
Woodhead Publishing Series in Food 
Science, Technology and Nutrition

Cereal Grains
Assessing and Managing Quality

Second Edition

Editors

Colin Wrigley
QAAFI, University of Queensland, St. Lucia, QLD, Australia

Ian Batey
Sunset Cereal Services, Meadowbank, NSW, Australia

Diane Miskelly
Westcott Consultants, Goulburn, NSW, Australia

An imprint of Elsevier • elsevier.com



v

Contents

List of Contributors xxi
Woodhead Publishing Series in Food Science, Technology and Nutrition xxiii
Preface to the Second Edition xxxix
Preface to the First Edition xli

Part I
Cereal-Grain Quality

1. Assessing and Managing Quality at all Stages 
of the Grain Chain

Colin Wrigley

1.1 Introduction 3
1.2 The Creation of Products from the Cereal Grains 6
1.3 Grain Quality 7
1.4 The Grain Chain 7

1.4.1 Breeding 8
1.4.2 Grain Growing 10
1.4.3 Grain Receival 10
1.4.4 Whole-Grain Processing 11
1.4.5 Milling and Baking 12
1.4.6 The Consumer 13
1.4.7 Consumer Feedback 15

1.5 The Assessment of Grain Quality 15
1.5.1 No Nasty Surprises 16
1.5.2 Assessing Grain Quality Along the Grain Chain 17
1.5.3 Technical Approaches to Assessing Grain Quality 17
1.5.4 Standard Methods of Analysis 18
1.5.5 ‘Instant’ Technologies of Quality Assessment 18

1.6 The Management of Grain Quality 19
1.6.1 Breeding to Grain-Quality Targets 19
1.6.2 Sowing and Growing the Grain 20
1.6.3 Grain Receival 21
1.6.4 Grain Trading 21
1.6.5 Processing 22

1.7 Future Trends 22
Sources of Further Information 23
References 24



vi    Contents

2. The Cereal Grains: Providing our Food, Feed and Fuel Needs

Colin Wrigley

2.1 Introduction 27
2.2 Cereal Grains and People 29

2.2.1 Cereal Grains in our Diet 29
2.2.2 Cereal grains in our Culture 30
2.2.3 Cereal Grains in our Languages, Customs and Festivities 31
2.2.4 Cereal Grains in Antiquity 32

2.3 The Agricultural Grains 33
2.3.1 Relationships Between the Agricultural Grains 33
2.3.2 Systematic Naming of the Agricultural Grains 34

2.4 The Dicot Agricultural Grains 36
2.5 The Monocot Agricultural Grains 37
2.6 Future Trends 38
References 39

3. The Diversity of Uses for Cereal Grains

Ian Batey

3.1 Introduction 41
3.2 Food 43
3.3 Feed 44
3.4 Industrial Uses 45
3.5 Utilisation of Individual Cereals 46

3.5.1 Wheat 47
3.5.2 Rice 48
3.5.3 Maize (Corn) 49

3.6 Grain Substitution 49
3.7 Whole-Plant Utilisation 50
3.8 Future Trends 51
Sources of Further Information 52
References 52

4. Cereal-Grain Morphology and Composition

Colin Wrigley

4.1 Introduction 55
4.2 The Study of Plant, Head and Grain Morphology 56
4.3 The Cereal Flower and Pollination 57
4.4 Plant Morphology 59
4.5 Head Morphology 61
4.6 Glume Morphology 65
4.7 Grain Morphology 66

4.7.1 Common Wheat Grain 67
4.7.2 Durum Wheat Grain 70
4.7.3 Triticale Grain 70
4.7.4 Barley Grain 71



Contents    vii

4.7.5 Oat Grain 73
4.7.6 Rice Grain 74
4.7.7 Corn Grain (Maize) 74

4.8 The Use of Morphology to Assess and Manage Quality 75
4.9 Ultrastructural Morphology of the Grain 75

4.10 The Use of Grain Composition to Assess and Manage Quality 78
4.10.1 Starch 79
4.10.2 Proteins 79
4.10.3 Fats 81
4.10.4 Fibre 82

4.11 The Management of Grain Processing Based on Composition 82
4.11.1 Milling 82
4.11.2 Heat Treatment 83
4.11.3 Alkali Treatment 84

4.12 Future Trends 84
Sources of Further Information 84
References 85

Part II
Grain-Quality Characteristics for Specific Cereals

5. Wheat: Grain-Quality Characteristics and Management 
of Quality Requirements

Surjani Uthayakumaran and Colin Wrigley

5.1 Introduction 91
5.2 Wheat as a Genus 93

5.2.1 Taxonomy 95
5.2.2 Origins 96
5.2.3 Genetic Constitution 96
5.2.4 Plant and Grain Morphology 97

5.3 Wheat Production 98
5.3.1 Grain Yields 98
5.3.2 Volume of Production 100
5.3.3 World Trade 100

5.4 Unique Products From Wheat 101
5.5 Wheat Proteins 106

5.5.1 Classification of Wheat Endosperm Proteins 107
5.5.2 Genetics and Functional Properties  

of Endosperm Proteins 107
5.6 Wheat Carbohydrates 110
5.7 Wheat Lipids 112
5.8 Wheat Micronutrients 113

