming Red Bull Energy Drink, Sugar-free Energy Drink, 

Mountain Dew soft drink or no drink and 60 minutes following the consumption of 

the product.  Participants participated in all four conditions and were tested over 

a two week period with at least 48 hours between sessions.  The order of drink 

administration was randomly selected for each subject.  Significant differences (p 

< 0.05) were found in choice reaction time for the Red Bull and Sugar-free Red 

Bull conditions, with no significant differences witnessed in the simple reaction 

time test.  An improvement of 321.0 to 302.9 milliseconds and 335.4 to 303.0 

milliseconds were found for Red Bull and Sugar-free Red Bull, respectively.  The 

Mountain Dew soft drink (325.4 to 319.0 milliseconds) and the no drink condition 

(315.8 to 312.03) showed no significant improvements.   These results suggest 

that caffeine and taurine have some combined effect on improvement of reaction 

time or high levels of glucose negatively affect the cognitive improvements of 

caffeine in non-fasted individuals.  Further research is warranted to determine the 

exact interaction between caffeine, glucose and taurine. 
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CHAPTER 1 

INTRODUCTION 
 
 The development of energy drinks began in 1984 in Austria with the 

popular brand Red Bull.  Red Bull claims to enhance concentration, energy levels 

and reaction time while limiting fatigue (Kim, 2003).  In fact, the company slogan 

“Red Bull gives you wings,” is referring to the psychomotor stimulant properties of 

the beverage.  The stimulant properties of the drink are marketed to improve 

memory and attention in students studying for exams and athletes looking to 

enhance performance.  The ingredients attributed to cognitive enhancement in 

Red Bull Energy Drinks are glucose, caffeine and taurine (Alford et al., 2001). 

   The consumption of energy drinks among college students has been the 

focus of energy drink companies.  Through extensive marketing, consumption of 

energy drinks in college-aged individuals has increased nearly 30 percent since 

2001(Malinauskas et al., 2007) and over half of all college aged students now 

consume at least one energy drink a month (Malinauskas et al., 2007).    

1.1    Statement of the Problem 

 The main ingredient of energy drinks attributed with cognitive 

improvement is caffeine, although glucose has also been associated with 

improvements in information processing (Owens and Benton, 1994).  Taurine 

has received attention as a possible cognition stimulating substance even without 

empirical evidence to support this theory.         The cognitive effects of caffeine 

are well established, however research into the effects of other substances with 

possible psychoactive properties on cognitive function are predominantly 
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anecdotal.  This anecdotal evidence is the basis for the development and 

increasing popularity of energy drinks, which claim caffeine, glucose and taurine 

provide a significant boost in mental function.   

  A quick electronic search of the effects of the energy drink ingredients on 

cognitive function reveals hundreds of published materials, predominantly 

focusing on caffeine.  Several research studies support the effects of glucose on 

cognitive performance (Owen & Sunram-Lea, 2008; Papanikolaou et al., 2006;  

Sünram-Lea et al., 2001; Martin & Benton, 1999; Foster et al., 1998; Owens and 

Benton, 1994), however the effects of taurine in isolation on cognition has not 

been addressed.  Glucose provides improvements in short term memory and 

information processing (Sünram-Lea et al., 2001; Owen & Sunram-Lea, 2008; 

Foster et al., 1998; Martin & Benton, 1999), with limited research offering 

evidence for improvements in reaction time.  Effects of taurine on cognitive 

function are inconclusive, with the majority of researchers examining energy 

drinks attributing improvements to caffeine alone (Childs & de Wit, 2008; Scholey 

and Kennedy, 2004; Smit & Rogers, 2002; Alford et al., 2001).  The combined 

effect of caffeine, glucose and taurine has not been analyzed, however 

researchers (Alford et al., 2001; Seidl et al., 2000) have commented on the 

possibility of a synergy between the ingredients in improving cognition.   

1.2    Purpose 

 The purpose of this study was to examine the combined effects of energy 

drink ingredients on simple and choice reaction time. 
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1.3    Significance of the Study 

 The popularity and widespread consumption of energy drinks has led to 

questions about safety and health risks associated with chronic consumption and 

the validity of cognitive enhancing claims.  The complete physiological response 

to energy drinks is still to be determined, however changes in heart rate and 

blood pressure have been associated with the consumption of energy drinks 

(Bichler et al., 2006).  The caloric content of energy drinks and the overwhelming 

problem with obesity and inactivity in the United States has been a major 

concern.  Most popular energy drink companies have responded by developing 

sugar-free versions of their product which use aspartame or other artificial 

sweeteners.  The effect of artificial sweeteners on cognitive function has been 

widely researched (Tilson et al., 1991; Speirs et al., 1998), however the effect of 

a sugar-free energy drink compared to a glucose counterpart has not been 

analyzed.  Glucose based energy drinks have been thoroughly analyzed in the 

literature and the cognitive enhancing effects of glucose based energy drink 

products are well established (Alford et al., 2001; Smit & Rogers, 2002; Scholey 

& Kennedy, 2004; Seidl et al., 2000).    It is important to substantiate the 

cognitive enhancing effects of sugar-free substitutes marketed by energy drink 

companies to determine if sugar-free products provide the same stimulating 

effect as glucose based products. 
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1.4   Variables 

1.4.1  Independent 
 
 The independent variables in this study were the beverages participants 

were instructed to consume after providing baseline reaction time scores on four 

occasions.  The original Red Bull drink, sugar-free Red Bull, Mountain Dew soft 

drink and a control trial of no drink were all administered on four different days 

over a two week period. 

1.4.2.1 Dependent 
 
 The dependent variable in this study was the reaction time battery, which 

included both simple reaction time and a four-choice reaction time assessment. 

1.4.2.2 Control 
 
 Participants previously diagnosed with any neurological or metabolic 

disorders were excluded from the subject pool.  Conditions subject to exclusion 

include Multiple Sclerosis, Parkinson’s disease and Diabetes Mellitus.  

Participants who consumed 80 milligrams or more of caffeine per day were 

excluded.  

1.5   Hypothesis 

 It was hypothesized that ingestion of original Red Bull would provide the 

most improvement in cognitive function due to the glucose, caffeine and taurine 

present in the drink.  The Sugar-free Red Bull was expected to show some 

cognitive improvements primarily resulting from caffeine with the possible 

interaction between caffeine and taurine. The soft drink was expected to show 
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some cognitive improvement, which can mostly be attributed to the caffeine 

content.  The simple reaction time test was not expected to show any difference 

between pre and post test scores, because no previous research had found any 

changes in simple reaction time as a result of caffeine, glucose, taurine or 

aspartame consumption. 

1.6   Assumptions 

 It was assumed that participants did not consume large quantities of 

caffeine or energy drinks 2-3 hours prior to baseline testing.  Participants were 

asked to record daily intake of caffeine; it was assumed that these records were 

an accurate portrayal of the caffeine consumption of each subject.    

1.7  Limitations 

 The limitations in this study include the sample size, exercise habits, sleep 

patterns, stress, blood glucose level and the absence of control over the caffeine 

consumption habits of the participants.  This study only included 6 participants, 

which was appropriate to show trends in reaction time changes using a within-

subject design, however additional participants would provide more accurate 

results.  The amount of exercise prior to testing and the hours of sleep the night 

before each testing period were not recorded and could have affected the results.  

Analysis of blood glucose could have helped control the effects of food ingested 

prior to testing, which would have eliminated the possible effect of a high glucose 

breakfast affecting the results.  The lack of control over habitual caffeine 
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consumption was a major limitation, however the exclusion of moderate and high 

caffeine consumers (>80 mg/day) provided some control.    

