
[image: ]


The Effectiveness of a Home-made Isotonic drink
Independent Study (Dissertation)

Timothy Samuel David Chapman
BSc Sport and Exercise Science

Word count
11, 235












[image: ]

LEVEL 6       
                                                                      
SEMESTER 1 & 2                                                                         


MODULE CODE: SHSS6070
INDEPENDENT STUDY (DISSERTATION)
aSSESSMENT TYPE: Dissertation

Assessment/Component: 2

School of Sport, Health & Outdoor Education

Assessment Feedback Sheet - Dissertation

	                Student No./Name: 1600433 / Timothy Chapman
Module: Independent Study (Dissertation)
                                     Module Code: SHSS 6070

	Personal Evaluation – to support your academic progress please complete the section below BEFORE submitting your work.

	What do you consider to be the best aspects of this work?
	Gathering data and understanding the potential possibilities behind specific results. 

	Which aspects do you consider could have been improved in this piece of work?
	Making the study more detailed and adding in extra equipment/apparatus to understand the true extent of the drink. 

	What have you found most satisfying whilst undertaking this submission?
	Understanding the benefits of isotonic drinks and when to use them to reach maximal performance. 

	
ASSESSMENT CRITERIA
	Learning
Outcomes


	GRADE

	
	
	Poor
< 20%

	Weak
20-29%
	Unsatisfactory
30-39%
	Satisfactory
40 – 49%
	Good
50 – 59%
	Very Good
60 – 69%
	Excellent
70 – 84%
	Exceptional
85– 100%
	
  %

	Abstract
	2
	
	
	
	
	
	
	
	
	5%

	Introduction (including research question and / or hypotheses)
	1
	
	
	
	
	
	
	
	
	10%

	Literature review
	1
	
	
	
	
	
	
	
	
	20%

	Method & research design
	2,3
	
	
	
	
	
	
	
	
	15%

	Results obtained & analysis of results using an appropriate method
	4
	
	
	
	
	
	
	
	
	20%

	Discussion  
	4,5
	
	
	
	
	
	
	
	
	25%

	Conclusion
	4
	
	
	
	
	
	
	
	
	5%

	It is expected that students will present work that is proof read, correctly referenced and adheres to the Assessment Checklist. Therefore a range of 0 – 10 marks will be deducted for non-completion of any of the points on the checklist below.
	

	TUTOR COMMENTS:













	 Submission date: 24/4/20

	Return date:
(at least within 4 weeks)
	Tutor:  
	Mark: 




[image: UWTSD Logo]
Undergraduate Dissertation Certificate

Name of the Programme of Study: BSc Sport and Exercise Science

Name of Student (Capital Letters): TIMOTHY CHAPMAN



DECLARATION

I certify that the whole of this work is the result of my individual effort, and that all sources have been acknowledged.

Signed:   T. Chapman (Student)

Date:     07 / 05 / 2020



DECLARATION

I am satisfied that this work is the result of the Student’s effort.

Signed .............................................................. (Lecturer)

Date     ..............................................................
Acknowledgements 
I would like to thank the volunteers who participated in my study. Without them volunteering, I would not be able to undergo my study.
I would also like to thank my supervisor during this study David Gardener, for the support and guidance throughout this study.


















The Effectiveness of a Home-made Isotonic Drink.
Contents Page
Contents										Page
Abstract										    7
Introduction                                                                                                                    8	
Literature Review                                                                                                          11
Methodology                                                                                                                 21
Results                                                                                                                           26
Discussion                                                                                                                     37
Conclusion                                                                                                                    44
Reference List                                                                                                               46
Appendices                                                                                                                    51











The Effectiveness of a Home-made Isotonic Drink.
Abstract 
Objectives: To determine the effectiveness of a home-made isotonic drink during 50-minutes of cycling, on a fixed bike. 
Method: The focus of the study were 13 university students who compete in a variety of aerobic activity. Each student would complete four cycles, and this consisted of one cycle without water, one with 500ml of water, one with 500ml of a manufactured isotonic drink and one cycle with 500ml of a home-made isotonic drink. Each student would cycle for 50 minutes on a cycle ergometer, on a resistance of five. Blood pressure was taken before each cycle for safety measures. During each cycle, a variety of variables were recorded for data collection. The rate of perceived exertion (RPE) was observed every five minutes, with wattage and heart rate measured every 10 minutes. Weight was recorded before and after each cycle to determine sweat loss and after every cycle, overall distance, speed, cadence and heart rate drift (difference in heart rate between 10th and 50th minute) was recorded. During each cycle (which consisted of consuming 500ml of fluid), each participant consumed 250ml of fluid pre cycle and 250ml halfway through the cycle at 25 minutes. All data collected was analysed through an ANOVA test and a Pearson’s correlation, using SPSS IBM statistics to determine the effectiveness of the home-made isotonic drink. 
Results: When analysing the data through the ANOVA test, data showed that only one significant difference was observed between the four cycles. This was observed for the rate of perceived exertion (RPE) between the cycle in which consisted of no water and the cycle in which the participants consumed 500ml of the manufactured isotonic drink (p=0.042). Between all four cycles, data analysis showed that there is a significant correlation in all cycles between the variables of wattage produced, cadence, speed, distance and sweat loss.
Conclusion: It is suggested that consuming a home-made isotonic drink has similar effects to a manufactured isotonic drink during sporting performance; however, during 50-minutes of cycling, it has no effect on overall sporting performance, similar to the effect of a manufactured drink. It is also suggested that the intensity during this cycle effects the rate of sweat loss but does not affect overall sporting performance.

Introduction 
Sports drinks are one of the most popular and common ergogenic aids that are designed to enhance sporting performance in many aspects. The main objective in absorbing carbohydrates; whether it is in fluid or solid form is to regulate concentrations of blood glucose (Reilly and Williams, 2003).  Sports drinks are developed to rehydrate athletes, replenish energy during long distance events and to stagger the rate of onset lactic acid that progressively builds up in the muscles (which can damage performance), so sports drinks allow athletes to gain an increase in energy, which results in an increase in sporting performance towards individuals or team sports (Burke, 2007; Williams and Rollo, 2015).
Isotonic drinks also contain electrolytes which are salts that every individual needs, as they help with many functions within the body such as regulating heartbeat and contracting muscles (Rippe, 2013). During exercise, individuals lose sweat that results in a loss of salts, notably the loss of sodium, which isotonic drinks are used to replenish. 
Sodium when lost is the biggest concern for athletes as sodium helps the rate of fluid absorption and it helps to maintain plasma volume (Rippe, 2013; Whitney and Rolfes, 2007). If sodium levels are too low, this causes hyponatremia and if levels are too high, then this causes hyponatraemia, which can cause an impairment in health (Krabak et al., 2017). When athletes are suffering from having a deficiency of salts and sugars, symptoms can include an accelerated heart rate, increase in sweating, an individual to start shaking and an increase in hunger. On the other hand, when an athlete is having an excess amount of salts and sugars in their bloodstream, this may cause an accelerated rate of fatigue, dehydration and blurred vision (Kelly, Hamilton and Riddell, 2010).
Sport beverages are measured in the rate of osmolarity which is “is a measure of the osmotic pressure exerted by dissolved particles in a fluid” (Birch, George and McLaren, 2004, p.g.118). This defines the differences between an isotonic, hypertonic and hypotonic drink, as the amount of ingredients within the drink influences the rate. An isotonic drink has an osmolarity rate between 270-300 mOsm/L (Stasiuk and Przybylowski, 2017), due to its glucose solution ranging around 6%, and whether or not the drink also contains electrolytes, where a hypotonic drink has a rate of <270 mOsm/L, and a hypertonic drink has a rate of >300 mOsm/L (Birch, George and McLaren, 2004). Isotonic drinks contain certain ingredients that help contribute to increases in performance, during intermittent exercise. Isotonic drinks contain simple sugars and salts that help maintain blood glucose and enhance sporting performances for events lasting longer than 45 minutes (Whitney and Rolfes, 2007). Isotonic drinks also contain electrolytes that contain salt, which help function the body in many ways. The three main salts that are present in electrolytes are sodium, potassium and magnesium, each having their own specific role to help athletes perform at their maximum capability. 
Specific studies have analysed the effects that manufactured isotonic drinks have on sporting performance during intermittent exercise within individual and team sports. One study by Nicholas et al. (1995) reported that time to fatigue increased to 33% when individuals consumed an isotonic drink with a solution of 6.9% of carbohydrates, during an exercise lasting 75 minutes. Another study also reported a similar result in time to fatigue during intermittent exercise (Welsh et al., 2002). They reported a time to fatigue increased to 32%, when individuals consumed a drink with 6% of carbohydrates. Consuming carbohydrates when exercise lasts over one hour has suggested to give a physical and physiological benefit to sporting performance; however, research are also suggested that when events or exercise last within an hour, consuming isotonic drinks does not gain an additional benefit towards sporting performance, when compared to a placebo (Baechle and Earle, 2008; Maughan and Burke, 2008).
Some individuals have tried experimenting to create their own isotonic drink, as there are many different reasons into why individuals want to create their own drink. Firstly, manufactured isotonic drinks are costly overtime and teams and individuals cannot afford to keep funding these drinks, so people create their own as the ingredients are easy to obtain and cheap to make. Secondly, manufactured drinks have different percentages of concentrations in their drinks and this can be difficult for the athlete, as having too little or too much concentrated drink can have a detrimental physiological effect. When individuals exercise, they lose sweat which contain salts and individuals need to consume isotonic drinks to replenish the salts that have been lost, as having too little can cause hyponatremia and having too much can cause hypernatremia, so having a specific concentrated drink, based on that individual is crucial (Krabak et al., 2017). Athletes create their own drinks, so that they can specifically alter percentage of concentration, which will benefit their own sporting performance. Individuals can also add other flavours into the drink, designed for their own taste and can also add other ingredients such as protein, giving the athlete that flexibility when making their own isotonic drink. 
This research project will be comparing the effectiveness of a home-made isotonic drink when compared to a manufactured isotonic drink. This project will be aimed specifically at university students, who compete or take part in aerobic sports or an aerobic activity. During each cycling session, variables will be collected for data analysis to determine the physiological differences between the two isotonic drinks.
Aims and hypothesis.
During the research project, the main purpose will be to determine if a home-made isotonic drink shows a similar effect in sporting performance during an intermittent exercise, when compared to a manufactured drink. The main objective is to answer this question by using volunteered university students to take part in four cycling sessions (each session being 50 minutes long), on a Watt bike pro. There would be two hypotheses to ascertain whether a home-made isotonic drink will improve sporting performance. The null hypothesis is that there will be a difference in sporting performance between the 2 isotonic drinks where the manufactured drink will provide a better sporting performance, during the intermittent exercise. The alternative hypothesis is that there will be a similarity in sporting performance between the home-made isotonic drink and the manufactured drink.  











