
Whittemore’s Science
and Practice of
Pig Production

THIRD EDITION

Ilias Kyriazakis
BVet Med, MSc, PhD, MRCVS

Colin T. Whittemore
NDA, BSc, PhD, DSc, FIBiol, FRSE





Whittemore’s Science
and Practice of
Pig Production

THIRD EDITION

Ilias Kyriazakis
BVet Med, MSc, PhD, MRCVS

Colin T. Whittemore
NDA, BSc, PhD, DSc, FIBiol, FRSE



© 2006 by Blackwell Publishing Ltd
Copyright in Chapter 10 Julian Wiseman

Editorial Offices:
Blackwell Publishing Ltd, 9600 Garsington Road, Oxford OX4 2DQ, UK

Tel: +44 (0)1865 776868
Blackwell Publishing Professional, 2121 State Avenue, Ames, Iowa 50014-8300, USA

Tel: +1 515 292 0140
Blackwell Publishing Asia Pty Ltd, 550 Swanston Street, Carlton, Victoria 3053, Australia

Tel: +61 (0)3 8359 1011

The right of the Author to be identified as the Author of this Work has been asserted in accordance with the
Copyright, Designs and Patents Act 1988.

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 or otherwise, except as permitted by the UK
Copyright, Designs and Patents Act 1988, without the prior permission of the publisher.

First published 1993 
Second edition published 1998 by Blackwell Science 
Third edition published 2006 by Blackwell Publishing

Library of Congress Cataloging-in-Publication Data
Whittemore’s science and practice of pig production / [edited by] Ilias Kyriazakis, Colin T. Whittemore. – 3rd ed.

p. cm.
Includes index.
ISBN-10: 1-4051-2448-2 (hardback: alk. paper)
ISBN-13: 978-1-4051-2448-5 (hardback: alk. paper)
1. Swine. I. Kyriazakis, I. II. Whittemore, Colin Trengove. III. Whittemore, Colin Trengove. Science and practice of 
pig production.

SF395.W48 2005
636.4 – dc22
2005007289

ISBN-10: 1-4051-2448-2
ISBN-13: 978-1-4051-2448-5

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

Set in 10/13pt Times
by SNP Best-set Typesetter Ltd., Hong Kong
Printed and bound in India
by Replika Press Pvt Ltd, Kundli

The publisher’s policy is to use permanent paper from mills that operate a sustainable forestry policy, and which has
been manufactured from pulp processed using acid-free and elementary chlorine-free practices. Furthermore, the
publisher ensures that the text paper and cover board used have met acceptable environmental accreditation
standards.

For further information on Blackwell Publishing, visit our website:
www.blackwellpublishing.com



Contents

Preface and Acknowledgements xv
Contributors xvii

Chapter 1 Introduction 1
Colin Whittemore

Chapter 2 Pig meat and carcass quality 4
Jeff Wood and Colin Whittemore
Introduction 4
Marketing 5
Consumption patterns 8
Quality assurance 10

Introduction of Farm-Assured quality assurance schemes 13
Expansion of organic livestock farming 16

Pig meat quality 17
Fatness 17
Leanness 21

Meat from entire male pigs 29
Shape and meatiness 32
Carcass quality and grading standards 36
Carcass yield: killing-out percentage (ko%) 45
Choice of carcass weight and carcass fatness 47
Problems of variation 50
Manipulation of carcass quality by control of feeding 53

Protein 53
Level of feed (energy) 54

Manipulation of slaughter pig value by control of the 
production process 56
Weight at sale for carcass meat 57
Fatness at point of slaughter 59
Choice of market outlet 60
Marketing opportunities: calculations for particular cases 61

Chapter 3 Growth and body composition changes in pigs 65
Colin Whittemore and Ilias Kyriazakis
Introduction 65



General composition of the body 67
Growth curves 71
Lean and protein growth 75
Changing the shape of the potential growth curve 80
Fatty tissue and lipid growth 81
The special case of early growth 85
Weight loss by negative fat growth 88
Compensatory or catch-up growth 92
Change in size and shape 95
Growth response to feed supply 96
Hormonal manipulation of growth 100

Chapter 4 Reproduction 104
Cheryl Ashworth
Introduction 104
Development of the reproductive system during intra-uterine 

life 105
Functional competence of the gonads and reproductive 

endocrine axis 106
Puberty 107

Age of puberty 107
Breed differences – opportunity to harness increased 

reproductive efficiency 107
Drawbacks of mating at first post-pubertal oestrus 108

Reproduction in the male 108
Anatomy and function of the mature reproductive tract 108
Success of male reproduction 109

Reproduction in the female 110
Anatomy 110
The oestrous cycle 111
Ovarian and endocrine changes 112

Establishment of pregnancy 114
Insemination 114

Semen assessment 115
Early pregnancy (days 0–30) 115

Fertilisation 115
Transport of the embryo in the reproductive tract 115
Embryo development 116
Interactions between developing embryos and the uterine 

environment 116
Uterine attachment 117
Placental development 118
Embryo mortality 118
External factors 120
Internal factors 122

iv Contents



Late pregnancy (day 30 to term) 123
Uterine capacity 125
Hormones during pregnancy 125

Parturition 126
Lactation 127

Development of the mammary gland 127
Milk synthesis and production 129
Lactation length 134
Control of lactation 136
Weaning 138
Post-partum anoestrus 139

