
{Jobs}0963jw/makeup/0963JW_FM.3d

Essentials of Sports
Nutrition
Second Edition

FRED BROUNS PhD
Nutrition and Toxicology Research Institute, Maastricht University, Maastricht,
The Netherlands

CERESTAR�CARGILL
Vilvoorde R&D Center, Vilvoorde, Belgium


Innodata
0470855363.jpg



{Jobs}0963jw/makeup/0963JW_CON.3d



{Jobs}0963jw/makeup/0963JW_FM.3d

Essentials of Sports Nutrition
Second Edition



{Jobs}0963jw/makeup/0963JW_FM.3d



{Jobs}0963jw/makeup/0963JW_FM.3d

Essentials of Sports
Nutrition
Second Edition

FRED BROUNS PhD
Nutrition and Toxicology Research Institute, Maastricht University, Maastricht,
The Netherlands

CERESTAR�CARGILL
Vilvoorde R&D Center, Vilvoorde, Belgium



{Jobs}0963jw/makeup/0963JW_FM.3d

First published 1993, as Nutritional Needs of Athletes
Copyright # 1993, 2002 John Wiley & Sons Ltd, The Atrium, Southern Gate, Chichester,

West Sussex PO19 8SQ, England

Telephone (þ44) 1243 779777

Email (for orders and customer service enquiries) cs-books@wiley.co.uk
Visit our Home Page on www.wileyeurope.com or www.wiley.com

All Rights Reserved. No part of this publication may be reproduced, stored in a retrieval system
or transmitted in any form or by any means, electronic, mechanical photocopying, recording,
scanning or otherwise, except under the terms of the Copyright, Designs md Patents Act 1968
or under the terms of a licence issued by the Copyright Licensing Agency Ltd, 90 Tottenham
Court Road, London W1T 4LP, UK, without the permission in writing of the Publisher.
Requests to the Publisher should be addressed to the Permissions Department, John Wiley &
Sons Ltd, The Atrium, Southern Gate, Chichester, West Sussex PO19 8SQ, England, or emailed
to permreq@wiley co.uk, or faxed to (þ44) 1243 770571.

This publication is designed to provide accurate and authoritative information in regard to the
subject matter covered. It is sold on the understanding that the Publisher is not engaged in
rendering professional services. If professional advice or other expert assistance is required, the
services of a competent professional should be sought.

Other Wiley Editorial Offices

John Wiley & Sons Inc., 111 River Street, Hoboken, NJ 07030, USA

Jossey-Bass, 989 Market Street, San Francisco, CA 94103-1741, USA

Wiley-VCH Verlag GmbH, Boschstr. 12, D-69469 Weinheim, Germany

John Wiley & Sons Australia Ltd, 33 Park Road, Milton, Queensland 4064, Australia

John Wiley & Sons (Asia) Pte Ltd, 2 Clementi Loop #02-01, Jin Xing Distripark, Singapore
129809

John Wiley & Sons Canada Ltd, 22 Worcester Road, Etobicoke, Ontario, Canada M9W 1L1

Library of Congress Cataloging-in-Publication Data

Brouns, F. (Fred)
Essentials of sports nutrition = Fred Brouns.�2nd ed.

p. cm.
New ed of: Nutritional needs of athletes = Fred Brouns. c1993.
Includes bibliographical references and index.
ISBN 0-471-49764-9 (cased)�ISBN 0-471-49765-7 (paper)

1. Athletes�Nutrition. I. Brouns, F. (Fred). Nutritional needs of athletes. II. Title.

TX361.A8 B74 2001
613.2 0024 0796�dc21

2001026860

British Library Cataloguing in Publication Data

A catalogue record for this book is available from the British Library

ISBN 0-471-49764-9 (cased)
ISBN 0-471-49765-7 (paper)

Typeset in 10=12 Palatino by Mathematical Composition Setters Ltd, Salisbury, Wiltshire
Printed and bound in Great Britain by Biddles Ltd, Guildford and King�s Lynn
This book is printed on acid-free paper responsibly manufactured from sustainable forestry
in which at least two trees are planted for each one used for paper production.

http://www.wileyeurope.com
http://www.wiley.com


{Jobs}0963jw/makeup/0963JW_CON.3d

Contents

Preface xi

Acknowledgements xiii

Chapter 1: Introduction 1

Part I: NUTRITIONAL ASPECTS OF MACRONUTRIENTS
IN SPORT 7

Chapter 2: Carbohydrate (CHO) 9
Carbohydrate reserves 9

Liver glycogen 9
Influenece of exercise 9

Muscle glycogen 11
Influenece of exercise 11

Time course of glycogen depletion 16
Exercise intensity and duration 16
Training status 17

Carbohydrate ingestion during exercise 18
Carbohydrate intake at rest 27
Practical measures for glycogen modulation 29

Chapter 3: Fat 31
Fat reserves 33

Intramuscular fat 34
Fat as a fuel for muscle 34
Fatty acid uptake by muscle 35
Fatty acid oxidation by muscle and possible

limitations 35
Strategies to improve fatty acid oxidation 37

Physical training 38
Medium chain triacylglycerol (MCT) ingestion 40
Oral fat and fat infusions 41
Caffeine 42
L-Carnitine 42
High fat diet 43
Fat intake 48