Literature Review
What ingredients are in isotonic drinks? What does each ingredient provide? 
[bookmark: _Hlk36894650]Carbohydrates within beverages help enhance performance as it offsets the depletion of the carbohydrate storage within the body, which helps fuel the body during endurance exercise. The added ingredient of sodium within sports drinks absorbs into the body, causes the athlete to maintain their thirst mechanism, resulting in an enhanced palatability and reduces the continuing rate of plasma sodium concentration building up during exercise (Bean, 2017; Garrett and Kirkendall, 2000). The main salt, sodium, helps with multiple benefits such as wither to accelerate the application of carbohydrates from the gut or it offsets the reduction in circulating fluid volume from sweating or transfers the fluid into the active muscles, aiding physiological sporting performance (Bonetti, Hopkins and Jeukendrup, 2010).
With the addition of electrolyte in the isotonic drink, sodium aids gastric emptying and helps absorb water and glucose within the intestines (Birch, George and McLaren, 2004). Glucose is then transported alongside sodium across the intestines and water is passively pulled by this. As a result, there are physiological effects such as a faster rate of movement of glucose through the membranes, a faster rate of movement of water, sodium and glucose and an increase of sodium within the solution (Birch, George and McLaren, 2004).
Sports drinks are measured in osmolarity, which “is a measure of the osmotic pressure exerted by dissolved particles in a fluid” (Birch, George and McLaren, 2004, p.g.118). These drinks define what is an isotonic, hypertonic or hypotonic drink and this depends on their ingredients, as these drinks contain carbohydrates, sodium, magnesium, potassium and vitamins such as vitamin B (Stasiuk and Przybylowski, 2017). The more concentrated a beverage is, the higher the rate of osmolarity is in the drink, so a 6% glucose solution has a lower osmolarity rate than a beverage that contains 10% glucose solution because of the added osmotic pressure. In contrast, a 6% glucose solution has a lower osmolarity rate than a 6% glucose-electrolyte beverage, because the electrolytes adds to the rate of osmolarity (Birch, George and McLaren, 2004), so a hypotonic drink has a rate of <270 mOsm/L, a isotonic has a rate between 270-300 mOsm/L and a hypertonic has a rate of >300 mOsm/L (Birch, George and McLaren, 2004; Stasiuk and Przybylowski, 2017).
Other reports have suggested that the osmolarity rate of an isotonic ranges from 280-340 mmol/kg (Mudgil and Barak, 2018), as the glucose solution can go up to 7%  or the carbohydrate solution can range from 4-8% (Garrett and Kirkendall, 2000), with the added ingredients of glucose, fructose, sucrose and maltodextrin, including the electrolytes ranging from 20-30 mmol/l of sodium and around 5 mmol/l of potassium. 
Specifically to this study, the alternative drink being fruit juice as part of the home-made isotonic drink is seen to provide the nutrients that are displayed in a manufactured isotonic drink, including antioxidants which are vital for a healthy living, physiologically (DeNysschen et al., 2014). Burke (2007) reported that solutions between 4-8% can produce the most effective source of carbohydrates. 
Physiological effects
The main objective of consuming beverages that contain electrolytes is to regulate the balance of body fluid within the body’s system, so that the body delays the onset risk of dehydration from occurring (Rippe, 2013). Electrolytes also improves muscle contraction and enhances nerve conduction, which is vital during sporting competition and any form of exercise as having an imbalance in any body compartment can damage an athletes performance, due to an impaired co-ordination and movement (Driskell and Wolinsky, 1999; Spano, Kruskall and Thomas, 2017). Adding a carbohydrate electrolyte into beverages has many physiological responses, as it helps maintains blood volume, assists thermoregulation and reduces the risk of injury when exercising in the heat (Birch, George and McLaren, 2004). (Coombes and Hamilton, 2000) have suggested that scheduling consuming isotonic drinks in order to match sweat loss can result in physiological effects such as a reduced cardiovascular drift, a stabilised core temperature and a smaller reduction in the rate of plasma volume.
The rate of onset fatigue during prolonged intermittent exercise is closely related and resulted from a depletion of glycogen reserves within the active muscles (Maughan, Bethell and Leiper, 1996). Fatigue during prolonged intermittent exercise is caused by a depletion in fluid electrolyte and a reduction in the body’s carbohydrates stores (Khanna and Manna, 2005). It is vital that glucose is consumed during prolonged, intermittent exercise as it helps maintains or increase plasma glucose that in turn helps circulate the body that will prevent this risk of hypoglycaemia from occurring (DeNysschen, 2014). Also, during exercise, concentration of sodium increases with duration for two main reasons. Firstly, the distribution of water that transfers into the active muscles, reduces the volume of plasma sodium concentration and secondly, the concentration of sweat sodium is considerably less than sodium plasma (Maughan and Murray, 2000).
When athletes exercise, their initial core temperature rises due to contracting muscles along with sweat, and must consume fluids to replenish what is lost, otherwise physiological and physical performance will be impaired. When core temperature rises, an individuals’ heart rate significantly increases as when the athlete works harder, their heartbeat rises too. Cardiac output is the amount of blood that is pumped in one minute and when the heartbeat rises, the stroke volume decreases as a result (González-Alonso, Crandall and Johnson, 2008; Plowman and Smith, 2013; Cheung, 2010, p.g. 28). This is because blood is pumped to two locations, being the skin and the active muscles. The blood is pumped to the skin so that the heat within the body can be dissipated. The blood will be transferred to the working muscles, so that the muscles can still work as effective, as they receive delivered oxygen and nutrients. As the blood is pumped to two locations simultaneously, the heartbeat increases so that enough blood can be transferred to these locations. Without consuming fluids, the heartbeat rises significantly, and more pressure is needed for the blood to travel to these locations. Overtime, this will cause impairments to the body and the muscles will not be able to work as efficient.  
Psychological effects 
During exercise, researchers, coaches and athletes adopt the Borg rate of perceived exertion (RPE) scale (Borg, 1998) to measure how the athlete feels the intensity of the exercise is. The scale goes from 6-20, where six is no perceived exertion and 20 being maximum exertion. In a report by Zart and Frolich (2019), they analysed the effects that isotonic drinks have on intermittent exertion. They analysed three different groups in a variety of distances performed to see physiological and psychological effects of different isotonic beverages. When it comes to rate of perceived exertion, the report detailed that there were no significant differences as the athlete’s ratings all ranged between 15-18.
A previous study by Mears et al., (2018), analysed the effects of cyclists performing exercise for one hour, when consuming carbohydrates and a placebo, which the participants perceived as also being carbohydrates. The study showed that both trials had better sporting performance, when compared to water, meaning that consuming or perceiving to consume carbohydrates can have a psychological effect on a sporting individual. 
Hyponatremia and Hypernatremia 
Adding electrolytes within sports drinks are important to consume, as they also prevent the risk of hyponatremia for occurring, because as sodium levels decrease during exercise due to sweat, the electrolytes within the body replenishes the sodium, allowing the body to work sufficiently again (Fink and Mikesky, 2017). 
When athletes sweat during exercise, they also sweat out sodium which is one of the biggest salts that is lost through sweat. When individuals replenish the rate of sodium in which is lost, they tend to misjudge these rates of fluid consumption and as a result, the athletes either have too low of a blood sodium concentration of <135 mEg/L (hyponatremia) or too high of a blood concentration of >145 mEq/L (hypernatremia), resulting in an impairment of health (Krabak et al., 2017). Hyponatremia can be developed during or after exercise, as symptoms such as nausea, vomiting and headaches can be seen to extremes such as seizures and death. The most common event that this health condition can be seen in is marathons, with a reported rate of 3-28% of marathon runners, effected by this (Krabak et al., 2017). 
A reason to seeing hyponatremia within individuals is that glycogen metabolism plays an important role regarding absorption. Rosner and Kirven (2007) explain that for every kilogram of glycogen is 3 kilograms of metabolic water and because glycogen is metabolized as a result, the water may not be excreted properly, and this could lead to a decrease of serum sodium. Keystone et al., (2012) also explains that hyponatremia is caused by an over-hydration of hypertonic fluids or as many other reports have suggested, through the loss of sodium through which is often uncompensated for.
Hypernatremia on the other hand, is caused by excessive fluid intake, due to inappropriate hydration recommendations being applied to the wrong individuals (Hew-Butler et al., 2017). Symptoms are very similar to those seen of hyponatremia, so it is difficult to distinguish the difference in observing the two health conditions (Krabak et al., 2017). Another reason into why hypernatremia can be seen within individuals is due to rapid absorption of fluids that are transported from the intestines, more specific the gastrointestinal tract, into the blood (Hew-Butler et al., 2017).
Fluid absorption
Sports drinks increase the voluntary intake of fluid consumption when compared to a placebo (Burke, 2007). This would mean that more athletes are to match their fluid intake with their sweat loss, as they are consuming more fluid. During intermittent exercise, it is crucial that athletes consume the right amount of nutrients during their exercise, whilst on the move, as having a depletion in glucose and salts can impair performance and health. The addition of sodium to glucose within an isotonic drink is crucial as this can promote the absorption of glucose and water into the small intestine, which is vital for athletes that need to replace nutrients rapidly that are lost (Maughan and Murray, 2000). 
Sodium is also an important ingredient because it is there to ensure that sodium itself is not excreted via urine when athletes consume fluids. A hormone called antidiuretic hormone (ADH) regulates water excretion from the kidneys that is produced from the posterior pituitary gland (Birch, George and McLaren, 2004). When water is digested, an increase of plasma volume is seen and this gland detects this change and the sodium within the blood is diluted and ADH is not released, meaning that some water passes through as the kidneys have failed to reabsorb the content, resulting in a diluted urine. However, when a drink that contains sodium is consumed, the concentration of sodium is not impaired and so ADH can secrete for the body to conserve water, to improve physiological performance (Birch, George and McLaren, 2004).
Sweat Loss
One of the main contributing factors to consuming fluids during competition is to reduce the deficit of water that is lost through sweat. Many athletes consume drinks that contain ingredients such as carbohydrates, electrolytes and caffeine in events that last longer than 45 minutes to reduce this fluid deficit lost through sweat (Garth and Burke, 2013).
