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Foreword 

By Temple Grandin

Dept. of Animal Science, Colorado State University, Fort Collins, Colorado

The public is becoming increasingly con-
cerned about the treatment of farm ani-
mals and knowing more about where their 
food comes from. Consumers become 
upset and highly concerned when they 
see videos taken by animal welfare NGOs 
which show animal abuse at slaughter-
houses or on farms. These videos some-
times go viral and are seen by millions 
of people. Today it is easy to take videos 
because almost every mobile telephone is 
a video camera. Slaughterhouse manag-
ers, meat inspectors, and welfare offic-
ers must ask themselves, “How would 
activities in their slaughterhouse look if a 
video was posted online?” When animal 
handling is done correctly, the animals 
will walk quietly to the stunner. When 
the animal handling part of the process is 
conducted by well-trained employees, it is 
calm and low-stress.

There are parts of the stunning process 
that look bad even when they are done 
correctly. A properly stunned animal 
that is unconscious may have kicking 
reflexes. This needs to be explained to 
the public. I have taken many people 
who are outside the industry on tours 
of slaughterhouses. The most common 
comment from most people is that it 

was much better than they had previ-
ously imagined. The slaughter industry 
needs to do a better job of communicat-
ing with the public.

The purpose of this book is to provide 
scientifically based practical guidance for 
animal welfare officers, slaughterhouse 
managers, and meat inspectors. The 
species covered are cattle, pigs, sheep, 
and fish. Animal handling and design of 
races and lairages is explained in several 
different chapters. Each stunning method 
is covered in detail in four separate chap-
ters. The controversial area of slaughter 
without stunning is also discussed. It is 
the responsibility of the readers of this 
book to insure that animals are handled 
and stunned correctly. This is important 
for four reasons:

1.	 Proper treatment improves animal 
welfare.

2.	 Correct procedures comply with 
legislation.

3.	 Maintaining high standards is the 
ethical thing to do to prevent pain 
and suffering.

4.	 Good treatment of animals main-
tains the trust of the consumer.
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x	 ANIMAL WELFARE

IMPORTANCE OF GOOD 
MANAGEMENT TO 

MAINTAIN HIGH WELFARE 
STANDARDS

Slaughterhouses that have high welfare 
standards have managers and inspectors 
who care about doing things right. Places 
with rough handling of livestock or poor 
stunning practices often have managers 
or inspectors who do not care. My own 
observations in many slaughterhouses 
indicate that a major cause of welfare 
problems was either a lack of supervi-
sion of employees or poorly maintained 
stunning equipment. Too often, high 
standards that are being promoted by 
companies on fancy brochures and web-
sites are not adhered to in the slaughter-
house. Continuous assessment of animal 
welfare with animal-based outcome 
measures is essential. People manage 
the things they measure. Scoring of 
animal welfare indicators with numeri-
cal scoring will help keep standards high. 

When numerical scores are tabulated, it 
is possible to determine if animal treat-
ment at a particular slaughterhouse is 
becoming better or getting worse. Some 
of the important outcome measures are: 
Percentage of animals rendered uncon-
scious with a single application of the 
stunner, percentage that maintain good 
footing and do not fall or slip during han-
dling, percentage that remain silent in 
the stun box (moo, squeal, bellow), and 
percentage moved with no electric goad. 
Managers and inspectors need to put 
the most emphasis on activities they can 
directly observe. I have observed many 
slaughterhouse plants where the paper-
work was perfect and all the records 
were correct but the stunner was broken. 
A paperwork audit does not insure good 
animal welfare. The best way to keep 
welfare standards high is for managers, 
inspectors, and retail meat buyers to 
get out of the office and observe what 
is actually happening in the lairage and 
stunning area.
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chapter one

Introduction

Antonio Velarde1, Déborah Temple2, Eva Mainau2, Xavier Manteca2 
and Mohan Raj3

Learning Objectives

●● Describe animal welfare as a general concept and specifically during transport, 
lairage and slaughter.

●● Understand the general approach to animal welfare assessment and animal-
based measures. 

●● Be aware of the importance of education in animal welfare.

CONTENT

1.1 � General concept of animal 
welfare� 2

1.2  Animal welfare at slaughter� 3
1.3  Welfare assessment� 3

1.3.1 � Principles and criteria 
applied to the 
slaughterhouse� 4

1.4 � Animal welfare measures at the 
slaughter house� 6

1.4.1 � Welfare assessment of 
pigs� 7

1.4.2 � Welfare assessment of 
cattle� 10

1.4.3 � Welfare assessment of 
broiler chicken� 11

1.5 � Importance of education in 
animal welfare� 11

1.6  References� 13

1  IRTA. Animal Welfare Subprogram, Veïnat de Sies, s/n, 17121 Monells, Spain
2  Department of Animal and Food Science, School of Veterinary Science, Universitat Autònoma de 
Barcelona, 08193 Bellaterra, Spain
3  School of Veterinary Science, University of Bristol, Langford BS40 5DU, United Kingdom
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2	 ANIMAL WELFARE

1.1  GENERAL CONCEPT OF 
ANIMAL WELFARE 

Animal welfare can be defined in a 
number of different ways, but there is 
a growing consensus that whatever the 
definition is, it has to include three main 
elements (Fraser et al., 1997). The first 
element is the animal’s adequate bio-
logical functioning (the animal’s ability 
to cope with the environment). To cope 
with a challenge, the organism activates 
the functioning of body repair systems, 
immunological defences, physiological 
stress responses and several behavioural 
adaptations. Since there are various 
coping strategies, welfare can vary over 
a wide range, from very good to very bad 
(Broom and Johnson, 1993). The second 
element referring to emotional state links 
welfare to the absence of negative emo-
tions such as pain or chronic fear and the 
presence of positive ones, and the ani-
mal’s ability to express certain species-
specific normal behaviours (Fraser et al., 
1997). Concerns for animal welfare are 
generally based on the assumption that 
non-human animals can subjectively expe-
rience emotional states and hence can 
suffer or experience pleasure (Dawkins, 
2000; Mendl and Paul, 2004; Boissy et 
al., 2007). The suffering of an individual 
animal is precisely what the public is con-
cerned about and nowadays the majority 
of scientists accept that animal suffering, 
and the degree of animal consciousness 
that this implies, are essential aspects 
of animal welfare (Rushen, 2003). The 
third element is based on the ability to 
express certain species-specific normal 
behaviours (Hughes and Duncan, 1988). 
A normal behavioural pattern is usually 
associated with the behaviour shown by 
most members of a species under their 

natural habitat or environmental condi-
tions. Such species-specific behaviour 
can be compared with the behaviour dis-
played by conspecifics in more confined 
farming conditions and, as it provides the 
basis for animals’ requirements, it can be 
used for welfare assessment under farm-
ing conditions. 

In general, an animal reaches the state 
of harmony when it is kept in an environ-
ment that allows it to satisfy its motiva-
tions. When the situation moves away 
from this ideal state, the animal will use a 
wide range of physiological mechanisms 
and behaviours to cope with its environ-
ment. The ability to cope successfully or 
not will depend on the individual itself 
and on how much it has to cope with. The 
inability to cope with an aversive situation 
may lead to the appearance of injuries 
or diseases (Broom and Johnson, 1993) 
and consequently to pain and suffering. 
Integrating these different approaches, 
an agreement is reached on what is 
needed to achieve animal welfare. It is 
generally accepted, then, that the welfare 
of a sentient animal is determined by its 
capacity to avoid suffering and sustain 
fitness (Webster, 2005). In other words, 
welfare comprises physical and mental 
health (Webster et al., 2004; Dawkins, 
2004) and includes several aspects such 
as absence of thirst, hunger, discomfort, 
disease, pain, injuries, stress and the 
expression of normal behaviour, refer-
red to as the five freedoms of the Farm 
Animal Welfare Council (1992). The five 
freedoms of the Farm Animal Welfare 
Council provide a basis for a multidimen-
sional approach to welfare and offer a 
useful framework to assess the welfare 
of the animals. As such, it has been used 
as the basis for many animal protection 
laws worldwide.
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	 Introduction� 3

1.2  ANIMAL WELFARE AT 
SLAUGHTER 

Slaughter of animals in large numbers 
(billions) for human food remains a sensi-
tive issue. At abattoirs, red meat animals 
are unloaded and held in pens before 
slaughter. During this period, animals are 
exposed simultaneously to a variety of 
stressors that may result in high levels 
of psychological and physical stress 
(Grandin, 1997), thus compromising 
their welfare. These potential stressors 
include fasting and water deprivation, 
mixing of unfamiliar individuals, han-
dling by humans, exposure to a novel 
environment, noise, forced physical 
exercise and extremes of temperature 
and humidity. Unlike red meat animals, 
poultry are transported in containers, 
that is, crates or modules, to slaughter-
houses and the containers are unloaded 
from the vehicles and stored for several 
hours depending upon the throughput 
rate. Under this situation, poultry are not 
provided with food or water and there-
fore prolonged lairage time is a serious 
welfare problem, especially under warm 
climatic conditions. 

Humane slaughter regulations, stand-
ards or guidelines implemented world-
wide, including those of the World 
Organization for Animal Health (OIE, 
2009a,b,c), consider animals as sentient 
beings and therefore require that:

●● animals shall be spared any avoida-
ble pain, distress or suffering during 
their killing and related operations;

●● no conscious animal shall be shack-
led or hoisted (hung upside down), 
excluding poultry species;

●● animals must be rendered immedi-
ately unconscious or without pain 

(i.e. stunned) prior to slaughter 
and they should remain so until 
death occurs through blood loss 
(excluding religious slaughter);

●● arteries supplying oxygenated 
blood to the brain (usually common 
carotid arteries) or, blood vessels 
from which they originate (brachio-
cephalic trunk), must be severed to 
prevent the recovery of conscious-
ness following stunning; and

●● animals must be dead before 
carcass dressing or any other treat-
ment (e.g. electrical stimulation) is 
carried out. 

The stunning methods should induce 
immediate loss of consciousness. If the 
loss of consciousness is not immediate, 
the induction of unconsciousness should 
not cause avoidable pain and suffering 
in animals. Therefore, stricter guidelines 
and procedures are needed to achieve 
humane stunning and slaughter (see 
EFSA, 2004; EFSA, 2013b). In addition, 
key principles to be followed in slaugh-
terhouses include 1) do not restrain ani-
mals if not ready to stun and 2) do not 
stun if not ready to slaughter. There are 
several critical control points to be con-
sidered depending upon the species and 
stunning methods used; these will be 
addressed in the following chapters.

1.3  WELFARE ASSESSMENT 

Welfare is multidimensional and there-
fore its overall assessment requires 
several criteria. The integrated proj-
ect co-financed by the European 
Commission, Welfare Quality® (www.
welfarequalitynetwork.net), has built on 
the five freedoms to establish four main 
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4	 ANIMAL WELFARE

welfare principles: good feeding, good 
housing, good health and appropriate 
behaviour (Blokhuis et al., 2008). Within 
these principles, the project highlighted 
12 distinct but complementary animal 
welfare criteria, which provide a very 
useful framework for understanding the 
components of animal welfare:

1.3.1  Principles and criteria applied 
to the slaughterhouse

Good feeding includes two criteria: 
absence of prolonged hunger and 
absence of prolonged thirst. During the 
pre-slaughter period, animals are fasted 
for different durations to reduce gut con-
tent and so prevent the release and spread 
of bacterial contamination through faeces 
within the group during transport and 
lairage as well as through the spillage of 
gut contents during carcass evisceration 
(Faucitano and Schaefer, 2008). Fasting 
before slaughter, within reasonable 
limits, is also beneficial to the welfare of 
pigs as it prevents them vomiting in tran-
sit and developing hyperthermia; how-
ever, an extended fasting period causes 
hunger and aggressiveness (Warriss 
et al., 1994) and, if prolonged, animals 
become weak, lethargic and sensitive 
to cold (Gregory, 1998). Broiler chick-
ens are usually subjected to fasting for 
longer durations than red meat animals. 
Feed withdrawal time begins when feed 
troughs are raised within a house before 
catching and crating begins and it ends 
when the last bird from the same flock 
is stunned and slaughtered. Prolonged 
hunger is not only a welfare problem but 
can also create meat quality problems, 
for example increasing the prevalence of 
dark, firm, dry meat in pigs and pale, soft, 
exudative-like meat in poultry.

Prolonged thirst causes stress, 
dehydration and loss of body condition 
(Gregory, 1998). At lairage, the ability 
to cope with dehydration varies among 
species and according to age. Suckling 
animals are particularly susceptible to 
dehydration because they have not learnt 
how to drink from a water trough and 
thereby fail to drink at the slaughterhouse. 
Poultry are not provided with water in the 
lairage and, as a consequence, they are 
subjected to prolonged thirst, especially 
in warm climatic conditions, and dehydra-
tion in broilers can cause weight loss and 
increase mortality (Warriss et al., 1992; 
Bianchi et al., 2005; Petracci et al., 2006).

Good housing includes comfort around 
resting, thermal comfort and ease of 
movement. Lairage at slaughter permits 
animals to recover from the stress and 
activity resulting from transport and 
unloading, which in some situations can 
be beneficial to meat quality and welfare. 
However, the benefit of providing 
animals with a resting time can be lost 
if the animals are subjected to poor envi-
ronmental conditions. Lack of comfort 
around resting is likely to reduce resting 
time and may be a consequence of an 
excessive stocking density or inadequate 
lairage facilities, particularly inadequate 
flooring. Thermal comfort is defined as 
the range of effective temperature that 
provides a sensation of comfort and 
minimizes stress (Manteca et al., 2009). 
Temperatures below or above the ther-
moneutral zone cause cold and heat 
stress respectively, and even death if it 
is severe or prolonged. Heat stress also 
increases the amount of water required 
and can therefore increase the risk of 
prolonged thirst if water supply is limited 
(National Research Council, 1981). 
Maintaining thermal comfort in poultry 
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	 Introduction� 5

requires forced ventilation in the lairage 
area, especially in hot climatic conditions 
(Hunter, 1998). Besides environmental 
conditions, stocking density determines 
the microclimatic conditions within 
crates or modules. Non-slip flooring is 
essential for smooth handling and move-
ment of animals. Slipping and falling 
when unloading, moving to lairage and 
to the place of stunning, leads to poor 
welfare (Gregory, 1998). 

Good health includes absence of inju-
ries, disease and pain. Injuries can cause 
acute and/or chronic pain. This can be 
a consequence of rough handling (e.g. 
when animals are loaded and unloaded) 
or of the physical environment (e.g. poor 
flooring and inadequate design or main-
tenance of facilities). Fighting with other 
animals can also cause injury; this is 
more common when animals are mixed 
with unacquainted individuals and when 
animals have to compete for access to 
resources (e.g. water or resting space; 
Velarde, 2007). When moving animals 
at slaughter, the combination of higher 
speeds and poorly designed handling 
systems is detrimental to animal welfare 
because handling the animals at this rate 
requires considerable coercion and trig-
gers the use of goads and sticks. Unlike 
red meat animals, poultry are shackled 
prior to stunning and slaughter. In mul-
tiple bird electrical water bath stunning, 
conscious birds are hung upside down on 
a moving metal shackle line and passed 
through an electrified water bath, such 
that the current flows through the whole 
body towards the shackle, the earth. 
Pain and suffering are associated with 
the stunning systems. Removing live 
birds manually from the old-fashioned 
transport crates or tipping mechanically 
from a modular system on to a conveyor 

for the purpose of shackling can be dis-
tressing and cause injuries such as dis-
location of joints and broken pectoral 
bones. The legs of birds will be inevitably 
compressed during shackling and the 
degree of compression can be as high as 
20% (Sparrey, 1994). Based on the pres-
ence of nociceptors in the skin over the 
legs of poultry and the close similarities 
between birds and mammals in nocicep-
tion and pain, shackling has been reported 
to be a painful procedure (Gentle, 1992; 
Gentle and Tilston, 2000). This pain and 
suffering is likely to be worse in birds 
suffering from painful lameness due to 
diseases or abnormalities of the leg joint 
and/or bone (Butterworth, 1999; Danbury 
et al., 2000). This pain is also likely to be 
significant in birds suffering from dislo-
cation of joints and/or fracture of bones 
induced by rough handling during catch-
ing, crating and uncrating. The severity 
of pain associated with pre-stun elec-
tric shocks needs no explanation. The 
complexity of commercial water bath 
stunning systems and physical contact 
between birds on the shackle line make 
it difficult to control the current pathway 
and eliminate this potential problem.

Appropriate behaviour includes 
the expression of social behaviour, 
expression of other behaviours, good 
human–animal relationship and a posi-
tive emotional state. During unloading, 
lairage or moving to the slaughter area, 
animals face a novel environment and 
handling that may cause fear. In fact, 
fear is an emotional state induced by the 
perception of a threatening or a poten-
tially threatening situation (Boissy, 1995) 
and it involves physiological and behav-
ioural changes that prepare the animal 
for coping with the danger (Forkman 
et al., 2007). General fear becomes 
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6	 ANIMAL WELFARE

a problem particularly when animals 
encounter new or unexpected stimuli 
(e.g. a sudden noise or movement, an 
unfamiliar animal), or situations (e.g. a 
new housing facility, transportation). This 
has important implications for animal 
management. For example, inappropri-
ate handling, corridors/races and pen 
design, discontinuities in floor texture 
and colour, draughts and (poor) lighting 
may all induce fear and its undesirable 
consequences (Grandin, 2000). 

1.4  ANIMAL WELFARE 
MEASURES AT THE 
SLAUGHTERHOUSE

For each one of these criteria, potential 
measures are identified for inclusion in 
welfare assessment at the slaughter-
house based on their validity, reliability 
repeatability, and feasibility (Velarde 
and Dalmau, 2012). Previous monitoring 
systems and legislation largely rely on 
examination of inputs: “what” or “how 
much” of different resources are given to 
animals (i.e. transport and lairage design, 
stunning equipment, space require-
ments, etc.). These parameters are easy 
to define and to measure and have a 
high inter- and intra-observer reliability. 
However, the measures have often been 
criticized for potentially low validity due to 
their indirect nature (e.g. resources may 
be present but inaccessible or rarely used 
by animals) and complex interactions 
with other resource and management 
conditions (Waiblinger et al., 2001). Thus, 
input measures are poor predictors of 
good welfare, as animals may experience 
the same situation or handling procedure 
differently depending on their genetic 
background and previous experiences. 

Since welfare is a condition of the 
individual animal, wherever possible, the 
Welfare Quality® assessment system 
places its emphasis on animal-based 
measures (also called “outcome” mea-
sures) rather than on resources and man-
agement in an attempt to estimate the 
actual welfare state of the animals. Such 
physiological, health and behavioural 
measures have inherent advantages over 
input measures. The first advantage is 
clearly that, since welfare is a condition of 
the animal, outcome measures are likely 
to be the most direct reflection of their 
actual welfare state. They permit evalu-
ation of welfare by directly observing the 
animal, regardless of how and where it is 
kept. Second, as they are applicable to all 
slaughterhouses, animal-based measures 
allow the welfare of animals from differ-
ent slaughterhouses to be compared, and 
remain more transparent to stakeholders. 
In Welfare Quality®, resource- or manage-
ment-based measures were therefore 
only taken into account to complement 
the animal-based measures or as a 
substitute when there were no promis-
ing animal-based measures available 
(Botreau et al., 2007). For example, no 
valid, reliable and feasible animal-based 
measure was found for the evaluation of 
prolonged thirst. In this case, it has been 
necessary to include resource-based 
measures such as the presence, number, 
cleanliness and functioning of drinkers in 
the lairage pen. Moreover, resource- and 
management-based measures can also 
be used to identify risks to animal welfare 
and identify causes of poor welfare so 
that improvement strategies can be 
implemented. For example, if poor stun-
ning effectiveness has been identified as 
a major problem at a particular slaughter-
house, resource- and management-based 
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	 Introduction� 7

indicators (such as stunning system and 
slaughter procedures) will be explored to 
identify the principal causes of the ani-
mal-based problem and the best strate-
gies to solve it.

The measures that met the require-
ments for validity, reliability and feasibil-
ity, were combined and integrated into 
the welfare assessment protocol. Table 
1.1 shows the final list of measures 
included in the “operational” protocols 
for growing pigs, beef cattle and broiler 
chickens, respectively, which were sub-
sequently applied at commercial slaugh-
terhouses. A full version of the Welfare 
Quality® assessment protocols can be 
found at http://www.welfarequalitynet-
work.net/network/45848/7/0/40.

Welfare is assessed at all stages of the 
animal being at the slaughterhouse, from 
arrival from transport to stunning and 
slaughter. Therefore, different points in 
the slaughterhouse are considered, such 
as the unloading area, lairage, stunning 
area, and so on (Dalmau et al., 2009).

An important consideration to increase 
the repeatability and reliability of the 
assessment is that the measures should 
be simple to collect and scored, in a way 
that minimizes the value judgment. For 
this purpose, most of the animal-based 
measures are scored according to a 
3-point scale ranging from 0 to 2. So that 
a score 0 is awarded where welfare is 
good, a score 1 is awarded where there 
has been some compromise on welfare, 
and a score 2 is awarded where welfare 
is poor and unacceptable. In some cases 
a binary (0/2 or Yes/No) is used. 

1.4.1  Welfare assessment of pigs 

Welfare assessment starts in the 
unloading area, where general fear, 

thermoregulation behaviours, slipping 
and falling, sickness and dead animals 
are measured. The number of sick and 
dead animals, and number of animals 
shivering or panting are assessed in the 
lorry. Shivering is defined as slow and 
irregular vibration of any body part or the 
body as a whole. Thermal panting begins 
through the nose, and if prolonged, it 
continues as rapid open-mouthed breath-
ing with short gasps and a lot of saliva-
tion. In addition, the presence of bedding 
material, length, width and height of the 
lorry and the total number of transported 
animals are also considered. 

The number of animals that slip and 
fall during unloading is recorded as a per-
centage of the total number of animals in 
each vehicle. Slipping is defined as loss 
of balance without the body touching the 
floor, while falling is defined as loss of 
balance in which a part of the body other 
than the legs is in contact with the floor. 
An animal slipping while it is falling is 
considered only as falling. The number of 
animals showing general fear is assessed 
by means of reluctance to move and 
turning back. A pig shows reluctance to 
move when it stops walking for at least 
2 seconds. Turning back occurs when 
the pig, that is facing the unloading area, 
turns its body and faces the truck. The 
number of lame animals is assessed 
when walking to the lairage area, accord-
ing to a 3-point scale: 0 – normal gait; 
1 – difficulties walking, but still using all 
legs (lameness 1); and 2 – severely lame, 
minimum weight bearing on affected 
limb (lameness 2). 

At lairage, five criteria are taken into 
consideration. Absence of thirst is cal-
culated based on the number of drinking 
points in each pen (in the case of drinking 
valves) or the total surface area of water 
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Table 1.1  Welfare Quality® protocol to assess welfare at the slaughterhouse

Measures

Welfare criteria Pig Cattle Broiler chicken
Good feeding 1 Absence of prolonged 

hunger
Food provision Food supply Feed withdrawal time

2 Absence of prolonged 
thirst

Water supply Water supply Water withdrawal time 

Good housing 3 Comfort around 
resting

Flooring, bedding Flooring, bedding As yet, no measure is 
developed 

4 Thermal comfort Shivering, panting, huddling This criterion is not applied in this 
situation

Panting on lorry and/or 
lairage

5 Ease of movement Slipping, falling, stocking density 
of lorries, stocking density of 
lairage pens

Slipping, falling, freezing, trying 
to turn, turning around, moving 
backwards 

Stocking density in 
crates 

Good health 6 Absence of injuries Lameness, wounds on the body Lameness, bruises Wing damage, bruising
7 Absence of disease Sick animals, dead animals This criterion is not applied in this 

situation
Dead on arrival (DOA)

8 Absence of 
pain induced by 
management 
procedures

Stunning effectiveness Stunning effectiveness Pre-stun shock, 
effectiveness of 
stunning

Appropriate 
behaviour

9 Expression of social 
behaviours

This criterion is not applied in this 
situation

This criterion is not applied in this 
situation

This criterion is not 
applied in this situation

10 Expression of other 
behaviours

This criterion is not applied in this 
situation

This criterion is not applied in this 
situation

This criterion is not 
applied in this situation

11 Good human–animal 
relationship

High pitched vocalizations Vocalizations, coercion This criterion is not 
applied in this situation

12 Emotional state Reluctance to move, turning back Struggling, kicking, jumping in stun 
box, freezing, trying to turn, turning 
around, moving backwards

Flapping on the line
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supplied (in the case of water troughs) 
per animal, their functionality and clean-
liness. For the absence of hunger, the 
availability of feed for animals that have 
been held more than 12 hours in the 
holding pens is evaluated. The third cri-
terion is thermal comfort. Behavioural 
thermoregulation measures, such as 
huddling, shivering or panting are also 
scored by using a 3-point scale: 0 – no 
pigs in the pen showing shivering, 
panting or huddling; 1 – up to 20% of 
pigs in the pen with the above behaviour; 
and 2 – more than 20% of pigs in the pen 
with the above behaviour. Huddling is 
described as a pig lying with more than 
50% of its body in contact with another 
pig, but virtually lying on top of another 
pig. For the absence of disease, dead 
animals are recorded. The fifth criterion 
is comfort while resting, which is evalu-
ated based on the space allowance. For 
this purpose, the length and width of the 
pens are measured and the number of 
animals counted. 

During movement from the lairage 
pen to the stunning area, good human–
animal relationship is assessed from the 
incidence of high pitched vocalizations 
(HPVs). This type of vocalization is asso-
ciated with electric prod use, excessive 
pressure from a restraint device, stun-
ning problems or slipping on the floor 
(Grandin, 1997; 2000). Afterwards, stun-
ning effectiveness is assessed immedi-
ately after stunning and before sticking 
and will be covered in relevant chapters. 

After slaughter, skin lesions provide 
valuable information regarding the man-
agement of animals on the farm of origin, 
during transport or at the lairage pens. 
The carcass is divided into five body 
zones and only one side is assessed 
(Figure 1.1): 1) ears, 2) front (from the 

head to the back of the shoulder), 3) 
middle (from the back of the shoulder to 
the hindquarters), 4) hindquarters and 5) 
legs (from the accessory digit upwards). 

Figure 1.1: The five parts of the carcass for the 
assessment of skin lesions. 1) ears, 2) front 
(from the head to the back of the shoulder), 3) 
middle (from the back of the shoulder to the 
hind-quarters), 4) hindquarters and 5) legs (from 
the accessory digit upwards)
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Each part is scored as follows: 0 – no 
visible skin damage, only one lesion 
greater than 2 cm or lesions smaller than 
2 cm; 1 – between two and 10 lesions 
greater than 2 cm; 2 – any wound which 
penetrates the muscle tissue, or more 
than 10 lesions greater than 2 cm. The 
scoring of the five parts of the carcass 
is combined in one scoring: 0 – all body 
parts with a score of zero; 1 – at least 
one body part with a score of 1; 2 – a 
body part with a score of 2. Furthermore, 
the health status of the animals on the 
farm of origin is also assessed after 
slaughter. Internal organs are inspected 
for the presence of pleurisy and pneumo-
nia in the lungs, pericarditis in the heart 
and white spots in the liver on a sample 
of 60 animals divided into three batches 
of 20.

1.4.2  Welfare assessment 
of cattle 

During unloading, the number of slip-
ping, falling, freezing and turning around 
events or turning attempts and moves 
backwards per animal is assessed. 
Freezing is defined as when the animal 
refuses to move forwards or backwards 
within 4 seconds from being touched/
coerced by the handler and the route is 
free in front and behind. The measure 
“trying to turn around” is defined as 
an animal that makes an unsuccessful 
attempt to turn (turning only the head 
is not considered as such). Lameness is 
assessed in the same way as in pigs.

At lairage, all the pens housing animals 
are assessed for absence of prolonged 
hunger, absence of prolonged thirst and 
comfort around resting. Absence of pro-
longed hunger is assessed by monitor-
ing the feed provision in all overnight 

lairage pens and interviewing the staff 
about the type and quantity (< 2000 g 
per animal is considered insufficient) 
and checking the time animals are fed. 
The scoring is: 0 – no evidence of feed 
provision; 1 – some evidence of feed 
provision; 2 – clear evidence of feed pro-
vision in sufficient quantity. Absence of 
prolonged thirst is assessed by means 
of water supply in all pens. The percent-
age of pens with a functioning water 
bowl is recorded as well as the clean-
liness with regard to the presence of 
old or fresh dirt on the inner side of the 
bowl. Cleanliness is scored as follows: 
0 – clean: drinkers and water clean; 1 
– partly dirty: drinkers dirty but fresh 
and clean water available; and 2 – dirty: 
drinkers and water dirty. Comfort around 
resting is assessed by space allowance 
and the suitability of flooring and bedding 
during lairage. The percentage of pens 
with suitable rubber, straw, wood shav-
ings or sawdust is considered. 

 From lairage to stunning, two areas are 
considered: the corridor from the lairage 
to the stunning area and the stun box. 
While the animals are moved to the stun-
ning area the quality of management is 
assessed by the number of vocalizations 
per animal and the prevalence of coer-
cion observations. Vocalization is defined 
as an animal’s vocalizing response to fear 
or pain-related events, such as falling, 
physical means of coercion, restraining 
and strikes by gates. Coercion is defined 
as the use of any item when handling live 
animals, including electric goad, stick, 
flapper, rattle or the driver’s body if is con-
tacting the animal at any time. In the stun 
box, fear is assessed by means of strug-
gling, kicking and jumping. Struggling is 
defined as continuous struggling/pan-
icking movements of escape such as 
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general slipping, forward and backward 
movements and body trembling, lasting 
for more than 3 seconds, with no breaks 
of calm behaviour. Kicking is defined as 
the hind leg kicking, often as a reaction 
to touch/pain, and jumping as a sudden 
startle/flight reaction. The assessment of 
stunning effectiveness will be covered in 
relevant chapters. Bruises are assessed 
on the body of animals, looking at the 
area between the limit where the skin is 
taken off the carcasses and where trim-
ming occurs. Bruises are scored accord-
ing to the Australian Carcass Bruise 
Scoring System (Westin et al., 2009) in 
relation to its spread (slight–medium–
heavy) and depth (i.e. if the bleeding 
involves any tissue other than surface 
muscle tissue, it is considered to be 
deep). Furthermore, the health status of 
the animals on the farm of origin is also 
assessed after slaughter. 

1.4.3  Welfare assessment of 
broiler chicken 

After arrival and at lairage, the percent-
age of chickens that are panting is 
assessed. The average stocking density 
is calculated by measuring the crate 
size and counting the number of birds 
per crate. Feed and withdrawal time are 
taken from farm and transport records, 
which are kept by the slaughterhouse on 
arrival. During shackling, the percentage 
of birds showing flapping behaviour for 
5 to 10 minutes is assessed. Birds may 
flap their wings vigorously, particularly 
where the line makes abrupt changes of 
direction. At that time, wing damage due 
to catching, transport and removal from 
transport crates can be identified by vis-
ible “dropped wings” on the slaughter 
transport line. In this case the wing is 

clearly hanging down indicating fracture 
or dislocation.

At the entrance to the stunning bath 
the percentage of birds showing pre-stun 
shocks for 10 minutes are assessed. A 
“pre-stun shock” occurs when a bird 
receives a premature electrical shock 
from the stunning bath. This can occur 
when the bird’s wing touches splashed 
water or wet surfaces (electrified) at the 
entrance to the stunner. 

The assessment of stunning effective-
ness will be covered in relevant chapters. 
Bruising associated with catching, trans-
port or hanging is observed in the whole 
carcasses. This measure assesses the 
bruising visible on the carcasses, dis-
tinguished from post-mortem carcass 
damage (which will not have caused 
haemorrhage into the tissues). Dead on 
arrival is considered: any bird which is 
“found dead” in the crate at unloading is 
considered a mortality.

1.5  IMPORTANCE OF 
EDUCATION IN ANIMAL 

WELFARE

Evidence shows that poor welfare is 
associated with quantitative and quali-
tative losses in the value of carcasses 
and meat. These losses are specifically 
related to animal deaths, increased bruis-
ing of carcasses and changes in the pH 
of the meat, resulting from poor pre-
slaughter management practices. Animal 
handling training programmes have 
shown to be essential for fast and effec-
tive prevention of animal suffering during 
pre-slaughter management and stunning.

Effectiveness of training programmes 
is assessed following key impacts on 
participants such as changes in their 
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reaction, skills and behaviour as well 
as on the animals, evaluating progress 
in welfare outcomes. Several studies 
reported the successful application of 
training programmes in slaughter plants. 
Training programmes resulted in a sig-
nificant reduction in the proportion of 
downgraded carcasses due to bruising 
and carcass damage (Paranhos da Costa 
et al., 2014; Pilecco et al., 2013). Gallo 
et al. (2003) also reported a significant 
improvement in management conditions 
with a 47.7% reduction in the use of 
electric prods after slaughterhouse staff 
training. Training programmes also had a 
significant effect on stunning effective-
ness. In a recent study realized on 15 
cattle and sheep at a slaughterhouse, 
Gallo (2010) registered a reduced inci-
dence of animals showing signs of con-
sciousness after stunning (4.5 to 0.5%). 
Still, to ensure long-term effectiveness 
of the training programmes, Paranhos da 
Costa et al. (2012) emphasized the need 
to maintain a constant follow-up of the 
management procedures. The generally 
high turnover of staff is one of the dif-
ficulties to be overcome with frequent 
training. To motivate changes, clear and 
simple solutions should be provided to 
solve the problems faced by staff in their 
everyday practice.

Within Europe and since the new 
Regulation (EC) No. 1099/2009 came 
into force, many competent authorities, 
official veterinarians and food business 
operators have encountered problems 
with the implementation of some require-
ments. The main problems relate to the 
quality of stunning and its assessment. 
For this reason, recent efforts have 
been made to provide clear recom-
mendations on the control measures 
and monitoring procedures to ensure 

proper stunning (EFSA, 2013a,c,d,e). 
Knowledge exchange becomes an effi-
cient tool to help implement the legisla-
tion. In addition to slaughter plant staff, 
knowledge material and training should 
then address other target groups such as 
competent authorities, official vets and 
animal welfare officers. 

Several key points for implementation 
to be effective have been highlighted 
by the EUWelNet project (2013, www.
euwelnet.eu):

●● Frequent interaction and collabo-
ration between public and private 
actors and agencies is considered 
as a first important key point. It 
indeed plays a crucial role in the 
early identification of knowledge 
gaps, the dissemination of knowl-
edge and tailor-made information 
and training of target groups. 

●● Animal welfare has to be presented 
in a practical and realistic manner 
and the performance benefits of 
higher welfare have to be empha-
sized. Training in welfare require-
ments works best if the industry 
can see economic or other advan-
tages to what is being requested. 
Target groups should understand 
that implementation works, how 
it contributes to improved welfare 
and how it works in practice.

●● Particular care should be taken to 
ensure that the training material 
and activities are available to small-
scale slaughterhouses which repre-
sent a particular target group. 

●● Knowledge exchange strategies 
should actively involve the par-
ticipants, promoting dialogue. 
Horizontal training has been par-
ticularly efficient in several training 
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activities such as the ones under-
gone by Zuin et al. (2014). 

●● Training has to be easily understand-
able and feasible, crossing social 
constraints and language barriers.

Knowledge exchange should definitively 
apply worldwide through on-line educa-
tion materials or exchange programmes 
(Fraser, 2008). Examples of such work 
are given by the Humane Slaughter 
Association (www.hsa.org.uk) who pro-
vide training materials and opportunities 
in a wide range of countries, DG-SANTE 
who organize workshops “improving 
animal welfare – a practical approach” 
(http://ec.europa.eu/food/animals/index_
en.htm) and the regional seminars for 
OIE focal points (http://www.oie.int/). 
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chapter two

Physiology and behaviour of food animals
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●● Describe the animal senses, the basic physiology of pain and stress 
responses, including emotional states and how they relate to animal welfare 
during stunning and slaughter.

●● Understand the anatomy and physiology of the major farmed species and 
how this impacts welfare during stunning and slaughter.

●● Understand the basic anatomy and physiology of the brain and how it relates 
to stunning and slaughter. 
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2.1  INTRODUCTION: 
ANIMALS IN THEIR 

ENVIRONMENT

Animals alter their behaviour to adapt to 
changes in their environment. The senses 
play an important role in informing ani-
mals of the features of their environment 
including potential threats. The way ani-
mals evaluate these features, including 
the slaughterhouse, has a considerable 
impact on their reactions and the ease 
with which they can be managed. 

Most farm animal species have a wide 
field of vision, as the eyes are located 
on each side of the head. This allows 
the detection of potential threats in a 
wide area, even while grazing. Animals 
are capable of detecting even small 
changes in the environment, particularly 
motion (i.e. movement of equipment or 
personnel) and this can cause balking 
and refusal to enter raceways and stun-
ning pens. In addition, farm animals have 
visual blind spots; often straight behind 
the animal where their body or ears block 
their vision. When objects are seen to 
enter or appear from a blind spot, animals 
can be startled and this can further com-
plicate their management. Pigs, sheep 
and cattle have reduced depth percep-
tion and a limited ability to adjust, and 
therefore need more time than humans 
to distinguish clearly objects in their 
visual field. Sharp contrasts, changes 
in lighting or light reflections in water 
puddles or on metal are frequent causes 
for animals to balk in abattoirs (Grandin, 
2013). Refusal to enter dark environ-
ments or to cross shadows is poten-
tially due to their inability to distinguish 
clearly their environment. However, it 
has been suggested that when animals 
are given time for their eyes to adjust to 

the environment, they are often easier to 
handle and move forward (Alexander and 
Shillito, 1978; Philips, 1993; Lomas et al., 
1998; Blackshaw, 1986).

Farm animals have a well-developed 
sense of smell (olfaction), but not all 
odours have a significant effect on their 
behaviour (Blackshaw, 1986). Animals 
may be exposed to familiar or unfamiliar 
odours during transport or in the abattoir, 
some of which evoke fear responses. 
For example, cattle showed fear reac-
tions to the odours of blood, dog faeces 
and urine from stressed conspecifics. 
Meanwhile, these cattle did not react to 
the neutral odour of water (Boissy et al., 
1998; Terlouw et al., 1998). 

Hearing is well developed in farm 
animals and sounds may be localized 
by moving the head or ears (Blackshaw, 
1986). The recognition of sounds may 
help identify the presence of danger 
but also gives other information. For 
example, cattle, pigs, sheep and chickens 
often vocalize to communicate socially, 
including in the abattoir (Grandin, 1998; 
Mench and Keeling, 2001; Boissy et al., 
2005). The respiration and heart rate in 
sheep increases when exposed to loud 
(>100 dB) noises, suggesting that they 
perceive these noises as unpleasant or 
threatening (Ames and Arehart, 1972). 
To lower stress in animals the abattoir 
environment should exclude unfamiliar 
or loud noises (Grandin, 2013).

Herding or flocking instinct is a behav-
ioural adaptation that improves survival by 
either minimizing the probability of preda-
tions or allowing shared vigilance. Pigs, 
cattle, sheep and poultry are all gregari-
ous species. Behaviour during transport, 
lairage and slaughter is influenced by the 
space and environment that animals were 
exposed to during rearing, as was shown 
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in pigs (Terlouw et al., 2009). Farm animals 
feel protected by the presence of con-
specifics (Boissy and Le Neindre, 1997). 
In the abattoir, sheep flock together and 
prefer to move in groups. Isolation of indi-
viduals causes stress in sheep (Deiss et 
al., 2009) and cattle (Mounier et al., 2006; 
Bourguet et al., 2011).

In a stable group, animals establish a 
dominance hierarchy. The disruption of 
groups or mixing unfamiliar groups, as 
frequently occurs during slaughter, often 
leads to aggression (Terlouw et al., 2009; 
Mounier et al., 2006).

2.2  STRESS AND REACTIONS 
TO STRESS

The term stress is often used to describe 
the state of the animal when it is incapa-
ble of adapting, behaviourally and physi-
ologically, to environmental or physical 
challenges (Fraser et al., 1975; Broom, 
1987). Recent studies on the behaviour, 
physiology and anatomy of the brain have 
shown that many animals including some 
fish species are sentient, that is, they are 
capable of experiencing negative and 
positive emotions (Sneddon, 2003; Paul 
et al., 2005; Boissy et al., 2007). While it 
is important to understand the impact of 
physical challenges on the physiological 
and behavioural adaptive capacity of the 
animal, it is also important to take into 
account the emotions that animals may 
experience (Dantzer, 2002; Désiré et al., 
2002; Dawkins, 2008). 

The stress status of the animal 
depends on its evaluation of the envi-
ronment. If the animal feels threatened, 
even if the threat is imaginary, it will 
experience negative emotions, that 
is, it will feel stressed (Terlouw, 2005; 

Veissier and Boissy, 2007). Stress may 
be caused by psychological factors such 
as fear or frustration, or physical factors, 
such as thermal stress, hunger or thirst. 
In the latter cases, homeostasis may be 
disturbed. 

When an animal feels stressed, for 
example by abattoir staff or adverse 
weather conditions during transport, it 
needs to adapt and protect itself from 
that threat. In order to prime the body for 
rapid acceleration or action in response 
to the threat, homeostasis is altered. 
Changes in homeostasis in response to 
a stressor are governed by physiological 
changes, involving neurological and endo-
crine systems. The autonomic nervous 
system is a neurological system involved 
in vital functions and largely beyond con-
scious control. It has a direct influence on 
the activity of many organs and consists 
of two parts: the sympathetic and para-
sympathetic branches. Generally, the 
parasympathetic branch stimulates body 
functions associated with resting and 
digesting, while the sympathetic branch 
stimulates active responses. There is a 
balance between sympathetic and para-
sympathetic activity to maintain homeo-
stasis. When an animal is faced with a 
stressor, there is a shift in this balance 
towards increased sympathetic activity 
and lowered parasympathetic activity to 
prepare the animal for increased physical 
activity if needed. During raised sympa-
thetic activity, noradrenaline is released 
into the blood circulation from the nerve 
endings of the autonomic nervous 
system and adrenaline from the medulla 
of the adrenal glands.

The perception of a threatening situ-
ation will further result in the activation 
of the hypothalamic–pituitary–adrenal 
axis (HPA; Figure 2.1.). This is controlled 
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by neurons in the hypothalamus of the 
brain, which secrete a hormone, called 
corticotropin-releasing factor (CRF). This 
hormone stimulates the secretion of 
adrenocorticotropic hormone (ACTH) into 
the bloodstream from the anterior lobe 
of the pituitary. The ACTH will subse-
quently stimulate the secretion of gluco-
corticoids (cortisol in most mammals and 
corticosterone in birds) from the cortex 
of the adrenal glands. 

The increased activity of the sympa-
thetic nervous system and of the HPA axis 

helps to sustain the increased physical 
effort and vigilance. Increased circulating 
glucocorticoid and catecholamine con-
centrations contribute to the mobilization 
of energy substrates, glucose and free 
fatty acids, in the blood. Increased circu-
lating glucose and adrenaline concentra-
tions allow faster metabolism needed for 
muscle contraction. Raised concentra-
tions of adrenaline also increase cardiac 
output, cause vasoconstriction of vessels 
and increased blood pressure and dila-
tion of bronchioles while functions that 
are less urgent at that moment, such 
as intestinal motility and gastric secre-
tions, are inhibited. At slaughter, the 
combined effects of physical activity and 
increased catecholamine levels may neg-
atively influence post-mortem muscle pH 
decline (Terlouw, 2005).

2.3  CAUSES OF STRESS

Stress may arise in animals when they 
expect unpleasant events based on pre-
vious experiences, associating a situa-
tion with past fear or pain. For example, 
pigs associated certain humans with pain 
and stress which resulted in a stress 
response when these humans were pre-
sent (Terlouw et al., 2005; Hemsworth 
et al., 2002). Even changes in the normal 
situation can be perceived as stressful, 
especially when the changes are unex-
pected and are beyond the influence of 
the animal (Greiveldinger et al., 2007). 
The reason is that the animal does not 
know which events lie ahead and there-
fore they are potentially threatening. 
During the slaughter period, animals are 
subjected to various situations includ-
ing herding, loading, transport, unload-
ing, mixing and handling which may be 

Figure 2.1: The basic functional anatomy 
of the hypothalamic–pituitary–adrenal axis 
(HPA). Neurons in the paraventricular nucleus 
release corticotropin-releasing factor (CRF) 
into the hypophyseal portal system, which 
transports CRF to the anterior lobe of the 
pituitary, where it stimulates the production of 
adrenocorticotropin (ACTH) from corticotropes. 
ACTH enters circulation and activates the 
production of glucocorticoids from the cortex 
of the adrenal gland. Glucocorticoids act as 
negative feedback on the hypothalamus and 
pituitary, inhibiting the synthesis and secretion 
of CRF and ACTH from the hypothalamus and 
pituitary respectively. Note: not to scale
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potential causes of stress of psychologi-
cal or physical origin.

2.3.1  Fear 

Fear is a major cause of psychologi-
cal stress in animals. Fear reactions 
may vary, depending on the stimuli, 
the animal and the context. They may 
involve defence reactions (attack, 
threat), avoidance (flight, escape, hiding) 
or movement inhibition, to remain unno-
ticed. Animals may vocalize and excrete 
pheromones1, both helping to inform 
group members (Boissy, 1995; Boissy 
et al., 1998). The excretion of urine 
and faeces facilitates physical move-
ments and consequently the expression 
of defence reactions while excretions 
may further carry the fear-related phero-
mones (Boissy et al., 1998). The impact 
of pheromones in the abattoir environ-
ment is difficult to estimate due to the 
range of other overwhelming stimuli. 
However, during transportation olfaction 
and pheromones play a significant role in 
the fear response. The behavioural fear 
reactions are accompanied by the clas-
sical physiological stress reactions such 
as increases in heart rate and in plasma 
catecholamine and glucocorticoid levels. 

Potential causes of fear are manifold; 
they involve the presence of humans, 
aggressive conspecifics, unfamiliar situ-
ations or unexpected events. The degree 
of threat of a situation perceived by the 
animal depends partly on the charac-
teristics of the fear-inducing stimulus 
such as the type of threat, but also its 

1  Volatile molecules that may be emitted by 
animals and plants and that have an effect on 
behaviour. Animals identify pheromones with 
their vomeronasal organ.

proximity, suddenness, duration or inten-
sity (Boissy, 1995). It depends also on 
the animal’s earlier experience and its 
genetic background. For example, fowl, 
cattle and pigs that have had positive 
experiences with humans react less fear-
fully to these humans but also to other 
humans (Jones and Faure, 1981; Boivin 
et al., 1994; Terlouw and Porcher, 2005) 
and Duroc pigs approached a human 
more readily than Large White pigs did 
(Terlouw and Rybarczyk, 2008). 

When animals are in a state of exces-
sive fear, their reactions may be pro-
nounced and unexpected and therefore 
dangerous (Grandin, 1999). Moving 
frightened animals is also very difficult 
and time consuming and generally, it is 
more efficient to leave the frightened 
animals for a certain time to allow them 
to settle down (Grandin, 1999). 

During the slaughter period, fear due 
to unfamiliar environments and inap-
propriate handling is a major cause of 
psychological stress. For example, cows 
that were more stressed than their 
counterparts when introduced into an 
unfamiliar environment during rearing 
were also more stressed at slaughter 
(Bourguet et al., 2010). Fear of humans is 
another important cause of stress during 
the slaughter period. Cattle and pigs can 
discriminate between individual people 
and approach unfamiliar humans less 
easily than familiar humans (Boivin et al., 
1998; Terlouw and Porcher, 2005). Yet, 
calves and pigs can generalize positive 
experiences with humans: those animals 
that had received positive (strokes, quiet 
behaviour of the care taker) as opposed 
to negative handling (pushes, shouts) 
approached humans more easily even 
when they were unfamiliar (Lensink et 
al., 2000; Terlouw and Porcher, 2005). 
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Positively handled calves were also less 
stressed during slaughter (Lensink et 
al., 2000). However, genetically select-
ing animals for very low fearfulness may 
not be beneficial because normal fear 
reactions are necessary for the animal 
to avoid danger. In addition, animals 
that are very unreactive may be difficult 
to handle. For example, bulls and pigs 
that were less fearful of humans were 
more difficult to move and these pigs 
received more negative interventions by 
abattoir personnel (Terlouw et al., 2005; 
Hemsworth et al., 2002; Mounier et 
al., 2008), which is unwanted and detri-
mental to animal welfare with economic 
consequences.

