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1 Oils and fats: sources and constituents 

1.1 Introduction 
1.2 Specifications 
1.3 Major oils and fats 

1.3.1 Castor oil 
1.3.2 Cocoa butter 
1.3.3 Coconut oil 
1.3.4 Corn oil 
1.3.5 Cottonseed oil 
1.3.6 Groundnut oil 
1.3.7 Linseed (flaxseed, linola) 
1.3.8 Olive oil 
1.3.9 Palm oil 
1.3.10 Palmkernel oil 
1.3.1 1 Rapeseed oil (also called canola oil) 
1.3.12 Rice bran oil 
1.3.13 Safflower oil 
1.3.14 Sesame oil 
1.3.15 Soybeanoil 
1.3.16 Sunflower oil 
1.3.17 Tall oil 
1.3.18 Oils with modified fatty acid composition 

1.4 Minor vegetable oils 
1.4.1 Cocoa butter alternatives 
1.4.2 Oils containing y-linolenic acid and/or stearidonic acid 
1.4.3 Avocado oil (Persea americana) 
1.4.4 Chinese vegetable tallow and stillingia oil (Sapium sebijerum 

and Stillingia sebifera) 
1.4.5 Crambe (Crambe abyssinica and C. hispanica) 
1.4.6 Cuphea 
1.4.7 Dimorphotheca 
1.4.8 Hemp (Marijuana, Cannabis sativa) 
1.4.9 Gold of Pleasure (Camelina sativa, also called false flax) 
1.4.10 Hazelnut (Corylus avellana, also called filberts) 
1.4.1 1 Honesty (Lunaria annua) 
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1.4.12 Lesquerella oils 
1.4.13 Marigold (Calendula officinalis) 
1.4.14 Meadowfoam (Limnanthes alba) 
1.4.15 Sea buckthorn (Hippophae rhamnoides) 
1.4.16 Tung oil (Aleurites fordii) 
1.4.17 Walnut (Juglans regia) 
1.4.18 Wheatgerm (Triticum aestivum) 

1.5 Animal fats 
1.5.1 Butter fat 
1.5.2 Lard 
1.5.3 Tallow 
1.5.4 Fish oils 

1.6 Major and minor components 
1.6.1 Fatty acids, glycerol esters and waxes 
1.6.2 Phospholipids 
1.6.3 Sterols 
1.6.4 Tocols 
1.6.5 Fat soluble vitamins 
1.6.6 Chlorophyll 
1.6.7 Hydrocarbons 

1.6.7.1 Alkanes 
1.6.7.2 Squalene (C30H50) 
1.6.7.3 Carotenes 
1.6.7.4 Polycyclic aromatic hydrocarbons 

1.7 Oils and fats in the market place 
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2 Extraction, refining and processing 

2.1 Extraction 
2.2 Refining 

2.2.1 Degumming 
2.2.2 Neutralisation 
2.2.3 Bleaching 
2.2.4 Deodorisation and physical refining 
2.2.5 Super-refining (chromatography) 

2.3 Processing 
2.3.1 Blending 
2.3.2 Fractionation 

2.3.2.1 Winterisation 
2.3.2.2 Hydrophilisation 
2.3.2.3 Urea fractionation 

2.3.3 Hydrogenation 
2.3.4 Interesterification with chemical catalysts 
2.3.5 Interesterification with an enzymic catalyst 
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3 Structure of fatty acids and lipids 

3.1 Introduction 
3.2 Fatty-acid nomenclature 
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Fatty acids - main structural features 
Saturated acids 
3.4.1 Short- and medium-chain acids (4:O-14:O) 
3.4.2 Palmitic and stearic acid 
3.4.3 Long-chain acids 
Monoene acids 
Methylene-interrupted polyene acids 
Other unsaturated acids 
Branched chain and cyclic acids 
Oxygenated acids 
3.9.1 Hydroxy acids 
3.9.2 Epoxy, furanoid and oxa acids 
Halogenated fatty acids 
Introduction to lipid structure 
Acylglycerols 
3.12.1 Monoacylglycerols 
3.12.2 Diacylglycerols 
3.12.3 Triacylglycerols 
Wax esters 
Glycosyldiacylglycerols 
Phospholipids 
Ether lipids 
Sphingolipids 
Acknowledgement 
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4 Chemical and biological synthesis of fatty acids and lipids 

4.1 Fatty acid synthesis 
4.1.1 Introduction 
4.1.2 Partial synthesis by chain extension 
4.1.3 Synthesis via acetylenic intermediates 
4.1.4 Synthesis by the Wittig reaction 
4.1.5 Other synthetic procedures 
4.1.6 Synthesis of isotopically labelled acids 

4.2 Acylglycerol synthesis 
4.2.1 Introduction 
4.2.2 C3 synthons 
4.2.3 Acylation procedures 
4.2.4 Acyl migration 
4.2.5 Protecting (blocking) groups 
4.2.6 Synthesis of racemic acylglycerols 
4.2.7 Synthesis of enantiomeric acylglycerols 
4.2.8 Structured lipids 

4.3 Phospholipid synthesis 
4.4 Sphingolipid synthesis 
4.5 Fatty-acid biosynthesis 

4.5.1 Introduction 
4.5.2 De novo synthesis of saturated acids 
4.5.3 Desaturation to monoenc and polyene acids and elongation 

in plant systems 
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4.5.4 Desaturation and elongation in animal systems 
4.6 Lipid biosynthesis 