During exercise, athletes lose sweat through water and electrolytes and it is crucial that athletes replenish what is lost through fluids, to prevent physiological and psychological impairment from occurring. Before competition, athletes analyse their own sweat rates as the rates and total volume of sweat loss varies in all sports, as every sport has different physical requirements such as duration, intensity and the individuals capability themselves amongst other fellow athletes in the same event (Garth and Burke, 2013). Athletes also monitor sweat electrolyte concentrations as this also varies between athletes and need to be prioritised (Baker, 2017). Electrolytes need to be prioritised as sodium, magnesium and potassium all play vital roles in muscle and nerve function, as well as regulating body water and distributing them out across the body to help regular compartments (Maughan and Murray, 2000). Electrolytes are also vital to maintain because as well as controlling the water movement distributed across the body, electrolytes also regulates acid-base balance, used for the cell activity to take place and provides specific micronutrients that help with physiological functioning (DeNysschen et al., 2014).
When athletes sweat, it is because physiological responses are occurring, such as an increase in temperature as the heart rate increases. This causes water and electrolyte loss through sweat as the body is trying to regulate temperature through thermoregulatory sweating (Baker, 2017). When cyclists perform at a harder intensity (increased speed, cadence, watts etc.) or when individuals perform harder, they produce heat by the contracting muscles, and this leads to an increase in core temperature. This increase in the body’s temperature is identified by thermoreceptors and this results in the body sweating, so that the body can vasodilate and allows the heat to be dissipated. Sweating can be caused by several external and environmental factors. Firstly, the temperature and the humidity of the location can cause sweating along with external factors such as an individual’s clothing, their initial fluid balance before participating in exercise and their general aerobic capability (Insel, 2013).
As previously mentioned, the biggest electrolyte that is lost through sweat is sodium as the rate of sweat is considerably more than the other electrolytes of potassium, magnesium and calcium, raising a concern towards athletes when they sweat as it effects their fluid retention and increases their plasma sodium concentration, effecting the overall maintenance (Birch, George and McLaren, 2004; Baker, 2017). 
Within a short duration of exercise, sweat rate is similar when athletes either consume fluid or not. In a study by Warren and Constantini (2000), they reported to find that in one hour of cycling, sweat rate within the participants were similar, however, bodyweight loss reduced by 60% when water was consumed. Although intense exercise does rely on the use of ingesting carbohydrates, the availability of substrate does not play a key role in limiting sporting performance. Within this time period, it is also believed that sweat loss is likely to be small, resulting in a minimal need of consuming fluid within this time period (Coombes and Hamilton, 2000). 
Rate of sweat loss and how much should individuals consume
When athletes lose sweat during exercise, it is important that this can be replenished during and after exercise so there can be a homeostatic balance in fluid levels. After exercise, it is recommended that individuals should consume 1.5 times the amount of fluid that is lost with fluids that contain sodium, so that this electrolyte can be replaced, alongside other nutrients such as carbohydrates (Birch, George and McLaren, 2004).
When it comes to how many carbohydrates an athlete should consume per hour, Maughan, Bethell and Leiper (1996), suggest that consuming around 30-60 grams (g) of carbohydrates per hour is the ideal rate to see a good sporting performance, however these rates differ between athletes as different athletes have different physiological capabilities and compete in different sports. 
Studies on the effects of these drinks
A study analysed the effects of an isotonic drink compared to a hypertonic drink during intermittent exercise (Bonetti and Hopkins and Jeukendrup, 2010), of 17 competitive, well-trained cyclists and triathletes. The focus group completed an incremental test beforehand to determine peak power, followed by a familiarisation test so they can get used to the demands of the test. Before the maximal exercise test, each participant cycled for two hours at a fixed rate of 55-60% of their peak power. During this time, the cyclists consumed 250ml of fluid every 15 minutes and were given a five-minute rest after the first hour. After they completed this pre-load ride, the participants rested for 10 minutes then went straight into the maximal exercise test. This required the cyclist to start cycling at 180 watts and then the wattage would increase by one watt every two seconds until the participant reached volitional exhaustion. They found that even though both drinks had significant effects over a placebo, performance were similar with both a hypertonic drink and isotonic carbohydrate electrolyte drink. 
A study by Welsh et al., (2002), analysed the effects of a carbohydrate-electrolyte on both physical and mental function during intermittent high intensity (IHI) exercise on 10 physically active males and females. The participants who had experience in various team sports, completed three practice sessions and two experimental sessions prior, which consisted of IHI shutting running that has a similarity in intensity and has the same physical demands of a competitive team sporting event; this being basketball. To analyse the effects, the participants consumed a carbohydrate electrolyte and a placebo and drank 5ml/kg (6% solution) before exercise and 5ml/kg (18% solution) at halftime. They also drank 3ml/kg (6% solution) after every quarter (four overall). They found numerous positive results such as an enhanced 20m sprint performances, an improvement in overall speed and agility of body motor skills, enhanced perceptions of fatigue during the second half of the exercise or game and delayed the onset fatigue during the final quarter. However, it did not improve cognitive function when the participants were assessed through the stroop task. When it comes to cardiovascular endurance, they reported to find a 37% increase in longer running times to fatigue when compared to a placebo.
Another study by Nicholas et al., (1999) looked at the effects of a carbohydrate-electrolyte (CHO) beverage during 90 minutes of intermittent high intensity running when compared to a placebo, analysing the effects of muscle glycogen utilization. Six middle-aged men were the focus of this study. Each participant completed six 15-minute repetitions of high intense running, maximal sprinting, followed by less intense running and walking. Each participant consumed a 6.9% carbohydrate solution or a placebo before exercise, whilst needle biopsy samples were collected before and after the 90-minute exercise. Blood samples were also recorded at rest and at every 30 minutes of exercise. They found a significant difference in muscle glycogen utilization (P<0.05) with a reduction of 22% when a carbohydrate-electrolyte beverage was consumed when compared to the placebo (CHO = 192.5 ± 26.3 mmol glucosyl, placebo = 245.3 ± 22.9 mmol glucosyl).
A previous study also looked at the physiological response of a carbohydrate-electrolyte drink (Khanna and Manna, 2005). They looked at 16 middle-aged endurance athletes and compared this to a placebo. The objective of the test was to assess how long the participants can run at 70% of their VO2 max until exhaustion on a treadmill. During the trial, each participant consumed 100ml of carbohydrate-electrolyte every 15 minutes till exhaustion (carbohydrate 5 g, sodium 9.2 mg, potassium 13.6 mg) and 100ml of a carbohydrate electrolyte five minutes after recovery (carbohydrate 12.4 g, sodium 24.5 mg, potassium 34.1 mg). They found that there was a significant increase in total time performed on the treadmill when individuals consumed a carbohydrate-electrolyte beverage, with a reported increase of 51% running time until maximal exhaustion. Further data found that there was no significant increase in blood glucose level. 
A previous study by Maughan, Bethell and Leiper, (1996) compared the physiological effects between an isotonic and hypertonic drink with 12 participants performing a VO2 max test before testing began to determine power percentage. During each trial, subjects cycled at 70% of their VO2 max until they reached maximal exhaustion, whilst drinking 100ml every 10 minutes of exercise. They found that an isotonic drink showed a greater sporting performance when compared to a hypertonic and a placebo They also record the percentage of change in plasma volume to see the effects of each drink and found that water reduced by 3.5%, isotonic reduced by 1.5% and hypertonic reduced by 0.5%.
More specifically to this research, a study looked at the physiological effects of a manufactured isotonic drink when compared to a standard fruit juice (DeNysschen et al., 2014). In this study, they analysed 14 participants, ranging from 21-56 years of age and each participant had to consume 24 ounces of beverages in the 60-minute trial. The manufactured drink had a 6% solution of carbohydrate, whilst the fruit juice yielded a 5.9% solution of carbohydrates, being very similar. They compared the effects of the participants’ heart rate and rate of perceived exertion, during a steady inclined walk on a treadmill, whilst targeting an exercise intensity of 60-85% of their heart rate reserve. In this study, they found there was no significant difference between the groups, when comparing heart rate and rate of perceived exertion during this exercise. 
More specifically to the duration of the cycle, as this report is assessing the effect of home-made isotonic drink on sporting performance in 50 minutes, other reports have assessed the effects of isotonic drinks within this time period.  One report (El-Sayed et al., 1997), found that when participants consumed an 8% carbohydrate solution, they reached a significantly greater mean distance when compared to a placebo drink; however, this report used an 8% carbohydrate solution, whilst this report is focusing on a 6.5% carbohydrate solution. Coombes and Hamilton, (2000) reported that across eight different studies reporting on the effects of isotonic drinks on sporting performance within 1 hour (Costill et al., 1977; Bonen et al., 1981; El-Sayed et al., 1997; Koivisto, Karonen and Nikkila, 1981; McMurray, Wilson and Kitchell, 1983; Neufer et al., 1987; Snyder et al., 1993; Ventura et al., 1994), there was little evidence to find that isotonic drinks do have a sporting enhancement on performance within this time period. Other reports have suggested that within 50 minutes of exercising, consuming fluids does enhance sporting performance, however, if participants consume carbohydrates within this time period, then it does gain an additional benefit (Maughan and Burke, 2008). This theory has also been supported as (Baechle and Earle, 2008) as they found that events that last within one hour does promote the rate of water digesting, but consuming carbohydrates does not influence sporting performance. 
When athletes have a pre dietary regime, ingesting carbohydrates also does not improve sporting performance as shown by Desbrow et al., (2004). When given a 24-hour pre exercise dietary regime in well trained cyclists, consuming carbohydrates had similar effects to water during 1 hour of cycling, suggesting that carbohydrates have no significant effect on sporting performance lasting 1 hour. Overall, there are many studies that have evaluated the effects of consuming an isotonic drink during exercise and many of these studies have analysed this through different methods (duration, intensity, concentration etc.). However, there is also little research on the effects of home-made isotonic drinks, on exercise, and it is this delta in the research this study will look to analyse. 


