1.8   Delimitations 

 The results are limited to healthy, non-fasted college students without any 

neurological or metabolic disorder.  The data does not pertain to moderate and 

high caffeine consuming individuals since non to low caffeine consumers were 

used as participants.  Reaction time results pertains to the Human Performance 

Systems BEP I module used in this study and results may be different with other 

equipment and protocols.  Although the individual ingredients will be analyzed, 

the current study cannot make conclusions on the effects of ingredients on 

cognitive function.  The current study is limited to the effects of Red Bull Energy 

Drink, Red Bull Sugar-free, Mountain Dew and no drink and all conclusions from 

the study that assess individual ingredients or combinations of ingredients are 

speculative. 
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CHAPTER 2 

LITERATURE REVIEW  

2.1 Ingredients of a Popular Energy Drink 

 The ingredients of popular energy drinks vary, however glucose, sucrose, 

caffeine, and taurine are consistent in the majority of energy drinks.  The recent 

trend toward calorie free energy drinks has led to the elimination of glucose and 

sucrose in the energy drink, to be replaced by aspartame or other artificial, non-

caloric sweeteners.  Red Bull is not currently regulated by the Food and Drug 

Administration (FDA), however soft drinks are regulated. Mountain Dew soft drink 

is similar to other popular soft drinks which contain large quantities of sugar in 

the form of high fructose corn syrup, moderate amounts of caffeine and trace 

amounts of preservatives.   

Table 2.1. Popular Energy Drink Ingredients 
Original Red Bull 

(8 ounces) 
Sugar-Free Red Bull 

(8 ounces) 
Mountain Dew Soft 

Drink (8 ounces) 
Carbonated Water Carbonated Water Carbonated Water 
Sucrose (21.50 g) Sodium Citrate High Fructose Corn Syrup 

(32 g) 
Glucose (5.25g) Taurine (1,000 mg) Concentrated Orange Juice 
Sodium Citrate Glucuronolactone      (600 

mg) 
Citric Acid 

Taurine (1,000 mg) Caffeine (80 mg) Natural Flavors 
Glucuronolactone      (600 

mg) 
Acesulfame K Sodium Benzoate 

Caffeine (80 mg) Aspartame Caffeine  (36 mg) 
Inositol Inositol Sodium Citrate 

Niacinamide Xanthan Gum Erythorbic Acid 
Calcium Pantothenate Niacinamide Gum Arabic 

Pyidoxine HCL Calcium Pantothenate Calcium Disodium EDTA 
Vitamin B12 Pyidoxine HCL Brominated Vegtable Oil 

Natural and Artificial 
Flavors & Colors 

Vitamin B12 
Natural and Artificial 

Flavors & Colors 

Yellow 5 

Adapted from: Alford et al., 2001 
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2.2 Cognitive Function Analysis 

2.2.1 Reaction Time  
 Cognition refers to the neuropsychological function of an individual during 

the task of information processing.  Cognitive tasks include short term memory 

tests, hand eye coordination, decision time, movement time and reaction time.  

Reaction time is the amount of time elapsed between the appearance of a 

stimulus and a response movement.  Reaction time analysis can be administered 

as either a simple reaction time (SRT) test or a choice reaction time (CRT) test.   

The SRT test analyzes the reaction to one stimulus without the 

requirement of a subsequent movement.  The CRT test analyzes the reaction to 

a stimulus with a movement task following the stimulus.  A one-choice reaction 

time test includes a stimulus with a movement to one designated point.  A 

multiple-choice reaction time test analyses the reaction time when a subject is 

given multiple possible responses, depending on the stimulus given.  

 Reaction time can be analyzed using a variety of measurement 

equipment.  The various systems used to analyze reaction time generally 

produce different values for similar tests which make the results determined with 

one system difficult to replicate with another.  The various simple reaction time 

tests typically show similar data, however the choice reaction time tests vary in 

protocol, number of choices and type of stimulus and often show dissimilar data 

that is difficult to compare across studies.  The choice reaction time test used by 

Scholey and Kennedy (2004) was a go or no go test, which analyzes the ability of 

the subject to respond to the “YES” or “NO” stimulus.  The go or no go test is 
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considered a two-choice reaction time test and would not present data similar to 

a 2-choice reaction time test using Human Performance Measures equipment. 

 Simple and choice reaction times are generally analyzed with movement 

of the extremities, however analysis of any type of response, such as eye 

movement or a vocal response, can also be analyzed.  Measurement of hand 

response time is the standard protocol used for assessing simple and choice 

reaction time. 

2.3 Constituents of Energy Drink 

2.3.1 Glucose and Sucrose 
 
 Glucose, a monosaccharide, is a basic form of carbohydrate naturally 

found in food and produced by the human body as a result of digestion of more 

complex carbohydrates.  Cellular metabolism, which is the process of energy 

production in all cells, relies upon glucose to produce energy for cellular function.  

Glucose is a common ingredient used in energy drinks, however sucrose content 

of energy drinks is often higher.   

 Sucrose is a common natural sugar sweetener added to soft drinks, 

energy drinks and a variety of processed food items.  Sucrose is a disaccharide 

that is a combination of glucose and fructose, a monosaccharide commonly 

found naturally in fruits.  Sucrose makes up nearly 25 percent of the diet in the 

United States (McArdle et al., 2001).  
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2.3.1.1 Physiology & Metabolism 
 
 Glucose and sucrose are quickly absorbed and processed by the body 

following ingestion.  The monosaccharide glucose is easily absorbed through the 

intestines into the blood for immediate utilization.  The disaccharide sucrose must 

first be broken down into glucose and fructose by digestive enzymes in the 

mouth and stomach.  The resulting fructose molecules are absorbed into the 

blood through the intestines and processed in the liver to create glucose, a 

process called gluconeogenesis.  The influx of glucose into the blood stream 

following ingestion of any carbohydrate induces elevations in blood glucose 

within 30 minutes (Alford et al., 2001).  Elevation in blood glucose signals a 

release of insulin from the pancreas, which allows glucose absorption into the 

skeletal muscle.  Glucose in the muscle is used to produce energy for movement 

with excess glucose being stored in the muscle as glycogen.      

 The elevation of blood glucose stimulates numerous physiological 

responses including the release of insulin from the pancreas.  Previous research 

has also associated elevated blood glucose levels and the consumption of food, 

with increases in Acetyl-CoA, a precursor to the neurotransmitter Acetylcholine 

(Owens & Benton, 1994; Wenk, 1989; Inglis et al., 1994).  Acetylcholine is a 

neurotransmitter known to stimulate both the central nervous system and the 

peripheral nervous system.  As a result of this stimulation the central nervous 

system increases the speed of decision time in the brain and the initiation of a 

response, which affects choice reaction time.  Peripheral nervous system 

stimulation increases simple reaction time through increased muscle contraction 
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speed and neural transmission.  Improvement in cognitive function resulting from 

acetylcholine increases are well established in the literature (Dalley et al., 2001; 

Sarter and Bruno, 1997; Himmelheber et al., 2000; Passetti et al., 2000).  

Increases in acetylcholine levels in the brain are associated with more complex 

decision tasks (Dalley et al., 2001), which suggests that acetylcholine is used at 

a greater rate during more difficult tasks.  The available research suggests that 

glucose based drinks seem to affect choice reaction time but do not have an 

affect on simple reaction time (Owens & Benton, 1994).    

