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Introduction
Poultry meat production faces a range of challenges. To meet growing demand, the 
FAO has estimated that the world poultry production needs to grow by 2.5% per year 
up to 2030, and by as much as 3.4% in developing countries. Much of the increase in 
output already achieved has been as a result of improvements in commercial breeds 
combined with rearing in more intensive production systems. However, these systems 
face a number of problems in achieving further sustainable increases in production. More 
intensive systems and complex supply chains have increased the risk of rapid transmission 
of zoonoses, which remains a significant challenge (including the risk of pathogens 
developing antibiotic resistance). At the same time consumers’ expectations of sensory 
and nutritional quality have never been higher. Consumers’ attitudes now also encompass 
wider concerns such as the environmental impact and sustainability of poultry production. 
These challenges are addressed in this collection: Achieving sustainable production of 
poultry meat Volume 1: Safety, quality and sustainability.

Poultry meat safety

The first part of the book reviews continuing challenges in ensuring the safety of poultry 
meat. Chapter 1 begins by reviewing current research on Campylobacter, which is 
emerging as the leading cause of bacterial foodborne illness related to poultry products 
in many countries. Despite stringent biosecurity on farm and control measures during 
processing, the number of cases of Campylobacter has continued to rise each year in 
counties such as the United Kingdom. Unlike Salmonella, currently no effective vaccine for 
Campylobacter spp. has been discovered for either the human or the poultry populations. 
As the chapter shows, farm interventions including biosecurity, altering the diet, use 
of prebiotics and probiotics, and additives have not been found to be consistently 
effective. Other techniques during processing such as rapid chilling, surface washes and 
irradiation have also had limited success in controlling the pathogen without affecting 
quality. In addition, having traditionally been seen as a commensal of broiler chickens, 
Campylobacter is increasingly regarded as potentially pathogenic to poultry. As the 
chapter points out, there is a need for more research on Campylobacter pathogenesis 
to develop more effective interventions. There is also a need to explore the biology of 
Campylobacter in chicken to better understand the effect it has on the health, welfare and 
performance of broilers. 

Chapter 1 is complemented by Chapter 10, which discusses in more detail where we 
are in achieving effective control of Campylobacter. The chapter reviews ways by which 
Campylobacter can spread around farms and how effective biosecurity measures are in 
reducing horizontal transmission. It also discusses key findings in the use of antimicrobial 
therapy, including the relative ineffectiveness of probiotics against Campylobacter, as well 
as studies of the potential use of botanicals. Finally, it summarises progress in developing 
vaccines, including DNA vaccines. Like Chapter 1, it underlines the need for more research 
on this pathogen in the context of poultry meat production.

Chapter 2 provides an authoritative review of the state of the art in control of Salmonella, 
which remains the major cause of poultry-related foodborne illness in countries such as 
the United States, including emerging risks associated with new serovars. The chapter 
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summarises our current understanding of the invasion and transmission mechanisms of 
Salmonella. As it indicates, further research is needed to understand the complete roles of 
humoral and cell-mediated immunity.

The chapter also reviews the wide range of methodologies for the sampling and 
bacteriological detection of Salmonella in poultry flocks, their weaknesses and strengths, 
and the development of new techniques, including polymerase chain reaction-based 
techniques with greater sensitivity, specificity and reduced assay time. Finally, the chapter 
discusses the wealth of techniques used for control of Salmonella on the farm. Although 
vaccination has been the primary cause of reduction of Salmonella incidence all over the 
world, the efficacy of vaccines depends on several factors and they are not universally 
effective. This has placed the emphasis on other strategies based on diet modulation and 
feed supplementation.

The chapter reviews the diverse dietary strategies that have been investigated to reduce 
Salmonella in the gastrointestinal (GI) tract, such as feeding whole cereals or mash diet 
to improve intestinal resistance, the use of exogenous enzymes to reduce the amount 
of substrate remaining in the gut for pathogenic microorganisms or the use of bioactive 
compounds with immunomodulatory properties. Other techniques to boost immune 
response include feeding maternal antibodies to hatchlings, the use of antimicrobial 
peptides, the potential acidification of feed or water by short-chain fatty acids to reduce  
Salmonella colonisation of broilers, essential oils and competitive exclusion treatments 
such as the use of probiotics, prebiotics and synbiotics. The chapter also discusses newer 
techniques such as bacteriophages and the increasing interest in ways of combining 
of different dietary treatments allowing potential addition, complementarity, or even 
synergism, of protagonist effects directly at the gut level.

Chapter 2 is complemented by Chapter 9 on the control programme for Salmonella in 
Sweden, which has focused on pre-harvest and harvest interventions and which has largely 
eliminated Salmonella from fresh poultry meat. This remarkable achievement is based on 
the following key steps: preventing contamination of the breeding pyramid (by compulsory 
sampling of grandparent and parent flocks, including hatcheries), strict biosecurity on farm 
sites; preventing Salmonella contamination in feed given to broiler flocks (e.g. through 
HACCP systems based on heat treatment), detailed surveillance of the production chain at 
critical control points to detect Salmonella contamination and immediate action to remove 
Salmonella from the food chain if detected. Given the decision not to use vaccination 
as a control measure, the chapter reviews the effectiveness of other approaches such 
as competitive exclusion treatments as well as biosecurity arrangements. The chapter 
also discusses the various cost–benefit analyses of the Salmonella control programme, 
including the balance of responsibilities and costs faced by farmers and others such as feed 
manufacturers in achieving a very high level of safety whilst sustaining a viable business.