Methodology. 
Participants
In this study, 14 volunteered students from the University of Wales, Trinity Saint David, Carmarthen campus that compete in aerobic sports were the focus group for this research. Every student had vast experience in physical activity and had their own sporting background. Each student had or currently were involved in competing in some form of aerobic sports in either individual or team sports, so the group was collected using a purposive sample to meet the criteria of this research project. The group consisted of ten male and four female university students (N=14, age, 22.4 ± 3.05). The participants were numbered from one to fourteen to provide data protection and confidentiality. 
Design
The design of this research project was a quantitative research method, as data was collected from the different apparatus’, used during the process of the research. Qualitative research was used before testing, using a PAR-Q questionnaire form. This was to evaluate the participants’ current health and any previous health conditions or injuries, so this would decide if a participant could take part in the research project. Ethical approval was given by the University of Wales, Trinity Saint David, which allowed data collection to go ahead. 
Instruments
Before research commenced, every participant completed a PAR-Q form and an informed consent form (see appendix A and B). The PAR-Q form asked questions regarding the participants’ health and if they suffer from any current injuries, especially lower limb injuries. Knowing this information would indicate if there were any contraindications that could prevent the participant from performing in the research. Any injury that were currently sustained in the lower limb would result in the participant no longer involved in the research, due to aggravating their own injury and effecting results. An informed consent was used so that the participant would understand the procedures of the test and knew exactly what the research entailed, what variables would be collected and why, and what the participant had to do throughout the proceedings of each session. 
After participants had read and understood the forms, a variety of equipment was used to implement the tests. The equipment used during each session were Seca 813 digital floor scale (Seca Ltd, Birmingham, UK), Boso-medicus blood pressure monitor, attached with the Boso Velcro cuffs (Boso, Jungingen, Germany). Polar H7 Bluetooth HR strap (Polar electro Ltd, Warwick, UK), cycle ergometer (Wattbike Ltd, Nottingham, UK), a stopwatch and a Borg rate of perceived exertion (RPE) scale (Borg, 1998). 
Procedures of consuming fluid. 
As previously mentioned, all participants had to complete a PAR-Q form and an informed consent prior to testing. All participants took part in four sessions. In every session, the participants cycled for 50 minutes at a resistance of five. The first session contained no consumption of any liquid. In the second session, every participant consumed an overall amount of 500ml of water. This was to measure baseline results of participants during 50 minutes of cycling with and without fluid. 
In the final two sessions, one session contained 500ml of Lucozade sport and the other session contained 500ml of the home-made isotonic drink. These two sessions were randomised, and the drinks were blinded so no participant knew what drink they were consuming in these specific sessions. This would allow participants not to be influenced, as knowing what drink they would be drinking would affect motivation levels. Seven participants were randomly assigned to consume the manufactured drink in their third session and the other seven participants remaining, consumed the home-made drink in their third session, respectively. 
Creating the home-made drink 
The manufactured drink was reproduced into the form of the home-made drinks so that similar carbohydrates and taste could be replicated between the two drinks. Lucozade sport (orange) contains 32.5 grams of carbohydrates and 0.63 grams of salt in a 500ml bottle (Lucozade, 2019). To make a replica of the drink, the following ingredients were used: 100% pure orange juice, table salt, granulated sugar and aspartame-based sweetener. Firstly, the 250ml of 100% orange juice was poured into a measuring jug. Every 100ml of orange juice accounted to 10.5 grams of carbohydrates. After pouring 250ml of orange juice, there would be a total of 26.25 grams of carbohydrates. After the juice was poured, 250ml of water was added into the measuring jug to make up the 500ml total of fluid. After this, 2 tablespoons of granulated sugar were added to dissolve into the fluid. Every tablespoon equivalated to 4 grams of carbohydrates, giving a total of 8 grams overall. This would come to 34.25 grams of carbohydrates represented in the drink. The next step was to add 0.6 grams of salt into the measuring jug to make up the salt total that is embodied in the Lucozade sport. The final step was to add 2 teaspoons of the aspartame-based sweetener. Every teaspoon equated to 0.5 grams so overall, this would be equivalent to 1 gram of carbohydrates giving a total of 35.25 grams of carbohydrates seen in the home-made drink, compared to the 32.5 grams shown in the Lucozade sport. 
Procedures of the test
Before testing could begin, baseline measurements were collected to measure participant’s weight and blood pressure. Weight was measured prior to the session and after to measure sweat loss. Blood pressure was taken before the session to ensure that the participate could take part. After baseline measurements were collected, each participant attached on a Polar H7 Bluetooth HR strap around their chest, demonstrated by the researcher and was allocated to one of three watt bikes. Each participant would be cycling on the same bike throughout each session and cycling with the same seat height, which was adjusted before the first session, for the participants’ comfort. Every participant was informed before the session that every five minutes, the researcher would ask them for a rating between 6-20 on how they feel the intensity of the session is going, using the Borg rate of perceived exertion (RPE) scale, with six meaning no exertion and 20 meaning maximal exertion (Borg, 1998). The resistance of the bike was set to five and each participants’ heart rate was linked with the bike. When the participants were comfortable and ready, the researcher started the timer and the first session commenced. Every 5:00 minutes, the researcher took their RPE. At 9:50 minutes, the researcher recorded their heart rate, average watts and their RPE. This was recorded again at 19:50 minutes, 29:50 minutes, 39:50 minutes and 49:50 minutes. At 50:00 minutes, the researcher informed the participants that the session had finished and that they can be removed from the watt bike. During the proceedings of each cycle, the researcher asked the participants how they are feeling to ensure their safety. If the participant at any point felt a risk of injury would occur within a muscle, they would be removed from the bike, so that they would not suffer an injury. 
After the participants were notified that the session has finished, the researcher took final data collection. This was the participants’ average speed, their overall final distance and their average cadence. All participants’ weight and blood pressure were recorded after the session and that completed the first session. Session 2, 3 and 4 followed the exact same procedures regarding data collection. Sessions 2, 3 and 4 were sessions involving fluid and in these sessions, participants were to consume an overall of 500ml throughout. 250ml of fluid were to be consumed after weighing themselves before the session. The researcher instructed all participants to drink from a 500ml plastic bottle containing the fluid down to the first line, marked on the bottle that represented 250ml. After they consumed this, they would be seated on the bike and the session began. They would then consume the remainder of the 250ml at the 25-minute mark and the researcher instructed all participants to remain cycling, whilst consuming the final 250ml of fluid. 
Reliability and Validity
To ensure the reliability and validity during testing, every participant was allocated to the same bike throughout every session. During the first session, every participant was recorded with their bike height and this was kept the same in each session. Every session was in the same building (the university sports lab), located within university grounds. Every participant was under the same conditions as none were given any sort of motivation or notified of how long they had left in the session as this could influence performance. Every participant had their screen covered, so they were unaware of their progress during the sessions. Every session was conducted by the same researcher and was always monitored by the lab technician, to confirm to bike was in good condition to use to ensure to the participants throughout each session. All procedures were kept the same throughout. All participants were advised to replicate what they consumed 24 hours prior to their first session, as different foods and fluids could affect performance and were advised to replicate the same amount of sleep prior to testing. 
Data analysis 
All data during the tests were collected on a hard copy. After each session, data was then transferred onto Microsoft excel, which would help separate the different sessions and see all the results from every participant during each session. After the four sessions were completed, all data that was stored on excel was transferred onto SPSS IBM statistics to ascertain whether there was a significant difference in physical and physiological effects between a home-made drink and a manufactured one. To do this, all data collected were run through an ANOVA test. An ANOVA data analysis is a statistical analysis used to see if there is a correlation between two or more means (Roberts and Russo, 2014). The variables were overall distance, average power, average cadence, average heart rate, rate of perceived exertion, sweat loss and cardiovascular drift. A Pearson’s correlation was also analysed through SPPS to see if there were any form of significant correlations between all of the cycles.




