2.3.2  Social stress 

The presence of a stable social group 
is an important aspect of normal life of 
farm animals. Social isolation or disrup-
tion of the social group causes social 
stress. For example, repeated isolation 
of pigs resulted in increased behavioural 
responses indicative of stress and frustra-
tion during the isolation period (Terlouw 
and Porcher, 2005). Similarly, isolated 
cattle vocalize while heart rates increase 
(Boissy and Le Neindre, 1997). Isolated 
lambs perform high-pitched bleating and 
isolated chicks increase the frequency of 
occurrence of distress calls (Boissy et al., 
2005; Marx et al., 2001). 

The mixing of livestock can occur 
during the slaughter process at markets, 
transport, lairage and slaughter. This is 
often accompanied by agonistic inter-
actions to establish a new dominance 
hierarchy. The interactions generally 
start within minutes after mixing of the 
unfamiliar animals and involve agonis-
tic behaviour that may be more or less 

overt, depending on context, species 
and gender (Bouissou, 1980; Turner et 
al., 2001). They may last several hours 
(Bouissou et al., 1974; Brown et al., 
1999). The agonistic interactions rep-
resent a negative experience for the 
animal, essentially due to fear and pain 
caused by tissue damage. In contrast 
to other species, when mixed, familiar 
sheep aggregate together, while ago-
nistic interactions are lower than before 
mixing (Ruiz-de-la-Torre and Manteca, 
1999).

Studies on pigs, goats, sheep, calves, 
cows, bulls and poultry have shown 
that individuals differ consistently in 
the way they react to different social 
stress-inducing situations (Terlouw et al., 
2008). For example, heifers that showed 
more fear responses in social isolation 
in an open field also showed increased 
fear responses when confronted with 
an unfamiliar object or in response to 
a sudden event (Boissy and Bouissou, 
1995). Similarly, pigs that left more easily 
their home pen were easier to drive 
through a corridor and less reactive to 
human approach (Lawrence et al., 1991). 

Social disturbances such as separation 
from the pen mates or mixing of unfa-
miliar animals are another major cause 
of psychological stress during slaugh-
ter. Thus, sheep and cows that reacted 
more strongly to separation from the pen 
mates during tests, showed stronger 
stress reactions at slaughter (Deiss et al., 
2009; Bourguet et al., 2010). The mixing 
of cattle and pigs of different rearing 
groups and even farms during the lairage 
period often leads to agonistic interac-
tions. In pigs, the incidence and level of 
fighting often depends on the presence 
of a few aggressive animals in the group 
(Geverink et al., 1996) and are generally 
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increased at higher stocking densities 
(Geverink et al., 1996), in larger compared 
to smaller groups (Schmolke et al., 2004) 
and in pigs that have been food deprived 
(Brown et al., 1999). Young bull calves 
often mount each other when stressed 
(Kenny and Tarrant, 1987). Maintaining 
the animals in their rearing group during 
the slaughter process reduces social 
stress and facilitates the slaughter pro-
cedure because of the group cohesion, 
as was shown for bull calves (Mounier 
et al., 2006). This effect was even more 
pronounced when the animals had been 
together throughout their rearing period 
(Mounier et al. 2006).

2.3.3  Environmental stressors

Other potential causes of stress of physi-
cal origin are long and rough transport 
conditions, food deprivation, extreme 
environmental temperatures, aggression 
or physical trauma, which may all result 
in fatigue, hunger, thermal and respira-
tory discomfort and pain, respectively. 
The slaughter process is complex and 
often a situation may represent several 
potential stressors of physical and psy-
chological origins. For example, transport 
is associated with a change in physical 
and social environment, movements of 
the lorry may cause physical trauma and 
unfavourable climatic conditions (tem-
perature, humidity and air draughts),or 
water quality deterioration for fish. 
Recent work has reported that the pres-
ence of different stressors may exacer-
bate stress responses. Thus, cows and 
heifers that had been food-deprived and/
or subjected to 5 minutes forced walk-
ing were more reactive to stressful 
events including handling. These results 
underline that at slaughter, the presence 

of physical stress factors may syner-
gistically increase psychological stress 
(Bourguet et al., 2011).

2.4  PAIN

The classical picture of pain was that 
injury in the peripheral tissues lead to 
the transmission of nervous signals to 
certain centres of the brain. In the six-
ties, different types of pain were rec-
ognized, such as somatic, visceral and 
neuropathic pain, acute and chronic, and 
nociceptive and non-nociceptive pain. It 
was further noticed that pain could be 
modulated which gave rise to the gate 
control theory (Melzack and Wall, 1965). 
This theory has been further developed, 
and today we know that several pain 
modulatory systems exist (Paulmier et 
al., 2015). It is now well recognized that 
pain processing mechanisms are com-
plex, involving sensory, motor, associa-
tive, autonomous and limbic structures 
(Ibinson et al., 2004; Bromm, 2001). 
Today, the term “pain matrix” is used, 
referring to the network of cortical areas 
through which pain is generated (Ingvar, 
1999; Peyron, 2000). 

Pain is thus a multidimensional phe-
nomenon, involving a variety of different 
systems and processes of the body. The 
International Association for the Study of 
Pain (IASP) definition of pain states that 
pain is: “An unpleasant sensory and emo-
tional experience associated with actual 
or potential tissue damage, or described 
in terms of such damage” (Merskey and 
Bogduk, 1994). Pain may be caused by 
tissue lesions or by mechanical, chemical 
or thermal stimulation. Such a lesion or 
stimulation induces a nociceptive signal 
which travels from its peripheral origin via 
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the spinal cord to the brain. In the brain it 
reaches lower brain centres, such as the 
thalamus, but also parts of the cortices. 
The cortical regions involved are first the 
primary and secondary somatosensory 
cortices. These regions allow the inter-
pretation of the signal in terms of the site 
of the body, the type and the intensity 
of the input. These cortices are thus 
involved in the sensory discrimination of 
pain processing (Hofbauer et al., 2001). 
Other regions that are activated are the 
anterior cingulate cortex and the insular 
cortex. Both of these are considered to 
be components of the “limbic structure” 
and are involved in the processing of the 
affective motivational dimension of pain: 
their activation causes the stimulation to 
be experienced as unpleasant (Hofbauer 
et al., 2001). Low-level nociceptive stimu-
lation does not always activate the limbic 
structures. As indicated by the definition 
above, the concept of pain refers to the 
situation where both dimensions, the 
sensory (somatosensory cortices) and 
affective dimension (limbic cortices) are 
present. The pain sensation represents, 
therefore, a nociceptive sensation asso-
ciated with a negative affective sensa-
tion (Paulmier et al., 2015). 

In addition to neurological activity in 
the central nervous system, like any 
stressor, pain can cause activation of the 
HPA axis and a shift in the balance of 
the autonomic nervous system. Animals 
that suffer pain may adopt certain pos-
tures like abnormal lying or standing, in 
order to reduce the pain sensation. They 
may remain prostrated, or may lick or 
scratch the painful site. They may also 
vocalize (Prunier et al., 2013; Grandin, 
1998).

The dual sensory and emotional com-
ponents of pain make it a subjective 

experience, which means that the per-
ception and experience of pain varies 
between individuals. Most humans are 
able to communicate their pain experi-
ence, but non-communicative individuals 
such as very young children, individuals 
with communicative difficulties or cog-
nitive impairment and animals are often 
unable to express their pain experience 
verbally. Previously, it was believed that 
only humans were capable of experienc-
ing pain (Flecknell, 2000). Due to the 
phylogenetic similarities in the central 
nervous system between higher animals, 
especially non-human mammals and 
humans, there can be little doubt that 
vertebrates are capable of experiencing 
pain or that they can suffer as a result of 
it (Barnett, 1997). 

Pain during movement of animals, 
stunning and slaughter can arise from 
direct tissue trauma due to physical 
interventions with sticks or electrical 
prods during handling, or if animals hit 
gates or fittings of the abattoir equip-
ment. Incorrect stunning procedures, or 
direct bleeding without stunning may 
also be painful if the animal does not 
lose consciousness immediately (Gibson 
et al., 2009a,b). These situations result 
in psychological stress associated with 
physiological and behavioural stress 
responses, such as avoidance reactions 
and increased activity of the HPA and 
autonomic nervous system.

2.5  BRAIN AND 
CONSCIOUSNESS  

2.5.1  Brain anatomy

The brain can be divided into three major 
parts: the cerebrum, which is the upper, 
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larger part involved in complex functions, 
the cerebellum or hindbrain, involved in 
balance and coordinated movement, and 
the brainstem, involved in vital functions 
such as breathing, homeostasis, ther-
moregulation, heart activity and sleep/
wakefulness (Figure 2.2.). 

The cerebral cortex and the brainstem 
play a major role in consciousness in 
mammals. Similar structures exist also 
in other vertebrates, such as reptiles and 
birds, but they are at least partly organ-
ized differently (Dugas-Ford et al., 2012; 
Balanoff et al., 2013). Consciousness is 
a complex concept that can be distin-
guished into two components (Zeman 
et al., 1997; Laureys et al., 2004): the 
content (awareness of self and the 
environment) and the level (degree of 
wakefulness). The cerebral cortex is 

involved in the content of the conscious 
experience, that is, consciousness of 
self (the ability to recognize oneself as 
an individual separate from the envi-
ronment and other individuals) and the 
environment (the ability to recognize 
aspects of the environment through the 
different senses; Laureys et al., 2004). 
Widespread dysfunction of the cerebrum 
causes loss of consciousness. 

The reticular formation is a structure in 
the brainstem, which is associated with 
the level of consciousness. This structure 
stimulates many cortical areas via projec-
tions called the ascending reticular acti-
vating system (Munk et al., 1996; Parvizi 
and Damasio, 2001; Brown et al., 2012). 
Lesions in the reticular formation or in 
the ascending reticular activating system 
result in a comatose, unconscious state 

Figure 2.2: Right hemisphere of a cow. Some areas appear dark due to haemorrhages. Darker 
delineated areas represent the cerebrum, cerebellum and brainstem of the brain. The position of 
the reticular formation inside the brain stem is also shown. 
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characterized by the complete absence 
of wakefulness associated with and 
responsiveness to external stimuli 
(Laureys et al., 2004; Bateman, 2001). 

2.5.2  Brain electrical activity and 
consciousness

The normal living brain is permanently 
active including during sleep. All living 
cells maintain an electrical charge and 
the activity of the brain involves the per-
manent depolarization and repolarization 
of its neurons. There are a number of dif-
ferent electrophysiological indices that 
can record electrical activity of the brain. 
One technique used in research on stun-
ning and killing techniques at slaughter 
is the recording of the electroencepha-
logram (EEG), where electrodes are 
placed on the scalp or skull to measure 
the spontaneous electrical activity of the 

brain (Figure 2.3.)2. Another technique is 
to record the cortical electrical activity, 
known as an electrocorticogram (ECoG), 
by placing the electrodes on the surface 
of the cerebral cortex via holes drilled 
into the skull. This method is more sensi-
tive as it is not subjected to the isolat-
ing effect of the skull and skin, but also 
more invasive. The objective of these 
techniques is to determine whether the 
observed brain activity indicates that 
the animal is unconscious). The advan-
tage of the EEG is that changes can be 

2  The EEG represents the sum of the electrical 
activity of populations of cortical and sub-cortical 
neurons located below the recording electrodes 
over time. The electrical signals of the EEG are 
extremely small (microvolts), requiring amplifica-
tion, filtering and conversion from an analogue 
to digital signal. Once digitized, the signal can 
be recorded and analysed, showing the complex 
pattern of brainwaves.

Figure 2.3: Example of spontaneous electroencephalographic (EEG) waveforms (left) and the 
corresponding EEG power spectra (right) from a calf. The top graph shows active EEG activity, 
while the bottom graph shows an isoelectric EEG after captive bolt stunning
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seen immediately, while the recording 
is taking place. However, spatial resolu-
tion is poor, that is, EEG measurements 
do not differentiate between specific 
regions or circuits in the brain and there-
fore do not give detailed information of 
neural processes at work. 

The EEG reflects changes in corti-
cal function that can be demonstrated 
as an alteration in its content over time 
(Adrian and Matthews, 1934). There are 
two major classifications of brain electri-
cal activity for EEG in humans: fast and 
slow waves. Fast waves (i.e. beta and 
gamma waves) have a high frequency 
(between 13 and 80 Hz) and are associ-
ated with increased vigilance/arousal. 
These waves reflect a fast depolarization/
repolarization cycle of neurons, needed 
for efficient information processing in the 
active brain. Slow waves (delta and theta 
waves) have a low frequency (between 
1 and 8 Hz) reflecting a slow depo-
larization/repolarization cycle. They are 
associated with somnolence, sleep and 
anaesthesia, which are situations where 
information processing is very slow or 
absent. Alpha waves (between 8 and 13 
Hz) are associated with relaxed wakeful-
ness in adult humans and increase with 
pharmacologically-induced unconscious-
ness. The classification of the EEG into 
these frequency bands was developed 
for the analysis of human EEG and have 
specific functionality associated with 
them. Therefore, care should be taken 
when making assumptions on the func-
tion of specific bands between species 
and different recording loci. An isoelec-
tric EEG is a flat EEG trace, which indi-
cates the total absence of brain activity in 
animals and humans. An isoelectric EEG 
may be reversible, but a continued iso-
electric trace is generally associated with 

irreversible brain dysfunction leading to 
brain death. 

Certain other forms of brain activity are 
also incompatible with consciousness. 
Sometimes, the EEG shows the pres-
ence of large synchronous low frequency 
(3 to 4 Hz) spikes (Blumenfeld, 2005). 
This occurs during epileptic seizures for 
example, but they can also be induced 
using electrical stunning techniques. 
During these states the brain is unable 
to process incoming sensory information 
and these spikes are associated with 
unconsciousness.

Another technique that is used in 
slaughter-based research involves 
evoked potentials (EPs). Examples 
include auditory evoked potentials 
(AEPs) induced by clicks or beeps 
near the ear, visually evoked poten-
tials (VEPs) induced by flashes in front 
of the eye and somatosensory evoked 
potentials (SEPs) induced by electrical 
stimuli applied to the skin or a nerve, 
for example (Figure 2.4.). These can be 
used in the assessment of brain func-
tion during and after stunning and/or 
slaughter. It is important to note that 
evoked potentials can be present in 

Figure 2.4: Example of a somatosensory 
evoked potential (SEP) waveform from a 
sheep. Evoked potentials are assessed in 
terms of latency from the stimulus (msec) and 
amplitude (μV) of peaks (positive or negative) 
relative to the baseline pre-stimulus recording. 
This evoked potential represents the averaging 
of 32 repetitions
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unconscious animals but their absence 
indicates profound brain dysfunction 
that is incompatible with consciousness 
(Daly et al., 1988).

2.5.3  Disturbances of 
consciousness

At slaughter, unconsciousness can 
be produced by disturbing the normal 
functioning of the neurones of the cer-
ebrum, the reticular formation or of the 
ascending reticular activating system 
(Terlouw et al., 2016). The objective of 
stunning is to render the animal uncon-
scious for a period sufficiently long to 
avoid the animal from experiencing 
pain or other forms of stress during 
and after the bleeding and subsequent 
procedures. Therefore, it is important to 
know how unconsciousness relates to 
the capacity to perceive pain. Studies 
in humans indicate that certain parts 
of the cerebral cortex have a central 
role in the conscious perception of 
pain stimuli (Laureys, 2005; Treede 
et al., 2000; Bromm, 2001; Hofbauer 
et al., 2001). For example, patients in 
the vegetative state are permanently 
unconscious. Although their primary 
cortices may function, allowing primary 
unscrambling of sensory, like auditory, 
signals, their associative cortices are 
unresponsive and hence there is no 
conscious awareness of sensory signals 
(Laureys et al., 2002). When vegetative 
patients were given a painful stimulus, 
cortical activation was observed in each 
patient. In most vegetative patients, this 
cortical activation is limited to the pri-
mary somatosensory cortex and does 
not reach the higher-order associative 
cortices, such as the anterior cingu-
late cortex and the insular cortex from 

which it was functionally disconnected 
(Schnakers et al., 2012). Hence, these 
patients perceive the stimulus, but do 
not experience the negative affective 
component of pain. By contrast, one 
study suggests that in some vegetative 
patients, some degree of residual pain 
perception may still exist (Chatelle et al., 
2014). However, this is yet to be dem-
onstrated in stunned animals. In addi-
tion, patients suffering from a condition 
called the “minimally conscious state”, 
show reproducible but minimal and fluc-
tuating signs of consciousness (Giacino 
et al., 2002) but are often misdiagnosed 
as vegetative patients. Following painful 
stimulation, minimally conscious patients 
were shown to have brain activation 
very similar to that measured in healthy 
volunteers, that is, these patients do 
have pain perception (Schnakers et al., 
2012). These results indicate that if ani-
mals are correctly stunned, higher-order 
associative cortices are no longer func-
tional and the animals are not capable 
of feeling pain or of experiencing other 
negative emotions. This is the case if 
dysfunction of cerebrum, the reticular 
formation or of the ascending reticular 
activating system is achieved (Terlouw 
et al., 2016). However, if the damage to 
these structures is not sufficiently wide-
spread, unconsciousness will probably 
be shallow and pain perception may 
still be present. In addition, it has been 
reported that some animals after slaugh-
ter without stunning have phasic return 
of consciousness, where they drift in 
and out of consciousness until irrecov-
erable unconsciousness sets in (Gibson 
et al., 2015). Further work is needed to 
examine the exact relationship between 
these different brain states and the 
capacity to experience pain at slaughter. 
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chapter three

Reception and unloading of animals

Luigi Faucitano1 and Cecilia Pedernera2

Learning objectives

●● Describe the procedures for the management of the truck on arrival at the 
slaughterhouse under different ambient conditions. 

●● Describe the procedures for the handling of animals at unloading at the 
slaughterhouse. 

●● Describe the adequate design of dock and ramps at unloading. 
●● Understand the impact of these factors on animal welfare and meat quality.
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3.1  INTRODUCTION

The condition of animals (dead, 
fatigued or injured) on arrival at the 

slaughterhouse results from the cumula-
tive and synergistic effects of a number 
of transport factors and for this reason 
it depends on how animals are prepared 

1  Agriculture and Agri-Food Canada, Sherbrooke Research and Development Centre, 2000 College 
Street, J1M 0C8 Sherbrooke, Canada
2  IRTA, Animal Welfare Sub-program, Veïnat de Sies, s/n, 17121 Monells, Spain
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for transport, are handled at loading at 
the farm and are transported. These pre-
arrival factors must thus be kept under 
control to limit significant risk to animal 
welfare and economic losses. However, 
the benefits of maintaining good animal 
welfare practices at the farm and during 
transport can be lost due to wrong man-
agement of the truck on arrival at the 
slaughterhouse, poor design of unload-
ing facilities and rough handling during 
unloading from transport vehicle. Based 
on their impact on animal welfare at this 
stage, factors such as the timeliness 
of arrival of the truck, and frequency of 
animals slipping and falling and electric 
prod use at unloading are core criteria 
within slaughterhouse animal welfare 
audit protocols (AMI, 2012; Table 3.1). 
This chapter presents an overview of the 
currently recommended practices to limit 

animal suffering at reception and unload-
ing, reduce losses, ease handling and 
improve efficiency. 

3.2  RECEPTION AT THE 
SLAUGHTERHOUSE 

3.2.1  Pigs

The primary recommendation is to begin 
unloading of animals within 30 minutes 
of arrival at the slaughterhouse and com-
plete it within an hour to avoid heat and 
humidity rise inside the stationary truck 
and its negative consequences on animal 
welfare and meat quality of pigs (AMI, 
2012). However, in commercial condi-
tions, the waiting time to unload a truck 
after its arrival at the slaughterhouse is 
very variable ranging from 5 minutes 
to 4 hours (Aalhus et al., 1992; Jones, 

Table 3.1  �Welfare assessment of pigs, cattle and sheep on arrival at the slaughter 
plant using the American Meat Institute Audit Guide (AMI, 2012)

Criteria Final score

Excellent Acceptable Not acceptable Serious problem
Timeliness of 
unloading*

≥ 95% of 
trailers 
unloaded 
properly

90 to 94.9% of 
trailers unloaded 
properly

85 to 89.9% of 
trailers unloaded 
properly

< 85% of trailers 
unloaded properly

Falls** No falling < 1% falling (body 
touches floor)

> 1% falling down ≥ 5% falling down

Electric prod 
use***
 Cattle ≤ 5% ≤ 25% or less 26 to 49% ≥ 50%
 Pigs ≤ 10% ≤ 25% 26 to 79% ≥ 80%
 Sheep 0% ≤ 5% 6 to 10% ≥ 11%

*Based on a 0–4 score, where 0 = ≥ 120 min (without reason), 1 = ≥ 120 min (with reason), 2 = 91–120 
min, 3 = 61–90 min, 4 = 60 min of arrival. The assessment level is based on the proportion of trucks 
unloading in a more timely manner (score 4).
**Falls are scored in the unloading area only after all four of the animal’s limbs are on the unloading ramp 
or dock.
***Electric prod use is scored in the unloading area only after all four of the animal’s limbs are on the 
unloading ramp or dock.
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1999). Previous research on pig transport 
showed that it can take 56 minutes for 
the truck to reach its maximum tempera-
ture after the stop (Haley et al., 2008). 
Weschenfelder et al. (2012) reported 
that, even after only 10 minutes wait 
before unloading at mild ambient tem-
peratures (8°C), temperatures in some 
compartments of the transport truck can 
be up to 6°C warmer than the external 
temperature. The microclimate change 
inside the truck can explain the correla-
tion between time waiting in the yard 
and the risk of death and/or non-ambu-
latory pigs at unloading reported in sev-
eral studies (Haley et al., 2008; Ritter et 
al., 2006). Research showed that as the 
waiting time increases by 30 minutes, 
the risk of pigs dying can increase by 
2.2 times (Haley et al., 2008). Driessen 
and Geers (2001) also reported the great-
est incidence of pale and exudative pork 
(PSE) after 30 minutes wait when at 23ºC 
ambient temperature or after 53 minutes 
wait at 11ºC (70 and 45%, respectively). 
The presence of heat-stressed (or pant-
ing) pigs at unloading is a major risk 
factor for PSE pork production (van de 
Perre et al., 2010). 

Strict coordination of truck arrivals with 

the predicted number of pigs in lairage, 
lairage capacity and speed of operation 
as well as a number of unloading docks 
allowing more than one truck to unload 
at the same time (Figure 3.1) may help 
shorten waiting times in slaughterhouses 
(Weyman, 1987). 

If delay to unload is unavoidable, pigs 
must be cooled off during the wait using 
active ventilation and/or water sprinkling/
misting in the truck. It has been shown 
that when ambient temperature is above 
20oC, water sprinkling pigs for 5 minutes 
in the truck before leaving the farm and 
during wait time at the slaughterhouse 
reduced drinking behaviour in lairage, 
physical fatigue at slaughter (lower blood 
lactate levels) and water loss in meat (Fox 
et al., 2014; Nannoni et al., 2014). The 
effects of fan-assisted ventilation on the 
welfare of pigs in a stationary truck can 
be either positive (Nielsen, 1982) or none 
(Warriss et al., 2006). However, when 
active ventilation and water misting/sprin-
kling are combined, the transport mortal-
ity rate can be significantly decreased 
(Christensen and Barton-Gade, 1999) as 
ventilation, besides removing the exces-
sive humidity from the interior of the 
sprinkled truck, increases evaporative 
cooling in pigs (Chevillon, 2001).

3.2.2  Cattle

Under commercial conditions, vehicles 
often have to wait in line to unload at the 
slaughterhouse which creates a stressful 
work environment for drivers and slaugh-
terhouse reception staff, often resulting 
in poor cattle welfare (Gebresenbet et 
al., 2004). Longer waiting times increase 
risk factors such as lack of ventilation, 
space allowance and water availability. 
The application of scheduling procedures 

Figure 3.1: The availability of more than one 
dock at the slaughter plant helps shorten wait 
time before unloading.

(L. Faucitano, AAFC, Canada)
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for cattle delivery at the slaughterhouse 
is recommended to ensure that ani-
mals are unloaded quickly upon arrival 
(Miranda-de la Lama et al., 2014).

A number of cattle transport surveys 
have reported wait times before unload-
ing at the plant of 20–30 minutes on 
average, with maximum waits ranging 
from 3 hours to overnight (FAWC, 2003; 
González et al., 2012; Warren et al., 
2010). Longer waiting times in a sta-
tionary vehicle may expose animals to 
heat or cold stress depending on the 
variation in the internal truck environ-
ment. The main determinants of the 
internal thermal micro-environment in 
the vehicle are the external climatic con-
ditions, ventilation type, internal air flow 
pattern and the total heat and moisture 
produced by the animals (Norton et al., 
2013). In a stationary passively ventilated 
vehicle, such as the North American 
pot-belly trailer or the European trucks 
not used for journeys exceeding 8 
hours (European Commission, 2005; 
Schwartzkopf-Genswein et al., 2012), 
the relative humidity and temperature 
rise quickly resulting in heat stress for 
animals, especially when they wait in 
a truck under warm conditions and at 
high stocking density. Severely heat-
stressed cattle are recognizable for the 
open mouth breathing progressing to 
extended tongue as the body tempera-
ture steadily rises (Gaughan and Mader, 
2012). Both panting and sweating are 
important mechanisms of evaporative 
heat loss, with sweating accounting for 
up to 80% of total evaporative heat loss 
(Robertshaw, 1985), and both creating 
a microclimate that favours dehydra-
tion (Caulfield et al., 2014; Miranda-de la 
Lama et al., 2012). Evaporative heat loss 
is diminished at high ambient humidity 

levels, although respiratory cooling might 
still be effective if the temperature of 
inhaled air is lower than core body tem-
perature (Sparke et al., 2001). Climate 
control by monitoring of the temperature 
humidity index (THI: normal ≤ 74; alert ≤ 
75–78; danger 79–83; emergency ≥84) 
is useful to assess the environmental 
conditions causing heat stress in cattle, 
as in other livestock species. However, 
currently there are no objective indexes 
of cold stress for cattle (Goldhawk et 
al., 2014). Bedding material, such as 
woodchips, sawdust, cellulose or straw, 
may help maintain warm temperatures 
in cold climates (< 10°C; Schwartzkopf-
Genswein et al., 2012). Within the 
European Union, the welfare of farmed 
animals transported for commercial pur-
poses is regulated by Council Regulation 
(EC) No. 1/2005 of 22 December 2004 
(European Commission, 2005). This 
regulation includes, for journeys lasting 
more than 8 hours, provisions for suf-
ficient bedding and a ventilation system 
that is capable of maintaining the tem-
perature between 5 and 30ºC within the 
vehicle, and a temperature monitoring 
and recording system that will alert the 
driver if the temperature in the livestock 
areas reaches these limits. 

3.2.3  Sheep

Due to metabolic heat production, the 
temperature within a vehicle transport-
ing sheep is higher than the external 
temperature, especially during stationary 
periods, such as the wait before unload-
ing (Cockram, 2014). Hyperthermia, 
as defined by a rectal temperature > 
40.5°C, has been reported in conditions 
of high humidity at an air temperature 
of 33 and 40°C in sheep with fleece 
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and shorn, respectively. In sheep, a 
sign of hyperthermia is rapid shallow to 
slower, deeper open-mouthed panting 
(Stockman et al., 2011). In this condition, 
ventilation inside the truck must be ade-
quate. To ensure sufficient airflow while 
waiting in the truck, the minimum space 
above the top of the head should be at 
least either 15 or 30 cm, depending on 
whether sheep are exposed to forced or 
passive ventilation (Figure 3.2; SCAHAW, 
2002). Poor airflow can be even more 
difficult to cope with for sheep affected 
by respiratory diseases, such as pneu-
monia and pleurisy (Green et al., 1997). 
When it is hot and there is no shade on 
arrival at the slaughterhouse, it is impor-
tant that vehicles keep moving or are 
parked at a right angle to wind direction 
to ensure adequate airflow through them 
(Knowles, 1998). Besides hyperthermia, 
poor ventilation can also result in high 
ammonia concentrations inside the vehi-
cle (Fisher et al., 2002), which can be 
aversive to sheep when levels exceed 
45 ppm (Phillips et al., 2012). 

3.2.4  Chickens and ducks

An average of 0.2% dead-on-arrival 
(DOA; ranging from 0.12 to 0.46%) has 
been reported based on a number of 
chicken transport surveys conducted 
over the last 10 years in different regions 
of the world (Nijdam et al., 2004; Weeks, 
2014). Hyperthermia or hypothermia 
are thought to be the major causes of 
mortality rate during transport in chick-
ens (Petracci et al., 2006; Warriss et al., 
2005), with DOAs increasing at ambient 
temperatures above 17°C (Warriss et al., 
2005) or below 5°C (Nijdam et al., 2004). 
However, heat stress represents a much 
greater problem for chickens than cold 
stress (Nicole and Scott, 1990) contrib-
uting 40% of transport mortality (Bayliss 
and Hinton, 1990). 

The risk of death at high ambient tem-
peratures particularly increases during 
truck stops, including wait before unload-
ing at the slaughterhouse (Webster et 
al., 1993; Weeks et al., 1997). Following 
arrival at the slaughterhouse, chick-
ens can be either kept in lairage on the 
truck or in unloaded modules or stacks 
of crates. Lairage conditions can have a 
greater impact on the incidence of death 
than transport (0.9 vs. 0.5%; Knezacek 
et al., 2010). If chickens are kept in the 
truck before unloading at ambient tem-
peratures above the critical upper tem-
perature (29°C; Meltzer, 1983) death may 
occur because of hyperthermia (Webster 
et al., 1993). It is thus recommended 
not to leave a truck stationary for more 
than 45 minutes when the temperature 
of the load exceeds 30°C, unless the 
truck is kept in shade and air circulation 
is provided (CARC, 2003). Alternatively, 
to cool off birds during the stationary 
situation, fan banks with or without 

Figure 3.2: Insufficient deck height prevents 
adequate airflow and produces discomfort in 
sheep waiting for unloading.

(Photo courtesy of IRTA, Spain)
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water sprinklers can also be used before 
unloading (Figure 3.3). The combina-
tion of water sprinkling or misting and 
ventilation prevents humidity rise in the 
environment and results in increased 
evaporative cooling allowing birds to lose 
body heat. Research showed that water 
sprinkling upon arrival followed by ven-
tilation during 1-hour lairage in the truck 
reduced mortality in chickens and the 
production of PSE breast meat (Guarnieri 
et al., 2004; Vieira et al., 2010). However, 
in winter, cold air draught must be pre-
vented by covering the truck sides with 
tarpaulin (Figure 3.4) and parking the 
truck in the lea of buildings or trees. 
Wetting bird skin must also be avoided 
in order to maintain the thermoregulatory 
function of the feathers (Weeks, 2014). 

It is recommended that ducks must 
be unloaded as soon as possible after 
arrival at the slaughterhouse (Maple Leaf 
Farms, 2012; RSPCA, 2011). In case of 
delays, the loaded truck must not remain 
stationary for more than 15 minutes and 
during this wait when the ambient tem-
perature is above 20°C it must be parked 
in shade and either passive (vehicle 

moving) or mechanical ventilation must 
be applied (Maple Leaf Farms, 2012; 
RSPCA, 2011). 

3.2.5  Rabbits

Within the process of transporting rabbits 
from farm to slaughter, transport condi-
tions appear to be more critical than jour-
ney time (María et al., 2004) and within 
transport conditions the procedures of 
loading and unloading appear to be the 
most critical ones (Buil et al., 2004). To 
avoid heat stress, especially in summer, 
average time before unloading should 
be no longer than 15 minutes (Buil et al., 
2004; de la Fuente et al., 2004). Optimal 
ambient conditions for rabbits are in 
terms of 13 to 20°C ambient tempera-
ture and 55 to 65% relative humidity or 
temperature–humidity index (THI) lower 
than 27.8°C (Marai et al., 2002; Marai 
and Rashwan, 2004). When ambient 
temperatures are above 35°C or THI is 
higher than 28.9°C rabbits are in severe 
heat stress, cannot regulate their internal 
temperature and fall into heat prostration, 
while at 40°C they start panting and sali-
vating (Marai and Rashwan, 2004). The 
average lethal air temperature is 42.8°C 
(EFSA, 2011). Furthermore, heat stress 

Figure 3.3: Mechanical ventilation and water 
misting should be used to cool off broilers 
during the stationary situation before unloading.

(Photo courtesy of I. Oliveira, NUPEA/ESALQ/USP, 
Brazil)

Figure 3.4: Uninsulated tarps on both sides of 
the trailer are used to protect chickens from 
the cold, rain or wind.

(Photo courtesy of T. Crowe, University of 
Saskatchewan, Canada)
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can result in greater levels of cortisol, 
lactate, glucose and packed-cell volume 
in plasma and lower initial pH in meat (de 
la Fuente et al., 2007; Nakyinsige et al., 
2013). Although to a lesser degree than 
heat, cold stress may also impair the wel-
fare of rabbits while waiting at an unpro-
tected unloading site. De la Fuente et al. 
(2007) showed increased levels of CK in 
blood and decreased muscle glycogen 
concentration in rabbits exposed to tem-
peratures ranging from −1.1 to 2.1°C. To 
control the ambient conditions of crated 
rabbits kept in the truck before unload-
ing, the unloading site must be provided 
with adequate ventilation to respect their 
thermal comfort limits inside the crate 
and to remove toxic gases originating 
from urine and faeces. Furthermore, it 
must be covered and protected from the 
sun in summer and wind in winter (Buil 
et al., 2004; EFSA, 2004). 

3.2.6  Farmed fish

It is both difficult and expensive to trans-
port fish without imposing significant 
stress on them. Thus, it is usually prefer-
able to slaughter fish at the production 
site. For operational reasons, however, 
some species, including salmon, pan-
gasius, carp, tilapia, catfish and eel, are 
commonly transported to a remote point 
for slaughter (Lines and Spence, 2014). 
For example, the Atlantic salmon (Salmo 
salar) is usually transported from the sea 
cages to the slaughterhouse in specially 
designed well-boats. When the well-boat 
arrives at the processing plant, salmon 
are either transferred to the processing 
line or to holding cages by using a pres-
sure-vacuum pump. If the fish are to be 
transferred to the processing line directly 
from the vessel, the vessel may stay 

for some hours at the quayside before 
the unloading process starts early next 
morning. In such cases, adequate water 
circulation should be carried out using 
the vessel’s circulation pumps (EFSA, 
2009b). Other species, like sea bream 
and sea bass, are normally removed 
from the water and transported to the 
processing plant in containers with water 
and ice using boats and/or trucks. Since 
sea bream and sea bass are killed by 
chilling in water and ice, transport is not 
considered to be a part of the pre-slaugh-
ter process or procedures (EFSA, 2009a). 
The welfare concern associated with the 
process of chilling live fish using ice and 
water slurry is dealt with adequately in 
another chapter dedicated to stunning 
and slaughter of fish.

In marked contrast to terrestrial live-
stock, live fish transport requires a life-
support system through the marketing 
process. Besides the obvious require-
ment to provide a volume of water to 
contain fish, the most critical compo-
nent of the life-support system is the 
provision of oxygen (O2) to support 
their normal respiration (Wedemeyer, 
1996a,b). Failure to do so rapidly results 
in hypoxia, causing unconsciousness and 
death. The same risk should be taken into 
account when large hauls of fish are kept 
in storage bins for hours before slaugh-
ter. In this condition, the last fish out of 
the storage bin are often dead before 
bleeding, resulting in insufficient exsan-
guination and, as a consequence, muscle 
discolouration (Margeirsson et al., 2007; 
Rotabakk et al., 2011). Additionally, pre-
slaughter stress and physical activity in 
fish shorten the time to onset of rigor, 
increasing the possibility of damage to 
the flesh during processing (Robb, 2001).

Transport of fish out of water should 
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always be avoided. However, some 
farmed fish, including eels and pan-
gasius, are sometimes transported in 
road vehicles without water. Fish trans-
ported in this way are likely to become 
extremely stressed not only because 
of the lack of water and oxygen, but 
also because of the pressure of other 
fish resting on them, rapid temperature 
changes, vehicle vibrations and the phys-
ical shock if they are dropped when they 
enter or leave the transport unit. The fact 
that many of these fish can survive these 
conditions is not an indication that it is 
a stress-free experience. Indeed, after 
a transport in these conditions, most 
pangasius are too exhausted to swim or 
maintain their equilibrium when returned 
to the water (Lines and Spence, 2014). 

Behavioural responses and the evalua-
tion of some physiological changes (e.g. 
increased levels of blood catecholamines, 
cortisol, glucose, lactate and haemato-
crit) are commonly used to indicate when 
fish may have suffered fear, distress and 
pain during the pre- and slaughter phases 
(Portz et al., 2006). Based on the con-
centrations of cortisol, glucose, lactate, 
sodium, chloride and osmolality in blood 
taken on farm and after loading, trans-
port in the well-boat, unloading, resting, 
and pumping into the processing plant, 
pumping from the resting cages into the 
processing plant appear to be the most 
stressful pre-slaughter stages (Gatica et 
al., 2010)

3.3  UNLOADING AT THE 
SLAUGHTERHOUSE

3.3.1  Pigs

Although unloading can be considered 
less stressful than loading (based on 

heart rate and blood lactate level; Correa 
et al., 2010; Edwards et al., 2010), poor 
handling resulting in carcass bruising and 
poor meat quality is inevitable at this 
stage, unless well-designed unloading 
facilities and trained personnel are used. 

In practice, the most common unload-
ing device at the slaughterhouse is the 
ramp or bridge, which helps the transfer 
of pigs from the truck ramp or lift to the 
dock. Keeping in mind that pigs have dif-
ficulties in descending a slope (Brown 
et al., 2005), ramps steeper than 20º 
are not recommended as they result in 
greater pigs’ heart rate, vocalization and 
backing up behaviour, increased handler 
interventions (shouting and use of elec-
tric prods) and 3-4 times longer unload-
ing time (Goumon et al., 2013; Ritter et 
al. 2008; Torrey et al., 2013a,b; Warriss 
et al. 1991). Higher pitched vocalization 
of pigs at unloading has been associated 
with greater risk of PSE pork production 
(van de Perre et al., 2010). The greater 
need for electric prod use observed on 
ramps may result in a higher incidence 
of fatigued pigs at unloading and lowers 
pork quality (Correa et al., 2013). When 
compared to ramps, the use of hydrau-
lic lifts or decks reduces handling stress 
(lower heart rate), increases the easiness 
of handling and shortens off-load time 
(Brown et al., 2005). 

To ease handling, pigs should not have 
closed corners to negotiate either when 
exiting the truck or the unloading dock. A 
greater heart rate and balking behaviour, 
and unloading time have been reported in 
pigs negotiating angles or bends of 45° to 
90° compared with 0° and 30° (Goumon 
et al., 2013; Warriss et al., 1992).

Handling problems due to hesitation 
and refusal of pigs to go forward can also 
be caused by poor lighting (Figure 3.5), 
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lack of shelter at the dock, the presence 
of a step (> 15 cm) or a gap between 
the truck deck floor and the unloading 
dock (AMI, 2012; SCAHAW, 2002) and 
the slippery ramp floor. Goumon et al. 
(2013) showed that a 20-cm step associ-
ated with a ramp made the work more 
challenging for the handler, as shown by 
handlers’ greatest heart rate and lower 
easiness of handling score when pigs 
were moved to the ramps with step at 
unloading, reflecting a greater physical 
effort. Torrey et al. (2013b) explained 
the greater number of falls and slips 
observed at unloading in winter by the 
loss of balance of pigs walking on alu-
minium ramp floor that became slippery 
when temperatures dropped below 
freezing. Stair step dimensions of 6.6 
cm rise and 26 cm tread are recom-
mended to increase pigs’ stability while 
descending the unloading ramp (AMI, 
2012). Reducing the frequency of slips 
on the unloading ramp not only prevents 

injuries, but also improves pork quality 
(Rocha et al., 2016).

3.3.2  Cattle 

The most common lesions caused by 
poor handling and transport are bruis-
ing, lameness and dislocations (Minka 
and Ayo, 2007). These lesions are mainly 
associated with mishandling during load-
ing and unloading or the use of poorly 
designed or maintained trailers, ramps 
and alleys (Miranda-de la Lama et al., 
2012). To ease handling and limit the 
occurrence of lesions, trucks should 
have an integrated loading/unloading 
device, where the ramp angle should not 
be steeper than 20º for calves or 26º for 
adult cattle (Figure 3.6). When the slope 
is steeper than 10º, ramps should be 
fitted with foot battens or cleats which 
increase the animal’s stability on its feet 
while negotiating the ramp, reducing the 
risk of slips and falls (EFSA, 2011). To this 
end, a 20-cm spacing between the cleats 
is recommended to ease cattle han-
dling through the ramp (Grandin, 2014), 
Ideally, to eliminate external unloading 
ramps, the slaughterhouse dock should 
be built at the truck deck level. A useful 
indicator of ramp and floor conditions 
during unloading is the proportion of ani-
mals slipping. This proportion should be 
lower than 3% to be acceptable (Grandin 
and Gallo, 2007). 

It has been reported that during han-
dling at unloading, distractions, such as 
seeing moving people up ahead, spar-
kling reflections, shiny metal that jiggles 
or air blowing into the faces of approach-
ing cattle, can result in cattle balking and 
backing up (Grandin, 1980, 1996, 1998). 
Like other species, cattle prefer moving 
from dark to light (Grandin, 1980) and 

Figure 3.5: Handling problems due to 
hesitation and refusals of pigs to go forward 
can also be caused by poor lighting (view from 
the truck gate into the reception area).

(L. Faucitano, AAFC, Canada)
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often balk when they enter a dark race. 
Installing a lamp to illuminate the unload-
ing ramp and the corridor entrance often 
facilitates cattle movement, but the light 
must not shine into the animal’s eyes 
(Grandin, 2008). It is recommended 
to move cattle in groups using flags, a 
plastic bag on a stick or a paddle in order 
to ease handling and reduce the risk of 
injuries (Grandin, 2008). 

Special care should be taken if unload-
ing of downer animals is the only choice 
by limiting suffering and placing them 
in separate pens where feed and water 
are available (Broom, 2005). The pos-
sibility of emergency killing of these 
animals in respect of the EU legislation 
(EU Regulation 1099/2009) might be 
considered.

3.3.3  Sheep

Similarly to other species, sheep are 
either unloaded by fixed or hydraulic 
ramps, which are used as ramps or ele-
vators. Elevator ramps are common in 
European trucks as they are more useful 

for sheep handling, while folding ramps 
are less practical, although they are 
much cheaper (Miranda-de la Lama et al., 
2014). As with other species, descend-
ing a ramp is more difficult for sheep 
than climbing it, increasing the risk of 
stumbling and falling, especially on steep 
ramps (> 26º; EFSA, 2011). Other recom-
mended ramp features are lateral safety 
barriers to prevent sheep from falling or 
escaping during the unloading procedure 
and bedding material (e.g. straw and saw-
dust) to limit the risk of slipping and fall-
ing, and reflection of light. Furthermore, 
similar to other species, solid side walls 
should be used to prevent sheep from 
seeing moving objects or people along 
the sides which may cause balking or a 
fear response. 

Handling at unloading is easier if it is 
carried out smoothly by exploiting the 
natural gregarious behaviour of sheep. 
To this end, at some slaughterhouses 
a model or a familiar sheep is used to 
lead the entire batch through the unload-
ing process (Miranda-de la Lama et al., 
2014). The recommended approach to 
unloading is to encourage sheep to move 
naturally at their own pace, letting them 
explore the surrounding environment 
before moving.

Careful handling during unloading is 
necessary for sheep with severe pneu-
monia and therefore reduced tolerance 
to exercise (Alley, 2002) and for sheep 
with lameness or other clinical condi-
tions, such as foot rot involving necrotiz-
ing inflammation of the interdigital skin 
and horn of the hoof (König et al., 2011). 
Severe lameness can be easily recog-
nized at this stage by the following signs: 
not bearing weight on one or more limbs 
when standing or moving, reluctance to 
move and difficulty or inability to stand 

Figure 3.6: To ease the unloading of adult 
cattle the ramp angle should not be steeper 
than 26º.

(Photo courtesy of B. Catanese, ISZAM, Italy)
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(Kaler and Green, 2008). As in cattle, 
sheep that are injured or show signs of 
illness or severe distress should be seg-
regated during unloading and inspected 
by a veterinarian and/or trained profes-
sional and, if necessary, a procedure for 
emergency slaughter should be applied 
as soon as possible to prevent further 
suffering of the animal. 

3.3.4  Chickens and ducks

In order to avoid injuries and bruises it 
is generally recommended to unload the 
modules from the truck smoothly and 
horizontally (Lühren, 2012). Furthermore, 
if a conveyor is used, its angle should be 
such to prevent tilting of cages or crates 
that causes birds to pile up (CARC, 2003).

In commercial conditions, ducks are 
equally unloaded from crates, container 
systems (mostly drawer type) or liners 
(Lühren, 2012) and driven to lairage 
pens. During unloading, ducks should be 
handled with care to avoid stress reac-
tions, bone breakage or carcass con-
tamination (EFSA, 2004). Furthermore, 
in case of uncrated or free ducks it is 
recommended to let ducks move at their 
own pace to avoid duck overcrowding at 
this stage (Maple Leaf Farms, 2012). 

3.3.5  Rabbits

Compared with loading at the farm where 
rabbits can be exposed to rough han-
dling when being placed in the transport 
crates (Verga et al., 2009), the unloading 
procedure is not as stressful as rabbits 
are usually unloaded in crate groups or 
stands using hydraulic ramps (Figure 
3.7; Buil et al., 2004). However, careful 
handling at unloading is recommended 
to avoid mortality and bone fractures and 

bruises resulting from rough handling 
and falling (EFSA, 2004). 

3.3.6  Fish

At the time of transport and slaughter, 
fish are exposed to a range of stimuli, 
including crowding, handling, increased 
human contact, noise, transport, novel/
unfamiliar environments, feed depriva-
tion, changes in social structure and 
changes in environmental conditions, 
such as water contaminated by blood 
(Gregory, 2008). In their adaptation to 
these changes, fish experience fear, 
homeostasis imbalance, increased physi-
cal activity (e.g. violent escape attempts), 
fatigue, physical injury and psychological 
distress (Ashley, 2007; Conte, 2004). For 
this reason, fish should be slaughtered 
as soon as possible to improve their wel-
fare (EFSA, 2009b). 

Fish are caught and moved to slaugh-
ter by pumping or brailing. Pumping 
is widely used in salmon aquaculture, 
whereas brailing is more common for 
sea bass (Figure 3.8), bream and pan-
gasius, and at small processing factories 

Figure 3.7: Rabbits are usually unloaded in 
crate groups or stands using hydraulic ramps. 

(Photo courtesy of L. Moffat, Eyes on Animals, The 
Netherlands)
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(Lines and Spence, 2014). Pumping is 
a common practice to unload fish from 
well-boats either to a holding cage or 
directly in the harvest station. To avoid 
or, at least, limit removal of fish out of 
water, modern pumping systems employ 
either vacuum or helical screw pumps 
to allow live fish to be moved in water 
via pipe systems over large horizontal 
and vertical distances without damage 
(EFSA, 2009b). However, this method 
exposes fish to increasingly lower levels 
of water as the number of fish decreases 
in the well during the catching process. 
An alternative catching method is the 
use of a moving bulkhead in the well. 
In this procedure, which is under opera-
tor control by direct observation or by 
camera, the bulkhead is slowly moved up 
keeping the fish crowded at a constant 
water level (Robb, 2008). 