Chapter 2 refers to increasing concern over the past 30 years regarding the 
worldwide emergence of multidrug-resistant phenotypes among Salmonella serotypes 
such as S. Typhimurium, S. Enteritidis and S. Newport. This problem is discussed in 
Chapters 4 and 5. Chapter 4 highlights public health concerns associated with a strong link 
between antibiotic use in food production and the rise of antibiotic-resistant pathogens 
that affect public health, for example ciprofloxacin-resistant and erythromycin-resistant 
Campylobacter. Antibiotics have been conventionally used in food animals to treat 
clinical disease (therapy), to prevent and control common disease events (prophylaxis and 
metaphylaxis) and to enhance animal growth (growth promoter), though the latter use has 
now been banned in many countries. The chapter discusses the range of initiatives to reduce 
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antibiotic use, exemplified by the World Organisation for Animal Health (OIE), which has 
identified the following targets: tracking rates of veterinary antibiotic use, resistance and 
residues through a nationwide surveillance and monitoring system; changing incentives 
to discourage unnecessary antibiotic use in animals; educating farmers, veterinarians and 
consumers on the dangers of antibiotic resistance; and phasing out the sub-therapeutic 
use of antibiotics in animals. The chapter also highlights the shift to methods that reduce 
reliance on antibiotics, for example, efficient biosecurity and hygiene protocols, the use of 
prebiotics and probiotic bacteria for competitive exclusion, bacteriophages, additives such 
as organic acids, genetic resistance, vaccination, and organic and antibiotic-free farming. 
It also highlights recent reductions in antimicrobial-resistant Salmonella associated with 
Salmonella control programmes adopted by the poultry industry, linking back to the kinds 
of intervention reviewed in Chapter 2.

Building on the overview in Chapter 2, Chapter 5 reviews in detail the range of prebiotics 
and related compounds used in competitive exclusion treatments. These include non-
digestible carbohydrates, fructooligosaccharides, yeast-derived components and mannan 
derivatives, galactooligosaccharides and guar gum. The chapter reviews the latest research 
into their mode of action and effectiveness in control of pathogens such as Salmonella. 
It highlights where further research is needed, for example in how well these treatments 
work on less-studied pathogens such as Campylobacter as well as the growing interest 
in combining probiotics and prebiotics into synbiotics which offers the opportunity to 
enhance the growth of beneficial bacteria in a more controlled way. It highlights the need 
for more research to understand the GI tract microbiome and its mechanisms of action 
in dealing with pathogens, host animal responses, pathogen resistance and variability 
among strains within a pathogen species. There also needs to be more research in such 
areas as multifunctional carriers (e.g. nanoparticles) to optimise delivery of compounds.

Chapters 3, 6, 7 and 8 review safety control measures at different stages in the poultry 
meat supply chain. Echoing Chapter 9, Chapter 3 discusses farm safety management. As it 
points out, producing and maintaining a healthy flock requires good husbandry practices, 
backed by effective procedures, training, monitoring and record keeping. These practices 
start with the selection, housing and management of healthy chicks coming into a flock. 
They then cover quarantine and other biosecurity measures such as pest control, housing, 
stocking and diet as well as waste management and health monitoring.

Chapter 6 discusses processing operations from live transportation of birds and 
slaughter to post-chill processing, and considers the effects of these operations on carcass 
contamination. The chapter starts with transportation and handling of live birds, including 
physical separation between flocks, keeping the birds clean and dry during transport and 
unloading, reducing cross-contamination risks and minimising stress associated with feed 
withdrawal and confinement during transport. It then reviews current research on the 
effects of processing steps such as scalding and evisceration on pathogen survival and 
spread, as well as the role of prerequisite and HACCP systems for effective management 
of slaughterhouse operations. Finally, it reviews the effectiveness of the range of 
antimicrobial treatments: chemical, physical (such as washing, chilling, the use of ozone 
or irradiation) and biological treatments such as bacteriophages. Throughout it highlights 
the importance of a pre-harvest pathogen control approach is crucial as a key part of an 
overall food safety programme. 

Chapter 7 looks at good practice in official inspection of slaughterhouses, highlighting 
the need for more research on ways of optimising compliance. As chilling is critical in 
storage, transport and sale of fresh poultry meat, Chapter 8 reviews research on its 
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effectiveness in the context of the range of decontamination techniques available, as well 
as emerging techniques such as the use of natural antimicrobials and edible coatings in 
preservation.

The chapters in Part 1 show what can be achieved in controlling pathogens such as 
Salmonella in poultry, including appropriate interventions at each point in the supply 
chain that systematically reduce the pathogen load. They also highlight the continuing 
challenges faced in dealing with other pathogens such as Campylobacter. These include 
a deeper understanding of pathogen behaviour, further improving detection techniques, 
a better knowledge of the GI tract microbiome, and the use of that foundation to better 
understand and extend the range of methods to control pathogens in the GI tract, as well 
as ways of combining techniques to create a series of hurdles which, in combination, keep 
the pathogen under effective control. 

Poultry meat quality

Poultry meat quality can be defined in many different ways. Chapter 11 provides an 
overview of these different aspects of quality, which range from safety (discussed in Part 1) 
to nutritional value and from physiological and processing qualities such as water-holding 
capacity and shelf life to sensory properties such as colour, juiciness, tenderness and 
flavour. Consumption quality is based on an assessment of subjective sensory qualities and 
nutritive value. In contrast, processing quality is mainly based on objective physical and/
or chemical properties. This chapter highlights recent research on defining, measuring 
and enhancing poultry meat quality attributes, including the use of indicators of meat 
maturation such as pH or conductivity and ways of enhancing nutritional value. 