Assisted reproduction 140
Artificial insemination 140
Semen storage 141
Sexed semen 142
Superovulation 142
Synchronisation of oestrous cycles 143
In vitro fertilisation 143
Embryo freezing 143
Embryo transfer 144
Pregnancy diagnosis 145

Future challenges in pig reproduction 146

Chapter 5 Pig behaviour and welfare 148
Colin Whittemore
Introduction 148
Behaviour associated with reproduction 148

Mating 148
Parturition 150
Nursing and sucking 153

Competitive and aggressive behaviour 159
Locomotion, ingestion and elimination 162

Locomotion 163
Ingestion 164
Elimination 166

Feeding behaviour 167
Injuries and mutilations 170
Behavioural response to stress 173
Transportation 177
Welfare 178

Improvement of welfare 182

Chapter 6 Development and improvement of pigs by genetic selection 184
Colin Whittemore
The early years 184

Contents v



The creation and improvement of the twentieth century 
breed types 189

Introduction to pig improvement strategies 196
Hybrid vigour in pig improvement strategies 202
Improvement of pigs by importation of new genes 205
Pig improvement by selection within a breeding population 208

Heritability (h2) 209
The selection differential (S) and the intensity of selection (i) 210
Generation interval (GI) 212
Pure-breeding (nucleus) herd size 214
Accuracy of measurement and effectiveness of candidate 

comparison 215
Genotype–environment interaction 216
Index selection 218
Selection objectives 222
The progeny and performance test 227
The test regime 232
Future objectives for within-population selection 238

Breeding schemes 240
Use of a central testing facility by breeders 240
The independent pedigree (nucleus) breeder of limited 

herd size 240
The general approach of the breeding company 243
The commercial breeder/grower 249
The commercial grower 251

New biotechnology techniques 252
Gene transfer 253
Exogenous hormone manipulation 255
Embryo transfer and cloning 255
Marker assisted selection: the contribution of genomics 257
Best linear unbiased prediction (BLUB) 260
Sex determination 261

Chapter 7 The maintenance of health 263
John Carr
Introduction 263
Development of herd immunity 263
Biosecurity 264

Pigs and their products 265
Transportation systems 266
Locality 267
Perimeter of the farm 268
Entry and exit points 268
Boot hygiene 269

Pig flow – managing an all-in/all-out system 270

vi Contents



All-in/all-out 270
Pig flow 270
The farm plan 271
Setting up a pig flow model 272
Managing the pig flow, gilt pool, breeding numbers and the 

finishing floor 273
Medicine management 274

Cold medicine storage 275
Warm medicine storage 275
In-feed medication 275
Medication through the water supply 275

Monitoring of stock health 276
Observation of the undisturbed animals 277
Pig health programmes and quality assurance 278

Control of pig environment 279
The stockworker 280
The water supply 280
The feeding system 281
Food pathogenic contaminants 281
Feed mycotoxins 283
The floor area 283
Air 286
Temperature 288

Managing disease 290
Porcine stress syndrome (PSS) 290
Stomach ulcers 291
Constipation 291
Sucking piglet mortality 291
Cannibalism and aggression 292
Infertility in the sow 292
Low numbers of viable sperm 295
Internal and external parasites 295
Colibacillosis (infection with Escherichia coli) 296
Other causes of diarrhoea 298
Porcine intestinal adenomatosis (PIA), ileitis and colitis 298
Mycoplasma (enzootic) pneumonia 299
Exudative epidermitis (greasy pig disease) 301
Mastitis 301
Salmonellosis 301
Porcine reproductive and respiratory syndrome (PRRS) 302
Post-weaning multi-systemic wasting syndrome (PMWS) 303

Multi-site production and segregated early weaning as disease 
control systems 304
Multi-site systems 304

Contents vii



Early weaning and medicated early weaning (MEW) 305
Avoiding disease 306

Swine dysentery 307
Transmissible gastroenteritis (TGE) 307
Epidemic diarrhoea 308
Paratyphoid 308
Atrophic rhinitis 308
Actinobacillus (Haemophilus) pleuropneumonia 309
Glässer’s disease 310
Swine influenza 310
Parvovirus 310
Aujeszky’s disease (pseudorabies) 311
Leptospirosis 312
Streptococcal meningitis 313
Erysipelas 313
Mulberry heart disease 313
Arthritis 313

Practicalities of health maintenance, disease prevention and 
disease avoidance 314
The cost of disease 315

Chapter 8 Energy value of feedstuffs for pigs 317
Colin Whittemore
Introduction 317
Measurement of the energy economy of pigs 320
The possibilities for generalised conversion between DE, ME 

and NE 323
Energy classification of pig feedstuffs 324
Determination of digestible energy by use of live animal 

studies 327
Estimation of digestible energy from chemical composition 331
The roles of fibre and fat 334
The potential of a net energy system for use in the evaluation 

of feeds 337
Guide values for the energy content of pig feedstuffs 341

Chapter 9 Nutritional value of proteins and amino acids in feedstuffs 
for pigs 343
Cornelis de Lange and Colin Whittemore
Introduction 343
Digestibility of protein 346
Measurement of digestibility and retention of crude protein 

(N ¥ 6.25) 350
Factors influencing digestibility of protein 352

Heat damage 352

viii Contents



Protein structure 353
Abrasion 353
Feeding level and rate of passage 353
Anti-nutritional factors 353
Feed processing 356