During catching, careful handling 
should be applied for all fish, but special 
care is important for specific species, 
such as salmon, as they lack an abra-
sion-resistant keratinized integumen-
tary system. Mishandling can, in fact, 

easily breach their epidermis, which is 
composed of a thin layer of squamous 
cells, exposing them to osmotic and ion 
regulatory disturbance and infection. To 
avoid disrupting the mucous coat, fish-
handlers should always use wet hands 
or wear soft, wet gloves when handling 
fish (Conte, 2004). To avoid skin damage, 
fish-handling systems with smooth sur-
faces made of fibreglass and stainless 
steel and species-specific nets are rec-
ommended. As water has less capacity 
to hold oxygen at higher temperatures, 
seining and netting activities should be 
performed during the cooler portions of 
the day to avoid the additive effect of 
temperature on stress (Conte, 2004).
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chapter four

Lairage and handling
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Learning objectives

●● Describe the adequate design of lairage pens. 
●● Understand the impact of space allowance on animal welfare.
●● Describe the needs for drinkers and feeding. 
●● Understand the main problems of thermoregulation and provide measures for 

its assessment.
●● Describe the optimal lairage duration. 
●● Provide measures to assess welfare at lairage.
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4.1  INTRODUCTION

One of the purposes of lairage is to 
hold sufficient reserve of animals to 
avoid any interruption in the slaughter 
line (Velarde, 2008). Poor lairage condi-
tions can become stress factors to the 
animals, as they will be allocated in a 

novel environment (Terlouw et al., 2008), 
where contact with unfamiliar persons 
can be aversive. To avoid the negative 
welfare effects of lairage, the animals 
should be slaughtered without undue 
delay after their arrival at the slaughter-
house. An exception applies for pigs, 
where inappropriate lairage time can 

1  IRTA. Animal Welfare Subprogram, Veïnat de Sies, s/n, 17121 Monells, Spain
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have detrimental effects on meat qual-
ity (Warriss, 2003; Santos et al., 1997). 
A similar effect has been found in poul-
try. In this case a lower incidence of 
meat quality problems can be associ-
ated with a higher incidence of mortal-
ity rates when compared with pigs (Oba 
et al., 2009). Several requirements must 
be considered for an appropriate lairage, 
including space allowance, floor and wall 
conditions, drinkers, provision of show-
ers and fans to improve ventilation and 
microclimate control (for some species 
in warm weather conditions), handling, 
provision of food when necessary, light, 
noise and lairage time. Animals that are 
transported in cages, such as broilers, 
layer hens, turkeys, ducks, geese, quails 
or rabbits remain in the cages during 
lairage, so the conditions are different to 
red meat animals. 

4.2  LAIRAGE PENS 

Holding animals in pens gives them a rest 
period after the physical activity associ-
ated with handling on the farm, loading 
and transport to slaughterhouses. If 
animals arrive exhausted, (e.g. due to 
a prolonged period of food and water 
deprivation, long transport distance or 
time, poor road conditions and adverse 
weather conditions) their ability to cope 
with the lairage conditions is impaired. 
The provision of some pens next to the 
unloading area that can be used as hos-
pital pens will facilitate the recovery of 
animals arriving exhausted or with any 
problems other than those that require 
emergency killing on the lorry (e.g. 
downer cattle) or in the unloading bay. 

The lairage pens should provide 
enough space to satisfy the needs of 

animals for comfort around resting and 
thermal comfort (neither too hot nor 
too cold) as well as providing enough 
space for the animal to be able to 
move around freely (Velarde, 2008). 
Cattle and pigs prefer to lie along the 
walls (Grandin, 1980), so long, narrow 
pens will stimulate the resting of the 
animals. Pens of different sizes will faci-
litate the adaptation of the group size to 
the space allowance without mixing of 
unfamiliar animals. To avoid stress pro-
blems caused by animals from one pen 
being disturbed by animals from another 
pen, the walls should be solid and high 
enough to avoid visual contact between 
unfamiliar groups of animals. The only 
exception is when animals are housed 
alone. In this case, and considering that 
the animal is in a new environment, 
isolation results in a great stress factor, 
so for these cases it is suggested that 
animals should be allowed to have visual 
contact with conspecifics, avoiding any 
physical contact. Aggressive animals 
should also be separated, but not visu-
ally isolated. 

In pigs, the space allowance of the pens 
should be adequate for better access 
to drinkers and rest in lateral position if 
needed due to the environmental tempe-
ratures, and should provide a chance for 
subordinate animals to avoid aggression 
from dominant ones. Split marketing 
of finishing pigs in commercial farms 
occurs when pigs within a pen reach 
slaughter age with a weight variation. It 
involves removing the heaviest pigs from 
pens and marketing them one or two 
weeks earlier than the remaining pen 
mates. Studies have documented detri-
mental effects of this practice on welfare 
and carcass quality due to the mixing of 
unfamiliar animals during transport and 
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at the slaughterhouse, as they fight to 
establish new rank orders (Fàbrega et 
al., 2013). In fact, mixing unacquainted 
pigs is usually followed by fighting and 
mounting behaviour, impairing animal 
welfare. First, aggression may result in 
injuries, pain and, in extreme cases, the 
death of the animal. Second, aggression 
leads to physiological stress and immu-
nosuppression within the group. In addi-
tion, it might have detrimental effects on 
carcass (presence of lesions; Figure 4.1) 
and meat quality, with presence of pale, 
soft and exudative meat (PSE) or dark, 
firm and dry meat (DFD; Tuchscherer and 
Manteuffel, 2000; Turner et al., 2006; 
Shen et al., 2006). To avoid fighting, 
animals should be kept in familiar groups. 
Producing animals with less variation in 
slaughter weight would allow transpor-
ting all the animals of the farm pen at the 
same time without mixing unacquainted 
pigs. Fighting occurs mainly during the 
initial hours after mixing (Friend et al., 
1983; Geverink et al., 1996). If mixing is 
unavoidable, the recommendation is to 
mix pigs just prior to loading or on the 
transport vehicle rather than later in the 
slaughterhouse, and to maintain in lairage 
the same groups from the transport. Pigs 
normally lie down or they are occupied 
with other problems not related to the 
hierarchies during transportation, but 
they are in close contact with unfamiliar 
animals. This seems to facilitate familia-
rization and recognition of new animals, 
which helps to reduce the intensity and 
duration of aggression. If the groups 
are mixed again during the unloading, 
aggression might increase at lairage with 
detrimental effects on welfare and meat 
quality. The occurrence of fighting in a 
pen also has detrimental effects on pigs 
resting in neighbouring pens as they are 

disturbed by the vocalization of fighting 
pigs (Weeks, 2008). Pigs kept in large 
groups (30 pigs) spend more time stan-
ding and fighting, and are involved in more 
agonistic interactions (bites and head 
knocks) than pigs kept in small groups (10 
pigs; Rabaste et al., 2007). On the other 
hand, according to Grandin (2000), in US 
slaughterhouses, mixing a large group 
of animals, of 200 or more from three 
or four different farms resulted in less 
fighting than mixing smaller groups of 6 
to 40 pigs. Transport distance and dura-
tion may affect the behaviour of animals 
in lairage, however, very large groups or 
very small groups seems to be the best 
option to reduce aggression. According 
to Faucitano (2010), space allowance has 
a bigger impact on pigs’ social behavi-
our than group size. In cattle, mixing of 
unacquainted animals increases aggres-
sion, physical activity, bruising and DFD 

Figure 4.1: Presence of skin lesions in the 
carcass of pigs
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meat (Grandin, 2000). Therefore, mixed 
animals should be slaughtered as soon 
as possible to minimize welfare and 
meat quality problems. It is also worth 
noting that stress increases the suscep-
tibility of animals to colonization as well 
as excretion of pathogens and, as a con-
sequence, lairage pens could become a 
potential source of cross-contamination. 
According to Knowles (1998), when two 
groups of unfamiliar sheep are penned 
together, they stay as two groups and 
there are fewer aggressive interactions 
than when two groups of relatively fami-
liar sheep are penned together.

Floor and wall conditions must be 
adequate for the species, easy to clean 
and with smooth and rounded surfaces 
to avoid injuries to the animals (Grandin, 
1980). Concrete curbs between the pens 
prevent water in one pen from flowing 
into another pen. Drains should be 
located outside of the walking areas of 
the animals to avoid distraction or fear 
to the animals. Solid floor with an ade-
quate slope for water/urine evacuation 

is preferred to slatted floor, especially if 
animals are not familiar with this type of 
floor. Floors must have a non-slip surface 
as slippery floors cause agitation and 
stress (Grandin, 1998b; Cockram and 
Corley, 1991). 

In lairage periods longer than 12 
hours, it is suggested that bedding mate-
rial should be incorporated to facilitate 
resting of the animals. Bedding material 
(i.e. straw) is recommended for lambs, 
piglets and kid goats in cold weather 
conditions to facilitate thermoregulation 
(Figure 4.2). On the other hand, in warm 
weather conditions, the use of straw as 
bedding material increases the effective 
temperature up to 4ºC in relation to the 
environmental temperature, and should 
be avoided.

4.3  STOCKING DENSITY

The lairage environment should meet 
the welfare needs of animals by provid-
ing enough space for the animal to be 

Figure 4.2: Presence of bedding material in lairage during resting times for lambs
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able to move around freely. To satisfy 
its welfare needs, each animal should 
have enough space to stand up, lie down 
and turn around (Figure 4.3). Stocking 
rate refers to the area of the animals, 
expressed either as number of animals 
per unit area (head/m2) or area provided 
per animal (m2/head), also often referred 
to as space allowance. Stocking densi-
ties can be referred to as the live weight 
per unit floor area (e.g. kg/m2). Lying 
area requirements are calculated based 
on body weight, but in addition, the 
stocking density must allow all animals 
access to the drinkers and, if present, to 
the feeders. The position of the drinkers 
and feeders should be accessible to the 
smallest animal in the group. 

Pigs and poultry have great difficulty 
in losing heat and may therefore suffer 
from heat stress at ambient tempera-
tures close to the upper limit of their 

thermoneutral zone and at high humid-
ity. In pigs, lying behaviour is an impor-
tant tool within behavioural adaptation 
for thermoregulation, and therefore 
related to the effective temperature 
of the environment. Comparing meas-
urements of pigs’ energy metabolism 
and animal behaviour has shown that 
thermal neutral or comfort behaviour for 
pigs occurs when they are lying touching 
each other. However, huddling (usually 
in sternal recumbency) means that it 
is too cold as pigs attempt to reduce 
heat loss. When it is too warm, pigs lie 
down quickly in lateral position, main-
tain relatively wide separation between 
individuals and increase their respiration 
rate (Santos et al., 1997). Therefore, high 
temperature increases the space each 
animal needs to dissipate heat and rest. 
A 100 kg live weight pig occupies 0.4 m2 
when lying in sternal position, and 1.0 m2 

Figure 4.3: High space allowance in lairage for pigs
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in lateral recumbence. A recommenda-
tion for pigs of 90−100 kg is 0.42 m2 for 
short lairage and 0.66 m2 for long lairage 
time (> 3 h), for cattle of 550 kg around 
1.60−1.70 m2, for light lambs (< 25 kg) 
around 0.30 m2 and for sheep in general, 
0.56 m2 (Weeks, 2008), although the 
space should be increased to 0.9−1.0 
m2/sheep for overnight lairage (DEFRA, 
2003) and to 1.85 m2 for horned cattle 
(Grandin, 1979). Knowles (1998) also 
stated that unshorn sheep had a greater 
space requirement than shorn sheep. 
In any case, the space requirements of 
the animals can vary depending on the 
temperature, humidity, lairage duration 
and even temperament and presence 
or absence of horns. High stocking 
densities increase aggression because 
the easy escape of attacked individu-
als is thwarted (Figure 4.4). When pigs 
or cattle are kept in small pens without 

enough space and opportunity for sub-
ordinate animals to escape, this leads 
to distress and physical damage, pre-
dominantly caused by dominant animals. 
The combination of long lairage times 
and high stocking density has been 
described as a major cause of DFD meat 
in pigs (Guardia et al., 2005). Therefore, 
for animals lairaged for long periods, a 
decrease in stocking density providing 
more space is recommended. This is 
especially important for mixed groups of 
pigs as fighting can last hours after arriv-
ing at the slaughterhouse. 

4.4  DRINKERS

During transport, animals are usually 
deprived of water. Therefore, water 
should always be available in the lairage. 
The water supply system should be 

Figure 4.4: High stocking density in lairage for pigs
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designed and constructed to allow all ani-
mals easy access (i.e. in terms of comfort-
able drinking height and number of water 
troughs or drinkers) to clean water at all 
times, without being injured or limited in 
their movements, and so that the risk of 
the water becoming contaminated with 
faeces or urine is minimized. Suckling ani-
mals are particularly susceptible to dehy-
dration because they may not have learnt 
how to drink from a trough (or novel/
unfamiliar drinker mechanisms) and so 
they fail to drink the water provided at 
the abattoir. In such cases, an appropri-
ate source of water should be provided. 
Failure to drink, even when water is avail-
able, is a particular problem in young 
calves (Gregory, 1998) and lambs (Jacob 
et al., 2006). In ruminants, the rumen 
holds 15 to 20% of the total body water 
(Dahlborn and Holtenius, 1990) and can 
act as a buffer against dehydration. Sheep 
are better adapted to drought than cattle, 
being able to produce concentrated urine 
and relatively dry faeces. There is no 
agreement about the number of drinkers 
per animal. The Welfare Quality protocols 
(Welfare Quality, 2009a,b) considered 
adequate a ratio of 12 dairy cattle, 15 
beef cattle and 10 pigs per drinker (similar 
numbers could be considered for small 
ruminants). The recommendation should 
be that all animals have easy access to 
at least two drinkers or drinking places. 
Birds and rabbits in cages and lairaged 
for long periods should be provided with 
water through a drinking system. As the 
main mechanism of thermoregulation is 
by means of evaporation of water when 
panting, so a state of dehydration can 
be achieved easily if water is not pro-
vided after some hours in lairage. In fact, 
poultry and rabbits are not provided with 
water whilst in the lairage area because 

it is assumed that they will be slaugh-
tered immediately or a short time after 
their arrival. In case of long lairage times 
it is then important to provide a system 
to give water to the animals. Logically, 
in warm conditions and long transports 
this point must be especially considered. 
Sometimes, animals do not drink immedi-
ately upon arrival in lairage pens. Knowles 
et al. (1993) described that sheep do not 
drink readily on arrival at the lairage, espe-
cially from an unfamiliar water source. 
Knowles (1998) describes that even 
at high ambient temperatures, when 
deprived of water for a period of at least 
20 hours, transported lambs did not drink 
immediately when offered water.

4.5  FEEDING

Animals are fasted to reduce gut con-
tent during the pre-slaughter period and 
so prevent the release and spread of 
bacterial contamination through faeces 
within the group during transport and 
lairage as well as through the spillage 
of gut contents during carcass eviscera-
tion. Fasting before slaughter, within 
reasonable limits, is also beneficial to 
the welfare condition of the pig as it pre-
vents pigs from vomiting in transit and 
developing hyperthermia. However, an 
extended fasting period causes hunger 
and aggressiveness (Warriss, 1994) and 
reduces live body weight and carcass 
yield (Warriss, 1994; Beattie et al., 2002). 
For instance, during the first 24 hours of 
fasting, pigs can lose up to 5% of body 
weight, around 0.2% per hour (Warris, 
1993). Fasting before slaughter reduces 
the risk of PSE meat in pigs (López-Bote, 
2001) and increases the risk of DFD meat 
in pigs and cattle (Gregory, 1998). The 
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combination of prolonged fasting periods 
and fighting in lairage, especially during 
long lairage times, reduces muscle gly-
cogen content at slaughter increasing 
the risk of DFD (Nanni Costa et al. 2002). 
In Australia, where journeys are often 
very long, Morris (1994) found 15% 
of lamb carcasses classified as DFD. 
According to Warriss (1994) and Warriss 
et al. (1998), fasting must be longer 
than 4 hours before transport in pigs to 
reduce motion sickness (Bradshaw et al., 
1996) and mortality (Averós et al., 2008; 
Gispert et al., 2000; Guardia et al., 2004, 
2005). However, the total fasting period 
(fasting period in the farm + transport 
+ lairage time) should be restricted to 
a maximum of 18 hours. Other reports 
(Chevillon, 1994; Guardia et al., 2005; 
Kephart and Mills, 2005; Gispert et al., 
1996; Bertol et al., 2005) proposed simi-
lar periods. An extended fasting period 
causes aggressiveness (Warriss, 1994) 
and has detrimental effects on meat 
and carcass quality (i.e. presence of 
scratches and bruises; Faucitano et al., 
2006; Warriss et al., 1998). Information 
about the animals’ last time of feeding 
will be required in the slaughterhouse to 
plan the time of lairage before slaughter. 
Wythes and Shorthose (1984) concluded 
that in cattle, carcass weight loss does 
not occur until after 24 hours of food and 
water deprivation. In sheep, Thompson 
et al. (1987) reported that feed depriva-
tion for 24, 48, 72 and 96 hours resulted 
in a 3.5, 5.9, 7.3 and 7.9% loss in hot car-
cass weight, respectively.

The Regulation (EC) No. 1099/2009 
requires that animals, which have not 
been slaughtered within 12 hours of their 
arrival, shall be fed and subsequently 
given moderate amounts of food at appro-
priate intervals. The food given must be 

appropriate in quantity and quality for 
each species, age and state and must be 
distributed in a way that all the animals 
can have good access to it, avoiding as 
much as possible competition among 
animals, as this can be another source 
of fighting even in unmixed groups. The 
food should be given by means of spe-
cific troughs and not directly on the floor. 
In animals in cages, such as poultry and 
rabbits, although it occurs rarely because 
animals should be slaughtered immedi-
ately after arrival, it is also important to 
have a system available to provide food 
to all the animals. 

4.6  THERMAL COMFORT 

All the animals kept in lairage should 
be protected from adverse weather 
conditions. In pigs, lairage conditions of 
15–18ºC and 59–65% relative humidity 
are recommended (Honkavaara, 1989). 
Cattle can cope with environmental tem-
peratures from −10ºC to 20ºC and sheep, 
temperatures of 15 to 28ºC (Wathes et 
al., 1983). 

During hot weather, the practice of 
spraying pigs with cold water (10−12ºC) 
at lairage limits the risk of hyperthermia 
and consequently reduces the mor-
tality rate in lairage pens (Figure 4.5). 
Showering reduces aggressive behav-
iour and facilitates greater ease of han-
dling into the stunning pens. The shower 
regime should be intermittent (i.e. once 
at arrival and once just before moving 
to stunning pen) and not for long times 
(i.e. 10 to 30 minutes can be enough in 
most cases) in order to get the greatest 
cooling effect and reduce activity and 
aggression. To optimize cooling effect, 
the coarseness of the spray should be 
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able to penetrate the hair and wet the 
skin. Sprinklers that create a fine mist 
can increase environmental relative 
humidity without penetrating the hair. 

Below 5ºC, showering is not recom-
mended as it causes thermogenesis by 
shivering to maintain body temperature 
in pigs. In other species, such as cattle 

Figure 4.5: Use of showers in lairage for pigs
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and sheep, the showers are used to 
wash the animals. However, it must be 
taken into account that washing cattle 
and sheep has been reported as very 
stressful (Walker et al, 1999; Kilgour 
1988) and useful only in cases where 
the animals are very dirty (Grandin, 2000) 
or under conditions with thermal stress 
due to very high temperatures. If animals 
are lairaged at a high density there will 
be less area from which each animal can 
dissipate heat because more of them are 
in physical contact with each other. It is 
under these circumstances that hyper-
thermia is likely to develop as well, and in 
sheep, for instance, the problem will be 
exacerbated if animals are fully fl eeced 
(Knowles, 1998).

Pigs and poultry have great diffi culty 
in losing heat and suffer from heat 
stress at ambient temperatures close 
to the upper limit of their thermoneutral 
zone and at high humidity (Hunter et al., 
1998). Heat stress increases the risk of 
mortality and deteriorates meat quality. 
The causes of mortality in broilers seem 
to be related to acute (14%) and con-
gestive (37%) heart failure and trauma 
(32%; Petracci et al., 2006). Birds are 
able to regulate their body temperature 
by means of panting and losing heat 
through their skin and feather cover 
(Figure 4.6). In cages, the ability to lose 
temperature is compromised due to the 
proximity between birds. The increase 
in panting (less effective in reducing 
body temperature in environments with 
high humidity) produces an alteration 
in the acid-base balance and dehydra-
tion. If the body temperature increa-
ses above 4ºC, the birds will die. The 
environmental temperature inside the 
cages increases within the fi rst hour 
of lairage, after which time an elevated 

equilibrium temperature is reached. The 
temperature is higher in the cages on 
the top than at the bottom due to rising 
heat. Dissipation of water vapour and 
heat from the cages is the key point to 
reduce thermal stress. For instance, less 
than 0.1 m/s airfl ow through each cage 
is not enough for heat to be dissipated 
(MAFF, 1998). The increased environ-
mental temperature in a full module of 
approximately 9ºC compared to lairage 
temperature indicates that, even with 
low humidity, there may be a potential 
heat stress problem for lairage tempe-
ratures of 17ºC or more (MAFF, 1998). 
Extraction of water vapour and heat 
from the modules is more effective at 
reducing heat stress than attempting to 
ventilate the entire lairage (MAFF, 1998). 
Although Oba et al. (2009) and Guarnieri 
et al. (2004) reported the advantages of 
showers at lairage for broilers, according 
to MAFF (1998), the use of water sprays 
or misting systems, while reducing air 
temperature by 2 or 3ºC, raises humidity, 
saturating the air and inhibiting the birds’ 
heat loss through panting. Therefore, 
showers are only recommended if the 
environment around the animals can be 
maintained with low humidity.

Figure 4.6: Chick panting due to thermal stress 
on arrival in the slaughterhouse
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4.7  LIGHT, NOISE AND AIR 
CONDITIONS 

Lighting and artificial illumination in the 
lairage area should be enough to inspect 
the animals and allow them to move 
without fear and distress (Figure 4.7). 
Animals are very sensitive to high-fre-
quency sounds, and noise is a potential 
stressor. Vocalizations of stressed ani-
mals, combined with human shouting, 
which is particularly abhorrent to ani-
mals (Weeks, 2008), provoke a stressful 
auditory environment. In a UK survey of 
cattle, sheep and pig lairage conditions, 
the pig’s noise at lairage was reported as 
the loudest (Weeks et al., 2009). Sound 
levels measured in lairage can range from 
76 to 108 dB on average, with the high-
est levels (120 dB) recorded in the pre-
stun area (Talling et al., 1996; Rabaste 
et al., 2007). Sudden and high-pitched 
sounds, such as gates clanging and pig 

vocalization (80–103 dB; Weeks 2008; 
Weeks et al., 2009) can be a source of 
stress, as shown by increased blood lac-
tate, creatine phosphokinase (CPK) corti-
sol levels and increased heart rate (Talling 
at al., 1996; Kanitz and Tuchscherer, 
2005). More specifically, Spensley et al. 
(1995) found that novel noises ranging 
from 80 to 89 dB increased heart rate 
in pigs. In addition, Talling et al. (1998) 
described that intermittent sounds are 
more disturbing to pigs than continu-
ous sound. High-pitched sounds from 
hydraulic systems are very disturbing 
to cattle (Grandin, 2000). Eldridge et al. 
(1989) studied cattle behaviour in over-
night lairage, and reported that cattle 
housed close to a noisy environment 
(next to unloading facilities) exhibited 
more movement and had higher car-
cass bruise scores than cattle held in 
quieter pens. Slaughterhouses with high 
concrete ceilings and precast concrete 

Figure 4.7: Light conditions in sheep during lairage
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walls have more echoes and noise than 
slaughterhouses built from foam-core 
insulation board (Grandin, 2000). 

The quality of the air during long lairage 
periods is another important aspect to 
take into account. High ammonia levels 
in an enclosed building is detrimental 
to poultry, pig and cattle welfare (Jones 
et al., 2005; Kristensen et al., 2000; 
Kristensen and Wathes, 2000; Ritter et 
al., 2006). An experimental choice test, 
in which pigs were exposed to different 
concentrations of ammonia (10, 20 and 
40 ppm), showed that ammonia levels 
higher than 10 ppm are aversive to pigs 
(Wathes et al., 2002). Hence, exposure to 
moderate levels of ammonia (10 ppm) in 
lairage for a short period (1 hour) may be 
still acceptable on animal welfare grounds 
(Weeks, 2008). For animals transported 
in modules or crates, the space allocated 
between columns of modules or crates 
determines the efficacy of ventilation 
and air movement: the wider the space, 
the better the ventilation. 

4.8  LAIRAGE TIME 

Lairage time should be optimum in pigs 
to reduce the incidence of PSE meat. The 
negative welfare consequences of lairage 
can be reduced if animals are unloaded 
as quickly as possible after arrival and 
subsequently slaughtered without undue 
delay. Several studies (Warriss et al., 
1992; Brown et al., 1999; Pérez et al., 
2002; Honkavaara, 1989) concluded, on 
the basis of cortisol levels in slaughter 
blood samples collected from pigs, that 
after 2 to 3 hours in lairage, basal levels 
are reached again. Therefore, this period 
of resting is the most recommended to 
recover pigs from stress (Grandin, 1994; 

Warris et al., 1998; Young et al., 2009, 
Pérez et al., 2002). However, Van de 
Perre et al. (2010) recommend a lairage 
time of 2–4 hours in summer and less 
than 2 hours in winter. Nevertheless, this 
might depend on the country, season and 
genotype of pigs. For instance, Fraqueza 
et al. (1998), in Brazil, described that pigs 
subjected to heat stress should not be 
allowed to a lairage longer than 30 min-
utes to avoid problems of PSE meat, and 
Santos et al. (1997), also in Brazil, do 
not recommend lairage at high tempera-
tures. On the other hand, other studies 
show little effect of lairage duration on 
meat quality when the pig population is 
free of the halothane gene and the han-
dling of animals before (i.e. from farm 
to abattoir) and after the lairage is not 
detrimental to the welfare of animals 
(good weather conditions, handling and 
environmental temperatures). Aaslying 
et al. (2001) and Geverink et al. (1996) do 
not recommend lairage in those cases. 
In broilers, although long lairage time 
reduces the incidence of PSE meat, this 
practice is not recommended because 
it increases mortality rates (Oba et al., 
2009). In rabbits, although the level of 
stress after 8 hours of lairage is lower 
than with 2 hours, no differences were 
found in relation to meat quality (Liste et 
al., 2009). However, the authors found 
more bruises in rabbits with 2-hour 
lairage than with 8-hour. Their hypoth-
esis is that during the capture process 
prior to stunning, the rabbits lairaged for 
short period were more stressed and 
probably more reactive and more likely 
to develop bruises. However, further 
studies are needed for this species. In 
ruminants, the presence of meat qual-
ity problems due to short lairage time is 
rarely described. 
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Long lairage periods might demand a 
great mobilization of metabolic energy in 
all species due to the fact that animals 
are in a novel situation and usually 
without food. Under this situation, pro-
longed periods of pre-slaughter stress 
can increase the incidence of DFD meat 
in pigs (Fernandez and Tornberg, 1991; 
Pérez et al., 2002, Warriss et al., 1998) 
and the incidence of dark cutting in beef 
cattle (Warner et al., 1998), with few 
effects on eating quality or tenderness. 
In addition, the longer the lairage period, 
the higher the number of bruises in pigs 
and cattle carcasses (Brown et al., 1999; 
Faucitano, 2001, Warriss et al., 1998), 
dead chickens before slaughter (Nijdam 
et al., 2004), and physiological stress indi-
cators in rabbits (Liste et al., 2009). A long 
lairage period increases losses in carcass 
weight (Gispert et al., 2000) and impairs 
the production of specific products, such 
as cured ham (Nanni Costa et al., 2002). 
As mentioned previously, if animals are 
not fed, weight loss increases due to the 
prolonged fasting periods.

4.9  MONITORING WELFARE

In lairage, several measures can be 
used to assess the welfare of the ani-
mals. The first animals to be assessed 
are those housed in the hospital or isola-
tion pens, as they need special care and 
even emergency killing when no suitable 
alternatives are available to provide opti-
mum welfare for them. Both red meat 
animals and poultry can be assessed for 
cleanliness at arrival to lairage (Figure 
4.8). Dirty animals are due to either poor 
litter conditions in the poultry barn or 
muddy feedlots, heat stress in pig farms 
or other factors affecting all the species, 

such as stocking density and general 
cleanliness of the farm and even lairage 
pens (Figure 4.9). For instance, a 4-point 
scoring system can be used according to 
Grandin (2010): 1 – clean animal or bird. 
Birds must have completely clean feet 
and cattle may have soil below the knee; 
2 – legs are soiled; 3 – legs and belly/
breast is soiled; 4 – legs, belly/breast 
and sides of body are soiled. The per-
centage of thin and emaciated animals 
(presence/absence) can also be scored 
in the slaughterline (Ritter et al., 1999). 
Fear induces physiological changes 
in the animals such as tachycardia, 
increased respiration rate and elevated 
body temperature, but these indicators 
are not feasible to be assessed at the 
slaughterhouse. Behavioural changes 
are more evident and include heightened 
alertness, immobilization, aggression 
and escape/avoidance, so these could be 
easily included in a monitoring schema. 
Vocalization is a feasible indicator for the 
affective state in cattle (Manteuffel et 
al., 2004; Grandin, 1998a). An increased 
frequency of vocalization is often cor-
related with an increase in the physi-
ological stress response (Hemsworth 
et al., 2011). Watts and Stookey (1998) 
described that cattle vocalization 
increased when isolated and suggested 
it as a good measure to assess severe 
stress in this species. In contrast, the 
presence of vocalizations is not a good 
indicator for sheep as they tend not to 
show any outward vocal or behavioural 
display indicative of pain or distress and 
tend to “suffer in silence”.

In the Welfare Quality protocols 
(Welfare Quality, 2009a,b) aspects such 
as the absence of thirst and hunger are 
assessed at lairage. For this purpose, the 
number of drinking points in each pen (in 
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Figure 4.8: Dirty pens with excess of water in lairage for cattle

Figure 4.9: Resting behaviour at lairage for cattle
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the case of drinking valves) or the total 
surface area of water supplied (in the 
case of water troughs) per animal, their 
functionality and cleanliness, are calcu-
lated. Cleanliness is scored as follows: 
0 – clean: drinkers and water clean at the 
moment of inspection; 1 – partly dirty: 
drinkers dirty but water fresh and clean 
at moment of inspection; and 2 – dirty: 
drinkers and water dirty at moment of 
inspection. The availability of feed when 
animals are held more than 12 hours 
is evaluated. In cattle, feed provision 
is assessed by asking staff about the 
type and amount (< 2000 g per animal 
is considered insufficient) of feed and 
checking the time animals are fed. The 
scoring is: 0 – no evidence of feed provi-
sion; 1 – some evidence of feed provi-
sion; 2 – clear evidence of feed provision 
in sufficient quantity. Another important 
criterion is thermal comfort, especially 
in pigs (Velarde and Dalmau, 2012). 
Behavioural thermoregulation measures, 
such as huddling, shivering or panting 
are scored by using a 3-point scale: 0 – 
no pigs in the pen showing shivering, 
panting or huddling; 1 – up to 20% of 
pigs in the pen with the above behaviour; 
and 2 – more than 20% of pigs in the pen 
with the above behaviour. Huddling is 
described as a pig lying with more than 
50% of its body in contact with another 
pig, but virtually lying on top of another 
pig. Panting is also a suitable indicator 
of thermal stress in poultry and rabbits. 
In broilers in cages, rectal tempera-
tures at intervals throughout lairage can 
assess heat stress indicated by a body 
temperature above 42ºC. Finally, other 
measures to be considered are mortal-
ity rates in lairage and space allowance 
(for this purpose, the length and width of 
pens are measured and the number of 

animals counted), and the presence and 
amount of bedding material, if needed. 
In this case, the percentage of pens with 
suitable rubber, straw, wood shavings 
or sawdust is considered (Velarde and 
Dalmau, 2012). 
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Improving animal handling and restraint
chapter five

Practical methods to improve animal 
handling and restraint

Temple Grandin1

Learning objectives

●● Provide an understanding of basic behavior principles of moving cattle, pigs, 
and sheep such as flight zone and point of balance.

●● Learn how to make simple modifications of races, stun boxes, and alleys to 
improve animal movement.

●● Correct mechanical problems with restraint devices that cause stress, injury, 
or bruises. 

●● Be able to identify on-farm factors that are associated with handling problems 
at the abattoir.
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5.1  INTRODUCTION

Cattle, pigs, and sheep will move more 
easily through the lairage and races in 
an abattoir when people understand and 
use certain species-specific behavioral 
principles. This will improve both animal 
welfare and meat quality. If animals con-
stantly balk, refuse to move, turn around 
or back up in the race, slaughterhouse 
employees are more likely to use force 
and harsh methods such as multiple 
shocks with electric goads to move them. 

Multiple shocks from an electric goad 
during the last few minutes before stun-
ning or cattle becoming agitated shortly 
before slaughter resulted in tougher beef 
(Warner et al., 2007; Gruber et al., 2010; 
Ferguson and Warner, 2008). In pigs, 
rough handling, electric goads, or jamming 
in the single file race resulted in higher 
blood lactate levels and poorer meat qual-
ity (Dokmanovic et al., 2014; Edwards et 
al., 2010a,b). Chapter 14 in this book pre-
sents a complete review of the effects of 
pre-slaughter stress, on meat quality.
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5.2  BASIC BEHAVIORAL 
PRINCIPLES OF ANIMAL 

HANDLING

5.2.1  Flight zone effects on 
behavior 

People working with animals need to 
understand the flight zone (Grandin, 
1980; Grandin and Deesing, 2008). An 
animal that is trained to lead has no 
flight zone. Wild or extensively raised 
animals may have a large flight zone. If 
people stand inside the flight zone, the 
animals may become agitated. They may 
react by moving to the back of a lairage 
pen, rearing up in a race, or jumping and 
constantly moving while standing in the 
single file race. Handlers should back up 

and remove themselves from the flight 
zone if animals become agitated. The 
animal will usually become calmer and 
less active when the person backs away. 
When a person stands close to a high 
flight zone animal, the installation of a 
solid barrier will reduce reactivity (Muller 
et al., 2008).

5.2.2  Point of balance 
principles for moving cattle, pigs, 

and sheep

When cattle, pigs, or sheep are being 
moved through a single file race, the 
point of balance is at the shoulder 
(Figure 5.1; Grandin, 1980, 1993). The 
animal will move forward when a person 

Figure 5.1: Flight zone diagram. Handlers need to understand that the size of the flight zone varies 
depending on the wildness or tameness of the animal. If an animal rears up in a race or becomes 
agitated it is usually due to a person standing too close to it. The person should back up and get 
out of the flight zone. To move an animal forward, a handler must be behind the point of balance
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is behind the point of balance and move 
backwards if a person stands in front of 
the point of balance (Kilgour and Dalton, 
1984). A common mistake made by han-
dlers when moving an animal through 
a single file race is to stand in front of 
the point of balance and poke it on the 
rear. Figure 5.2 shows an easy method 
to move a single animal into a stunning 
box or restrainer. The handler quickly 
walks past the point of balance inside 
the flight zone in the opposite direction 
of desired movement. The animal will 
usually move forward when the handler 
moves past the point of balance at the 
shoulder.

When animals are being moved out of 
a lairage pen, the point of balance may 
move forward and be slightly past the 
eye. When animals are being removed 
from a lairage pen, the same principle that 
is used for moving animals through the 
single file race can be used. The handler 
moves inside the flight zone in the oppo-
site direction of desired movement. 
When the handler moves along one side 
of a lairage pen from the entrance gate 

towards the back of the pen, the animals 
will usually move towards the gate when 
the handler walks past them.

5.2.3  Animals go back to where 
they came from

Cattle, pigs, and sheep all have a natural 
behavior to go back to where they came 
from. This is why animals will sometimes 
get back on a truck if the lairage pen gate 
is not opened or illuminated. Handling 
facilities with a full half circle crowd pen 
take advantage of this natural behavior. 
Figures 5.3, 5.4, and 5.5 show a round 
crowd pen and race systems for cattle, 
sheep, and pigs. Figure 5.3 is currently 
being used in a cattle slaughterhouse 
that processes approximately 40 cattle 
per hour. A sheep handling system simi-
lar to that in Figure 5.4 is being used in 
a British abattoir (Bates et al., 2014). The 
author visited both of these slaughter-
houses and the animals move quietly and 
easily through these systems (Grandin 
1997). 

Figure 5.2: Animals will move forward when the handler walks back by them in the opposite 
direction of desired movement. The handler moves from position 1 to position 2 to move one 
animal into the stun box. The handler passes the point of balance at the shoulder on the first 
animal, but stops in front of the point of balance of the second animal to stop it from moving 
forward
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5.2.4  Lone animal becomes 
stressed

All species may become highly stressed 
when they are alone and separated from 
their herd or flock mates (Bates et al., 

2014; Grandin, 2014). Animals that are 
last in line in a race may be more stressed 
(Stockman et al., 2012). This is especially 
a problem in very small slaughterhouses 
because the last animal in line may 
spend five to ten minutes alone. A lone 
animal is also more likely to injure itself 
or become agitated and run over people 
in an attempt to return to its herd mates. 
Single lone cattle are a major cause of 
human injuries (Grandin, 2014). People 
should not get in a small confined area 
with a single agitated bovine.

5.2.5  Behavioral signs of fear 
and stress

Animals definitely can experience fear 
(LeDoux, 1996; Rogan and LeDoux, 
1996; Panksepp, 2011). One indicator 
of fear is when cattle show visible eye 
white (Core et al., 2009; Janczak and 
Braastad, 2004). Other signs of behav-
ioral agitation are defecation (Romeyer 
and Bouissou, 1992), and tail twitching 
in cattle. In cattle and pigs, vocalizations 

Figure 5.3: System for moving cattle to the 
stun box. This features a full half circle round 
crowd pen that takes advantage of the natural 
behavior of cattle to go back to where they 
came from. When cattle enter the crowd pen, 
the gate is moved from position 1 to position 2. 
The handler moves to the small catwalk located 
at the gate pivot point. The cattle will circle 
around the handler to enter the single file race. 
This system will easily handle 30 to 60 cattle 
per hour 

Figure 5.4: System for moving pigs through a 
single file race to an electric stunner. Crowd 
pens for pigs must have an abrupt entrance 
because pigs will jam in a funnel. This system 
also takes advantage of the natural instinct of 
pigs to go back to where they came from and it 
has two gates that continuously revolve

Figure 5.5: System for moving sheep with two 
gates that continuously revolve. A funnel-
shaped entrance will work well for sheep and 
the half circle crowd pen takes advantage of 
the natural tendency of sheep to go back to 
where they came from
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(moos, bellows, squeals) during handling 
and restraint at a slaughterhouse are indi-
cators of stress (Dunn, 1990; Hemsworth 
et al., 2011; Warriss et al., 1994). Cattle 
vocalizations (moo or bellow) were asso-
ciated with either equipment problems, 
rough handling, excessive pressure from 
a restraint device, electric goads, gates 
slammed on cattle, or other obvious 
aversive events (Grandin, 1998, 2011; 
Bourquet et al., 2010). The number of 
animals vocalizing was counted in the 
stun box and during entry into the stun 
box. Vocalizations of cattle waiting in the 
lairage were not tabulated.

5.2.6  Effects of previous 
experiences and genetics on 

handling

Animals with a more excitable tempera-
ment will often become more agitated 
when suddenly exposed to a novel 
situation compared to animals with 
a calmer temperament (Grandin and 
Deesing, 2013). Animals that become 
more agitated and temperamental on 
the farm may become more agitated and 
have stronger physiological responses 
when they arrive at the slaughterhouse 
(Bourquet et al., 2011). Bourquet et al. 
(2010) and Lewis et al. (2008) stated 
that the animals may be reacting to the 
novelty of an environment of either a 
slaughterhouse or farm handling system. 
Working with young, extensively raised 
cattle to get them accustomed to han-
dling will help produce animals that will 
be easier to handle in the future (Fordyce 
1987; Fordyce et al., 1988; Becker and 
Lobato, 1997; Binstead, 1977; Probst et 
al., 2013).

5.3  METHODS FOR 
IMPROVING HANDLING AND 

ANIMAL MOVEMENT

The first step in improving animal move-
ment is to correct mistakes that people 
make while handling and/or moving ani-
mals. Training employees and stopping 
obvious handling mistakes will make it 
possible to determine if the problems 
with animal movement in a particular 
slaughterhouse are due to people making 
mistakes or a true fault with the design, 
layout and/or construction of stun box, 
race, lairage, or unloading ramp.

5.3.1  Step 1: correct 
handling mistakes and train 

employees

●● Use flight zone and point of balance 
principles. These principles were 
described in sections 5.2.3 and 
5.2.4.

●● Stop all yelling and whistling; 
yelling  is highly stressful to live-
stock  (Hemsworth et al., 2011; 
Waynert et al., 1999; Pajor et al., 
2003).

●● Stop constant use of electric goads. 
They should never be a person’s 
primary driving tool. A flag, paddle, 
pig board, or other materials should 
be a person’s primary driving aid. 
An electric goad should only be 
picked up when animals refuse to 
move and then put away. In most 
abattoirs, the only place an electric 
goad might be needed is at the 
entrance of the stun box or con-
veyor restrainer. Driving aids must 
never be applied to sensitive parts 
of the animals such as genitals, 
rectum, eyes, or nose.
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●● Fill the crowd pen half full with 
cattle or pigs. Animals need room 
to turn if they get turned around 
in the wrong direction. This will 
require moving smaller bunches of 
cattle or pigs. Good handling will 
require more walking to go back 
and forth between the crowd pen 
and the lairage. 

5.3.2  Step 2: Move cattle and 
pigs in small groups and use 

following behavior

Take advantage of the natural behavior 
of animals to follow the leader. For cattle 
and pigs, handlers should be trained to 
wait until the single file race is almost 
empty before bringing the next small 
group of pigs or cattle into the crowd 
pen that leads to the race. The animals 
will follow the leader into the race and 
pass through the crowd pen without 
stopping. If the crowd pen is filled with 
pigs or cattle when the single file race is 
full, they may turn around and attempt to 
return to the lairage because they have 
no place to go. The crowd pen should be 
used as a “passing through” pen. People 
handling animals are often reluctant to 
wait until the single file race is partially 
empty to take advantage of following 
behavior because they worry that the 
stun box may run out of animals. Several 
weeks of practice and training may be 
required to train handlers to determine 
the exact timing of bringing up the next 
bunch of animals from the lairage. 

5.3.3  Step 3: Move sheep in 
continuous flow

●● Sheep have very strong following 
behavior. They can be handled in 

larger groups in continuous flow. 
They will follow when they see 
other sheep ahead. Following 
behavior is so strong in sheep that 
a person may have difficulty holding 
a sheep to prevent it from following 
other sheep.

●● Leader sheep. The use of trained 
leader sheep can facilitate unload-
ing of sheep off trucks and move-
ment up the races. The author 
has observed that leader sheep 
are most effective if each leader 
is trained for a specific job. There 
is the Judas lamb that leads the 
lambs up the stunning race and 
then another specialist that goes 
on the trucks and helps unload the 
sheep. For biosecurity reasons, the 
leaders should live in the lairage. 
New leaders are trained by having a 
ewe train her lamb.

5.4  SIMPLE MODIFICATION 
OF FACILITIES TO 
IMPROVE ANIMAL 

MOVEMENT

When animals refuse to move easily 
through a handling facility, a common 
response from many slaughterhouse 
managers is to suggest tearing out the 
entire facility and making major modifica-
tions. In many slaughterhouses, simple 
changes will often improve animal move-
ment. Making many small changes to 
both the facility and animal handling 
methods can often provide big improve-
ments. The author has worked with 
many older slaughterhouses, and in a 
high percentage of them, greatly improv-
ing animal movement did not require 
rebuilding the entire facility.
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5.4.1  Remove distractions that 
make animals balk 

A calm animal will stop and point its eyes 
and ears towards distractions that may 
cause it to stop moving. To locate a dis-
traction that is causing balking, a person 
should look up the alleys, races, and 
stunbox/restrainer entrances to locate 
the distractions (Grandin and Deesing, 
2008). The person should get their eyes 

at animal eye level. Table 5.1 includes a 
list of common distractions.

5.4.2  Remove or tie open 
backstop (anti back-up gates)

When animals are constantly backing 
up in a single file race or refusing to 
move forward, a common mistake is to 
add additional one-way backstop gates 
to prevent animals from backing up. 

Table 5.1  �Common distractions that may cause animals to balk and refuse to move 
through races, alleys, or into stun box or restrainer

Distractions Remedy

Reflections on shiny metal.

Air blowing into the faces of approaching 
animals.

Seeing people walking by or moving 
equipment.

Chains hanging down in a race, hose on 
floor, coat on fence.

Gates that jiggle. Especially a problem at 
stunbox/restrainer entrance or single file 
race entrance.

High contrast walls or changes in flooring 
type.

Stun box, restrainer entrance, or race 
entrance is too dark.

Flapping paper towels.

Vertical sliding stun box entrance door 
is too low and animals bump their 
shoulders.

Move overhead lamps or dull the surface of 
the metal to eliminate reflections. Another 
option is to experiment with turning off 
some lights.

Change air flow direction.

Install a solid shield, experiment with 
cardboard.

Remove them.

Stop gate movement. 

Make the floor or walls all the same material 
and color.

Add indirect lighting. Animals will move 
towards the light. Experiment with portable 
lights.

Remove them.

Raising the bottom edge of the door will 
facilitate entry. Cattle may enter more easily 
if the door provides 30 cm or more clearance 
above the shoulder.
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In many facilities, the author has elimi-
nated distractions and has been able 
to tie open most of the backstops. If 
animals are backing up, there is a prob-
lem that needs to be corrected. Adding 
more backstops is treating the symp-
tom of a handling problem and not the 
cause. One-way backstop gates at race 
entrances are a major cause of balking 
and refusing to enter. Equip a backstop 
at the entrance of a race with a remote 
control to hold it open for entering ani-
mals. This may be either a simple rope or 
a powered device. This will facilitate the 
entry of cattle or pigs.

5.4.3  Experiment with cardboard 
and portable lights 

Try adding, moving, and turning off lamps. 
Many times the author has gone into an 
abattoir and improved handling by experi-
menting with portable lamps and large 
pieces of cardboard. A lamp installed 
at either a race or stun box entrance 
improved animal movement (Grandin 
1982, 2001, 2010; van Putten and Elshof, 
1978). Cardboard can be used to prevent 
approaching animals from seeing people, 

moving conveyors, and other distrac-
tions. Experiment with cheap materials 
to avoid the cost of expensive modifica-
tions that are not necessary. Table 5.2 
shows two case studies at two different 
slaughterhouses. Both slaughterhouses 
were older facilities. To have easy, calm 
animal movement may require locating 
and fixing five or six problems.

5.4.4  Animals refuse to enter 
the stun box, or conveyor 

restrainer

Air currents.  The most common cause 
of balking is air currents blowing towards 
approaching animals (Grandin, 1996). Air 
curtains and fans blowing on livestock to 
keep flies out may cause animals to back 
up and refuse to move forward.

Seeing people through the front of the 
box or restrainer.  Animals will not enter 
the stun box or restrainer, if people or 
moving equipment is visible through 
the front of a stun box head holder 
(restrainer) or through the end of a con-
veyor restrainer (Grandin, 1996). A wall 
or curtain should be installed to block 

Table 5.2  �Case studies of trouble-shooting handling problems in two 
slaughterhouses: list of modifications to improve animal movement

Slaughterhouse 1 Slaughterhouse 2

• �Moved smaller bunches of animals
• �Installed light on stun box entrance
• �Removed paper towel dispenser with 

waving towel
• �Raised height of a vertical slide door 

at the stunning race entrance so cattle 
would not bump their backs

• �Moved smaller bunches of animals
• �Installed light on stun box entrance
• �Blocked sunbeams in alley with plastic 

sheet
• �Used cardboard shields to prevent 

approaching animals from seeing people
• �Changed sequence of opening and closing 

alley gates between the lairage and the 
single file race
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vision of people or equipment. This 
should have a blank white surface and be 
placed about 1.2 meters in front of the 
head holder.

Objects that move.  Cattle, pigs, and 
sheep are very sensitive to small things 
that move. Some of the common 
ones that make animals balk are steel 
floors that jiggle, plastic strip curtains, 
and paper towels. Sometimes a very 
slight movement will stop the ani-
mals. Gates that jiggle may also stop 
movement.

