Energy
Introduction to energy

‘Loss of fluid and reduction in the body’s carbohydrate stores are the two major causes of fatigue in prolonged exercise’ 

Consensus statement – Maughan et al. Br J Sports Med 1993: 27:34-5

The more you understand about fluid and energy the better chance you have of being able to do the right things to ensure you get the most from your performance.

The next section provides comprehensive information on how the body uses energy and how it can affect sporting performance. Useful tips for keeping energy levels topped up before, during and after exercise are also included.

Your energy needs

The energy we need comes from what we eat and drink and is used to keep our bodies healthy and active.

Energy:

· maintains the body’s normal regulatory processes 

· helps body growth, development and repair 

· helps keep us active, and allows us to participate in sports and activities 

· aids the healing processes, enabling the body to recover quickly. 

Units of energy are usually expressed as Calories (also known as kcal). Calories have been used as units for many years and are the term that most people are familiar with. Energy is now also expressed in kilojoules (kJ). One kcal is equivalent to 4.184 kJ.

Food intake and energy

Different types of food contain different amounts of energy in Calories

· 1 g of carbohydrate provides 4 kcal.(16.7 kJ) 

· 1 g of protein provides 4 kcal.(16.7 kJ) 

· 1 g fat provides 9 kcal.(37.6kJ) 

Although it would appear from these values that fat is the most useful source of energy, this is not necessarily the case. Energy is produced from fat more slowly than it is from carbohydrates, and carbohydrate is the main fuel used during high-intensity exercise. So, if the intensity of exercise is to be maintained, and fatigue avoided, then carbohydrate is especially important.

Managing your energy intake

Sports participants need to manage their diet to maximise the energy available to them, and so it is important to understand how the body uses food to produce energy, and how you can maximise the amount of energy available for exercise.

The exact amount of energy needed varies from one sports participant to another depending on gender, and on the type, frequency, intensity and duration of the sport or exercise they are participating in. On average, sports participants need between 2300-6000kcals per day, most of which should come from carbohydrate (60-70% of total energy intake). Serious sports participants need to consume at least 500 g of carbohydrate each day. 

Use the table below as a guide to see how much carbohydrate is provided by different foods.

	Food
	Carbohydrate level (g)
	Energy (kcal)

	Large portion of pasta
	90
	360

	Large portion of rice
	60
	240

	Large portion jacket potato
	45
	180

	Large tin of baked beans
	45
	180

	2 large thin slices of bread
	30
	120

	Lucozade Sport 500ml bottle
	32
	128

	1 pint of milk
	30
	120

	Medium banana
	20
	80

	Apple
	10
	40


Energy production

When you eat and drink, the food you consume is not immediately available for producing energy. Before your body can use it, the food must be digested and absorbed.

Read more about digestion.

Once the food has been digested and absorbed, the breakdown of products can be used to provide energy - either immediately or they can be stored as energy reserve to be drawn upon when needed. Glucose (from carbohydrate breakdown) is converted to glycogen and stored in the liver and muscles, while fat is stored at various sites around the body including the abdomen and below the skin. Carbohydrate (glycogen) stores have a limited capacity (250-600 g), but fat stores do not. 

Protein is not an immediate source of energy and so is not usually stored as an energy source. Protein is only used as a fuel in significant quantities when insufficient energy is available from carbohydrate and fat.

Read more about protein.

What is ATP?

Energy is generated in the form of a molecule called adenosine triphosphate, or ATP, which powers all your bodily functions and reactions. The ATP molecule contains chemical bonds that store the energy. When these bonds are broken, energy is released and this is used to power your body.

ATP production

The body can only store a small amount of ATP, and during exercise these stores are quickly used up, especially when energy demands on the body are high. This means that ATP needs to be constantly produced during exercise. Your body has a number of processes it uses to do this – the predominant one used depends on the type, intensity and duration of exercise. 