Site of digestion 357
Ileal digestibility of amino acids 360
Utilisation of absorbed amino acids – bio-availability 364
Guide values for protein and amino acid content of pig 

feedstuffs 367

Chapter 10 Value of fats and oils in pig diets 368
Julian Wiseman
Introduction 368
Value of fats in pig diets 372
Incorporation of diet fats into animal carcass fat 375
Compounding diets that include fat and oils 376

Chapter 11 Energy and protein requirements for maintenance, growth 
and reproduction 379
Colin Whittemore
Introduction 379
Energy using a DE/ME system 380

Maintenance, activity, cold thermogenesis and disease 381
Production 383
Reproduction 384

Protein 385
The utilisation of digested protein: ideal protein 386
Maintenance 394
Production 394
Reproduction 394

Example calculations for the energy and protein requirements 
of growing and breeding pigs 395
Naïve calculation of the energy and protein requirement 

of a young pig 395
Naïve calculation of the energy and protein requirement 

of a growing pig 396
Naïve calculation of the energy and protein requirement 

of a finishing pig 397
Naïve calculation of the energy and protein requirement 

of a pregnant sow 398
Naïve calculation of the energy and protein requirement 

of a lactating sow 399
The British Society of Animal Science (BSAS) Nutrient 

Requirement Standards 400

Contents ix



Recommended energy and protein concentrations in diets 
for different classes of pig 402

Energy and protein requirements of the breeding boar 403

Chapter 12 Requirements for water, minerals and vitamins 404
Colin Whittemore
Introduction 404
Water 407
Minerals 410

Calcium and phosphorus 410
Sodium, chlorine and potassium 412
Magnesium 413
Trace mineral elements 413

Vitamins 413

Chapter 13 Appetite and voluntary feed intake 417
Ilias Kyriazakis and Colin Whittemore
Introduction 417
Appetite as a consequence of nutrient demand 419
Negative feedback: heat losses 420
Positive feedback: relative productivity and above maintenance 421
Influence of diet nutrient density 421
Appetite as a consequence of gut capacity 423
Estimation of feed intake in young and growing pigs 424
Estimation of feed intake in sows 428
Nutritional enhancers: supplements that may modify appetite 

and/or the nutritional value of feeds 430
Specific dietary ingredients 430
Feed enzymes 430
Environmental pollutants 433
Addition of dietary organic acids 433
Addition of micro-organisms – probiotics 434
Addition of antibiotics 435
Flavours, flavour-enhancers and masking agents 436
Form of feed and method of presentation 436

Chapter 14 Diet formulation 438
Mick Hazzledine and Colin Whittemore
Introduction 438
Energy concentration of the diet 439

Protein:energy ratio (g CP/MJ DE) 440
Protein value (V) 442
Response to dietary concentration of DE 443
Response to protein:energy ratio 445
Response to protein value (V) 448

x Contents



Relating feed ingredients to pig requirement 448
Variety and number of feed ingredients 451
Choice of feedstuff ingredients for particular diets 451

Unit value of nutrients from feedstuffs 456
Number of different diets required 458
Enhancement of the precision of formulation 459

Better definition of dietary utilisable energy 460
Better definition of dietary utilisable protein 462
Benefits from enhanced precision of formulation 464

Least-cost diet formulation by computer 466
Description of raw-material feedstuff ingredients 467
Description of nutrient specification for the diet 468
Computerised least-cost diet formulation 468
Changes of ingredients 470
Sensitivity analysis 471

Chapter 15 Optimisation of feed supply to growing pigs and 
breeding sows 472
Colin Whittemore
Introduction 472
Growing pigs 472

Interactions with level of feed supply 474
Ration scales for growing pigs 480

Breeding sows 482
General pattern of live weight and fatness changes in 

breeding sows 483
Feed supply to first mating 486
Feed supply in pregnancy 488
Feed supply between weaning and conception 493
Feeding in lactation 494
Condition scoring 498
Rationing scales for breeding sows 500

Feeding the sucking pig 503
Ration control by diet dilution 505
Conclusions 506

Chapter 16 Product marketing 507
Jaume Coma
Introduction 507
Changes in the pig meat supply chain 508

Consumer habits 509
Distribution channels 510
Pig meat supply flows 511
Sector verticalisation 514

Contents xi



Requirements in pig meat marketing 519
Meat quality 519
Quality guarantee systems 520
Traceability systems 521
Animal health status: control of Salmonella spp. 524
Social values 527

Type of products 528
Elements of production 530
Differentiated products 531

Conclusions 532

Chapter 17 Environmental management of pigs 533
Christopher Wathes and Colin Whittemore
Introduction 533
Physical environment 534
Temperature 534

Floor surface 535
Pig behaviour 536
Convection 536
Cooling and heating 537

Air quality 540
Avoidance of aerial pollutants 541
Aerial pollutants and respiratory disease 542

Light 543
Sound 543
Ventilation systems 544

Principles of ventilation 544
Design of ventilation systems 544
Natural vs mechanical ventilation 545

Space 547
Manipulable materials 550
Waste management 550

Tactics for reducing nitrogen production from pig units 553
Feed delivery systems 554

Sucking pigs 554
Weaned pigs 554
Growers and finishers 555
Lactating sows 557
Pregnant sows 557

Summary of housing requirements 559
Calculation of housing requirements 560
Housing lay-outs 563
Site lay-out 585
Extensive pig production 586

xii Contents



Outdoor systems for breeding sows 586
Semi-extensive loose housing systems for pregnant sows 589
Extensive growing/finishing systems 590