Results 
Of the 14 volunteered participants, 13 completed all four 50-minute cycling sessions, whilst 1 participant dropped out due to personal reasons. Table 1 below represents the anthropometric measure before the 1st session of all participants who completed the cycles. This data also analysed the difference these drinks had compared to water and no water. This is because baseline data was collected, so the participants’ sporting performance can be collected and analysed when exercising with and without fluid. 

	Student Characteristics
	
	

	
	Male
	Female

	Number of students
	9
	4

	Age (years)
	22.56 ± 3.28
	21.75 ± 2.75

	Weight (kg)
	81 ± 12.01
	63.58 ± 3.08


Table 1: Anthropometric measure of all participants.
Watts
Data found that there was no significant difference between the home-made and the manufactured drink, along with water and no water (p=0.458). Mean watts produced for each session were as followed: no water = 143.08 ± 41.07, water = 139.38 ± 32.85, home-made = 138.15 ± 43.48, manufactured = 144.23 ± 43.03. Figure 1 displays the average watts produced by all 13 participants across all four cycles. 
Figure 1: A Box and Whisker graph to display average watts produced during each session. Data displays the mean, median, upper and lower quartile average of the group during each cycle. 


Heart rate
Data found that there was no significant difference in heart rate between all 4 cycles and their respected drink (p=0.426). Mean heart rate recorded for each session was as followed: no water = 81.2 ± 8.9, water = 176.7 ± 11.1, home-made = 180.5 ± 12.1, manufactured = 182.8 ± 8.4. Figure 2 displays the average heart rate between participants through all four cycles. 
Figure 2: A Box and Whisker graph to display average heart rate during each session. Data displays the mean, median, upper and lower quartile average of the group during each cycle.


Rate of Perceived Exertion
Data found that there was a significant difference in rate of perceived exertion (RPE) between all four cycles (p=0.042). Specifically, there was a significant difference between the cycle which contained no water and the cycle in which the participants had to consume a manufactured drink (p=0.028). Mean RPE recorded for each session was as followed: no water = 15.1 ± 1.4, water = 14.5 ± 1.7, home-made = 14.3 ± 0.8, manufactured = 13.8 ± 1.0. Figure 3 displays the average RPE shown within all participants across the study.






Figure 3: A Box and Whisker graph to display average rate of perceived exertion during each session. Data displays the mean, median, upper and lower quartile average of the group during each cycle.


Distance 
Distance was recorded in kilometres (Km) throughout each cycle and data found that there was no significant difference in distance travelled in 50 minutes between all four cycles (p=0.442). Mean distance recorded for each session was as followed: no water = 26.95 ± 2.80, water = 26.75 ± 2.36, home-made = 26.49 ± 3.16, manufactured = 26.97 ± 2.95. Figure 4 displays the average distance produced by all participants.
Figure 4: A Box and Whisker graph to display average distance reached during each session. Data displays the mean, median, upper and lower quartile average of the group during each cycle.

Cadence 
Cadence was recorded through revolutions per minute (RPM) and data found that there was also no significant difference between cadence throughout all cycles (p=0.577). Mean cadence produced for each session was as followed: no water = 71.1 ± 7.0, water = 70.7 ± 6.2, home-made = 70.2 ± 7.9, manufactured = 71.2 ± 7.4. Figure 5 illustrates the average cadence produced by the participants during the four cycles. 
Figure 5: A Box and Whisker graph to display average cadence produced during each session. Data displays the mean, median, upper and lower quartile average of the group during each cycle.


Speed
Speed was recorded through kilometres per hour (Km/h) and data found that there was no significant between speed produced through each of the cycles (p=0.103). Mean speed recorded for each session was as followed: no water = 32.32 ± 3.33, water = 32.05 ± 2.80, home-made = 30.96 ± 4.61, manufactured = 32.36 ± 3.53. Figure 6 displays the average speed produced by the participants in each individual cycle. 






Figure 6: A Box and Whisker graph to display average speed reached during each session. Data displays the mean, median, upper and lower quartile average of the group during each cycle.


Cardiovascular drift 
Cardiovascular drift (CV drift) is the difference in the participants heart rate between the 10-minute mark and the 50-minute mark. Data found there was no significant difference in cardiovascular drift between the 4 cycles (p=0.535). Mean cardiovascular drift recorded for each session was as followed: no water = 27.0 ± 21.2, water = 21.0 ± 14.9, home-made = 24.7 ± 14.8, manufactured = 19.2 ± 13.2. Figure 7 displays the average CV drift between all participants in each cycle. 
Figure 7: A Box and Whisker graph to display average cardiovascular drift during each session. Data displays the mean, median, upper and lower quartile average of the group during each cycle.


Sweat loss
Sweat loss was recorded by weighing the athlete before and after each cycle and this was measured in kilograms (kg). Data found that there was no significant difference in sweat loss in each of the cycles (p=0.544). Mean sweat loss recorded for each session was as followed: no water = -0.61 ± 0.26, water = -0.62 ± 0.32, home-made = -0.53 ± 0.23, manufactured = -0.56 ± 0.34. Figure 8 displays the average sweat loss produced by the participants in each of the cycles. 
Figure 8: A Box and Whisker graph to display average sweat loss during each session. Data displays the mean, median, upper and lower quartile average of the group during each cycle.


Correlations
Watts
Correlations were analysed using a Pearson correlation, with also a confidence interval displayed by using a one-way t-test. Data displayed in table 2 shows that there is a significant correlation between watts with all four sessions and variables collected in all four cycles. Correlation no water, distance (p=0.000), cadence (p=0.000), speed (p=0.000) and sweat loss (p=0.005). Correlation water, distance (p=0.000), cadence (p=0.000), speed (p=0.000) and sweat loss (p=0.005). Correlation manufactured, distance (p=0.000), cadence (p=0.000), speed (p=0.000) and sweat loss (p=0.003). Correlation home-made, distance (p=0.000), cadence (p=0.000), speed (p=0.000) and sweat loss (p=0.008).

	
	Mean ± Standard deviation of average watts produced (w)
	Confidence interval (lower – upper)
	Distance 
	Cadence
	Speed
	Sweat
 loss

	No water
	143.08 ± 41.07
	118.26-167.90
	r= 0.995
	r= 0.977
	r= 0.995
	r= 
-0.721

	Water
	139.38 ± 32.85
	119.53-158.24
	r= 0.996
	r= 0.996
	r= 0.996
	r=
-0.730

	Manufactured
	144.23 ± 43.03
	118.23-170.23
	r= 0.997
	r= 0.978
	r= 0.997
	r=
-0.746

	Home-made
	138.15 ± 43.48
	111.88-164.43
	r= 0.994
	r= 0.943
	r= 0.867
	r=
-0.702


Table 2: Correlations between watts and specific variables between the 4 cycles.

Distance 
Data displayed in table 3 shows that there is a significant correlation between distance with all four sessions and variables collected in all four cycles. Correlation no water, watts (p=0.000), cadence (p=0.000), speed (p=0.000) and sweat loss (p=0.004). Correlation water, watts (p=0.000), cadence (p=0.000), speed (p=0.000) and sweat loss (p=0.003). Correlation manufactured, watts (p=0.000), cadence (p=0.000), speed (p=0.000) and sweat loss (p=0.002). Correlation home-made, watts (p=0.000), cadence (p=0.000), speed (p=0.000) and sweat loss (p=0.007).