Building on the overview in Chapter 11, Chapter 12 reviews current research specifically 
on enhancing the nutritional quality of poultry meat. It discusses current research on 
understanding lipid metabolism and carcass lipid deposition. The chapter then summaries 
methods for the nutritional enrichment of poultry meat to increase polyunsaturated 
fatty acid content, particularly long chain n-3, using differing feed ingredients such as 
marine, plant and, more recently, algal ingredients. However, it has been found that 
such enrichment can be accompanied by the potential for increased oxidation of muscle 
lipids, the major contributor to the decline in meat quality during storage. The chapter 
therefore also reviews ways of reducing tissue lipid oxidation, for example, through use 
of antioxidants.

Flavour is an essential attribute of poultry meat quality and is discussed in Chapter 13. 
It reviews the wealth of research on the complex chemistry of flavour compounds and 
precursors underpinning poultry meat flavour as well as the process of flavour formation 
during cooking. The chapter also discusses the relative importance of factors influencing 
the formation of flavour and off-flavour in poultry meat, including breed/strain of chicken, 
diet and type of production system, and what this means for strategies to preserve or 
enhance the flavour of poultry meat.

The colour of poultry meat is often the first thing used by consumers to assess meat 
quality, and so it plays a vital role in purchasing decisions. Chapter 14 begins by surveying 
the extensive literature on meat pigments, including the types and chemistry of haeme 
pigments. It then considers what determines the colour of different types of poultry meat, 
starting with factors affecting the colour of fresh meat such as sex, diet, bird management 
and pre-slaughter stress as well the mechanisms of discolouration in poultry meat, and 
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how discolouration can be prevented. It also reviews the colour of cooked, cured and 
irradiated poultry meat. Finally, recent developments in methods for objective colour 
measurement of meat products are reviewed.

Chapter 15 discusses how the characteristics of texture and tenderness are affected 
by the post-slaughter processing of poultry carcasses. It reviews what we know about 
the changes that occur in poultry muscle after slaughter, including pH decline and the 
development of rigor mortis. The chapter shows how the quality of poultry meat is 
influenced by chilling type, temperature and time, and how processing techniques can 
improve the quality of the meat and reduce the incidence of defects such as pale, soft and 
exudative meat.

Freshly processed poultry meat may be contaminated by microorganisms carried into 
the processing facility by live birds and by microorganisms that contaminate the carcass 
during processing. Chapter 16 focusses on the range of spoilage bacteria, conditions 
favouring their growth and how they can be controlled through techniques such as 
modified atmosphere packaging. 

All these chapters in Part 2 highlight both how far back in the supply chain quality traits 
can be shaped and how critical a holistic approach is in seeking to optimise quality at 
each step in the process. Chapters in Part 2 also show that there is still much to learn, 
for example, about the genetic basis of individual quality attributes, the role of dietary 
interventions and the ways managing birds up to the point of slaughter affects final meat 
quality. 

Sustainability

Increasingly quality for consumers in not just about sensory properties but broader issues 
such as the environmental impact of production, which is the focus of the final part of 
the book. As Chapter 17 shows, intensive poultry production systems face a number 
of environmental challenges. These systems are very much dependent on external 
feed production, especially protein sources such as soya, the production of which has 
raised environmental concerns. Another issue is nitrogen emissions, for example in the 
forms of ammonia emissions to air, nitrous oxide emissions that contribute to global 
warming and nitrate leaching contributing to eutrophication. This chapter reviews 
recent studies applying life cycle assessment modelling to quantify the contribution 
of different sub-systems of poultry production (production of feed, housing emissions, 
manure management, etc.) to the overall environmental impact of poultry production 
and to suggest measures which could make the intensive poultry production more 
environmentally friendly. These include improving feed efficiency, for example by using 
additives such as enzymes in feed or alternatively improving the efficiency of the birds 
through genetic selection, use of alternative feed ingredients, such as locally grown 
protein crops and agricultural by-products, and other management options such as 
improving poultry housing and new strategies for manure management.

Given its importance in the overall environmental impact of poultry production, 
Chapter 18 focuses on poultry feed. As it shows, the potential to reduce the adverse 
environmental impact of intensive poultry production through precise feed formulation 
and manufacturing is extensive, as new additives and supplements are developed to 
increase nutrient retention and decrease nutrient excretion, enhance performance and 
prevent diseases. The chapter starts by reviewing research on processing issues such as 
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improving nutrient uniformity, particle size and pelleting as well as ways of optimising 
nutrient density and the use of multiphase feeding. It shows how formulating diets with 
low dietary crude protein and supplementation with highly digestible synthetic amino 
acids can reduce the excretion of excess nitrogen. The addition of exogenous enzymes, 
probiotics and prebiotics has also been shown to increase nutrient bioavailability, reduce 
nutrient variation of ingredients, enable the use of potentially less expensive ingredients 
and reduce the excretion of excess nitrogen and phosphorus. However, more needs to be 
discovered about the mechanism of action of these new additives given that the response 
of poultry to these products is highly variable, depending on the substrate, additive 
source, concentration and chemical relationship with other feed components. 

Chapters 19 and 20 review recent research on measuring and reducing energy and 
water use, as well as the management of by-products and waste, in conventional poultry 
processing operations, focussing on processes such as bleed out, scalding, defeathering 
and evisceration. The following chapter reviews the growing sector of organic poultry 
production, with sections covering housing and nutrition requirements for organically 
reared poultry, the management of farm resources and bird health, ensuring food safety 
and the oversight of poultry meat processing and product labelling. It identifies the need 
to develop new organic ingredients able to provide required levels of non-essential amino 
acids as well as further research into appropriate use of probiotics, prebiotics, essential 
oils and organic acids.

