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Introduction
The purpose of this document is to act as a guide for students preparing to be tested for a senior 

grade within the International Federation of Karate Kyokushinkai Australia Inc (IFKKA) and covers 

the areas of nutrition and hydration. Part of a student’s preparation for a senior grading is to 

understand this is a test of not just technique and ability, but that it is a test of character, stamina, 

endurance, internal fortitude, humility, commitment and discipline. 

It is important for the karateka to understand that participation in a senior grading is considered an 

endurance event. An endurance event is defined by any event with duration of greater than 3 

hours and calls for a high level of fitness and stamina. A vital part of the karateka’s preparation is 

understanding the role that correct nutrition and hydration plays.

During the course of a senior grading particularly the level of Shodan there will be various stresses 

being placed on the participant both physically and psychologically, your instructor can assist you 

with the physical requirements and guide you towards training that will enhance and compliment 

your current karate training. In the areas of aerobic, strength and endurance fitness; the 

importance of planning your training and tapering your training to give you sufficient time to rest in 

the week preceding your grading. 

After all let’s face it, if you’re not fit enough and don’t know your stuff in the final week leading up to 

your grading, then you won’t on the day!!!!

All the information contained within this document was sourced from the Australian Sports 
Commission Australian Institute of Sport website http://www.ausport.gov.au/

Don’t let this document be your only source of information in relation to this topic, but rather treat it 

as the beginning of an information gathering process, as I am sure you will be able to find more 

information to assist you in these areas.

All the information contained within this document was sourced from the Australian Sports Commission Australian Institute of Sport 
website http://www.ausport.gov.au/
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Hydration

How much do athletes sweat?
Maintaining fluid balance, or hydration, is an important factor in preserving various body functions and 

supporting exercise performance. During exercise, fluids are lost, mainly through sweating. Unless the 

athlete consumes fluid to replace these losses, a fluid deficit will occur. Unfortunately, thirst is not an 

adequate indicator of fluid needs during exercise. To help develop a fluid intake plan, both during and after 

exercise, athletes need to know about the magnitude of their sweat losses.

How can sweat losses be estimated?
In the laboratory, sweat losses and sweat rates can be measured using various sophisticated techniques. In 

the field, the most practical way for athletes to monitor their sweat loss is to measure changes in body weight 

- that is, to weigh themselves pre- and post-exercise. Each kilogram of weight loss is approximately equal to 

one litre of fluid deficit. Total sweat loss can be estimated by adding the weight of any food or drinks 

consumed during the session, to this post session weight change. Dividing the total sweat loss by the 

duration of exercise will provide an estimation for the rate of loss.

For example:
Pre-exercise weight - 55 kg 

Post-exercise weight - 53.5 kg

Volume of fluid consumed during exercise (1 L) - 1 kg Exercise duration - 2 hrs

Calculations: 
Fluid deficit (L) = 55 kg - 53.5 kg = 1.5 kg

Total sweat loss (L) = 1.5 kg + 1 kg = 2.5 kg

Sweat rate (L/h) = 2.5 kg/2 h = 1.25 L/h

Do sweat rates vary among athletes?
Yes. Individual sweat rates and fluid losses vary widely. Body size, gender, exercise intensity, environmental 

conditions and individual metabolism all influence sweat rates. The best way for athletes to gain information 

about their sweat rates for a given event or training session is to actually monitor their losses over a number 

of sessions under similar conditions. However, this is not always possible. Values representing average 

losses for a given type and intensity of exercise, in a given environment will provide guidelines for expected 

sweat loss when no specific information is available. In the following tables, mean fluid losses for sportsmen 

and sportswomen under varying conditions with different sporting activities are given.

AFL
Sex Intensity Sweat rate (L/h) Ambient temperature  (°C) Relative humidity (%)

m - 1.4 12-15 55-88

m - 1.8 27 52

All the information contained within this document was sourced from the Australian Sports Commission Australian Institute of Sport 
website http://www.ausport.gov.au/
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BASKETBALL
Sex Intensity Sweat rate (L/h) Ambient temperature (C) Relative humidity (%)

m Competition 1.6 23 41

m Competition 1.6 19 36

f Competition 0.9 26 60

f Competition 1.0 17 58

m Training 1.4 27 34

m Training 1.0 20 24

f Training 0.7 25 43

CRICKET
Sex Intensity Sweat rate (L/h) Ambient temperature (C) Relative humidity (%)

m - 0.5 23 65

m - 0.7 33 22

m - 1.4 33 30

CYCLING
Exercise type Sex Intensity Sweat rate (L/h) Ambient temperature (C) Relative humidity (%)

80 min m 70% VO2max 1.1 20 -

3 hours m 60% VO2max 1.21 31 22

3 hours 
(intervals)

m 33-44% VO2max 0.62 33-44 28

2 hours m 50% VO2max 1.25 30 -

40 km f 30 km/h 0.75 19-25 -

m 32 km/h 1.14 19-25 -

1 hour m 50% VO2max 0.39 25 53

17 min m 35-45% VO2max 0.29 30 45

NETBALL
Sex Intensity Sweat rate (L/h) Ambient temperature (C) Relative humidity (%)

f Competition 1.0 22 66

f - 0.9 16 43

f Training 0.7 28 36

f Training 0.7 19 30

ROWING
Sex Intensity Sweat rate (L/h) Ambient temperature (C) Relative humidity (%)

m Training 2.0 32 -

f Training 1.4 32 -

m Training 1.2 10 -

All the information contained within this document was sourced from the Australian Sports Commission Australian Institute of Sport 
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f Training 0.8 10 -

RUGBY UNION
Sex Intensity Sweat rate (L/h) Ambient temperature (C) Relative humidity (%)

 

m - 2.2 18-20 18-20

m - 1.7 21-23 78-85

m - 2.2 20-22 74-82

m Forwards 2.6 24-25 30-32

m Backs 1.6 24-25 30-32

RUNNING
Exercise type Sex Intensity Sweat rate (L/h) Ambient temperature (C) Relative humidity (%)

10 km f 12.8 km/h 1.49 19-24 -

m 14.6 km/h 1.83 19-24 -

30 km - - 1.25 9-17 30-90

2 hours m 63% VO2max 1.41 22 40-45

42.2 km 
 

- 9.3-15.5 kg/h 1.1 21-26 50-60

f 9-12 km/h 0.54 6-24 45-85

m 9-12 km/h 0.81 7 45-85

m 8.7-16.1 km/h 0.96 10-12 73

m 15.9 km/h 1.52 20 37

- 9.8-15 km/h 0.69-1.27 12-23 -

56 km - 10.4-14.8 km/h 0.96-1.00 11.3-25.8 -

80 min m 70% VO2max 1.43 20 -

SOCCER
Sex Intensity Sweat rate (L/h) Ambient temperature (C) Relative humidity (%)

f Competition 0.8 26 78

m Competition 1.2 25 41

m Competition 1.0 10 56

f Training 0.8 30 35

m Training 1.0 25 41

m Training 0.7 9 61

m - 2.1 33 40

m - 0.8 13 7

m - 2.0 13 7

m - 1.3 19 55

All the information contained within this document was sourced from the Australian Sports Commission Australian Institute of Sport 
website http://www.ausport.gov.au/

Page 9 of 47



VOLLEYBALL
Sex Intensity Sweat rate (L/h) Ambient temperature (C) Relative humidity (%)

m Training 0.8 Summer -

f Training 0.8 Summer -

WATERPOLO
Sex Intensity Sweat rate (L/h) Ambient temperature (C) Relative humidity (%)

m Competition 0.8 27 -

m Training 0.3 27 17

Do men sweat more than women?
The information above shows that most of the published information concerns male athletes. In general, 

women sweat less than men, even when data are expressed as a percentage of body weight. This does not 

mean that women regulate body temperature better than males, however. In fact, since the sweat rate is 

lower and provides less opportunity to dissipate body heat, body temperature may actually rise more in 

women during a given exercise bout at a particular relative intensity. Women may then need to take other 

measures to aid in heat regulation. These may include, sponging the body with cool water, wearing clothes 

that do not hold heat and if all else fails, reducing exercise intensity.

Does sport influence sweat loss?
Sweat losses vary according to the type of activity, the intensity of exercise and environmental conditions. 

The tables show that the rate of sweat loss increases with higher intensity exercise. For example, running at 

10 km race pace will produce a higher sweat rate than running at marathon pace, all other things being 

equal. Of course, total sweat losses in a marathon will probably be greater since the athlete will exercise for 

a longer time. Heat and humidity play an obvious role in determining sweat rates - and athletes who compete 

in summer-based sports or events located in hot environments (e.g. the 1996 Olympics in Atlanta or the 

1998 Commonwealth Games in Kuala Lumpur) should be particularly aware of the need to monitor sweat 

losses. In some sports, airflow provides an opportunity for convective loss of heat and can reduce sweat 

losses (e.g. cycling versus running in the same environment or running with the wind versus against the 

wind). On the other hand, playing sport in a stadium may provide an artificial environment and prevent 

airflow. Some athletes do not realise that they can sweat while undertaking exercise in water. However 

studies on waterpolo and swimming show a small-moderate sweat rate when the intensity is high.

Adapted from: Rehrer, N. J., and L. M. Burke. Sweat losses during various sports. Australian Journal of Nutrition and Dietetics. 53(4): 
S13-S16, 1996.
Written by Michelle Minehan and the Department of Sports Nutrition, AIS © Australian Sports Commission 2004 

All the information contained within this document was sourced from the Australian Sports Commission Australian Institute of Sport 
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Fluid - Who Needs It?
'Don't get into the habit of eating or drinking in a marathon race: some prominent runners do, but it is not  

beneficial'. J.E. Sullivan 1909

Fortunately, sports science has progressed a long way since then and we now know that the regular 

ingestion of fluids is essential for sporting performance. Hypohydration (total body water below normal) 

impairs the body's ability to regulate heat resulting in increased body temperature and an elevated heart rate. 

Perceived exertion is increased causing the athlete to feel more fatigued than usual at a given work rate. 

Mental function is reduced which can have negative implications for motor control, decision making and 

concentration. Gastric emptying is slowed, resulting in stomach discomfort. All these effects lead to 

impairment in exercise performance. Most types of exercise are adversely affected by hypohydration, 

especially when they are undertaken in hot conditions, and negative effects have been detected when fluid 

deficits are as low as 2% (i.e. a deficit of 1.2 litres for a 60 kg athlete).

The good news is that by drinking regularly during exercise, athletes can prevent declines in concentration 

and skill level, improve perceived exertion, prevent excessive elevations in heart rate and body temperature 

and improve performance - good justification for every athlete and coach to make fluid replacement a key 

priority during training and competition.