Reflections cause balking.  The increased 
use of shiny stainless steel equipment 
has increased problems with reflections 
that cause animals to balk and refuse to 
move. When new stainless steel equip-
ment is being purchased, it should be 
specified to have a dull non-reflective 
finish. Reflections can sometimes be 
made to disappear by moving overhead 
lamps 1 meter off the centerline of either 
the box, race, or restrainer. Sometimes 
turning off lights will help. People need 
to experiment with adding lamps, moving 
existing lamps, and turning off different 
existing lamps.

Animals dislike dark places.  Experiment 
with portable lights to light up a race, 
stun box, or restrainer entrance that 
is too dark. Try positioning the lamp in 
many different locations. The principle 
is to have indirect lighting. It must never 
shine directly into the eyes of approach-
ing animals.

Frightened by sudden noise.  Intermittent 
noise such as air hissing and metal clang-
ing and banging frightens and startles 
animals (Grandin, 1996). Animals are very 

sensitive to intermittent sound stimuli or 
high-pitched noises (Talling et al., 1998; 
Lanier et al., 2000). Air hissing from 
valves on pneumatic equipment must 
be silenced. Commercially available muf-
fling devices should be installed on air 
exhausts to stop sudden hissing. These 
devices must be periodically checked 
and replaced because they become worn 
and lose the ability to stop noise. To elim-
inate metal-on-metal clanging of stun box 
doors and sliding panels on head hold-
ers, they can be constructed from either 
a metal plate sliding in a plastic track or 
the entire door can be constructed from 
a solid piece of very heavy plastic board. 
To prevent a plastic cattle stun box door 
from warping or bending, extremely 
heavy, thick panels over 3 cm or greater 
thickness must be used. Plastic doors for 
sheep or pigs can be made from thinner 
plastic.

5.5  COMMON MECHANICAL 
PROBLEMS WITH STUN 

BOXES, HEAD HOLDERS, 
POWERED GATES, AND 

CONVEYOR RESTRAINERS 
THAT ARE DETRIMENTAL TO 

ANIMAL WELFARE

Often, very simple modifications will 
correct serious welfare problems that 
occur in stunning boxes, head holders, 
and other devices used to restrain cattle 
and other large animals. One of the most 
common problems is poorly designed 
and constructed, or worn floors that 
cause slipping or falling. Other common 
problems are bruises or injuries caused 
by equipment and excessive pressure 
applied by restraint devices (Grandin, 
1981).
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5.5.1  Powered gates must never 
drag animals or knock them over

Powered gates are sometimes used to 
move pigs and cattle through alleys or 
into equipment such as a CO2 stunner. 
From a welfare standpoint, it is never 
acceptable for a powered gate to knock 
an animal down, cause it to fall, or drag 
it along the floor. These problems must 
be corrected.

The author has observed welfare 
improvements in pig and cattle slaugh-
terhouses where powered gates were 
converted from fully automatic operation 
to semi-automatic. In these abattoirs, a 
person controlled forward movement of 
the gate against the animals by press-
ing a switch. After the animals had been 
moved, the gate automatically returned 
to the start position for the next group 
of pigs. One innovative pig slaughter-
house used powered gates in their CO2 
system that had a proximity switch. To 
move the powered gate forward, the 
handler grabbed the steel frame and 
the proximity switch turned on the gate 
to move it forward. The handler had to 
walk with the gate because it would stop 
when the handler let go of the frame. 
This system eliminated knocking over or 
dragging pigs, because the handler had 
to walk with the powered gate and hold 
the frame to keep the gate moving.

5.5.2  Animals refuse to stand 
still in stun box or restrainer

After the animal enters the box, it may fail 
to settle down and stand still. The most 
common cause of this problem is slip-
pery floor. The animal’s feet should be 
observed from the shackler side of the 
box. Animals that are restless are often 

slipping. Either a front foot or a back foot 
will be moving with repeated small rapid 
slips. A non-slip floor should be installed. 
When the box was new, the floor may 
have been non-slip. When the floor wore 
out, the animal started slipping. Steel 
floors with a diamond or checker pattern 
wear out quickly. Checker or diamond 
plate will not provide a sufficient non-slip 
floor. Below is a list of non-slip flooring 
alternatives for stun boxes or restrainers:

●● Deeply grooved concrete.
●● Steel floor with steel rods welded 

to it. Rods must be welded flush 
with the floor. Never overlap the 
rods.

●● Rubber mats with a ribbed or deeply 
textured surface.

●● The floor of the box should be flat. 
Floors that are stepped or sloped 
on a steep angle should not be 
used.

5.5.3  Reducing vocalization 

When cattle or pigs vocalize in a stun 
box, head holder, or conveyor restrainer, 
this is associated with physiological 
measures of stress (Hemsworth et al., 
2011; Dunn, 1990; Warriss et al., 1994). 
Vocalization such as squeals, bellows, or 
moos can be easily measured. Animals 
can be scored as either vocalizing when 
they are being restrained or silent. In 
cattle, vocalization was associated with 
obvious aversive events such as exces-
sive pressure from a restraint device, 
sharp edges, electric goads, or slip-
ping on the floor (Grandin, 1998, 2001; 
Bourquet et al., 2010; Hemsworth et 
al., 2011). Reducing pressure applied by 
a head restraint reduced vocalization in 
cattle from 23% of the animals to 0%. 
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Munoz et al. (2012) also reported that 
excessive pressure applied to either the 
body or the head increased vocalization. 
When head holders and other restrain-
ing devices are used correctly, the per-
centage of cattle or pigs that vocalize 
during restraint can be reduced to 5% or 
less (Grandin and Johnson, 2005; 2012; 
Barbalho, 2007). There is a problem that 
must be corrected if cattle or pigs vocal-
ize in direct response to the application 
of a head holder or body restraint. 

Vocalization scoring cannot be used 
with sheep to locate problems with 
restraint devices. Sheep vocalize when 
separated from the flock or when they 
are isolated (Deiss et al., 2009; Ligout 
et al., 2011). They do not vocalize in 
an immediate response to aversive or 
painful handling procedures. In the wild, 
a sheep’s defense from predators is 
bunching together and an injured sheep 
remains silent to avoid attracting preda-
tors (Dwyer, 2004).

5.5.4  Pressure-limiting devices 
on restraint devices

Head holders, body restraint, and other 
devices designed to press against an 
animal should be equipped with pres-
sure-limiting devices and move steadily. 
Sudden jerky motion may cause animals 
to become agitated (Grandin, 1992). A 
head holder or body restraint should auto-
matically stop applying pressure before it 
causes injury, bruises, or vocalization. On 
a typical restraint box, less air or hydrau-
lic pressure is required to operate a head 
holder compared to a heavy door. One 
easy method to limit pressure applied by 
a head holder is to use smaller diameter 
pneumatic cylinders. Hydraulic systems 
will require a separate pressure relief 

valve set at a lighter setting for the head 
holder. Vocalization scoring is an easy 
method to detect problems with exces-
sive pressure. If a bovine vocalizes (moo 
or bellow) immediately after its head or 
body is restrained, it is most likely due 
to excessive pressure, or a sharp edge 
or pinching. 

5.5.5  New head holder design 
concept to reduce electric 

goad use

When head holders are poorly designed, 
increased stress from electric goad use 
may result (Ewbank et al., 1992). Many 
systems have a rear pusher gate to push 
cattle forward into a head holder. A new 
design eliminates the rear pusher gate 
as the entire head holder is mounted on 
a track so it can be moved backwards 
towards the animal to get its head in the 
correct position.

5.5.6  Upright restraint devices 
are recommended 

Restraint devices that hold animals in 
a comfortable upright position are less 
stressful than inverted restraint. Sheep 
were more willing to enter an upright 
restrainer compared to one that inverted 
them (Rushen, 1986). The percentage 
of cattle vocalizing was greater when 
the cattle were inverted (rotated) on 
their backs (Velarde et al., 2014; Dunn, 
1990). Restraining calves by suspending 
them by one back leg was more stress-
ful than upright restraint (Westervelt et 
al., 1976). There are some well-designed 
boxes that invert cattle that can achieve 
a vocalization score of 5% or less. The 
best designs prevent the animal’s body 
from slipping during rotation. Another 
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advantage of upright boxes is that the 
cost to build them is much lower.

5.5.7  Correcting conveyor 
restrainer problems

When a V conveyor restrainer is used 
for either pigs or sheep, both sides must 
run at the same speed. When the two 
conveyors run at different speeds, the 
animals may struggle. The angle of the 
two conveyors may also cause struggling 
if it is too steep.

A common problem with conveyor 
restrainers is that pigs or cattle refuse 
to enter. This is often caused by the 
visual cliff effect at the entrance. Farm 
animals are able to perceive the visual 
cliff (Lemmon and Patterson, 1964). 
Since the conveyor restrainer is above 
the floor, the entrance must be designed 
so the animals do not see the steep drop 
off. Avoid having light come up through 
the bottom of the conveyor. Another 
approach is to install a false floor that is 
just below where the animal’s feet would 
touch. This provides the illusion of a solid 
floor to walk on (Grandin, 2003).

5.5.8  Prevent bruises caused by 
stun box doors

Poorly designed or carelessly operated 
stun boxes or restraint devices can cause 
bruises and injuries. Bruises can also 
occur in unconscious animals after stun-
ning and prior to bleeding (Meischke and 
Horder, 1976). In one slaughterhouse, a 
high percentage of bruises were caused 
by the vertical slide tailgate on a cattle 
stunning box (Strappini et al., 2013). If 
bruises still occur after the operator has 
been trained not to strike the cattle with 
the door, there is likely to be a mechanical 

problem. The door controls must be 
designed so that downward motion of 
the door will quickly stop when the oper-
ator pushes either a control valve or a 
button. On a poorly designed pneumatic 
system, the door may continue to move 
downward for 30 to 60 cm after the 
operator attempts to stop it. Pneumatic 
systems should be designed so that air 
pressure is used to raise the door but the 
cylinder is not pressurized to push the 
door downward to the closed position. 
If the air cylinder is powered down, the 
door may continue to descend after the 
operator attempts to stop it.

Other chapters of this book will 
discuss bruises that occur during trans-
port, but the first step is to determine 
if bruises or injuries are occurring inside 
or outside the abattoir. If the bruises or 
injuries are happening inside the abat-
toir, they will occur on animals from 
many different farmers. If the bruises 
are occurring outside the abattoir, the 
bruises will be associated with either a 
certain livestock source (farm or market) 
or a specific transporter. The rear door 
of a stun box striking animals is one 
obvious cause of bruises. Less obvious 
causes are pinch points and sharp edges 
in a restraint device and protruding gate 
latches.

5.6  EQUIPMENT PROBLEMS 
THAT WILL REQUIRE 

MAJOR RENOVATIONS OR 
EQUIPMENT PURCHASES TO 

REMEDY

One of the worst and most expensive 
problems to fix is an undersized CO2 
stunning unit. In one slaughterhouse, to 
compensate for increased line speed, 
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three pigs were forced into a gondola 
designed for two pigs. An electric goad 
was used to jump the third pig on top of 
the others. The only way to remedy this 
is to either slow down the slaughter line 
or buy a larger gas stunning unit to suit 
the throughput rate.

Problems with overloaded equipment 
may occur in both large and very small 
slaughterhouses. In another case, an 
abattoir that worked well at 26 cattle 
per hour had many problems when the 
speed was raised to 35 per hour. In 
small slaughterhouses, electric stun-
ning of pigs on the floor can be low 
stress because lining up in a single file 
race is eliminated. At high speeds, the 
author has observed that floor stunning 
may become rough and sloppy. This is 
another situation where an equipment 
such as a conveyor restrainer would 
need to be installed.

5.7  HANDLING PROBLEMS 
THAT MUST BE CORRECTED 

AT THE FARM

The author has observed increasing prob-
lems with handling animals at a slaugh-
terhouse that are caused by problems 
that must be corrected at the farm, feed-
lot, or ranch. These problems originate 
at the farm and they make good animal 
welfare at the abattoir extremely difficult 
to achieve.

5.7.1  Emaciated, weak animals 

Old breeding animals that have become 
weak, emaciated, and debilitated are 
extremely difficult to handle and main-
taining an acceptable level of welfare is 
problematic. Producers should bring in 

sows, old dairy cows, and other breeding 
stock when they are still fit for travel. The 
author has observed that problems with 
animals that become non-ambulatory 
or have extreme difficulty walking are 
greatly reduced when the abattoir man-
agement charges an extra fee for han-
dling non-ambulatory animals.

5.7.2  Cattle from very extensive 
systems are difficult and 

dangerous to handle 

Extensively raised cattle which have had 
little contact with people and are not 
used to being handled and restrained can 
be difficult and dangerous to manage 
during pre-slaughter handling. They will 
usually remain calmer if all races, stun 
boxes, and crowd pens have high, solid 
sides. Animals are specific about the 
things they habituate to. For example, 
if a horse becomes habituated and has 
little or no reaction to a blue and white 
umbrella, this does not transfer to a 
canvas sheet (Leiner and Fendt, 2011). 
The horse may become extremely agi-
tated on seeing the flapping canvas and 
remain calm when seeing the umbrella. 
Cattle from extensive pastures that are 
accustomed to a person on a horse may 
become frightened the first time they 
see a person on foot at an abattoir. Cattle 
should be acclimated and accustomed to 
going in and out of pens with a person 
on foot before they come to an abattoir 
(Grandin, 2014). Cattle that are fattened 
in barns may be very tame and have a 
small flight zone when the farmer walks 
in the aisle. The flight zone may suddenly 
enlarge when the pens are entered for 
the first time. Farmers should get fatten-
ing cattle accustomed to people walking 
among them inside their pens. Cattle 
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that are not habituated to people walk-
ing through their pen may have a huge 
flight zone when they are moved down 
an alley for truck loading. They may race 
back and forth in an attempt to get people 
out of their flight zone. At the abattoir, 
when they enter a lairage pen, they may 
suddenly “rebound” and suddenly run 
back out into the alley. These cattle are 
dangerous to handle and may knock over 
or injure a person. This is more likely to 
be a problem with animals with genetic 
predisposition for temperament and 
excitability (Grandin and Deesing, 2013). 
Animals learn using their sensory organs 
and their learning is specific to the con-
text and circumstances (see Chapter 
2 for detail). Memories are stored as 
specific pictures and sounds. Grandin 
and Johnson (2005) described a horse 
that feared black cowboy hats while 
white cowboy hats had no effect. The 
fear memory was very specific. Animal 
memories are stored as visual images 
(Judd and Collett, 1998; Hanggi, 2005). 
A person in the aisle is a different picture 
compared to a person inside the fatten-
ing pen. Animals need to be habituated 
to a person in both places before they 
arrive at the abattoir.

5.7.3  Pigs piling up during 
handling 

Research has shown that pigs will be 
easier to handle in the future if they have 
been handled during finishing (fatten-
ing) on the farm (Geverink et al., 1998; 
Abbott et al., 1997; Lewis et al., 2008). 
To improve ease of pig movement at 
the slaughterhouse, the farmer should 
walk through the fattening/finishing 
pens every day to get the pigs accus-
tomed to quietly getting up and moving 

away when people walk through the pen 
(Grandin, 2014). Some of the most dif-
ficult to handle pigs at the abattoir were 
pigs that had never had a person enter 
their pen until the day they were loaded 
for market.

5.7.4  Lame, fatigued animals 

Intensively raised cattle and pigs are 
being grown to heavier weights. In the 
US, market weight for pigs can be as high 
as 140 kg. There has also been greater 
genetic selection for productivity. In both 
cattle and pigs fattened in feedlots, the 
author has observed mobility problems 
associated with poor leg conformation. In 
one slaughterhouse, approximately 10% 
of large fed feedlot cattle were lame (dif-
ficulty walking), even though they came 
from a dry feedlot. Another factor that 
has increased lameness and made ani-
mals sluggish and difficult to move is 
feeding animals with high doses of beta-
agonists (Marchant-Forde et al., 2003). 
Pigs fed high doses of ractopomine were 
more likely to become stressed if they 
were handled in an aggressive manner 
(James et al., 2013).

5.7.5  Porcine stress syndrome 
(PSS) in pigs 

In most countries, breeding producers 
have selected against pigs which have 
porcine stress syndrome, a recessive 
genetic disorder. Unfortunately, there 
are some places where pigs exhibit-
ing classic PSS symptoms are arriving 
at abattoirs. This problem must be cor-
rected at the farm. Even though these 
pigs had been transported in a modern 
lorry with movable decks, their welfare 
was poor.
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5.8  THE IMPORTANCE OF 
HANDLING SCORING

People manage things that are meas-
ured. Scoring of handling performance 
should be done with animal welfare 
outcome-based measures or indicators. 
Assessment of animal welfare is moving 
from specifying inputs (resources or 
management) to measuring welfare 
outcomes (Velarde and Dalmau, 2012). 
When handling practices are measured it 
makes it possible to determine if they are 
improving or becoming worse. This ena-
bles managers to continuously improve 
animal handling. The following handling 
variables should be measured (Grandin, 
1998):

●● Percentage of animals falling at any 
place in the facility. This includes the 
unloading ramp, lairage, crowd pen, 
leadup race, and stun box before 
stunning. A fall is scored if the body 
touches the floor and the incidence 
should be 1% or less (Grandin, 
1998; OIE, 2014).

●● Percentage of animals moved with 
an electric goad. Ideally, electric 
goads should not be used. However, 
certain circumstances may warrant 
the use of electric goads and, under 
this situation, the incidence should 
be 5% or less.

●● Percentage of pigs or cattle vocaliz-
ing (bellow, moo, squeal) in the stun 
box or restrainer. Should be 5% or 
less (Grandin, 2001, 2012; Munoz et 
al., 2012). For systems where pigs 
are stunned in small groups on the 
floor, squeals are counted if they 
occur in the small stunning pen. 
Do not use vocalization scoring for 
sheep.

Many slaughterhouses are continuously 
scoring to determine if the pre-slaughter 
handling and stunning practices are 
improving or becoming worse. For exam-
ple, measuring the percentage of animals 
stunned effectively with one application 
of the stunner and the percentage that 
remain insensible after hoisting. For 
electrical stunning, the percentages of 
animals with correct stunner placement 
is counted. The target is 99% correct 
placement on cattle, pigs, or sheep. All 
scores are per animal which makes scor-
ing simpler. The animal is either moved 
with an electric goad or not moved with 
one; it is either silent or vocal.

5.8.1  Scoring as a trouble-
shooting tool to show continuous 

improvement

When handling or facility problems are 
being corrected, scoring can be used as 
a measuring and trouble-shooting tool. 
A baseline score can be determined 
and then the system can be re-scored 
after changes are made. For example, 
after handlers were trained to only use 
an electric goad on pigs that refused to 
move when there was space ahead for 
them to move, adding a light on a dark 
race entrance reduced electric goad use 
from 38 to 4% (Grandin, 2010).

Scoring can also be used to detect 
problems within a handling system. A 
good measurement for facility problems 
is the percentage of animals that back 
up in a race or the percentage of animals 
that refuse to enter a race. If a lower 
percentage of animals back up or more 
animals enter more easily, the modifi-
cation is effective. Scoring can also be 
used to determine if an intervention such 
as training employees reduced serious 
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carcass and meat quality problems such 
as bruising. Paranhos da Costa et al. 
(2014) found that training employees 
reduced bruising in beef cattle.
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chapter six

Mechanical stunning and killing methods

Bert Lambooij1 and Bo Algers2
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●● Monitoring points for correct stunning.
●● Advantages and disadvantages of stunning methods.

CONTENT

6.1  Introduction� 92
6.2 � Neurological and physiological 

aspects� 93
6.2.1 � Concussive blows� 94
6.2.2 � Captive bolt and free bullet� 94
6.2.3 � Mechanical disruption of 

tissues� 96
6.3  Description of the method� 97

6.3.1 � Captive bolt and free bullet� 97

6.3.2 � Concussive blows� 99
6.3.3  Neck dislocation� 99
6.3.4 � Maceration leading to 

fragmentation� 100
6.4  Effective use of the method� 100
6.5 � Monitoring points for correct 

stunning� 103
6.6  Advantages and disadvantages� 106
6.7  References� 107

SUMMARY

Mechanical stunning methods can 
be divided into penetrating and 

non-penetrating applications of a missile 
into the brains of animals. Irrespective of 
the method, disruption of normal brain 
function is achieved principally due to 

1  Wageningen UR Livestock Research, P.O. Box 338, 6700 H Wageningen, The Netherlands
2  Swedish University of Agricultural Sciences, Department of Animal Environment and Health, P.O. 
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brain concussion by transmitting the 
energy from the missile (e.g. bolt) into 
the cranium upon impact and by haemor-
rhages due to rupture of the arteries to 
the brain. The penetrating mechanical 
stunning methods cause subsequent 
disruption of the brain tissue and help to 
prolong the duration of unconsciousness 
and insensibility. 

Mechanical methods that principally 
refer to penetrative stunning or killing 
include use of captive bolt pistols and 
rifles. Cartridges with gunpowder, com-
pressed air or a spring under tension are 
used to drive missiles through the skull 
of farm animals. Stunning and stun/kill 
methods are developed to induce, when 
applied correctly, pathological brain 
states that are incompatible with the 
persistence of consciousness and sensi-
bility. The missile should create a large, 
deep, penetrating and well-defined hae-
morrhagic track which traverses almost 
the full thickness of the brain. The ideal 
shooting position is frontally on the head. 
The velocity of the penetrating bolt can be 
reduced by incorrect application or a damp 
cartridge or dirty gun. Successful penetra-
tive stunning is followed by an immediate 
collapse, prompt and persistent absence 
of rhythmic breathing, loss of corneal 
reflex or spontaneous blinking, immedi-
ate onset of tonic seizure lasting several 
seconds and no righting reflex or vocali-
zation. The standard operating procedure 
will involve sampling of all animals by 
slaughterhouse personnel for indicators 
of consciousness immediately after stun-
ning, before sticking and during bleeding. 
In addition, the animal welfare officer will 
sample a fraction of all animals to monitor 
the effectiveness of the process, and will 
correct the operator or other aspects of 
the stunning process if necessary. 

6.1  INTRODUCTION

In the past, stunning of farm animals 
was sometimes performed by a heavy 
blow to the head with a blunt instrument 
(Wijngaarden-Bakker, 1980). As early as 
the year 1336, in the town of Neurenberg, 
it was laid down that all animals should 
be “struck” before bleeding (Fahrbach, 
1948). This was probably intended to 
facilitate slaughtering and to protect the 
slaughterman from struggling animals. 
During the 19th century, however, concern 
for animal welfare had grown and a blow 
on the head was considered as unsat-
isfactory. The first development was a 
spike which was driven into the brain with 
or without the help of a hammer, a mask 
being placed on the animal’s head before-
hand. These instruments were not used 
for small animals as placing the mask 
took too much time (Fahrbach, 1948). 
Thereafter, a firearm method was devel-
oped, whereby a bullet was shot into the 
head. Drawbacks were the loud noise and 
a bullet lodged somewhere in the neck 
of the slaughtered animal. An advantage 
was the immediate immobilization of the 
animal (Fahrbach, 1948). Finally, captive 
bolt stunning was developed for use in 
small animals, but came to be very useful 
for large animals (Fahrbach, 1948). At pre-
sent, the penetrating captive bolt is legally 
accepted for use in slaughterhouses in 
most countries of the world and is nowa-
days the most common stunning method 
used for cattle.

The main mechanical methods 
accepted for stunning purposes by the 
OIE Terrestrial Animal Health Code 
(2014) and the Council Regulation (EC) 
No 1099/2009 of 24 September 2009 on 
the protection of animals at the time of 
killing are:
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1.	 Penetrative captive bolt device: 
Severe and irreversible damage of 
the brain provoked by the shock and 
the penetration of a captive bolt. 
Used in all species during slaughter, 
depopulation and other situations.

2.	 Non-penetrative captive bolt device: 
Severe damage to the brain by the 
shock of a captive bolt without pen-
etration. Used in ruminants, poultry, 
rabbits and hares during slaughter, 
depopulation and other situations 
for poultry, rabbits and hares. 

3.	 Firearm with free projectile: Severe 
and irreversible damage to the brain 
provoked by the shock and the pen-
etration of one or more projectiles. 
Used in all species during slaughter, 
depopulation and other situations.

4.	 Maceration: Immediate crushing of 
the entire animal. Used in chicks up 
to 72 hours and egg embryos during 
all situations other than slaughter.

5.	 Cervical dislocation: Manual or 
mechanical stretching and twist of 
the neck provoking cerebral ischae-
mia. Used in poultry up to 5 kg live 
weight during slaughter, depopula-
tion and other situations. 

6.	 Percussive blow to the head: Firm 
and accurate blow to the head pro-
voking severe damage to the brain. 
Used in piglets, lambs, kids, rabbits, 
hares, fur animals and poultry up to 
5 kg live weight during slaughter, 
depopulation and other situations.

6.2  NEUROLOGICAL AND 
PHYSIOLOGICAL ASPECTS

Mechanical methods can be divided 
into penetrating (penetrative captive 
bolt device, firearm with free projectile 

and maceration) and non-penetrating 
(non-penetrative captive bolt device, 
cervical dislocation and percussive blow 
to the head) applications and principally 
operate by causing concussion, brain 
haemorrhages and unconsciousness 
(see introduction). Other methods cause 
mechanical disruption of tissues which 
leads to unconsciousness by neural 
shock or anoxia by blood loss after a few 
seconds (puntilla), and therefore they 
are not acceptable. Mechanical methods 
that principally refer to captive bolt guns 
(CBG) also include use of free bullet and 
rifles. Cartridges with gunpowder, com-
pressed air or a spring under tension 
are used to drive bolts (missiles) against 
or through the skull of farm animals as 
well as farmed fish. Consequently, there 
will be transfer of energy to the animal’s 
head, causing concussion but also struc-
tural damage as the bolt travels through 
the brain. Immediate insensibility and 
unconsciousness is caused by rapid 
propagation of shock waves of kinetic 
energy through the brain and abrupt 
acceleration and deceleration of the rela-
tively soft brain within the bony skull. If 
the bolt is too thin or it is fired through a 
trephined skull there will not be enough 
energy transfer to the head to induce 
effective stunning (Karger, 2009; EFSA, 
2004; Raj and O’Callaghan, 2001; Daly 
and Whittington, 1989). Stunning and 
stun/kill methods, when applied correc-
tly, are developed to induce pathological 
brain states that are incompatible with 
the persistence of consciousness and 
sensibility. Insensibility occurs immedia-
tely after its application by direct physical 
trauma (focal and diffuse injury) from the 
missile to the structures of the dien-
cephalon and brainstem (Finnie et al., 
2002). Pressure effects, in the form of 
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flattening of the cerebrum contralateral 
to the shot, may be due to trauma from 
countercoup forces or associated with 
subdural haemorrhage after the shot. The 
magnitude of deviation from the normal 
brain electrical activity can be determined 
using electroencephalogram (EEG) or 
electrocorticogram (ECoG). Immediately 
after shooting, major changes occur on 
the EEG (delta and theta waves tending 
to an iso-electric line). It is assumed that 
the animal is unconscious by analogy to 
similar EEG changes described in man 
(Lopes da Silva, 1983; EFSA, 2004).

6.2.1  Concussive blows 

Cerebral concussion is provoked by 
a traumatically induced derangement 
of the nervous system, resulting in an 
instantaneous diminution or loss of 
consciousness without gross anatomi-
cal changes in the brain. Irrespective of 
the type of force which produces the 
traumatic depolarization of the cell mem-
brane, there is evidence that powerful 
pressure waves are provoked within 

the cranial cavity by a blow on the head 
and that the frequency and force of the 
waves vary in different parts of the brain. 
It has been suggested that it is not the 
pressure as such developed by these 
waves that is the important factor but the 
rapid oscillations in this pressure (Nilsson 
and Nordström, 1977). The captive bolt 
should create a large, deep, penetrat-
ing and well-defined haemorrhagic track 
which traverses almost the full thick-
ness of the brain (Figure 6.1; Algers and 
Atkinson, 2014).

6.2.2  Captive bolt and free bullet

The aim of captive bolt stunning meth-
ods is to cause concussion and major 
arterial haemorrhages in the brain by 
transmitting the energy from the missile 
(bolt) into the cranium and brain (Figure 
6.1). Immediately after stunning, ani-
mals express a tonic spasm for approxi-
mately 10 seconds prior to relaxation, 
however, excessive convulsions often 
follow (Lambooij et al., 1981). The ideal 
shooting position is frontally on the head 
(Grandin, 1981).

In general, penetration of a missile into 
the brain can cause injury in the following 
three ways, depending on its velocity and 
shape: by laceration and crushing (< 100 
m/s), by shock waves (about 100 to 300 
m/s) and by temporary cavitation effect 
(> 300 m/s; Hopkinson and Marshall, 
1967). In fact, using the formula of e = 
m Xv2, where e = energy, m = mass, and 
v = velocity, it has been shown that the 
delivered energy required for effective 
stunning is determined by the velocity of 
the missile. However, secondary tissue 
damage by penetration also prevents any 
chance of recovery. Free bullets have a 
lower mass than bolts of captive bolt 

Figure 6.1: Brain haemorrhage in well-stunned 
cattle
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stunners, and travel with higher velocity 
(typically > 300 m/s for rifles). To improve 
energy transfer, bullets are constructed 
to fragment and/or deform when hitting 
the target (Holleben et al., 2010; Schiffer 
et al., 2014). A stunning gun for large 
animals commonly produces a bolt 
velocity close to 75 m/s. It is very likely 
that significant pressure changes arise 
in all volumes of the brain during stun-
ning, where the pressure change will be 
greater in volumes that are located in 
front of the stunning gun compared to 
the pressure changes in volumes that are 
located at the periphery (Davidson et al., 
2014). In captive bolt stunning methods, 
the most important factor is to cause 
concussion of the brain, which can be 
determined in the laboratory using EEGs 
as indicated by the highly synchronized 
electrical activity, that is, low frequency 

and high amplitude slow waves. This 
kind of activity is not compatible with 
the persistence of consciousness and is 
physically manifested as tonic seizure, 
absence of breathing and fixed eyes, 
which can be used as animal-based 
indicators of effective CBS in slaughter-
house conditions. Shock waves and cavi-
tation by free bullet cause the arteries to 
rupture and heavy bleeding. This leads to 
a levelling out of arterial pressure with 
intracranial pressure that substantially 
reduces cerebral perfusion pressure, and 
so cell function ceases.

Frontal shot placement is also consid-
ered to be optimal for captive bolt stun-
ning of cattle. The recommended place 
is considered to be at the intersection of 
two imaginary lines drawn from the lateral 
canthus (outside corner) or middle of the 
eye to the base of the contralateral horn 

Figure 6.2: Stun box and restraint device with chin lift. 

(Photo: Audun Flåtten)
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(Figures 6.2 and 6.6; Anil and Lambooij, 
2009; Gilliam et al., 2012) or a little 
higher in order to increase the probabil-
ity of impacting the crucial area around 
the brainstem, and to decrease the risk 
of destroying only the frontal sinuses 
(Kohlen, 2011). In that case, the danger of 
regaining consciousness before bleeding 
can be reduced due to physical destruc-
tion of the brainstem. The maximum 
penetration depth is determined by the 
length of the bolt. Depending on the 
device (8-cm or 12-cm bolt lengths are 
common) and thickness of skin and 
hair, the brainstem might not even be 
inflicted at all (Kohlen, 2011). A large-
bore projectile passing through the skull 
might destroy the brainstem anyway. 
Sufficient haemorrhages are associated 
with a “deep” stun. This underlines the 
close relationship between brain haem-
orrhages which might be explained by 
the high kinetic energy of the large bore 
employed in this shot (approximately 
4000 Joule). In case of a failed shot by 
such a large-bore calibre, it might happen 
that the animal breaks down and appears 
to be properly stunned, due to the inten-
sity of the shot (Schiffer et al., 2014). 
Regarding the question of a passing shot 
and the .22 Magnum projectiles, which 
remain in the cranial cavity, wound bal-
listics, as described by Di Maio (1999), 
are to be taken into consideration: when 
a live organism is shot, the severity of 
the wound is determined not only by 
the amount of brain tissue damage but 
also the so-called temporary cavity. The 
temporary cavity is caused by surround-
ing tissue flinging radially outward from 
the trajectory, which is crucial to the total 
damage of the brain. 

A temporary cavity will be much bigger 
than the diameter of the projectile. It 

only lasts for 5 to 10 milliseconds, but it 
determines the permanent wound track, 
tearing tissues in the path. The size of 
the temporary cavity and, thus, the 
severity of brain damage is a result of the 
amount of energy lost during penetration 
through various tissues in the pathway 
rather than the total energy possessed 
by the bullet. The pressure propagates 
to a larger extent in the direction of the 
bolt travel (Davidsson et al., 2014) which 
may be of importance for obtaining basal 
brain haemorrhages (Nydahl, 2014). A 
projectile that does not pass through the 
cranial cavity expends its energy while 
fracturing the skull and then is captured in 
the cranium. This implies that the whole 
energy of the projectile remains within 
the cranial cavity and impacts wound 
formation, which may inflict rapidly fatal 
haemorrhages (Finnie, 1997; Di Maio, 
1999). When the temporary cavitation 
effect is related to the velocity of the 
projectile, it occurs in case of > 300 m/s 
(Anil and Lambooij, 2009). This applies 
to the .22 Magnum projectile with a 
velocity of 580 m/s, but not to ordinary 
captive bolt stunning (< 100 m/s). In the 
case of a shot remaining within the skull 
such as the .22 Magnum projectiles, full 
penetration of the brain can also occur, 
with the projectile remaining at the base 
of the cranial cavity plus the temporary 
cavitation effect. The .22 Magnum is 
suggested to be an efficient calibre for 
immediately stunning or killing small- or 
medium-sized cattle by a precise frontal 
shot (Schiffer et al., 2014).

6.2.3  Mechanical disruption 
of tissues 

By cervical dislocation in small animals, 
the head is turned in the opposite 
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direction to the body while stretching 
the neck and concomitantly turning and 
stretching; blood vessels are crushed 
and bleeding occurs. After dislocation or 
thrusting a knife, a tonic cramp occurs 
resulting in paralysis after 5 to 10 sec-
onds. Removal or inhibition of the contact 
between brain and spinal cord causes 
apnoea and loss of sensory perception 
from the body and spinal shock, with the 
exception of the face innervated by the 
5th cranial nerve. An alternative method 
for animals with a long neck involves 
stretching by hand.

Instantaneous fragmentation in high-
speed rotating blades will kill small 
animals. Macerators with rotating blades 
with a speed of at least 2,800 revolu-
tions/min at a power of 4 KW are effec-
tive, however, 6,000 revolutions/min are 
recommended. The method is used in 
hatcheries to kill unwanted day-old chicks 
and unhatched eggs. However, there is a 
risk that flying birds may keep high up in 
the macerator; this can be prevented by 
fast flow-through rates or by killing these 
animals another way.

6.3  DESCRIPTION OF THE 
METHOD

To achieve successful stunning, the cap-
tive bolt device must be correctly placed 
and a bolt of adequate length and diam-
eter must be used. Captive bolt guns 
can be either trigger or contact fired. 
With contact fired guns, there is no pos-
sibility to correct the position of the gun 
once it touches the head of the animal 
(Figures 6.3 and 6.4). As a consequence 
there are a lot of failed shots with this 
type of gun in some plants, depending 
on the skill of the staff and adequacy of 

the restraining devices (Holleben et al., 
2010). 

6.3.1  Captive bolt and free bullet

This method is commonly used for rumi-
nants to stun them for slaughter and 
after stunning, death is caused through 
exsanguination before the animals regain 
consciousness. The ideal shooting posi-
tion is frontally on the head. The commer-
cially available captive bolt for ruminants 
can be used for the biggest animals and 
the “Goldhase Schusz Apparat” (EFSA, 
2005) for smaller animals. Cartridges 
with gunpowder, compressed air or a 
spring under tension are used to drive 
bolts (missiles) against or through the 
skull of farm animals. Missiles used 
for stunning and killing of animals are a 
bullet or a bolt. Immediately after stun-
ning, the animals express a tonic spasm 

Figure 6.3: A penetrating captive bolt.

(FAO, 2001)
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Figure 6.4: Penetrative captive bolt (Jarvis) stunner suspended in front of stun box. 

(Photo: Elisiv Tolo)
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for approximately 10 seconds prior to 
relaxation, however, excessive convul-
sions may occur (Eichbaum et al., 1975). 

In poultry, mechanical devices which 
are penetrating as well as non-penetrat-
ing have been developed specifically to 
kill, rather than stun birds (Hewitt, 2000). 
Because the skull bones are not ossified 
in poultry, both penetrating and non-
penetrative devices induce severe struc-
tural damage to the brain and immediate 
death, provided the bolt parameters are 
adequate, rather than concussion of the 
brain (EFSA, 2004). 

6.3.2  Concussive blows

The instrument used for concussion 
stunning in early times was a simple 
bludgeon (Fahrbach, 1948). At present 
a “non-penetrating mushroom headed 
bolt” which derives its power from a 
cartridge of appropriate charge or from 
compressed air is used in slaughter-
houses (Figure 6.5). In some countries 
outside the EU, concussion stunning 
is allowed to be used for calves. Non-
penetrative captive bolt devices are also 
used to stun and kill chicken and turkeys. 
They are fitted with a plastic or metal 

concussive head. The bolt head is fired 
with high velocity onto the head of the 
chicken or turkey and causes severe 
structural damage to the skull and 
brain. The device is used in small-scale 
slaughter plants, where prompt sticking 
is recommended and for casualty/emer-
gency killing (Hewitt, 2000). Gregory and 
Wotton (1990) showed that stunning 
chickens with a non-penetrative captive 
bolt resulted in pronounced changes in 
their visual evoked responses. A blow 
to the head administered by hand with 
a blunt instrument, for example a heavy 
pipe or stick, leads to instantaneous 
unconsciousness in poultry up to 5 kg 
due to cerebral commotion, provided the 
blow is delivered with sufficient impact 
and right on the target. As efficiency 
depends largely on operators’ skill and 
can hardly be standardized, this method 
is only suitable for small-scale slaughter 
(Schütt-Abraham, 1995).

6.3.3  Neck dislocation

This method might be used in small ani-
mals such as rabbits and birds. One way 
is to place the thumb and index finger 
on either side of the neck at the base 
of the skull and to pull the hind limbs 
or tail away from the head. Another is 
to place a blunt instrument at the base 
of the neck before pulling on the hind 
legs. A rapid pull induces separation of 
the vertebrae, mainly the cervical, but 
sometimes the thoracic vertebrae are 
separated (Keller, 1982). In birds, the 
head may be twisted and extended dor-
sally while stretching. Due to turning 
and stretching, blood vessels may be 
damaged and bleeding may occur at the 
site of vertebral separation; sometimes 
decapitation may also occur.

Figure 6.5: Mushroom headed concussion 
stunner with a trigger
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6.3.4  Maceration leading to 
fragmentation

Maceration is used in small animals such 
as day-old chicks and unhatched eggs. 
However, there is a risk that for birds 
that can fly there will be a tendency to 
escape towards the higher parts in the 
macerator, which can be prevented by 
fast flow-through rates. This method is 
used in small animals such as day-old 
chicks and unhatched eggs.

6.4  EFFECTIVE USE OF THE 
METHOD

The velocity of the bolt of the captive 
bolt gun used for stunning farm animals 
is about 100 m/s in air. At this relatively 
low velocity, the shape of the bolt should 
crush the cortex and deeper parts of 
the brain either by itself or by the gen-
eration of forward shock waves. Studies 
have suggested that it is the kinetic 
energy imparted to the cranium by the 
bolt that produces insensibility (Daly 
and Whittington, 1989), while the actual 
physical damage by the bolt to specific 
brain structures is responsible for pro-
ducing irrecoverable insensibility (Figure 
6.6; Gibson, et al., 2012).

According to Algers and Atkinson 
(2014), bolt velocity is reduced if:

●● incorrect cartridges for the species 
and size of animal are used;

●● the cartridges are damp when kept 
in humid environments;

●● the gun is dirty or has worn out or 
damaged parts. 

The impact of a captive bolt can be seri-
ously hindered if: 

●● the operator applies the gun at an 
incorrect angle, where correct is at 
a 90° angle;

●● the gun is far away from the ani-
mal’s forehead; 

●● animals are moving within the stun 
box, obtaining the incorrect position.

Effective captive bolt stunning is asso-
ciated with immediate absence of evoked 
cortical responses in the brain (Daly and 
Whittington, 1989; Daly et al., 1987). 
Absence of primary cortical evoked 
responses indicates failure in neuro-
transmission at a level that occurs before 
conscious perception of a stimulus. After 
captive bolt stunning, severe changes 
are observed in the EEG (Lambooij et 
al., 1981). Unlike evoked responses, 
the spontaneous EEG is not as reliable 
as an indicator of brain disturbance fol-
lowing captive bolt stunning, and evoked 
responses are preferred (Gregory, 2007; 
Daly et al., 1988; Daly et al., 1987). The 
stun quality in commercial cattle slaugh-
ter has been monitored by Atkinson et al. 
(2013) who reported inadequate stunning 
occurring in 12.5% of the cattle (16.7% 
of bulls, compared with 6.5% other 
cattle). Bulls displayed symptoms rated 
the highest level for inferior stun quality 
3 times more frequently than other 
cattle. Despite being shot accurately, 
13.6% bulls were inadequately stunned 
compared with 3.8% other cattle. A total 
of 12% of cattle were re-shot, and 8% 
were inaccurately shot. Grandin (2001) 
reported percentages of cattle suc-
cessfully stunned with one shot from a 
captive bolt stunner to be 100% in 12% 
of processing plants, 99% in 24%, 95 to 
98% in 54% of the plants and more than 
95% in 10% of plants in the USA in 1999. 
All cattle where the first shot missed 
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were immediately re-stunned (Grandin, 
2001). After these stunning procedures 
the animals may not die immediately 
depending on the degree of injury to the 
brain. Therefore, it is recommended to 
kill the animal by exsanguination, deliv-
ering compressed air into the cranium, 
or pithing to damage the deeper parts 
of the brain and to prevent convulsions. 
When concussion by a blow to the head 
is incorrectly performed the animal may 
be injured and neither stunned or killed. 
In cattle, to ensure efficient stunning, 
the captive bolt must be fired at the 
crossover point of imaginary lines drawn 
between the base of the horns and the 
contralateral eyes and certainly no further 

away than 2 centimetres radius from 
this point (EFSA, 2004; Finnie, 1993a,b; 
Lambooij, 1981; Lambooij et al., 1981). 
Shooting accuracy becomes more criti-
cal using low powered devices (Gregory, 
2007). The shooting angle may also be 
of importance to ensure the laceration 
of brain arteries at the base of the brain 
(Nydahl, 2014). Deviations from the rec-
ommended shooting position and from 
the perpendicular shooting direction 
increases intensity of muscle spasms 
after shooting and this may impede 
further processing including hoisting and 
sticking (Marzin et al., 2008).

Using the compressed air-driven 
captive bolt gun requires a fixation of the 

Figure 6.6: The shot must be aimed as shown in diagrams 2, 4 and 6. The poll position is 
recommended as an alternative (Lambooy and Spanjaard, 1981). 

(Source: http://www.grandin.com/humane/captive.bolt.html)

Diagram 1 Diagram 2 Diagram 3 Diagram 4

Diagram 5 Diagram 6

Diagram 7 Diagram 8 Diagram 9 Diagram 10
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cattle head as the weapon used is heavier 
and will not easily follow the move of the 
cattle head. Significant improvements 
in shot accuracy and greater efficiency 
of shooting have been shown but at the 
cost of increased stress imposed on the 
animal during restraint. More precise and 
humane stunning occurs when the pneu-
matic stunner and head restraint system 
is used. In a study by Atkinson and Algers 
(2009) the stun quality was far supe-
rior in the abattoirs using restraint and 
pneumatic stunning with 99.5% cattle 
properly stunned compared to 85% of 
cattle stunned properly when using gun 
powder-driven captive bolt.

In sheep and goats generally the same 
principles apply as for cattle. The ideal 
shooting position for polled sheep is the 
highest point of the head in the midline, 
pointing straight down to the throat. The 
ideal shooting position for horned sheep 
and for all goats is the position just 
behind the middle of the ridge that runs 
between the horns. Then the captive 
bolt should be aimed towards the mouth 
(HSA, 2006; EFSA, 2004).

It is generally known that the removal 
of inhibitory influences from higher 
centres of the brain, before the spinal 
cord becomes anoxic, results in convul-
sive activity and enhancement of some 
spinal reflexes. This may affect research 
on muscle and brain. Most investigations 
concerning the mechanism of concus-
sion have been performed using labora-
tory animals (i.e. rats, cats, primates). 
It is evident from these investigations 
that concussion does not always cause 
an immediate loss of consciousness. In 
humans, amnesia after the blow occurs. 
Successive severe blows result in pro-
longed loss of reflex activity and cause 
almost complete disappearance of all 

frequencies, that is, an isoelectric line on 
the EEG (Nilsson and Nordstrom, 1977).

Depending on the amount of brain 
damage induced, non-penetrative captive 
bolt stunning can cause either permanent 
or temporary unconsciousness. In lambs 
and calves, the majority showed signs of 
recovery (Blackmore and Delany, 1988). 
These signs and the development of 
righting reflexes did not usually occur in 
less than 2 minutes (Blackmore, 1979). 
To ensure effective stunning in adult 
cattle, the non-penetrative captive bolt 
must be placed 2 centimetres above 
the cross-over point of imaginary lines 
drawn between the base of the horns 
and the contralateral eyes. This must 
be achieved very precisely using proper 
body and head restraint, because only 
slight variation in the ideal shooting 
position and angle decreases stunning 
efficiency (HSA, 2006; Grandin, 2002). A 
mass of hair on the forehead or mould-
ing of foreheads may hinder successful 
contact of the concussive head to the 
bone and thus lead to decreased energy 
transfer (Endres, 2005). An optimal rela-
tion between dimension of the concus-
sive head of the stunner and strength of 
the blow, to achieve sufficient effective-
ness without fracturing the skull, was 
not found. This was because especially 
in the young bulls the shape and hairi-
ness of the foreheads showed huge vari-
ations. Fracturing of the skull resulted in 
less effective stunning (Endres, 2005).

Free projectiles provide optimized 
energy transfer by deforming and/or 
fragmenting when hitting the target (Anil 
and Lambooij, 2009). Fragmentation of 
free bullets and the secondary wound 
tracks caused by the fragments of 
the bullet enhance brain damage and 
have greater efficiency compared to a 
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penetrating captive bolt pistol (Finnie, 
1997). Different types of projectiles have 
been tested to induce fragmentation or 
deformation, however, there was no per-
foration (Schiffer et al., 2014). It has been 
neither possible to distinguish between 
different styles of projectiles such as 
semi jacketed, homogeneous or lead-
free nor to focus on the construction of 
projectiles such as soft point or hollow 
point. Generally, hollow point projectiles 
provide optimized transfer of energy 
without the danger of over penetration 
(AVMA, 2013). 

Lateral shots at isolated cattle heads 
were not as successful as expected and, 
based on this data, frontal shots at cattle 
are recommended. All of the tested cali-
bres can be preliminarily recommended 
for precise frontal shots at small cattle, 
because they caused “severe” brain 
damage, with the exception of the .22 
Magnum calibre. This calibre seems 
to be most favourable for gunshot of 
relatively small cattle breeds such as the 
Galloways (Schiffer et al., 2014). Shots 
that failed to produce immediate insen-
sibility either missed the brain or entered 
off midline superficially damaging the 
cerebellum and lobes of the cerebrum 
and missing the structures of the thala-
mus and brainstem. The top of the head 
(crown) position of the shot is similar 
to that found to produce irrecoverable 
insensibility in sheep shot with penetrat-
ing captive bolt without a secondary pro-
cedure (bleeding or pithing; Gibson et al., 
2012).

In cattle and sheep, many studies 
report a gender difference in inadequate 
stunning, with male animals generally 
having a higher prevalence of being 
incompletely concussed (Atkinson et al., 
2013; Gibson et al., 2012; Gregory et al., 

2007). A study in 1,608 cattle shot with 
contact firing penetrating captive bolt 
showed that 51% of the shots were inac-
curately placed (Gregory et al., 2007). 
Meanwhile, other studies have reported 
the incidence of incorrectly placed shots 
as 35% (Fries et al., 2012), 8% (Atkinson 
et al., 2013; von Wenzlawowicz et al., 
2012) and 35% without head restraint 
(von Wenzlawowicz et al., 2012). Sheep 
are generally shot on the crown or top of 
the head, however, overall 19% of shots 
were incorrectly placed with horned 
rams being more challenging to shoot 
accurately (Gibson et al., 2012). 