As the final chapter in the book, Chapter 22 looks at sustainability in the context of the 
small-scale family poultry farming practiced by a large proportion of smallholder families 
in the rural and peri-urban areas of most of the world’s developing countries. It shows that 
by enabling improvements in disease control, breeding and genetics, bird management 
and nutrition through smallholder poultry development projects, we have the potential 
to impact very meaningfully on poverty alleviation, household nutrition and food security, 
the health and education of children and the empowerment of women as the principal 
poultry keepers. This is shown via case studies from Myanmar, Tanzania and Zambia. 
The chapter suggests how the complex nature of the mixed farming systems and value 
chains incorporating family poultry production will increasingly benefit from inter- and 
transdisciplinary research in such areas as identifying the composition and nutritional value 
of alternative feedstuffs as well as better feed formulation.

Summary

This collection shows how interdependent questions of safety, quality and sustainability 
are. As an example, it demonstrates the central role of diet in such areas as food 
safety (e.g. in the control of Salmonella), aspects of quality (such as nutritional value, 
colour and flavour) and sustainability, whether in reducing the environmental impact of 
intensive systems or supporting smallholder poultry production. It also demonstrates 
the importance of an interdisciplinary approach in addressing issues of safety, quality 
and sustainability in an integrated way. The book shows the benefits of researchers 
collaborating to ensure synergies across the supply chain, for example by combining 
enhanced biosecurity with other interventions to combat pathogens in a way that is less 
reliant on the use of antibiotics. It is hoped that this collection will help support such an 
integrated approach.



© Burleigh Dodds Science Publishing Limited, 2017. All rights reserved.

Index
Ability testing 148
Acidified sodium chlorite (ASC) 127
Additives, and poultry meat flavour 265–266
7’-adenosine monophosphate-activated protein 

kinase (AMPK) 23
Age and health performance, of parent 

flock 51
Ageing, and poultry meat flavour 264
Air chilling 118, 129–130
Alkaline hydrolysis 414
Alliance for the Prudent Use of Antibiotics 

(APUA) 79
Alliance Working for Antibiotic Resistance 

Education (AWARE) 79
Alvesta outbreak 174–175
Amino acids, and poultry meat flavour 261–262
AMPK. see 5’-adenosine monophosphate-

activated protein kinase (AMPK)
Animal and Plant Health Inspection Services 

(APHIS) 60
Animal farming, antibiotics in 70
ANSORP. see Asian Network for Surveillance of 

Resistant Pathogens (ANSORP)
Antibiotics

applications
in animal farming 70
growth promotion 70–71
metaphylaxis and prophylaxis 71–72

and Campylobacter 75–76
and environmental impacts 375–377
and human health risks 72–74
regulations and recommendations 77–79
and Salmonella 24, 76–77
use of 67–69

Antimicrobial treatments, in poultry 128–131
air chilling 129–130
and Campylobacter 196–197
electrolyzed water 130
hot water and steam 130
immersion chilling 129
irradiation 130–131
overview 128–129
ozone processing 130

APHIS. see Animal and Plant Health Inspection 
Services (APHIS)

APUA. see Alliance for the Prudent Use of 
Antibiotics (APUA)

ASC. see Acidified sodium chlorite (ASC)
Asian Network for Surveillance of Resistant 

Pathogens (ANSORP) 79
AWARE. see Alliance Working for Antibiotic 

Resistance Education (AWARE)

Bacterial infection 59
Bacteriocins 328

Biological hazards 62
Biological treatments, in poultry processing 128
Biosecurity management

and Campylobacter 195–196
health monitoring and disease prevention

bacterial infection 59
parasitic infection 59
poultry infectious disease control 58
viral infectious 58–59

litter and carcass management 59
overview 57–58
training and emergency preparedness 60

Bird and wild animal infiltration 
management 53–54

Bird health, and organic production 
system 436–437

Bird housing 434–435
Bleeding, and carcass contamination 114–115
Blood spots, and meat colour 279–280
Breed/strain

of chicken, and flavour 260–261
and genetics 451–453
and LCA 348–350
of parent flock 50

Broiler houses 56
By-products and waste treatment

alkaline hydrolysis 414
incineration 412–413
rendering 413–414
wastewater treatment 414

Campylobacter
and antibiotics 75–76
controlling

antimicrobial therapy and host 
resistance 196–197

and boosting immune response 197–199
and DNA vaccines 199–200
general features and epidemiology 194–195
improving biosecurity 195–196
overview 193

overview 1–4
as pathogen 6–10
in poultry 4

control measures 5
foodborne pathogens 111–112

Carcass chilling and muscle tenderness 294–295
Carcass contamination, and poultry processing

air chilling 118
chilling 117
crop removal 116
defeathering 115–116
evisceration 116
immersion chilling 117–118
live transportation and handling 113–114



474 Index

© Burleigh Dodds Science Publishing Limited, 2017. All rights reserved.

post-chilling processing 118–119
scalding 115
stunning and bleeding 114–115
washing 116–117

Carcass lipid deposition, of poultry meat  
235–236

CE. see Competitive exclusion (CE)
Chemical hazards 62
Chemical treatments, in poultry processing

acidified sodium chlorite (ASC) 127
chlorine-based 126–127
organic acids 127–128
trisodium phosphate (TSP) 127

Chemistry, of poultry meat flavour 250–251
Chilling 117

air 118, 129–130
carcass and muscle tenderness 294–295
immersion 117–118, 129
post- 118–119
for poultry meat preservation 158–159
and washing 394–395

Chlorine-based chemical treatments 126–127
Cleaning, and GMPs 125
Clostridium perfringens 112–113
Competitive exclusion (CE) 36
Conventional poultry slaughter processing 

plants 392–395
and evisceration 394
packaging and storage 395
pre-slaughtering 392–393
scalding and defeathering 393–394
slaughtering 393
washing and chilling 394–395