2.3.1.2 Cognitive Effects 
 
 Improvements in cognitive function as a result of glucose ingestion are 

established in the literature (Papanikolaou et al., 2006; Sünram-Lea et al., 2001; 

Owens and Benton, 1994).  The majority of the studies examining the effects of 

glucose ingestion on cognition have focused on short-term memory (Owen & 

Sunram-Lea, 2008; Foster et al., 1998; Martin & Benton, 1999), where ingested 

glucose appears to improve performance on a variety of memory tasks.  The 

obvious improvements researchers have found in short-term memory are likely a 

result of the difficulty of the tasks.  The cognitive processing of challenging 

decision based tasks allows researches to discern changes resulting from 

independent variables.  Less intensive cognitive tasks, such as simple reaction 

time tasks, do not present distinct changes and have not been studied as 

extensively as a result.   Research assessing the effects of glucose ingestion and 

increases in blood glucose on both simple and choice reaction time is limited  

(Owens and Benton, 1994). 
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 Owens and Benton (1994) examined the effects of a 50 gram glucose 

drink and a placebo on inspection time, simple reaction time and choice reaction 

time.  The simple reaction time showed no significant differences, however 

statistical significance was determined for choice reaction time.  Owens and 

Benton concluded that increases in blood glucose affect the decision making 

process involved in choice reaction time and speed of processing is increased as 

a result of increased glucose supply in the blood.  The distinction between 

increased blood glucose and glucose ingestion in liquid form was discussed, 

indicating the source of glucose is not as important as the glucose levels in the 

blood. 

 The amount of ingested glucose will have a significant impact on 

increases in blood glucose levels.  Any carbohydrate, including glucose and 

sucrose, will stimulate an increase in blood glucose levels within 30 minutes of 

ingestion.  Blood glucose levels typically peak 30 to 45 minutes after ingestion 

and return to resting levels several hours afterward.  Stress, exercise habits, 

genetics, pancreatic function, and insulin sensitivity will also play a large role in 

postprandial blood glucose levels and could affect cognitive function by altering 

the amount of glucose available in the blood.  The amount of glucose ingested is 

of importance in assessing cognition, however other factors must be recognized.   

 It has been previously reported that 50 grams of ingested glucose are 

required to initiate changes in cognitive function (Owens and Benton, 1994). 

Owen and Sunram-Lea (2008), examined varying levels of ingested glucose and 

found increases in working memory at 25 grams, a lower dose than previously 
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reported.  This recent addition to the literature suggests that even the 26.75 

grams of sucrose and glucose in a 250ml can of Red Bull Energy Drink could 

potentially elicit improvements in cognitive function.  Although glucose and 

sucrose comprise the majority of an energy drink and may be responsible for 

some improvements in cognition, it is generally accepted that caffeine is the 

primary ingredient involved in information processing improvement.      

2.3.2 Caffeine  
 
 Caffeine occurs naturally in a variety of plants and has been used by 

humans as a psychoactive stimulant for thousands of years.  Caffeine is known to 

stimulate the neurological system and elicit improvements in cognitive function.    

The predominant source of caffeine in the human diet is consumed in liquid form 

as tea. Tea contains an average of 50 mg of caffeine per 190ml (Ruxton, 2008), 

and is the most popular caffeine containing beverage in the world, however in the 

United States, coffee is consumed in higher quantities.  The average American 

consumes 143 mg of caffeine per day from coffee and only 12 mg/day from tea 

(Fredholm, 1999).  

Table 2.2.  Popular caffeine containing beverages 
Beverage Serving Size Caffeine Content
Tea (190 ml) 50 mg 
Coffee (190 ml) 100 mg 
Hot 
Chocolate 

(150 ml) 3 mg 

Chocolate 
Bar 

(1.5 oz bar) 50 mg 

Soft Drink (330 ml) 40 mg 
Energy Drink (250 ml) 80 mg 
Adapted from:  Ruxton, 2008 
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Caffeine is a lipid-soluble substance classified as a purine and can also be 

referred to as guaranine, mateine or theine depending on its source.  Caffeine is 

generally found in high concentrations in coffee beans, tea leaves, cocoa beans, 

and guarana seeds.  Many products in the Western Culture are based on 

caffeine and its known effects on the central nervous system and role in fat 

metabolism.  Energy boosting products, weight management supplements, 

sports performance products and cold and flu medicine all use caffeine.        

2.3.2.1 Absorption 
 
 Caffeine ingested orally is absorbed through the gastrointestinal tract and 

enters into the blood within 30 to 45 minutes (Smit & Rogers, 2002; Bonati et al., 

1982).  The absorption of caffeine into the blood occurs rapidly with little ingested 

caffeine being excreted in the urine.  Typical caffeine loss through urination is 

less than six percent (Ruxton, 2008), which means the vast majority of caffeine 

consumed is metabolized.  Blood plasma levels of caffeine generally peak 

between 60 to 90 minutes after ingestion (Ruxton, 2008) and are quickly cleared 

from the body within 3 to 6 hours (McArdle et al., 2001).  Caffeine in the blood 

passes freely and quickly through the blood brain barrier due to its hydrophobic 

characteristics (Freidholm, 1999).  The easy passage between the blood stream 

and the brain allow caffeine to quickly stimulate central nervous system function 

and improve cognition.   
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2.3.2.2 Metabolism 
 
 Once in the brain, caffeine improves cognitive function by blocking 

neurostransmitters, which slow central nervous system function (Ruxton, 2008).  

Adenosine is the primary neurotransmitter affected by doses of caffeine typically 

ingested by humans (Friedholm, 1999).  Adenosine is essential to many 

biochemical functions in the body including energy transfer in the form of 

adenosince triphosphate (ATP) and inhibition of neurotransmitter signal 

conduction. The important interaction for the purposes of caffeine metabolism is 

its role as an inhibitory neurotransmitter where it is thought to play a major role in 

arousal inhibition.  The full affect of caffeine on neurotransmitter function is not 

completely understood although changes in noradrenaline, dopamine, serotonin, 

acetylcholine, glutamate and gamma-aminobutyric have been reported (Ruxton, 

2008.)  The popular hypothesis on the interaction between caffeine and 

adenosine is that caffeine binds to adenosine receptors, which allows the 

excitatory neurotransmitters dopamine and glutamate to increase activity of the 

CNS without inhibition from adenosine.  The complete interaction between 

caffeine and neurotransmission in the brain are not fully understood, however the 

cognitive enhancing effects of caffeine are well established (Hewlett and Smith, 

2007; Haskell et al 2005; Christopher et al., 2005).       

2.3.2.3 Effects on Cognition 
 
 The vast majority of research into the effects of energy drinks on cognitive 

function relates to the caffeine contents of the drink.   Researchers have 

presented compelling evidence in favor of caffeine excitatory effects on the CNS 
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and the increase in reaction time in humans (Hewlett and Smith, 2007; Haskell et 

al., 2005; Christopher et al., 2005).  It is well established in the literature that 

caffeine increases cognitive measure including simple and choice reaction time 

(Hewlett and Smith, 2007; Haskell et al., 2005; Christopher et al., 2005).  Choice 

reaction time generally exhibited greater improvement compared to simple 

reaction time because decision based tasks seem to be more sensitive to 

caffeine (Christopher et al., 2005).  Three studies using a double-blind, placebo-

controlled methodology assessed the effects of caffeine on simple and choice 

reaction time.  The results from these studies are summarized in Table 2.3.  

2.3.2.4 Tolerance 
 
 An argument supporting decreases in cognition in habitual caffeine users 

suggests that regular caffeine consumers develop a tolerance to the cognitive 

effects of caffeine (Childs & de Wit, 2006).  Although this theory has been the 

prevailing theory in caffeine research, the majority of recent research has shown 

habitual caffeine users experience greater cognitive effects compared to non-

consumers (Hewlett & Smith, 2007).  It seems contrary to expectations that 

habitual users would not develop a tolerance to the cognitive effects of caffeine.  

