
Contents

Preface v

Section I
GENERAL CONSIDERATION AND BIOLOGICAL ASPECTS

1. Food Biochemistry: An Overview 3–16
Introduction   3
Food Biochemistry   3
Importance of Food Biochemistry and Metabolic Processes   3
Biochemistry of Food Carbohydrates   5
Food Protein Biochemistry   7
Food Lipid Biochemistry   10
Gross Chemical Composition of Foods   12
Chemistry of Food Constituents   15

2. Water Chemistry and Biochemistry 17–25
Introduction   17
Water Use in the Food Industry   18
Importance of Water in Food Industry   21

3. Enzymes Classification and Nomenclature 26–32
Introduction   26
Biological Catalysts   27
Classification of Enzymes   29
Nomenclature of Enzymes   30

4. Browning Reactions 33–54
Introduction   33
Maillard Reaction   35
Strecker Amino-Acid Synthesis   43
Heterocyclic Compounds   43
Role of Kinetic Modelling   47

Section II
CEREALS, LEGUMES, STARCH AND THEIR DERIVATIVES

5. Cereals 57–71
Introduction   57
Cereals   58



x Food Biochemistry

Technical Aspects of Cereals   61
Role of Cereals in Health and Disease   66
Future Developments of Cereals and Their Products   70

6. Legumes 72–82
Introduction   72
Processing of Legumes   73

7. Starch and their Derivatives 83–116
Introduction   83
Properties of Various Common Starches   85
Structure of Starch   85
Manufacture of Starches   88
Pre-gelatinised Starches   106
Uses of Starch in Food Industry   110

Section III
POSTHARVEST FRUITS AND VEGETABLES

8. Postharvest Fruits 119–130
Introduction   119
Classification of Fruits   119
Factors Influencing Composition and Quality of Fruits   120
Fruit Maturity, Ripening and Quality Relationships   121
Biological Factors Involved in Postharvest Deterioration of Fruits   124
Environmental Factors Influencing Deterioration of Fruits   126
Harvesting Procedures   127
Postharvest Handling Procedures   127
Keys to Successful Handling of Fresh Fruits   129

9. Postharvest Vegetables 131–149
Introduction   131
Reducing Postharvest Losses   131
Vegetable Quality and Food Safety   133
Factors Affecting Vegetable Quality   136
Harvesting and Field Handling   140
Packaging of Vegetables   143
Cooling and Storage   146
Transport and Market Handling   147
Processing and Value Addition   148

10. Biochemistry and Nutritional Quality of Fruits and Vegetables 150–174
Introduction   150
Traditional Components   151
Antioxidants in Fruits and Vegetables   159
Fruits and Vegetables as Direct Sources of Minerals   164
General Considerations of Selected Minerals   165
Factors Influencing Mineral Content of Fruits and Vegetables   170
Effect of Minerals on Fruit and Vegetable Quality and Consumer Acceptance   172



Preface xi

Section IV
ENZYMES THEIR SAFETY REGULATIONS AND PROTEIN CROSS-LINKING

11. Enzymes as Biocatalysts 177–187
Introduction    177
Principles of Enzyme Engineering   177
Steps in Enzyme Engineering   178
Engineering Enzymes for Biocatalysis   179
Current and Future Developments   187

12. Enzymes in Food Industries 188–212
Introduction   188
Added Enzymes in the Food Industries   190
Polyphenol Oxidase and Browning of Fruit and Vegetables   199
Polyphenol Oxidase in Food Additive Preparation   200
Use of Enzymes to Remove Oxygen from Foodstuffs   202
Food Enzymology in the Prevention of Food Toxicity   203
Food Antioxidants Including Added Enzymes and Proteins   206
Added Enzymes in the Food Industry: Future Prospects   211
Enzymes as Additives or Processing Aids in Food Biotechnology   211

13. Risk Assessment Guidance for Enzymes 213–226
Introduction   213
Risk Assessment   213
Dose-Response Assessment   218
Exposure Assessment   221
Risk Management   223

14. Safety Regulations for Food Enzymes 227–238
Introduction   227
Safety Concerns Associated with Enzymes   228
Regulatory Contexts and Requirements for Safety Evaluations   231
Industry Perspective   234
New Methods in Enzyme Production   236
Challenges for Food Enzyme Regulation and Safety Evaluation   236

15. Protein Cross-Linking 239–250
Introduction   239
Maillard Reaction   241
Cross-Linking of Proteins   244
Role of Cross-Linking Enzymes in Meat Systems   247

Section V
BIOCHEMISTRY OF MILK AND DAIRY PRODUCTS

16. Biochemistry of Milk 253–281
Introduction   253
Milk Composition   253
Lipids   260



xii Food Biochemistry

Milk Proteins   264
Lactose   276

17. Off-Flavour in Milk and Milk Products 282–304
Introduction   282
Environmental Aspects related to Off-flavours   284
Animal Feeding-Associated Off-Flavours   285
Proteolysis-Associated Off-Flavours   285
Aldehydes, Alcohols, Keto Acids   286
Milk Fat-Associated Off-Flavours   287
Micro-Organisms Associated Off-Flavours   287
Astringency   288
Sulphur Compounds   288
Miscellaneous Dairy Products   289
Troubleshooting Milk Flavour Problems   290
Sensory Evaluation of Milk Judging and Grading Milk   295
Detecting and Correcting Off-Flavours in Milk   296
Lipase Catalysed Modification of Milk Fat   296