Cooked meat pigments 280
Cooking

discolouration during 280–281
and poultry meat flavour 264

Critical control points (CCPs) 123
Crop removal, and carcass contamination 116
Cross-inspections 148–149
Crust-freeze air-chilling technique 298–302
Cured meat colour 282

Defeathering
and carcass contamination 115–116
and scalding 393–394

Diet, and poultry meat flavour 262–263
Diet formulation, and Salmonella 31
Discolouration, of meat 278–279

during cooking 280–281
DNA vaccines, and Campylobacter 199–200

EARSS. see European Antimicrobial Resistance 
Surveillance System (EARSS)

Education, and poultry production 
systems 457–458

EFSA. see European Food Safety Authority (EFSA)
Egg structure, and parent flock 51

Electrical stimulation (ES) 308–309
Electricity, in poultry processing 396–397
Electrolyzed water 130, 330–331
Employee hygiene, in GMPs 124–125
Energy and water use, in poultry processing

conventional plants 392
and electricity 396–397
and evisceration 394
and fossil energy 397
and life cycle assessment 390–391
overview 389–390, 395–396
packaging and storage 395
and poultry production 391–392
and pre-slaughtering 392–393
purpose of 397–398
scalding and defeathering 393–394
and slaughtering 393
washing and chilling 394–395
wastewater and reuse 399–400

Environmental impacts
and antibiotics 375–377
and breeding 348–350
and coccidiostat growth promoters 375–377
and exogenous enzymes 369–372
feed consumption and composition 344–348
feed formulation and manufacturing 361
housing and manure management 348–350
of intensive poultry production 341–344
of livestock and poultry production

in air quality 360
overview 357–359
in soil and water 359–360

and multiphase feeding 366–369
and nutrient density 364–366
and nutrient uniformity 361–362
and particle size 362–363
and pelleting process 363–364
and phytate 372–373
prebiotics and probiotics 373–375
of waste management and emissions

odour control 416–417
refrigeration 415–416

Enzymatic activity, and meat  
tenderness 302–305

Equipment and utensils, for GMPs 124
ES. see Electrical stimulation (ES)
Establishment grounds and facilities, of 

GMPs 123–124
European Antimicrobial Resistance Surveillance 

System (EARSS) 79
European Community Regulation 2073/2005 29
European Food Safety Authority (EFSA) 18
European Union, and Salmonella  

control 175–176
Evisceration 394
Evisceration, and carcass contamination 116
Exogenous enzymes, as feed additives 369–372
Extra-intestinal spread 4



© Burleigh Dodds Science Publishing Limited, 2017. All rights reserved.

Index 475

Family poultry production 447–448
FAO. see Food and Agriculture Organization 

(FAO)
FAO/WHO. see Food and Agricultural 

Organization/World Health 
Organization (FAO/WHO)

Farm environmental safety management 53
Feed additives

exogenous enzymes as 369–372
prebiotics and probiotics as 373–375

Feed consumption and composition 344–348
Feed quality

and farm safety management 56–57
water and housing 51

FIRRM. see Foodborne Illness Risk Ranking 
Model (FIRRM)

Food and Agricultural Organization/World 
Health Organization (FAO/WHO) 433

Food and Agriculture Organization (FAO) 79
Foodborne Illness Risk Ranking Model 

(FIRRM) 194
Foodborne pathogens, and poultry processing

Campylobacter 111–112
Clostridium perfringens 112–113
Listeria monocytogenes 112
Salmonella 111
Staphylococcus aureus 113

Food post-harvest, Salmonella control in  
184–185

Food safety
and infectious diseases 451
in organic production system 437–438
in poultry processing 109–110

regulatory standards for 119–122
Food Safety and Inspection Service (FSIS) 60
Food safety inspections 143–144
FOS. see Fructooligosaccharides (FOS)
Fossil energy, in poultry processing 397
Fresh meat pigment 276–277
Fructooligosaccharides (FOS) 35, 90–92
FSIS. see Food Safety and Inspection Service 

(FSIS)

Galactooligosaccharide (GOSs) 94–95
GAP. see Global Action Plan (GAP)
Generally recognized as safe (GRAS) 

materials 60
Genetics, and breeding 451–453
Global Action Plan (GAP) 79
GMPs. see Good Manufacturing Practices (GMPs)
Good manufacturing practices (GMPs) 53

and poultry processing
cleaning and sanitation 125
employee hygiene 124–125
equipment and utensils 124
establishment grounds and facilities  

123–124
HACCP system 125–126

pest control 125
prerequisites 122–123

GOSs. see Galactooligosaccharide (GOSs)
GRAS. see Generally recognized as safe (GRAS) 

materials
Growth promotion, and antibiotics 70–71
Guar gum, and prebiotics 95–96

HACCP. see Hazard Analysis and Critical Control 
Points (HACCPs) 50, 61–63

Haem pigments, chemistry of 274–276
Handling and transportation, of carcass 113–114
Hatchery environment, managing 52
Hatching egg collection process 51–52
Hazard Analysis and Critical Control Points 

(HACCPs) 50, 61–63
-based Salmonella control in feed 

production 177–180
and GMPs 125–126

Health monitoring and disease prevention
bacterial infection 59
parasitic infection 59
poultry infectious disease control 58
viral infectious 58–59

Health performance, of parent flock 51
Healthy People 2020 (HP2020) 29
Herbs, and spices 328–329
Heterocyclic compounds, in poultry meat 

flavour 256
HHP. see High hydrostatic pressure (HHP)
High hydrostatic pressure (HHP) 329–330
High pressure treatment, and poultry meat 

flavour 265
Horizontal transmission, of Salmonella 26
Host resistance, and Campylobacter 196–197
Hot water and steam 130
Housing

cleaning practices and disease control 56
and LCA 348–350
water and feed quality 51