How much should athletes drink during exercise?
Fluid requirements vary remarkably between athletes and between exercise situations.  Fluid losses are 

affected by:

• Genetics - some people innately sweat more than others 

• Body Size - larger athletes tend to sweat more than smaller athletes 

• Fitness - fitter people sweat earlier in exercise and in larger volumes 

• Environment - sweat losses are higher in hot, humid conditions 

• Exercise Intensity - sweat losses increase as exercise intensity increases 

It is impossible to prescribe a general fluid replacement plan that will meet the needs of all athletes. 

Fortunately, athletes can easily estimate their own fluid requirements by weighing themselves before and 

after exercise sessions. Each kilogram of weight lost is equivalent to one litre of fluid. Adding on the weight of 

any fluid or food consumed during the exercise session will provide an estimate of total fluid loss for the 

session. For example, an athlete who finishes an exercise session 1 kg lighter and has consumed 1 litre of 

fluid during the session has a total fluid loss of 2 litres. The How Much Do Athletes Sweat? fact sheet on the 

AIS Sports Nutrition website discusses sweat losses in athletes.

Once an athlete's individual sweat losses are known, a plan can be prepared to help the athlete achieve 

better fluid replacement in subsequent exercise sessions. Fluid replacement plans will differ according to the 

athlete and the opportunities for drinking during the sport. However, where possible it is better to begin 

drinking early in exercise and adopt a pattern of drinking small volumes regularly rather than trying to tolerate 

All the information contained within this document was sourced from the Australian Sports Commission Australian Institute of Sport 
website http://www.ausport.gov.au/
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large volumes on one hit.  Most athletes can tolerate 200-300 ml every 15-20 minutes but tolerance will vary 

according to the exercise intensity.

How much do athletes actually drink?
Typically athletes replace 30-70% of sweat losses during exercise. Fluid replacement is an issue for all 

sports including those such as swimming and water polo conducted in wet environments, and sports 

conducted in air conditioned stadiums. There are many reasons for athletes failing to drink enough to replace 

fluid losses. Some athletes are so focused on training or competing that they forget to drink. Some avoid 

drinking because they fear stomach discomfort. Drinks need to be cool, palatable and conveniently available 

or they will not be consumed. The sensation of fluid in the mouth sends nerve signals to the brain that switch 

off the drive to drink. When low sodium fluids such as water, juice and cordial are consumed, the desire to 

drink is often switched off before that athlete has consumed sufficient fluid to match sweat losses.

Is it possible to drink too much?
Consuming fluid in excess of requirements may cause some gastrointestinal discomfort. In extreme cases, a 

condition called hyponatraemia can occur. Hyponatraemia (low blood sodium levels) causes symptoms 

similar to dehydration and is potentially life threatening. It is not common but can occur in prolonged 

endurance events (> 2 hours) when large volumes of low sodium drinks are consumed and sweat losses are 

small. Those most at risk are small females who have long race times. This group of athletes tends to have 

small sweat losses and plenty of time to consume large amounts of fluid during the event. Consuming 

sodium-containing fluids such as sports drink and matching fluid intake to sweat loss lowers the risk of 

hyponatraemia.

What should athletes drink?
Research shows that fluid intake is enhanced when beverages are cool (~15 C), flavoured and contain 

sodium. This makes sports drinks an ideal choice during exercise. Sports drinks are not gimmicks. They are 

legitimate products that are well researched and proven to improve fluid intake and performance. A lot of 

science has gone into developing the flavour profile of sports drinks so that they encourage fluid intake 

during exercise. In addition, sports drinks contain carbohydrate at a concentration (4-8%) that allows 

refueling to take place during exercise.

Several studies demonstrate that use of sports drinks will improve fluid intake. A study conducted with AIS 

netball and basketball players in 1999 demonstrated better fluid balance with a sports drink compared to 

water. This is consistently observed across our sporting programs. Even athletes who prefer to drink water 

during exercise, demonstrate better fluid intake when forced to drink sports drink.

In the past, it was believed that sports drinks only benefited the performance of exercise greater than 90 

minutes. However, in recent years, the intake of carbohydrate and fluid has been shown to be beneficial for 

high intensity exercise of approximately 60 minutes. This makes sports drinks a good option for many types 

of sporting activity.

All the information contained within this document was sourced from the Australian Sports Commission Australian Institute of Sport 
website http://www.ausport.gov.au/
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Water is still a suitable option during exercise. However, water drinkers need to be aware that water does not 

stimulate fluid intake to the same extent as sports drinks. Drinking to a plan is therefore crucial when drinking 

water. Don't rely on thirst.

Cordial, soft drinks and juice generally contain greater than 10% carbohydrate and are low in sodium. This 

can slow down gastric emptying and makes these drinks a less suitable choice, especially for high intensity 

activity. Some athletes, exercising at low intensities may tolerate juice, soft drink and cordial but in most 

situations, sports drinks are the better option.

Which sports drink is the best?
Food standards in Australia place restrictions on the formulation of sports drinks. As a result, sports drinks 

sold in Australia are very similar in composition. See the table below. Choose a sports drink that has 4-8% 

carbohydrate, 10-20 mmol/L sodium, is affordable, comes in a convenient package and tastes good.

Drink CHO (%) Sodium (mmol/L)

Gatorade 6 18

Powerade 8 4

Adam’s Ale Sport 6 10

Staminade Sport 6.8 10

PB Fluid & Electrolyte Replacement 6.8 25

Summary of Fluid Guidelines

• Begin each exercise session in fluid balance. This requires drinking regularly throughout the day 

leading up to training or competition. Have a drink with all meals and snacks. 

• Immediately, before exercise commences, consume 200-600 ml of fluid. 

• Develop a plan for fluid intake for all exercise sessions longer than 30 minutes. Aim to match 

previous fluid losses as closely as possible (within 1% of body mass). Take into account all the 

opportunities within the sport. 

• Begin drinking early in the exercise session and continue to drink small amounts regularly. Sports 

drink or water are the best options. 

• Replace any residual fluid deficit after exercise. You will need to drink 150% of any fluid deficit in the 

4-6 hours after exercise to account for ongoing sweat and urinary losses. When fluid losses are high 

and/or rapid rehydration is required, sodium replacement may be required. Sports drinks, oral 

rehydration solutions and salty foods can all contribute to sodium replacement.

What can the coach do?
Drinking during exercise does not come naturally to athletes. It is a skill that needs to be developed and 

practiced. Coaches can help athletes by:

• Recognising the importance of fluid replacement during exercise and creating a supportive 

environment 

• Arranging for athletes to be well educated regarding hydration 

• Assessing fluid balance during training sessions to help athletes determine individual fluid losses 

All the information contained within this document was sourced from the Australian Sports Commission Australian Institute of Sport 
website http://www.ausport.gov.au/
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• Helping athletes prepare a fluid replacement plan for training and competition 

• Incorporating drink opportunities during training 

• Providing cool, flavoured, palatable drinks which are readily accessible during training and 

competition or establishing team rules designed to encourage fluid intake - i.e. all athletes must bring 

suitable fluids or a drink bottle to training 

• Allowing athletes to practise and fine tune fluid replacement strategies during training in preparation 

for competition 

• Periodically monitoring fluid balance to create an awareness of whether athletes are meeting fluid 

replacement goals 
Written by Michelle Minehan and the Department of Sports Nutrition, AIS © Australian Sports Commission 2004

All the information contained within this document was sourced from the Australian Sports Commission Australian Institute of Sport 
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Cramps and Stitch
Just about everyone who has ventured onto the exercise arena has experienced either a cramp or a stitch at 

some time. These complaints can range from mildly uncomfortable to severely debilitating and are a great 

source of frustration to everyone from recreational exercisers to serious athletes. Unfortunately, scientists 

know very little about the two conditions and how to avoid them. Consequently, there is a lot of folklore 

surrounding the topic, making it difficult to know exactly how to deal with these problems.

What is cramp?
Cramp is a sudden, tight and intense pain that most commonly occurs in the leg muscles especially the 

gastrocnemius (calf), hamstrings (back of thigh) and quadriceps (front of thigh). It can range from a slight 

twinge to an excruciating pain, and may last for a few seconds or several minutes. A cramp can be a one-off 

occurrence or repeat several times before the muscle relaxes and the pain goes away.

What causes cramp?
Cramp is caused when a muscle involuntary and forcibly contracts and does not relax. While this seems to 

be due to an abnormal stimulation of the muscle, the exact mechanism is unknown. Cramp is more likely to 

occur in tired muscles therefore poor fitness or exercising at high workloads can increase the likelihood. 

Inadequate stretching may also contribute.

Dehydration may contribute to cramp especially when fluid and sodium losses are high. Sodium is involved 

in initiating nerve signals that make muscles contract. A deficit of sodium and fluid may "irritate" muscles 

causing them to contract uncontrollably.

Cramp has been attributed to the depletion of potassium and minerals such as calcium and magnesium. 

However, this idea does not have strong support as very little potassium, calcium and magnesium is lost 

during exercise. Also deficiency is rare as these substances are abundant in the diet. It has been suggested 

that magnesium is relocated in the body during exercise rather than lost in sweat. Therefore, a magnesium 

imbalance in relation to other electrolytes (sodium and potassium) may be involved. Further evidence needs 

to be gained in this area.

The use of creatine has been linked to cramps, based on anecdotal reports from athletes, and the hypothesis 

that a creatine-loaded muscle cell may become so "full" with the storage of creatine and fluid, that the 

integrity of the membrane is disrupted. Although this theory is interesting, studies that have followed the 

cramping and injury outcomes of groups of athletes have not found any difference in the prevalence of 

problems occurring in creatine users and non-users.

How can I avoid cramp?

• Allow adequate recovery and rest for muscles after hard training sessions. 

• Increase strength and fitness.  Stronger, fitter muscles are more resilient to fatigue and therefore 

cramp. Be cautious when changing speed or intensity especially during the later stages of exercise. 

Fatigued muscles take longer to adapt to increased workloads. 

• Wear comfortable, unrestrictive clothing and footwear. 
All the information contained within this document was sourced from the Australian Sports Commission Australian Institute of Sport 
website http://www.ausport.gov.au/
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• Stay well hydrated during exercise by drinking appropriate amounts of fluid. A fact sheet on fluid 

guidelines is available in the AIS Sports Nutrition website (www.ais.org.au/nutrition). Sports drinks 

are a good option as they help to replace sodium losses, especially when sweating at high rates. In 

most cases, salt tablets are not recommended. However, during ultra endurance exercise 

(particularly in very hot weather or when sweat losses are high) it can be necessary to be more 

aggressive in the replacement of sodium. Sodium intakes of approximately 0.25-0.7 gram per hour 

may be necessary for ultra endurance exercise lasting more than 3-4 hours. This may require the 

use of salty foods (i.e. Vegemite sandwiches, crackers, pretzels, potato crisps) or special products 

such as electrolyte powders or tablets to keep pace with sodium requirements. Speak to a Sports 

Dietitian if you think this applies to you.