6.5  MONITORING POINTS 
FOR CORRECT STUNNING

Generally, scientific studies conclude 
that captive bolt stunning is an effective 
method of rendering animals insensible 
prior to the act of slaughter, provided 
that the animals are shot in the correct 
position, with the appropriate CBG/car-
tridge combination for the species and 
animal type and finally that the CBGs 
are regularly cleaned and serviced to 
minimize deterioration in performance 
(Grandin, 1994, 2002). The use of proto-
cols can help standardize assessments 
and allow for benchmarking of stun qual-
ity at commercial slaughter. This could 
contribute to setting minimal standards 
as a safeguard to animal welfare at stun-
ning (EFSA, 2013, Atkinson et al., 2013).

To achieve successful stunning, the 
captive bolt device must be correctly 
placed and a bolt of adequate length and 
diameter must be sufficiently acceler-
ated. Consequently, there will be transfer 
of energy to the animal’s head, causing 
concussion but also structural damage as 
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the bolt travels through the brain. When 
using a non-penetrative captive bolt in 
sheep as well as cattle, unconscious-
ness should be induced with a single 
blow at the frontal position of the head. 
Subsequent shots may not be effective 
due to the swelling of the skin occurring 
from the first shot, and therefore, should 
not be allowed. If the first shot is unsuc-
cessful, the animal should be stunned 
immediately using a penetrating captive 
bolt or electric current (EFSA, 2004).

Eyeball rotation following CBG stun-
ning has been previously reported as the 
first sign of a shallow depth of concus-
sion. In sheep and cattle shot with CBG 
the incidence of eyeball rotation has 
been reported as 4% and 3.8%, respec-
tively (Gibson et al., 2012; Gregory et al., 
2007). 

Effective stunning is considered to 
occur when animals show (Atkinson et 
al., 2013; Algers and Atkinson, 2014):

●● immediate collapse; 
●● no eye movements, that is, fixed 

stare, with a glazed appearance and 
unresponsive to light or touch; 

●● absence of rhythmic breathing, 
spontaneous blinking or corneal 
reflex; 

●● normal expected clonic and tonic 
seizures/spasms; 

●● no attempt to get up or raise the 
head (righting reflex); 

●● no vocalizations. 

Ineffective stunning is considered to 
occur if animals show any of the follow-
ing symptoms:

●● nystagmus 
●● eyeball rotation
●● vocalization 

●● rhythmic respirations 
●● righting reflex 
●● spontaneous blinking 
●● corneal reflex.

When cattle do not show clear signs of 
deep unconsciousness, it is difficult to 
ascertain if or when pain or fear percep-
tion ceases or returns under practical 
working conditions in an abattoir (Figure 
6.7). Full eyeball rotation was the most 
frequently seen symptom (Atkinson et 
al., 2013).

The standard operating procedure for 
slaughter of cattle will involve a sam-
pling fraction of 100% by slaughter-
house personnel, as the operators check 
each animal for indicators of conscious-
ness immediately after stunning, before 
sticking and during bleeding. In addition, 
the animal welfare officer will sample 
a fraction of all animals to monitor the 
effectiveness of the process, and will 
correct the operator or other aspects 
of the stunning process if necessary 
(EFSA, 2013).

Both types of guns are normally fired 
on the forehead (usually frontal bone) 
of an animal, but other sites may be 
selected when there are horns or thick 
ridges on the skulls. Captive bolts must 
always be fired perpendicular (at right 
angle) to the skull bone surface (at the 
chosen site); otherwise bolts may skid 
and fail to fully impact the skull (Holleben 
et al., 2010). The animal’s head must 
be suitably presented to the operator to 
facilitate accurate shooting. The animal 
should be rendered unconscious using 
a single shot and effective bleeding is 
required and needs to be performed 
immediately after stunning to ensure 
rapid brain death following exsanguina-
tion (EFSA, 2004, p. 48).
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Figure 6.7: Indicators that are considered suitable to be used for detection of conscious animals 
at each key stage of the procedure of captive bolt stunning in bovines. The indicators listed above 
the dashed line are recommended to be used to recognize consciousness. The indicators below 
the dashed line can also be used to check for signs of consciousness, but their sensitivity is low 
and they should not be relied upon on their own. 

Source: (EFSA, 2013)
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Regarding safety concerns, the danger 
of injuring either people or conspecifics 
is minimized when a projectile is used 
that does not have sufficient momentum 
to pass through the head (Blackmore, 
1984). Even if a frontal shot at live cattle 
implies that the bullet is likely to lodge 
in the animal (in case of a flight path 
pointing towards the foramen magnum), 
concerns might arise due to emission of 
chips of the bullet, or the bullet, or parts 
of it, remaining within edible tissue. The 
properties of suitable lead-free ammu-
nition for slaughter purposes of cattle 
require further investigations.

Poor maintenance of guns is often 
the reason for stunning failures. Guns 
have to be cleaned and maintained regu-
larly, otherwise the velocity of the bolt 
may be impaired. Worn rubber rings or 
springs used to retract the bolt from 
the skull have to be replaced at once; 
failure to do so can result in damage to 
the bolt and gun (e.g. prevent the pistol 
getting stuck in the skull and becom-
ing damaged). If the tip of the bolt is 
protruding from the muzzle of the gun, 
this indicates bad maintenance; this 
results in enlargement of the gas expan-
sion chamber within the gun and leads 
to underpowered shots. Deformed bolts 
will not achieve the necessary speed. 
Too short or narrow bolts can lead to 
decreased stunning effectiveness, 
through decreased kinetic energy trans-
fer (Gregory et al., 2007; EFSA, 2004, p. 
45; Holleben et al., 2002). 

When using the techniques of dis-
location, the necessary handling and 
restraint can be stressful for the animal 
and sedating the animal before it is killed 
can mitigate this stress and any subse-
quent pain.

6.6  ADVANTAGES AND 
DISADVANTAGES

●● After neck dislocation, electrical 
activity of the brain may persist 
for as long as 13 seconds in some 
mammals and birds (Gregory and 
Wotton, 1990) during which time 
animals may feel pain due to affe-
rent stimuli from the trigeminal 
nerve. 

●● After cervical dislocation, convul-
sions only occur when separation 
between the cranial and the fifth 
thoracic vertebra occurs, while 
severance caudal to this location 
results in paralysis of conscious 
animals (Eichbaum et al., 1975). 

●● If the macerator is overloaded, 
animals may be not be humanely 
killed.

●● All these mechanical disruption tec-
hniques are aesthetically controver-
sial. The interpretation of electrical 
activity in the brain after neck dis-
location is controversial as to what 
feeling remains, and is still a matter 
of debate (Gregory and Wotton, 
1990; Hollson, 1992). Sedating 
animals before cervical dislocation 
will minimize distress and any sub-
sequent pain. This may be required 
in some cases of maceration where 
the animal may escape the blades.

●● In special cases only, the use of a 
free bullet can be recommended 
due to the hazard of injuring other 
animals including the operator(s), 
as a free bullet has low control-
lability. The gunshot method must 
only be implemented by highly 
professional marksmen in order to 
guarantee high reliability but if so, 
in comparison to ordinary captive 
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bolt stunning, it has the potential 
to ensure a maximum degree of 
animal welfare (Schiffer et al., 2014). 

●● Brain particles are found in the 
blood, lungs, heart and muscle after 
penetrative stunning methods. 
Brain particles are visually observed 
in up to 33%, 12% and 1% of the 
carcasses after captive bolt stun-
ning with air injection afterwards, 
bolt penetration using air pres-
sure and cartridges with gunpow-
der, respectively (Anil et al., 1999; 
Schmidt et al., 1999).
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chapter seven

Electrical stunning and killing methods

Mohan Raj1 and Antonio Velarde2

Learning objectives

●● To understand the basic neurological and physiological bases of electrical 
stunning. 

●● To become familiar with electrical stunning methods and their effective use. 
●● To learn how to assess stunning effectiveness and be able to detect animals 

at risk of recovering consciousness. 
●● To identify the main risk factors of unsuccessful stunning.
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SUMMARY

Electrical stunning is a commonly used 
method for pigs, sheep, goats, rabbits, 
poultry and, to a limited extent, for cattle, 

under slaughterhouse conditions. It 
involves application of an electric current 
of sufficient magnitude to the brain of 
an animal such that a generalized epilep-
tiform activity is induced, which can be 
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demonstrated using electroencephalo-
gram (EEG) under laboratory conditions. 
Based on this criterion, species-specific 
minimum currents have been prescribed 
in the EC Slaughter Regulation 1099/2009.

Electrical stunning can be applied as 
head-only or head-to-body. Head-only 
stunning electrodes should span the 
brain; whereas, head-to-body stunning 
can involve a single cycle such that one 
electrode is placed on the forehead and 
the other on the body of the animal 
behind the position of the heart, or two 
separate current cycles such that a 
head-only current cycle is immediately 
followed by a transthoracic or head-to-
body application of the current. Head-
to-body stunning must always result in 
cardiac ventricular fibrillation, which can 
be demonstrated using an electrocardio-
gram (ECG) under laboratory conditions. 
Therefore, first (head-only) current cycle 
can be applied with high frequencies (Hz) 
but the second current cycle should be 
applied using a 50 Hz sine wave alter-
nating current that is more effective in 
inducing cardiac ventricular fibrillation.

The efficacy of head-only electrical 
stunning can be ascertained in slaugh-
terhouse conditions using animal-based 
indicators such as immediate collapse, 
tonic–clonic seizures, apnoea and fixed 
eyes (i.e. absence of palpebral and 
corneal reflexes). The efficacy of the 
induction of cardiac ventricular fibrillation 
can be ascertained in slaughterhouse 
conditions using animal-based indica-
tors such as immediate collapse, tonic 
seizure leading to a brief clonic seizure 
or relaxation of carcass (loss of muscle 
tone) and dilated pupils.

In order to fulfil humane slaughter 
requirements, the duration of uncon-
sciousness induced by head-only 

electrical stunning must be longer than 
the sum of time that lapses between 
the end of stun and the time to onset of 
death. Since the effect of head-only elec-
trical stunning is momentary, the onus of 
preventing resumption of consciousness 
thereafter relies on the efficiency of the 
slaughter procedure, that is, the prompt 
and accurate severance of blood vessels 
supplying oxygenated blood to the brain. 

Unlike red meat species, poultry are 
shackled prior to electrical stunning 
and conveyed into an electrified water-
bath and several birds (e.g. 40) can be 
stunned at any one moment. Under the 
electrical waterbath stunning situation, 
the current flows through the whole 
body and the effectiveness of stunning 
depends upon the electrical waveforms 
(sine or square wave alternating current, 
pulsed direct current or combinations), 
frequencies (Hz) and the amounts of 
current (Ampere) applied to individual 
birds. The efficacy of electrical waterbath 
stunning can be ascertained in slaugh-
terhouse conditions using animal-based 
indicators, which includes arched neck, 
wings tightly held close to the breast, 
fixed eyes and absence of breathing. In 
general, electrical waterbath stunning 
can lead to cardiac arrest in birds when 
applied using low frequencies (e.g. 
50Hz mains current) or reversible when 
applied using high frequencies (200 Hz or 
more). Cardiac arrest induced at water-
bath stunning can be recognized from 
the complete loss of muscle tone and 
dilated pupils.

7.1  INTRODUCTION

A requirement under most of the 
humane slaughter regulations is that 
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electrical stunning must induce an imme-
diate loss of consciousness and sensibil-
ity that lasts until death occurs through 
blood loss after slaughter or through 
the induction of cardiac arrest (e.g. EC 
Regulation 1099/2009). Regulation also 
requires that animals must be dead 
before any carcass dressing or scalding 
operations begin. Electrical stunning has 
been considered as a humane method 
on the basis of the scientific principle 
that stimulation of brain with an electric 
current of sufficient magnitude induces 
generalized epilepsy.

7.2  NEUROLOGICAL AND 
PHYSIOLOGICAL ASPECTS

The stimulation of the brain with an 
electric current of sufficient magnitude 
induces an epileptiform activity simi-
lar to that recorded in humans during 
grand mal epileptic seizures (Croft, 
1952; Hoenderken, 1978). In humans, 
generalized epilepsy occurs as a patho-
logical state of neurones involving both 
cerebral hemispheres, is considered 
to be incompatible with normal neu-
ronal function and, hence, is invariably 
accompanied by unconsciousness. This 
seizure-like state, immediately followed 
by an exhausted state, is suggestive of a 
loss of consciousness and appears to be 
associated with a lack of sensory aware-
ness, which only lasts a finite period of 
time (Gregory and Wotton, 1984). It is 
also known that spreading depression 
(SD) also occurs as a pathophysiological 
consequence of generalized epilepsy. In 
sheep, a minimum of 0.2-second applica-
tion of 1.0 Amp was found to be neces-
sary to induce epileptiform activity in the 
brain (Cook et al., 1995), and therefore 

electrical stunning is considered to cause 
immediate loss of consciousness.

Epileptiform activity in the brain is 
induced by an increase in the release of 
several excitatory neurotransmitters (e.g. 
glutamate and aspartate) into the extra-
cellular space (Cook et al., 1992; Figure 
7.1.). These changes are transient and 
if the animal is not slaughtered imme-
diately and is allowed to recover from 
the seizure-like state, it will start regain-
ing consciousness rapidly. (Blackmore 
and Newhook,1982). It has been sug-
gested that a period of analgesia lasting 
between 5 and 15 minutes and caused 
by a release of gamma amino butiric acid 
(GABA) follows the end of the seizure-
like state; the precise duration of this 
period appears to be related to the mag-
nitude of the changes in the electrical 
activity of the brain caused by the stun 
(Cook et al., 1992). 

Figure 7.1: Relationship of the 
neurotransmitters during epilepsy and 
analgesia induced by electrical stunning.

(Adapted from Cook et al., 1992)

Electrical stunning

EXCITATORY AMINOACIDS
(Aspartate, Glutamate, Glycine)

EPILEPSY

GABA b endorphin
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Under laboratory conditions, the 
induction and maintenance of uncon-
sciousness and insensibility following 
electrical stunning can be ascertained by 
recording the brain activity using electro-
encephalograms (EEGs) or electrocor-
ticograms (ECoGs). Scientific literature 
suggests that there are different kinds 
of partial or focal epilepsies involving 
one cerebral hemisphere or a group of 
neurones that are not always associated 
with loss of consciousness in humans. It 
is also known that the threshold current 
necessary to induce seizures is less than 
that required to induce generalized epi-
leptiform activity in the brain. Therefore, 
electrical stunning parameters should 
be carefully selected on the basis of the 
induction of epileptiform activity in the 
brain recorded using EEGs under labora-
tory conditions. The epileptiform activ-
ity is followed by a period of quiescent 
or profoundly suppressed EEG, which 
is referred to as spreading depression 
and occurs due to hyperpolarization 
(Figure 7.2.). The power (V2) content in 
the quiescent or isoelectric EEG is less 

than 10% of the pre-stun power content 
(Bager et al., 1990; Lukatch et al., 1997). 
Predominance of 8 to 13 Hz high ampli-
tude (> 100 μV) EEG activity character-
izes the occurrence of grand mal epilepsy 
in mammals; however, poultry species 
seem to differ from this norm. In this 
sense, some studies have reported low 
frequency (3–5Hz) polyspike activity or 
spike suppression in the EEG (Gregory, 
1986). 

When stunning-induced EEG or 
ECoG changes are ambiguous, abolition 
of auditory, somatosensory or visual 
evoked potentials (AEPs, SEPs, VEPs, 
respectively) in the brain can be used to 
ascertain brain responsiveness to these 
external stimuli. 

Generalized epilepsy involving both 
cerebral hemispheres is always associ-
ated with tonic–clonic seizures. In sheep, 
the seizure activity occurring after elec-
trical stunning includes one tonic and 
two clonic phases, with the convulsions 
being more intense and less coordinated 
in the second clonic phase than in the 
first clonic phase (Velarde et al., 2002). 

Figure 7.2: Illustration of electrical stunning induced EEG changes

Note: duration of unconsciousness = duration of epileptiform activity plus duration of suppressed EEG activity.
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Although both phases are described as 
clonic convulsions, the pattern of physi-
cal activity, the parts of the body involved 
and the intensity of the convulsions are 
different, which suggests that the brain 
area responsible for each clonic phase 
may be different. According to the EEG, 
during the second clonic phase sheep 
are judged to have recovered conscious-
ness but remain insensible to pain due to 
analgesia induced by the stun, as men-
tioned previously. 

Head-to-body is an irreversible stun-
ning method that consists of the applica-
tion of an electrical current of sufficient 
magnitude across the brain and heart of 
an animal, leading to loss of conscious-
ness as in head-only stunning and fibril-
lation of the heart. Cardiac ventricular 
fibrillation severely impairs cardiac output 
(reduced to less than 30% of normal) and 
normal blood circulation. Consequently, 
it induces hypoxia in the brain and 
myocardium, which either prolongs the 
period of unconsciousness and insensi-
bility induced by the head-only electrical 
stun or leads to death under electrical 
stun/killing methods (Von Mickwitz et 
al., 1989). Under these circumstances, 
at the least, the ability of an animal to 
regain consciousness and sensibility is 
seriously impaired, even if it is not bled 
out. Therefore, stun-to-stick interval is 
not critical (irreversible stunning). Head-
to-body stunning induces tonic seizure 
but clonic seizure may be brief or absent 
due to fibrillation of the heart, which can 
be observed on an electrocardiogram 
(ECG). Successful induction of cardiac 
arrest also leads to an isoelectric EEG, 
eliminating any chance of recovery in 
animals. 

In poultry species, head-only electri-
cal stunning leads to immediate onset 

of clonic convulsions, occurring as wing 
flapping (Raj, 2004; Raj and O’Callaghan, 
2004a,b), and application of electrical 
stunning using a waterbath leads to 
tonic phase that can be recognized from 
the arched neck and wings held tightly 
against the breast (Raj et al., 2006a,b,c). 
Induction of cardiac ventricular fibril-
lation in a waterbath stunner leads to 
completely relaxed carcass manifested 
as drooping wings at the exit from the 
stunner (Raj, 2006).

7.3  DESCRIPTION OF THE 
METHOD 

7.3.1  Head-only electrical stunning

Head-only electrical stunning is normally 
applied to pigs, sheep, goat, rabbit and 
poultry species by placing the tongs 
on either side of the head (transcranial 
application). It may be achieved manually 
(Figure 7.3.) or automatically, by using 
purpose-built devices. In cattle, how-
ever, one (live) electrode is placed on the 
muzzle and the earth electrodes behind 
the ears. 

If sufficient current is administered 
through the head (all brain parts are 
stimulated) a generalized epileptiform 
insult will occur. Ohm’s law defines the 

Figure 7.3: Head-only electrical stunning 
applied manually
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relationship between voltage, resistance 
and current: 

Current (I) = Voltage (V)
Resistance (R)

A minimum current (the threshold level), 
which is a function of the amount of 
voltage and inversely proportional to 
the electrical resistance of the stun-
ning tongs and tissues (i.e. amount of 
fleece, dryness of skin, thickness of 
subcutaneous fat, and skull bone den-
sity and thickness) in the current path-
way between the stunning electrodes, 
is necessary for the effectiveness of the 
electrical insult. Application of a voltage 
lower than that required to break down 
the electrical resistance in this pathway 
and hence deliver currents lower than 
the threshold necessary to induce grand 
mal epilepsy (either due to low volt-
age, high resistance or misplaced elec-
trodes) or when the current does not 
pass through the brain due to shunting 
between the electrodes over the sur-
face of the skull, will induce a potentially 
painful arousal or seizures rather than 
unconsciousness.

With constant voltage stunners, 
the amount of current delivered to the 
animal varies due to variation of the total 
impedance or resistance in the pathway 
between the electrodes. Research 
has shown that the minimum voltage 
required to deliver the required cur-
rents is determined by several factors, 
including:

●● properties of the electrical stunner 
(e.g. constant current with vari-
able voltage, constant current 
with constant voltage or constant 
voltage);

●● material, design, construction 
and maintenance of stunning 
electrodes/tongs;

●● size and shape of electrodes;
●● position of electrodes on the animal;
●● electrical resistance in the pathway;
●● pressure applied during the 

application.

Electrodes need to be kept clean to 
reduce resistance to flow of current. If 
water or saline are not used, electrodes 
are required to be routinely cleaned with 
a powered wire brush (Gregory, 1998). 
Poor electrode maintenance or contact 
with the head can be recognized from 
burning of the skin, hair or feathers due 
to the development of heat, which nor-
mally occurs due to increased electri-
cal resistance. In addition, maintaining 
good electrical contact during stunning 
and supply of voltage high enough to 
deliver a recommended current are also 
essential. In sheep, the position of the 
stun electrodes and parameters such 
as the presence or absence of wool and 
the wetness of the skin are essential 
determinants of a successful stun. The 
recommended tong position from a wel-
fare perspective is between the eyes and 
the base of the ears on both sides of the 
head, preferably on wet skin (Velarde et 
al., 2000). 

When a constant voltage stunner is 
used, the current starts to flow from zero 
to the maximum, which would take a 
certain time depending upon the voltage. 
The time taken to break down this resist-
ance seems to be shorter when high 
voltages (250 V or more) are employed. 
By contrast, constant current stunners 
are designed and constructed in such a 
way that they anticipate high resistance 
in the pathway and hence start with 
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the maximum available voltage, which 
is usually in excess of 250 V. Owing to 
this, the target current is reached within 
the first few current cycles (within mil-
liseconds of the start of current applica-
tion) and the applied voltage may also be 
modulated according to changes in resist-
ance. Therefore, constant current stun-
ners are preferred to constant voltage 
stunners on animal welfare grounds.

Electrical stunning devices involve 
varieties of waveforms and frequencies 
of currents. The generic waveforms 
of currents are pulsed direct currents 
(DC) and sine wave alternating cur-
rents (AC). The amount of current and 
voltage delivered using a sine wave AC 
is expressed as root mean square (RMS) 
or peak-to-peak because it flows in both 
positive and negative directions (bipolar). 
The most common electrical stunning 
methods use 50 Hz sine wave alterna-
tive current (AC) frequency. However, 
the frequency can be as high as 1800 Hz 
and, in comparison with low frequency 
currents, high frequencies require higher 
voltages to induce epilepsy and the dura-
tion of epilepsy is also shorter. 

Stunning equipment should be fitted 
with devices displaying the delivered 
voltage and current during each stun-
ning cycle and with an acoustic and/or 
optic signals, to indicate an interrupted 
stun, excessively short stun duration 
and/or increase in total electrical resist-
ance in the pathway (due to dirt, fleece 
or carbonization), which could lead to 
insufficient current flow and inadequate 
stunning. Such devices would facilitate 
effective monitoring of electrical stun-
ning. The details of electrical parameters, 
such as waveform, frequency and the 
output voltage and current in appropriate 
units (average or RMS) need to be readily 

available for inspection to verify that 
correct parameters are applied, ensur-
ing that a current of sufficient magnitude 
beyond that needed to induce general-
ized epilepsy is applied. The equipment 
must be inspected at regular intervals, in 
order to ensure that it is operating cor-
rectly according to the specification and 
that it is in a good state of repair. A cali-
brated volt and/or current meter appro-
priate to the waveform of the current 
should be used to verify the output of 
the stunner. 

Electrical stunning is widely used in 
rabbit slaughter plants. This method can 
be applied by using handheld or wall-
mounted V-shaped electrodes (Anil et 
al., 1998; Maria et al., 2001). The head 
of the rabbit is placed in the V-shaped 
electrode in a way that allows for tran-
scranial current flow. The electrodes are 
placed between the outer corners of the 
eyes and the base of the ears thus span-
ning the brain. To avoid pain as well as 
injury to the rabbit’s back, the animal is 
restrained by one hand supporting its 
belly while the other is guiding the head 
by holding its ears. Few studies have 
investigated the use of electrical stun-
ning of rabbits from a welfare point of 
view. Therefore, due to insufficient data, 
no recommendations can be given with 
regard to the magnitude, type and dura-
tion of the current required to ensure 
that all rabbits are adequately stunned 
and remain unconscious until death from 
bleeding supervenes (EFSA, 2006). Until 
further research has been carried out, 
the minimum recommended current for 
head-only stunning of rabbits is 400 mA. 
Head-only stunning is fully reversible and 
will give only a short temporary stun; the 
animals need to be promptly bled by sev-
ering both carotid arteries.
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Head-only electrical stunning of poultry 
is usually applied using a pair of handheld 
or wall-mounted stunning tongs (Figure 
7.4; Berg and Raj, 2015). More recently, 
a completely automated head-only elec-
trical stunning system has been devel-
oped (visit www.topkip.com) and used 
in large-scale poultry slaughterhouses 
(Figure 7.5; Berg and Raj, 2015). 

7.3.2  Head-to-body electrical 
stunning

Head-to-body stunning of red meat spe-
cies involves induction of cardiac ven-
tricular fibrillation (rapid and irregular 
beating of the heart) by passing an elec-
tric current across the heart in uncon-
scious animals that have been stunned 
by head-only electrical stunning or simul-
taneous induction of unconsciousness 
and cardiac ventricular fibrillation. Under 
commercial conditions, cardiac ventricu-
lar fibrillation may be induced using a 
single-cycle or a two-cycle system. In a 

single-cycle system, induction of cardiac 
ventricular fibrillation involves application 
of an electric current by using a pair of 
tongs (or electrodes) placed on the head 
(in front of the brain) and body (behind the 
apex of the heart) or an electrified water-
bath (in poultry species only), such that 
the electrical field spans the brain and 
heart (Figure 7.6). In a two-cycle system, 
two separate electric current cycles are 
used: a transcranial application is imme-
diately followed by a second application 
of an electric current from head-to-body 
(behind the position of heart) or across 
the chest (transthoracic). The rear elec-
trode on the body should be behind 
the position of the heart. In both cases, 
the magnitude of the current should be 
enough to induce cardiac ventricular 
fibrillation, leading to cardiac arrest. The 
amount of current delivered will depend 
upon the voltage and total impedance in 
the pathway (between the electrodes) 
that is affected by size of the electrodes, 
applied pressure, the phase of respiration 
during which the shock is applied, use of 
coupling gel and its salt content, and the 
distance between the electrodes, which 

Figure 7.4: Illustration of a wall-mounted head-
only electrical stunning system used for poultry 
in small-scale slaughterhouses

Figure 7.5: Head-only electrical stunning 
system used for poultry in large-scale 
slaughterhouses. 

(Courtesy of Bert Lambooij)
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is dependent upon the circumference 
of chest during transthoracic application 
(Niemann et al., 2003). Voltage should 
be at least 100 mV/cm at the level of 
the heart (Von Mickwitz et al., 1989). In 
small animals (piglets, young lambs, rab-
bits), it may be difficult to induce cardiac 
ventricular fibrillation because, due to 
the small size of the heart, the current 
passes through tissues surrounding the 
heart, rather than through the heart. The 
electrical resistance of various other tis-
sues in the pathway may also play a role 
in this. High frequencies do not produce 
cardiac ventricular fibrillation, but they 
may reduce muscle spasms and convul-
sions. Therefore, first (head-only) current 
cycle can be applied at high frequencies 
but the second current cycle should be 
applied using a 50 Hz sine wave alter-
nating current that is more effective in 
inducing cardiac ventricular fibrillation.

Several automatic electrical stunning 
methods are currently available. One 
device consists of a V-type restrainer 
that makes contact with the electrodes 
at the rear end of each pig and receives 
the stunning current. During stunning, 
the animals are turned out and fall onto 
a table. A second method also uses a 
conveyor belt system; at the end of the 
restrainer, the nose of the pigs inter-
rupts a beam of light, which activates 
the electrodes. The electrodes are posi-
tioned between the eye and ear. After 1 
second of stunning, a heart electrode is 
positioned behind the left shoulder and 
current delivered for 1.5 seconds. As a 
result of the body current, the animals do 
not show muscle contractions.

In cattle, head-only electrical stunning 
induces a short duration of the epilepti-
form insult. Induction of cardiac ventricu-
lar fibrillation resolves the problem of 
the short duration of unconsciousness. 
Chest sticking, by cutting the major 
blood vessels arising from the heart, 
should be preferred, to ensure efficient 
haemorrhaging and a rapid loss of brain 
activity (Anil et al., 1995). In currently 
used systems, a low voltage spinal dis-
charge (electro-immobilization) is nec-
essary to stop clonic convulsions and 
to make sticking possible. However, 
electro-immobilization may mask signs 
of consciousness.

Two types of automatic cattle stun-
ners are commercially available. The 
first type consists of a modified cattle 
restraint where the head of the animal is 
restrained by a pair of metal neck yokes, 
a chin lift and a nose (muzzle) plate that 
can be electrified. A third and fourth elec-
trode are placed on the brisket and on 
the tail base. It runs three programmes 
sequentially:

Figure 7.6: Head-to-body electrical stunning 
applied manually
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1.	 A 3-second head-only cycle (neck 
yoke/nose electrodes) induces loss 
of consciousness and sensibility.

2.	 A 15-second cardiac cycle (brisket/
nose electrodes) induces ventricu-
lar fibrillation.

3.	 A 4-second spinal cycle (rear end/
nose electrodes) reduces uncon-
trolled leg kicking after death.

The stunner delivers current at 550 V, 
50 Hz sinusoidal AC, via a choke, which 
limits the current to a maximum of about 
3.5 A.

The second type of automatic electri-
cal beef stunner (Troeger, 2002) delivers 
300 V, constant current while frequency 
can be selected from a 10–990 Hz range. 
It has only two cycles: a head-only cycle 
followed by a head–body cycle.

7.3.3  Waterbath stunning

Multiple bird electrical waterbath stun-
ning (Figure 7.7.) is the most common 

and cheapest method of rendering poul-
try unconscious prior to slaughter under 
commercial conditions, where high 
throughput rates are required. 

Under this system, conscious birds 
are hung upside down on a moving metal 
shackle line and passed through an elec-
trified waterbath, such that the current 
flows through the whole body towards 
the shackle, the earth. There are many 
welfare problems associated with the 
commercial electrical waterbath stun-
ning systems. A good understanding of 
these problems would help to minimize 
suffering in birds.

Pain and suffering associated with uncrat-
ing.  Three types of crates (containers) 
are mainly used for transporting poultry 
to high throughput slaughterhouses. 
From bird welfare and meat quality 
points of view, the open top drawer type 
crates are considered to be better than 
the old fashioned loose crates (which 
involve removing birds through a hole of 

Figure 7.7: Electrical waterbath stunning system used for poultry in large-scale slaughterhouses
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about A4-size paper) and modules (which 
involve tipping birds from a height of 
more than 2 meters).

Pain and suffering associated with 
shackling.  Inevitably, the legs of poultry 
are compressed during shackling and 
the degree of compression has been 
reported to be as high as 20% (Sparrey, 
1994). Based on the presence of nocic-
eptors in the skin over the legs of poul-
try and the close similarities between 
birds and mammals in nociception and 
pain, shackling has been reported to 
be a painful procedure (Gentle, 1992; 
Gentle and Tilston, 2000). This pain 
and suffering would be worse in birds 
suffering from painful lameness due 
to diseases or abnormalities of the leg 
joint and/or bone (Butterworth, 1999; 
Danbury et al., 2000). This pain is also 
likely to be significant in birds suffering 
from dislocation of joints and/or fracture 
of bones induced by rough handling 
during catching, crating and uncrating. 
Owing to this, the maximum time for 
which chickens may be suspended from 
shackle lines before waterbath stunning 
is limited to 1 minute for chickens and 
2 minutes for turkeys (EC Regulation 
1099/2009).

Pain and suffering associated with pre-
stun electric shocks.  The complexity 
of commercial waterbath stunning sys-
tems and the physical contact between 
adjacent birds on the shackle line make 
it difficult, if not impossible, to control 
the current pathway and eliminate this 
potential bird welfare problem.

Delivery of sufficient current to render 
each bird unconscious.  The commercial 
electrical waterbath stunner may contain 

many birds (e.g. 40) at any one moment 
and, as birds enter a stunner supplied 
with a constant voltage, they form a 
continuously changing parallel electrical 
circuit (Sparrey et al., 1993). Under this 
situation, according to Ohm’s law, each 
bird will receive a current inversely pro-
portional to the electrical resistance or 
impedance in the pathway. The effective 
electrical impedance can vary between 
birds, usually 1,000 to 2,600 Ohms in 
broilers and 1,900 and 7,000 Ohms in 
layer hens (Schutt-Abraham et al., 1987; 
Schutt-Abraham and Wormuth, 1991). 
Ironically, most of the electrical imped-
ance in the pathway between the electri-
fied waterbath and the earth is attributed 
to the poor contact between the legs and 
metal shackle. The implication of this is 
that tighter shackle-leg fitting will reduce 
the electrical impedance at the expense 
of increased suffering due to pain. 
However, owing to the variable electri-
cal impedance, it will be impossible to 
deliver to each bird in a waterbath stun-
ner a pre-set minimum current necessary 
to achieve humane stunning (Sparrey et 
al., 1992). On the other hand, it has been 
suggested that installation of constant 
current stunners under commercial con-
ditions would ensure delivery of a pre-set 
current to each of the birds in a waterbath 
(Sparrey et al., 1993). During stunning 
with a variable voltage/constant current 
stunner, each bird is electrically isolated 
and the stunner modulates the voltage 
required to deliver a pre-set current by 
continuously monitoring the impedance 
in the pathway. However, considering 
that the birds are suspended on shackles 
15 cm apart and the processing line is 
operating at a speed of up to 220 birds 
per minute, it has been argued that it will 
be extremely difficult to isolate each bird 
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long enough to measure its resistance 
or impedance in the pathway and deliver 
the pre-set current (Bilgili, 1992). In addi-
tion, owing to the differences in the 
electrical resistance of various tissues in 
the pathway, it has been reported that 
only a small proportion of current (10 to 
28%) applied in a waterbath may flow 
through the brain and the majority may 
flow through the carcass (Wooley et 
al., 1986a and 1986b), which seems to 
question the humanitarian advantages of 
a constant current waterbath stunning 
system.

Live birds entering scald tanks.  Live 
birds can enter scald tanks under two 
scenarios. First, inadequately stunned 
birds and those that have missed the 
stunner, due to wing flapping or being 
runts, miss the neck cutter by holding 
their heads up. Occasionally, effectively 
stunned birds also miss the neck cutting 
machine due to the fact that they miss 
the rails that guide the neck towards the 
blade(s). Hence, if these birds were not 
slaughtered manually, they will enter the 
scald tank live and conscious. Second, 
adequately stunned birds could have a 
poor neck cut and hence enter the scald 
tank alive but unconscious. Although 
legislation requires that a manual backup 
should be present to cut necks of birds 
that missed the neck cutter, owing to 
fast throughput rates, manual backup 
alone is not sufficient to prevent this 
potential welfare problem.

The potential welfare problem of live 
birds entering scald tanks, recognized 
by the occurrence of “red-skin” carcass, 
was reported to be the result of poor 
slaughter procedures (Harris and Carter, 
1977). In the 1980s, it was reported that 
almost one third of the birds processed 

under commercial conditions may be 
entering scald tanks alive (Heath et al., 
1981; Griffiths and Purcell, 1984). Heath 
et al., (1983) suggested that red-skin car-
casses are produced from poultry that 
are alive when they entered the scald 
tanks and this was later confirmed exper-
imentally by Griffiths (1985) to be the 
consequence of an acute inflammatory 
reaction. In recent years, the potential for 
this problem to occur has increased due 
to the use of high-frequency currents 
(which do not induce cardiac arrest) in 
the waterbath and significant increases 
in throughput rates.

7.4  EFFECTIVE USE 

7.4.1  Head-only and head-to-
body electrical stunning

The duration of unconsciousness 
induced by the electrical stunning 
method must be longer than the sum 
of time that lapses between the end of 
stun and slaughter (stun-to-stick interval) 
and the time to onset of death. Effective 
head-only electrical stunning produces 
a brief period of unconsciousness and 
is always accompanied by tonic–clonic 
seizures. As electrical stunning is revers-
ible, it should be followed as soon as 
possible by a procedure ensuring death. 
The onus of preventing resumption of 
consciousness in effectively stunned ani-
mals relies on the efficiency of slaughter 
(bleeding) procedure, that is, the prompt 
and accurate severance of blood vessels 
supplying oxygenated blood to the brain. 
Severing the brachiocephalic artery in 
cattle and pigs and cutting two common 
carotid arteries in the necks of sheep, 
goat and poultry species would achieve 
this. 

RAJ & VELARDE PRINT.indd   122 10/11/2016   07:22

Downloaded From Vet-eBooks.com



	 Electrical stunning and killing methods� 123

The EC Slaughter Regulation 
1099/2009 clearly states the description, 
conditions of use and key parameters, as 
presented in Figure 7.8.

The main determinant of the epilep-
tiform activity that follows the stun is 
considered to be the amount of current 
flowing through the cerebral cortex 
(Hoenderken, 1978). The minimum cur-
rents required for head-only electrical 
stunning in Regulation 1099/2009 are 
listed in Table 7.1 below. 

The EC Slaughter Regulation 
1099/2009 clearly states the description, 

conditions of use and key parameters for 
head-to-body stunning, as presented in 
Figure 7.9.

The minimum currents required for 
head-to-body electrical stunning in 
Regulation 1099/2009 are listed in Table 
7.2.

There are several factors that directly 
contribute to poor welfare for the follow-
ing reasons: 

●● Poor stunning can occur through 
incorrect placement of the elec-
trodes; inadequate electrical current 

Figure 7.8: Description, conditions of use and key parameters for head-only electrical stunning

Exposure of the brain
to a current generating
a generalised epilptic
form on the electro-
encephalogram (EEG)

Simple stunning

Description

All species

Slaughter,
depopulation and
other situations

Conditions of use

• Minimum current
  (A or mA)
• Minimum voltage (V)
• Maximum frequency (Hz)
• Minimum time of
  exposure
• Maximum stun-to-stick /
  kill intervals
• Frequency of calibration
  of the equipment
• Optimisation of the
  current flow
• Prevention of electrical
  shocks before stunning
• Position and contact
  surface area of electrodes

Key parameters

Table 7.1  �Minimum currents for head-only electrical stunning in Regulation 
1099/2009

Bovine – 6 
months or older

Bovine – less 
than 6 months

Ovine and 
caprine

Porcine Chicken Turkeys

1.28 A 1.25 A 1.0 A 1.3 A 240 mA 400 mA
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delivered to the brain due to wrong 
waveform (electrical) frequency, 
voltage or current. There is always 
some uncertainty in outcome due 
to equipment, and to varying resist-
ances between animals. 

●● If the current is lower than rec-
ommended it may be that an 
animal is not rendered immedi-
ately unconscious and therefore 
might experience electric shocks. 
Electrical stimulation of muscle 
causes contractions that can be 
painful in a conscious animal (Croft, 
1952). 

●● Cardiac arrest in a conscious animal 
may be painful. 

●● The time interval between render-
ing an animal unconscious and 
inducing death through bleeding 
out is critical in the head-only stun-
ning situation, as the animal may 
recover consciousness before it is 
dead. 

●● Handling and restraint will cause 
stress as, at the outset, the animal 
will not be free to escape the pres-
sure of the electrodes (which may 
be sharp). The change of environ-
ment, mixing in different groups 

Table 7.2  �Minimum currents for head-to-body electrical stunning in Regulation 
1099/2009

Bovine – 6 
months or older

Bovine – less 
than 6 months

Ovine and 
caprine

Porcine Chicken Turkeys

1.28 A 1.25 A 1.0 A 1.3 A 240 mA 400 mA

Figure 7.9: Description, conditions of use and key parameters for head-to-body electrical stunning

Exposure of the body
to a current generating
at the same time a
generalised epileptic
form on the EEG and
the fibrillation or the
stopping of the heart

Simple stunning in
case of slaughter

Description

All species

Slaughter,
depopulation and
other situations

Conditions of use

• Minimum current
  (A or mA)
• Minimum voltage (V)
• Maximum frequency (Hz)
• Minimum time of
  exposure
• Maximum stun-to-stick /
  kill intervals
• Frequency of calibration
  of the equipment
• Optimisation of the
  current flow
• Prevention of electrical
  shocks before stunning
• Position and contact
  surface area of electrodes

Key parameters
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and social isolation from cage/pen 
mates also have to be taken into 
consideration. 

●● Electrical currents through the brain 
will alter the biochemistry of the 
brain and brain neuro-peptide levels, 
and also may affect the biochemis-
try of other tissues such as muscle. 
Extravascular haemorrhages may 
occur in muscle, connective tissue 
and fat, and may cause muscle 
fibre ruptures and broken bones 
(Gregory and Wotton, 1991). 

7.4.2  Waterbath stunning

The EC Slaughter Regulation 1099/2009 
clearly states the description, conditions 

of use and key parameters, as presented 
in Figure 7.10.

Since poultry are stunned using 
multiple bird waterbath stunners, the 
minimum average currents required 
for head-to-body electrical stunning in 
Regulation 1099/2009 are listed in Table 
7.3.

7.5  MONITORING 
UNCONSCIOUSNESS

According to Council Regulation (EC) No 
1099/2009, animals must be rendered 
unconscious and insensible by the stun-
ning method and they must remain so 
until death occurs through bleeding. One 

Figure 7.10: Description, conditions of use and key parameters for waterbath electrical stunning of 
poultry

Exposure of the entire
body to a current
generating a
generalised epileptic
form on the EEG and
possibly the fibrillation
or the stopping of the
heart through a
waterbath

Simple stunning 
except where frequency
is equal to less than
50 Hz

Description

Poultry

Slaughter,
depopulation and
other situations

Conditions of use

• Minimum current
  (A or mA)
• Minimum voltage (V)
• Maximum frequency (Hz)
• Frequency of calibration
  of the equipment
• Prevention of electrical
  shocks before stunning
• Minimising pain at
  shackling
• Optimisation of the
  current flow
• Maximum shackle duration
  before the waterbath
• Minimum time of
  exposure for each animal
• Immersion of the birds
  up to the base of the wings
• Maximum stun-to-stick /
  kill intervals for frequency
  over 50Hz(s)

Key parameters
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way of achieving this animal welfare 
requirement is to monitor the state of 
consciousness and unconsciousness in 
animals at three key stages: (1) imme-
diately after stunning; (2) at the time of 
neck cutting or sticking; and (3) during 
bleeding until death occurs. Efficient 
backup procedures are required where 
animals show signs of recovery of con-
sciousness on the bleeding rail.

The effectiveness of stunning and 
sticking can also be recognized under 
the field conditions from characteristic 
changes in the behaviour of animals 
(e.g. loss of posture), physical signs 
(e.g. onset of seizures, cessation of 
breathing, fixed eye) and the presence 
or absence of response to physiological 
reflexes (e.g. response to an external 
stimulus such as blinking response to 
touching the cornea, known as corneal 
reflex, response to pain stimulus such as 
nose prick or toe pinching). In the scien-
tific literature, these physical signs and 
reflexes have been referred to as indica-
tors of unconsciousness or conscious-
ness and used to monitor welfare at 
slaughter of animals (see, for example, 
EFSA, 2004, 2006). In red meat species, 
effective head-only electrical stunning 
induces immediate collapse of the animal 
and onset of tonic seizure, which is fol-
lowed by two phases of clonic seizures. 
Research into head-only electrical stun-
ning of sheep and pigs has shown that 

spontaneous breathing starts at the end 
of the first clonic phase and therefore 
animals should be ideally slaughtered 
during the tonic phase.

Nevertheless, the European Food 
Safety Authority (EFSA) have published 
scientific opinions on monitoring of 
animal welfare at slaughterhouses and, 
in these opinions, suggested toolboxes 
for monitoring welfare at key stages. 
Toolboxes for monitoring head-only 
electrical stunning of sheep and pigs 
are presented in Figures 7.11 and 7.12, 
respectively (EFSA, 2013a,b). 

The head-only method induces tonic 
and clonic seizures, which are the 
outward symptoms of grand mal epi-
lepsy. Following the stun, the hind legs 
are flexed under the abdomen and the 
forelegs fully extended. The body is tense 
and tonic (rigid), breathing is absent and 
the eyeballs may be rotated to a great 
extent that the pupils may not be visible. 
In some animals there will be running or 
paddling movements with the legs. A 
quiet phase can follow which is linked 
to exhaustion of the nervous system. 
The clonic (kicking) phase, which can 
be either a galloping, cantering or erratic 
kicking action, follows usually immedi-
ately after the tonic phase (Anil, 1991; 
Gregory, 1998). Electrically stunned pigs 
and sheep show two clonic phases and 
spontaneous breathing and signs of con-
sciousness and sensibility at the end of 

Table 7.3  �Electrical requirements for waterbath stunning equipment in Regulation 
1099/2009

Frequency (Hz) Chickens Turkeys Ducks and geese Quail

< 200 Hz 100 mA 250 mA 130 mA 45 mA
200–400 Hz 150 mA 400 mA Not permitted Not permitted
400–1,500 Hz 200 mA 400 mA Not permitted Not permitted
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Figure 7.11: Toolbox for monitoring welfare at slaughter of sheep following head-only electrical 
stunning. 

(Source: EFSA, 2013a).

Key Stage 1 (between end of stunning and shackling): check for outcomes of consciousness

presence of tonic/clonic seizures tonic/clonic seizures

breathing

corneal or palpebral
reflex

spontaneous blinking

posture

vocalisations

apnoea

absence of spontaneous blinking

immediate collapse of the animal

absence of vocalisation

absence of corneal or palpebral
reflex

absence of tonic/clonic seizure

presence of breathing

presence of corneal or palpebral reflex

presence of spontaneous blinking

failure to collapse

presence of vocalisation

OUTCOMES OF
UNCONSCIOUSNESS TOOLBOX 1

OUTCOMES OF
CONSCIOUSNESS

Risk of consciousness: apply
intervention

Key Stage 2 (during neck cutting): check for outcomes of consciousness

apnoea breathing

tonic/clonic seizures

muscle tone

corneal or palpebral
reflex

vocalisations

spontaneous blinking

presence of tonic/clonic seizures

lack of righting reflex, lack of attempts
to raise the head

absence of corneal or palpebral
reflex

absence of vocalisation

absence of spontaneous blinking

presence of breathing

absence of tonic/clonic seizure

righting reflex, attempts to raise the head

presence of corneal or palpebral reflex

presence of spontaneous blinking

presence of vocalisations

OUTCOMES OF
UNCONSCIOUSNESS TOOLBOX 2

OUTCOMES OF
CONSCIOUSNESS

Risk of consciousness: apply
intervention

apnoea breathing

muscle tone

corneal or palpebral
reflex

vocalisations

spontaneous blinking

loss of muscle tone

absence of corneal or palpebral
reflex

absence of vocalisation

absence of spontaneous blinking

presence of breathing

righting reflex, attempts to raise the head

presence of corneal or palpebral reflex

presence of spontaneous blinking

presence of vocalisation

OUTCOMES OF
UNCONSCIOUSNESS TOOLBOX 3

OUTCOMES OF
CONSCIOUSNESS

Risk of consciousness: apply
intervention

Key Stage 3 (during bleeding): check for outcomes of consciousness

No risk of
consciousness

SHEEP SLAUGHTER WITH STUNNING (HEAD-ONLY ELECTRICAL METHOD)
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Figure 7.12: Toolbox for monitoring welfare at slaughter of pigs following head-only electrical 
stunning

Key Stage 1 (between end of stunning and shackling): check for outcomes of consciousness

presence of tonic/clonic seizures tonic/clonic seizures

breathing

corneal or palpebral
reflex

spontaneous blinking

posture

vocalisations

apnoea

absence of spontaneous blinking

immediate collapse of the animal

absence of vocalisation

absence of corneal or palpebral
reflex

absence of tonic/clonic seizure

presence of breathing

presence of corneal or palpebral reflex

presence of spontaneous blinking

failure to collapse

presence of vocalisation

OUTCOMES OF
UNCONSCIOUSNESS TOOLBOX 1

OUTCOMES OF
CONSCIOUSNESS

Risk of consciousness: apply
intervention

Key Stage 2 (during sticking): check for outcomes of consciousness

apnoea breathing

tonic/clonic seizures

muscle tone

corneal or palpebral
reflex

vocalisations

spontaneous blinking

presence of tonic/clonic seizures

lack of righting reflex, lack of attempts
to raise the head

absence of corneal or palpebral
reflex

absence of vocalisation

absence of spontaneous blinking

presence of breathing

absence of tonic/clonic seizure

righting reflex, attempts to raise the head

presence of corneal or palpebral reflex

presence of spontaneous blinking

presence of vocalisation

OUTCOMES OF
UNCONSCIOUSNESS TOOLBOX 2

OUTCOMES OF
CONSCIOUSNESS

Risk of consciousness: apply
intervention

apnoea breathing

muscle tone

corneal or palpebral
reflex

vocalisations

spontaneous blinking

loss of muscle tone

absence of corneal or palpebral
reflex

absence of vocalisations

absence of spontaneous blinking

presence of breathing

righting reflex, attempts to raise the head

presence of corneal or palpebral reflex

presence of spontaneous blinking

presence of vocalisations

OUTCOMES OF
UNCONSCIOUSNESS TOOLBOX 2

OUTCOMES OF
CONSCIOUSNESS

Risk of consciousness: apply
intervention

Key Stage 3 (during bleeding): check for outcomes of consciousness

No risk of
consciousness

PIG SLAUGHTER WITH STUNNING (HEAD-ONLY ELECTRICAL METHOD)
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the first clonic phase (Simmons, 1995; 
Velarde et al., 2002). Electrical stunning 
further induces pupillary dilatation, which 
gradually constricts as the animal returns 
to consciousness.