Human health risks, and antibiotics 72–74
Husbandry, and nutrition 453–455

IFOAM. see International Federation of Organic 
Agriculture Movement (IFOAM)

Immersion chilling 117–118, 129
Immune response

and Campylobacter 197–199
and Salmonella 32–33

Immunomagnetic separation (IMS) 
technique 29

IMO. see Isomaltooligosaccharide (IMO)
IMS. see Immunomagnetic separation (IMS) 

technique
Incineration 412–413
Infectious diseases, and poultry 

production 448–451
efficient control of 450–451



476 Index

© Burleigh Dodds Science Publishing Limited, 2017. All rights reserved.

food safety 451
prevalence of 449
sustainable prevention of 449–450

Integrated pest management (IPM) 125
International Federation of Organic Agriculture 

Movement (IFOAM) 433
Internet, and poultry slaughterhouse 

inspections 147
IPM. see Integrated pest management (IPM)
Irradiation

and meat colour 282–283
in poultry 130–131
and poultry meat flavour 265
and spoilage of poultry meat 331–332

Isomaltooligosaccharide (IMO) 94–95

Land use changes (LUC) 339
LCA. see Life cycle assessment (LCA)
Life cycle assessment (LCA)

and breeding 348–350
and energy and water use, in poultry 

processing 390–391
environmental impacts 341–344
feed consumption and composition 344–348
general principles 340–341
housing and manure management 348–350
overview 339–340

Lipid and myoglobin oxidation, meat 
colour 279

Lipid class and fatty acid composition 261
Lipid-derived compounds, and poultry meat 

flavour 253
Lipid-Maillard interactions, and poultry meat 

flavour 255
Lipid metabolism, of poultry meat 235–236
Listeria monocytogenes 112
Litter and carcass management 59
LUC. see Land use changes (LUC)

Maillard reaction, and poultry meat 
flavour 253–255

Maintenance and record-keeping, of poultry 
farm 57

Mammalian target of rapamycin (mTOR) 23
Mannan derivatives, and prebiotics 92–94
Mannanoligosaccharides (MOS) 35
Manure management, and LCA 348–350
MAP. see Modified atmosphere packaging (MAP)
Marination, and meat tenderness 309–313
Marketing

and production processing 438
and smallholder poultry production 

systems 455–457
credit and microfinance 455–456
value chain development 456–457

MDGs. see Millennium Development Goals 
(MDGs)

Meat pigments
chemistry of haem pigments 274–276

cooked 280
fresh 276–277
overview 274

Meat texture and tenderness
carcass chilling and muscle  

tenderness 294–295
crust-freeze air-chilling technique 298–302
electrical stimulation (ES) 308–309
and enzymatic activity 302–305
and marination 309–313
mechanical tenderization 305–306
muscle tensioning 306–308
overview 291–292
pale, soft and exudative (PSE) meat 295–298
post-mortem pH decline and rigor 

development 292–294
Mechanical tenderization, of meat 305–306
Metabolism, Salmonella effect on 23
Metaphylaxis 71–72
Metmyoglobin reduction, and meat 

colour 277–278
Microbial testing 131–132
Microbiota, and Salmonella 23–24
Microflora, and Salmonella 34–36
Microorganisms, and poultry meat 

spoilage 322–325
Millennium Development Goals (MDGs) 447
Mobile poultry processing unit (MPPU) 61
Modified atmosphere packaging (MAP) 326–328
MOS. see Mannanoligosaccharides (MOS)
MPPU. see Mobile poultry processing unit (MPPU)
MTOR. see Mammalian target of rapamycin 

(mTOR)
Multiphase feeding 366–369
Muscle tensioning, and meat  

tenderness  306–308

NACMCF. see National Advisory Committee 
on Microbiological Criteria for Foods 
(NACMCF)

NARMS. see National Antimicrobial Resistance 
Monitoring System (NARMS)

National Advisory Committee on Microbiological 
Criteria for Foods (NACMCF) 122

National Antimicrobial Resistance Monitoring 
System (NARMS) 79

Non-conventional poultry processing 400–402
Non-digestible carbohydrates, as 

prebiotics 89–90
Non-thermal plasma and oxygen 

absorbers 331–332
Nucleotides, and poultry meat flavour 261–262
Nutrient density, and environmental 

impacts 364–366
Nutrient enhancement of poultry meat

lipid metabolism and carcass lipid 
deposition 235–236

overview 233–234
polyunsaturated fatty acids (PUFAs) 236–240



© Burleigh Dodds Science Publishing Limited, 2017. All rights reserved.

Index 477

selection for growth and feed 
efficiency 234–235

and tissue lipid oxidation 240–242
Nutrient management, for organic production 

system 435
Nutrient uniformity, and environmental 

impacts 361–362
Nutrition

and husbandry 453–455
for organic production system 435–436

Nutritive value, of poultry meat 210–215

Odour control 416–417
Official veterinarians (OVs) 150–152
Optimal stocking density 56
Organic acid treatments, in poultry 127–128
Organic Food Production Act (1990) 433
Organic production system

bird housing 434–435
managing bird health 436–437
nutrient management for 435
nutrition for 435–436
overview 433–434
processing and marketing 438

OVs. see Official veterinarians (OVs)
Oxygen and non-thermal plasma 

absorbers 331–332
Ozone processing, in poultry 130

Packaging, and storage 395
Pale, soft and exudative (PSE) meat   

295–298
Parasitic infection 59
Particle size, and environmental impacts  

362–363
Pathogen Reduction, Hazard Analysis and 

Critical Control Point (PR/HACCP) 
Systems 25, 119

Pathogens
foodborne (see Foodborne pathogens, and 

poultry processing)
and poultry meat preservation 161–162

Pattern-recognition receptors (PRRs) 9
PCR. see Polymerase chain reaction (PCR)
Pelleting process 363–364
Pest control 54–56

and good manufacturing practices 
(GMPs) 125

PH decline and rigor development 292–294
Physical hazards 62
Phytate, and environmental impacts 372–373
Pink colour defect, of meat 281
Policy environments, and poultry 

production 458–459
Polymerase chain reaction (PCR) 28
Polyunsaturated fatty acids (PUFAs) 236–240
Post-chilling processing 118–119
Post-harvest control strategies, and 