How should cramp be treated?
Stretching helps to decrease the muscle contraction and allow the muscle to relax. Massaging the area may 

help to alleviate pain. When cramps are severe, applying ice can stop the spasm and help to relieve pain. 

Rest and replacing fluid losses will also bring improvement.

Does cramp indicate a more serious problem?
In most cases, cramps are a temporary event and do not lead to serious problems. However, sometimes 

cramps can indicate a more serious medical condition. You should always see your doctor if cramps are 

severe, occur regularly, fail to improve with simple treatment or are not related to obvious causes such as 

strenuous exercise.

What is stitch?
Stitch is a localised pain usually felt on the side, just below the ribs. It is sometimes accompanied by a 

stabbing pain in the shoulder joint. The pain can range from sharp or stabbing to mild cramping, aching or 

pulling. Sometimes people can exercise through the pain however, usually the sufferer is forced to slow 

down or cease exercise. The pain usually eases within a few minutes after ceasing exercise however some 

people experience some residual soreness for a few days, especially after severe pain. Stitch seems to be 

more prevalent in activities that involve vigorous upright, repetitive movement of the torso. Activities such as 

running (particularly when going downhill) and horse riding may be more prone to stitch but it can occur in 

any type of activity.

What causes stitch?
Scientists are unsure of the exact cause of stitch. For some time, stitch was thought to be caused by a 

reduction in blood supply to the diaphragm, a large muscle involved in breathing. It was thought that during 

exercise, blood was shunted away from the diaphragm and redirected to exercising muscles in the limbs. 

This theory has now lost favour with scientists. Both the diaphragm and the limb muscles need to work 

harder during exercise so it is unlikely that an inadequate blood flow is directed to the diaphragm. Another 

popular theory is that stitch is caused by organs pulling on the ligaments that connect the gut to the 

diaphragm. Ligaments that support organs such as the stomach, spleen and liver are also attached to the 

diaphragm. Jolting during exercise may cause these organs to pull on the ligaments and create stress on the 

diaphragm.

All the information contained within this document was sourced from the Australian Sports Commission Australian Institute of Sport 
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A more recent idea is that stitch is caused by irritation of the parietal peritoneum. Two layers of membrane 

(peritoneum) line the inside wall of the abdominal cavity. One layer covers the abdominal organs. The other 

layer (parietal peritoneum) attaches to the abdominal wall. The two layers are separated by lubricating fluid, 

which allows the two surfaces to move against each other without pain. The parietal peritoneum is attached 

to a number of nerves. It is thought that the stitch occurs when there is friction between the abdominal 

contents and the parietal peritoneum. This friction may be caused by a distended (full) stomach or a 

reduction in the lubricating fluid.

Eating and drinking inappropriately prior to exercise may exacerbate stitch by causing a full stomach or 

dehydration. Poor fitness, an inadequate warm-up and exercising at high intensity may also be factors. A 

sudden change in biomechanics such as increased stride length or frequency may increase the risk of stitch 

by affecting the way that the torso moves.

How can I avoid stitch?

• Eating too closely to exercise or consuming inappropriate foods and fluids seems to exacerbate the 

stitch. High-fat foods, and foods and fluids with a high sugar concentration are more likely to cause 

problems. The likelihood of stitch occurring may be reduced by allowing 2-4 hours before exercising 

after a large meal and choosing high-carbohydrate, low-fat and moderate to low protein options in 

the pre-exercise meal.

• During exercise, it is possible that a full stomach contributes to stitch. Concentrated fluids such as 

soft drink and cordial empty slowly from the stomach therefore are likely to lead to a fuller stomach. 

Water and sports drink empty more quickly and are a better option. It is also preferable to adopt a 

pattern of consuming small amounts of fluid at frequent intervals during exercise rather then trying to 

drink large volumes all at once.

• Stitch may also be minimised by following a training schedule that progressively increases in 

intensity and duration. Sudden increases in intensity are more likely to cause stitch. It is much better 

to start at an easy level and slowly build up. 

How should stitch be treated?
Sometimes the stitch eases if you slow down and drop your intensity for a period. However, the most 

common way to alleviate stitch is to bend forward while pushing on the affected area and breathing deeply. 

Sometimes this can be done while exercising but usually the pain eases more quickly when exercise is 

ceased. Another option is to lie down while elevating your hips.

Does stitch indicate a more serious problem?
The stitch is rarely a sign of more serious problems. However, any pain that is persistent and does not ease 

when exercise ceases should be investigated by a doctor.

Written by Michelle Minehan and the Department of Sports Nutrition, AIS © Australian Sports Commission 2004 
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Sports Water
A new product is quickly claiming shelf space at the supermarket. It is uncoloured, lightly flavoured, contains 

vitamins and is known as sports water. Sports water aims to make it easier to stay hydrated during exercise. 

It is positioned as a product that is better than plain water but with less kilojoules than sports drink. This fact 

sheet examines this new product and compares it to plain water and sports drinks.

What is sports water?
Sports waters are essentially purified water that is lightly flavoured and may contain added vitamins, minerals 

and/or electrolytes. The following table outlines sports waters currently available in Australia. A popular 

sports drink and plain water are included as a comparison.

Product
Composition

Energy

kJ/100ml

cal/100m

l

CHO

g/100ml

Electrolytes 

mg/100ml

Vitamins Other

Sodium Potassium

Propel Fitness Water (Gatorade)

Claims:

Quenches and nourishes. In a daily diet, B vitamins aid in 

energy metabolism. Antioxidant vitamin E helps neutralise 

free radicals.

60

15 

3.8

 

2

 

0

 

B group

E 

no

 

Powerade Sports Water

Claims:

Includes electrolytes and minerals to assist in the rapid 

replenishment of fluids lost during exercise.

44

11 

2.5

 

12

 

14

 

no

 

no

 

Sanitarium Water Plus

Claims:

Easy to drink - takes the hard work out of hydration. Contains 

electrolytes to assist in hydration. Contains antioxidants to 

protect the body against harmful free radicals.

2

<1

 

0

(artificially 

sweetened) 

6

 

6

 

B group

C

E 

calcium

magnesium

zinc

Mizone

Claims: 

Easy to drink. B vitamins aid in energy metabolism. Vitamin 

C assists with recovery.

43

10

2.5

 

<5

 

0

 

B group

C 

no

 

Sports Drink (Gatorade)

Claims: 

Optimal combination of fluids, carbs and minerals designed 

to quench thirst and refuel muscles.

105

25 

6.0

 

41

 

12

 

no

 

no

 

Water
0 0 no no no No

All the information contained within this document was sourced from the Australian Sports Commission Australian Institute of Sport 
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What are the key features of sports water?

Flavoured
Sports scientists have known for some time that athletes consume more fluid when a flavoured beverage is 

used. In order to optimise physiological function during exercise, it is recommended that athletes consume a 

fluid at the same rate as fluid is lost from the body through sweating. However, in practice, it is difficult to do 

this and athletes typically only manage to replace approximately 30-70% of the fluid lost. Studies 

demonstrate that better fluid balance is achieved when athletes consume pleasantly flavoured beverages. 

Fruit flavours have the most appeal. A common criticism of sports drinks is that they are too strongly 

flavoured and are therefore difficult to drink. To counteract this, sports waters have opted for less flavouring 

than sports drinks. Sports drink manufactures have invested a great deal of effort in ensuring that sports 

drinks have an optimal flavour profile. Flavour preferences change when the body is working hard and it is 

important to ensure that whatever fluid you choose is palatable during exercise. If the flavouring in sports 

waters appeals to you during exercise and therefore encourages you to drink more, sports waters are a good 

choice during exercise.

Low in Kilojoules
Sports drinks contain carbohydrate that contributes kilojoules to the diet. Some people shy away from sports 

drinks as they feel the extra kilojoules will interfere with body weight goals. In contrast, water is kilojoule free. 

Some sports waters are kilojoule free and are flavoured with artificial sweeteners. Others have 2.5-3.8% 

carbohydrate and 44-60 kJ/100ml compared to 6-8% carbohydrate, 100-136 kJ/100ml in common sports 

drinks. Whether or not carbohydrate is required during exercise depends on the type of exercise and the 

length of the session. Research suggests that consuming carbohydrate during strenuous exercise, even 

exercise lasting an hour, will allow athletes to exercise for longer and at a higher intensity. The American 

College of Sports Medicine suggests that carbohydrate should be consumed at a rate of 30-60 g per hour 

during strenuous exercise. This equates to 375-1000 ml of common sports drinks or 1200-2400 ml of a 2.5% 

sports water. If your goal is to improve performance and you are undertaking a strenuous session, sports 

drinks are a practical option. If your exercise session is less intense, sports water or plain water may be 

more suitable.

Electrolytes
Electrolytes such as sodium and potassium are lost during exercise. When exercise sessions are prolonged 

(i.e. 2-3 hours) it is important to replace electrolytes to aid rehydration and avoid conditions such as 

hyponatraemia (low blood sodium). When the exercise period is shorter, electrolyte replacement is not as 

crucial. However, the inclusion of sodium in a beverage has some advantages. Sodium helps to encourage 

fluid intake by stimulating the thirst mechanism. Athletes typically consume less water than sodium-

containing beverages. It is thought that this is because water switches off the thirst mechanism before 

adequate fluid has been consumed to replace fluid losses. Sodium also enhances fluid absorption and 

retention. This means that fluids that contain sodium are more effective at minimising dehydration. Sports 

waters contain 0-12 mg of sodium per 100 ml. Sports drinks typically contain 12-40 mg/100 ml. The inclusion 

of sodium in a beverage consumed during exercise is a positive feature. The level of sodium required varies 
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according to individual needs. During moderate exercise, the lower levels provided by sports waters will be 

adequate for most people. However, when sweat losses are large or rapid rehydration is required, the higher  

levels provided by sports drinks are more useful.  For more information on electrolyte replacement see the 

Electrolyte Replacement Supplements fact sheet on the AIS Sports Nutrition website.

B Vitamins
B vitamins perform a number of vital functions in the body. Some are involved in reactions that result in the 

release of energy from carbohydrate and fat. Some are involved in protein function and oxygen transport. An 

adequate intake of B vitamins is necessary for optimal physiological function. However, B vitamins are 

abundant in food, and deficiencies are rare provided a varied diet is consumed. There is little evidence to 

support the idea that consuming B vitamins in excess of the RDI (Recommended Dietary Intake) has any 

benefit. Current research does not indicate that consuming B vitamins during exercise improves 

performance. Sports waters provide relatively small quantities of B vitamins compared to other sources of 

supplementation. As B vitamins are water soluble, any excess is excreted in the urine making 

supplementation with B vitamins relatively safe. The inclusion of B vitamins in sports water is safe but is  

unlikely to offer any benefit.