5.8.1 Vitamin B Complex 114
5.8.2 Vitamin E 114
5.8.3 Carotenoids 115
5.8.4 Minerals and Trace Elements 115



viii    Contents

5.9 Assessing Grain Quality 116
5.9.1 Physical Aspects 116
5.9.2 Variety 116
5.9.3 Growth and Storage Conditions 117
5.9.4 Chemical Composition 117

5.10 Managing Grain Quality 118
5.10.1 Breeding and Genotype Selection 118
5.10.2 Farm Management 119
5.10.3 Grain Receival, Segregation and Storage 120
5.10.4 Processing 121
5.10.5 Satisfying the Consumer 122
5.10.6 Nutrition and Intolerances 122

5.11 Future Prospects 123
Sources of Further Information 125
References 126

6. Durum Wheat: Grain-Quality Characteristics 
and Management of Quality Requirements

Ray Hare

6.1 Durum Wheat: Overview 135
6.1.1 Origin of Durum 135
6.1.2 Genetic Relationship of Durum to Other Wheats 136
6.1.3 Production 137
6.1.4 Processing and Products 137

6.2 Grain, Processing and Consumer Quality 137
6.2.1 Grain Quality 138
6.2.2 Semolina Quality 144
6.2.3 Pasta Quality 145
6.2.4 Standard Methods of Quality Analysis 150
6.2.5 In-depth Review of Durum Wheat Quality Science 

and Technology 150
References 150

7. Rye: Grain-Quality Characteristics and Management 
of Quality Requirements

Colin Wrigley and Walter Bushuk

7.1 Introduction 153
7.2 Worldwide Production and Regional Distribution 154
7.3 The Origins and Taxonomy of Rye 158
7.4 The Genetic Constitution of Rye 159
7.5 F1 Hybrid Rye and Genetic Improvements 160
7.6 Distinctive Aspects of the Plant and Grain Morphology of Rye 161
7.7 The Composition of the Rye Grain 162

7.7.1 Polysaccharides 162
7.7.2 Protein and Amino-Acid Composition 164
7.7.3 Anti-Nutritional Factors and Vitamins 165



Contents    ix

7.8 Grain Defects in Rye 166
7.9 Utilisation and Nutritional Advantages of Rye 167

7.9.1 Rye in Food Products 167
7.9.2 Nutritional Advantages of Rye-Based Foods 169
7.9.3 Rye as a Feed Grain 169

7.10 Distinctive Aspects of Analysis for Rye Grain 170
7.11 Distinctive Aspects of Managing Rye-Grain Quality 172
7.12 Future Prospects 173
Sources of Further Information 174
References 175

8. Triticale: Grain-Quality Characteristics and Management 
of Quality Requirements

Colin Wrigley and Walter Bushuk

8.1 Introduction 179
8.2 The History and Genetics of Triticale 179
8.3 Worldwide Production and Regional Distribution 182
8.4 Head and Grain Morphology 184
8.5 Grain Composition 184
8.6 Utilisation and Nutritional (dis)advantages 188
8.7 Grain-Quality Analysis and Management; Potential Defects 190
8.8 Future Trends 192
Sources of Further Information 192
References 192

9. Barley: Grain-Quality Characteristics and Management 
of Quality Requirements

Marta S. Izydorczyk and Michael Edney

9.1 Introduction 195
9.2 Unique Morphological and Biochemical Characteristics of Barley 196

9.2.1 Composition and Properties of Barley Cell Walls 196
9.2.2 Potential for Synthesis of Excess Enzymes by Aleurone Cells 199
9.2.3 Hull Retention 200
9.2.4 Proteins Unique to Barley 200
9.2.5 Elevated Levels of Tocopherol and Tocotrienol 203

9.3 Production and Major Uses of Barley 204
9.3.1 Malting Barley 205
9.3.2 Feed Barley 208
9.3.3 Food Barley 208

9.4 Specific Quality Requirements for Barley 209
9.4.1 Malt Barley 209
9.4.2 Feed Barley 219
9.4.3 Food Barley 219

9.5 Maintaining Barley Quality 222
9.5.1 Breeding for Quality 222
9.5.2 Effects of Growing Conditions 223



x    Contents

9.5.3 Storage Conditions 225
9.5.4 Processing 226

9.6 Future 226
9.7 Further Information 227
References 228

10. Oats: Grain-Quality Characteristics and Management 
of Quality Requirements

Pamela Zwer

10.1 Introduction 235
10.2 Classification, Origin and History 236
10.3 Unique Morphological and Biochemical  

Characteristics 237
10.3.1 Starch 238
10.3.2 Storage Proteins 239
10.3.3 Lipids 240
10.3.4 β-glucan 240
10.3.5 Antioxidants 241
10.3.6 Flavour 242

10.4 Nutrition 243
10.4.1 Functional Food and Health Claims 243
10.4.2 Coeliac Disease 245

10.5 Production and Major Uses of Oat 245
10.5.1 Food 246
10.5.2 Feed 246
10.5.3 Non-Food 247

10.6 Quality Requirements for Oats 247
10.6.1 Food 247
10.6.2 Feed 248
10.6.3 Non-Food 249

10.7 Maintaining and Improving Oat Quality 249
10.7.1 Breeding for Quality 249
10.7.2 Molecular Tools for Quality Improvement 250
10.7.3 Storage Conditions 252
10.7.4 Processing 252

10.8 Future 252
Source of Further Information 254
References 254

11. Corn: Grain-Quality Characteristics and Management 
of Quality Requirements

Zoltán Győri
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