	
	Mean ± Standard deviation of distance reached
(km)
	Confidence interval (lower – upper)
	Watts 
	Cadence
	Speed
	Sweat
 loss

	No water
	26.95 ± 2.80
	25.37 - 28.05
	r= 0.995
	r= 0.983
	r= 1.000
	r= -0.739

	Water
	26.75 ± 2.36
	25.12 – 27.88
	r= 0.996
	r= 0.996
	r= 0.999
	r= -0.759

	Manufactured
	26.97 ± 2.95
	25.56 – 28.22
	r= 0.997
	r= 0.984
	r= 1.000
	r= -0.765

	Home-made
	26.49 ± 3.16
	24.98 – 27.54
	r= 0.994
	r= 0.952
	r= 0.852
	r= -0.707


Table 3: Correlations between distance and specific variables between the 4 cycles.
Cadence
Data displayed in table 4 shows that there is a significant correlation between cadence with all four sessions and variables collected in all four cycles. Correlation no water, distance (p=0.000), watts (p=0.000), speed (p=0.000) and sweat loss (p=0.002). Correlation water, distance (p=0.000), watts (p=0.000), speed (p=0.000) and sweat loss (p=0.004). Correlation manufactured, distance (p=0.000), watts (p=0.000), speed (p=0.000) and sweat loss (p=0.003). Correlation home-made, distance (p=0.000), watts (p=0.000), speed (p=0.000) and sweat loss (p=0.017).

	
	Mean ± Standard deviation of cadence produced (rpm)
	Confidence interval (lower – upper)
	Watts 
	Distance
	Speed
	Sweat
 loss

	No water
	71.08 ± 7.02 
	66.84-75.32
	r= 0.977
	r= 0.983
	r= 0.987
	r= -0.772

	Water
	70.69 ± 6.17 
	66.97-74.42
	r= 0.996
	r= 0.996
	r= 0.998
	r= -0.759

	Manufactured
	71.23 ± 7.38 
	66.77-75.70
	r= 0.978
	r= 0.984
	r= 0.986
	r= -0.756

	Home-made
	70.15 ± 7.88 
	65.39-74.92
	r= 0.943
	r= 0.952
	r= 0.755
	r= -0.644


Table 4: Correlations between cadence and specific variables between the 4 cycles.
Speed 
Data displayed in table 5 shows that there is a significant correlation between speed with all four sessions and variables collected in all four cycles. Correlation no water, distance (p=0.000), cadence (p=0.000), watts (p=0.000) and sweat loss (p=0.004). Correlation water, distance (p=0.000), cadence (p=0.000), watts (p=0.000) and sweat loss (p=0.003). Correlation manufactured, distance (p=0.000), cadence (p=0.000), watts (p=0.000) and sweat loss (p=0.003). Correlation home-made, distance (p=0.000), cadence (p=0.000), watts (p=0.000) and sweat loss (p=0.017).
	
	Mean ± Standard deviation of speed produced (km/h)
	Confidence interval (lower – upper)
	Watts 
	Distance
	Cadence
	Sweat
 loss

	No water
	32.32 ± 3.33 
	30.30-34.33
	r= 0.995
	r= 1.000
	r= 0.987
	r= -0.741

	Water
	32.05 ± 2.80 
	30.36-33.75
	r= 0.996
	r= 0.999
	r= 0.998
	r= -0.751

	Manufactured
	32.36 ± 3.53 
	30.23-34.49
	r= 0.997
	r= 1.000
	r= 0.986
	r= -0.760

	Home-made
	30.96 ± 4.61 
	28.18-33.75
	r= 0.867
	r= 0.852
	r= 0.755
	r= -0.648


Table 5: Correlations between speed and specific variables between the 4 cycles.

Sweat loss
Data displayed in table 6 shows that there is a significant correlation between sweat loss with all four sessions and variables collected in all four cycles. Correlation no water, distance (p=0.004), cadence (p=0.002), speed (p=0.004) and watts (p=0.005). Correlation water, distance (p=0.003), cadence (p=0.004), speed (p=0.003) and watts (p=0.005). Correlation manufactured, distance (p=0.002), cadence (p=0.003), speed (p=0.003) and watts (p=0.003). Correlation home-made, distance (p=0.007), cadence (p=0.017), speed (p=0.017) and watts (p=0.008).

	
	Mean ± Standard deviation of sweat loss produced (kg)
	Confidence interval (lower – upper)
	Watts 
	Cadence
	Speed
	Distance

	No water
	-0.61 ± 0.26 
	-0.76 - -0.45
	r= -0.721
	r= -0.772
	r= -0.741
	r= -0.739

	Water
	-0.12 ± 0.32 
	-0.32 – 0.07
	r= -0.730
	r= -0.742
	r= -0.751
	r= -0.759

	Manufactured
	-0.06 ± 0.34
	-0.27 – 0.14
	r= -0.746
	r= -0.756
	r= -0.760
	r= -0.765

	Home-made
	-0.03 ± 0.23 
	-0.17 – 0.10
	r= -0.702
	r= -0.644
	r= -0.648
	r= -0.707


Table 6: Correlations between sweat loss and specific variables between the 4 cycles.

Heart rate 
Data displayed in table 7 shows that there is a significant correlation in heart rate with one variable: this being no water and cardiovascular (CV drift). Correlation no water, CV drift (p=0.001), sweat loss (p=0.389), watts (p=0.859) and RPE (p=0.130). Correlation water, CV drift (p=0.324), sweat loss (p=0.109), watts (p=0.524) and RPE (p=0.183). Correlation manufactured, CV drift (p=0.171), sweat loss (p=0.143), watts (p=0.093) and RPE (p=0.130). Correlation home-made, CV drift (p=0.560), sweat loss (p=0.570), watts (p=0.454) and RPE (p=0.363).
	
	Mean ± Standard deviation of heart rate (bpm)
	Confidence interval (lower – upper)
	CV drift
	Sweat loss
	Watts
	RPE

	No water
	181.15 ± 8.88
	175.79 – 186.52
	r= 0.804
	r= 0.261
	r=
-0.550
	r= 
-0.443

	Water
	176.69 ± 11.15 
	169.99 – 183.43
	r= 0.324
	r= 0.109
	r= 0.195
	r= 0.394

	Manufactured
	182.85 ± 8.39
	177.77 – 187.92
	r= 0.404
	r= -0.429
	r= 0.485
	r= 
-0.442

	Home-made
	180.46 ± 12.10
	173.15 – 187.77
	r= -0.178
	r= -0.174
	r= 0.228
	r= 0.275


Table 7: Correlations between heart rate and specific variables between the 4 cycles.

Rate of Perceived Exertion
Data displayed in table 8 shows that there is no significant correlation in rate of perceived exertion (RPE) in any of the cycles. Correlation no water, CV drift (p=0.054), sweat loss (p=0.412), watts (p=0.293) and heart rate (p=0.130). Correlation water, CV drift (p=0.867), sweat loss (p=0.071), watts (p=0.346) and heart rate (p=0.183). Correlation manufactured, CV drift (p=0.800), sweat loss (p=0.309), watts (p=0.849) and heart rate (p=0.130). Correlation home-made, CV drift (p=0.670), sweat loss (p=0.659), watts (p=0.935) and heart rate (p=0.363).

	
	Mean ± Standard deviation of RPE
	Confidence interval (lower – upper)
	Watts
	Heart rate
	Sweat loss
	CV drift

	No water
	15.06 ± 1.43
	14.20 – 15.92
	r= -0.316
	r= -0.443
	r= 0.249
	r= -0.545

	Water
	14.48 ± 1.73
	13.43 – 15.52
	r= -0.284
	r= 0.394
	r= 0.517
	r= 0.051

	Manufactured
	13.82 ± 0.99
	13.22 – 14.42
	r= -0.059
	r= -0.442
	r= 0.306
	r= 0.078

	Home-made
	14.34 ± 0.77
	13.88 – 14.80
	r= 0.025
	r= 0.275
	r=
-0.135
	r= -0.131


Table 8: Correlations between rate of perceived exertion and specific variables between the 4 cycles.

Cardiovascular Drift
Data displayed in table 9 shows that there is a significant correlation in cardiovascular drift with one variable: this being cardiovascular (CV drift) and no water. Correlation no water, RPE drift (p=0.054), sweat loss (p=0.577), watts (p=0.542) and heart rate (p=0.001). Correlation water, RPE (p=0.867), sweat loss (p=0.571), watts (p=0.878) and heart rate (p=0.281). Correlation manufactured, RPE (p=0.800), sweat loss (p=0.872), watts (p=0.725) and heart rate (p=0.171). Correlation home-made, RPE (p=0.670), sweat loss (p=0.321), watts (p=0.749) and heart rate (p=0.560).

	
	Mean ± Standard deviation of CV drift (bpm)
	Confidence interval (lower – upper)
	Watts
	Heart rate
	RPE
	Sweat loss

	No water
	27 ± 21.23 
	14.17 – 39.83
	r= -0.186
	r= 0.804
	r=
-0.545
	r= 0.171

	Water
	21 ± 14.93 
	11.97 – 30.02
	r= 0.047
	r= 0.324
	r= 0.051
	r=
-0.173

	Manufactured
	19.15 ± 13.20 
	11.18 – 27.13
	r= -0.108
	r= 0.404
	r= 0.078
	r=
-0.050

	Home-made
	24.69 ± 14.77 
	15.77 – 33.62
	r= 0.098
	r= -0.178
	r=
-0.131
	r=
-0.299


Table 9: Correlations between cardiovascular drift and specific variables between the 4 cycles.