In sheep, spontaneous breathing 
returned before the end of the first clonic 
phase as already described by Velarde 
et al. (2000) and not simultaneously 
with the end of this phase as described 
by Gregory (1998). The corneal reflex 
returned simultaneously with the end of 
the first clonic phase. 

The overall hazard is that the current 

does not span the brain and does not 
induce unconsciousness. In this case, 
animals fail to collapse and show absence 
of tonic–clonic seizures and presence 
of breathing (including laboured breath-
ing). In extreme cases, animals may also 
vocalize. 

Toolboxes for monitoring welfare 
during head-only stunning of cattle and 
poultry have not been developed.

In poultry species, however, effective 
head-only electrical stunning leads to 
immediate onset of wing flapping (clonic 
seizures) but the physiological responses 

Figure 7.13: Toolbox for monitoring welfare at slaughter of poultry following waterbath electrical 
stunning

(Source: EFSA, 2013c).
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are the same as in red meat species. 
Toolboxes for monitoring welfare at 
slaughter of poultry using waterbath 
stunning are presented in Figure 7.13 
(EFSA, 2013c).
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chapter eight

Gas stunning and killing methods

Antonio Velarde1 and Mohan Raj2

Learning objectives

●● To understand the basic neurological and physiological bases of gas stunning. 
●● To become familiar with gas stunning methods and their effective use in pigs 

and poultry.
●● To learn how to assess stunning effectiveness and be able to detect animals 

at risk of recovering consciousness. 
●● To identify the main risk factors of unsuccessful stunning.
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8.1  INTRODUCTION 

Exposure to gas mixtures is applied for 
the stunning or kill of pigs and poultry. 
The most commonly used are:

●● Concentrations of carbon dioxide 
(CO2) higher than 40% by volume in 
air (hypercapnia).

●● Mixtures containing a minimum of 
30% by volume of CO2 and 20–30% 

1  IRTA. Animal Welfare Subprogram, Veïnat de Sies, s/n, 17121 Monells, Spain
2  School of Veterinary Science. University of Bristol, Langford BS40 5DU, United Kingdom
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by volume of added oxygen in air 
(hypercapnic hyperoxia).

●● Mixtures of argon (Ar) and nitrogen 
(N2) with less than 2% by volume of 
residual oxygen in air (anoxia).

●● Mixtures of less than 30% by 
volume of CO2 in argon or nitrogen 
or both with up to 5% by volume 
of residual oxygen (hypercapnic 
anoxia).

The design of the stunning system is 
determined by the gas mixture to be 
used and its specific gravity (the rela-
tive density with respect to air, at the 
same pressure and temperature). Gases 
with a specific gravity less than one will 
be “lighter than air”, whilst those with 
a specific gravity greater than one are 
“heavier than air” (Table 8.1). Carbon 
dioxide (1.50) and argon (1.38) are higher 
than air and could therefore be contained 
within a pit. Carbon dioxide is cheaply 
and readily available as a by-product of 
the industries. On the other hand, argon 
has a low presence in the atmosphere 
(0.9 % by volume) and its availability for 
commercial stunning practices might be 
limited. 

The presence of nitrogen in the atmos-
phere is around 79% by volume and 
might be a more suitable gas to be used 

for stunning pigs. It can be separated 
from atmospheric air with minimum 
cost and impact on the environment. 
However, the relative density of nitrogen 
(0.97) is slightly lower than air concen-
trations of N2 and cannot be sustained 
within a pit at a concentration higher 
than 94% by volume (Dalmau et al., 
2010). Nevertheless, this stability could 
be improved when nitrogen and CO2 
are combined (Dalmau et al., 2010). Gas 
mixtures of N2 and up to 30% CO2 have 
high stability and uniform concentra-
tions along the pit. However, the higher 
the concentration of nitrogen in the gas 
mixture with CO2, the lower the relative 
density of the mixture and, therefore, the 
more difficult it is to displace the oxygen 
from the pit. The use of carbon monox-
ide (CO) and nitrous oxide, either alone 
or with other gases, is not recommended 
in slaughterhouses as it is highly toxic 
and considered very dangerous. 

In pigs, the most widely used gas 
stunning method is exposure to high 
concentration of CO2 (Velarde et al., 
2000). In commercial conditions, animals 
are loaded in groups into a cage or cradle 
and immersed into a concentration 
gradient of the gas, such that, as the 
cage is lowered into the well, the CO2 
concentration continues to rise until it 
reaches 80–90% at the bottom of the 
well. These systems have some animal 
welfare advantages compared with elec-
trical stunning, as animals are stunned 
in groups with the minimum amount 
of restraint and handling stress (EFSA, 
2004; Velarde et al., 2000). Gas systems 
can also be operated with mechanical 
push gates that separate large group of 
pigs into groups of five or six and gently 
push them into the stun box, abolish-
ing the use of electric prodders. This, 

Table 8.1  �Specific gravity of gases 
used for stunning or stun/
killing (Kettlewell, 1986)

Gas Specific gravity at 300 K 
(27oC) at 1atm

Air 1.00
Argon 1.38
Carbon dioxide 1.50
Nitrogen 0.97
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together with the lower intensity of mus-
cular contractions compared to electri-
cal stunning, reduces the incidence of 
pale, soft and exudative (PSE) meat and 
haemorrhage (Velarde et al., 2001) and 
improves meat quality. However, CO2 
above 30% by volume in atmospheric air, 
causes aversion in pigs (Raj and Gregory, 
1996). Raj et al. (1997) and Raj and 
Gregory (1995) showed argon in air or in 
association with low concentrations of 
CO2 (up to 30% by volume) to be better 
on animal welfare grounds than high con-
centrations of carbon dioxide. 

Poultry (mainly chickens and turkeys) 
are stunned using several gas mixtures: 

●● exposure to increasing concentra-
tions of carbon dioxide in air;

●● exposure to less than 40% by 
volume of carbon dioxide until 
onset of unconsciousness and then 
exposure to high concentrations of 
carbon dioxide in air;

●● exposure to a mixture of carbon 
dioxide, oxygen and nitrogen until 
onset of unconsciousness and then 
exposure to high concentration of 
carbon dioxide in air;

●● exposure to less than 2% by 
volume of residual oxygen in argon 
or nitrogen;

●● exposure to a mixture containing up 
to 30% carbon dioxide in argon or 
nitrogen. 

The main welfare advantage of using gas 
stunning for poultry is to eliminate pain 
and suffering associated with the inver-
sion and shackling of live poultry and 
other known welfare issues associated 
with the waterbath electrical stunning 
systems. Gas stunning of poultry in their 
transport containers, as they arrive in the 

slaughterhouse, will eliminate the need 
for live bird handling, that is, uncarting 
and shackling, at the processing plant. 
Gas stunning poultry on a conveyor 
would eliminate the welfare problems 
associated with live bird shackling. Under 
both scenarios, birds will be stunned in 
large numbers and they will all have to be 
shackled and their necks cut. The interval 
between the end of exposure to gas mix-
ture and neck cutting would be longer, 
for example several minutes after the 
end of exposure to gas mixtures. Owing 
to this, the duration of unconsciousness 
induced during gas stunning of poultry 
will have to be longer than that required 
under the conventional electrical stun-
ning situations to prevent return of con-
sciousness either prior to neck cutting 
or during bleeding. This is achieved by 
using appropriate gas concentrations and 
exposure times. 

8.2  NEUROLOGICAL AND 
PHYSIOLOGICAL ASPECTS 

Exposure of animals to gas mixtures 
leads to inhibition of neurones leading 
to progressive loss of brain function, and 
hence, gradual loss of consciousness 
(EFSA, 2004). Gas mixtures contain-
ing carbon dioxide induce hypercapnic 
hypoxia and inhibit neurones through 
acidosis. During CO2 inhalation, the 
O2 of erythrocytes becomes displaced 
by CO2 and, as a direct consequence, 
pO2 and SatO2 decrease progressively. 
The respiratory and metabolic acidosis 
induced, reduces the pH of cerebrospinal 
fluid (CSF), which bathes the brain and 
spinal cord, and neurons thereby exert-
ing its neuronal inhibitory and anaes-
thetic effects (Woodbury and Karler, 
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1960). Consequently, the animal loses 
consciousness (Gregory, 1987). In this 
regard, normal pH of CSF is 7.4 and 
unconsciousness begins when the CSF 
pH falls below 7.1 and reaches a maxi-
mum at pH 6.8. 

Whereas, hypoxia or anoxia occurring 
as a result of the inhalation of argon or 
nitrogen induces unconsciousness by 
depriving the brain of oxygen. It has 
been established that cerebral dysfunc-
tion occurs in mammals when the partial 
pressure of oxygen in cerebral venous 
blood falls below 19 mmHg. The deple-
tion of O2 causes neuronal depolarization 
and intracellular metabolic crisis leading 
to cellular death in neurons (Rosen 
and Morris, 1991; Huang et al., 1994). 
Actually, brain oxygen deprivation leads 
to accumulation of extracellular potas-
sium and a metabolic crisis, as indicated 
by the depletion of energy substrates and 
accumulation of lactic acid in the neurons 
(EFSA, 2004). The mechanism of induc-
tion of unconsciousness by hypoxia 
is due to the inhibition of N-methyl-D-
aspartate (NMDA) receptor channels in 
the brain, which is essential for maintain-
ing neuronal arousal during conscious 
state (EFSA, 2004). These effects can 
occur within a few seconds of inhalation 
of the anoxic agent. However, it is note-
worthy that the survival times of various 
parts of the brain may differ according to 
the regional oxygen consumption rate. 
For example, the survival time of the cer-
ebral cortex is considerably shorter than 
that of the medulla, in which the respira-
tory centre is located. Normal brain activ-
ity may be restored in anoxia-stunned 
animals if oxygen is administered or they 
are allowed to breathe atmospheric air. 
Inevitably, the recovery of conscious-
ness in these animals is rapid. 

The extent of neuron disruption in the 
thalamus and cerebral cortex caused by 
exposure to gas can be measured using 
electroencephalogram (EEG), which is 
normally recorded from the surface of the 
cerebral cortex. An example of changes 
occurring in the EEG of a chicken is pre-
sented in Figure 8.1 (Raj et al., 2008). In 
this chicken, rapid loss of spontaneous 
electrical activity occurred during the first 
10 seconds of exposure leading to a pro-
foundly suppressed EEG at the time of 
occurrence of loss of posture (i.e. earliest 
behavioural sign of onset of unconscious-
ness) at 12 seconds. The magnitude of 
EEG suppression occurring prior to the 
onset of convulsions at 17 seconds is 
considered to be indicative of a patholog-
ical brain state that is incompatible with 
the persistence of consciousness and 
sensibility. Changes occurring in EEGs 
can be quantified in laboratories using 
established procedures. 

Laboratory studies have also used abo-
lition of evoked electrical activity in the 
brain to determine the state of conscious-
ness (EFSA, 2004). For example, a click-
ing noise produces an auditory evoked 
activity that can be recorded in the EEG 
as auditory evoked potential (AEP). The 
part of the EEG signal occurring in the 
interval, 10 to 100 ms after auditory stim-
ulus presentation, is the middle latency 
auditory evoked potential (MLAEP) and 
has been used to evaluate changes in 
neural activity and assess the depth of 
anaesthesia (Martoft et al., 2002). From 
the MLAEP, the A-line ARX index (AAI) 
and the burst suppression index (BS%) 
can be estimated to assess unconscious-
ness (Rodriguez et al., 2008). The AAI 
is a numerical index, ranging from 0 to 
99 that quantifies MLAEP variations of 
amplitude and latency. Higher values are 
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Figure 8.1: Changes occurring in the EEG of a chicken during gas stunning. 

(Source: Raj et al., 2008)
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related to awareness, while decreases in 
AAI indicate a gradual loss of conscious-
ness (Jensen, 1999). The BS% indicates 
the percentage of isoelectric activity 
during the preceding 30 seconds and 
also ranges from 0 to 100 (Litvan et al., 
2002; Figure 8.2).

Similarly, flashing light can be used 
to record visually evoked potential (VEP) 
and low voltage electric pulses applied to 
nerves as a pain stimuli can be used to 
record somatosensory evoked potential 
(SEP) in the brain (Tables 8.2 and 8.3). 
Abolition of EPs in the brain has been 
used as an indicator of loss of conscious-
ness and sensibility in animals during 
stunning and slaughter. However, since 
these evoked potentials can be present 
during general anaesthesia, their aboli-
tion would indicate more profound brain 
dysfunction than mere loss of conscious-
ness and sensibility. The time to loss or 
abolition of EPs has been studied during 

gas stunning of poultry (e.g. Raj and 
Gregory, 1994; Raj et al., 1998). 

The earliest behavioural indicator of 
unconsciousness during exposure to 
gas mixtures is loss of posture, which is 
followed by convulsions manifested as 
wing flapping in unconscious poultry (Raj 
et al., 1990, 1991). Convulsions occur 
due to spinal reflexes as a consequence 
of the loss of control of the brain over 
the spinal cord. Prolonged exposure to 
gas mixtures may lead to cessation of 
respiration. However, irregular cardiac 
activity (dysrhythmia) as recorded using 
electrocardiogram (ECG) can be elicited 
for several minutes after animals exit gas 
mixtures. 

Entering the cradle and being lowered 
into the pit or moved within the tunnel 
do not cause aversion in pigs and poultry 
if the system contains atmospheric 
air (Velarde et al., 2007; Dalmau et al., 
2010). However, since CO2 does not 

Figure 8.2: AAI and BS% mean values during exposure and recovery in pigs immersed in 90% 
CO2. 

(Source: Rodriguez et al., 2008)
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induce immediate loss of consciousness, 
inhalation of concentrations greater than 
30% of carbon dioxide (CO2) by volume 
in atmospheric air causes aversion, irri-
tation of the mucous membranes (that 
can be painful) and respiratory distress 
during the induction phase in pigs and 
poultry (Raj and Gregory, 1995; Velarde 
et al., 2007). The presence of CO2 in the 
blood is sensed by specific CO2-sensitive 
chemoceptors that stimulate respiration 
(hyperventilation), heart rate and blood 
pressure. During CO2 exposure, pigs 
show signs of aversion such as retreat 
attempts, headshaking, sneezing, breath-
lessness, freezing, escape attempts, 
gasping (a very deep breath through a 
gaping open mouth, indicative of breath-
lessness; Raj and Gregory, 1996) and 

vocalizations (Holst, 2001; Velarde et al., 
2007). In poultry species, however, high 
concentrations of carbon dioxide induce 
severe head shaking, gasping, sneezing 
and vocalizations, which can be consid-
ered as indicators of distress. This inter-
pretation is based on the fact that these 
behaviours also occur during respiratory 
disease.

The main causes of aversion and dis-
tress are irritation of the nasal mucosal 
membranes and lungs (Manning and 
Schwartzstein, 1995). Respiratory dis-
tress (Raj and Gregory, 1996) causes 
hyperventilation and a sense of breath-
lessness during the induction phase prior 
to loss of consciousness. The magni-
tude of the aversiveness may depend 
on several factors. The higher the CO2 

Table 8.2  �The average times (seconds) to onset of changes in the EEG and loss 
of SEPs during exposure of chickens to gas mixtures. (Source: Raj and 
Gregory, 1990; Raj et al., 1998)

Argon induced 
anoxia (2% 
residual O2)

Mixture of 
60% argon and 
30% CO2 (2% 
residual O2)

40% CO2 + 
30% O2 + 30% 
N2

45% CO2 
in air

EEG suppression 17 19 40 21
Loss of SEPs 32 24 47 30
Isoelectric EEG 58 41 Did not occur 101

Table 8.3  �The average times (seconds) to onset of changes in the EEG and loss 
of SEPs during exposure of turkeys to gas mixtures. (Source: Raj and 
Gregory, 1994)

Argon induced 
anoxia (2% 
residual O2)

Mixture of 
60% argon and 
30% CO2 (2% 
residual O2)

49% CO2 
in air

65% CO2 
in air

86% CO2 
in air

EEG suppression 41 16 21 15 13
Loss of SEPs 44 22 20 15 21
Isoelectric EEG 101 35 88 67 42
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concentration, the more pronounced 
the aversion (Velarde et al., 2007). 
Conversely, a decrease in the concentra-
tion of CO2 increased the time to loss of 
posture and, therefore, lengthened the 
perception of the aversive stimulus till 
the animal lost consciousness.

In contrast to hypercapnia, anoxia does 
not cause aversion prior to loss of con-
sciousness. The time to induce uncon-
sciousness when exposed to anoxia is 
longer than when exposed to hypercap-
nia (Raj et al., 1997). Raj and Gregory 
(1995) reported that the addition of CO2 
to a hypoxic atmosphere reduces the 
time needed to induce unconsciousness. 
However, according to Raj and Gregory 
(1995), the CO2 concentration of the 
gas mixture should be up to 30% in the 
atmosphere in order to avoid aversion. 
The time to loss of consciousness occur-
ring during exposure of animals, includ-
ing poultry, to gas mixture depends upon 
the composition of the gas mixtures 
(Raj, Gregory & Wotton, 1990, 1991; Raj 
et al., 1992a,b; Raj and Gregory, 1993, 
1994; Raj et al., 1998). The exposure of 
pigs to either argon-induced anoxia or 
the carbon dioxide–argon mixture for 3 
minutes resulted in satisfactory stunning. 
However, bleeding should commence 
within 15 seconds to avoid resumption 
of consciousness. A 5-minute exposure 
to these gas mixtures followed by bleed-
ing within 45 seconds prevented carcass 
convulsions during bleeding. The expo-
sure of pigs to argon-induced anoxia or 
the carbon dioxide–argon mixture for 7 
minutes resulted in death in the majority 
of pigs. Owing to the prolonged exposure 
time required to kill pigs with anoxia, it is 
not used under commercial conditions. 
However, further research and develop-
ment is needed to evaluate the feasibility 

of inducing unconsciousness with anoxia 
and then killing pigs by other means (e.g. 
induction of cardiac arrest in unconscious 
pigs using an electric current).

8.3  PIGS

8.3.1  Description of the method 

In commercial conditions, pigs are 
loaded into a crate and lowered into a 
pit pre-filled with a high concentration 
of CO2. Pigs are immersed into the gas 
following a concentration gradient, so 
that, the deeper the cage is lowered, 
the higher the CO2 concentration, until 
it reaches 80-90% CO2 concentration 
in atmospheric air. Two main systems 
exist, the dip-lift system and the pater-
noster system (Figure 8.3.). Dip-lift 
designs have only one box in the system 
that can be loaded with a nominal capac-
ity of six pigs. In this system, groups of 
pigs are lowered directly into maximum 
concentrations of carbon dioxide at the 
bottom of the pit (EFSA, 2004). The 
paternoster designs have up to seven 
boxes (a nominal capacity of two to six 
pigs per box), rotating through the CO2 
gradient in a 3–8-metre deep pit, stop-
ping at various intervals for loading of live 
pigs on one side and unloading uncon-
scious pigs on the other side for sticking 
(EFSA, 2004). The number of pigs per 
group, the time taken to reach maximum 
CO2 concentrations, and total exposure 
times are manipulated by the individual 
abattoirs according to their own discre-
tion (Atkinson et al., 2012). The space 
allowance in the box should be enough 
to allow the animals to lie down without 
being stacked, even at maximum permit-
ted throughput. Overloading increases 
the risk of unnecessary excitement or 
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insufficient stunning effectiveness (e.g. 
hiding heads under other animals) and 
may lead to bruising increases.

Gas equipment should be designed 
and built to optimize the application of 
the stunning by gas, prevent injuries or 
contusions to the animal and minimize 
struggle and vocalization when animals 
are restrained. Stunning equipment 
should be fitted with devices displaying 
and recording the gas concentration and 
the time of exposure and giving alarms 
in case of insufficient gas flow. Gases 
should enter into the chamber or the loca-
tion where animals are to be stunned and 
killed in a way that it does not provoke 
burns or excitement by freezing or lack of 
humidity. Moreover, the control of tem-
perature and humidity of the gas mixture 

could improve the welfare of the animals. 
Inhalation of warm and humidified air 
helps to alleviate physical discomfort 
and distress. Moreover, because animals 
exposed to carbon dioxide gas also show 
gasping (oral breathing), it is thought that 
administration of a warm and humidified 
gas mixture helps to reduce the severity 
of distress.

8.3.2  Effective use 

Under normal conditions in the slaugh-
terhouse, pig stunning with a high con-
centration of CO2 can be reversible 
(or simple). The depth and duration of 
unconsciousness achieved with CO2 gas 
stunning depends upon the animal, the 
CO2 concentration, the speed at which 

Figure 8.3: The two main systems in Europe. a) Dip-lift system; b) Paternoster
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animals are lowered towards the bottom 
of the pit, where the highest CO2 con-
centration is achieved, and the duration 
of exposure (Raj and Gregory, 1996; 
Troeger and Woltersdorf, 1991). Due to 
individual biological variation, some pigs 
may regain consciousness while others 
do not, even if stunned in the same group 
(Forslid, 1987; Holst, 2001). Exposure to 
high concentrations of CO2 shortens the 
period of time to unconsciousness and 
helps reduce the duration of hyperven-
tilation and potential distress (Troeger 
and Woltersdorf, 1991; Raj and Gregory 
1996; Barton-Gade, 1999). However, 
the degree of aversion depends on the 
carbon dioxide concentration. Velarde et 
al. (2007) reported that the aversion was 
higher when the stunning system con-
tained 90% as opposed to 70% carbon 
dioxide due possibly to increased irrita-
tion of the nasal mucosal membranes 
and more severe hyperventilation. 
Conversely, a decrease in the concentra-
tion of carbon dioxide increased the time 
to onset of unconsciousness as deter-
mined using time to loss of posture and, 
therefore, lengthened the perception 
of the aversive stimulus till the animal 
lost consciousness. Immersion of pigs 
into 80 to 90% CO2 usually leads to the 
induction of unconsciousness within 30 
seconds. 

To ensure good animal welfare the 
stun should ensure unconsciousness 
is induced for a sufficient duration to 
include not only the stun-to-stick interval 
but also the time taken for brain death 
to occur due to sticking. Because the 
effect of a stunning method is momen-
tary, the onus of preventing resumption 
of consciousness following stunning 
relies on the efficiency of the slaugh-
ter procedure, that is, the prompt and 

accurate severance of blood vessels 
supplying oxygenated blood to the brain. 
Therefore, sticking must start as soon as 
possible after stunning. If not possible, 
the stun–stick interval can be increased 
proportionally without animals recovering 
consciousness, through increased expo-
sure time to the gas (Holst, 2001). As the 
duration of unconsciousness determines 
the maximum acceptable stun-to-stick 
interval, it is therefore imperative for 
animal welfare that unconsciousness 
is closely monitored, and animals re-
stunned when necessary. Prolonged 
exposure may result in irreversible stun-
ning, and eliminate the chances of recov-
ery of consciousness.

When exposed to a minimum of 70% 
carbon dioxide for 90 seconds, stick-
ing (bleeding or exsanguination) should 
be performed as soon as possible (e.g. 
ideally within 15 seconds of exiting the 
gas) to prevent resumption of conscious-
ness. When the duration of exposure to 
this level of carbon dioxide is increased, 
the incidence of death also increases. 
Exposure of pigs to a minimum of 90% 
by volume of carbon dioxide in air for 3–5 
minutes results in death in the majority of 
pigs, which can be recognized from the 
presence of dilated pupils and absence 
of gagging (rudimentary respiratory activ-
ity) at the exit from the gas.

8.3.3  Monitoring points for 
correct stunning

Animals should be monitored regularly 
during the entire process, from stunning 
to bleeding, and it should be ascertained 
that they do not show any signs of con-
sciousness and also that death occurs 
before further carcass dressing opera-
tions or scalding begin. The EFSA Panel 
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on Animal Health and Welfare (AHAW) 
set out to develop toolboxes of welfare 
indicators for developing monitoring 
procedures at slaughterhouses for pigs 
stunned with carbon dioxide at high con-
centration (EFSA, 2013a). It proposed 
welfare indicators together with their 
corresponding outcomes of conscious-
ness, unconsciousness or death, to be 
used at three key stages of monitoring: 
(a) after stunning and during shackling 
and hoisting; (b) during sticking; and (c) 
during bleeding. The report concluded 
that, although it is traditional to look for 
outcomes of unconsciousness in pigs 
following stunning, the risk of poor wel-
fare can be better detected if pig welfare 
monitoring is focused on detecting con-
sciousness, that is, ineffective stunning 
or recovery of consciousness. 

The recommended animal-based indi-
cators for monitoring after stunning are 
muscle tone, breathing and the corneal 
or palpebral reflexes (Figure 8.4.). 
Effective gas stunning induces collapse 
and loss of posture, apnoea (absence of 
breathing) and abolition of corneal or pal-
pebral reflex. If the exposure to carbon 
dioxide is ineffective and/or inadequate, 
the animal will show attempts to regain 
posture and/or sustained or presence of 
breathing, including laboured breathing. 
Pigs that are not effectively stunned or 
those recovering consciousness will also 
show positive corneal or palpebral reflex. 
Additionally, response to nose prick 
or ear pinch and vocalizations may be 
used. Ineffective stunning and recovery 
of consciousness due to poor stunning 
can be recognized from the response 
to nose prick or ear pinch. Vocalization 
is expected only in conscious animals. 
However, not all conscious animals 
will vocalize, and hence absence of 

vocalization does not always mean that 
the animal is unconscious. Since uncon-
scious animals will not vocalize, this 
indicator is not applicable to monitoring 
unconsciousness.

For monitoring at sticking after carbon 
dioxide stunning, the recommended 
indicators to be used are muscle tone, 
breathing and vocalizations. An uncon-
scious pig at this stage will show loss 
of muscle tone, hanging flaccidly on the 
overhead shackle or lying relaxed on the 
conveyor and is therefore not expected 
to show any changes in its posture. Loss 
of muscle tone can be recognized from 
floppy ears and relaxed jaw and com-
pletely relaxed body. In contrast, a pig 
recovering consciousness will attempt to 
regain posture, which will be manifested 
as righting reflex (e.g. severe kicking, 
head lifting, body arching), arching of 
the neck, body stiff (upright) ears and 
jaws and/or convulsions. These signs 
are more visible when the animals are 
hanging from the overhead rail. During 
sticking, unconscious pigs will continue 
to manifest apnoea. Pigs may show 
gagging, which is considered a rudimen-
tary brainstem function indicative of a 
dying brain in pigs. However, in associa-
tion with resuscitation efforts that might 
be provided during handling, shackling 
and hoisting, and gasping could lead to 
recovery of consciousness, especially if 
exsanguination is delayed. Pigs recover-
ing consciousness whilst hanging on the 
overhead shackle will attempt to breathe, 
which may begin as regular gagging 
before leading to resumption of breath-
ing. Additionally, the corneal or palpebral 
reflex and response to nose prick or ear 
pinch may be used.

For monitoring during bleeding 
after carbon dioxide stunning, the 
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Figure 8.4: Indicators that are considered suitable to be used for detection of conscious animals at 
each key stage of the procedure of carbon dioxide stunning in pigs

(Source: EFSA, 2013a)
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recommended indicators are muscle 
tone and breathing. The presence of 
righting reflex would indicate recovery of 
consciousness. Additionally, the corneal 
or palpebral reflex and vocalizations may 
be used. Pigs showing these signs of 
ineffective stunning will require immedi-
ate re-stun using a backup method.

The personnel performing stunning, 
shackling, hoisting and/or bleeding, 
will have to check all the animals and 
confirm that they are not conscious fol-
lowing stunning. For the animal welfare 
officer, who has the overall responsi-
bility for animal welfare, a mathemati-
cal model for the sampling protocols 
was proposed, taking into account the 
throughput rate (total number of animals 
slaughtered in the slaughterhouses) 
and tolerance level (amount of potential 
failures – animals that are conscious 
after stunning; animals that are not 
unconscious or not dead after slaughter 
without stunning). 

The EUWELNET project (www.euwel-
net.eu) developed standard operating 
procedures (SOPs) for the assessment 
of effective unconsciousness follow-
ing stunning at commercial slaughter-
houses. The aim of these improved 
standard operating procedures (SOP) is 
to enable food business operators (FBO) 
and animal welfare officers (AWOs) to 
better implement welfare at slaughter 
and to provide the competent authori-
ties (CAs) and official veterinarians (OVs) 
with a method to assess compliance 
with the Regulation. The SOPs include 
recommendations on the objectives, 
responsibilities, control measures, moni-
toring procedures, corrective actions and 
records.

8.4  POULTRY

8.4.1  Description of the method 

All the major poultry transport container 
manufacturers in Europe also produce 
gas stunning equipment. In principle, 
these systems use denser than air gas 
mixtures contained in a tunnel. Drawer-
type modular poultry transport systems 
involves automatic removal of individual 
drawers or crates full of birds from the 
metal frames and then passing the draw-
ers through a tunnel containing one of 
the desired gas mixtures (Figure 8.5a,b). 
Another system involves passing draw-
ers or crates through a pit containing gas 
mixtures, very similar to the paternoster 
system used for pigs. The number of 
poultry contained in a drawer (stocking 
density) may vary for several reasons, 
including size of the drawer, live weight 
of poultry, environmental conditions, 
transport distance, and so on. Some 
other modular transport systems involve 
tipping live birds on to a conveyor and 
then carrying the birds through a tunnel 
containing a mixture of 40% carbon 
dioxide, 30% oxygen and 30% nitrogen 
in the first phase to induce unconscious-
ness and a high concentration of carbon 
dioxide in the second phase to irrevers-
ibly stun them (Figure 8.6). 

Ideally, birds in crates or conveyors 
should be examined before they enter 
the gaseous atmospheres to remove 
dead birds. 

Research has shown that, given a free 
choice, chickens and turkey will avoid an 
atmosphere containing high concentra-
tions of carbon dioxide, that is, 40% or 
more by volume in air, but they do not 
avoid an atmosphere containing a low 
oxygen level created using argon or nitro-
gen (Raj and Gregory, 1991; Raj, 1996). 
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The inference is that, under slaughter-
house conditions, poultry should be 
rendered unconscious with low concen-
trations (< 40% by volume) of carbon 
dioxide before exposing them to high 
concentrations of this gas. Unlike argon, 

exposure of poultry to carbon dioxide 
also causes head shaking and gasping 
(oral breathing with neck extension) in 
poultry and the amount of gasping occur-
ring prior to loss of posture depends upon 
the concentration of this gas. Research 

Figure 8.5: a, b Multistage CO2 stunning system. 

(Meyn Food Processing Technology b.v., The Netherlands)

Figure 8.6: CAS Smooth Flow. 

(Marel Stork Poultry Processing b.v., The Netherlands)
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has shown that warming and humidifi-
cation of carbon dioxide in the stunner 
reduced the severity of gasping and head 
shaking. Nevertheless, it can be argued 
that the cumulative stress associated 
with live bird handling, shackling, pre-
stun shocks and poor welfare due to the 
complexity of the existing multiple bird 
waterbath stunning would be more than 
the stress associated with the induction 
of unconsciousness with carbon dioxide 
gas (Table 8.4). 

8.4.2  Effective use 

Several critical control points have been 
identified to ensure welfare of poultry 
during gas stunning. Irrespective of 
whether birds are passed through the 
gas stunners whilst they are in their 
transport containers or on a conveyor, 
the passage should be smooth with-
out tilting. Bunching or overcrowding 
should be avoided to ensure all the 
birds are exposed to the gas mixture. 
Gas concentrations should be continu-
ously monitored at the bird’s head level 
and maintained throughout the stunner. 
Devices used for monitoring gas concen-
trations should be calibrated regularly and 
maintained in good working condition. 
The duration of exposure to gas mixture 
should be adequate to prevent recovery 

of consciousness in birds. There should 
be backup stunners (e.g. captive bolts) to 
deal with birds showing signs of recovery 
of consciousness. Both the carotid arter-
ies should be cut as soon as possible.

8.4.3  Monitoring points for 
correct stunning

As for pigs, poultry should also be moni-
tored regularly during the entire process, 
from stunning to bleeding, and it should 
be ascertained that they do not show 
any signs of consciousness and also 
that death occurs before birds enter the 
scalding tank. The EFSA Panel on Animal 
Health and Welfare (AHAW) set out to 
develop toolboxes of welfare indicators 
for developing monitoring procedures 
at slaughterhouses for poultry stunned 
with gas mixtures (EFSA, 2013b). This 
scientific opinion has proposed tool-
boxes of welfare indicators, and their 
corresponding outcomes of conscious-
ness, unconsciousness or death, for 
developing monitoring procedures at 
slaughterhouses for poultry stunned 
using gas mixtures. It was suggested 
that, after stunning of the birds with gas 
mixtures prior to slaughter, the indica-
tors should be repeatedly checked to 
detect signs of consciousness through 
the two key stages of monitoring during 

Table 8.4  �Amount of gasping occurring prior to loss of posture during exposure to 
gas mixtures in broilers. (Source: Lambooij and Pieterse, 1997)

Gas mixture Number of head shakes Amount of gasping 

90% Ar in air None None
30% CO2 + 60% Ar in air 3 3
30% CO2 + 30% O2 in air 5 12
40% CO2 + 30% O2 in air 4 9
40% CO2 in air 3 8
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the slaughter process: between the exit 
from the gas stunner and the entrance 
to the scalding tank, especially during 
shackling (key stage 1) and during bleed-
ing (key stage 2). The recommended indi-
cators for monitoring at key stage 1 are 
breathing, muscle tone, wing flapping 
and spontaneous blinking (Figure 8.7). 
Additionally, positive corneal or palpebral 
reflex and vocalizations may be used to 

recognize consciousness. The recom-
mended indicators for monitoring at key 
stage 2 (during bleeding) are presence of 
wing flapping, muscle tone and breath-
ing. In addition, the presence of corneal 
or palpebral reflex may also be used at 
this stage to recognize consciousness. 
In this EFSA Opinion, the most common 
risk factors involved in the welfare of 
animals during slaughter were linked to 

Figure 8.7: Indicators that are considered suitable to be used for detection of conscious animals at 
each key stage of the procedure of gas stunning in poultry

(Source: EFSA, 2013b)
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SLAUGHTER WITH STUNNING (GAS METHODS)
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two categories: those risk factors that 
affect the quality of the stun and those 
that affect the quality of the assessment. 
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chapter nine

Fish stunning and killing

Hans van de Vis and Bert Lambooij

Learning objectives

For farmed European eel, Atlantic salmon, trout, sea bream, sea bass, tuna and 
common carp, readers should:

●● Obtain a brief overview of production of finfish in aquaculture worldwide.
●● Understand that finfish represent a class of animals in which there is huge 

variety regarding evolutionary history, behaviours and habitats.
●● Have knowledge of the steps carried out in harvest of farmed fish and know 

the meaning of the words “stunning” and “killing”. Harvest is the process 
whereby a live fish is converted into an edible product.

●● Comprehend the neurophysiological basis of stunning and killing, which is 
necessary to understand how stunning and killing methods can be assessed.

●● Have an overview of stunning and killing methods that are used in practice 
and how the process of stunning and killing can be monitored in practice. 

●● Be aware of methods that are available for depopulation.
●● Be aware of advantages and disadvantages of the implementation of stunning 

and killing methods in practice.
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9.1  INTRODUCTION 

The world’s aquaculture sector has 
been growing rapidly over the last few 
decades and is expected to do so until 
at least 2025 (Diana, 2009). About 354 
finfish species were cultured in 2012 
(FAO, 2014), and available statistics col-
lected globally by FAO show that farmed 
finfish amounted to 44.2 million tons in 
2012. This production volume refers to 
a range of 8.8–147 billion farmed finfish 
slaughtered in 2012. Within the class of 
finfish, there is diversity with respect to 
phylogeny (evolutionary history), behav-
iours and habitats and this is reflected 
in, for example, differences in anatomy 
and brain structure among fish species. 
Due to increasing societal awareness, 
especially in Europe, attention has been 
drawn to fish welfare in aquaculture and 
during catching, transport and slaughter. 
The World Organisation for Animal Health 
(known as the OIE), which includes 
180 member countries, also adopted 

guidelines on the welfare of farmed fish, 
including welfare during transport and 
stunning and slaughter.

At present there is no legislation in the 
EU to specifically protect the welfare of 
farmed fish at slaughter. However, the 
European Regulation on the protection 
of animal welfare during slaughter and 
killing refers to all vertebrates (Council 
Regulation EC 1099/2009) and stun-
ning and killing of fish is covered by the 
general provisions of this Regulation, 
that is, animals should be spared any 
avoidable excitement, pain or suffer-
ing during transport, lairage (a place 
where live animals are kept temporarily), 
restraining, stunning, slaughter or killing. 
In spite of such provisions, some com-
mercial killing methods of farmed fish 
in the EU have been found to be stress-
ful. For assessment of welfare aspects 
of stunning methods the general provi-
sion in the EU Regulation for vertebrates 
(Council Regulation EC 1099/2009) can 
be used as a general term of reference. 
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Figure 9.1: Arrival of Atlantic salmon transported by (a) well-boat, (b) lairage, (c) crowding and 
pumping of fish out of the cage, (d) a dewatering unit in front of a slaughter facility.

(a)

(b)
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(c)

(d)
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Specific definitions used in this chapter 
are presented below:

●● Harvest. Harvest is the process 
whereby a live fish is converted into 
an edible product. This process can 
be categorized for farmed fish into 
the following steps, namely fasting, 
crowding, catching, transport to a 
slaughterhouse, keeping the fish 
temporarily (lairage) in cages near 
the plant quayside, in tanks at the 
slaughterhouse or pumping them 
directly into the processing line. 
In the processing line the fish are 
restrained, stunned and subse-
quently slaughtered (exsanguina-
tion or bleeding out). An overview 
of transport, lairage, crowding and 
pumping of Atlantic salmon is pre-
sented in Figure 9.1.

●● Teleost. A large group containing 
most bony fishes. The fish species 
selected for this chapter are all 
teleosts.

9.1.1  Do fish feel pain?

In spite of the commitment by the OIE 
to protect welfare of farmed fish, it is 
still argued whether fish can feel pain. 
To experience pain, fish should possess 
both a nociceptive system and a capac-
ity for mental awareness (Sneddon, 
2014). Studies indicate that pain sensory 
pathways exist in fish that are required 
for nociception (Sneddon 2002, 2003; 
Sneddon et al., 2014).

Given the absence of a cerebral cortex 
in fish, it might be argued that fish do 
not have a capacity for mental aware-
ness, that is, to perceive pain and fear. 
However, feelings in humans may not 
depend exclusively on structures of the 

cerebral cortex (Damasio and Damasio, 
2016). The issue whether fish may have 
experiences that relate to a negative 
affective state such as suffering is still 
debated in the scientific literature (Rose, 
2002; Rose et al., 2014), as reviewed 
by Braithwaite and Ebbesson (2014). 
However, recent research (as reviewed 
by Braithwaite et al., 2013) shows that 
teleost fish have a capacity for mental 
awareness, as in studies on a limited 
number of teleost fish species relevant 
functional areas in the telencephalon 
have been found. These studies indi-
cate that it is possible that teleost fish 
perceive pain and fear when they are 
not stunned before killing or slaughter. 
Accordingly, to protect welfare of farmed 
fish at slaughter, fish should be rendered 
unconscious and insensible by stunning 
without causing any avoidable excite-
ment, pain or suffering prior to slaughter 
or killing. 

It is obvious that for protection of 
welfare of fish at harvest all steps in the 
process have to be considered. However, 
within the scope of this chapter we will 
only focus on stunning methods and killing 
used for farmed European eel (Anguilla 
Anguilla), Atlantic salmon (Salmo salar), 
rainbow trout (Oncorhynchus mykiss), 
turbot (Psetta maxima), sea bream 
(Sparus aurata), sea bass (Dicentrarchus 
labrax), tuna (Thunnus spp.) and common 
carp (Cyprinus carpio). 

9.2  ASSESSMENT OF 
STUNNING AND KILLING

We distinguish methods for stunning 
and stunning/killing. Both types of meth-
ods are presented in separate sections 
(9.3 and 9.4). These methods can be 
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categorized into electrical, physical, 
mechanical and chemical methods. 

It is important to note that in prac-
tice also methods are applied that boil 
down to killing of fish without stunning 
them first, e.g. asphyxia in an ice slurry. 
Information on these methods is pro-
vided in section 9.5.

For the methods presented in sections 
9.3, 9.4 and 9.5, information is provided 
on the following aspects:

●● neurophysiology and physiology;
●● their effective use;
●● monitoring points for effective 

application. 

Regarding methods used for depopu-
lation, information on these methods 
is scarce. As these methods are not 
intended for a regular harvest process, 
data are provided in a separate section, 
viz. 9.6.

In this section, methods for assess-
ment of stunning and stunning/killing 
are presented. These methods should 
be used to establish ideal conditions 
for stunning or stunning/killing of fish 
without causing avoidable stress.

9.2.1  Neurological, 
physiological and behavioural 

aspects

Published studies show that, in spite 
of the differences in the way stunning 
methods induce unconsciousness and 
insensibility, a fish can be judged to be 
unconscious, using electroencephalo-
gram (EEG) recordings. For each method, 
typical changes in the EEG, including 
evoked responses or potentials in the 
brain, are necessary for an unequivocal 
assessment of the level of brain function 

in fish to determine whether or not the fish 
are effectively stunned. Visually evoked 
responses (VERs) or potentials (VEPs) 
and somatosensory evoked responses 
(SERs) on the EEG have been used in sev-
eral fish species to determine the state of 
brain function following stunning. 

Changes in the electrocardiogram 
(ECG) are useful to determine whether 
cardiac fibrillation or changes in heart 
rate occurs. In the case of fibrillation, 
the circulation of blood in the body is 
affected, which interrupts the supply of 
oxygen to the brain. Changes in heart 
rate may occur in fish that are subjected 
to live chilling or gas stunning. When 
these changes are observed prior to loss 
of consciousness they can be signs of 
distress in fish. 

During and immediately after stunning, 
depending on the method and species 
involved, fish show typical behaviour pat-
terns and physical reflexes, which can 
help to monitor the effectiveness of stun-
ning under commercial conditions. Tonic 
and clonic cramps can be signs of an 
effective percussive stun. Immediately 
after an effective electrical or percussive 
stun, rhythmic breathing may be absent 
and the capacity of the fish to swim in 
a coordinated way is lost. In a stunned 
fish, the capacity to right itself is lost. 
When the application of live chilling with 
or without added CO2 results in attempts 
of still conscious fish to escape, this is 
indicative for stress in the fish.

Stunning of fish by live chilling or 
exposure to gas does not induce imme-
diate loss of consciousness. Analysis of 
the blood should be performed to deter-
mine whether the application of these 
methods is possible without causing 
avoidable stress in fish. Changes in levels 
of cortisol (a stress hormone), glucose, 
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lactate and free fatty acids in the blood 
can be used as indicators.

For field observations, registration of 
EEGs and ECGs is not possible. In this 
case observation of behaviour has to be 
used. Behavioural measures have to be 
interpreted with caution (Van de Vis et al., 
2014). Ineffective electrical stunning can 
be very painful and paralysis may occur 
without loss of consciousness. Also, as 
a result of exhaustion or low body tem-
perature due to chilling, a conscious fish 
may not be able to show spontaneous 
behaviour and responses.

The toolbox in Table 9.1 shows tests 
that can be used for field observa-
tions to obtain an indication of whether 
fish are effectively stunned. Observed 
responses presented in italics and 
underlined are considered the most 
reliable indicators for the presence or 
absence of consciousness and sensibil-
ity in fish. Furthermore, a 3-point scoring 
system is defined for each test, where 
0 represents no response, 1 an attenu-
ated or abnormal response or behaviour 
and 2 a normal and clear response or 
behaviour.

Given the caution regarding inter
pretation of observed responses, we 
recommend to perform all tests in Table 
9.1 and not limit the tests to one, for 
example the presence or absence of 
VORs.

9.2.2  Product quality

It is known that each step in the harvest 
of fish, for example Atlantic salmon, 
can influence product quality. One of 
the challenges is to minimize handling 
stress in all steps prior to stunning and 
slaughter, as they can have a profound 
effect on the quality of the product. The 

relationship between stunning and prod-
uct quality is described very briefly in 
sections 9.3, 9.4 and 9.5.

9.3  METHODS USED FOR 
STUNNING

9.3.1  Electrical stunning (Atlantic 
salmon, sea bass, rainbow trout 

and European eel)

Neurological and physiological aspects.  
Electrical stunning can be performed by 
placing electrodes on either side of the 
head, or on the head and body so that cur-
rent passes through the brains and heart. 
For fish, electrodes can also be placed in 
a water tank. An adequate voltage is nec-
essary to drive sufficient current through 
the brains of an animal. This stimulation 
of the brain should induce a generalized 
epileptiform activity, as judged from EEG 
recordings and is indicative of uncon-
sciousness and insensibility (Lambooij, 
2014). In general, the expected outcome 
is either stunning when the electrodes 
are on the head only or electrocution 
(i.e. stunning and killing) when placed 
on head and body or the whole body 
is exposed to an electrical current in 
the water. Electrocution induces death 
by cardiac arrest. However, up to now 
reported data for, for example Atlantic 
salmon, sea bass, European eel, turbot 
and common carp, show that these 
animals cannot be killed by the use of 
electricity, as the fibrillation of the heart 
is not permanent (Daskalova et al., 2016; 
Lambooij et al., 2002b; Lambooij et al., 
2010; Robb and Roth, 2003; Van de Vis 
et al., 2014). Hence, for fish, electrical 
stunning needs to be followed by a killing 
method.
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Table 9.1  �Toolbox to assess consciousness and sensibility and loss of consciousness and sensibility in fish in the field: 
described responses in bold are the most reliable ones. The tests are based on Kestin et al., (2002), Morzel et al., 
(2003) and EFSA (2009c)

Self-initiated behaviour Response to stimuli Clinical response

Name Equilibrium Swimming Tail pinch Needle scratch 6 V shock Breathing Vestibulo-
ocular response 
(commonly called 
eye roll)

Procedure Ability of the 
inverted fish 
to right itself 
in water. 
Observe this

Observe the fish 
undisturbed for
coordinated 
movements in 
water. Bumps 
against the wall 
of tank should 
be absent.
Observe 
behaviour

Catch the fish 
by the tail and 
administer tail 
pinch.
Observe 
response

Apply needle 
along the 
imaginary 
middle line of 
the fish in water 
or air. Observe 
response

Apply 6 V dc to the 
mouth in air. Observe 
response

Observe the fish 
undisturbed.
Breathing in 
water. Observe 
opercula for 
rhythmic 
movement

Vestibulo-ocular 
reflex (VOR) in 
air. Grasp the 
fish firmly. The 
movement of the 
eye is observed 
when the fish is 
rolled from side 
to side

Score
0 No attempts Absent No response No response No reaction No rhythmic 

opercular 
movements

Eyes fixed 
relative to the 
head

1 Sluggish 
or delayed 
attempts 

Sluggish 
movements

Sluggish 
attempts to 
escape

Muscular 
contraction felt 
under the hand 
or slow attempt 
to escape

Partial eye retraction 
into the sockets, 
slow head shake or 
escape attempt

Opercular 
movements 
either irregular, 
reduced, deeper 
or faster than 
normal 

Slow and delayed 
or one eye 
shows VOR 

2 Immediate 
response

Typical for the 
fish species 
concerned

Clear attempts 
to escape

Attempts to 
escape

Immediate and 
complete retraction 
of the eyes into the 
sockets, head shake 
or escape attempt

Regular 
opercular 
movements

Clear movements 
of the eyes
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Method.  In practice, the current is 
applied to the wholebody of fish. For 
welfare reasons, the application of elec-
tricity should result in immediate (i.e. 
within 1 second) loss of consciousness 
and insensibility. When a stun is not 
immediate, the application of electricity 
can be painful. 