A theory to address this occurrence suggests that greater improvement in 

cognitive function in habitual users is likely a result of caffeine withdrawal 

alleviation.  The effects of caffeine withdrawal on cognition has been extensively 

debated in the literature and definitive evidence to explain the entire role caffeine 

withdrawal alleviation plays in cognitive improvements is still to be determined.  
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Table 2.3. Effects of Caffeine on Reaction Time 
Reference Participants Caffeine  Results 

Simple Reaction Time Haskell et al., 2005 24 habitual caffeine 
consumers 

 
 
Placebo 
75 mg 
150 mg 

Pre 
285+11.0  
284+9.51 
285+10.2 
ms(SE) 

Post 
311+5.36  
293+4.57 
295+8.47 
ms(SE) 

Choice Reaction Time Haskell et al., 2005 24 habitual caffeine 
consumers 

 
 
Placebo 
75 mg 
150 mg 

Pre 
418+13.2  
424+14.4  
423+13.4  
ms(SE) 

Post 
431+9.66  
439+9.97 
437+10.4 
ms(SE) 

SRT: No Significance Christopher et al., 
2005 

68 habitual caffeine 
consumers 

 
 
2 mg/kg 

Pre  
355.91 (4.51) 
ms (SE) 

Post 
351.96 (4.51) 
ms (SE) 

Simple Reaction Time Hewlett and Smith, 
2007 

120 volunteers with 
varied caffeine 
consumption levels  

 
 
0 mg/kg 
1 mg/kg 
2 mg/kg 

Pre 
340.0 (9.6) 
312.5 (9.2) 
345.8 (9.3) 
ms (SE) 

Post 
328.2 (6.0) 
322.7 (4.3) 
321.4 (6.0) 
ms (SE) 

Choice Reaction Time Hewlett and Smith, 
2007 

120 volunteers with 
varied caffeine 
consumption levels 

 
 
0 mg/kg 
1 mg/kg 
2 mg/kg 

pre 
484.7 (10.2) 
484.4 (9.8) 
476.2 (10.0) 
ms (SE) 

Post 
462.3 (5.7) 
470.5 (4.0) 
468.7 (5.7) 
ms (SE) 

 

2.3.2.5 Withdrawal 
 
 Consumption of caffeine on a consistent basis is known to elicit withdrawal 

symptoms during abstinence (Evans and Griffiths, 1999).  The typical symptoms 

of caffeine withdrawal may include headache, weakness, anxiety, decreased 
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motor function, increased heart rate, tremor and flu-like symptoms, which 

manifest 12 to 24 hours after cessation of caffeine intake (Friedholm, 1999).  The 

amount of caffeine consumption may affect the severity of withdrawal, however 

even small daily does of only 129 mg have been shown to induce withdrawal 

symptoms (Strain et al., 1994).  

 The effects of withdrawal from caffeine are of particular interest to 

researchers examining the effects of caffeine on motor function and cognition.  

Researchers have argued over the validity of the cognitive enhancing capacity of 

caffeine suggesting that improvements in reaction time are a result of mild 

caffeine withdrawal reversal (James, 1994; Robelin & Rogers, 1998; Yeomans et 

al., 2002; Heatherley et al., 2005).  James (1994) was the first to put forth the 

theory that caffeine does not enhance psychomotor performance, it only restores 

degraded cognitive function as a result of caffeine withdrawal.  This theory has 

been supported by several researchers (Yeomans et al., 2002; Healtherley et al., 

2005; Robelin & Rogers, 1998) who claim that all of the studies on the cognitive 

effects of caffeine failed to account for withdrawal.  James and Rogers (2005) 

claim that the majority of the research on this topic involves participants fasting 

overnight in order to avoid the bias of recent caffeine consumption.  The period of 

overnight abstinence used in most studies is generally longer than the 6-8 hours 

needed to induce withdrawal symptoms.   

 Two groups of researchers, Heatherley et al. (2005) and Robelin & Rogers 

(1998) examined the effects of subsequent doses of caffeine on cognitive 

function.  Healtherley et al. used a pre-test does of caffeine following overnight 
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abstinence set at four, six and eight hours prior to testing.  The only group that 

showed significant changes in simple and choice reaction time was the 8-hour 

delay group.  Healtherley et al. claimed these findings indicate there is no 

increase in cognitive response to caffeine when withdrawal is not present.  

Healtherley et al. (2005) and Robelin & Rogers (1998), assert their findings show 

any cognitive improvement due to caffeine ingestion is simply a reversal of 

withdrawal symptoms.  There is a large constituency that supports the withdrawal 

alleviation theory.  Ruxton (2008) suggests that most of the studies supporting 

this theory use sleep deprived participants, which should be considered a serious 

limitation.  

 The main research studies that contest the withdrawal alleviation theory 

examined the effects of caffeine on cognition while controlling for withdrawal by 

using non-caffeine consumers or by using pretreatments as previously discussed 

in Healtherley et al. (2005) and Robelin & Rogers (1998).  Haskell et al. (2005) 

examined the effects of caffeine on habitual non-consumers of caffeine 

compared to regular consumers.   

 Haskell et al. (2005) found that non-consumers showed similar 

improvements in simple reaction time and other cognitive measures.  The data 

presented by Haskell et al. show evidence that caffeine withdrawal alleviation 

may not be the only affects of caffeine, however other studies that have 

performed similar analyses with low and non-consumers have presented 

conflicting results (Healtherley et al., 2005; Rogers et al., 2003).  James and 

Rogers (2005) suggest Haskell et al. (2005) could not eliminate withdrawal as a 
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possibility because caffeine consumers and caffeine non-consumers are two 

distinct self-selected groups and differences between the groups could be due to 

uncontrollable characteristics of the two groups.  There is also great difficulty in 

finding participants who do not consume any caffeine, since it is difficult to 

eliminate caffeine from our diet entirely (James & Rogers, 2005) and even slight 

amounts caffeine can elicit withdrawal symptoms (Yeomans et al., 2002). 

 Christopher et al. (2005) presents the most complete original research 

study against the withdrawal alleviation theory.  Sixty-eight regular caffeine 

drinkers were asked to consume their regular daily intake of caffeine prior to 

testing.  A caffeine dose of 2mg/kg after regular daily caffeine intake showed 

improved reaction time compared to placebo.   

 One common critique of the previous research attempting to disprove the 

withdrawal alleviation theory is the lack of control administered (James & Rogers, 

2005).  Most of these studies used unsupervised administration of caffeine pre-

treatments (Warburton et al., 2001).  Christopher et al. (2005), used saliva 

samples to assess caffeine levels in participants in order to eliminate the 

limitation of unsupervised administration of caffeine.  Although this was an 

improvement over past research, the caffeine content in the saliva represents a 

wide range of 65% to 85% of blood plasma levels (Friedholm, 1999).  Not only 

was the saliva examination technique imperfect, the before work and after work 

values obtained by Christopher et al. (2005) were not different.  It should be 

expected that post-work values would be much higher after caffeine consumption 

throughout the day, but this was not the case (James & Rogers, 2005).         
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2.3.3 Taurine  
 
 The amino sulfonic acid Taurine (2-aminoethanesulfonic acid) is one 

ingredient in Red Bull Energy Drinks publicized for its role in cognitive function 

enhancement.  Taurine is a common ingredient in many energy drinks because 

of its proposed effects on memory, attention and energy boosting properties.  

Popular energy drinks that include taurine as an ingredient include Full Throttle, 

Monster, Rockstar, Vitamin Water and Red Bull.  All of the popular energy drink 

brands include taurine in their product and market its role as a cognition 

enhancer, however research into the effects of taurine on cognitive function has 

not been analyzed.       

2.3.3.1 Physiology 
 
 The human body naturally produces taurine in sufficient quantities in 

humans without the need for ingested dietary taurine (Oja and Saransaari, 2007).  