Antioxidants
Antioxidants such as vitamin C and E are included in some sports waters. During exercise, the body 

undergoes a number of reactions that result in the production of harmful free radicals. Antioxidants help to 

eliminate free radicals. Therefore it is thought that supplementing the body with antioxidants will reduce 

damage during exercise and assist with recovery post exercise. Despite a large amount of research in this 

area, antioxidant supplementation remains controversial. Some studies suggest a positive effect when quite 

large doses are given. While others suggest that antioxidant supplementation has no effect or is detrimental. 

The Antioxidant Vitamins C and E fact sheet on the AIS Sports Nutrition website outlines the AIS policy on 

antioxidant supplementation. Sports waters provide relatively small amounts of antioxidant vitamins 

compared to other sources of supplementation. The inclusion of these substances in sports waters is safe 

but may not have any beneficial effects.

Making Sense of it All
Sports waters are new to the sports supplement market. Significant direct research on these products has 

not been conducted, hence it is not possible to comment on the specific effects of these products. The 

inclusion of flavouring and sodium in sports waters may help to increase fluid intake in people who normally 

consume plain water during exercise. The inclusion of sodium may also improve fluid absorption and 

retention. Therefore, sports water may be a better alternative than plain water during exercise. For athletes 

undertaking longer, strenuous training sessions where optimal performance is important, sports drinks are 

the preferred option.

Case Scenarios
Charlie enjoys a leisurely walk around his local lake most days of the week. The walk helps him to relax, 

keeps him moderately fit and helps to maintain his weight. It takes about 45 minutes.

Suitable Fluid: water
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Explanation: Charlie's exercise session is low intensity. He is not trying to optimise his performance. Sweat 

losses are likely to be small.

Nadia loves her daily sessions at the gym. She usually does about an hour, six days per week and includes 

a variety of strength and aerobic workouts. Most sessions are quite strenuous and she is dripping with sweat 

at the end. Nadia has a snack before most sessions. She takes a water bottle with her but usually only has a 

few sips.

Suitable Fluid: sports water

Explanation: Nadia's sessions are moderately intense. She has a snack prior to exercise therefore does not 

need to consume additional carbohydrate during the sessions. Sports water may help Nadia to increase her 

fluid intake.

Jade plays top-level hockey. She has 5 training sessions and 1-2 matches each week. Jade's training 

sessions are usually 2 hours and are often intense. She has to rush from work to training and usually only 

manages to eat a banana between lunch and training.

Suitable Fluid: sports drink

Explanation: Jade's exercise sessions are long and intense. Her sweat losses and need for fuel during 

exercise are high. Jade's goal is to perform optimally at each training session.

All the information contained within this document was sourced from the Australian Sports Commission Australian Institute of Sport 
website http://www.ausport.gov.au/

Page 22 of 47



Nutrition

Eating Before Exercise
Many athletes put a lot of emphasis on the pre-event meal believing it is the key element to performance. It is 

important to remember that food eaten throughout the training week and food and fluid consumed during the 

event is also important. The meal eaten before exercise should be seen as an opportunity to fine-tune 

carbohydrate and fluid levels and to ensure you feel comfortable and confident. 

When should I eat?
Food consumed before exercise is only useful once it has been digested and absorbed. This means you 

need to time your food intake so that the fuel becomes available during the exercise period. The time 

required for digestion depends on the type and quantity of food consumed. Generally, foods higher in fat, 

protein and fibre tend to take longer to digest than other foods, and may increase the risk of stomach 

discomfort during exercise. Large quantities of foods take longer to digest than smaller quantities. You need 

to experiment to find the timing that best suits your individual needs. Generally, tolerance is better during 

lower intensity activities, or sports where the body is supported (e.g. swimming, cycling) than sports such as 

running where the gut is jostled about during exercise. A general guide is to have a meal about 3-4 hours 

before exercise or a lighter snack about 1-2 hours before exercise. 

What should I eat?
Food eaten before exercise should provide carbohydrate. It should also be low in fat and moderate in fibre to 

aid digestion and reduce the risk of gastrointestinal discomfort or upsets. On occasions, it may be important 

to place emphasis pre-event on intake of carbohydrate and fluid. However, it is also useful to continue to 

consider other nutritional goals when choosing a pre-exercise meal. This means opting for meals that 

provide a wide variety of nutrients including protein, vitamins and minerals.

The following foods are suitable to eat 3-4 hours before exercise:

• crumpets with jam or honey + flavoured milk 

• baked potato + cottage cheese filling + glass of milk 

• baked beans on toast 

• breakfast cereal with milk 

• bread roll with cheese/meat filling + banana 

• fruit salad with fruit-flavoured yoghurt 

• pasta or rice with a sauce based on low-fat ingredients (e.g. tomato, vegetables, lean meat)

The following snacks are suitable to eat 1-2 hours before exercise:

• liquid meal supplement 

• milk shake or fruit smoothie 

• sports bars (check labels for carbohydrate and protein content) 

• breakfast cereal with milk 
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• cereal bars 

• fruit-flavoured yoghurt 

• fruit 

The following foods are suitable to eat if there is less than 1 hour before exercise*:

• sports drink 

• carbohydrate gel 

• cordial 

• sports bars 

• jelly lollies 

* A small number of people experience an extreme reaction following the intake of carbohydrate in the hour 

prior to exercise.  This topic is covered later in this fact sheet.

Are foods with a low glycaemic index better?
Carbohydrate-containing foods have different effects on blood glucose levels. Foods with a low glycaemic 

index (GI) cause a slower, sustained release of glucose to the blood, whereas foods with a high GI cause a 

rapid, short-lived rise in blood glucose. It has been suggested that low GI foods could be useful in the pre-

event meal as they would result in a slower and more sustained release of glucose during exercise 

maintaining blood glucose levels for a longer period. However, research has been unable to demonstrate 

that consuming low GI foods prior to exercise has universal benefits on exercise performance. In addition, 

consuming carbohydrate (e.g. sports drink) during exercise provides an alternative way to maintain fuel 

levels throughout the activity and a study has shown that this practice overrides the effects of different types 

of carbohydrate in the pre-event meal. If you are involved in an endurance event in which it is difficult to take 

in extra carbohydrate during the session, you may wish to trial low GI foods before exercise. However, keep 

in mind that many low GI options (lentils, porridge, multigrain bread) may not be suitable as they are more 

likely to cause stomach discomfort.

What if I exercise early in the morning?
It is not always practical to eat a meal 3-4 hours before exercise. If you train early in the morning you should 

opt for a light snack about an hour before exercise. For example, some fruit or a cereal bar on the way to 

training along with some fluid such as sports drink. Make up for your smaller carbohydrate intake by 

consuming carbohydrate during the event or training session.

What if I am too nervous to eat?
You will perform better when you are well-fuelled and well hydrated, and the pre-event meal may play an 

important role in achieving these goals. Experiment to find a routine that works, and foods that are safe and 

familiar to you. Liquid meal supplements such as PowerBar Protein Plus powder provide an alternative for 

anyone who has difficulty tolerating solid foods pre-exercise. You may also find that foods such as cereal 

bars and sports bars can be eaten if you nibble them slowly over the hours leading up to your competition.
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Should I avoid carbohydrate 1 hour before exercise?
Most athletes are able to consume carbohydrate in the hour before exercise without affecting performance, 

and in some cases it can even improve the outcome of the session. However, a small percentage of athletes 

experience a drop in blood glucose levels and symptoms such as fatigue, shakiness and dizziness after 

consuming carbohydrate immediately before exercise. This reaction is a response to the increase in 

carbohydrate use that occurs after carbohydrate intake, associated with a rise in the levels of the hormone, 

insulin. When the start of exercise coincides with extra carbohydrate use, it is usual to see a small dip in 

blood glucose levels. In most people, this is a temporary event which is quickly corrected by the body without 

any side-effects. However, in a few individuals, the drop in blood glucose is greater, or the individual is 

sensitive to the change, suffering a pronounced fatigue. If you are affected in this way consider the following 

advice:

• Experiment to find the best timing for your pre-exercise meal. Try allowing a longer period between 

eating and exercising. 

• If you need to eat close to exercise, opt for a snack that provides at least 70 g of carbohydrate. 

There is some evidence to suggest that small amounts of carbohydrate (<50 g) are more likely to 

cause problems in sensitive individuals than larger amounts. This is probably because the small 

intake of carbohydrate is swamped by the carbohydrate use. Larger intakes will compensate for a 

greater rate of use, leaving the athlete with a net gain in carbohydrate availability. 

• Include some low glycaemic index foods (yoghurt, multigrain bread, pasta, oranges) in the pre-

exercise meal. These result in a slower release of glucose throughout exercise and a smaller insulin 

response compared to higher glycaemic index foods. 

• Include some high-intensity activity in your warm-up. This helps to stimulate glucose release from 

the liver and prevents blood glucose levels from dropping too low. 

• Consume carbohydrate during the event. 

Should I avoid eating before exercise if I am trying to lose weight?
Exercising in a fasted state (8 hours since the last meal) results in a greater proportion of fat being used as 

the exercise fuel compared to doing the same workload after a carbohydrate-containing meal or snack. 

However, it is possible that you will be able to exercise harder and for a longer period if you consume 

carbohydrate before exercise. Overall, this will result in greater energy use, and a better contribution to the 

negative energy balance that is needed to cause fat loss. To make a decision about eating before your 

workout, it is useful to consider the goals of the session. If your primary goal is to improve performance, have 

something to eat before exercise. If your primary goal is weight loss, and you will do the same amount of 

exercise regardless of whether you eat or not, save your meal until after the session.

Written by Michelle Minehan and the Department of Sports Nutrition, AIS � Australian Sports Commission 2004 
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Carbohydrate - How Much?
Carbohydrate is a critical fuel source for the muscle and central nervous system. The availability of 

carbohydrate plays a key role in the performance of exercise lasting an hour or more. Therefore, sports 

nutrition guidelines promote carbohydrate intake before, during and after exercise to meet the fuel 

requirements of the activity.

Carbohydrate intakes - should they be described as percentages or grams?
Nutrition guidelines for the community express goals for carbohydrate intake in terms of the percentage of 

total energy they should provide - for example 55% of energy intake should come from carbohydrate. This 

general guideline is appropriate when muscle fuel needs are moderate - for example, for people who are 

undertaking less than an hour of exercise each day, or doing exercise that is of low intensity.

However, in situations where maximal glycogen storage is desirable or the athlete must meet the fuel bill of 

prolonged exercise sessions, carbohydrate needs are higher and more specific. Studies have determined the 

absolute requirement of the muscle for carbohydrate in these situations (see Table 1). However, some sports 

nutritionists have continued to describe the increased needs for carbohydrate in terms of energy ratios - for 

example, an endurance athlete should eat 70% of energy from carbohydrate.