Salmonella 30

Post-mortem pH decline and rigor 
development 292–294

Post-processing food handling 159–161
Poultry flock

breed/strain of 50
egg structure 51
hatching egg collection process 51–52
managing hatchery environment 52
quality of feed, water and housing of 51
vaccination, age and health performance of 51
voluntary biosecurity programme 183

Poultry meat colour
blood spots and white striping 279–280
curing 282
discolouration 278–279

during cooking 280–281
irradiated 282–283
lipid and myoglobin oxidation 279
measurement of 283–284
meat pigments

chemistry of haem pigments 274–276
cooked 280
fresh 276–277
overview 274

metmyoglobin reduction 277–278
overview 273
pink colour defect 281

Poultry meat flavour
and additives 265–266
and ageing 264
breed/strain of chicken 260–261
chemistry of 250–251
and cooking 264
and diet 262–263
and high pressure treatment 265
intramuscular contents of amino acids and 

nucleotides 261–262
and irradiation 265
lipid class and fatty acid composition 261
overview 249–250
precursors of

factors influencing formation of 256–260
heterocyclic compounds in 256
lipid-derived compounds 253
and lipid-Maillard interactions 255
and Maillard reaction 253–255
overview 251–252

and production system 263–264
Poultry meat preservation

chilling for 158–159
overview 157–158
pathogens and control measures 161–162
post-processing food handling for 159–161

Poultry meat quality
functional properties 224–225
nutritional (see Nutrient enhancement of 

poultry meat)
nutritive value of 210–215
overview 209–210



478 Index

© Burleigh Dodds Science Publishing Limited, 2017. All rights reserved.

physical properties 215–224
sensory assessment of 226–228
shelf-life 225–226

Poultry processing
energy and water use in

conventional plants 392
and electricity 396–397
and evisceration 394
and fossil energy 397
and life cycle assessment 390–391
overview 389–390, 395–396
packaging and storage 395
and poultry production 391–392
and pre-slaughtering 392–393
purpose of 397–398
scalding and defeathering 393–394
and slaughtering 393
washing and chilling 394–395
wastewater and reuse 399–400

non-conventional 400–402
Poultry slaughterhouse inspections

and food safety inspections 143–144
non-compliance in 149–150

official veterinarians (OVs) 150–152
overview 141–142
prerequisites 142–143
techniques and documentation

ability testing 148
cross-inspection 148–149
disclosure of inspection results 149
and internet 147
interviewing personnel 146
observation of facilities and 

operations 147–148
overview 145–146
sampling and measurements 149
self-inspection documentation 146–147
written self-inspection plan inspection 148

verifying compliance and facilitating 
business 142

Poultry slaughterhouse operations
antimicrobial treatments 128–131

air chilling 129–130
electrolyzed water 130
hot water and steam 130
immersion chilling 129
irradiation 130–131
overview 128–129
ozone processing 130

biological treatments 128
and carcass contamination

air chilling 118
chilling 117
crop removal 116
defeathering 115–116
evisceration 116
immersion chilling 117–118
live transportation and handling 113–114
post-chilling processing 118–119

scalding 115
stunning and bleeding 114–115
washing 116–117

chemical treatments
acidified sodium chlorite (ASC) 127
chlorine-based 126–127
organic acids 127–128
trisodium phosphate (TSP) 127

foodborne pathogens
Campylobacter 111–112
Clostridium perfringens 112–113
Listeria monocytogenes 112
Salmonella 111
Staphylococcus aureus 113

food safety concerns in 109–110
regulatory standards for 119–122

and good manufacturing practices (GMPs)
cleaning and sanitation 125
employee hygiene 124–125
equipment and utensils 124
establishment grounds and  

facilities 123–124
HACCP system 125–126
pest control 125
prerequisites 122–123

microbial testing 131–132
Prebiotics 35

beneficial effects of 89
and environmental impacts 373–375
fructooligosaccharides 90–92
and galactooligosaccharide (GOSs) 94–95
and guar gum 95–96
and isomaltooligosaccharide (IMO) 94–95
and mannan derivatives 92–94
non-digestible carbohydrates as 89–90
overview 87–89
and synbiotics 96–98
yeast-derived components and 92–94

Pre-harvest control strategies, and 
Salmonella 30

Pre-slaughtering 392–393
PR/HACCP. see Pathogen Reduction, Hazard 

Analysis and Critical Control Point  
(PR/HACCP) Systems

Probiotics, and environmental  
impacts 373–375

Production processing and marketing 438
Production system, and poultry meat 

flavour 263–264
Prophylaxis 71–72
PRRs. see Pattern-recognition receptors (PRRs)
PSE. see Pale, soft and exudative (PSE) meat
PUFAs. see Polyunsaturated fatty acids (PUFAs)

Record-keeping and maintenance, of poultry 
farm 57

Refrigeration 415–416
Rendering 413–414
Risk and water safety management 57



© Burleigh Dodds Science Publishing Limited, 2017. All rights reserved.