Taurine is strictly regulated by the body to ensure a constant supply for its role in 

brain, heart, eye, lung and skeletal muscle function.  Taurine is plentiful in the 

human body and is generally concentrated in contractile and electrically excitable 

tissues including skeletal muscle, brain, eyes and heart (Oja and Saransaari, 

2007).  The abundance of taurine in the brain suggests a role in cognitive 

function, however the action of taurine on brain function is unknown.  

Concentrations of taurine in the brain vary from region to region with no 

discernable differences related to areas known for a role in decision making and 

information processing.  The role of taurine in electrical signal conduction has 

previously been addressed (Oja and Saransaari, 2007), however its exact 

21



function is still unknown.  It is known that taurine is essential in the function of 

neurotransmitters, neuroprotection, and skeletal muscle contraction (Kim, 2003; 

Oja and Saransaari, 2007).   

 The contractile function of skeletal muscle is dependent upon high levels 

of taurine in the muscle tissue and plays a crucial role in enhancing contractile 

function by improving calcium re-uptake and release in the sarcoplasmic 

reticulum (Bakker & Berg, 2002).  Kleinrok et al. (1980) suggests that taurine 

modulates acetylcholine levels in the skeletal muscles, which assists in the 

contraction speed of the muscle resulting from the efflux of calcium in the 

sarcoplasmic reticulum.  Increases in calcium reuptake have previously been 

associated with improved muscular contraction although a connection to taurine 

has yet to be made (Sarter & Bruno, 1997).  The influence of taurine on the 

speed of muscle contraction is thought to be important, however the influence 

dietary taurine plays in optimizing muscular contraction speed and neural signal 

transmission has not been researched. 

2.3.3.2 Effects on Cognition 
 
 Research into the effects of taurine on cognitive function is limited to 

studies focusing on the interaction between taurine and caffeine or entire energy 

drinks.  No research is available that has accessed the impact of dietary taurine, 

without other constituents, on cognitive function.  The claims made by the 

popular energy drink companies are unfounded and based upon anecdotal 

evidence.  Empirical research into the role taurine plays in information processing 

and decision making is necessary to comprehend the physiological effect energy 
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drinks have on humans.  It is unclear whether taurine modulates 

neurotransmitters and elicits cognitive improvement or modulates 

neurotransmitters without enhancing cognitive function.   

Research has shown that caffeine improves cognitive function through its 

effects on neurotransmitters in the brain, however the artificial sweetener added 

to sugar-free energy drinks, aspartame, has been shown to alter neurotransmitter 

levels in the brain without cognitive improvement or impairment. 

2.3.4  Aspartame 
 
 L-aspartyl-L-phenylalanine methyl ester, more commonly known as 

aspartame, is a synthetic non-caloric sweetner.  Aspartame is a popular artificial 

sweetener approved by the Food and Drug Administration and consumed by 

over 180 million Americans (Kroger et al., 2006).  The artificial sweeteners used 

in soft drinks and sugar-free energy drinks reduces the caloric content of the 

drinks, however there are concerns over the safety of chronic ingestion.  The 

current research on the health effects of aspartame supports the use of these 

products and endorses the safety of aspartame (Magnuson et al., 2007; Kroger 

et al., 2006), however other research has suggested a correlation between 

cancer and aspartame in rats (Soffritti et al. 2007; Olney et al., 1996).      

2.3.4.1 Physiology and Metabolism 
 
 The body metabolizes aspartame into phenylaline, aspartic acid and 

methanol (Tilson et al., 1991).  Phenylalanine and aspartic acid are amino acids 

naturally present in human tissue (Kroger et al., 2006).  Methanol is also 
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consumed by humans in small doses on a daily basis typically from esterified 

plant products (Kroger et al., 2006).  Toxic levels of methanol have been 

reported, however the amount of methanol in aspartame is not enough to induce 

toxic effects (Kroger et al., 2006).  The use of aspartame and other artificial 

sweeteners has been questioned by researchers.  The general consensus of the 

literature is that there are no known harmful effects from the use of aspartame 

(Kroger et al., 2006; Magnuson et al., 2007) even at extremely high doses in 

animals of 4000mg/kg of body weight per day (Magnuson et al., 2007). 

2.3.4.2  Cognitive Effects 
 
 Support for a lack of neurological and sensorimotor response to 

aspartame ingestion has been established in the literature (Tilson et al., 1991; 

Speirs et al., 1998).  Although there is an effect on neurotransmitter and amino 

acid content in the brain (Speirs, 1998), no cognitive effects have been observed 

through empirical research.  The chronic effects of aspartame on neurological 

function are not completely understood, but the current research suggests there 

is no effect.  Reaction time is not known to be affected by aspartame ingestion.         

2.4  Combined Effect of Ingredients on Cognition 

2.4.1  Caffeine and Glucose 
 
 The effects of energy drinks on reaction time are mostly attributed to 

caffeine and glucose. Caffeine and glucose have been established in the 

literature as cognitive enhancers (Kennedy & Scholey, 2004; Scholey & 

Kennedy, 2004; Alford, 2001, Warburton et al., 2001); however the combined 
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effect of the two ingredients in isolation has not been examined as thoroughly.  

The limited research that does exists, suggests that there is a greater than 

expected improvement when the substances are ingested together (Scholey & 

Kennedy, 2004).  Scholey and Kennedy (2004) administered caffeine and 

glucose to 18 college aged, apparently healthy participants.  The experimental 

group was compared to a placebo group using a double-blind design.  Scholey 

and Kennedy (2004) found improved reaction time in the experimental group as 

compared to the placebo group.  These findings indicate that caffeine and 

glucose elicit a greater cognitive response than either constituent alone. 

 Childs & de Wit (2008) also looked at the combined effects of caffeine and 

glucose.  Instead of using an energy drink, a “caffeine-containing energy 

capsule” was used which contained 375 grams dextrose, 200 milligrams caffeine, 

30 milligrams magnesium oxide and 10 milligram taurine.  The placebo or control 

group for this study contained only the dextrose.  The energy supplement 

showed significantly faster reaction times compared to the placebo, however no 

caffeine control was used in this study so the significant results could be the 

result of caffeine alone.   

2.4.2.1 Caffeine and Taurine 
 
 It has been hypothesized that taurine stimulates the PNS, while caffeine 

and glucose stimulate the CNS, suggesting that a synergistic action between 

taurine and caffeine could occur as a result of their action on different neural 

pathways (Seidl et al., 2000).  Kleinrok et al. (1980) suggest taurine modulates 

acetylcholine levels in the skeletal muscles, which may assist in the speed of 
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muscular contraction and the speed of neural signal conduction.  The CNS 

stimulating effects of caffeine are coupled with the PNS stimulation and 

increased muscle contraction speed caused by an influx of taurine.  The 

interaction between caffeine and taurine could result in greater reaction time 

speeds compared to each ingredient in isolation. 

 Although little research has examined the effects of taurine on cognition, 

numerous studies have examined the combined effect of caffeine and taurine 

from an energy drink (Seidl et al., 2000; 2001; Bichler et al., 2006; Riedl et al., 

1995; Rivas-Aranciba et al., 2000; Vohra and Hui, 2000; Ryan et al., 2002).  The 

majority of these studies have examined short-term memory with no original 

research examining the effects of only taurine and caffeine on reaction time.   