In these specific situations it is best to set definite carbohydrate intake goals for athletes, scaled to their body 

size and therefore, their muscle mass. A guideline to consume 7-10 g of carbohydrate per kilogram body 

mass (BM) is not only tailored to the muscle's needs, but is more "user-friendly" for the athlete. An athlete 

can calculate a definite carbohydrate target in grams, and use food tables or information on food labels to 

plan meals to reach this goal. Even better, an athlete can see a sports dietitian for advice to further narrow 

this target range according to his/her specific situation, and have an individualised meal plan fitted to their 

needs.

Table 1
Situation Recommended Carbohydrate Intake

Daily refuelling needs for training programs less than 60-90 

min per day or low intensity exercise

Daily intake of 5-7 g/kg BM

Daily refuelling for training programs greater than 90-120 

min per day

Daily intake of 7-10 g/kg BM

Daily refuelling for athletes undertaking extreme exercise 

program - 6-8 hours per day (cycling tour)

Daily intake of 10-12+ g/kg BM

Carbohydrate loading for endurance and ultra-endurance 

events

Daily intake of 7-10 g/kg BM

Pre-event meal Meal eaten 1-4 hours pre-competition 1-4 g/kg BM

Carbohydrate intake during training sessions and 

competition events greater than 1 hour

1 g/min or 30-60 g/hour

Rapid recovery after training session or multi-day 

competition, especially when there is less than 8 h until next 

session

Intake of 1-1.5 g/kg BM for every hour in the early stages of recovery after 

exercise, contributing to a total intake of 6-10 g/kg BM over 24 hours
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Why is it confusing to continue to use % energy targets for athletes with high-energy needs?
The amount of carbohydrate needed to fuel the gruelling training or competition schedules of many athletes 

is higher than the typical carbohydrate intakes of most people. And it may require an athlete to devote more 

of their total energy intake to 'fuel foods' to do so. Typically, it might require the athlete to earmark 60-70% of 

their energy intake for carbohydrate needs. However, in practice the total energy needs and the muscle fuel 

needs of an athlete are not always synchronised, so this energy ratio is not fixed. Some large athletes have 

very high energy requirements to cover the cost of growth as well as their training. For these athletes, total 

intakes of 800-1000 g of carbohydrate representing 8-10 grams per kilogram BM may be consumed from 

only 45% of their energy budget. On the other hand, athletes who are restricting their energy intake to stay 

lean may need to devote 70% of their energy budget to achieve a carbohydrate intake of even 6-7 grams per 

kilogram. Therefore, it is difficult and confusing to give carbohydrate intake guidelines on the basis of an 

energy ratio alone. It is not certain that this will guarantee the absolute amount of carbohydrate that the 

muscle needs.

Can you tell if an athlete is fuelling up well enough if they are eating more than 50% of their energy 
from carbohydrate?
Some people judge the fuel intake of an athlete to be 'deficient' or 'inadequate' based on the percentage of 

energy derived from carbohydrate. However, as in the situation described above, an athlete might be 

consuming a large intake of carbohydrate in grams, adequate in terms of their fuel requirements, but be 

judged to be following an inadequate carbohydrate intake from the perspective of energy ratio. On the other 

hand an athlete might be eating a very high proportion of his/her limited energy intake from carbohydrate 

foods, and still only eat a small number of grams of carbohydrate. So, percentage figures are not a good 

guide.

And although total amounts of carbohydrate in grams may be a better guide, they still must be regarded with 

some flexibility. In all areas of nutrition, judgments of adequacy or deficiency cannot be made from a single 

piece of evidence. This is particularly the case when the evidence comes from a food record or another type 

of self-reported dietary assessment. Athletes, just like sedentary people, are not necessarily accurate in 

describing their real food intake - and most often they underestimate or under-reported their true intake of 

food and nutrients.

Dietary assessments should be done by an expert such as a sports dietitian, who will work with an individual 

athlete to collect different sources of information related to their nutritional needs and eating patterns. 

Specific information about the athlete's training load and their ability to recover between sessions may help 

to fine-tune carbohydrate intake targets. It is important, particularly in terms of judging everyday 

carbohydrate intake, to regard guidelines as an approximation rather than a fixed rule. Generally, though, for 

athletes who have an important or increased need for carbohydrate needs, it is more reliable and practical to 

set guidelines in terms of a fixed amount of carbohydrate, rather than an energy percentage.

How can I check the amount of carbohydrate I eat each day?
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The following chart provides information about the carbohydrate content of common foods.  Each food 

portion provides 50 g of carbohydrate. Use this information to plan a daily menu, or specific pre-event meals 

and post-exercise recovery meals to meet the carbohydrate intake targets provided in Table 1. These 

carbohydrate-rich foods should form the basis of meals and snacks, with other nutrient-rich foods added to 

round out the meal.

Food Portions Providing 50 g of Carbohydrate
CEREAL

Wheat biscuit cereal (e.g. Weet Bix) 60g (5 biscuits)

'Light' breakfast cereal (e.g. Cornflakes) 60 g (2 cups)

'Muesli' flake breakfast cereal 65 g (1-1.5 cups)

Toasted muesli 90 g (1 cup)

Porridge - made with milk 350 g (1.3 cups)

Porridge - made with water 550 g (2.5 cups)

Rolled oats 90 g (1 cup)

Bread 100 g (4 slices white or 3 thick wholegrain)

Bread rolls 110 g (1 large or 2 medium)

Pita and lebanese bread 100 g (2 pita)

Chapati 150 g (2.5)

English muffin 120 g (2 full muffins)

Crumpet 2.5

Muesli bar 2.5

Rice cakes 6 thick or 10 thin

Crispbreads and dry biscuits 6 large or 15 small

Fruit filled biscuits 5

Plain sweet biscuits 8-10

Cream filled/chocolate biscuits 6

Cakestyle muffin 115 g (1 large or 2 medium)

Pancakes 150 g (2 medium)

Scones 125 g (3 medium)

Iced fruit bun 105 g (1.5)

Croissant 149 g (1.5 large or 2 medium)

Rice, boiled 180g (1 cup)

Pasta or noodles, boiled 200 g (1.3 cups)

Canned spaghetti 440 g (large can)

FRUIT

Fruit crumble 1 cup

Fruit packed in heavy syrup 280 g (1.3 cups)

Fruit stewed/canned in light syrup 520 g (2 cups)

Fresh fruit salad 500 g (2.5 cups)
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Bananas 2 medium-large

Large fruit (mango, pear, grapefruit 

etc.)

2-3

Medium fruit (orange, apple etc.) 3-4

Small fruit (nectarine, apricot etc.) 12

Grapes 350 g (2 cups)

Melon 1,000 g (6 cups)

Strawberries 1,800 g (12 cups)

Sultanas and raisins 70 g (4 Tbsp)

Dried apricots 115 g (22 halves)

VEGETABLES

Potatoes 350 g (1 very large or 3 medium)

Sweet potato 350 g (2.5 cups)

Corn 300 g (1.2 cups creamed corn or 2 cobs)

Green Beans 1,800 g (14 cups)

Baked beans 440 g (1 large can)

Lentils 400 g (2 cups)

Soy beans and kidney beans 400 g (2 cups)

Tomato puree 1 litre (4 cups)

Pumpkin and peas 700 g (5 cups)

DAIRY PRODUCTS

Milk 1 litre

Flavoured milk 560 ml

Custard 300 g (1.3 cup or half 600 g carton)

'Diet' yoghurt and natural yoghurt 800 g (4 individual tubs)

Flavoured non-fat yoghurt 350 g (2 individual tubs)

Icecream 250 g (10 Tbsp)

Fromage frais 400 g (2 tubs)

Rice pudding/creamed rice 300 g (1.5 cups)

SUGARS and CONFECTIONERY

Sugar 50 g

Jam 3 Tbsp

Syrups 4 Tbsp

Honey 3 Tbsp

Chocolate 80 g

Mars Bar and other 50-60 g bars 1.5 bars

Jubes and jelly babies 60 g

MIXED DISHES

Pizza 200 g (medium -1/4 thick or 1/3 thin)
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Hamburgers 1.3 Big Macs

Lasagne 400 g serve

Fried rice 200 g (1.3 cups)

DRINKS

Fruit juice - unsweetened 600 ml

Fruit juice - sweetened 500 ml

Cordial 800 ml

Soft drinks and flavored mineral water 500 ml

Fruit smoothie 250-300 ml

SPORTS FOODS  

Sports drink 700 ml 

Carbohydrate loader supplement 250 ml

Liquid meal supplement 250-300 ml

Sports bar 1-1.5 bars

Sports gels 2 sachets

Glucose polymer powder 60 g

(Source: Peak Performance: training and nutritional strategies for sport J. Hawley and L. Burke. Sydney: Allen & Unwin, 1998).

Written by Michelle Minehan and the Department of Sports Nutrition, AIS � Australian Sports Commission 2004 
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Iron - are you getting enough?
Why is iron important?
Iron is required for a number of key functions in the body:

• Iron is an important component of haemoglobin and myoglobin. Haemoglobin transports oxygen in 

the blood. Myoglobin transports oxygen in the muscles. 

• Iron is involved in the electron transport system. This system controls the release of energy from 

cells. 

• Iron is required for red blood cell production. 

• Iron is required for a healthy immune system 

Inadequate iron in the body can impair aerobic metabolism by decreasing the delivery of oxygen to tissues 

and reducing the capacity of muscles to use oxygen for the oxidative production of energy. 

Where does iron come from?
The body is unable to manufacture iron therefore the body’s iron needs must be fully supplied by the food we 

eat. Although iron is widely distributed in foods, some sources are better absorbed than others. The best 

sources of iron are foods with a high iron content and high iron bioavailability (i.e. are well absorbed). 

Iron absorption is best (15-18%) from foods that contain haem iron. Red meat, seafood and poultry are the 

best sources of haem iron.

Iron absorption from foods that contain non-haem iron is much lower (<5%). Non-haem iron is 

predominantly found in plant foods such as cereals, vegetables, legumes and nuts. The absorption of non-

haem iron can be improved by combining sources of haem iron with non-haem iron. Including vitamin C-rich 

foods with meals (e.g. juice or fruit with breakfast, capsicum in a stirfry, salad or fruit with a sandwich) also 

enhances absorption of non-haem iron.

Some substances in food inhibit the absorption of iron. Excessive intakes of tea, coffee and bran have an 

inhibitory effect. Consumption of these foods may need to be modified when iron status is poor.

Major contributors of iron in the Australia diet are meat, fish, poultry, iron-enriched breakfast cereal and 

bread. Dried fruit, sweet corn, green leafy vegetables including broccoli, silver beet, spinach and Chinese 

green vegetables are other good sources of iron.