Discussion 
When it came to data analysis through the ANOVA test, there was only one significant difference in variables between the four cycles. This was the rate of perceived exertion (RPE) between the cycle that consisted of no water and the cycle in which the participants consumed the manufactured isotonic drink ((p=0.042).  
When analysing the correlations between all variables, there were significant correlations between the variables of watts produced, cadence, speed, distance and sweat loss. From these findings, it is suggested that during a 50-minute cycle on a fixed bike, intensity of cycling with different fluids does influence these different variables, however it does not influence sporting performance during this duration of time. It is also suggested that the greater the intensity for a cycle in this given time, the more sweat you produce, but the duration of the cycle does not have a significant impact on sporting performance. Mears et al., (2018), have also supported the use that ingesting carbohydrates will provide little benefit towards supporting performance for short duration, as the depletion of muscle glycogen is not a limiting factor for exercise of this duration. There were also significant correlations between cardiovascular drift and heart rate, when participants consumed no water during 50-minutes of cycling, and this can come down to many physiological reasons. 
Performance 
[bookmark: _Hlk36983093]During the 50-minute cycle, there was no performance benefit when consuming a home-made isotonic drink or a manufactured one. The consumption of carbohydrates during exercise for this long, has not been beneficial to increase performance as other reports have shown similar results (Baechle and Earle, 2008). Apart from promoting the rate of water intake during exercise, this report concluded that consuming carbohydrates for events that last less than an hour does not improve sporting performance; however, they do enhance performance for events that last over an hour long. 
Statistically, consuming the manufactured isotonic drink showed the best sporting performance out of the four cycles, suggesting that muscle fiber electrical activity was seen during this cycle as other reports have suggested (Nikolopoulos, Arkinstall and Hawley, 2004). They reported to find that during exercise lasting one-hour, consuming carbohydrates during exercise of high intensity has effects relating to other factors than substrate availability, that can provide an ergogenic sporting performance, so consuming carbohydrates can provide some physical benefits towards performance but not significant to sporting performance in this duration. This is also supported by (Desbrow et al., 2004), as consuming carbohydrates can also have a physiological effect during exercise, but it is not significant to affect performance. 
When it comes to the results, data showed that there was only one significant difference between one variable across the four cycles; this was the rate of perceived exertion (RPE) between the cycle with no water and the cycle containing the manufactured drink (p=0.042).  This can come down to many reasons into why this data shows this, as a previous study found that there was no significant difference in this variable (Zart and Frolich, 2019). In the cycle, the average RPE of no water was 15.1, whilst cycling with a manufactured drink was perceived at 13.8. During the cycle, many of the participants might have had a false perception on their actual performance or maybe the participants might not have reached their maximum potential (Zart and Frolich, 2019), due to many reasons regarding psychological and physical factors (motivation, stress, fatigue, nutrition etc). However, Clark et al., (2000), found that when athletes consumed a placebo, thinking it contained carbohydrates during approximately one hour of cycling, they observed an improvement of four percentage in cycling performance. The data showed that the greater the intensity of the cycle, the further an individual will go, even though it is not significant to sporting performance. 
Having a lower intensity cycle will cause negative effects for an athlete during a cycle, both physically and mentally. Cheung and Zabala (2017), found that when athletes have a let-down in intensity, they will physically lose adrenaline during the cycle to boost their strength and stamina and they will also lose optimal blood flow and oxygen, which is extremely important for any aerobic exercise. When they drop their intensity, the also lose their focus and motivation to perform well, so the participants possibly dropped their intensity in some cycles and perceived their RPE as somewhat different to their maximum potential, as previously suggested by Zart and Frolich, (2019). This could also be a possibility into why the home-made isotonic drink was statistically the drink that showed the least sporting performance, as intensity and motivation within participants was potentially low, resulting in them performance lower than their maximum capability. 
Another reason into this, being that the participants did not replenish the nutrients that were lost during the cycle that had no water, impairing their performance and resulting in them perceiving it as a harder cycle. However, the manufactured drink contained an efficient amount of nutrients to sustain physical activity for 50 minutes, allowing the participants to perceive this cycle as an easier ride. This is because the sodium within an isotonic drink helps an athlete maintain their thirst mechanism, which helps reduces the rate of plasma sodium concentration as suggested in previous reports (Bean, 2017; Garrett and Kirkendall, 2000). This sodium also aids fluid absorption, as it helps transfer the fluid and glucose towards the active muscles, which help aid their physical and physiological sporting performance (Bonetti, Hopkins and Jeukendrup, 2010). 
As the athletes were losing salts during the cycle, the ongoing rate of hyponatremia might have been developing, as some participants could not drink any fluid to replenish these lost salts and nutrients so the body would not be capable of working sufficiently (Fink and Mikesky, 2017). However, with the manufactured drink, the participants were able to replenish this amount halfway through their cycle, so they could continuously work at their capability. Some participants weighed slightly heavier post cycle than they did pre cycle when cycling with the drink containing the manufactured one, suggesting that the body would be able to work throughout the duration of the cycle without any physiological problems occurring, as they didn’t lose any water or salt through sweat, as this was replenished. 
[bookmark: _Hlk36981640]Heart rate drift was significant between water and no water due to physiological effects when exercising without any fluids. Previous studies (González-Alonso, Crandall and Johnson, 2008; Plowman and Smith, 2013; Cheung, 2010, p.g. 28.), discussed that the harder the athlete works, the higher their heartbeat is. During exercise, the cardiac output must stay the same, so as the heart rate increases, this results in seeing a reduced stroke volume as less blood is being pumped per beat. Cardiac output is the volume of blood that the heart pumps each minute and during exercise, the body temperature rises, and one physiological response is that the blood travels to the skin to dissipate heat. The working muscles also need blood to carry on exercising at the same intensity, as it carries nutrients and oxygen to help sporting performance. As a result, the heart beats quicker so that blood can be pumped to both the skin and the muscles, but the volume is decreased, as it is travelling to many parts of the body. Having no water during exercise results in the body temperature rising more significantly and this can impair physical and physiological performance, so more blood is getting pumped, so therefore the cardiovascular drift is significantly higher, when exercising without water.
Data showed that the intensity of the cycle does correlate to distance, how quick, speed and power, but it also correlates to how much sweat individuals’ produce. As heat is produced by the contracting muscles during high intense exercise, this is caused by a by-product of metabolism, that leads to this heat gain. When exercising, if the ambient temperature is warmer than the skin temperature, the heat is transferred from the air to the skin, by diffusion. This increase in body core temperature is detected by thermoreceptors within the skin and this is processed within the hypothalamic region in the brain, resulting in sweating to occur, allowing the body to dissipate heat, through vasodilation (Baker, 2017). When the muscles are working at a high intensity, the rate of temperature significantly increases until it reaches a rate where the loss of body heat is equivalent to the heat that is produced, so that steady state can be achieved (Sawka et al., 1993). The rate of increase in core temperature during muscular activity is also independent as environmental factors and metabolic rate can affect this rate. This is because when the ambient temperature increases, the need for the evaporative heat loss to defend the core temperature is greatly needed. 
Sweating rate for any individual varies, due to many factors such as the environmental conditions like temperature, radiant load and air velocity (Shapiro et al., 1982). Other factors can include insulation and moisture permeability from clothing and the individuals’ current level of physical fitness. As previously mentioned, when athletes cycle at a harder intensity (increased watts, cadence, speed etc), as they produce heat, this increase in heat production triggers sweating, and this sweating can also be caused by external and environmental factors such as temperature, humidity, clothing, the participants aerobic capability and their initial balance of fluid (Insel, 2013). When the participants were cycling without water, they were prone to dehydration, and this can cause the body temperature to increase rapidly and a rate of reduced sweat production, due to a lack of fluids being consumed to replenish what is lost (Ehrman et al., 2009). Having a loss of body water through sweat is one of many physiological responses to the main core of the body overheating during exercise (Reaburn, 2014).
Limitations
The participants’ were advised to adhere to the same routine 24hrs prior to their first cycle (eating, drinking, sleeping etc), and for the other three cycles, to make sure the tests can be reliable, as these factors can change sporting performance significantly. 
Sleep is one key factor that can determine sporting performance, as sleep is becoming recognised as critical for an individual’s health, their wellbeing and their own sporting performance (Halson, 2019). Without getting enough sleep, an athletes’ performance can be impaired, due to an insufficient amount of energy required to do their respected exercise/sport. The participants’ in this study might not have slept well due to many reasons such as stress, working late, or knowing they have another cycling session the following day and they want to try their best. In a report by Juliff, Halson and Peiffer (2015), they analysed the effect competition stress had on an athlete’s sleep leading up to a competition in the past 12 months. They analysed a total of 283 elite athletes and found that over half of the sample (64%) slept worse for a few nights on more than one occasion leading up to their event. This can impact an athletes’ performance and this stress may have been a factor to the participants’ performance regarding their RPE as previously mentioned by Zart and Frolich, (2019), by potentially not reaching their maximal performance. 
Nutrition is also a key factor in improving sporting performance, as many strategies and foods can boost an athletes physiological, physical and sporting performance. Nutrition strategies can majorly improve an athletes’ performance as it can result in reducing or delaying the onset of factors that can result in an athlete fatiguing (Burke, 2007). Some participants might have eaten different foods before each session that contain plenty of energy, and some might have eaten before one session and did not eat before another session potentially. To make the study more reliable, applying a strict 24-hour diet pre-testing would be applied to each participant, so that they specifically eat and drink the same supplements before each scheduled test. 
As the participants compete in aerobic exercise, some might have participated or trained a few days before the testing, so the risk of delayed-onset muscles soreness (DOMS) might have been present. DOMS can be present from 24-48 hours after exercise and then declines during the next 7 days (Plowman and Smith, 2013; Hausswirth and Mujika, 2013). DOMS can be caused from either the mechanical trauma theory or the local ischemic theory; however, it is a concern for other individuals and athletes, as having DOMS can affect an individual’s sporting performance and their participation. The participants’ might have had DOMS, effecting their performance and their motivation to give their maximal effort, so having a strict procedure to state that the participants cannot do exercise at least 48 hours before testing would make the study more reliable. 
Practical Implication 
From the findings, it is suggested that for university students who compete in some form of aerobic activity, exercising for just under 1 hour whilst consuming carbohydrates does not improve their sporting performance. For this population, consuming carbohydrates in the form of fluid, does give some sort of physical aid, however it is not significant enough to have a sporting effect on overall performance. This can be a benefit for individuals of this population, as from this report and other previous reports, they will understand that consuming a home-made isotonic drink and a manufactured drink is not significant, when compared to water so they can train or compete for this duration whilst consuming water and still display similar sporting performance, especially cycling performance. Other reports have seen the same effects from performing different exercises, so this paper has strengthened those findings seen in the effects of consuming isotonic drinks, whether it’s home-made or manufactured within one hour of physical exercise.
Future Research 
To further the research of the study, this study can be used within sports teams or individual sports at certain levels so that it can focus primarily on a specific sport or skill level. This study had participants from different sporting backgrounds, so having a specific team or individuals of specific skill level consume a home-made isotonic drink within this duration of exercise will see the extent of its performance and see if it does have an effect. 
This study could also look at strength levels within the lower body after 50 minutes of cycling, to see the effects these drinks have on an individual’s capability, so this can recognise if having a home-made isotonic drink gives more of physical aid, rather than just aerobic capability. This research can be advanced by applying a strict plan so that individuals must replicate their drinking, eating and sleeping habit 24 hours prior to the first cycle, to the other three cycles, so that this test can be more reliable and see the extents of the effects of a home-made isotonic drink, when compared to a manufactured drink. As previous reports have suggested that sleep can be a main factor to improving overall sporting performance, questionnaires can be utilised to ask participants how well they slept the night before testing. This can give an idea on how they are physically feeling, because this can affect their overall sporting performance.  
As other reports have suggested that when athletes consume isotonic drinks during exercise that consist of one hour, it does not influence sporting performance; Therefore, this study could be developed further by increasing the duration of the exercise to over an hour. As discussed previously, many reports have analysed the effect on physical performance during exercise lasting over one hour when participants have consumed an isotonic drink due to their time to fatigue being increased. The effects of a home-made isotonic drink can be analysed by displaying the time to fatigue when athletes exercise over one hour whilst consuming a home-made isotonic drink and comparing this to a manufactured isotonic drink. This will see the true extent of the effectiveness of a home-made isotonic drink. 
Finally, when it comes to weighing the participants before and after each session, to have a true extent of how much sweat the participants produced, they should be weighed in pounds (lbs), instead of kilograms (kg). Weighing in pounds gives more of an accurate measure when it comes to weight and this will show more of an understanding on sweat loss in the region. 
