The amount of ATP that the body produces depends on the energy source (i.e. fat, carbohydrate) being broken down. Fat (triacyglycerol) is the preferred source of fuel for resting muscle and can cover the demands for low to moderate intensity exercise. During high intensity exercise, carbohydrate becomes the predominant source of energy. In addition, the rate of ATP production is higher from carbohydrate than fat, therefore you should aim to start exercise with your glycogen stores fully topped up.

Creatine phosphate

A temporary source of energy, which can be used to produce ATP, is creatine phosphate (CP). The body gets most of its creatine from the meat, poultry and fish in our diet. Creatine is stored in muscle tissue where it can bind to phosphate forming CP. CP is a high-energy molecule that acts as an energy reservoir. CP can transfer its high energy bond to make ATP. However, our bodies only contain enough CP to maintain 5-6 seconds of intensive exercise. CP is therefore described as an ‘energy buffer’ to cover any temporary deficits in ATP stores and is important in sports that need instant bursts of energy, such as weightlifting or sprinting.

Exercise and energy

The way the body produces and uses energy is complex. Our bodies have many different ways to ensure that energy production meets the demands that exercise or sport place on them.

The processes used by the body to produce energy can work independently of each other or simultaneously; for example, the body can produce ATP from both glucose and creatine phosphate (CP) at the same time.

The body will use different energy sources at varying levels to create ATP depending on the intensity and duration of the exercise or sport. 

Energy usage by sport (i)

The amount of energy used by the body to fuel performance depends on the type of exercise undertaken.
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Adapted from ‘Maughan RJ (ed). Nutrition in sport. Oxford: Blackwell Science, 2000
Energy usage by sport (ii)

There are 3 main ‘types’ of exercise:

· Sprint e.g. 100 m sprint 

· Endurance e.g. marathon running 

· Resistance e.g. weight lifting 

Most activities can be broadly categorised into one of these key types and the core source of energy for these varies:

· In short duration sprint exercise the body uses instant energy sources (glucose and CP) as its primary fuel.

· In endurance sports, the body initially uses short term, instant energy (glucose), but the body also draws on its stored energy sources (glycogen and fat) to ensure peak performance can be maintained over prolonged periods of time. 

Intermittent exercise

For many sports – especially team sports such as rugby, football and netball – a combination of types of exercise are involved. For example, football is a combination of sprinting and endurance, together with walking and some standing still.

These sports are known as ‘intermittent exercise’ and require both immediately available and stored energy reserves.

Regular sports participants should remember that whatever type of exercise they do, performance can be improved by tailoring the diet to ensure it meets the energy needs of the body

Maximising your fuel supply

Energy production is complex. The most important thing to remember is that ALL types of sport and exercise require energy – and energy comes from what we eat and drink.

So, it is possible to help improve performance by managing our diet in line with our needs.

All serious sports participants should maintain a balanced diet that is high in carbohydrate. This is because the body’s glycogen stores are relatively small and regular training and/or competing quickly depletes these.

As glycogen stores become depleted, the body becomes increasingly reliant on fat as an energy source. The production of ATP from fat is relatively slow compared to the production of ATP from glucose – this results in fatigue and a noticable reduction in the intensity of effort that can be maintained. 

Keeping glycogen levels topped up and readily available is vital to driving sporting performance. It’s simple – when you run out of glycogen, you will quickly run out of energy. This is particularly important in endurance events, such as long distance running, as the lower your muscle glycogen content, the shorter the time to exhaustion. This means you’re likely to suffer from early fatigue and impaired performance.

Energy and performance tips (i)

To ensure that you perform at a consistently high standard it is fundamental to get the ‘energy basics’ right every day:

· Remember, for serious sports participants, 60–70% of daily energy intake should come from carbohydrates. Aim to eat at least 500g of foods such as pasta, potatoes, bread, cereals and rice to achieve this. 

In addition to getting the basics right every day, you should also develop a nutrition routine before, during and after you exercise or compete.

It can be difficult to know what to eat and when, and it will vary depending on the type of sport you do and your own personal preferences. However, ensuring your energy stores are always full is important to all sports. 