Haem Iron

Food Serve Iron (mg)

Liver

Liver pate

Beef

Chicken

Fish

Oysters

Salmon

100 g cooked

40 g (2 Tbsp)

100g cooked

100g cooked

100 g cooked

100g

100g

11.0

2.0-3.0

4.0

1.2

0.6-1.4

3.9

1.5
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Non-haem Iron

Food Serve Iron (mg)

Eggs

Breakfast cereal 

(fortified)

Wholemeal bread

Spinach

Lentils/kidney beans

Tofu

Sultanas

Dried apricots

Almonds

100 g (2)

30 g (1 cup)

60g (2 slices)

145g cooked

100 g cooked

100g

50g

50 g

50 g

2.0

2.5

1.4

4.4

2.5

1.9

0.9

2.0

2.1

Source: Burke L, Complete Guide to Food for Sports Performance, Allen and Unwin, 1995

How much iron do I need?
The following table provides the Recommended Dietary Intake (RDI) for iron in Australia:

Age Males Females

9-13 years 8 mg/day 8 mg/day

14-18 years 11 mg/day 15 mg/day

Adults (19-50 years) 8 mg/day 18 mg/day

Adults (51+ years) 8 mg/day 8 mg/day

Pregnant - 27 mg/day
Source: NHMRC Nutrient Reference Values for Australia and New Zealand 2006

Specific iron requirements for athletes participating in different sports are currently unknown. Endurance 

athletes (particularly runners) are thought to have the highest requirements due to high iron losses. Some 

studies recommend iron intakes of 17.5 mg/day for male distance runners and 23 mg/day for normally 

menstruating female distance runners. These intakes are particularly high and may not be achievable 

especially for females with lower energy intakes.

Are athletes more at risk?
Athletes have a high risk of iron depletion for several reasons:

1. High requirements

• Increased red blood cell mass means athletes have higher iron needs. Needs are particularly high during 

times of growth. 

2. Increased losses

• Iron is lost in the sweat. Athletes with high sweat losses have higher iron losses. 

• Iron can be lost through gastrointestinal bleeding. Gastrointestinal bleeding commonly occurs during 

strenuous exercise due to minor damage to the stomach and intestinal lining. Some gastrointestinal 

blood loss can be caused by the habitual use of anti-inflammatory drugs. 

• Mechanical trauma such as footstrike haemolysis (repeated pounding of the feet on hard surfaces) 

can destroy red blood cells during activities such as running. 
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3. Dietary Issues

• Iron intake is often sub-optimal in athletes with restricted food intakes: 

• Trying to survive on low kilojoule intakes (below 8 300 kj, 2000 cal) in an attempt to minimise body 

weight 

• Poorly balanced vegetarian diets 

• Avoidance of meat, chicken or fish in an effort to enhance carbohydrate intake or in the mistaken 

belief that it is fattening 

• High reliance on snack and convenience foods and failure to consume regular meals 

• Avoidance of commercially fortified foods such as breakfast cereals 

How will I know if I have a problem?
Iron depletion is a continuous process that ultimately results in iron deficiency anaemia if untreated. Iron 

deficiency anaemia is a condition where iron is depleted to such an extent that the manufacture of 

haemoglobin and red blood cells is limited. It is associated with symptoms such as fatigue, weakness, 

breathlessness, and impaired aerobic capacity. It is easy to confuse many of these symptoms with conditions 

such as the flu, overtraining or ‘being run-down’.

One-off blood tests are difficult to interpret when it comes to iron status. Correct diagnosis requires an 

assessment of habitual dietary intake, clinical symptoms and ongoing monitoring of blood levels. A number 

of factors are usually taken into account when assessing iron status. These include serum iron, ferritin, 

transferrin, transferrin saturation, haemoglobin and full blood count. A skilled practitioner is needed to 

accurately assess iron status. Many athletes have routine blood monitoring to assess iron status. Iron 

depleted athletes can quickly develop iron deficiency anaemia if not detected early. Regular monitoring 

allows the sports physician to keep track of individual changes and trends.

What is sports anaemia?
Iron status is difficult to assess, particularly from one-off blood measurements. Hard exercise results in an 

increase in the volume of plasma in the blood. This can dilute haemoglobin levels and incorrectly suggest 

that there is a problem with iron status. This condition is known as ‘sports anaemia’. It is most likely to occur 

in the early stages of a training program or when training load is increased. Sports anaemia does not need 

treatment. It is usually transitory and is unlikely to affect performance.

How is iron deficiency treated?
Iron supplementation is needed to recover depleted iron stores and an iron-rich diet is needed to maintain 

the increase in iron stores. Typically, supplementation involves 100-300 mg of iron per day in conjunction 

with vitamin C to enhance absorption. Full recovery is slow and can take as long as 3 months. Blood levels 

should be reviewed after 10-12 weeks and supplementation ceased when measurements return to usual 

ranges.

A diet rich in iron is needed to prevent iron depletion reoccurring. A dietitian can provide specific feedback. 

However, the following tips will help:

• Choose breakfast cereals that contain added iron. 
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• Consume red meat such as beef, lamb or kangaroo 3-4 times each week. Small amounts (80-100 g) 

are sufficient. Think about creative ways to consume meat such as in sandwiches, stirfries and 

soups if you find it difficult to eat large chunks of meat. Shellfish, canned fish and poultry are also 

useful sources of iron. 

• Add vitamin C-rich foods (fruit, juice, capsicum, broccoli, cabbage, cauliflower) to meals to enhance 

the absorption of iron. 

• For vegetarian meals, choose iron-rich foods such as legumes and add vitamin C-rich foods to 

enhance the absorption of non-haem iron 

• Avoid or limit intake of iron inhibitors such as bran and wheat germ. 

• Avoid drinking strong tea and coffee with meals. It is OK between meals but not with meals. 

Should I take an iron supplement?
It is extremely difficult to correct iron deficiency anaemia solely with an iron-rich diet. Supplementation (under 

the guidance of your medical practitioner) is usually required to treat a diagnosed iron deficiency.

Often athletes experiencing symptoms such as fatigue or lethargy turn to iron supplements to correct or 

prevent the problem. Currently, there is little evidence to indicate that iron supplementation improves aerobic 

capacity in athletes with depleted iron stores, who do not have anaemia. Further research is needed before 

iron supplementation is recommended for athletes without clinically diagnosed iron deficiency anaemia. 

Regular, inappropriate use of iron supplements can interfere with zinc and copper absorption and may have 

negative effects on the immune system.

Iron supplements should not be taken without medical advice.
A small percentage of the population has a condition called haemochromatosis. In this condition, iron 

accumulates in tissues causing damage and disease. Haemochromatosis often goes undiagnosed for many 

years. Iron supplementation is dangerous for people with haemochromatosis.

Some athletes have been known to have iron injections in order to rapidly increase iron stores. Research 

indicates performance is not improved by iron injections. There is a risk that anaphylactic shock can occur 

with iron injections. This can be fatal.

Written by Michelle Minehan and the Department of Sports Nutrition, AIS © Australian Sports Commission 2004 
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Protein - How Much?
Much controversy surrounds the protein requirements of athletes. In the scientific world, protein requirements 

have been well researched and in recent years, scientists have come to a consensus. Public opinion 

however, tends to move in cycles with opinion being influenced by the media, the internet and pseudo-

scientists. At one stage protein is unimportant, the next, protein is flavour of the month and the predominant 

nutrient on everybody's menu. It's no wonder many athletes are struggling to decide just how much protein is 

enough?

Why is protein important?
Protein is an essential nutrient in the diet, being used to manufacture body proteins that have important 

structural and functional roles in the human body. Structural proteins are needed to build connective tissue, 

cell membranes and muscle cells. Regulatory proteins act as enzymes or transport vehicles. Proteins are 

made up of various sequences of about 20 different amino acids. Nine of these amino acids are essential 

and must come from the diet or from the breakdown of other proteins in the body. Some amino acids are 

used as a minor fuel source during exercise.

Do athletes require more protein?
In the last 20 years, detailed research has enabled scientists to measure protein turnover during exercise 

and recovery, and to monitor protein balance in athletes. Endurance athletes in heavy training require extra 

protein to cover a small proportion of the energy costs of their training and to assist in the repair and 

recovery process after exercise. Strength athletes, who are interested in gaining muscle size and function, 

require more protein in the early stages of very intensive resistance exercise. However, strength athletes 

seem to adapt to the stress of exercise, so that the protein requirements to maintain protein balance in very 

well-trained athletes are only marginally greater than those of generally active people. Athletes who are 

growing, such as adolescents, have additional protein requirements. The table below summarises protein 

requirements for different types of athletes or exercise activities. Since athletes come in various shapes and 

sizes, it is easier to keep track of these requirements by relating them to the size (body mass or BM) of the 

athlete.

Table 1: Estimated protein requirements for athletes

Group Protein intake (g/kg/day)

Sedentary men and women 0.8-1.0

Elite male endurance athletes 1.6

Moderate-intensity endurance athletes 

(a)

1.2

Recreational endurance athletes (b) 0.8-1.0

Football, power sports 1.4-1.7

Resistance athletes (early training) 1.5-1.7

Resistance athletes (steady state) 1.0-1.2

Female athletes ~15% lower than male athletes
(a) Exercising approximately four to five times per week for 45-60 min
(b) Exercising four to five times per week for 30 min at <55% VO2peak
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Source:Burke and Deakin, Clinical Sports Nutrition, 3rd Edition, McGraw-Hill Australia Pty Ltd, 2006

Do athletes need to eat more protein-rich foods?
Even if an athlete has a higher requirement for protein than a sedentary individual, does this mean that they 

need to change their eating practices to increase their protein serves? In particular, do they need to focus 

only on very high protein foods, or take protein supplements? Typically, the Australian diet provides about 

12-15% of energy intake in the form of protein, and the average Australian easily consumes more than 150% 

of the recommended dietary intake of protein from such a dietary mix. Generally, athletes enjoy the 

advantage of increased energy requirements that make it possible to consume even larger amounts of 

protein and other nutrients than the sedentary person. Numerous dietary surveys show that the dietary 

patterns reported by various groups of athletes provide protein intakes that are well in excess of 1.2-2.0 g/kg 

body mass per day - especially in the case of strength-training athletes. Therefore, there is no justification for 

special high protein eating strategies for sport.

It seems that some athletes swear by high-carbohydrate diets, while others have moved to high-
protein diets? Who is right?
Although there appears to be a new battle looming between high-protein devotees and high-carbohydrate 

devotees in sport, in fact there is no need to take one extreme view or the other. Many athletes do not realise 

that it is possible, and beneficial, to consume a diet that achieves the muscle's carbohydrate fuel needs, as 

well as providing a protein intake that easily meets the increased protein needs for sport. In fact, in many 

situations, a meal or snack providing a combination of carbohydrate and protein is the best way to meet 

sports nutrition goals. These nutrients should be teamed-up, over the day, and at specific times, to achieve 

an optimal eating plan. The following menu plan shows food choices that achieve high carbohydrate and 

protein intakes simultaneously.