There are two approaches of elec-
trical stunning applicable for use in 
practice. The fish species can be either 
stunned in water or after removal from 
the water. Stunning in water, which is 
used for sea bass (Lines and Spence, 
2014), European eel (Van de Vis et al., 
2013) and rainbow trout (Lines and 
Spence, 2014; EFSA, 2009b), involves 
exposing the fish to an electrical field 
created using two plate electrodes in a 
water tank or ring or plate electrodes 
in a pipe (Figure 9.2) through which 
water is pumped. For stunning after 
removing out of water, which is used 
for Atlantic salmon (EFSA, 2009c) and 

European eel (Van de Vis et al., 2013), 
the fish is placed in a device that con-
sists, for example, of a conveyer belt 
as negative electrode with steels flaps 
suspended (Figure 9.3). The rows of 
steel flaps are the positive electrodes. 
In principle, electrical stunning in water 
may be less stressful to a fish, as for 

Figure 9.2: Electrical stunning of fish in pipe 
(a) through which water is pumped to transport 
the fish through the pipe (b)

(a)

(b)
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electrical stunning after dewatering fish 
are exposed to air (Lambooij, 2014). 

Effective use.  It is known that the speci-
fications for effective electrical stunning 
are not only dependent on fish species 
(see Table 9.2), but also on the wave-
form of the electrical current and in the 
water the field strength, orientation of 
the fish in the electric field, density of the 
fish (kg/l) in the water and the conductiv-
ity of the water (Lines and Kestin, 2004). 
However, the relationship between 
anatomy and physiological condition of 
the fish and the field strength needed to 
pass sufficient current through the brains 
of the animal is not clear. 

For fish that enter an electrical stunner 
after dewatering, the orientation of each 

animal is relevant. To prevent the need 
to orient the fish, that is, it does not 
matter whether or not the fish enters 
head-first or tail-first, the stunner needs 

Figure 9.3: (a) Stunner used for electrical 
stunning of European eel after dewatering; (b) a 
stunned eel leaving the stunner 

(a)

(b)
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to be modified to ensure that the current 
is passed through the brains and not 
side-to-side through the tail. This can 
be achieved by using rows of negatively 
charged electrodes, which are suspen-
ded above the negatively charged con-
veyer belt. When the entire body of a fish 
is still under these negatively charged 
rows of suspended electrodes, no 
current is passed through the fish, as the 
conveyer belt is negatively charged too. 
Due to movement of the conveyer, the 
fish will be moved towards the first row 
of positively charged suspended electro-
des. As result, a connection between the 
positive and the previous negative rows 
of suspended electrodes will be establis-
hed. It should be noted that the current 
should pass through the tail of the fish 
towards the head and this distance is 
substantially longer than head-first stun-
ning in which the current is passed side-
to-side through the head of a fish. Due to 
this, longer distance and increase of the 
voltage by 20–40%, compared to head-
first stunning is required. Further rese-
arch is needed to establish immediate 

effectiveness for tail-first stunning in a 
commercial setting (Daskalova et al., 
2016). 

For both electrical stunning in water 
and after dewatering, the exposure 
time should be long enough to prolong 
the duration of unconsciousness and 
insensibility, which is needed to prevent 
recovery during the application of a 
killing method. A 1-second exposure to 
an electrical current is not sufficient, as 
most fish recover after 20–40 seconds 
from the electrical stun. Depending on 
the species, an exposure time of 5–20 
seconds is needed to prolong the period 
of loss of consciousness and sensi-
bility (Lines and Kestin, 2005), which 
is needed to prevent recovery during 
killing. After an exposure of 20 seconds 
to the electricity, European eels can be 
killed without recovery by immersion of 
the animals in a mixture of ice water and 
salt (ratio 0.08 kg NaCl/l ice water) for 
15 minutes. The time interval post-stun-
ning and immersion should not exceed 
60 seconds for the eels (Van de Vis et 
al., 2013). 

Table 9.2  �Conditionsa to achieve an immediate stun by applying electricity in the 
water and after dewatering

Species Head-onlyb

50 Hz sinusoidal
Water bath
50 Hz sinusoidal

Stunning after 
dewateringd

European eel 600 mA 0.64 A/dm2 1300 mA
Rainbow trout 500 mA
Common carp 0.14 A/dm2

Atlantic salmon 670 mA
Turbotc 3.2 A/dm2 1270/2390e

Sea bassc 3.4 A/dm2 

a: More detailed information is presented in the papers included in the list of references; b: For head-
only stunning, a pair of tongs was used to place the electrodes on the head of the fish; c: For stunning 
of turbot and sea bass, bipolar square waveform of 133 Hz, 43% duty cycle was used; d: For stunning, 
a direct current coupled with a 100 Hz alternating current at a voltage of 129 Vrms for eel and 108 Vrms for 
Atlantic salmon was used; e: For effective head-first and tail-first stunning of turbot, currents of 1270 and 
2390 mArms should be passed through an individual fish, respectively.
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Exposing the Atlantic salmon for 5 
seconds to electricity, as specified in 
Table 9.2, followed by a gill cut (EFSA, 
2009c) resulted in one out of three fish 
recovering temporarily after 3 minutes 
(Lambooij et al., 2010). This shows that 
gill cutting does not bleed the fish effec-
tively and, therefore, an alternative killing 
method needs to be developed to prevent 
recovery of the stunned fish. Common 
carp, sea bass, rainbow trout and turbot 
(Table 9.2) can be killed after electrical 
stunning by immersion in a slurry of ice 
and water without recovery (Daskalova 
et al., 2016; EFSA, 2009b,d,e; Lines and 
Spence, 2014; Van de Vis et al., 2013). 

It is well known that chilling in ice 
water alters the homeostatic balance in 
fish. The issue is whether this alteration 
is of sufficient magnitude for stunned 
fish that are acclimatized to a water 
temperature of, for example, 8°C, which 
may occur in a temperate zone, as killing 
of stunned fish has only been studied 
by registration of EEG in fish that were 
acclimatized to temperatures of at least 
13°C.

Poor welfare at stunning can be due 
to a voltage or field strength in the 
water that is too low to pass sufficient 
current through the brains of a fish or the 
waveform of the electrical current being 
incorrect. Other causes may be that a 
stunner is overloaded with fish resul-
ting in a collapse of the power source 
that supplies the electricity for stunning. 
For both electrical stunning in water or 
after dewatering, exposure of fish to pre-
shocks should be prevented. Another 
potential risk factor during head-only 
electrical stunning using dry electrodes, 
is that fish entering tail first will experi-
ence pain before the fish is rendered 
unconscious by the current.

There is some risk of poor welfare 
when applying electrical stunning in 
water (batch) systems and after dewa-
tering, mainly due to mis-stuns which 
may result from the varying resistance 
between animals in the stunner. 

Electrical stunning after dewatering 
may lead to skin burns, as the electrodes 
touch the skin of fish. Passing an electrical 
current through the skin may result in the 
production of heat. This is a hazard when 
an electrical stun does not result in imme-
diate loss of consciousness and sensibil-
ity. In case of an effective stun, it is an 
economical hazard for a slaughterhouse. 
Spraying eels with fresh water during 
stunning could prevent the occurrence 
of skin burns (Van de Vis et al., 2013). For 
other species such as Atlantic salmon 
and African catfish this problem was not 
observed. Sound data on the overall inci-
dence of skin burns in fish are lacking.

Monitoring points.  For effective electri-
cal stunning, it is essential that the con-
ditions for an immediate stun are used. 
Exposure of fish to pre-shocks has to be 
avoided. These conditions are based on 
EEG and ECG recordings in combination 
with behavioural observations in a labo-
ratory setting. To control electrical stun-
ning in practice, the applied voltage (in 
water, the field strength), the strength of 
current and its waveform, and duration of 
exposure of fish to the electricity need to 
be monitored, as well as the time interval 
between fish leaving the stunner and the 
application of an effective killing method. 
It appears that gill-cutting after electrical 
stunning can lead to recovery in Atlantic 
salmon (Lambooij et al., 2010). Hence, an 
alternative method for killing the stunned 
fish should be developed. It is known for 
African catfish that decapitation prevents 
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recovery from electrical stunning. It is 
essential that a sharp knife is used to cut 
all vessels.

For monitoring of electrical stunning 
followed by killing in practice, the animal-
based indicators of unconsciousness and 
insensibility presented in the toolbox in 
Table 9.1 should be used. 

It should be noted that there is always 
some uncertainty in the effectiveness 
of stunning due to extrapolation from 
experiments in the laboratory to imple-
mentation in a commercial setting, and 
to varying electrical resistances between 
fish. Attempts to electrocute the fish are 
not recommended, since data that show 
the fish can be killed by electricity are not 
available.

Electrical stunning with low frequency 
currents can cause spinal injuries and 
hematomas within the fillet, which can 
be reduced by using higher frequencies 
of 500 to 1000 Hz (Roth et al., 2004). An 
alternative waveform for an electrical 
current, which results in a very low inci-
dence of injuries in Atlantic salmon, con-
sists of a coupled direct and alternating 
electrical current (not fully sinusoidal with 
a frequency of 100 Hz) for stunning after 
dewatering (Roth et al., 2009). Longer 
exposure times (> 10 s) to electricity will 
eventually stimulate anaerobe glycolysis 
to such a degree that early onset of rigor 
mortis is observed in Atlantic salmon. 
Thus, for pre-rigor filleting of Atlantic 
salmon it is important to keep the electri-
cal stimulation at a certain minimum. 

9.3.2 Physical stunning

9.3.2.1  Live chilling (Atlantic 
salmon) 

Neurological and physiological aspects. 
In general, rapid live chilling can reduce 

body temperatures to the lower limit of 
an organism’s thermal range, which can 
result in severe sublethal disturbances 
and mortality. Rapid chilling can induce 
loss of consciousness and sensibility, 
as observed in European eel that was 
exposed to a slurry of ice and water 
(see section 9.5). However, ECG record-
ings showed that for European eel this 
method is stressful (Lambooij et al., 
2002a). For assessment of live chilling 
we recommend to use EEG and ECG 
recordings in fish in combination with 
behaviour observations and plasma anal-
ysis of cortisol, glucose, lactate and free 
fatty acids. 

For Atlantic salmon, however, live 
chilling is used to calm the salmon down 
in behaviour prior to stunning (EFSA, 
2009c). Subsequently, the conscious fish 
(EFSA, 2009c) are stunned and killed. A 
decrease in temperature from 16 to 4°C 
over 1 hour and 16 to 0°C over 5 hours 
did not result in a significant increase in 
plasma cortisol levels in Atlantic salmon 
(Foss et al., 2012). 

Method.  Live chilling of Atlantic salmon 
has been developed to achieve product 
quality control, efficiency and proces-
sor safety. For Atlantic salmon, cooling 
the fish is aimed to postpone the onset 
of rigor mortis and preserve the quality 
of this species. Live chilling of Atlantic 
salmon is performed in refrigerated sea-
water (RSW) tanks. The water is re-used 
and oxygen is supplemented to ensure 
sufficient levels (DO > 70%).

Effective use.  Atlantic salmon seem to 
tolerate relatively steep temperature 
drops without compromising welfare 
(Foss et al., 2012). However, the most 
severe salmon temperature change (16 
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to 0 °C over 1 h) resulted in the death 
of fish (Foss et al., 2012). Deterioration 
of quality of the re-used water should be 
prevented.

Monitoring points.  A study by Foss et al. 
(2012) suggested that Atlantic salmon are 
capable of coping with controlled chan-
ges in temperature of the water. A tem-
perature drop from 16 to 4°C over 1 hour 
or from 16 to 0°C over 5 hours does not 
seem to affect the welfare of the fish in 
the short term (Foss et al., 2012). Hence, 
temperature, time and behaviour of the 
fish during and after the drop in tempera-
ture are monitoring points. As live chilling 
does not render Atlantic salmon uncons-
cious and insensible, the fish should 
show normal or sluggish swimming 
behaviour with complete equilibrium. 
Excessive struggling (tail flaps) should be 
absent. The salmon should show clearly 
evident and regular respiration.

In practice, a gradual accumulation 
of waste products and carbon dioxide, 
which is excreted by the fish, can occur 
as large numbers of fish pass through 
the RSW tanks during the day. This 
deterioration of water quality causes 
severe stress in Atlantic salmon (EFSA, 
2009c). The quality of the water that is 
re-used should be monitored, so that 
corrective actions can be taken in case it 
deteriorates. 

9.3.2.2  Live chilling with carbon 
dioxide (Atlantic salmon)

Neurological and physiological aspects. 
Exposure of Atlantic salmon to live 
chilling with carbon dioxide, which is a 
recently developed method, has not been 
assessed by registration of EEGs and 
ECGs. Behavioural observations showed 
that exposure is aversive to these fish. It 

is likely that consciousness was not lost 
(Erikson, 2011).

Method.  When the method is applied 
to farmed Atlantic salmon, the fish are 
exposed to cold water (temperature range 
-0.5 to 3 °C) containing low and moder-
ate levels (65-257 mg/l) of added carbon 
dioxide and 70-100% saturation of added 
oxygen levels (Erikson et al., 2006). The 
water is re-used. Subsequently, the fish 
are killed by gill-cutting and bled in chilled 
seawater. An evaluation of live chilling 
with carbon dioxide showed that the use 
of carbon dioxide in combination with 
live chilling was found to be stressful 
(Erikson, 2011).

Live chilling of fish has been reported 
to produce contradictory results. Live 
chilled fish had an early onset and resolu-
tion of rigor mortis, as compared to per-
cussive or electrically-stunned salmon 
observed by Roth et al. (2002; 2004), 
while Erikson et al. (2006) reported no 
difference for live chilling with moderate 
concentrations (37–80 mg/l) of carbon 
dioxide in the seawater and percussive 
stunning. The reason seems to lie in dif-
ferent live chilling practices, whereas 
oxygen supplement to refrigerated 
seawater prevents the fish undergo-
ing hypoxia. Delaying the onset of rigor 
mortis facilitates pre-rigor filleting. Pre-
rigor filleting is preferred, as the gaping 
score in the fillets is significantly lower, 
compared to post-rigor filleting.

Effective use.  Atlantic salmon appear 
to find the method aversive; it is recom-
mended not to use it.

Monitoring.  The quality of the water 
that is re-used should be monitored, so 
that corrective actions can be taken in 
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case it deteriorates. Temperature of and 
oxgyen level in the water, and duration 
of the exposure and behaviour of the fish 
are monitoring points. Excessive strug-
gling (tail flaps), which is a sign of stress, 
should be absent. The fish should show 
clearly evident and regular respiration.

Erikson et al. (2006) also compared 
percussive stunning and live chilling with 
37–80 mg/l carbon dioxide in refriger-
ated seawater with respect to colour of 
the fillet and textural properties. No sig-
nificant differences were observed for 
these product quality parameters.

9.3.3  Chemical stunning

9.3.3.1  Clove oil and Aqui-S™ 
Neurophysiological and physiological 
aspects.  EEG recording revealed that 
Aqui-STM renders fish unconscious, as 
judged from the appearance of theta 
and delta waves on the EEG. Post-stun 
behavioural observation of the stunned 
fish in a tank showed that recovery may 
not occur (Erikson et al., 2012). 

Method.  The main components in clove 
oil are eugenol (4-allyl-2-methoxyphenol) 
and isoeugenol (4-propenyl-2-methoxy-
phenol), which comprise 90–95% of 
clove oil by weight. Clove oil has been 
used in fish at concentrations of 25–100 
mg/L in the water, depending on species 
and degree of anaesthesia needed. The 
positive features reported for clove oil 
as anaesthetic led to the development 
of a new anaesthetic in New Zealand, 
called Aqui-STM. Isoeugenol (4-propenyl-
2-methoxyphenol) is the active com-
pound in Aqui-STM. 

Effective use.  In the European Union 
and Norway it is not allowed for 

stunning/slaughtering of fish. Barriers 
to its use in the EU include the cost of 
overcoming the legislative requirements 
for introducing isoeugenol as anesthetic 
for food fish (Van de Vis et al., 2014). 
Recommendations for its effective use, 
are therefore, not presented.

Monitoring points.  When the use of 
Aqui-STM is allowed, temperature, time 
and behaviour of the fish during expo-
sure are monitoring points. In case of 
water being re-used, the water quality 
should be monitored to avoid deteriora-
tion. Exposure of fish to Aqui-STM should 
not lead to excessive struggling (tail 
flaps). Instead, gradual loss of equilib-
rium, sporadic swimming movements 
and weak or occasional opercular move-
ment should occur, finally leading to loss 
of equilibrium, ability to swim, cessation 
of opercular movement and absence of 
responses to administered stimuli (Table 
9.1).

9.4  METHODS USED FOR 
STUNNING/KILLING

9.4.1  Mechanical methods

9.4.1.1  Percussion (Atlantic salmon 
and common carp)

Neurological and physiological aspects. 
Non-penetrative percussion is a trau-
matically-induced derangement of the 
nervous system, which results in an 
immediate diminution or loss of con-
sciousness and sensibility (EFSA, 2004). 
Rapid oscillations of brain due to pres-
sure waves created by the impact of the 
bolt have been suggested as the impor-
tant factor, and not the pressure as such 
developed by these waves (Nilsson and 
Nordström, 1977). The appearance of 
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theta, delta waves and spikes, followed 
by an iso-electric EEG in fish indicate 
unconsciousness and insensibility with-
out recovery (Lambooij et al., 2007). 
It has been reported that percussed 
Atlantic salmon die of cerebral haemor-
rhage (Lambooij et al., 2010).

Method.  Percussive stunning is the 
application of a blow to the head manu-
ally or by using a device. At commercial 
slaughterhouses for salmon, an auto-
matic device is commonly used to apply 
a blow to the head. Prior to its application 
the fish are removed from the water. The 
main hazard for automated percussive 
stunning is variation in the size of fish 
within the population, causing a mis-
stun in some fish. Machines for stunning 
and killing salmon should not be used 
if fish may be injured, but not stunned 
immediately because of their size or 
orientation in the machine. For percus-
sive machines, size adjustment of the 
machines should be performed by skilled 
personnel, as this is crucial for stunning 
efficiency. For carp, the current stunning 
method for preparation for consumption 
consists of a blow or repeated blows on 
the head with a heavy wooden baton 
known as a priest (Lambooij et al., 2007). 
Under field conditions, carp are exposed 
to air for 30 minutes before the appli-
cation of the blow to the head by hand 
(EFSA, 2009d; Van de Vis et al., 2006). 
It should be noted that air exposure for 
30 minutes is stressful for carp, as the 
animal is lying on its side in a dry tank 
possibly covered by conspecifics that are 
also attempting to escape asphyxia. A 
blow to the head is painful when the stun 
is not achieved immediately. Percussive 
stunning should, therefore, result in an 
immediate stun (within 1 second) and 

recovery prior to death should not occur. 
Percussion cannot be applied with all 
species. For European eel it was found 
not to be effective.

Effective use.  The method is suitable for 
immediate stunning without recovery in 
Atlantic salmon (Lambooij et al., 2010). 
A study revealed that brain function 
ceased 0.3 minutes after application of 
the blow (Robb et al., 2000). The stun-
ning efficiency is related to applied force 
and adjustment to size of the fish (Roth 
et al., 2007a). EEG recordings showed 
that at an air pressure higher than 8.1 
bar to drive the bolt, consciousness 
and sensibility are lost immediately in 
Atlantic salmon without recovery, under 
conditions used. However, at an air pres-
sure higher than 8.1 bar, carcass damage 
occurred (Lambooij et al., 2010).

Monitoring points.  It is essential that 
the blow is delivered correctly to ensure 
that consciousness and sensibility are 
lost immediately. Convulsions of the 
muscles indicate an effective stun. 
Percussive systems should have a 
separate air supply or alternatively have 
security valves to block the system if 
the pressure is reduced below a certain 
threshold. Especially for Atlantic salmon, 
asphyxia caused by exposure to air that 
takes too long should be avoided.

Regarding product quality of Atlantic 
salmon, it was reported that carcass 
damage may occur, as described 
previously.

9.4.1.2  Spiking/coring (iki jime) and 
shooting of tuna

Neurophysiological and physiological 
aspects.  For experimental stunning and 
killing of Atlantic salmon the method 
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used for coring of tuna was adapted 
(Robb et al., 2000). For this purpose a 
hollow bolt was constructed and inves-
tigation by EEG recordings showed that 
consciousness was not lost immediately 
(Robb et al., 2000). 

Spiking/coring under water and shoot-
ing from the surface are both stressful, 
as the fish have to be crowded to the 
surface (EFSA, 2009a). Hosting or gaffing, 
which are performed prior to spiking or 
coring on board, impairs welfare of tuna 
severely (EFSA, 2009a). Both lupura and 
shooting tuna outside the water have not 
been assessed by registration of EEGs. 
For smaller tuna, spiking or coring the 
brain is used, as described above.

Method.  Iki jime is a traditional 
Japanese technique used to kill tuna 
by brain ablation (EFSA, 2009a). For 
this killing method, the fish needs 
to be well restrained to achieve an 
accurate application. Spiking/coring is 
performed under water and on board. 
For spiking/coring under water, the 
fish are crowded close to the surface 
of the water (EFSA, 2009a). Fish that 
are spiked/cored in the water are bled 
there or on board. When the spiking or 
coring is performed on board, the fish 
are gaffed or hoisted and bled after the 
application of the method. 

Spiking or coring is similar to pen-
etrating captive bolt stunning of farm 
animals. For an effective application 
of this method, the spike or core is 
rapidly inserted into the brain via the 
pineal window. Subsequently, pithing is 
undertaken immediately after coring or 
spiking. For pithing, a wire is inserted 
into the hole in the skull, resulting from 
coring, and pushed into the spinal cord to 
destroy both brain and spinal cord (EFSA, 

2009a). The abolition of VERs is indica-
tive of the loss of consciousness and 
sensibility (Robb et al., 2000).

Two other methods evaluated for 
killing farmed tuna are (EFSA, 2009a): 
1) shooting underwater to the head by 
using a power-head (lupara) that resem-
bles a short gun barrel with a single-
shot cartridge inside; 2) an alternative to 
lupura is shooting tuna from the surface 
of the water. For the latter method, the 
fish are brought to the surface rapidly 
and marksmen standing on the service 
boat or a platform next to the slaughter 
cage, shoot the fish on the head using 
a shotgun loaded with single-bullet car-
tridges. These two methods are used for 
tuna weighing more than 80 kg.

Effective use.  Based on the risk assess-
ment performed by EFSA (2009a), under-
water shooting (lupara) is preferred, 
compared with shooting the fish from 
the surface. Applying gaffing or hoisting 
to bring tuna on board results in severely 
impaired welfare. For small tuna, EFSA 
(2009c) recommends performing spiking 
or coring while the fish are in shallow 
water, compared with the application on 
board.

However, whether or not conscious-
ness and sensibility are lost immedi-
ately as a result of spiking/coring or the 
use of lupara has not been validated 
by registration of EEGs in these fish 
species.

Monitoring points.  To assess whether 
lupara, and spiking/coring result in an 
effective stun in practice, it is recom-
mended (EFSA, 2009a) to monitor the 
fish for loss of body movement and 
absence of reaction during handling. For 
spiking/coring is it crucial that the core 
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or spike is inserted into the brain via the 
pineal window. To control stunning/kill-
ing of tuna in practice, EFSA (2009a) rec-
ommends setting up standard operation 
procedures which include valid, robust 
and feasible indicators to evaluate har-
vest of tuna in practice.

When lupara is used, a backup diver 
is required in case a second shot is 
needed.

9.5  KILLING METHODS 
WITHOUT STUNNING

9.5.1  Asphyxia in ice/a slurry 
of ice and water (sea bass, sea 

bream, turbot, European eel and 
trout) or air

Neurophysiological and physiological 
aspects.  Indices for the induction of 
unconsciousness and insensibility are 
the appearance of theta and delta waves 
and no response on pain stimuli on the 
EEG (Lambooij et al., 2002a). Abolition of 
VERs in the EEG recordings can also be 
used as an indicator for loss of conscious-
ness and sensibility in fish. Changes in 
heart rate, as recorded on ECGs, can be 
signs of stress.

Chilling on ice or in air results in hypoxia 
in fish. Some fish species, however, are 
tolerant of hypoxia/anoxia. When fish are 
exposed to hypoxic or anoxic conditions, 
they will depend on anaerobic metabo-
lism and have potential acid-base con-
sequences. A sharp decrease in blood 
and tissue pH is a major limiting factor 
in hypoxic tolerance. In general, fish are 
not well-adapted to metabolic acidosis 
because of the relatively poor buffering 
capacity of their blood (Jackson, 2004). 
Crucian carp (Carassius carassius) is 
exceptional, as it can survive long periods 

of anoxia. This species is able to cope 
with the acid-base consequences of 
anaerobiosis. The fish is able to produce 
ethanol and CO2 as major anaerobic end 
products (Shoubridge and Hochachka, 
1980). Ethanol diffuses across the gills 
too.

In case of exposure to air, the gills col-
lapse into a mass of tissue when the fish 
is out of the water. This collapse hinders 
breathing. However, it is known that, 
in general, fish do not die within 20–30 
seconds after air exposure, as a variety 
of strategies, depending on the species, 
can occur in fish to cope with hypoxia 
and anoxia. A common strategy is hypo-
metabolism (Jackson, 2004). 

Sea bream and sea bass are commonly 
killed by removing them from water and 
leaving them to die in a slurry of ice and 
seawater (EFSA, 2009f). In most cases, 
violent attempts to escape are made and 
maximal stress responses are initiated 
(Robb and Kestin, 2002). When sponta-
neous movement has ceased the fish are 
processed. 

EEG recordings in sea bream fish that 
were exposed to chilling on ice show 
that it may take 5 minutes before visu-
ally evoked responses in the brain (VERs) 
are abolished (Van de Vis et al., 2003). 
When the fish are left to die in air, the 
time taken to abolish VERs in sea bream 
is longer (Van de Vis et al., 2003). Sea 
bream removed from water at 23oC and 
let die by asphyxia in air, which is no 
longer performed in practice in Europe, 
showed an average time to loss of VERs 
of 5.5 minutes (van de Vis et al., 2003). 

The time needed to kill sea bass by 
asphyxia in ice water varied between 20 
minutes (Poli et al., 2004) and 34 minutes 
(Acerete et al., 2009).

Assessment of chilling of turbot 
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revealed a stress response during early 
immersion in a slurry of ice and seawa-
ter. Even an exposure of 75 minutes to 
the slurry may not induce unconscious-
ness in turbot, however, brain activity 
does decrease to a lower level (Lambooij 
et al., 2015).

Four stages could be distinguished 
for European eels that were exposed 
to chilling in a slurry of ice and water. 
In the first stage, the eels swim nor-
mally. During the second stage, they 
attempt to escape from the ice water. 
In the third stage, the eels press their 
nose to the wall or corner of the tank 
(Lambooij et al., 2002a) while showing 
clonic muscle contractions. In the fourth 
stage, they lay down on their abdominal 
side on the bottom of the box and do 
not have their characteristic resting posi-
tion (S-shape), but continue to breathe. 
Unconsciousness was induced in most 
eels at a body temperature of on average 
8°C after 12 minutes in the slurry of ice 
and water. The heart rate decreased and 
became irregular during live chilling of 
eel (Lambooij et al.,2002a).

For rainbow trout it takes 9.6 minutes 
before VERs are lost due to asphyxi-
ation in ice (Robb and Kestin, 2002). 
In the view of EFSA (2009b) exposure 
to asphyxia in ice or ice water pre-
sents a welfare hazard for conscious 
trout.

Method.  Chilling in ice or a slurry of ice 
and seawater boils down to a transfer of 
sea bass and sea bream from the seawa-
ter in cage or tank to ice flakes or ice 
water slurry (in ratio ranging from 1:2 to 
3:1; (EFSA, 2009f), respectively. Chilling 
in a slurry of ice and seawater is most 
commonly used for sea bass and sea 
bream (EFSA, 2009f). The temperature 

of the slurry fluctuates from 0 to 2°C. 
In case of asphyxia in air, sea bass and 
sea bream are removed from the water 
and placed in free draining bins or boxes 
(EFSA, 2009f).

Turbot are transferred from the holding 
tanks to containers with a mixture of ice 
and seawater (0 to 4°C) at densities of 
approximately 300 kg/m3. The fish are 
kept in these containers for a minimum 
of 30 minutes (EFSA, 2009g).

In an experimental method, European 
eels were moved from the holding tank 
to a slurry of ice and fresh water. The 
exposure lasted until a body tempera-
ture of 5°C was obtained (EFSA, 2009h; 
Lambooij et al., 2002a). For rainbow trout 
the method is similar: the fish are trans-
ferred into a slurry of ice and fresh water 
(EFSA, 2009b).

Effective use.  These methods are 
very stressful for sea bass, sea bream, 
turbot, European eel and rainbow trout. 
Because unconsciousness and insensi-
bility are not induced immediately and all 
the fish species appear to find asphyxia 
in air, ice or a slurry of ice and (sea)water 
aversive, these methods should not be 
used.

Monitoring points.  In practice, all these 
fish species should be monitored for ces-
sation of breathing, loss of body move-
ment and absence of reaction during 
handling.

9.5.2  Carbon dioxide 
(Atlantic salmon)

Neurophysiological and physiological 
aspects.  Exposure of Atlantic salmon 
to seawater saturated with carbon diox-
ide was widely used in Norway to stun 
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Atlantic salmon prior to killing by exsan-
guination. EEG recordings show that it 
took on average 6 minutes before VERs 
were abolished in Atlantic salmon (Robb 
et al., 2000). Due to slow induction of 
unconsciousness and insensibility com-
bined with vigorous escape attempts by 
fish during the induction period (Robb et 
al., 2000), the use of carbon dioxide has 
been prohibited in Norway (Anonymous, 
2006).

Method.  Briefly, in a commercial set-
ting, carbon dioxide is bubbled into a 
tank filled with seawater until pH levels 
of about 5.5–6.0 are obtained. This cor-
responds to CO2 levels of 200–450 mgl-1. 
Fish are transferred to the water and 
after an exposure of 2-4 minutes the 
struggling stops. Subsequently, the fish 
are removed and bled. More information 
about this method, which is not allowed 
in Norway, can be found in a report by 
EFSA (2009c).

Effective use.  Exposure of Atlantic 
salmon to seawater saturated with 
carbon dioxide is highly stressful for this 
species and, therefore, no information 
on its effective use is provided.

Monitoring points.  The use of this 
method is highly stressful for Atlantic 
salmon and, therefore, it is not pos-
sible to provide monitoring points to 
control this process with respect to 
welfare.

9.5.3  Salt bath or ammonia to 
de-slime live European eels 

Neurophysiological and physiological 
aspects.  Eels make extremely vigorous 
attempts to escape from salt (Van de Vis 

et al., 2003) or ammonia (Kuhlmann and 
Münkner, 1996). 

When exposed to a salt bath, it may 
take longer than 10 minutes, based on 
the time to abolition of VERs, to induce 
unconsciousness (Van de Vis et al., 
2001). The process of de-sliming causes 
an osmotic shock in eels that kills them. 
However, it is possible that the de-slimed 
eels are eviscerated while still conscious 
(Verheijen and Flight, 1997).

Method.  Live eels are placed in a dry 
tank and sodium chloride (NaCl) or a com-
bination of NaCl and aqueous sodium 
carbonate (Na2CO3) is added to the eels. 
This results in denaturation of the mucus 
proteins and clotting, damage to the 
upper layer of skin and opaque eyes.

A 25% ammonia solution, which is an 
alternative to de-slime live eels, is added 
at the ratio of 100 kg dry eels/100 ml 
ammonia solution. The ammonia solu-
tion causes denaturation of the mucus 
proteins, which results in loosening of 
the mucus layer on the skin and the eyes 
become opaque or white (Kuhlmann and 
Münkner, 1996). 

Exposing conscious eels to ammonia 
or a salt bath is considered bad practice in 
Germany and has been prohibited since 
1999 (Anonymous, 1997). It is probable 
that in 2017 the use of a salt bath will be 
prohibited in the Netherlands to de-slime 
eels while they are still conscious.

Effective use.  A salt bath or the use of 
aqueous ammonia is highly stressful for 
eels and, therefore, no information on its 
effective use is provided.

Monitoring points.  Given the fact that 
the exposure of eels to a salt bath or 
ammonia is highly stressful, it is not 
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possible to provide monitoring points 
to control this process with respect to 
welfare.

9.5.4  Decapitation (European eel)

Neurophysiological and physiological 
aspects.  Decapitation causes death 
through loss of blood. As judged from 
recorded EEGs, it may take more than 13 
minutes before VERs are abolished after 
decapitation (Van de Vis et al., 2003).

Method  The head is separated from the 
body by a sharp cut resulting in bleeding. 
Some recoil in the arteries may impede 
blood flow. 

Effective use.  Decapitation of a con-
scious eel is highly stressful and, there-
fore, no information on its effective use 
is provided. We recommend applying 
an effective stunning method prior to 
decapitation.

Monitoring points.  The method is objec-
tionable on welfare grounds and, there-
fore, monitoring points are not provided.

9.5.5  Exsanguination (turbot)

Neurophysiological and physiological 
aspects.  Exsanguination followed by 
asphyxia in a slurry of ice and water 
has not been assessed by registration 
of EEGs. Exsanguinated turbot placed 
in a slurry of ice and seawater showed 
escape behaviour and other responses 
to physical handling. One hour post 
exsanguination the muscle pH dropped 
from 7.2 to 6.8–6.9, which is indicative 
for physical activity (Roth et al., 2007b). 
Morzel et al. (2002) showed that behav-
ioural responses in turbot were lost 

within 15–30 minutes after bleeding in an 
ice slurry. EFSA (2009a) concluded that 
exsanguination combined with asphyxia 
in an ice slurry constitutes a considerable 
welfare risk.

Method.  In practice, turbot are exsan-
guinated without stunning them first. 
The fish are bled straight after netting 
and transferred into a slurry of ice and 
water. Exsanguination is performed to 
remove the blood and to improve the 
visual quality of the flesh (Roth et al., 
2007a) as well as killing the animal prior 
to further processing such as eviscera-
tion and filleting.

Effective use.  Exsanguination in combi-
nation with chilling is highly stressful for 
turbot and, therefore, no information on 
its effective use is provided. It is recom-
mended to apply an effective stunning 
method first.

Monitoring points.  Monitoring points are 
not provided, as exsanguination prior to 
stunning is not recommended.

9.6  METHODS USED FOR 
DEPOPULATION (ALL 

SPECIES)

Please be aware that information on 
methods used for depopulation is scarce. 
To the best of our knowledge, data pub-
lished in peer-reviewed publications on 
assessment, descriptions of effective 
use of these methods, and monitoring 
points for effective application are not 
available.

During production of fish, circum-
stances can occur that require slaugh-
ter for legal, health or welfare reasons. 
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These circumstances include: the 
detection of a notifiable disease by the 
competent authority; irreparable failure 
of a life-supporting production system 
where welfare compromise might be 
inevitable; in the event of a serious and 
untreatable disease or parasite infection 
(FAWC, 2014). EFSA (2009d) stated that, 
at present, there is insufficient knowl-
edge of parameters for the sound use 
of anaesthetics for humane emergency 
killing. In the view of EFSA (2009e), 
asphyxia, hypoxia or chilling on ice are 
not acceptable methods of killing farmed 
fish. Obviously, studies are needed to 
establish conditions for methods that 
can be used for emergency killing.
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chapter ten

Slaughter without stunning

Antoni Dalmau1 and Haluk Anil2

Learning objectives

●● To understand the physiological aspects of slaughter without stunning.
●● To become familiar with the different restraining systems in cattle and small 

ruminants and their main risk factors. 
●● To learn about the best practices during restraining and neck cutting. 
●● To learn the signs of unconsciousness and death. 
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10.1  INTRODUCTION

Slaughter without stunning for human 
food is widely practised on religious 
grounds around the world. These reli-
gious rites can be, for instance, the 
shechita, halal and jhatka methods 
practised by Jews, Muslims and Sikhs, 

respectively. The first two methods 
involve severing all the major blood ves-
sels in the neck, whereas, the jhatka 
method involves decapitation of animals. 
Shechita and halal methods are used 
on a wide scale throughout the world 
but jhatka is restricted to South Asia 
only, so it will be not considered here. It 

1  IRTA. Animal Welfare Subprogram, Veïnat de Sies, s/n, 17121 Monells, Spain
2  School of Veterinary Science, University of Bristol, Langford BS40 5DU, United Kingdom
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should be noted that some local religious 
authorities accept a pre-slaughter stun-
ning method, provided it does not kill the 
animals based on their interpretations of 
the religious requirements (Velarde et 
al., 2014). These cases, including post-
cut stunning, are not treated in the pre-
sent chapter. Bovine, small ruminants 
and poultry are the main species of farm 
animals subjected to slaughter without 
stunning and, in consequence, the ones 
treated in this chapter. 

Slaughter without stunning does not 
induce immediate loss of consciousness 
in animals (EFSA, 2013a,b,c). During 
the time until consciousness is finally 
lost, animals can be subjected to pain 
and distress. As stated by Gibson et al. 
(2015), any delay between the neck-cut 
and onset of unconsciousness could 
result in pain and suffering associated 
with restraint, tissue damage caused by 
the cut and stimulation of nociceptors 
in the wound, and distress associated 
with aspiration of blood in the respiratory 
tract. The time to loss of consciousness 
and onset of death varies among species 
and even between individuals within a 
species due to factors that can interfere, 
such as quality of the knife, effective-
ness of the cut (depriving the brain of 
oxygenated blood supply), position of the 
animal, flow of the blood, and so on. 

10.2  PHYSIOLOGICAL 
ASPECTS OF SLAUGHTER 

WITHOUT STUNNING

Slaughter without stunning does not 
induce immediate loss of conscious-
ness. Weight of blood is about 8% of live 
weight of an animal, about 18% of total 
cardiac output flows through the brain at 

any one time (EFSA, 2004) and, normally, 
about 50% of total blood is removed by 
exsanguination. In mammals, conscious-
ness is lost if 30–40 % of the total blood 
volume is lost or if blood pressure drops 
to below 35 to 50 mmHg (Gregory, 
2005). Brain responsiveness measured 
by means of evoked responses is gradu-
ally reduced and diminished after slaugh-
ter without stunning. In fact, animals are 
gradually rendered unconscious as brain 
perfusion becomes insufficient to sustain 
normal function. Anil et al. (2006) found 
that 25% of total blood volume in cattle 
is lost after 17 seconds, although the 
process is much quicker in sheep (Anil et 
al., 2004). According to Levinger (1995), 
in sheep this time could be reduced to 
5 to 6 seconds, although normal ranges 
vary from 2 to 20 seconds (von Holleben 
et al., 2010). According to Barnett et al., 
(2007), broiler chickens lose about 40% 
of their total blood volume within 30 sec-
onds after neck cutting. It is suggested 
that on average they lost consciousness 
between 12 and 15 seconds after the 
cut, although the same author (Barnett 
et al., 2007) described a case lasting 
more than 25 seconds to the onset of 
unconsciousness. There are no specific 
studies in turkeys, but according to EFSA 
(2013c), turkeys are more resilient to 
brain ischaemia and therefore times to 
onset of unconsciousness and death are 
expected to be significantly longer when 
compared with chickens.

Prolonged time to onset of uncon-
sciousness in cattle, in comparison to 
other mammals or poultry, is explained 
by a supplementary system of vascu-
larization of the brain. One key element 
of this system is the presence of ver-
tebral arterial anastomosis in cattle. 
Vertebral arteries are protected within 

RAJ & VELARDE PRINT.indd   178 10/11/2016   07:22

Downloaded From Vet-eBooks.com



	 Slaughter without stunning� 179

the foraminae of the cervical vertebrae, 
so, even after cutting both carotid arter-
ies by neck cutting, part of the blood 
supply to the forebrain is maintained via 
the vertebral–occipital anastomosis and 
rete mirabile (Figure 10.1).

The rete mirabile, more extensive in 
cattle than sheep and goats, is a vascu-
lar network that receives branches from 
the carotid and vertebral arteries. In addi-
tion, an additional anastomosis, called 
the occipito–vertebral anastomosis, may 
supply blood to rete mirabile and the 
brain. This branch connects occipital and 
vertebral arteries and contributes, due 
to continuous blood supply, to the delay 
in the loss of brain function after neck 
cutting in cattle. Although poultry have 
vertebral arteries (Mead, 2004), they do 
not have the very complex network seen 
in cattle. On the other hand, sheep and 
goats do not have the supplementary flow 
of blood provided by the vertebral arter-
ies (von Holleben et al., 2010). Another 
point to take into account is based on 
differences in brain size, arterial cross 
sectional area and blood volume. The 

weight of the brain relative to the total 
body weight in small ruminants is 0.26% 
and in cattle only between 0.07 and 
0.08%. This implies that a lower propor-
tion of total blood volume is necessary to 
perfuse the brain of cattle compared to 
small ruminants. In addition, the carotid 
arteries of adult cattle may be too small 
relative to total blood volume to allow for 
sufficiently fast bleed outs and a drastic 
loss in blood pressure (von Holleben et 
al., 2010).

In addition, there is a wide variation in 
the time to loss of brain responsiveness 
following exsanguination in cattle. The 
variation may be caused by factors such 
as individual differences in anatomy, age 
and susceptibility to develop swellings 
in cut ends of carotid arteries (e.g. clots 
causing carotid occlusion/aneurysm). 
Daly et al. (1988) suggested two expla-
nations. First, the differences between 
animals in the proportion of total cer-
ebral blood flow which is contributed 
by the vertebral arteries. Second, the 
amount of blood reaching the brain via 
the vertebral arteries after slaughter is 

Figure 10.1: Rete mirabile and circulation vessels to the brain of cattle
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very close to the minimum blood flow 
necessary to sustain electrical activity 
in the brain cortex, so that slight differ-
ences in individuals will result in large 
variations. According to von Holleben et 
al. (2010), the estimated range of time 
to loss of consciousness in most cattle 
is between 5 and 90 seconds after the 
cut, but even under laboratory condi-
tions possible resurgence of conscious-
ness has been assumed for more than 
5 minutes. Gibson et al. (2015) found a 
range from 1 to 257 seconds in cattle 
to final collapse, similar to the ranges 
described by Gregory et al. (2010) in the 
same abattoir with the same slaughter-
man. However, in the study by Gregory 
et al. (2010) 8% of the animals took more 
than 60 seconds to final collapse, being 
4% in Gibson et al. (2015). 

During slaughter without stunning, 
the purpose of the cut is to induce 
unconsciousness followed by death. 
In the conscious animal, the cerebral 
cortex integrates posture and move-
ment. Collapse, which manifests when 
a freely standing animal falls to the 
ground, is the earliest indication of 
approaching unconsciousness after the 
neck-cut (EFSA 2013a,b). However, an 
animal that has collapsed after a dra-
matic loss of blood pressure may have 
the capacity to regain consciousness 
as a result of the body’s own counter-
regulation mechanisms (EFSA 2013a,b). 
In some cases, animals may exhibit 
loss of posture as a result of the loss 
of significant proportions of circulating 
blood volume but subsequently suffer 
carotid artery occlusion and, as a con-
sequence, recover consciousness (EFSA 
2013a). For instance, in small ruminants, 
Levinger (1961) found that animals col-
lapsed but were able to regain posture 

when the carotid arteries were clamped. 
In any case, the signs used to assess 
the onset of unconsciousness in animals 
would be as follows:

●● Sustained loss of posture (collapse 
or loss of balance) can be used only 
in animals that are free standing 
or lightly restrained in the upright 
position. Therefore, loss of posture 
cannot be determined in animals 
that are severely restrained and/
or rotated. In fact, when possi-
ble, only complete and permanent 
loss of posture without attempt 
to regain posture can be used as 
an outcome of unconsciousness 
(EFSA 2013a,b). 

●● Loss of muscle tone, resulting 
in relaxed body, may be used to 
recognize the onset of uncon-
sciousness. However, involuntary 
muscle jerks may occur occasion-
ally. Depending upon the type and 
severity of restraint, loss of tone 
in neck and leg muscles could be 
used as an alternative when the 
whole body cannot be assessed 
(EFSA 2013a,b). 

●● Cessation of rhythmic breathing. 
Rhythmic breathing can be recog-
nized from regular flank movements 
in ruminants, and abdominal (vent) 
movements in poultry. Therefore, 
sustained absence of rhythmic 
breathing (absence of a respira-
tory cycle – inspiratory and expira-
tory movements) can be used as 
an outcome of unconsciousness 
(EFSA 2013a,b,c). 

●● Cessation of breathing can also 
be used as an outcome of uncon-
sciousness in animals. However, 
since the trachea is also severed at 
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the time of neck cutting at slaugh-
ter without stunning, absence of 
breathing cannot be assessed 
from air movement at the external 
nostrils or beak of animals (EFSA 
2013a,b,c).

●● Absence of the pupillary reflex. The 
constriction of the pupils (miosis) 
in response to focusing or shining 
a torch at the pupils will be absent 
in unconscious animals (EFSA 
2013a,b,c). 

●● Absence of palpebral reflex. The 
blinking response is elicited by 
touching or tapping a finger on the 
inner/outer eye canthus or eye-
lashes of mammals and will be 
absent in unconscious animals 
(EFSA 2013a,b).

●● Absence of corneal reflex. The 
blinking response elicited by 
touching or tapping the cornea, 
will inevitably be absent in uncon-
scious ruminants and birds (EFSA 
2013a,b,c).

●● Absence of response to threat-
ening movements. Conscious 
animals respond either by blink-
ing or attempting to move away 
from threatening movements (or 
clapping) of hands close to the eye. 
This fear response will be absent 
in unconscious animals (EFSA 
2013a,b,c).

However, according to EFSA, breathing 
and muscle tone are the preferred indi-
cators, while loss of posture, corneal 
and palpebral reflexes can be additional 
indicators that should not be relied upon 
alone in ruminants (EFSA 2013a,b; Figure 
10.2). In poultry, it is recommended to 
use breathing and corneal or palpebral 
reflex. Muscle tone might be used as an 
additional indicator, but it should not be 
solely relied upon (EFSA 2013c; Figure 
10.3).

When the function of the brain stem is 
sufficiently impaired as a result of blood 
loss, respiration and cardiac activity will 

Figure 10.2: Measures to assess consciousness/unconsciousness and signs of death in cattle, 
sheep and goat slaughtered without prior stunning. Based on EFSA 2013a,b

RUMINANTS SLAUGHTER WITHOUT PRIOR STUNNING
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Loss of muscle tone
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Absence of corneal or
palpebral reflex

Attempts to regain posture
Presence of corneal or
palpebral reflex

Intervention needed
after a time

Outcomes of consciousness

Rhythmic breathing
presence of muscle tone

Stage 2 (prior to dressing)

Outcomes of death

End of bleeding
Relaxed body
Dilated pupils

Outcomes of animal being alive

Animal is still bleeding
Presence of muscle tone
Pupils are not dilated

Main measures

Additional measures
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cease over time (EFSA 2013a,b,c). The 
main clinical signs of death are permanent 
absence of respiration (and also absence 
of gagging) and absence of a pulse and 
cardiac activity (EFSA 2013a,b,c). Other 
signs are:

●● Dilated pupils (midriasis), which 
require close examination of the 
eyes (EFSA 2013a,b).