Chapter 18 Production performance monitoring 593
Colin Whittemore
Introduction 593
Records – on the pig unit 593

Simple records 594
Records – in the office 596

Records for selection 596
Commercial records 596

Targets 599
Routine control 603

Chapter 19 Simulation modelling 606
Darren Green, Ian Wellock and Colin Whittemore
Introduction 606
Development of simulation models 606

Diagnosis and target setting 610
Information transfer 610
Production control systems 611

Model-building approaches 613
A simulation model to predict the performance of the 

growing pig 616
Composition and growth 616
Nutrient yield from the diet 619
Nutritional requirements 621
Feed intake 622
Composition and growth from actual feed intake 623
Influence of the thermal environment on pig performance 623
Influence of the social environment on pig performance 626
Carcass quality 629
Excretion of nitrogenous waste 630

A simulation model for breeding sows 631
Sow weight and body composition 631
Potential growth of the pregnant sow 632
Nutrient requirements of the pregnant sow 632
The piglet 633
Nutrient requirements of the lactating sow 636
Weaning to conception interval 638
Maternal weight and fatness 640
Physical and financial peripherals 641

Future developments 643

Contents xiii



Infectious environment 643
Population modelling 644

Chapter 20 Conclusion 645

Appendices 649
1. Nutritional guide values of some feed ingredients for pigs 649
2. Guide nutrient specifications for pig diets 655
3. Guide feedstuff ingredient compositions of pig diets 657
4. Description files for raw materials 658

Index 659

xiv Contents



Preface and Acknowledgements

The first edition of The Science and Practice of Pig Production was by far the most
extensive book that I had written. It was the result of a challenge that I should
prepare a book of adequate scale and breadth to deal comprehensively with the
whole international spectrum of the science and practice of pig production. The
temptation to gather a consortium of authors and edit a multi-author title was
resisted. I wanted this book to have cohesion and purpose, and to demonstrate an
integrated philosophy. I wished to take the reader through the subject, examining
the knowledge offered from a perspective that, although multi-dimensional, never-
theless sprang from a coherent and individual source. This could only be done by
single authorship.

The second edition of the book had substantive additions, a good number of alter-
ations and a few deletions. The opportunity to update had been timely, as much has
happened in pig production and science since the first edition was written, but
perhaps especially in biotechnology, meat and carcass quality, the understanding of
growth, animal welfare, genetic improvement, disease and health, and some aspects
of feeding and nutrition. Interestingly, the same subjects tend to figure in the major
updates of this third edition.

For the third edition I decided that I could no longer support the contention that
a single author could cover the scope of this book, and so a panel of international
authorities was invited to join me in revising the text. In order to maintain the cohe-
sion of a single text, and keep faith with the original principles of the book, I decided
that the book should have a senior editor (Ilias Kyriazakis). The recognition given
to all those who have contributed to the third edition is detailed on the Contribu-
tors page. I would like to acknowledge here the support and efforts of Professor
Kyriazakis and the new contributors.

Although it remains the case that much of the work in the body of this book was
completed over more than 30 years of research at Edinburgh, the new text now con-
tains substantial bodies of information from other international centres, and this is
recognised by the new panel of authors. One author cannot possibly have complete
knowledge in breadth and in depth. For all of us, this dilemma can only be solved
through learning from others and benefiting from their counsel, and this we have
all done over many years of production and industry practice, university learning,
scientific research and consultancy. We are pleased to be able to acknowledge for-
mally the great debt we owe to all those from whom we have accumulated infor-
mation, knowledge and wisdom.



The precious resource of input from the named authors, and all those around
them, has nonetheless been subject to interpretation and to filtration. Such is the
consequence of editing a large book. The editors, therefore, but especially myself,
must bear responsibility for the final content.

Colin Whittemore
Edinburgh
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Chapter 1

Introduction

The prime agricultural purpose of the pig is to provide human food (fresh, cured or
processed), so pig production is necessarily preoccupied with the quality of the pig
meat and the efficiency of its production.The pig grows rapidly, reproduces at a high
rate and is accommodating in its eating habits. Historically, the pig was often seen
as a scavenger; a rural scavenger in fields and woodlands, and an urban one using
human food by-products and waste. These roles have ensured that the pig has been
used as a domesticated agricultural animal widely throughout the world, but usually
in small population sizes such as would facilitate by-product utilisation and encour-
age simple husbandry practices.

Recent history has seen the demand for high-quality pig meat products rise
world-wide due to the increasing world population and improving human nutri-
tional aspirations. This has raised the profile of the growth and reproductive 
characteristics of the pig. Simultaneously, improvements in other branches of agri-
cultural practice have made available substantial quantities of cereal, legume and
oilseed grains not appropriate – or not needed – for human consumption.The indus-
trialisation of human food preparation has added to the changing environment by
moving the availability of food by-products and waste away from the local and
diversified domestic level and toward centralised manufacturing points. There has
been a change in the nature and objectives of pig production over recent decades.
Especially there has been created a large-scale integrated agricultural industry, pro-
ducing substantial quantities of high-quality meat products which may be readily
traded within and across international boundaries. The agricultural and biological
sciences have been well set to serve pig production over its recent evolution, and
the result has been a staggering example of the successful application of science to
industry to the benefit of humankind. The modern pig industry bears little or no
resemblance to that of only a few decades ago; either in its structure or in its method
of trading, or in its definitions of quality in the end-product, or in its breeding,
feeding, housing, health and management.