 Seidl et al. (2000) first assessed the interaction between the ingredients of 

Red Bull Energy Drinks in 10 college students and found positive effects of these 

ingredients on attention, reaction time and mood.  Seidl et al. (2000) 

acknowledged that the cognitive improvements witnessed from energy drink 

consumption were not entirely attributable to caffeine; taurine must play some 

role in neuropsychological improvement.  Seidl et al. (2000) are the only 

researchers to comment on the synergistic action of caffeine and taurine without 

the addition of glucose, glucuronolactone or B-vitamins.   Bichler et al. (2006) 

examined the effects of taurine and caffeine on short-term memory and were 

unable to find any cognitive improvement.  Bichler et al. (2006) are not the first to 

claim a lack of cognitive enhancement for short-term memory tests 

(Vojtechovsky, 1972; Loke, 1988; Mitchell and Redman, 1992), however other 
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research has found improvement in short term memory following caffeine and 

taurine ingestion (Riedl et al., 1995; Rivas-Aranciba et al., 2000; Vohra and Hui, 

2000; Ryan et al., 2002).  The uncertain effects of caffeine on short term memory 

and the modulating effect proposed by Seidl et al. (2000) indicates that further 

research into the effects of caffeine and taurine on reaction time is needed.   The 

majority of research examining reaction time as it relates to caffeine and taurine 

ingestion has focused on the entire Red Bull Energy Drink instead of individual 

ingredients. 

2.4.3 Whole Drink 
 
 Enhancement in cognitive function as a result of energy drink consumption 

has been established in the literature (Alford et al., 2001; Smit & Rogers, 2002; 

Scholey & Kennedy, 2004; Stelt & Snel, 1998).  Alford et al. (2001) analyzed 

energy drink consumption in three different studies each with 36 volunteers.  

Choice reaction time was decreased significantly in participants who were given 

Red Bull Energy Drink.  The experimental group improved their choice reaction 

time from 559.9 to 528.6 milliseconds, where the control group had a 558.7 

millisecond choice reaction time before the placebo was administered and 555.5 

milliseconds 30 minutes after.   

 The research supporting energy drink induced improvements in cognition 

is extensive (refer to table 2.4), however no research has analyzed the effects of 

energy drinks composed of only some ingredients typically found in a standard 

glucose based energy drink.  The use of sugar free energy drinks has increased 

in recent years and the effects of aspartame based energy drinks on information 
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processing, memory and reaction time is unknown.  Further research into the 

effects of caffeine and taurine with aspartame instead of glucose is needed to 

determine if the same cognitive enhancing claims can be made about sugar-free 

energy drinks.  

Table 2. 4.  Choice reaction time scores with varying combinations of ingredients 
Reference Type of CRT Ingredients 

Tested 
Reaction Time Values 

Alford et al., 2001 Comstat 5-Choice Whole Drink 555.9  528.7 * 
 

Alford et al., 2001 Comstat 5-Choice Whole Drink 529.5 433.0 * 
 

Scholey & 
Kennedy, 2004 

Go or No Go CRT Whole Drink 388.3  382.9  

Scholey & 
Kennedy, 2004 

Go or No Go CRT Glucose 382.0  392.6  

Seidl et al., 2000 CRT – Event Related 
Potential Test 

Caffeine & Taurine  291.8  277.9 * 

Placebo 
52.7+9.1 

Drink 
11.2+11.7* 

Childs & de Wit, 
2008 

2-CRT computer 
based test 

Caffeine & Glucose 
(Taurine 10mg) 

Change from Baseline 
(≈ 554 ms) 

 *Indicated significant decrease in CRT 
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CHAPTER 3 

METHODOLOGY 

3.1  Participants 

            Six apparently healthy, college aged (25.2 + 7.0 years) students from the 

Human Performance Studies Department at Wichita State University volunteered 

to participate in the study.  Each subject completed a brief survey to detail daily 

consumption of caffeine and glucose and to screen for any neurological or 

physiological conditions that may affect the results.  Participants with any 

diagnosed neurological or physiological conditions were excluded from the study.  

Participants who regularly consumed more than 80 milligrams of caffeine per day 

were excluded to limit the possible bias of withdrawal alleviation.    Participants 

were informed of the risks and benefits inherent with participation and were 

asked to acknowledge the risks by signing an informed consent approved by the 

Wichita State University Institutional Review Board.   

3.2 Procedures 

            The participants were asked to complete four trials of a reaction time test, 

which included simple and choice reaction time.  Each subject completed four 

trials over the course of two-weeks, with a familiarization occurring prior to the 

beginning of the study in order to limit the effect of a learning bias.  The four trials 

consisted of the subject consuming Red Bull Energy Drink, Sugar-free Red Bull 

Energy Drink, Mountain Dew soft drink or no beverage.  Non-fasted participants 

completed a baseline reaction time test, consisting of both simple and choice 

reaction time, before every test period to assess changes from baseline values.  
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Each subject was asked to consume eight ounces of original Red Bull Energy 

Drink, eight ounces of Sugar-free Red Bull Energy Drink, 24 ounces of Mountain 

Dew soft drink or no beverage 60 minutes before each reaction time testing 

session.  The 60 minute interval was established based on peak caffeine plasma 

levels between 60 to 120 minutes following ingestion (Ruxton, 2008) and peak 

postprandial blood glucose levels in apparently health individuals occurring 60 

minutes after the start of a meal (American Diabetes Association, 2001).  Pre-

consumption testing began at 10:00 am with post test evaluations initiating one 

hour afterwards.  The order in which the drinks were consumed was based upon 

random selection for each individual subject.  A period of 48 hours was allowed 

between testing sessions.  

3.2.1  Measurement 
 

 The Human Performance Measurement Basic Elements of Performance 

system (Arlington, TX) was used to accurately assess simple and choice reaction 

time.  The Basic Elements of Performance (BEP) I module displayed in figure 2.1 

was designed to access motor function of the hands and can be used to assess 

reaction time.  

 The module is made up of 15 pressure-sensitive plates, eight of which 

have a corresponding red light used as a stimulus in most tests.  The BEP I 

module is designed to accurately assess reaction time, movement speed and 

coordination of the hand. 
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Figure 2.1 BEP I Module (Human Performance Measurements, Inc.) 

  The reliability of the BEP I module has been shown in previous research.  

Kauranen and Vanharanta, (1996) suggest the test-retest reliability of the BEP I 

is acceptable after familiarization.  The reliability of the BEP was established in 

Kauranen and Vanharanta (1996) with the analysis of two hundred apparently 

healthy participants.  The reliability of the BEP I is accepted in the literature 

based on the findings of Kauranen and Vanharanta (1996).  

3.2.2 Reaction Time Test 

 
            The Human Performance Systems BEP I module was used to analyze 

simple and choice reaction time.  Participants were asked to sit in front of the 

BEP I module, with the preferred hand on the center sensory pad.  For the simple 

reaction time test, the participants were asked to focus on one of the eight lights 

on the BEP I module.  The test began with an auditory signal to allow the subject 

to prepare for a stimulus.  A varied foreperiod of one to four seconds was used to 

minimize anticipation timing.  Within the one to four second foreperiod a stimulus 
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was presented by all of the red lights on the BEP I module flashing.  Participants 

were instructed to pull their fingers off the center sensory pad as soon as they 

recognized the initiation of the stimulus.  Reaction time scores were measured 

for 10 trials and an average of the trials was calculated.   

 For the four-choice reaction time test, participants were asked to focus on 

the top four lights of the BEP I module.  The test was initiated with an auditory 

signal to allow the subject to prepare for the stimulus following a varying 

foreperiod of one to four seconds.  The stimulus was presented by one of the 

four top lights flashing indicating that the subject needed to move to the sensory 

pad correlated to the flashing light.  The participants were instructed to move as 

quickly as possible to the sensory pad with the flashing red light.    

3.2.3  Statistical Analysis 

 
 Data analyses were conducted using the statistical analysis software 

program SPSS (SPSS Inc., Version 15, Chicago, IL).  Mean and standard 

deviation were calculated for SRT and CRT for pre and post values of all four 

conditions.  A repeated measures ANOVA was used to compare the change in 

reaction times from baseline to 60 minutes post consumption under all four 

conditions.  Significance level was set at p < 0.05. 