18. Biochemistry of Cheese and Yogurt 305–350
Introduction   305
Milk as Food for Humans   306
Milk as Food for the Calf   308
Components Influencing Milk Quality   308
Causes of Milk Spoilage   308
Antibiotics   319
Mastitis in Dairy Cattle   324
Coagulation of Milk   326
Mechanism and Properties of Acid-Coagulated Milk Gels   329
General Functions of Cheese Cultures   331
Secondary Cultures   333
Bacteriocins from Lactic Acid Bacteria   334
Chymosin in Cheese Making   338
Importance of Calcium and Phosphate in Cheese Manufacture   338

Section VI
BIOCHEMISTRY OF MEAT, POULTRY AND FISH

19. Biochemistry of Meat 353–374
Introduction   353
Fermented Meat   354
Raw Material Preparation   355
Fermented Sausages   360
Finished Product   370

20. Biochemistry of Poultry Meat 375–381
Introduction   375
Selection and Grading of Manufacturing-Meat from Poultry   376
Processed Products Made of Chicken Meat   378



Preface xiii

21. Egg Components in Food Systems 382–415
Introduction   382
Calcium Carbonate Content of Eggshells   383
Structure of the Egg   385
Egg Composition   386
Egg Processing   386
Functional Properties   389
Functional Property Changes due to Processing   392
Microbiology   394
Sensory Evaluation   396
Factors Affecting the Foaming Properties of Egg White   396
Bioactive egg components and Their potential uses   404
Effect of Heat on Egg White Proteins   410
Continuous Pasteurisation of Egg White: Thermophysical and Flow Properties and
Process Design   414

22. Biochemistry of Fish 416–442
Introduction   416
Biochemical Composition of Fish   417
Fish Reduction   422
Biochemical Aspects of Seafood   429
Nutritive Composition of the Major Groups of Seafood and Their Health Attributes   430
Biochemistry of Glycogen Degradation   431
Biochemistry of Protein Degradation   432
Biochemical Changes in Non-Protein Nitrogenous Compounds   432
Lipids in Seafoods   432
Biochemical Changes in Pigments During Handling, Storage and Processing   435
Biochemical Indices   436
Biochemical and Physico-Chemical Changes in Seafood During Freezing and Frozen Storage   436
Biochemistry of Dried Fermented, Pickled and Smoked Seafood   439
Biochemistry of Thermal-Processed Products   440
Utilisation of Fishery Waste   440

Section VII
LIPID OXIDATION, OIL SEED PROCESSING AND FAT MODIFICATION

23. Lipid Oxidation and its Control 445–500
Introduction   445
Lipids   446
Action of Oxidation   447
Oxidation of Lipids in Food   448
Mechanism of Lipid Oxidation   448
Pro-Oxidants and Antioxidants   450
Oxidation of Sterols and Fat-Soluble Vitamins   451
Oxidation Impact on Sensory Properties of Fat-Containing Food   453
Lipid Peroxidation   454
Biological Implications of Lipid Peroxidation   457
Chemical Mechanisms for Lipid Peroxidation Process   458
Role of Transition Metal on Lipid Peroxidation Process   464



xiv Food Biochemistry

Toxic Effects of Secondary Products of Lipid Peroxidation   466
Lipid Peroxidation of Subcellular Fragments   467
Lipid Peroxidation and Human Pathologies   468
Lipid Peroxidation and Ageing   469
Analytical Determination of Lipid Peroxidation   469
Major Food Antioxidants   475
Antioxidant Formulations   481
Evaluation of Antioxidant Potency   482
Thermal Degradation of Phenolic Antioxidants   483
Antioxidants: Body’s Guard Against Disease and Ageing   483
Health and Nutritional Implications of Lipid Oxidation   487
Economical Aspects of Using Antioxidants   488
Interaction of Lipid Oxidation Products with Food Components   489
Methods for the Assessment of Lipid Oxidation   490
Lipid Oxidation in Muscle Foods   491

24. Oil Seed Processing and Fat Modification 501–552
Introduction   501
Minor Components and Contaminants to be Eliminated   502
Receiving and Storing Crude Oils   504
Storage   504
Preparation of Seeds for Extraction of Oil   506
Mechanical Extraction   509
Solvent Extraction   510
Eliminating Phospholipids, Degumming and Lecithin Processing   513
Caustic Soda Neutralisation   517
Bleaching   524
Filters: Process and Technology   528
Hydrogenation   534
Interesterification   537
Fractionation   538
Deodourisation and Physical Refining   540
Shortening and Margarine Manufacturing   545
Acidulation   548
Ultrafiltration–Current Status and Related Problems for Edible Oils Refining   549

Section VIII
BIOCHEMISTRY OF BREWING, NON-ALCOHOLIC BEVERAGES AND VINEGAR

25. Yeast Fermentation and Making of Beer, Wine and Whiskey 555–571
Introduction   555
Beer Brewing Process   555
Wine   562
Whiskey   563

26. Non-Alcoholic Beverages 572–579
Introduction   572
Carbonated Non-Alcoholic Beverages   572
Stimulating Beverages   572



Preface xv

Cocoa   575
Fermentation of Cocoa   576

27. Biochemical Aspects of Vinegar Production 580–588
Introduction   580
Vinegar Production   581
Micro-Organisms Involved in the Vinegar Production   581

References 589–590
Index 591–601