The major changes are often perceived in terms of sophistication and scale; and
associated with the latter, intensification. Coping with these changes has demanded
of science – and science has provided – new husbandry practices, new understand-
ings of growth, reproduction and health, new appreciations of welfare and the envi-
ronment, new nutritional approaches, and modern genetic improvement techniques.
However, above all has been the essential placing of the application of science in



the context of latter-day production and marketing. Biological response is inter-
preted in terms of not only physical outcomes but also financial consequences.

Numerous small herds (<100) of breeding sows abounded as recently as two
decades ago, but the major activities of pig meat production have now come to lie
with the big integrators, often backed by corporate money, and where breeding, pro-
duction, marketing, processing and consumer sales are closely coordinated. It is dif-
ficult to achieve efficiency of modern intensive pig production with unit sizes of less
than 250 breeding sows, while 500+ would be unexceptional. Some of the larger
operations will have a number of standard-built units spread about a locality,
and managed from a central company headquarters (as, for example, in the US 
Carolinas). North America, originally the home of the family-sized hogg farm, now
leads the big operators, with many companies having more than 10000 breeding
sows and a significant number more than 100000. This pattern is followed now in
Spain (where two companies each have around 100000 sows and each grow for
slaughter 2 million or so meat pigs annually), Italy and Asia; while in the other Euro-
pean countries many pig producers remain individual owner-managers, albeit with
units of 200–5000 sows.

While trends in pig production have had some degree of commonality world-
wide, there remains diversity in international production practice and end-product
objectives. Thus, although a high proportion of the sciences cognate to pig produc-
tion are transferable across national barriers, the way the scientific information is
used may need to vary widely. The most useful aspects of the scientific information
base are those that address basic causes of biological and economic response,
and not those that lay out the responses themselves in the form of rules and 
recommendations.

Throughout, the book argues causality and logic before presenting outcomes, and
tries to avoid the bald presentation of the results of this or that production investi-
gation as if the latter were to embody some form of universal truth; which of course
it would not. It is fundamental to an international text that along with the descrip-
tion of phenomena must go their understanding. Universality lies in the depth of
the understanding of biological and economic processes, not necessarily in the accu-
racy of their description. Nevertheless, pig production is a quantitative as well as a
qualitative activity. Meat of given quantity and definable characteristic requires 
to be produced from feedstuffs of quantifiable nutritional value when given to spe-
cific pig genotypes in describable environmental, managemental and economic 
circumstances. Where possible, therefore, factors impinging upon the production
process are expressed in hard and quantifiable terms. After all, it is only through
quantification that the absolute and relative importances of the various aspects of
the sciences and practice of pig production can be compared, judged and ultimately
used.

The world’s pig industry is a success story founded in the application of science
to management. The extent of the success thus far is well illustrated in Figures 1.1
and 1.2. However, there is no reason for complacency, and a great deal more can be
done to improve the level of efficiency of output and the quality of the end-product.

2 Whittemore’s Science and Practice of Pig Production



Most pig production enterprises world-wide are under-achieving, and there is 
a considerable disparity in production efficiency between different nations. Com-
pared to the presently known potential, the world’s pig industry falls far short.
Application of scientific principles and sound production practices can redress that
short-fall.

Introduction 3

Fig. 1.1 Rate of increase in sow productivity
(northern European data).

Fig. 1.2 Rate of improvement in feed usage
per kilogram live weight gain. The 1970s saw the
introduction of high nutrient density diets in sig-
nificant quantities (northern European data).



Chapter 2

Pig Meat and Carcass Quality

Introduction

World pigmeat production has risen linearly in the latter half of the twentieth
century, with some authorities estimating a doubling in output over this time. At
present, 50% of pig production is from Asia and the Pacific (one-third of the world’s
pigs are in China), 30% from Europe and the former USSR, 13% from North
America and the remaining 5% from Africa and South America.The world’s expan-
sion has taken place almost entirely in Asia and the Pacific (over 300%), expansions
in Europe, the former USSR and North America being only around 40% since 1970.
The popularity of pig meat differs widely throughout the world. Of all the meat
eaten in Scandinavia 60% is pig meat, in the European Community 50%, in Japan
45% and in North America 35%, but in Argentina only 5% of all meat eaten is pig
meat. World-wide, pig meat is the most popular of all available meats.

It may be taken for granted that pig meat product must first be needed (i.e. there
must be a market), and next be safe to eat. It must also be efficiently produced (com-
petitively priced) and at the required level of quality. However, increasingly meat
production must satisfy further criteria in relation to production method and pro-
duction environment, which must be both sustainable and ethical.

Within recent history, the pig has been bred for both supreme fatness (the required
commodity being lard) and supreme leanness (the required commodity being muscle).
Whether the acceptable pig carcass be fat or lean depends much upon national
predilection. As industrialisation develops, the desire for lean meat appears to 
dominate the definition of carcass quality.Eastern European,Japanese and North and
South American tastes are,like Western Europe,demanding progressively lower levels
of meat fat content.Asian pigs,numerous in China and the Pacific countries,are overfat
by Western standards, and it is likely that some desire to reduce fatness will take place
there as well. Nevertheless, one nation’s lean pig remains another nation’s fat pig.