 
 
 
 
 
 
 
 
 

32



CHAPTER 4 

RESULTS 

4.1  Simple Reaction Time 

 Baseline scores of simple reaction time for all four pre-test evaluations are 

reported in Table 4.1.  Scores are reported as the mean and standard deviation 

of ten trials for each pre-test evaluation.  The cumulative baseline category 

indicates a mean baseline score compiled from pre test trials for all six 

participants.  

 
Table 4.1.  Baseline simple reaction time scores 

 
Variable 

 
Energy Drink 

 
Sugar-free 

 
Soft Drink 

 
No Drink 

Cumulative 
Baseline 

Mean (ms) 194.0 194.5 199.5 196.4 196.1 
SD (ms) 15.28 14.96 15.29 14.08 14.90 

 Changes in simple reaction time resulting from the consumption of Red 

Bull Energy Drink, Red Bull Sugar-free Energy Drink, Mountain Dew soft drink 

and no drink are recorded in table 4.2.  A repeated measures ANOVA indicated 

no significant differences within-subject for changes from pre to post 

consumption for each of the four conditions and no significant differences 

between the four conditions.  The within subject data is displayed in Table 4.2.   

No significant differences were found between pre-test and post-test values for 

simple reaction time.  Changes from baseline values for the simple reaction time 

test battery for all four conditions are presented in figure 4.1 with a comparison 

cumulative baseline average calculated in Table 4.1. 
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Table 4.2. Significance of simple reaction time changes   
Variable Energy Drink Sugar-Free Soft Drink No Drink 

 Pre Post Pre Post Pre Post Pre Post 
Mean (ms) 194.0  184.9 194.5 186.7 199.5 196.9 196.3 202.0 

SD (ms) 6.24 7.52 6.11 6.52 6.24 5.98 5.75 6.76 
Significance 0.076 0.084 0.530 0.138 
% Change - 4.7% - 4.0% - 1.6% 2.9% 
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Figure 4.1. Pre and post test evaluation of simple reaction time 

4.2   Choice Reaction Time 

 Baseline scores of choice reaction time for all four pre-test evaluations are 

reported in table 4.3.  The baseline scores are reported as mean and standard 

deviation of ten trials for each pre-test evaluation.  The mean value of pre-test 

trials for all six participants is presented in Table 4.3 as a cumulative baseline 

value. 

Table 4.3.  Baseline choice reaction time scores  
 

Variable 
 

Energy Drink 
 

Sugar-free 
 

Soft Drink 
 

No Drink 
Cumulative 

Baseline 
Mean (ms) 321.0 335.4 325.4 315.8 324.4 
SD (ms) 33.35 47.80 33.51 31.99 36.66 
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 Choice reaction time changes as a result of Red Bull Energy Drink, Red 

Bull Sugar-free Energy Drink, Mountain Dew soft drinks and no drink 

consumption are reported in table 4.4.  The repeated measures ANOVA 

indicated significant (p < 0.05) within-subject changes in the means of Red Bull 

Energy Drink and Red Bull Sugar-free Energy Drink.  No significant differences 

were found within-subject for pre and post test choice reaction time scores for 

Mountain Dew soft drink and no drink consumption.  Figure 4.2 displays the 

within-subject changes from pre to post test for all four conditions.  The between 

subject analysis showed no significant differences between the four conditions. 

Table 4.4. Significance of choice reaction time changes   
Variable Energy Drink Sugar-Free Soft Drink No Drink 

 Pre Post Pre Post Pre Post Pre Post 
Mean (ms) 321.0 302.9 335.4 303.0 325.4 319.0 315.8 312.3 

SD (ms) 33.35 34.13 47.80 38.42 33.51 34.43 31.99 25.09 
Significance .001** .022* 0.348 0.685 
% Change - 5.6% - 9.7% - 2.0% - 1.1% 

* Indicates significance at p < 0.05 
** Indicates significance at p < 0.01 
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Figure 4.1. Pre and post test evaluation of choice reaction time 
* Indicates significance at p < 0.05 
** Indicates significance at p < 0.01 
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CHAPTER 5 

DISCUSSION 

 The current study found significant (p < 0.05) within-subject changes in 

Red Bull Energy Drink and Sugar-free Red Bull for choice reaction time. An 

improvement of 321.0 to 302.9 milliseconds and 335.4 to 303.0 milliseconds 

were found for Red Bull and Sugar-free Red Bull, respectively.  No significant 

differences were found within-subject for Mountain Dew or the no drink condition.  

The between subject analysis showed no significant improvements between any 

of the four conditions. 

 There are only six previous cross-sectional studies that have compared 

the effects of energy drinks on reaction time in apparently healthy adults (Alford 

et al., 2001; Seidl et al., 2000; Smit & Rogers, 2002; Horne & Reyner, 2001; 

Ferreira et al, 2006; Scholey & Kennedy, 2004).  Ferreira et al. (2006) compared 

the reaction time of participants who consumed an energy drink, alcohol or a 

combination of alcohol without a control group, which made it difficult to compare 

to the current study.  Horne & Reyner (2001) analyzed reaction time one hour 

after the consumption of Red Bull Energy Drink identical to the protocol of the 

current study, however the test was administered while driving an interactive car 

in a simulator with a foreperiod of three to four minutes instead of one to four 

seconds as used in the current study and generally accepted in the literature.  

Scholey and Kennedy (2004) used a similar protocol, however participants were 

fasted and the energy drink used contained gensing and ginko biloba instead of 

taurine.  Smit and Rogers (2002) used a protocol where participants were 
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fatigued before they were tested and choice reaction time was not analyzed, 

which was the focus of the current study.   

 Ten graduate students were examined in Seidl et al. (2000) which 

provided comparable participants.  The two major differences between Seidl et 

al. (2000) and the current study were the use of different equipment to analyze 

choice reaction time and the time of day the tests were administered.  Seidl et al. 

(2002) administered the test at night, compared to the morning testing sessions 

of the current study, and attentional focus varied depending on the time of day 

(Kraemer et al., 2000), however participants were not controlled for fasting state 

and similar results were found. 

 The study most resembling the current study was Alford et al. (2001).  

Alford et al. (2001) examined two different populations (n = 10 and n = 14) with 

mean ages of 23 and 24 years respectively, which were comparable to the 

population used in this study.  The dosage of Red Bull Energy Drink (250 ml) 

used in both studies was the same as used in the current study.  Significant 

differences (p < 0.05) in choice reaction time were found in both studies reported 

in Alford et al. (2001), however Sugar-free Red Bull and soft drinks were not 

analyzed as comparisons, as was the protocol in the current study.  In addition 

the current study aimed to identify the combined effects of caffeine, glucose and 

taurine found in popular caffeine containing products. 

5.1    Taurine and Glucose      

 Several additional studies examined the effects of the individual 

ingredients in energy drinks, with the majority of research looking at caffeine 
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(Heatherley et al., 2005; James and Rogers, 2005; Yeomans et al., 2002; 

Robelin & Rogers,1999; James, 1994; Haskell et al., 2005; Christopher et al., 

2005; Hewlett and Smith, 2007; Warburton et al., 2001; Seidl et al., 2000; 

Warburton et al., 1995).  Limited research exists examining the effects of glucose 

on reaction time (Owens and Benton, 1994 and Scholey & Kennedy, 2004) and 

no currently available research has examined the effects of taurine on reaction 

time. 

 Significant improvements in choice reaction time in both the Red Bull 

Energy Drink (p < 0.001) and the Sugar-free Red Bull Energy Drink (p < 0.05) 

observed in the current study, compared to no significant improvements in the 

Mountain Dew soft drink condition, imply that taurine may have played a role in 

the significant enhancement of cognitive function.  