 Quantity of food required to provide high carbohydrate and 

high protein needs for a 70 kg athlete

Amount of 

carbohydrate (g)

Amount of 

protein (g)

Breakfast 2 cups cereal

300 ml milk

2 slices toast

2 tablespoons jam

1 cup juice

39

16

30

36

19

6

12

8

0

2

Lunch 2 bread rolls each with 50 g chicken + salad

1 banana

1 fruit bun

250 ml flavoured low fat milk

78

20

34

17

41

2

6

13

Dinner Stir-fry with 2 cups pasta + 100 g meat + 1 cup vegetables

1 cup jelly + 1 cup custard

100

82

50

13

Snacks 750 ml sports drink

1 carton yoghurt

1 piece fruit

1 cereal bar

51

33

18

24

0

10

1

2

Analysis  594 g (8 g/kg) 166 g (2.3 g/kg)
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How does timing and teamwork of protein and carbohydrate work?
Recovery after each workout or competition is a challenge for the athlete with a busy timetable. Recovery 

processes are complex and include refuelling, rehydrating and repairing. Muscle and body protein 

metabolism is a constant balance between protein breakdown and protein rebuilding. During exercise the 

balance shifts towards protein breakdown, while during recovery the balance tips in the opposite direction. 

Recent evidence shows that consuming protein immediately after exercise appears to enhance muscle 

uptake and retention of amino acids, and promote a more positive protein balance. At least this has been 

observed in the hours after the training session. It is still not clear whether these benefits are apparent when 

the 24 hour picture is looked at, or whether this change will lead to increased muscle size and strength. But, 

at this stage it looks like a useful strategy to promote recovery from workouts that cause muscle damage or 

stimulate muscle growth. The most important news is that the effect of post-exercise protein intake is best 

seen when the protein is combined with carbohydrate. Carbohydrate intake stimulates an increase in the 

hormone insulin, which in turn, stimulates the muscle to take up the amino acids. A protein-carbohydrate 

snack or meal after a workout makes good sense - not only for muscle repair and adaptation to training, but 

to provide carbohydrate fuel to restore muscle glycogen levels. Snacks or light meals that achieve this team-

work include:

• Flavoured yoghurt 

• Flavoured milk drinks 

• Fruit smoothies 

• Liquid meal supplements (e.g. Sustagen Sport) 

• Sandwiches with meat, cheese, chicken or peanut butter fillings 

• Breakfast cereal and milk 

• Sports bars 

Can athletes have too much protein?
Daily protein intakes under 2 g/kg BM in healthy people are unlikely to cause side effects. Less is known 

about the long-term side effects of protein intakes above 2 g/kg BM. High protein intakes can increase the 

amount of calcium excreted in the urine. This may cause problems with athletes at risk of weakened bones - 

for example, female athletes with low energy intakes who are not menstruating. High protein intakes are also 

known to accelerate the progression of pre-existing kidney disease.

From a nutritional point of view, excessive intakes of protein tend to be expensive especially if protein 

supplements are used. High protein intakes based on the consumption of large amounts of animal foods 

(e.g. meat and dairy foods) can result in a greater fat intake. High protein intakes may increase fluid 

requirements. However, the main concern is that excessive focus on high protein foods may displace other 

valuable foods (e.g. fruit and vegetables) or other important nutrients such as carbohydrate and fibre from 

the diet.

Can athletes have too little protein?
Although the majority of athletes eat more protein than is required to meet their special needs for sport, there 

are some athletes who may eat diets inadequate in protein. These athletes include:
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• Athletes on low energy diets trying to achieve or maintain a lower body mass/body fat level, especially 

those undertaking extreme restriction to lose weight rapidly 

• Athletes restricting dietary variety, especially those cutting out large numbers of food groups. This 

includes fussy eaters and people with extensive allergies or food intolerances, athletes travelling to 

places with a restricted food supply, and athletes following extreme carbohydrate-rich diets or poorly 

constructed vegetarian diets. Athletes with eating disorders or disordered eating problems, and those 

following fad diets (e.g. the Cabbage soup diet, or long-term juice and vegetable fasts) are also at risk of 

sub-optimal protein intake among other nutrient inadequacies 

Failure to consume sufficient protein on a regular basis may cause muscle to be broken down to ensure a 

continual supply of essential amino acids in the body. This will lead to loss of strength and power, or a failure 

to make optimal gains from training.

Which are the best foods to provide protein?
The following table indicates the protein content of many basic foods. Many people typically turn to meat, 

poultry and dairy products to obtain protein. Don't forget that plant foods such as bread, pasta, rice, breakfast 

cereal, legumes, lentils and nuts also contribute significant amounts of protein to the overall diet. Remember 

also, that many common foods or mixed dishes are made up of these basic ingredients. For example, we 

sometimes forget that custard or rice pudding is made with milk, or that meat or chicken are in the sandwich 

filling, or pasta sauce. Mixing and matching foods is a good way to team up protein, carbohydrate and other 

nutrients. Ideally, a mixture of protein sources should be included in the diet, and distributed at each meal 

and snack over the day, to ensure the full complement of amino acids is consumed on a regular basis.

Table 2: Protein rich foods for athletes. Each of the following foods provides approximately 10 g of protein. 

These foods have moderate to low fat contents and are rich in other nutrients.

Animal Foods Plant Foods

2 small eggs

30 g (1.5 slices) reduced fat cheese

70 g cottage cheese

1 cup (250 ml) low-fat milk

35 g lean beef, lamb or pork (cooked 

weight)

40 g lean chicken (cooked weight)

50 g grilled fish

50 g canned tuna or salmon

200 g reduced fat yoghurt

150 g light fromage frais

4 slices (120 g) wholemeal bread

3 cups (90 g) wholegrain cereal

2 cups (330 g) cooked pasta

3 cups (400 g) cooked rice

3/4 cup (150 g) lentils or kidney beans

200 g baked beans

120 g tofu

400 ml soy beverage

60 g nuts or seeds

1 cup (250 ml) soy milk

100 g soy meat

Are protein supplements useful?
Generally, athletes can obtain all the protein they require from a good mixed diet with approximately 15% of 

the energy coming from protein. Occasionally, an athlete may require a supplement when a practical way to 

consume sufficient food cannot be found. Many protein supplements are very expensive due primarily to the 

amount of marketing that accompanies products. They tend to provide very large amounts of protein and 

little other nutrients. There is no need for the amount of protein provided by many supplements and there is 

certainly no justification for the extra cost.
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The most suitable supplement is one that provides both protein and carbohydrate. Good alternatives to 

protein supplements include homemade fruit smoothies, liquid meal supplements such as PowerBar Protein 

Plus powder and 20 g skim milk powder added to regular milk.

Do high-protein diets assist with weight loss?
The key to weight loss is to consume less kilojoules than you use over a period of time. High protein diets 

are currently very popular thanks to the media coverage of "shrinking" celebrities who attribute their rapid 

weight loss or emaciated frames to popular diets based on high-protein, low-carbohydrate eating. Around the 

world, it appears that people are giving up carbohydrate in favour of protein. However, in the short-term, high 

protein, low-carbohydrate diets result in loss of water and glycogen. This might result in a decrease on the 

scales but does nothing to reduce body fat. In the long-term, high-protein, low-carbohydrate diets may result 

in fat loss. The effect is primarily due to the fact that these diets are low in kilojoules rather than any magical 

effect from the protein itself. It is almost impossible to maintain a high-protein, low-carbohydrate diet for the 

long term because they are boring and unappetising. The lack of carbohydrate reduces energy levels, 

impairs performance and causes nausea and lethargy. High-protein, low-carbohydrate diets restrict the 

intake of many essential nutrients in the diet. In the long-term, these diets will see muscle mass decrease. 

High-protein, low-carbohydrate diets are not suitable for athletes.

Written by Michelle Minehan and the Department of Sports Nutrition, AIS � Australian Sports Commission 2004 
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Carbohydrate Loading
Carbohydrate loading' is probably one of the most misunderstood terms in sports nutrition. People commonly 

think anyone involved in sport needs to 'carb up' and the way to do this is to eat 'flat out' in the days leading 

up to an event. Read on to get the facts on carbohydrate loading.

What is carbohydrate loading?
Carbohydrate loading is a strategy involving changes to training and nutrition that can maximise muscle 

glycogen (carbohydrate) stores prior to endurance competition. The technique was originally developed in 

the late 1960's and typically involved a 3-4 day 'depletion phase' and a 3-4 day 'loading phase'. Ongoing 

research has allowed the method to be refined so that modern day carbohydrate loading is now more 

manageable for athletes.

Does carbohydrate loading improve performance?
Muscle glycogen levels are normally in the range of 100-120 mmol/kg ww (wet weight). Carbohydrate 

loading enables muscle glycogen levels to be increased to around 150-200 mmol/kg ww. This extra supply of 

carbohydrate has been demonstrated to improve endurance exercise by allowing athletes to exercise at their 

optimal pace for a longer time. It is estimated that carbohydrate loading can improve performance over a set 

distance by 2-3%.

Who should carbohydrate load?
Anyone exercising continuously for 90 minutes or longer is likely to benefit from carbohydrate loading. 

Typically, sports such as cycling, marathon running, longer distance triathlon, cross-country skiing and 

endurance swimming benefit from carbohydrate loading. Shorter-term exercise is unlikely to benefit as the 

body's usual carbohydrate stores are adequate. Carbohydrate loading is generally not practical to achieve in 

team sports where games are played every 3-4 days. Although it might be argued that players in soccer and 

AFL have heavy demands on their muscle fuel stores, it may not be possible to achieve a full carbohydrate 

protocol within the weekly schedule of training and games.

How was carbohydrate loading originally achieved?
Originally, carbohydrate loading involved a depletion phase. This required 3-4 hard training days plus a low 

carbohydrate diet. The depletion phase was thought to be necessary to stimulate the enzyme glycogen 

synthase. The depletion phase was followed by a loading phase that involved 3-4 days of rest combined with 

a high carbohydrate diet. The extra carbohydrate combined with the now-activated glycogen synthase was 

shown to boost carbohydrate stores beyond their usual resting levels.

How do modern-day athletes carbohydrate load?
Today's endurance athletes use a modified carbohydrate loading method. Ongoing research has 

demonstrated that the depletion phase is no longer necessary. This is a bonus for athletes as the depletion 

phase was very difficult.  Australian marathon runner, Steve Moneghetti has described the depletion phase 

as making him feel like "death warmed up". Today, 1-4 days of exercise taper while following a high 

carbohydrate diet (7-12g/kg body weight) is sufficient to elevate muscle glycogen levels.