In Europe, the pig meat market used to be for mass product at low price. Indeed,
general advancement of knowledge in pig production has resulted in the real cost
of pig meat now being a mere 30% of what it was 40 years ago. There are now 
12000000 sows in the European Union and 120000000 pigs in total. The average
European consumption of pig meat per head per year is more than 40kg. There is
substantial cross-border trade in pig products, a trend that will increase if the present
export ambitions of some countries (including the USA) come to be realised. In the



UK there are 800000 sows and 8000000 pigs in total. Fifteen million pigs are slaugh-
tered annually, producing some 1000000 tonnes of pork, bacon and ham product.
Half of the bacon eaten in UK is imported, and about half of that comes from
Denmark, with a quarter from the Netherlands and a further quarter from the Irish
Republic. The UK exports about the same amount of pork as it imports (100000
tonnes), but the importation of bacon and ham is some 350000 tonnes, and there is
no effective export trade. The UK public consumes 15kg per head per year of fresh
pork and 7kg per year of bacon and ham. There is also further consumption of pork
through prepared pig meat products. Italy imports substantial quantities of meat
products from pigs slaughtered at live weights of below 120kg but exports sub-
stantial quantities of meat products from pigs slaughtered at live weights above 
150kg. Japan has been traditionally supplied from Taiwan, but Denmark and the
USA have recently expanded their export business to Japan.

Fat reduction, now readily achievable to its optimum level, was initiated origi-
nally not by consumer discrimination against fat but by the economics of pig pro-
duction and pig processing, both of which benefit from a lean carcass. Pig markets
still tend to divide into two types: one uses pig meat as a substrate for a huge variety
of manufactured meat products and satisfies a continuing need for low-cost meat;
the other, of increasing importance, attends to the consumer supply of pork and
bacon meat of high eating quality. This latter market needs carefully prepared cuts,
a low level of subcutaneous fat, an adequate level of intramuscular fat and a large
mass of lean tissue, giving a high perception of eating pleasure – meat that is juicy,
tender and tasty, avoiding all suggestion of dryness, paleness, taint or toughness. It
should not be presumed, however, that a demand for lean pig meat is universal.
Indeed, the production of lean genotypes for the northern European pig meat con-
sumer can be the cause of a need for remedial action in southern Europe and in
Asia, where a much higher level of fat is required – at least for the present.

Producers may be reluctant to accept the restraints imposed on them by a meat
trade concerned primarily with product quality. Conversely, the trade may be slow
to allow producers to profit from the benefits of new techniques and streamlined
production practices. Such problems will remain with an industry which in many
countries continues to be based upon adversarial trading and mistrust at each inter-
face of the production chain. The successful future of pig industries the world over
is likely to require the benefits of integration between breeder, producer, feed com-
pounder, meat packer and retailer. The producer needs effective lines of communi-
cation with the market. If that communication generates information that is useful,
both producer and meat trader will profit.

Marketing

Europe is an example of an industrialised economy with primary agriculture con-
tributing 2–5% of Gross Domestic Product (GDP) and employing 3–8% of the work
force. The livestock sector comprises some 50–60% of total farm income. Food and
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drink manufacture represents a surprisingly large 10–15% of the manufacturing
sector, contributes at least 2% of GDP and employs around 3% of the work force.
Twelve percent of overall consumer expenditure is on food, being some 20% of
household expenditure. Of the total food expenditure, some 40% comprises meat,
dairy products and eggs, of which some one-fifth of the cost can be traced back to
the primary product, four-fifths being added value in the manufacturing, processing
and retail sectors. Half of the meat purchased by consumers is derived from pigs,
and the trend continues to favour pig meat consumption over other meats.

Live pigs are marketed at any time subsequent to weaning (which can be between
6 and 20kg and at 3–8 weeks of age). Pig meat can come from suckling pig at one
extreme, and from 180kg animals destined for the production of large Italian Parma
hams at the other. National consumption patterns cause pigs to be finished and con-
sumed at a wide variety of weights between these extremes. As the mature size of
many Asian pig types is so much less than European types, slaughter weights are
usually less. In many European countries 50–80kg live weight is the traditional
butcher range for the production of small, fresh pork joints bought and consumed
locally, while in Japan, Australia, North and South America and all the countries of
Europe 90–120kg live weight is the traditional range for industrial processing at
meat packing plants which distribute fresh pork joints, cured bacon products and
delicatessen lines. Animals used for the production of hams which are dry-cured by
slow and natural processes (such as prosciutto in Italy and Serrano in Spain) are
usually finished to substantially greater live weights. Cull sows weighing 120–300kg
may command a useful price according to the state of the market. Meat from cull
sows can be satisfactorily incorporated into a range of products, and it can be cost-
effective to sell culled animals in good body condition when the price is satisfac-
tory. Adult male pigs that have been used for breeding are inappropriate for human
consumption, the meat being coarse and often tainted. This criticism does not apply
to fast-grown entire males of European breed types slaughtered at less than 110kg.