An alternative hypothesis to the modulating effects of taurine suggests 

that glucose impaired cognitive function when consumed in high amounts.  

Conflicting evidence exists in the literature over the effects of liquid glucose.  

Owens and Benton (2004) suggest that glucose improves reaction time in fasted 

individuals as a result of rising blood glucose levels, however Scholey & Kennedy 

found no improvement in choice reaction time using fasted individuals.   

The current study did not use fasted participants and the ingestion of 98 

grams of sugar could have produced a negative effect on cognition.  Ingestion of 

large quantities of glucose in non-fasting participants has previously been 

associated with impaired cognitive function (Sommerfield et al., 2004; 

Papanikolaou et al., 2006), which appeared to be the result of the current study.  
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Papanikolaou et al. (2006) assessed the effects of food ingestion of varying 

glycemic index values on cognition and found low glycemic foods induced 

greater improvement in cognitive function compared to high glycemic food.  The 

glucose found in energy drinks and soft drinks has a high glycemic index and the 

amount of sugar present in the high fructose corn syrup based soft drink could 

have reduced the impact of caffeine on choice reaction time. 

The soft drink, which included 108 milligrams of caffeine in 24 ounces 

compared to only 80 milligrams in the Red Bull drinks, provided significantly 

slower reaction times than the Red Bull Sugar-free Energy Drink.  This indicates 

that either taurine, not present in Mountain Dew soft drink, modulated the effects 

of caffeine and caused an improvement in reaction time in both sugar-free and 

original Red Bull or the presence of large amounts of glucose in the soft drink 

slowed reaction time.  It is apparent that energy drink consumption in non-fasted 

individuals produces greater improvements in cognitive function compared to soft 

drinks or no drink, however the attribution of these effects to glucose or taurine 

cannot be made within the limits of the current study.    

5.2    Limitations 

 A limitation of the study was the habitual caffeine consumption habits of 

the six participants.  Although only non to low caffeine consumers were used, the 

basis for classification was made upon the participants “best estimate” of daily 

caffeine use.  The consumption of caffeine was also not regulated prior to testing 

or throughout the two week study, it was assumed that participants did not 

change their consumption habits.  Non to low caffeine consumers were selected 
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to minimize the withdrawal alleviation effect suggested by James (1994).  A 

further limitation of the study was the size of the study with only six participants. 

A within-subject design was used to reduce the impact of a small sample size.       

5.3   Conclusions 

 The findings of this study, although limited by a small number of 

participants, show that ingestion of Red Bull Energy Drink and Sugar-free Red 

Bull Energy Drink produce significant (p < 0.05) improvement, compared to 

Mountain Dew soft drink and no drink, in choice reaction time in non-fasted 

college students.  No significant changes in simple reaction time were reported, 

however the energy drink and sugar-free product showed improvements, albeit 

not significant, compared to the soft drink and no drink.  

5.4   Further Research 

 Future research into the individual effects of taurine and glucose, as well 

as the combined effect of caffeine with these constituents, is needed.  The 

results of this study suggest that either taurine modulates the effects of caffeine 

or glucose impairs choice reaction time in non-fasted individuals.  Further 

research is warranted to determine the exact cause of choice reaction time 

improvement observed after the consumption of energy drinks and not soft 

drinks.  
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APPENDIX A 
 

INFORMED CONSENT 
WICHITA STATE UNIVERSITY 
HUMAN PERFORMANCE STUDIES 

 
PURPOSE:  You are invited to participate in a study on the effects of energy drink consumption on 

cognitive function.  I/we hope to learn if the ingredients in energy drinks affect simple and choice reaction 

time. 

 

PARTICIPANT SELECTION:  You were selected as a possible participant in this study because you are 

enrolled as an undergraduate student at Wichita State University.  Ten apparently healthy adults age 18-40 

will be selected to participate in this study. 

 

EXPLANATION OF PROCEDURES:  If you decide to participate, you will be asked to 

participate in four trials of reaction time analysis on four different days over a two week period.  A 

familiarization trial will occur first in order to learn the task.  The next four trials will be preceded by each 

subject ingesting nothing, soft drink, original red bull or sugar-free red bull.  For each of the tests, you will 

be asked to consume a different beverage randomly assigned to you.  You will be asked to consume these 

products 60 minutes before the reaction time tests are administered.   

 

DISCOMFORT/RISKS:  The risks of this study to the participants are very minimal.  The consumption of 

energy drinks, for those who are not accustomed to regular consumption, may cause nausea or vomitting.  

The ingestion of energy drinks may also increase blood pressure and heart rate temporarily.  This increase 

should not be of concern among healthy college age participants.    
 

BENEFITS:  Participants in this study will be provided with measurements of their cognitive function 

including simple and choice reaction time and the impact of energy drinks on those measurements.  Printed 

documentation of these attributes will be provided upon request.  Participants will also be provided with 

energy drinks at no cost. 

A better understanding of the improvements in cognitive function as a result of energy drink consumption 

is the most obvious benefit to society.  It is important for researchers to determine the combined affect of 

reported performance enhancing substances including caffeine, taurine, glucuronolactone, B vitamins, and 

glucose. 

 

CONFIDENTIALITY:  Any information obtained in this study in which you can be identified will remain 

confidential and will be disclosed only with your permission.  All sensitive documentation will be kept 
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locked in a file cabinet behind a locked door and will not be disclosed to anyone without written 

permission. 

 

COMPENSATION OR TREATMENT: Wichita State University does not provide medical treatment or 

other forms of reimbursements to persons injured as a result of or in connection with participation in 

research activities conducted by Wichita State University or its faculty, staff, or students.  If you believe 

you have been injured as a result of participating in the research covered by this consent form, you can 

contact the Office of Research Administration, Wichita State University, Wichita, KS 67260-0007, 

telephone (316) 978-3285.   

 

REFUSAL/WITHDRAWAL:  Participation in this study is entirely voluntary.  Your decision whether or 

not to participate will not affect your future relations with Wichita State University.  If you agree to 

participate in this study, you are free to withdraw from the study at any time without penalty.   

 

CONTACT:  If you have any questions about this research, you can contact me at:  Chase Curtiss, Campus 

Mailbox # 16, (831) 566 8286 or Jeremy Patterson, Campus Mailbox #16, (316) 978-5440.  If you have 

questions pertaining to your rights as a research subject, or about research-related injury, you can contact 

the Office of Research Administration at Wichita State University, Wichita, KS 67260-0007, telephone 

(316) 978-3285. 

 

You are under no obligation to participate in this study.  Your signature indicates that you have read the 

information provided above and have voluntarily decided to participate. 

 
You will be given a copy of this form to complete. 
 
_________________________________________________       ___________________ 
Signature of Subject       Date      
 
_____________________________________________      __________________ 
Witness Signature       Date 
 
 

 
 
 
 
 
 

49



APPENDIX B 
 

PARTICIPATION QUESTIONNAIRE 
 
Please answer the following questions honestly and truthfully.  Your responses will be 
kept confidential and will only be used to add valuable information about the behavior of 
our participants prior to participation in this study.   
 

1. How many servings of energy drinks do you consume daily?  
(1 serving is 12 ounces) 

 
 

2. How many of those servings are sugar-free (non-caloric) energy drinks? 
 
 

3. How many cups of coffee or tea do you consume daily? 
 
 

4. Have you ever been diagnosed with any neurological or metabolic disorder 
including Diabetes Mellitus, Parkinson’s or Multiple Sclerosis? 

 
 

5. How would you rate yourself when it comes to physical activity? 
a. Very Physically Active 
b. Fairly Physically Active 
c. Somewhat Physically Active 
d. Rarely Physically Active 
e. Never Physically Active 
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