Conclusion  
Sports drinks are one of the most important ergogenic aids to help facilitate sporting performance, as it displays both physical and physiological benefits towards athletes and individuals who take part in aerobic activity. Some people have opted to make their own isotonic drinks, specifically for price difference, choices in flavour and added ingredients of their own choosing. Isotonic drinks are a vital ergogenic aid to consume, as it helps replenish the salts in which are lost when athletes sweat. Without replenishing them, physiological impairments are seen such as hyponatremia and this can majorly affect an athletes’ sporting performance and their health. 
From this report, it is suggested that a home-made isotonic drink has similar effects to a manufactured drink when consumed, during 50-minutes of aerobic work within university students. From data shown, it is argued that consuming a manufactured drink had the best sporting performance, but not significant to improve sporting performance between a home-made isotonic drink, water and no water. Although some reports have shown that consuming isotonic drinks does give an additional benefit and also provides a significant sporting performance when events or exercises that last over 1 hour; however, when exercise lasts within an hour, it is not significant enough to display an enhanced sporting performance. This report has also identified that the intensity of the cycle does correlate to how far an individual can cycle, based on their power and speed, and this also correlates to how much sweat an individual produces, suggesting that isotonic drinks should be consumed during this time, to replenish the loss of salts through sweat, so physical and physiological sporting impairment can be prevented.
In conclusion, athletes that take part in exercise lasting within an hour, do not need to consume carbohydrates if they want to improve performance. As other reports have suggested, consuming isotonic drinks during exercise lasting 1 hour does not improve their sporting performance. This report strengthened the alternative hypothesis, stated earlier suggesting that within one hour of physical activity, a home-made isotonic drink does show similar sporting effects when compared to a manufactured drink. This report demonstrated the effects of consuming a home-made isotonic drink and seeing the effects it had when compared to a manufactured drink, on university students that regularly take part in aerobic exercise, during a 50-minute cycle. 
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Appendices 
Appendix A. Par-Q questionnaire form.
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PAR-Q Questionnaire Form
	
	                               Personal Details

	First Name:
	

	Last Name:
	

	Student Number:
	

	Course: 
	

	Gender:
	



Please answer the following questions fully and truthfully as it may affect our safety whilst exercising.
· Has a doctor told you that you have a heart condition AND must seek medical                          advice before participating in regular exercise?				                   YES/NO
· Do you feel pain in your chest when you perform physical activity?                                YES/NO
· Have you ever had a chest pain when you perform physical activity?                             YES/NO
· Do you lose your balance due to dizziness or do you ever lose consciousness?            YES/NO
· Do you have a bone or joint condition that could be made worse                                                                 through physical activity?                                                                                                         YES/NO
· Are you currently taking any medication for high blood pressure?                                  YES/NO
· Are you currently taking any medication for a heart problem?                                         YES/NO
· Do you take any other medications on a regular basis?                                                      YES/NO
· Have you had any recent surgery?                                                                                          YES/NO
· Do you have any chronic health conditions such as asthma, diabetes?                           YES/NO
· Women only: Are you pregnant or have you given birth in the last 6 months?             YES/NO
· Are you currently suffering from any lower limb injury?                                       YES/NO
· Are you currently recovering/rehabilitating from any current/past injury?       YES/NO

NOTE: Blood pressure will be taken before testing to see if you will be allowed to continue with the session.
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If you have answered YES to any of these then please give details below.
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
If you have answered YES to one or more of these questions, then it would be advisable to talk to your doctor before starting exercise.

Please comment below if you have any further information regarding your health, physical or otherwise, that has not been covered by the above questions (i.e. past or present injuries):
____________________________________________________________________________________________________________________________________________________________________

Signature:									Date:







Appendix B. Informed consent form.
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Informed consent form
The following is a brief statement of the research project, objectives and methods designed, to safely and effectively perform this test.

The effectiveness of a Home-made Isotonic drink. 
This research project is testing whether a home-made isotonic drink shows similar sporting performance when compared to a manufactured isotonic drink. You will be taking part in 4 sessions, cycling on a Watt Bike pro for a total of 50 minutes in each session. When sessions with the involvement of fluids arise, you will consume 500ml overall (250ml before the session and 250ml halfway through). You will be cycling at your own speed for each session at a resistance of 5 for the whole duration. You will not be up against anyone else but YOURSELF. The 4 sessions are as followed:
· 1 session without water
· 1 session with 500ml of water
· 1 session with 500ml of a home-made isotonic drink.
· 1 session with 500ml of a manufactured isotonic drink. 
During every session, the researcher will be taking the following measures.
· Heart rate.
· Blood pressure (before and after each session).
· Weight (before and after).
· Power.
· Rate of perceived exertion. 

I have read, understood and completed the PAR-Q questionnaire to the best of my knowledge. Any questions that I have asked, have been answered and I am agreeing to participate in this research project. 
I understand the proceedings of the research project and the overall aim of the research. I understand that I am aware that participation may involve the risk of injury. I understand that I can remove myself from this research project at any given time, without needing to give reason to the researcher. I understand that unacceptable or dangerous behaviour may result in my removal from the facilities. 

Name:
Signature:								   Date:


























Appendix C. Template of collection of data from cycling sessions. 
	Participant:

	
	Heart rate before:
	

	Bike Number:

	
	Bike Height:
	

	Blood Pressure before:


	Blood Pressure After:
	Weight Before:
	Weight After:

	
	
	
	

	Time
	Average power (Watts)
	Average heart rate
	RPE

	5
	
	
	

	10
	
	
	

	15
	
	
	

	20
	
	
	

	25
	
	
	

	30
	
	
	

	35
	
	
	

	40
	
	
	

	45
	
	
	

	50
	
	
	

	


	
	
	

	
	Final Distance:
	Average Cadence:


	Average Speed:










Appendix D. Borg scale to determine rate of perceived exertion (RPE).
	Perceived Exertion Rating
	Description of exertion

	6
	No exertion

	7
	Extremely light

	8
	

	9
	Very light

	10
	

	11
	Light

	12
	

	13
	Somewhat hard

	14
	

	15
	Hard

	16
	

	17
	Very hard

	18
	

	19
	Extremely hard

	20
	Maximal exertion
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