Prime meat is usually found at around 30–60% of mature size (Figure 2.1). At
less than 30% there is a tendency toward lack of flavour, whilst at greater than 60%
there is a tendency toward lack of tenderness. Pig types of larger mature size merit
a higher slaughter weight, and it is noticeable that conventional slaughter weights
in the European pig industry have been increasing over recent years. Most pigs used
for processing and meat packing in industrialised countries have a mature weight
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Fig. 2.1 Prime meat is found from pigs slaughtered
at between 30 and 60% of mature size.
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Semi-intensive systems, 588, 589, 591
Seminal fluids, 114, 141
Seminiferous tubules, 106, 109
Sensitivity

analysis, 471
of market, 64

Serial slaughter, 351
Serine, 388
Serotonin, 417
Serpulina, 298
Sertoli cells, 105
Sex, 39, 105

determination, 261
differences in composition, 68
effects, 71
and feed level, 478
limiting traits, 214

Sexed semen, 142, 261
Sexual

behaviour, 107, 110
stimulation, 109

Shape of growth curve, 80
Shape, 32, 39, 42, 51, 66, 95
Sheep fat, 369
Shelter, 533
Showers, 268
Sigmoidal growth, 74
Simulation, 606
Sinapine, 354, 430
Single diets, 169
Single objective, 219
Sires, 187, 188, 247

of exceptional merit, 214
sire-line, 95, 207
sire referencing, 232

Site for pig farm, 270, 585
Site layout, 585
Site of digestion, 357
Sites for production, 305
Size, 65, 95
Size of farm, 271
Size relationship with growth rate, 72
Skatole, 30, 31, 226
Skin (and hair) losses of N, 350
Skin, 52
Slatted flooring, 166, 171, 285, 537, 569, 571,

583
Slaughter contracts, 61
Slaughter weight, 47, 48, 50, 61, 474, 475, 531

and costs of production, 49
and mature size, 81

Slaughter welfare, 178

Slaughterhouse returns, 594, 598
Sleep, 164, 163
Slope ratio assay, 365, 366
Slopes, 285
Slurry, 550

application rates, 551, 552
output/storage, 552

Small intestine, 357
SMEDI, 311
Smell, 419
Soaps, 375, 411
Social order, 159, 160
Social values, 527
Sodium requirement, 412
Soft carcass fat, 18, 375
Soluble fibre, 356
Somatostatin, 100
Somatotrophin (STH), 129, 418
Sorghum, 354
Sound, 543
Sow

breeding herd record, 597
condition, 493
fatness, 483
productivity, 3
size, 72, 73, 483
stalls, 160, 563
stalls/individual feeders, 557
weight gains over lifetime, 500
weight prediction, 632

Soya bean, 356, 358
Soya oil, 368
Space, 559, 560

feeders, 549
inadequacy, 159
occupied by pigs, 548
per pig in pen, 174, 181
pig units, 561
straw yards, 591

Space allowance, 273, 274, 283, 548
for feed intake and growth, 549
model of, 627

Spanish pig industry, 514
Specific endogenous loss, 361, 363
Specific pathogen free (SPF), 300, 305
Sperm

concentrations for AI, 140
quality, 295

Spermatozoa, 106, 109, 115
Spices, 436
Spirochaete, 299
Splitting and separating and lacey fat, 18, 19
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Spoilage, 281, 437
Stalls and tethers, 163, 171, 174, 181, 565,

590
Standardised amino acid requirement

boar, 403
growing pigs, 401
lactating sows, 402
pregnant sows, 401

Standardised digestibility, 349, 361, 363
Standardised digestibility values for

feedstuffs, 364, 367
Standardised ileal digestible amino acids in

feeds, 650
Standards of performance, 14, 15
Standing, 164
Staphylococcus, 434
Starch hydrolysis, 431, 432
Starch, 317
Starter diets, 452
Stearic acid, 368
Steps, 285
Stereotypic behaviour, 174, 175

and feed supply, 183
Steroids, 102, 106
Sterone, 105
Still-births, 127, 293
Stimulation of mammae, 154
Stock type, 594
Stock workers, 280
Stocking density, 175, 283, 284, 594

feed intake, 428
pigs in pen, 548, 562

Stockmanship, 148, 179, 280
Stocks, 600
Storage of feed, 283
Straights, 451
Strategic decisions for profit, 474
Strategies for production, 62
Straw yards, 160, 568, 569, 584
Straw, 151, 166, 537, 550, 591
Streptococcal meningitis, 313
Streptococcus, 434
Stress, 520

avoidance, 173
confinement, 173
meat quality, 22, 23, 24
free range, 177
mixing modelling, 628
social modelling, 626
transportation, 177

Structure of industry, 7
Stunning, 23, 24, 520

Sub-clinical disease, 382
Subcutaneous fat, 17, 18
Subsidies, 10
Succulence, 26
Sucking/suckling, 128, 137, 152–8

frequency, 128, 131, 153
stimulus, 131, 132, 133, 134, 138, 139
phases, 154–7

Sucking bars, 174
Sucking pigs, 86
Sugar, 430

energy, 317, 323
Sulphur amino acids, 387
Sunflower oil, 368
Superiority selection differential (S), 198
Supermarkets, 28

role in welfare, 183
Supernucleus, 231
Superovulation, 142
Supplementary feed for sucking pigs, 504
Supply chain, 508
Surveillance, 524
Survivability estimation, 635, 636
Survival of piglets, 136, 489
Sus, 185
Susceptibility to disease, 263, 270
Sustainability, 12
SVD, 314
Sweat, 537
Swellings, 171
Swine dysentery, 307
Swine fever, 314
Swine influenza, 542
Synchronisation of oestrus, 143
Synergism, 372
Synthesis of fat, 375
Synthesis, 317
Synthetic

amino acids, 344, 386, 389
lines, 245
lysine, 423

Systems modelling, 616

T2 toxins, 283
Tags for ears, 172
Tail and ear biting, 162, 171, 172
Tail docking, 172, 280
Taints, 39
Tallow, 369, 377
Tamworth, 189
Tannin, 355, 430
Target fat, 82, 88
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Targets, 607, 610
for pig flow, 272
for performance, 599, 602