The LSSA has compiled some 'useful guidelines' on how to keep your energy levels topped up.

· Try to eat a carbohydrate-rich meal (containing about 75k carbohydrate) 3–4 hours before exercise. This will maximise your energy levels before starting exercise, helping to prevent fatigue. Suggested foods include a large bowl of pasta with a low fat tomato based sauce or a couple of sandwiches and a banana.

· Drink a carbohydrate-containing sports drink during exercise. As you will see in the next section [link to Hydration section] this will top up your carbohydrate levels as well as keeping you hydrated, and this is proven to help improve your sporting performance. 

Energy and performance tips (ii)

  Try to replace your energy straight after exercise by eating plenty of carbohydrates in the 4 hours following exercise. Glycogen stores are most effectively replenished within the first few hours after exercise. This will refuel your body for your next exercise session and aid recovery.

  If you cannot face a meal directly after exercise, try a sports drink or bar instead. Sports drinks are specifically designed to replace fluid and provide a boost of carbohydrate energy, but ensure that you follow this up with a high carbohydrate meal or snack as soon as possible. 

Read more about sports drinks.

Remember, it will take time for you and your body to get used to changes in your routine and diet, so introduce new or different practices gradually. Trying something new on match day or an hour before competing in a 100 m final isn’t usually a good idea. Build changes in your diet into your routine in the same way you set milestones during training.

Q & A

I need to train early in the morning but I don’t feel like eating a full breakfast beforehand. What sort of foods can I eat to give me the energy I need without making me feel bloated and overfull?

Good preparation for exercise normally includes eating a carbohydrate-rich meal, such as a bowl of pasta, or some sandwiches and a banana, 3 or 4 hours before you exercise – topping up your muscle glycogen stores and still giving you plenty of time to digest the food. However, this is not always possible before early morning training as it might involve getting up in the middle of the night to eat! An alternative in this situation would be to ensure that you have a high carbohydrate meal the evening before training and then maybe a snack before you go to bed. It’s still a good idea to try and eat something in the morning though, even if it’s just a slice of toast, to help sustain you through training. Sports drinks or energy bars and gels are an alternative way of consuming some carbohydrate without feeling too full or bloated during exercise.

Can you give me some good ideas for carbohydrate-rich meals?

For breakfast try eating a large bowl of cereal with a small amount of sugar, semi-skimmed milk and a sliced banana; or try 4 slices of toast with jam instead. If you train early and eating beforehand makes training uncomfortable, try a sports drink or some diluted fruit juice instead.

For lunch you could eat a large bowl of pasta with a low fat sauce (e.g. tomato or low fat seafood sauce) or a couple of sandwiches, preferably made with wholemeal bread, a small amount of butter or margarine and filled with lean meat (e.g. chicken) and salad, along with a yogurt and some fruit.

For dinner, options include grilled lean meat with boiled potatoes and vegetables, or meat with steamed or boiled rice and stir-fried vegetables, or a large baked potato with baked beans or meat sauce.

Fruit, energy bars, and sports drinks are all good sources of carbohydrate and can be used as snacks throughout the day to keep carbohydrate intake high.

If fat is a good source of energy, why won’t eating a high-fat meal just before training give me more energy?

Fats are an essential component of a balanced diet, providing energy and nutrients such as the fat soluble vitamins, A, D and E. Fats are a concentrated source of energy and they do provide more energy gram for gram than carbohydrates. However, eating a high fat meal just before training will not give you more energy for exercise. High-intensity exercise is reliant predominantly on your glycogen (carbohydrate) stores, as the speed and availability of fat is too slow. So, fat stores are generally only used by the body to fuel low intensity exercise when the demands are lower and the speed of availability is not such an issue. The body becomes more reliant on fat to fuel activity when glycogen stores are low; however, this leads to a decrease in the intensity of the exercise that can be maintained. So, the best thing to eat before training to give you an extra boost of energy is a high-carbohydrate meal or a carbohydrate containing sports drink or bar – this will mean you have plenty of glucose available to fuel your exercise.