{Jobs}0963jw/makeup/0963JW_CON.3d

Chapter 4: Protein 51
Protein reserves 51

Plasma proteins=amino acids 51
Influence of exercise 52

Muscle protein 53
Influence of exercise 53

Visceral protein 54
Influence of exercise 56

Protein intake 56
Protein supplementation 59

Part II: ASPECTS OF DEHYDRATION AND REHYDRATION
IN SPORT 61

Chapter 5: Fluids and Electrolytes 63
Fluid reserves 63

Intracellular fluids and electrolytes 64
Influence of exercise 65

Extracellular fluid and electrolytes 66
Influence of exercise 66

Fluid and electrolyte intake 69
Rehydration solutions 71

Part III: NUTRITIONAL ASPECTS OF MICRONUTRIENTS
IN SPORT 81

Chapter 6: Minerals 83
Mineral reserves 83

Potassium 84
Influence of exercise 84
Potassium intake 85

Magnesium 85
Influence of exercise 87
Magnesium intake 87

Calcium 88
Influence of exercise 89
Calcium intake 90

Phosphate 91
Influence of exercise 91
Phosphate intake 91

Iron 91
Influence of exercise 92

vi ESSENTIALS OF SPORTS NUTRITION



{Jobs}0963jw/makeup/0963JW_CON.3d

Iron intake 93
Zinc 93

Influence of exercise 93
Zinc intake 95

Mineral replacement and supplementation 96

Chapter 7: Trace Elements 99
Trace element status 99

Copper 100
Influence of exercise 100
Copper intake 100

Chromium 100
Influence of exercise 101
Chromium intake 102

Selenium 103
Influence of exercise 103
Selenium intake 103

Trace element replacement=supplementation 104

Chapter 8: Vitamins 107
Vitamin status 107
Individual vitamins and influence of exercise 107

Vitamin B1 (thiamin) 107
Vitamin B2 (riboflavin) 108
Vitamin B6 (pyridoxine) 108
Vitamin B12 (cyanocobalamin) 109
Niacin 109
Pantothenic acid (PA) 109
Folate 110
Biotin 110
Vitamin C (ascorbic acid) 110
Vitamin E (alpha-tocopherol) 111
Vitamins A, D and K 112

Vitamin intake 112
Vitamin restoration and supplementation 116
Vitamin and mineral use by athletes 117

Chapter 9: Antioxidants and Exercise Induced Free Radicals 121
What is a free radical? 122
Free radical production 123
Enzymatic systems 124

Antioxidant cofactors 126
Non-enzymatic proteinaceous systems 126
Non-enzymatic small molecules: antioxidants 126

CONTENTS vii



{Jobs}0963jw/makeup/0963JW_CON.3d

Antioxidants 127
Free radicals in sport 128

Part IV: NUTRITIONAL ERGOGENICS AND METABOLISM 131

Chapter 10: Nutritional Ergogenics 133
Ribose 133
Creatine 135

Performance effects 136
Side effects 137

Lecithin and choline 138
Single amino acids 140

Arginine and ornithine 141
Tryptophan and branched chain amino acids

(BCAAs) 141
Glutamine 143
Aspartates 144
L-Carnitine 145
CoQ10 (ubiquinone) 146
Inosine 147
Bee pollen 147
Phosphate salts 148
Sodium bicarbonate 149
Caffeine 149

How does CAF work? 151
Central nervous system 154
Ergonomic effects and endurance performance 154
Habituation effects 155
Speed events 155
Strength and power events 156
Timing of intake 156
Effects on fluid balance 156
CAF detection levels 156
Side effects of CAF 157

Supplements for bodybuilders 159

Chapter 11: Eating Disorders in Athletes 163
Low weight concern: dancers 164
Overweight concern: wrestlers 165

Chapter 12: From Theory to Practice 167
Nutrition before exercise 167

Glycogen loading 167

viii ESSENTIALS OF SPORTS NUTRITION



{Jobs}0963jw/makeup/0963JW_CON.3d

How much CHO is needed? 168
Pre-race feedings 169
Pre-competition nutritional guidelines 169

Nutrition during exercise 170
Sports drinks 170
Banana tips 172

Nutrition after exercise 173
The amount of CHO ingested 173
The type of CHO 174
Timing of CHO intake 175
Practical considerations 176

Developments in �nutritional training� 177
Essentials of drinking during sports 177

Timing of fluid intake 177
What is right? 178
What is the optimal composition of a sports drink? 179
What does osmolarity mean? 179
Which drink composition leads to a rapid fluid

availability? 180
What to consume when rapid fluid availability

is not important? 180
What is the best drink temperature? 181
Do women need to drink more than men? 181
How to drink during a soccer competition 182

Chapter 13: A Brief Outline of Metabolism 183
Glycogen 183

Glycogen and glucose metabolism 184
Adipose tissue=triacylglycerol 185

Triacylglycerol metabolism 186
Fatty acid metabolism 186

Protein 188
Protein metabolism 189
Amino acid oxidation 189
Energy metabolism 190

References 193

Index 219

CONTENTS ix



{Jobs}0963jw/makeup/0963JW_CON.3d



{Jobs}0963jw/makeup/0963JW_PRE2.3d

Preface

This book aims to give a scientific but easily understood overview of aspects
related to nutrition and physical activity, especially of people involved in
regular training with the goal to improve intensive sports performance.

The book refers to a large number of scientific reviews and publications,
which have appeared in peer reviewed scientific journals. This means that
these publications have survived the criticisms of the reviewers and that the
interpretations are in line with existing scientific consensus.

To achieve a maximal degree of scientific consensus, the first draft of the
manuscript was sent to a number of experts in the field of exercise and
nutritional sciences. Selection of these experts was based on their actual
research activities and their internationally known expertise in different
fields of sport nutrition. Their reviews and criticisms were gratefully
ackowledged and resulted in the final manuscript, published in 1993. This
text received international attention, resulting in publication in German,
French, Spanish and Japanese. The book�s wide use as an educational text in
graduate courses of sports sciences, physical education and sports medicine
has led to numerous suggestions on how to further improve the contents.
The current revised and updated book is the result of this process.

Fred Brouns
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