Taste, 419
Tattoo, 172
Teat order, 153
Teat-seeking, 153
Teeth clipping, 171, 280
Temperature, 559, 560

control, 537
critical, 381
disease, 289
environment, 536
farrowing houses, 495
fats, 373
feed intake, 428, 429
fertility, 120
pig comfort, 533, 534, 535
rebreeding, 133
sow appetite, 495
sow house, 498

Tenderness, 26, 37
Terminal ileum, 351, 352, 356, 357
Test environment, 217, 218
Test ingredient, 330
Test length, 233
Testes, 108
Testicle removal, 172
Testicular differentiation, 105
Testing regimes, 232, 233, 237
Testosterone, 105, 109
Tethers, 163, 171, 178, 582
Thermal environment model, 623, 624
Thermal gradient, 546
Thermal resistance, 536
Thermoregulation model, 626
Thermostat, 544, 546
Thiamin (B1), 415
Thin sows, 496
Threats, 159
Three-day rule, 269
Three-site production, 304
Three-way crossing, 252
Three-week weaning, 133
Threonine, 343, 344, 386, 388, 389
Throughput, 57
Thwarting, 151
Thyroid, 100
Time spent in various activities, 163
Time at maturity, 72
Toe damage, 171
Top-crossing sires, 36, 72, 187

Total body scanning, 20
Tough meat, 22, 23, 26, 27
Toxic factors, 420, 430
Toxicity of salt, 412, 413
Toxins, 167, 408, 451
Toys, 550
TQM, 518, 520
Trace elements, 405, 414
Traceability, 521, 522, 523
Trading of pig meat, 512
Training, 276
Transgenic pigs, 143, 252, 253
Transmissible gastroenteritis, (TGE), 307
Transmission of disease, 265, 266
Transportation, 266, 452, 520

killing-out (ko), 46
mixing, 25
ramps, 25
stress, 24, 173
time and distance, 25, 48, 177
welfare arrangements, 177, 178

Trichinosis, 14
Trough space, 160, 437, 549, 555

modelling, 628
pregnant sows, 557
wet feeding, 556

Troughs for piglets, 554
Trucks, 266, 269
True digestibility, 347, 361
True ileal amino acid digestibility, 363
Trypsin, 355

inhibitor, 356
Tryptophan, 343, 344, 386, 388, 389
Turnover rate, 243, 381
Tyrosine, 344, 385, 388

UK pig meat
consumption, 5
trading, 5

Ulceration, 291, 437
Ultrasonic measurement, 43
Ultrasound, 20

for pregnancy diagnosis, 145
Uniformity, 532
Unimproved pigs, 71
Unit costs (value) of nutrients, 454, 455,

456, 457
Unsaturated:saturated (U/S) ratio, 370, 372
Unsaturated fatty acids, 370, 414

in pig meat, 18
Urinary excretion, 357, 388
Urinary N, 350
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Urination, 166
Urine

energy, 318, 320
protein, 344

USA and traceability, 523, 524
Uterine

contraction, 126, 127
deposition of protein, 395
environment, 122, 123, 125
horns, 111, 127
infections, 294
involution, 133
structure, 111, 118

Uterus, 110, 111, 115

V, 365, 390, 443, 448
v, 390, 464
Vaccination, 266, 274
Vaccines, 275, 314
Vaginal

discharge, 294
plug, 109

Valine, 388, 343
Value

diet protein, 386
dietary fats and oils, 377
pig at slaughter, 56

Vapour barrier, 540
Variability in F2, 204
Variation (sigma), 186, 196, 197, 198
Variation in fatness, 50, 52, 211
Vegetable oils, 368, 377
Vegetable protein supplement nutritional

values, 654
Vegetable proteins, 344, 356
Vehicles, 266, 268
Ventilation, 286, 559, 560

appetite, 433
control, 544
flexible walling, 582
forced, 547
mechanical, 544, 545, 546
natural, 544, 545
patterns, 545
rate, 538, 545, 546
systems, 544
temperature maintenance, 547

Verification, of source, 524
Vermin, 269
Vertical integration, 509, 513, 514, 515, 516,

518
Vertical transfer, 304

Veterinary treatment records, 594
Viable sperm, 295
Vices, 278, 286
Viscosity of digesta, 432
Visitors, 269
Visual appraisal, 43
Visual condition score, 499
Visual imaging, 95
Vitamin and mineral requirements, 404, 405,

406, 416
Vitamin D, 411
Vitamin E, 313, 374, 531
Vitamin E

pig meat, 18
requirement, 414
utilisation, 414

Vocalisation, 149, 159
Volatile fatty acids (VFAs), 317, 338
Voltages, for stunning, 24
Voluntary feed intake, 417, 426, 427,

557
Vomitoxins, 283
Vulva biting, 559
Vulva, 111
Vulval discharge, 293, 294

Washing facilities, 566
Wastage, 281

of feed, 556
Waste management, 550–53
Water

body, 404, 407
capacity, 424
changes in body, 90
content of lean, 71
content of diets, 439, 440
flow, 281, 409
holding capacity of lean, 21
intake allowances, 410
meat, 18
medication, 275
points, 409
provision, 409, 555
quality, 550
requirement, 407, 408
sprays, 46, 537
straw yards, 591
supply, 280
tissues, 67
welfare, 181

Water : feed ratio, 408, 409
Weaned pigs fighting, 170