Index 479

Safety management, poultry farm
biosecurity (see Biosecurity management)
environmental safety management 53
and feed quality 56–57
housing, cleaning practices and disease 

control 56
overview 49–50
parent flock

breed/strain of 50
egg structure 51
hatching egg collection process 51–52
managing hatchery environment 52
quality of feed, water and housing of 51
vaccination, age and health  

performance of 51
pest control 54–56
regular maintenance and record-keeping 57
regulatory acts, enforcement and  

monitoring
HACCP system 61–63
SOPs and SSOPs 61
SPS measures 60

water safety and risk 57
wild animal and bird infiltration 

management 53–54
worker/personnel safety management 52–53

Salmonella
and antibiotics 24, 76–77
description of 19
detection methods 26–29

importance of sampling 27
method improvement 28–29
overview 26–27

effect on metabolism 23
factors affecting poultry colonization 24–25
improving immune response 32–33
interaction

with immune system 21–23
with microbiota 23–24

invasion 20–21
keeping environment free 31
mode of transmission 25–26

horizontal transmission 26
vertical transmission 26

modifying chicken environment 33–34
modulating microflora 34–36
optimizing diet formulation 31
overview 17–19
poultry

and factors affecting colonization 24–25
flock prevalence 25
foodborne pathogens 111
post-harvest control strategies 30
pre-harvest control strategies 30
strategies to control in 29–30

recently developed strategies 36–38
serotypes 19–20

Salmonella control
Alvesta outbreak 174–175

and European Union 175–176
evaluations of 176–177
in feed production 177–180
in food post-harvest 184–185
history and evolution of 175
implemented measures for 182–183
imports and costs 176
monitoring programme for 184
overview 173–174
surveillance programme 180–182
2010 programme 177
voluntary biosecurity programme 183

Sampling, and poultry slaughterhouse 
inspections 149

Sampling, and Salmonella 27
Sanitary and phytosanitary (SPS) 

standards 50, 60
Sanitation, and GMPs 125
Scalding

and carcass 115
and defeathering 393–394

Scaling Up Nutrition (SUN) 459
SCFA. see Short-chain fatty acids (SCFA)
Self-inspection documentation 146–147
Semi-intensive and small-scale intensive 

production systems 446–447
Sensory assessment, of poultry meat 

quality 226–228
Shelf-life of poultry meat

and bacteriocins 328
and electrolyzed water 330–331
herbs and spices 328–329
and high hydrostatic pressure  

(HHP) 329–330
and modified atmosphere packaging 

(MAP) 326–328
quality 225–226
and vacuum packaging 325–326

Short-chain fatty acids (SCFA) 33
Smallholder poultry production systems

breeding and genetics 451–453
education and training 457–458
family poultry production 447–448
husbandry and nutrition 453–455
and infectious diseases 448–451

efficient control of 450–451
food safety 451
prevalence of 449
sustainable prevention of 449–450

marketing and economics 455–457
credit and microfinance 455–456
value chain development 456–457

in Myanmar 459–461
overview 441–442
policy environments 458–459
semi-intensive and small-scale intensive 

production systems 446–447
small- to medium-scale extensive scavenging 

systems 443–446



480 Index

© Burleigh Dodds Science Publishing Limited, 2017. All rights reserved.

in Tanzania and Zambia 461–462
Small- to medium-scale extensive scavenging 

systems 443–446
Solid wastes

blood 418
carcasses (condemnations) and offals 420
feather 418–419
overview 417–418

SOPs. see Standard Operating Procedures (SOPs)
Spices, and herbs 328–329
Spoilage of poultry meat

and bacteriocins 328
and electrolyzed water 330–331
herbs and spices 328–329
and high hydrostatic pressure  

(HHP) 329–330
and irradiation 331–332
microorganisms 322–325
modified atmosphere packaging 

(MAP) 326–328
non-thermal plasma and oxygen 

absorbers 331–332
overview 321–322
vacuum packaging 325–326

SPS. see Sanitary and phytosanitary (SPS) 
standards

SSOPs 61
Standard Operating Procedures (SOPs) 50, 61
Staphylococcus aureus 113
Storage, and packaging 395
Stunning, and carcass  

contamination 114–115
Synbiotics, and prebiotics 96–98

Tissue lipid oxidation, and poultry meat 240–242
TLRs. see Toll-like receptors (TLRs)
Toll-like receptors (TLRs) 9
Training, and poultry production  

systems 457–458
Training and emergency preparedness 60
Transportation and handling, of carcass  

113–114
Trisodium phosphate (TSP) 127
TSP. see Trisodium phosphate (TSP)

United States Department of Agriculture 
(USDA) 112

United States Foodborne Diseases Active 
Surveillance Network 17

USDA. see United States Department of 
Agriculture (USDA)

Vaccination, of parent flock 51
Vacuum packaging 325–326
Value chain development 456–457
Vertical transmission, of Salmonella 26
VFA. see Volatile fatty acids (VFA)
Viral infectious 58–59
Volatile fatty acids (VFA) 33

Washing
and chilling 394–395
and carcass contamination 116–117

Waste management and emissions
by-products and waste treatment

alkaline hydrolysis 414
incineration 412–413
rendering 413–414
wastewater treatment 414

environmental impact of
odour control 416–417
refrigeration 415–416

overview 411–412
solid wastes

blood 418
carcasses (condemnations) and 

offals 420
feather 418–419
overview 417–418

Wastewater, and reuse 399–400
Wastewater treatment 414
Water

housing and feed quality 51
safety and risk 57

White striping, and meat colour 279–280
WHO. see World Health Organization (WHO)
Wild animal and bird infiltration 

management 53–54
Worker/personnel safety management 52–53
World Health Organization (WHO) 73
World ’ s Poultry Science Association 

(WPSA) 210
WPSA. see World’s Poultry Science Association 

(WPSA)
Written self-inspection plan inspection 148

Yeast-derived components, and prebiotics  
92–94