4.6.1 Formation of triacylglycerols 
4.6.2 Phospholipids 
4.6.3 ' Sphingolipids 

4.7 Isolation procedures 
4.7.1 Crystallisation 
4.7.2 Distillation under reduced pressure 
4.7.3 Chromatography including silver ion systems 
4.7.4 Urea fractionation 
4.7.5 Enzymic enhancement 
4.7.6 Chemical methods 
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5 Analytical procedures 

5.1 Introduction 
5.2 Classical analytical procedures 

5.2.1 Introduction 
5.2.2 Extraction 
5.2.3 Melting behaviour 
5.2.4 Unsaturation 
5.2.5 Acidity, saponification and unsaponifiable material 
5.2.6 Measurement of oxidative deterioration and of oxidative 

stability 
5.3 Present-day analytical techniques 

5.3.1 Chromatography and spectroscopy 
5.3.2 Thin-layer chromatography (TLC) and related chromatographic 

systems 
5.3.3 High performance liquid chromatography (HPLC) 
5.3.4 Gas chromatography (GC) 
5.3.5 NMR spectroscopy 
5.3.6 Near-infrared and Fourier transform infrared spectroscopy 
5.3.7 Mass spectrometry 
5.3.8 Enzymatic procedures 

5.4 Lipid analysis 
5.4.1 Fatty acids 
5.4.2 Acylglycerols 
5.4.3 Phospholipids 
5.4.4 Minor components (sterols and tocopherols) 
Bibliography and references 

6 Physical properties 

6.1 Polymorphism, crystal structure and melting point 
6.1.1 Alkanoic and alkenoic acids 
6.1.2 Glycerol esters 

6.2 Spectroscopic properties 
6.2.1 Ultraviolet spectroscopy 
6.2.2 Infrared spectroscopy 
6.2.3 Electron spin resonance (ESR) spectroscopy 
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6.2.4 'H NMR spectroscopy 
6.2.4.1 Low resolution NMR spectroscopy 
6.2.4.2 High resolution NMR spectroscopy 

6.2.5 I3C NMR spectroscopy 
6.2.6 Mass spectrometry 

6.3 Other physical properties 
6.3.1 Density 
6.3.2 Viscosity 
6.3.3 Refractive index 
6.3.4 Solubility of gases in oils 
6.3.5 Other physical properties 
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7 Chemical properties related to unsaturated centres 

Hydrogenation 
7.1.1 Catalytic hydrogenation 
7.1.2 Other chemical reductions 
7.1.3 Biohydrogenation 
Oxidation through reaction with oxygen 
7.2.1 Introduction 
7.2.2 Autoxidation 
7.2.3 Photo-oxidation 
7.2.4 Hydroperoxide structures 

7.2.4.1 Methyl oleate 
7.2.4.2 Methyl linoleate 
7.2.4.3 Methyl linolenate 
7.2.4.4 Cholesterol 

7.2.5 Decomposition of hydroperoxides to short-chain products 
7.2.6 Other secondary reaction products 
7.2.7 Antioxidants - introduction 
7.2.8 Primary and secondary antioxidants 
7.2.9 Synthetic and natural antioxidants 
Biological oxidation 
7.3.1 a-Oxidation 
7.3.2 P-Oxidation 
7.3.3 w-Oxidation 
7.3.4 Lipoxygenase 
7.3.5 Production and function of eicosanoids 
Other oxidation reactions 
7.4.1 Epoxidation 

7.4.1.1 Preparation of epoxides 
7.4.1.2 Physical and chemical properties 
7.4.1.3 Applications 

7.4.2 Hydroxylation 
7.4.3 Oxidative fission 
Halogenation 
Stereomutation 
Metathesis 
Double bond migration and cyclisation 
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7.9 Dimerisation jdimer acids, isostearic acid, estolides, Guerbet alcohols 
and acids) 

7.10 Neighbouring group participation 
7.11 Friedel-Crafts acylation and related reactions 
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8 Chemical properties related to the carboxyl group 

Introduction 
Hydrolysis 
Esterification 
8.3.1 Reaction between carboxylic acids and alcohols 
8.3.2 Acidolysis 
8.3.3 Alcoholysis 
8.3.4 Interesterification 
8.3.5 Structured lipids 
8.3.6 Lactones 
Acid chlorides, acid anhydrides and ketene dimers 
Peroxy acids and esters 
Long-chain alcohols 
8.6.1 Preparation of alcohols 
8.6.2 Ethoxylation and propoxylation of alcohols and esters 
8.6.3 Sulfates and other alcohol esters 
8.6.4 Alkyl polyglycosides 
8.6.5 Guerbet alcohols and acids 
Acetalslketals and orthoesters 
Nitrogen-containing compounds 
Sulfonation and other reactions at the a-position 
Barton reaction 
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9 Nutritional properties 

Dietary fat - sources and composition 
Digestion, absorption and transport 
Essential fatty acids 
Recommendations for dietary intake 
Cholesterol and phytosterols 
Conjugated linoleic acid (CLA) 
Role of fats in health and disease 
9.7.1 Obesity 
9.7.2 Coronary heart disease (CHD) 
9.7.3 Diabetes 
9.7.4 Inflammatory diseases 
9.7.5 Psychiatric disorders 
9.7.6 Cancer 
Functional foods 
9.8.1 Diacylglycerols 
9.8.2 Phytosterols 
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