What does a high carbohydrate diet look like?

All the information contained within this document was sourced from the Australian Sports Commission Australian Institute of Sport 
website http://www.ausport.gov.au/

Page 43 of 47



The following diet is suitable for a 70kg athlete aiming to carbohydrate load:
Breakfast 3 cups of low-fibre breakfast cereal with 11/2 cups of reduced fat milk

1 medium banana

250ml orange juice
Snack toasted muffin with honey

500ml sports drink
Lunch 2 sandwiches (4 slices of bread) with filling as desired

200g tub of low-fat fruit yoghurt

375ml can of soft drink
Snack banana smoothie made with low-fat milk, banana and honey

cereal bar
Dinner 1 cup of pasta sauce with 2 cups of cooked pasta

3 slices of garlic bread

2 glasses of cordial
Late Snack toasted muffin and jam

500ml sports drink
This sample plan provides ~ 14,200 kJ, 590 g carbohydrate, 125 g protein and 60 g fat.

Are there any special considerations for females?
Most studies of glycogen storage have been conducted on male athletes. However, some studies suggest 

that females may be less responsive to carbohydrate loading, especially during the follicular phase of the 

menstrual cycle. Further research needs to be conducted specifically on females.

What are the common mistakes made when carbohydrate loading?
Research indicates that many athletes who attempt to carbohydrate load, fail to achieve their goal. Common 

mistakes include:

• Carbohydrate loading requires an exercise taper. Athletes can find it difficult to back off training for 1-4 

days before competition. Failing to rest will compromise carbohydrate loading. 

• Many athletes fail to eat enough carbohydrate. It seems athletes don't have a good understanding of the 

amount of food required to carbohydrate load. Working with a sports dietitian or using a carbohydrate 

counter can be useful. 

• In order to consume the necessary amount of carbohydrate, it is necessary to cut back on fibre and 

make use of compact sources of carbohydrate such as sugar, cordial, soft drink, sports drink, jam, 

honey, jelly and tinned fruit. Athletes who include too many high fibre foods in their carbohydrate loading 

menu may suffer stomach upset or find the food too bulky to consume. 

• Carbohydrate loading will most likely cause body mass to increase by approximately 2kg. This extra 

weight is due to extra muscle glycogen and water. For some athletes, a fear of weight gain may prevent 

them from carbohydrate loading adequately. 

• Athletes commonly use carbohydrate loading as an excuse to eat everything and anything in sight. 
Consuming too many high fat foods will make it difficult to consume sufficient carbohydrate. It may also 
result in gain of body fat. It is important to stick to high-carbohydrate, low-fat foods while carbohydrate 
loading. 

Written by Michelle Minehan and the Department of Sports Nutrition, AIS © Australian Sports Commission 2004 
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Recovery Nutrition

What are the priorities for recovery nutrition?
Recovery is a challenge for athletes who are undertaking two or more sessions each day, training for 

prolonged periods, or competing in a program that involves multiple events. Between each work-out, the 

body needs to adapt to the physiological stress. In the training situation, with correct planning of the workload 

and the recovery time, adaptation allows the body to become fitter, stronger and faster. In the competition 

scenario, however, there may be less control over the work-to-recovery ration. A simpler but more realistic 

goal may be to start all events in the best shape possible. Recovery encompasses a complex range of 

process that include:

• restoring the muscles and liver with expended fuel 

• replacing the fluid and electrolytes lost in sweat 

• allowing the immune system to handle the damage and challenges causes by the exercise bout 

• manufacturing new muscle protein, red blood cells and other cellular components as part of the 

repair and adaptation process 

The importance of each of these goals varies according to the workout - for example, how much fuel was 

utilised? Was muscle damage caused? Did the athlete lose much sweat? Was a stimulus presented to 

increase muscle protein? A proactive recovery means providing the body with all the nutrients it needs, in a 

speedy and practical manner, to optimise the desired processes following each session. State-of-the-art 

guidelines for each of the following issues are presented below:

• Refueling

The muscle can restore its fuel (glycogen) levels by about 5 per cent per hour, provided that enough 

carbohydrate is eaten. Depending on the fuel cost of the training schedule and the need to fuel up to race, a 

serious athlete may need to consume 6-10 g of carbohydrate per kg body weight each day (300-700 g per 

day). If the time between prolonged training sessions is less than 8 hrs, it makes sense to use all of this 

period for effective refueling. To kick-start this process an intake of at least 1 g/kg of carbohydrate - 50-100g 

for most athletes - is needed. This has lead to the advice that athletes should consume carbohydrate - either 

their next meal, or at least a snack - as soon as possible after an exhausting workout, to prepare for the next. 

• Rehydration

Most athletes finish training or competition sessions with some level of fluid deficit. In hot conditions or after 

strenuous sessions, fluid losses are usually large and require a focused effort to rehydrate after the workout. 

In this case, comparing pre- and post-session measurements of body weight can provide an approximation 

of the overall fluid deficit. Athletes may need to replace 150 per cent of the fluid deficit to get back to baseline 

- for example, if you are 2 kg lighter (2 litres lighter) at the end of the session, you will need to drink 3 litres of 

fluid over the next hours to fully replace the existing and ongoing fluid losses. 
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• Immune System

In general, the immune system is suppressed by intensive training, with many parameters being reduced or 

disturbed during the hours following a work-out. This may place athletes at risk of succumbing to an 

infectious illness during this time. Many nutrients or dietary factors have been proposed as an aid to the 

immune system - for example, vitamins C and E, glutamine, zinc and echinacea - but none of these have 

proved to provide universal protection. The most recent evidence points to carbohydrate as one of the most 

promising nutritional immune protectors. Consuming carbohydrate during and/or after a prolonged or high-

intensity work-out has been shown to reduce the disturbance to immune system markers. Carbohydrate 

intake may be beneficial for a number of reasons. For example, it reduces the stress hormone response to 

exercise thus minimising its effect on the immune system. It also supplies glucose to fuel the activity of many 

of the immune system white cells. 

• Muscle Repair and Building

Prolonged and high-intensity exercise causes a substantial breakdown of muscle protein. During the 

recovery phase there is a reduction in catabolic (breakdown) processes and a gradual increase in anabolic 

(building) processes. Recent research has shown that early intake of essential amino acids from good quality 

protein foods helps to promote the increase in protein rebuilding. In fact, protein consumed immediately after, 

or in the case of resistance training work-outs, immediately before the session, is taken up more effectively 

by the muscle into rebuilding processes, than protein consumed in the hours afterwards. However, the 

protein needs to be consumed with carbohydrate foods to maximise this effect. Carbohydrate intake 

stimulates an insulin response, which potentiates the increase in protein uptake and rebuilding. 

How does recovery eating fit into the big picture of nutrition goals?
For the athlete who is undertaking two or more training sessions each day, eating for recovery plays a 

substantial role in the daily food schedule and in total nutrient uptake. Either meals (which generally supply 

all the nutrients needed for recovery) must be timetabled so that they can be eaten straight after the work-

out, or special recovery snacks must be slotted in to cover nutrient needs until the next meal can be eaten. 

These recovery snacks then need to be counted towards total daily intake.

For athletes who have high-energy needs, these snacks add a useful contribution towards the total day's 

kilojoule needs. When there is a large kilojoule budget to play with, it may not matter too much if the snacks 

only look after the key recovery nutrients - for example carbohydrate - or contain extra kilojoules from fat. On 

the other hand, for the athlete whose skinfold goals require a careful attitude to kilojoule intake, recovery 

snacks may need to be low in fat, and count towards meeting daily needs for vitamins, minerals and other 

nutrients. Snacks that can supply special needs for calcium, iron or other nutrients may double up as 

recovery snacks and good overall choices.

What are the practical considerations for recovery eating?
Some athletes finish sessions with a good appetite, so most foods are appealing to eat. On the other hand, a 

fatigued athlete may only feel like eating something that is compact and easy to chew. When snacks need to 

be kept or eaten at the training venue itself, foods and drinks that require minimal storage and preparation 

are useful. At other times, valuable features of recovery foods include being portable and able to travel 
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interstate or overseas without penalties from customs officials, being individually packaged and sealed for 

the benefit of lengthy nights of drug testing, or being labelled with nutritional information so that the athlete 

can check how much they need to consume to meet their recovery goals.  Situations and challenges in sport 

change from day to day, and between athletes - so recovery snacks need to be carefully chosen to meet 

these needs.

What is the bottom line for lollies?
For occasions or individual athletes, who want an easily consumed source of simple carbohydrates, lollies 

are a suitable choice. Like many other carbohydrate foods, lollies will help in meeting refueling goals. 

However, lollies do not provide protein, fluid or other nutrients that could be important in other recovery 

processes. Therefore, other recovery snacks should be eaten in addition to, or instead of, lollies to fulfill the 

complete recovery picture. Many coaches complain that athletes don't stop at the 60 g of lollies that might be 

needed to kick-start glycogen synthesis after a work-out or event - in fact, lollies often come in jumbo family 

size packs of 500 g or more, and are likely to be consumed in excess. The bottom line is that each athlete 

needs to judge their recovery needs and plan an eating pattern that fits their total package. The following 

table provides ideas for snacks providing carbohydrate, as well as carbohydrate-protein combinations.

Carbohydrate-rich recovery snacks (50g CHO portions)
• 700-800ml sports drink 
• 2 sports gels 
• 500ml fruit juice or soft drink 
• 300ml carbohydrate loader drink 
• 60-70g packet jelly beans or jubes 
• 2 slices toast/bread with jam or honey or banana topping 
• 1 large chocolate bar (80g) 
• 2 cereal bars 
• 1 cup thick vegetable soup + large bread roll 
• 115g (1 large or 2 small) American muffins, fruit buns or scones 
• 300g creamed rice 
• 300g (large) baked potato with salsa filling 
• 100g pancakes (2 stack) + 30g syrup 

Nutritious carbohydrate-protein recovery snacks (contain 50g CHO + valuable source of protein and 
micronutrients)
• 250-300ml liquid meal supplement 
• 250-300ml milk shake or fruit smoothie 
• 1-2 sports bars (check labels for carbohydrate and protein content) 
• 1 large bowl (2 cups) breakfast cereal with milk 
• 1 large or 2 small cereal bars + 200g carton fruit-flavoured yoghurt 
• 220g baked beans on 2 slices of toast 
• 1 bread roll with cheese/meat filling + large banana 
• 300g (bowl) fruit salad with 200g fruit-flavoured yoghurt 
• 2 crumpets with thick spread peanut butter + 200ml flavoured milk 
• 300g (large) baked potato + cottage cheese filling + glass of milk 
• 200g (1/3-1/4 pizza) with chicken/meat and vegetables 
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