●● Relaxed body of the animal. 
Complete and irreversible loss 
of muscle tone leads to this 
state, which can be recognized 
from the limp carcass (EFSA 
2013a,b,c).

●● End of bleeding. Slaughter leads 
eventually to cessation of bleed-
ing, with only minor dripping, from 
the neck-cut wound. However, 
formation of aneurysm and occlu-
sion of the carotid artery (known 
as carotid artery ballooning) may 
prevent blood flow from the neck-
cut wound, and this should not be 
mistaken for end of bleeding (EFSA 
2013a,b,c). 

According to EFSA (2013a,b,c), the pre-
ferred indicators for the assessment of 

death in slaughter without stunning are 
end of bleeding, relaxed body and dilated 
pupils (Figure 10.2). Live birds can be rec-
ognized from the presence of breathing 
or of the corneal and palpebral reflexes, 
pupils that are not fully dilated, contin-
ued bleeding or the presence of muscle 
tone and body movements (EFSA 2013c; 
Figure 10.3). 

10.3  RESTRAINING

The restraint system allows the operator 
to perform a sufficient cut to the ventral 
surfaces of the neck that severs the jugu-
lar veins and carotid arteries. The restraint 
should be designed to allow the wound 
site to remain open to enable profuse 
bleeding, while preventing further stimu-
lation of the wound. The ideal restrain-
ing method for slaughter depends on the 
animals (species and size) to be slaugh-
tered, the method of slaughter (with or 
without stunning) and the capabilities of 
the staff. There are some basic principles 
of restraint with regard to animal welfare 
which have to be fulfilled (von Holleben 
et al., 2010; Grandin, 2013, 2005; Rosen 
2004):

Figure 10.3: Measures to assess consciousness/unconsciousness and signs of death in poultry 
slaughtered without prior stunning. Based on EFSA 2013c
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●● Provision of non-slip flooring sur-
faces leading up to and in the pen.

●● Raceways/entrance ways should 
be curved and avoid sharp corners 
to prevent balking and allow easy 
access into the pen.

●● Sufficient lighting to minimize 
balking.

●● Equipment should be engineered 
to minimize noise that could cause 
agitation/distress to the animals. 

●● Restraining itself must cause as 
little stress/strain as possible and 
be as short as possible. 

●● A restraining device or method 
must suit the size and species and 
type of animals slaughtered and 
must not cause injuries. The pres-
sure applied by the device should 
not be excessive (i.e. struggling is 
often a sign of excessive pressure). 

●● The restraining method should not 
cause defense movements or flight 
reactions of the animal.

●● Restraining for slaughter without 
stunning needs to make sure that 
the neck can be stretched, so that 
an optimum cut is possible. 

●● Mechanical and chemical stimuli 
(e.g. bloodborne metabolites) on 
the wound have to be minimized 
as long as the animals have not yet 
lost consciousness.

●● Adequate post-cut restraint is vital 
for correct bleeding. Animals must 
be unconscious before release 
from the restraint. 

Scared animals secrete stress phero-
mones that function as alarm signals to 
other animals. In case of severe stress 
conditions, the alarm pheromones cir-
culating in blood may cause other ani-
mals to baulk. Cleaning and washing 

the facilities to eliminate stress phero-
mones (blood, saliva or urine) may help 
to calm the animals. A negative air pres-
sure in the restraining pen withdraws 
the blood smell away from the entrance 
and might facilitate animal movement. 
Finally, restraining must not cause nega-
tive impact on bleed out, carcass or meat 
quality and should match the intended 
slaughter speed, achieving good working 
conditions. Restraint systems for slaugh-
ter without stunning often incorporate 
both body and head/neck holder devices 
that allow the operation of the specific 
slaughter method. 

Cattle can be restrained either in an 
upright position, rotated by 90° lying on 
their side or rotated by 180° lying on 
their back. Rotating may also occur to 
other angles than 90 or 180° depend-
ing on practical and religious reasons. 
Restraining cattle by suspending their 
hind legs causes stress and pain and 
is not acceptable according to animal 
welfare standards (von Holleben et al., 
2010). Upright restraining is possible 
either in a box or a pen with the neck 
being stretched or lifted by means of a 
halter and lateral straps or chains. More 
complicated technical equipment uses 
mechanical systems such as chin lifts 
as head holders. Many systems have a 
back-pusher/tailgate and belly plate that 
further confines the animal. To improve 
entry it has been recommended that 
when loading the animal, the belly plate 
should be recessed into the floor (flush 
with the floor surface). Another way to 
restrain cattle in an upright position is by 
using a double rail (centre track) conveyor 
restrainer, in which the animals are placed 
with their legs straddling, not touching 
the ground, and their bodyweight being 
supported under the brisket and belly. 
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When the animal reaches the front of 
the restrainer the head is stretched by 
a chin lift and then the cut is performed 
(Grandin, 1988). 

Restraining cattle on their back is prac-
tised in rotating pens, in which the head 
is restrained, the body confined laterally 
and the animals turned on their backs. In 
this position the cut is performed, and 
afterwards the animal is rotated a little 
backwards to be released from the pen 
and then hoisted and shackled. Different 
aspects must be taken into account 
with these systems, which differ from 
slaughterhouse to slaughterhouse, such 
as the head restraint or chin lift, neck 
yoke, pressure of side walls and head 
lift, mechanical control and smooth 
operation of turning, changing direction, 
angle and speed (Levinger, 1995). In 
inverted designs, the chin lift should be 
applied prior to the process of inversion 
to reduce struggling (Gregory, 2005). 
Restraining cattle on their side is also 
possible using the same rotating pens 
that turn them on their back. The rotating 
pens are then turned to 45 or 90° or posi-
tions in between and the cut is performed 
while cattle are tilted (von Holleben et al., 
2010). Upright restraint of cattle during 
slaughter without stunning is judged to 
be a better method even though rotating 
pens have been improved. However, the 
cut is made upwards against the ventral 
aspect of the neck and this makes the cut 
more awkward (Gregory, 2005; Figure 
10.4). Furthermore, due to the action 
of the cut, it is possible to incompletely 
severe the carotids on the contralateral 
side to the operator. Therefore, when 
slaughtering animals in upright restraints 
it is important to assess the success of 
the neck-cut. A greater level of skill may 
be required to achieve an appropriate 

cut and manage the post-cut period 
with slaughter in the upright versus the 
inverted positions. In fact, the DIALREL 
project reported that the mean number 
of cuts performed was higher in cattle 
restrained in upright (9) compared to 180° 
(5), 90° (3) and 45° (1) pens (Velarde et 
al., 2014). Another common complaint of 
upright systems is that animals might be 
over restrained. Some upright systems 
have design flaws, which hinder good 
restraint, such as excessive pressure on 
the animal, poorly designed head holder 
or chin lift or hyperextension of the head 
(von Holleben et al., 2010), which could 
all cause discomfort, pain and suffering. 
The DIALREL project reported that during 
spot visits, 63% of cattle restrained in 
upright pens showed struggling com-
pared to 37% in inverted pens (Velarde 
et al., 2014), potentially due to excessive 
pressure from the chin lift, back-pusher 
and belly plate. Grandin and Regenstein 
(1994) reported reactions of the animals 
due to irritation of the wound (i.e. if the 
wound touches the metal parts of the 
neck frame). This provoked active move-
ments and it may also slow down exsan-
guination. It is also important to reduce 
the pressure on the animal’s body imme-
diately after the cut to achieve good 
bleed out and ensure quick loss of con-
sciousness. Finally, another disadvan-
tage of upright pens from the operators 
perspective is that when performing the 
cut they are more likely to be covered 
with blood because of their position rela-
tive to the cut (Gregory, 2005).

The advantage of the 180° rotating 
systems is that they often provide good 
presentation of the ventral surface of 
the neck for the neck incision. However, 
animals inverted on their backs for slaugh-
ter in rotating pens can have in some 
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cases a longer time interval from enter-
ing to full restraint (although it depends a 
lot on the rotatory system used) and can 
show more vigorous and longer periods 
of struggling and increased number of 
vocalizations (although this depends on 
the time being restrained) compared to 
animals restrained in upright position. In 
fact, Warin-Ramette and Mirabito (2010) 
reported in a study of rotating restraint 
systems in France that the frequency of 
vocalizations was directly linked to the 
time spent by the animals in inverted 
position. Some studies described more 
laboured breathing, increased foaming 
at the mouth and greater serum cortisol 
concentrations and haematocrit in cattle 
restrained in rotatory pens compared to 
those slaughtered in an upright position 
(Koorts, 1991; Dunn, 1990), although 
more modern rotatory systems can 
reduce these differences by reducing 
the time animals need to be restrained 
before slaughtering. In any case, much 

of the public and scientific debate on 
the welfare aspects of rotating restraint 
systems have focused on issues regard-
ing unnatural posture, abdominal pres-
sure on visceral tissues and stress during 
inversion. The slaughter of cattle in dorsal 
recumbency is prohibited in some coun-
tries (Grandin and Regenstein, 1994), 
such as in Slovakia, Denmark and the 
United Kingdom where upright position 
is mandatory, or the Netherlands where 
lateral recumbency but not inversion is 
allowed for slaughter without stunning. It 
has been suggested in cattle that, when 
inverted, bleeding might be impaired 
(Adams and Sheridan, 2008), due to 
the weight of the abdominal organs 
pressing the diaphragm and major 
veins. The added pressure on the heart 
may decrease stroke volume (compare 
“cardiac tamponade”) and on the veins 
may impair venous reflux (Adams and 
Sheridan, 2008). Aspiration of blood and 
refluxing gut content after the incision is 

Figure 10.4: Head restraining of cattle slaughtered in upright position

RAJ & VELARDE PRINT.indd   185 10/11/2016   07:22

Downloaded From Vet-eBooks.com



186	 ANIMAL WELFARE

also considered a welfare concern after 
slaughter without stunning. However, 
although this problem has been histori-
cally associated with the inverted posi-
tion, it can occur with the upright position 
for both halal and shechita slaughter as 
well (Gregory et al., 2009). 

In lateral recumbence, cattle can be 
less stressed compared with lying on 
their back, as the rumen does not press 
on the diaphragm and therefore does not 
cause breathing difficulties. Nevertheless 
some pressure on the internal organs 
would still be present even in lateral 
restraint (Petty et al., 1991). Experiences 
during the DIALREL project revealed that 
lateral recumbence can help to avoid 
some problems like pressure on the 
aorta, major veins and diaphragm (von 
Holleben et al., 2010). However, other dif-
ficulties may arise as the performance of 
the cut has to be adapted to this position. 
In fact, Velarde et al. (2014) reported that 
during the DIALREL abattoir spot visits 
the restraint to cut interval for cattle was 
longer in animals restrained at 45° and 
90° compared to those inverted 180° or 
in the upright position. 

Therefore, both rotating and upright 
restraint systems have strengths and 
weaknesses. Specific animal welfare 
concerns of rotating systems are delays 
in operation between entry and slaugh-
ter, and pain/stress/distress from being 
restrained in an unnatural position, while 
upright restraints can cause pain and dis-
tress to the animal if excessive pressure 
is applied, and more skill is required to 
perform a successful neck-cut. In both 
rotating and upright systems the design 
of the neck yoke and chin lift has an 
important impact on the performance of 
the cut. The chin lift should provide good 
access to the neck, allow for efficient 

cutting and bleeding, avoid excessive 
neck tension (which could be painful) 
and should not obscure the face and 
eyes (for assessment of consciousness) 
of the animals.

Sheep and goats can be restrained 
either in an upright position, lying 
on their side or lying on their back 
(Levinger, 1995). Rotating is also used 
at angles other than 90 or 180°. As in 
cattle, restraining animals by suspend-
ing their hind legs must be avoided. In 
fact, according to Blackmore and Delany 
(1988), in sheep, bleeding is slightly 
more rapid in a recumbent position than 
when suspended in a vertical position. 
Holding or lifting sheep by grasping their 
wool should not be done (von Holleben 
et al., 2010). 

During shechita slaughter, each 
chicken is restrained manually by a 
person holding both its legs in a raised 
hand and supporting its back, with its 
wings folded, on the opposite forearm 
and other hand (Barnett et al., 2007). The 
shochet is then able to extend the bird’s 
head in his left hand with his thumb 
against the ventral surface of the bird’s 
upper neck close to the beak and cut all 
the blood vessels with the knife in his 
right hand. The bird is then passed to a 
third person who places it into a bleeding 
cone. Halal methods are to place the bird 
in a cone or shackle before performing 
the cut, placing the birds in lateral recum-
bency (von Holleben et al., 2010) or even 
with animals hoisted. 

10.4  NECK CUT

Slaughter without stunning requires an 
accurate cut to the throat with a sharp 
knife by means of an incision below the 
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angle of the jaw that involves severing 
of major blood vessels in the ventral 
neck region (skin and vessels cut simul-
taneously). The two carotid arteries and 
jugular veins are severed simultaneously 
with the oesophagus, trachea and vagus 
nerves (Figure 10.5). Although this prac-
tice (i.e. cutting of oesophagus and tra-
chea) has been suggested as not being 
optimal with regard to hygiene reasons in 
the EU (Regulation [EC] No 853/2004), it 
is allowed in ritual slaughter. Neck cutting 
for ritual slaughter by shechita is carried 
out by trained and certified people using 
a very sharp specialized knife (chalaf) in 
an uninterrupted transverse stroke to 
sever the neck vessels and surrounding 
tissues. Halal slaughter is performed by 
people without any training or certifica-
tion by using an ordinary slaughter knife 
of varying length and can be either simi-
lar to shechita cut or by retrograde cut 
(gash stick) applying a stab followed by 
incision, severing the tissues. In poultry 
cutting, both carotid arteries, compared 
to cutting one common carotid artery 
and/or one jugular vein, induced impaired 
brain function most rapidly (Gregory and 
Wotton, 1986), so a complete cut of 
carotids is always suggested in slaughter 
without stunning. 

As loss of unconsciousness is not 
immediate after the cut, it must be 
assumed that the cut and consequences 
of the cut are painful for animals as noni-
ceptors allocated in the area of the inci-
sion are stimulated (Kavaliers, 1989). In 
fact, researchers in New Zealand showed 
neck cutting to be noxious (Gibson et al, 
2009a,b), and according to EFSA 2004, 
any cut intended to kill the animal by 
rapid bleeding will greatly activate the 
protective nociceptive system for per-
ceiving tissue damage and cause the 

animal to experience a sensation of pain. 
Lambooij and Kijlstra (2008) supported 
that the neck-cut itself causes the sensa-
tion of pain since this area of incision has 
a high density of pain receptors. Gibson 
et al. (2009a,b) described for the first 
time by means of electroencephalogram 
(EEG) that the act of slaughter by ventral-
neck incision is associated with noxious 
stimulation that would be expected to be 
perceived as painful (Mellor et al., 2009; 
Figure 10.6). During spot visits (DIALREL, 
2009) reactions to the cut observed in 
cattle were vocalizations or exhalation (as 
long as the trachea was intact), retracting 
movements, struggling and shivering. 
In sheep, only struggling was observed 
and sometimes, shivering. Reactions of 
poultry were retraction movements and 
wing flapping. However, these reactions 
depend on individual factors, even under 
optimal conditions to perform the cut. 
Lambooij and Kijlstra (2009) described 
for instance that in some animals, a tem-
porary acute shock may block the sensa-
tion or expression of pain.

On the other hand, there are factors 
that can increase the pain perception, 
such as performing multiple cuts (more 
noniceptors are affected), changes of 
direction of the cut, blunt knife (exten-
sion of the lesion), insufficient length of 
the knife, wound manipulation, presenta-
tion of the neck in a position disturbing a 
good cut or flow of blood (i.e. increased 
flexibility of the skin due to insufficient 
tension) and any other circumstance that 
delays the loss of consciousness in the 
animal and increases inflammatory pain 
(that can be mitigated with a good throat 
cut; Brooks and Tracey, 2005; Woolf, 
2004). Especially in sheep but also in 
cattle, an additional aspect may be thick 
wool or coat, which may have to be 
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Figure 10.5: a–f Sequence of a cut performed in a rotatory pen

(a)

(b)
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(c)

(d)
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(e)

(f)
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separated before the cut. Otherwise, this 
would constrain the knife during cutting 
and could cause blunting of the knife. 
In fact, the quality of the cut, including 
sharpness of the knife and capability to 
perform a swift uninterrupted cut within 
a very short time, is often mentioned, 
especially in the context of shechita 
(Rosen, 2004; Lieben, 1925). On the 
other hand, a bad quality of cut can have 
as a consequence vasoconstriction, clot-
ting and ballooning or presence of false 
aneurysms, especially in cattle (Gregory 
et al., 2006; Anil et al., 1995a,b; Graham 
and Keatinge, 1974). Gregory et al. 
(2008) found a prevalence of large (> 3 
cm outer diameter) false aneurysms in 
cattle carotid arteries of 10% for both 
shechita and halal slaughter.

Several mechanisms have been pro-
posed to impair bleeding in cattle. First, 
the occlusion of the severed artery by 
surrounding tissues, and in this respect it 
should be noted that the artery is elastic 
and has a tendency to spring back into 
its connective tissue sheath on being 
cut. Second, platelets can aggregate at 
the cut end of the carotid, and this leads 
to the rapid production of a white clot 
which can plug the artery. Third, when 
the cut is made, the artery can go into an 
annular spasm. These factors will tend 
to impede blood flow from the caudal 
cut end, and together might produce a 
ballooning effect in the severed vessel. 
False aneurysms develop within a few 
seconds of cutting carotid arteries; they 
take the form of encapsulated haema-
tomas and can be distinguished in situ 
from normal arteries by their swollen 
size. As a consequence, the animal with 
a beating heart has a cardiac output suffi-
cient to maintain high blood pressure and 
consciousness. In addition, according to 

Gibson et al. (2015), additional mecha-
nisms are associated with a delay in the 
time to unconsciousness during slaugh-
ter without stunning in cattle, such as the 
retraction of the carotids without occlu-
sion, carotid retraction during respiratory 
movements (during inhalation bleeding 
can be reduced momentarily) and physi-
cal occlusion of the vessels of the neck, 
either due to the position of the head 
relative to the body or to physical pres-
sure on the neck from the metalwork of 
the pen restricting blood loss. 

The prevalence of false aneurysm for-
mation is not influenced by the method 
of restraint (rotating pen; manual casting 
into lateral recumbency; upright restraint 
pen; shackled by one leg and lowered 
into lateral recumbency; Gregory et al., 
2008), but it can be associated with the 
quality of the cut (Gregory et al., 2012a,b). 
One of the aspects to take into account 
in the quality of the cut is the number of 
cuts performed, as each time the knife 
touches the surface of the wound or 
more tissue is damaged, more nocicep-
tors are activated. The average number 
of cuts in cattle reported by Gregory et 
al. (2008) was 3.2 during shechita and 
5.2 during halal slaughter. The number 
of cuts reported in the DIALREL project 
ranged from 1 to 60 sweeps of knife. 
Velarde et al. (2014), assessing ten halal 
non-stun abattoirs for cattle, reported 
significant variation in the number of 
cuts, between operators and restraint 
systems, with more cuts performed on 
cattle restrained in the upright position 
(nine cuts) compared to inversion at 180° 
(five cuts) and 90° (three cuts). However, 
a large variation can be found between 
slaughterhouses. In sheep, according 
to the experience of the DIALREL, the 
number of cuts ranged from one to six. 
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For poultry, usually only one cut was 
performed. 

Gibson et al. (2015) propose that 
delays in the onset of unconsciousness 
in cattle can be reduced by performing 
the neck-cut at the higher position on the 
neck, and this would minimize subse-
quent distress. In fact, cutting the neck 
at a position corresponding to the first 
cervical vertebra (C1) compared to the 
conventional position (between C2 and 
C4) can almost eliminate false aneurysm 
development, thereby minimizing the 
risk of arrested exsanguination (Gregory 
et al., 2012a,b). Gibson et al. (2015) 
studied the effect of the cut position in 
relation to the number of trachea rings 
situated cranially to the cut. The trachea 
rings were counted from the arytenoid 

cartilage onwards, but not including the 
cricoid cartilage, and the cuts were cate-
gorized as either low neck-cut (more than 
2.5 trachea rings) or high neck-cut (with 
less than two trachea rings). Results 
showed that performing a high neck-
cut reduced the time to final collapse in 
halal slaughter cattle without stunning in 
comparison to a low neck-cut (13.5 and 
18.9 seconds, respectively). In the same 
study, 9 and 5% of cattle that received 
a low neck- and high neck-cut regained 
posture on all four feet, respectively.

In any case, a correct flow of the blood 
after cutting is a critical point and re-opens 
an obstructed artery, with a secondary 
cut when needed, as well. Rosen (2004) 
mentioned the importance of correct 
post-cut restraint with regard to correct 

Figure 10.6: Neck cutting for halal in cattle restrained in a rotatory box
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bleed out and time to loss of conscious-
ness. In the Netherlands, representatives 
of the Jewish and Muslim communities 
with the Ministry of Economic Affairs, 
have agreed on a period where, if the 
animal is still conscious 40 seconds after 
the neck-cut, it should be immediately 
stunned (Tyler, 2012). Similar recom-
mendations are given in the final report 
of the DIALREL project (DIALREL, 2009).

10.5  RECOMMENDATIONS 
FOR GOOD PRACTICES 

The DIALREL project concluded its 
activities with a set of recommendations 
for improved practices to be adopted 
during slaughter without stunning. The 
document proposed good animal wel-
fare practices during religious slaughter, 
including restraining, neck cutting and 
post-cut management. The main recom-
mendations are summarized below. 

10.5.1  Restraining methods

●● Animals must be restrained only 
when slaughter can be performed 
without any delay.

●● The restraining device, including 
both the body and head restrainers 
or method, must suit the type of 
animal slaughtered.

●● Due care must be taken during 
loading the animal into the restrain-
ing system to minimize stress and 
injury. The restraint device and sur-
rounding area must have adequate 
lighting, flooring should be non-
slip and the parts in contact with 
the animal should have smooth, 
rounded surfaces. 

●● All restraining devices should use 
the concept of optimal pressure. 
The device must hold the animal 
firmly enough to facilitate slaugh-
ter without struggle or undue 
delay. Optimal pressure might 
be assessed by the absence of 
struggling behaviour and vocaliza-
tion during the restraint, and the 
absence of any injuries and bruises 
caused by the restraining method.

●● The head restraint must be such 
that it provides good access to 
the neck for effective neck cutting 
and bleeding out and it must be 
such that it is set with the proper 
amount of neck tension to optimize 
slaughter.

●● The head restraint must be designed 
to avoid mechanical stimuli (such as 
physical contact or scraping) and 
chemical stimuli (such as contami-
nation with stomach content) on 
the surface of the wound during the 
conscious period. 

●● The design of the head restraint 
must not obscure the front of the 
head and should also allow good 
access to the eyes to check for 
signs of reflexes and sensibility.

●● When rotary pens are used, 
the head of the animal must be 
restrained before the start of the 
turning process. The turning opera-
tion should proceed smoothly and 
quickly without interruption to 
reduce as much as possible the 
period of animals being restrained 
in unnatural positions.

●● During neck cutting, the head of 
sheep and goats (and small calves) 
may be stretched manually in addi-
tion to the mechanical restraining 
of the body and it is recommended 
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that the head continues to be sup-
ported during the early stages of 
bleeding.

●● When using an upright restraint 
for cattle the belly plate, if used, 
must be operated according to 
the concept of optimal pressure to 

support the animal without lifting it 
off the ground.

10.5.2  Neck cutting 

●● The neck cut must be performed 
without any delay.

Figure 10.7: Animal hoisted with signs of consciousness
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●● Both carotid arteries and both 
jugular veins must be cut.

●● Each animal should be neck-cut by 
a single swift or continuous back-
and-forward movement of the knife 
without interruption.

●● The knife used must be sufficiently 
long for each type of animal to mini-
mize the need for multiple cuts. 

●● The knife must be sharp for each 
animal. Emphasis on training 
slaughter persons to improve their 
knife sharpness is recommended.

10.5.3  Post-cut management

●● There must be no interference 
with the wound until the animal is 
unconscious, including mechanical 
and chemical stimuli.

●● The cut should be assessed for 
complete sectioning of vessels 
and for the efficiency of bleeding 
through a strong flow and seeing 
the pulsating effect of the heartbeat 
on this flow. When inspecting the 
wound, unnecessary contact with 
the severed edge of the skin must 
be avoided. Thus, visual inspection 
is preferable. 

●● The animal must be assessed 
as unconscious before it can be 
released from the restraint (Figure 
10.7). It is suggested that the signs 
of unconsciousness are checked at 
least twice, for cattle between 30 
and 40 seconds post-cut, and for 
sheep between 15 and 25 seconds 
post-cut. 

●● In the event of inefficient bleeding 
or prolonged consciousness being 
exhibited during repeated checks 
after neck cutting, animals should 
be stunned with a suitable method 

as soon as possible, even if this 
requires the religious authorities to 
declare the animal as non-kosher 
or haram. Optimally, this should be 
done within 45 seconds post-cut 
for cattle, or within 30 seconds for 
small ruminants and poultry.

●● When the cut is performed in a 180º 
inverted position in cattle, it may be 
preferable to turn the box to a posi-
tion between 180 and 90º directly 
after the cut for better access to the 
head of the animal.

In addition to the mentioned recommen-
dations, specific training of slaughtermen 
and abattoir staff, including management 
in key areas (such as animal handling, 
restraint, knife sharpening, animal physi-
ology, signs of stress and pain, times to 
unconsciousness and signs of loss of 
consciousness), is vital to ensure good 
animal welfare. 
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Animal welfare at depopulation strategies 
during disease control actions
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●● Guidance for contingency planning with respect for animal welfare.
●● Being aware of the key factors and responsibilities in contingency planning 
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●● Insight into animal welfare issues related to the killing method. 
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11.1  INTRODUCTION

Animal production is sometimes impaired 
with outbreaks of diseases that are a 
major hazard for the industry, economics 
or even human safety, if the disease is 
zoonotic. When there is an outbreak of 
a notifiable disease, it is necessary to kill 
affected animals at the farm where the 
disease was identified and in adjacent 
properties in order to prevent, eradi-
cate or contain the spread of an exotic 
pathogen that may pose a risk to animal 
or human health or the economy. While 
every effort needs to be made to ensure 
that the disease is contained promptly, 
the affected animals must be handled 
and killed humanely. How the competent 
authorities deal with contagious diseases 
is regulated in international and national 
regulations and guidelines (OIE, 2010; 
Defra, 2011). One of the important meas-
ures that are taken for disease eradication 
purposes is depopulation of infected and 
contact farms. Depopulation includes all 
activities from sealing off the farm, the 
actual killing of all involved animals and 
the removal of all carcasses and biologi-
cal materials. The starting point in this is 
that, according to EU Council Regulation 
No 1099/1999, the competent authority 
responsible for a depopulation operation 
must establish an action plan to ensure 
compliance with the rules laid down in 
EU regulations, before the commence-
ment of the operation.

Killing animals for depopulation 
reasons on farms is a complex process 
that involves different interests and 
conflicts between various stakeholders. 
Conditions differ from regular slaugh-
ter for human consumption because 
killing for disease control purposes is 
performed on farms with minimum or 

no handling and restraining facilities. 
Furthermore, depopulation is usually per-
formed under time pressure and, espe-
cially when it concerns highly infectious 
or zoonotic diseases, the required speed 
of action and safety measures require 
good planning, good communication, 
skilled personnel and accurate monitor-
ing procedures.

11.2  CONTINGENCY 
PLANNING

The key issue in a contingency plan is 
to prevent the disease from spreading. 
To do so it is crucial to have an early 
warning system, which includes disease 
surveillance, disease reporting and epi-
demiological analysis. Second, an early 
response is to establish exclusion and 
surveillance zones and it is essential to 
minimize the number of infected farms. 
Important issues in an action plan are 
information on roles and responsibilities, 
communication, farm situation and farm 
size, available methods and monitor-
ing procedures. Information on contin-
gency planning in case of a notifiable 
animal disease can be found at http://
web.oie.int, https://www.gov.uk. The 
contingency plan should also include 
standard operating procedures and list 
of resources and expertise required to 
deal with the crisis.

11.2.1  Competent authority

The competent authority is responsi-
ble for the depopulation operation and 
will follow an action plan to ensure that 
protocols are followed as foreseen. The 
first practical step is that the farm will be 
closed which means that all movements 
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from and to the farm of animals, prod-
ucts, materials and people are limited 
and registered (Figure 11.1). 

Before starting the depopulation 
action, business operators should be 
briefed about the situation of the prem-
ises, including: 

●● size of the premises;
●● location and access roads;
●● location of the farmer’s house;
●● distance to surrounding farms and 

houses;
●● identifying farmer’s family and 

pets;
●● number and type of buildings;
●● species, number and age of 

animals.

Furthermore, it is crucial that a commu-
nication strategy is talked through and 
accepted by all responsible parties. 

11.2.2  Business operators

In accordance with standard operating 
procedures, business operators plan in 
advance the killing of animals and related 
operations. This plan is presented to and 
needs to be approved by the competent 
authorities. In this action plan a number 
of different issues need to be taken into 
account: 

●● how many animals are on the farm?
●● what are the housing conditions?
●● which killing methods are available?
●● acceptance on behalf of the owner;
●● resources needed (people, equip-

ment, etc).

11.2.3  Planning and performing 
the killing procedures

The standard operating procedures 
should take into account the equipment 

Figure 11.1: Example of farm situation
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manufacturer’s recommendations, 
define the key parameters for the avail-
able killing methods and specify the 
measures to be taken when methods do 
not work out as planned. Furthermore, 
killing and related operations should only 
be carried out by persons with the appro-
priate level of competence to do so with-
out causing the animals any avoidable 
pain, distress or suffering. 

For animal welfare reasons, the order 
of killing should be taken into account, 
and is as follows: 

●● First, animals that are visibly sick, 
wounded, not able to walk or in 
any  way suffering should be killed 
first. 

●● Second, animals affected by 
disease, giving priority to those that 
have not yet been weaned, females 
that have just given birth or that are 
in a lactation period, pregnant and 
restless animals or potentially dan-
gerous animals.

●● Finally, animals that have been in 
direct contact with those affected 
by disease giving priority to non-
weaned animals, females that have 
just given birth, pregnant or rest-
less animals.

Before starting any killing procedure, it 
should be checked that the killing equip-
ment is working correctly, that safety 
precautions are taken, that communica-
tion equipment is working and that all 
staff are ready. Stunning or killing equip-
ment must be regularly serviced and 
maintained in good working condition 
according to the manufacturer’s instruc-
tions. For example, overheating of the 
barrel of captive bolt guns due to contin-
uous use will lead to failures. This can be 

overcome by using several captive bolts 
on a rotational basis, for example.

11.2.4  Monitoring procedures

It is important to be aware of the risks 
to animal welfare and to monitor what is 
done. To be in control and to be able to 
respond, it is important to measure the 
pre-set conditions of the killing method 
(e.g. gas concentration, gas distribution, 
temperature or electrical parameters) 
during the whole procedure and adjust 
the settings if required. If procedures are 
not working as planned, for instance, if 
animals are not killed with a single proce-
dure, backup killing methods should be 
available and used. In any event, death 
should be confirmed in animals by a suit-
ably qualified person.

During the procedure, personnel 
should be supervised on a regular basis 
to ensure that they are able to do the job 
properly and handle animals with care, 
and operators should be rested at regular 
intervals to avoid fatigue leading to the 
risk of compromising animal welfare. 
With any procedure, it is crucial to confirm 
that animals are dead before they are 
moved for destruction to any other place 
on or away from the premises. 

The final, but important, step in a 
contingency plan is reporting on the 
depopulation activity. Evaluation of the 
procedures, the process, the applied 
killing methods and communication can 
be used as a learning tool and will help to 
improve upcoming depopulation actions. 
The report of a depopulation action 
should include, in particular:

●● the reasons for the depopulation;
●● the number and the species of 

animals killed;
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●● the stunning and killing methods 
used;

●● the monitoring results;
●● a description of the difficulties 

encountered and, where appropri-
ate, solutions found to alleviate 
or minimize the suffering of the 
animals concerned.

11.3  DEPOPULATION 
METHODS FOR POULTRY

Different killing methods are available 
for the depopulation of poultry farms. 
Methods differ in working mechanisms, 
capacity and applicability. Making a deci-
sion on the method to be used in a par-
ticular situation depends strongly on the 
farm situation. Depopulation methods 
for poultry can be divided into methods 
that require handling of animals (gas-
filled containers, electrocution systems) 
and methods to kill poultry in their sheds 
by whole house gassing. Since poultry 
in normal situations are not used to dif-
ferent people entering the buildings, the 
entrance of people will cause a fear reac-
tion. Therefore, to minimize distress it 
is important to enter the buildings with 
a minimal number of people and distur-
bance. The handling of live animals will 
introduce fear, distress and a risk of pain-
ful injuries. Measures should be taken 
to minimize stress in birds, for example, 
dimming of lights, lifting of feeders and 
water troughs and use of temporary 
partitions to divide birds into small and 
manageable group sizes. Furthermore, 
handling of infected poultry will increase 
the risk of exposure of workers to the dis-
ease. The need for handling or the pos-
sibility to prevent handling of live birds 
should therefore be taken into account. 

11.3.1  Mobile electrocution 
systems

Mobile electrocution systems (Figure 
11.2) are based on conventional electri-
cal water bath stunning systems used 
in poultry slaughterhouses. Birds are 
caught and taken manually to the killing 
unit located nearby where they are sus-
pended by their legs on the shackle line 
and electrocuted in an electrified water 
bath. The advantage of the system is 
that it is relatively cheap, easy to adjust 
the settings and applicable in many situ-
ations. The disadvantage of these sys-
tems is that live birds will have to be 
caught which means that large number 
of people are involved and they have 
intensive contact with live birds. This 
limits the capacity, is a risk for reduced 
animal welfare and increases the pos-
sibility of spread of pathogens due to 
handling of the infected birds outside the 
growing buildings. Catching, handling 
and movement of birds frequently cause 
wing flapping in birds and airborne dis-
persal of infective agents.

To monitor good practice, it is a 
requirement that the pre-set parameters 
(EC 1099/2009), i.e. electrical waveform, 
frequency and voltage, number of birds 
in the water bath and line speed are 
appropriate to killing poultry species. 
All the birds should be checked to 
ensure they are killed by the procedure 
and any surviving ones should be killed 
using a backup method. The device set-
tings should be checked and adjusted, 
if required. It is important to adjust the 
height of the water bath according to the 
size of birds to ensure even the smallest 
of birds’ (runts) heads are immersed ade-
quately in the bath. It is also important to 
ensure birds remain in contact with the 
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water bath for long enough to receive 
sufficient electric current required to 
induce cardiac arrest. 

11.3.2  Containerized gassing

Gas-filled containers of different sizes 
but also of different materials, modified 
wheelie bins (Figure 11.3), large bags 
and shipping containers can be used to 
kill poultry of different ages, from day-old 
chicks to breeders, and different species 
(i.e. chickens, ducks, geese) with differ-
ent gasses like carbon dioxide, nitrogen 
or argon, or mixtures of these gasses. 
The system is prefilled with the gas to 
the required lethal gas concentration. 
Gas-filled containers or culling bags are 
placed inside or outside the poultry house 

depending on access to the building and 
the possibility of removing the contain-
ers full of dead birds after the operation. 

The birds are caught by hand and 
placed into the containers. It is, however, 
regulated that the systems are filled 
with birds only in a single layer (EC 
1099/2009). A second layer of birds 
should be placed in the containers when 
all birds in the system are confirmed 
dead. Monitoring of birds to determine 
unconsciousness or death in a gas-filled 
container is not possible during opera-
tion, as operators’ health and safety 
may be compromised. However, a good 
indication should be based on visual 
observation (using ideally positioned 
video cameras, for example) and, in 
this sense, all movements should have 

Figure 11.2: Mobile electrocution line in shipping container
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ceased before introducing a second layer 
of birds. The advantage of containerized 
gassing is that the containers are easy to 
move, and the method is controllable and 
adjustable to the situation. The disadvan-
tages are the intensive contact with live 
birds by a relatively large group of per-
sonnel and the relatively small capacity 
per system; the capacity is limited by the 
size of the containers and by the number 
of workers. From a bird welfare point of 
view, high carbon dioxide concentrations 
will induce a short but intense period of 
reduced welfare because they are painful 
to inhale and induce a strong feeling of 
breathlessness (McKeegan et al., 2007). 
High concentrations of nitrogen are 
effective in killing birds and do not cause 
aversive or painful reactions during the 

induction of unconsciousness. A nega-
tive aspect of nitrogen is that it requires 
very low residual oxygen concentrations 
to be effective (preferably below 2% O2). 
These low oxygen concentrations cause 
severe wing flapping and although birds 
are unconscious at that point, the convul-
sions can have an effect on stability of 
the gas concentration. 

It is essential that birds stay in the gas 
concentration until death is confirmed. 
Birds that are not dead and are taken out 
of the gas concentration will recover after 
some time. Monitoring gas concentration 
in the container and increasing the concen-
tration if required is important to safeguard 
animal welfare. It is also important to note 
that when batches of birds are introduced 
into the container they will displace certain 

Figure 11.3: Gas-filled containers
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amount of gas and therefore operators 
should wear appropriate gas monitoring 
equipment for safety reasons. 

11.3.3  Whole house gassing

Whole house gassing using carbon diox-
ide has in recent years been applied on 
a large scale especially for the control of 
highly pathogenic avian influenza (HPAI). 
The advantages of different gasses and 
gas mixtures, as well as the different gas-
sing methods, have been reviewed pre-
viously (Gerritzen et al., 2006; Gerritzen 
2006; Raj et al., 2006; Sparks et al., 2010; 
McKeegan et al., 2011). During whole 
house gassing, carbon dioxide concen-
tration is gradually increased from 0 to 
45% at bird level. The gas is injected 
from a tanker by using one or more injec-
tion points into the house. The location 
and position of the injection points is 
strongly dependant on the dimensions 
of the building and house condition (e.g. 
deep litter, aviary, cache housing). The 
way carbon dioxide is administrated 
to a poultry house strongly influences 
possible animal welfare risks. Carbon 
dioxide injected into a poultry house in 
liquid form will vaporize utilizing the heat 
from the warm air. When using a single 
injection point, gas concentration will not 
increase uniformly throughout the whole 
building, which implies that not all birds 
will be affected by the gas at the same 
time. Birds in the vicinity of the gas entry 
point will be instantly exposed to high 
carbon dioxide concentrations, whereas, 
those remaining away from the gas inlet 
will be exposed to rising concentrations 
of carbon dioxide. A negative aspect 
of this method is that the temperature 
around the birds can drop below freezing 
(e.g. −50 °C) and remain at that level for 

several minutes. Therefore, conscious 
birds can suffer from extreme cold or 
freezing. If carbon dioxide is injected 
under pressure at multiple injection 
points the temperature drop may not be 
more than 10–15°C. High-pressure multi 
injection points lead to a gradual increase 
of the carbon dioxide in the whole build-
ing, which decreases the risk of expo-
sure of conscious birds to high carbon 
dioxide concentrations. 

The advantages of whole house 
gassing are that the method can be 
fast, has the potential to kill birds in very 
large numbers and there is almost no 
contact between humans and infected 
live birds and materials, which improves 
biosecurity. From bird welfare point of 
view, the main advantage is that birds 
are killed in their housings without being 
handled and separated from the flock. 
The adverse effects of catching, handling 
and restraining are eliminated with whole 
house gassing methods. In comparison 
with the containerized gassing systems 
using carbon dioxide, the negative effect 
on birds being exposed to high carbon 
dioxide concentrations when conscious 
does not appear because during whole 
house gassing procedures, carbon dioxide 
increases gradually which induces uncon-
sciousness before animals are exposed 
to high levels (Gerritzen et al., 2006, 
Gerritzen et al., 2007). The disadvantage 
of whole house gassing is that the pro-
cedure is less controllable, will result in 
low temperature spots and uneven, slow 
distribution of gas concentrations. The 
buildings need to be sealed to a large 
extend but there will always be a leakage 
of gas. Therefore, it is very important to 
measure gas concentrations at critical 
points through the whole building during 
processing. After ventilating out the gas, 
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effectiveness of the gassing procedure 
should be assessed by checking for signs 
of life, such as breathing movements. 
Birds that have survived the procedure 
should be killed as soon as possible. How 
to kill survivors depends on the number 
of birds: a small number can be killed by 
lethal injection or neck dislocation or with 
a non-penetrative captive bolt (CPK, Ted 
or Zephyr). For larger numbers of birds, 
containerized gassing or re-gassing the 
whole building can be considered.

11.3.4  Gas-filled foam

A new method of application of whole 
house gassing is the use of gas-filled 
foam (Figure 11.4). In the US, air-filled 
high density water-based foam has 
been tested and conditionally approved 
by the United States Department of 
Agriculture (USDA) Animal and Plant 
Health Inspection Service (APHIS) for 
use with floor-reared poultry. A blanket of 
high density foam is created and spread 
to cover all the birds. The dense foam 
blocks the airways resulting in death 
by suffocation (Benson et al., 2007). In 
general, suffocation is not accepted as 
a humane method for killing animals, 

including poultry. In order to investigate 
and solve the problem of suffocation, 
different studies have been carried out 
(Gerritzen and Sparrey, 2008; Raj et al., 
2008, McKeegan et al., 2013). In these 
studies, the feasibility and bird welfare 
implications of using different expan-
sion ratios, bubble sizes and gasses have 
been investigated. The expansion ratio 
determines the amount of water con-
tained within the foam. A low expansion 
ration will lead to wet foam with a small 
bubble size. A large expansion ratio will 
create a “dry” foam with a larger bubble 
size (Figure 11.5). Foam with an expan-
sion ratio between 1:250 and 1:350 
seems to be the optimum compromise 
between foam stability, water content, 
bubble size and wetness. 

Large bubble sizes (e.g. > 10 mm 
diameter) help to deliver more gas at the 
level of birds in the house. When using 
an inert gas such as 100% nitrogen in 
the foam to create very low oxygen con-
centrations, the birds die very quickly 
(within 1.5 minutes; McKeegan et al., 
2013). However, low oxygen levels 
induce strong convulsions by which the 
foam can be broken down. The nitro-
gen released from the bubbles can then 

Figure 11.4: Foam production in poultry house 
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mix with air resulting in increases in the 
oxygen levels and birds surviving the 
treatment. Therefore, the foam produc-
tion capacity is required to be much larger 
than the rates of breakdown of bubbles 
and dilution of the gas, which may not be 
possible in large poultry houses. 

The advantage of gas-filled foam is 
that it is applicable as a whole house 
treatment in open or difficult to seal 
buildings (Figure 11.6) to kill large groups 
of poultry without the need for handling 
of live birds. The method is very effective 
and will lead to a very quick induction of 
unconsciousness and death.

The disadvantages include, first, that 
the amount of equipment needed is 
substantial, but still under development. 
Second, the carcasses, following the 

breaking down of the foam after a few 
hours, will be very wet and thus more 
difficult to handle. 

11.4  DEPOPULATION 
METHOD FOR CATTLE, SHEEP 

AND PIGS

The methods used for depopulation of 
livestock (cattle, sheep and pigs) are 
dependent on the situation, legislation, 
species, age and skills of the operators 
involved, and include: a blow to the head 
in neonates; shooting (rifle and shotgun); 
penetrative and non-penetrative captive 
bolt stunning); lethal injection; and bleed-
ing (ventral neck incision or thoracic 
sticking; Galvin et al., 2005). 

Figure 11.5: Gas-filled high expansion foam
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11.4.1  Captive bolt 

Penetrating captive bolt guns (Figure 
11.7) are widely used for rendering live-
stock unconscious and insensible on 
farms prior to achieving death by bleed-
ing or destruction of the brain and upper 
spinal cord by pithing (see Chapter 6 for 
more details). Non-penetrating captive 
bolt guns should not be used for stun-
ning adult ruminants or pigs in disease 
control programmes, as they are less 
effective in reliably inducing uncon-
sciousness and insensibility. Penetrative 
captive bolt guns are designed to fire a 
retractable steel bolt into the head. The 
bolt penetrates the cranium and enters 
the brain. Unconsciousness and insensi-
bility is achieved due to brain concussion 
caused by the impact of the bolt on the 
cranium and by structural damage to the 
brain (Gibson et al., 2015a). For effective 

use in a disease control programme, it is 
important that: 

1.	 an operating procedure for the 
control programme is in place and 
agreed by all operators;

2.	 the operation is performed in isola-
tion from the general public;

3.	 operators wear the appropriate 
protective clothing for the disease 
control programme;

4.	 steps are taken to avoid environ-
mental contamination;

5.	 the correct captive bolt gun/
cartridge combination is used for 
the species or animal class to be 
killed;

6.	 backup captive bolt guns or other 
methods are readily available in 
case of gun failure;

7.	 spare cartridges are readily 
available; 

Figure 11.6: Foam in a wooden poultry building
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8.	 animals are sufficiently restrained 
to prevent escape or excessive 
movement that could complicate 
the shot;

9.	 animals are shot in the appropriate 
position for the species;

10.	after shooting, animals are assessed 
for signs of consciousness/
unconsciousness and if present are 
immediately reshot;

11.	after, the shot animals are killed 
by an appropriate secondary proce-
dure and monitoring is continued;

12.	procedures are in place for the dis-
posal of carcasses without compro-
mising biosecurity and animal or 
human health;

13.	the captive bolt guns are cleaned 
and maintained after use;

14.	after use, the clean captive bolt 
guns and cartridges are stored in a 
secure, dry environment. 

The specific shooting positions vary 
depending on the species (see Chapter 6 
for further details): 

●● cattle are shot on the front of the 
head at the crossover of lines 
drawn between the opposing eyes 
and horns; 

●● sheep can be shot on the highest 
point of the head (crown position) 
with the gun aiming towards the 
back of the jaw;

●● pigs are shot on the front of the 
head, approximately 20 mm above 
the level of the eyes, aiming 
towards the tail.

Care must be taken when shooting pigs 
with captive bolt guns, as pigs have thick 
frontal bones and sinuses underneath. In 
older animals, there can also be a bony 
ridge running down the centre of the 

Figure 11.7: The .22 calibre Cash Special is a model of captive bolt widely used on farms and by 
veterinarians for livestock
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head, which can reduce bolt penetration. 
When shooting pigs, it is recommended 
to use the heaviest gun/cartridge combi-
nation available and the maximum bolt 
length to achieving effective stunning. 
This should be determined according to 
the age and weight of pigs to be killed. 
Many operators refuse to shoot pigs 
greater that 80 kg with a captive bolt, pre-
ferring instead to use electrical stunning/
killing or free bullet (including shotgun).

When killing livestock with captive 
bolt, it is recommended that the shot 
is immediately followed by a secondary 
procedure of either pithing (insertion of 
a metal or plastic rod into the bolthole 
to cause physical destruction of brain 
tissue) or exsanguination (sticking). 
Captive bolt stunning with a secondary 
procedure (pithing and bleeding) has 
been previously suggested as a practi-
cal and humane method for the killing 
of livestock on farm. Previously, pithing 
was used during commercial slaugh-
ter for human consumption, however 
its practice was discontinued following 
identification of the link between bovine 
spongiform encephalopathy (BSE) and 
human Creutzfeldt-Jakob disease (CJD; 
Bruce et al., 1997; Hill et al., 1997), as 
pithing can result in the dispersal of 
central nervous system (CNS) tissue 
fragments into distal organs and tissues 
(Daly et al., 2002). However, in depopula-
tion operations, the carcass will be dis-
posed of and will not enter the human 
food supply chain, so limiting this risk. 
However, it should be noted that there 
is a risk of aerial dispersal and leakage 
of CNS tissues from the bolthole, 
which could contain pathogens. This 
could result in contamination of equip-
ment, personnel and the environment. 
Disposable pithing rods have been 

developed that remain within the head 
after use and plug the bolthole to reduce 
leakage of blood and CNS tissue. In all 
disease control operations, it is highly 
advisable, if not mandatory for biosecu-
rity and human health, for all operators 
to wear suitable disposable protective 
clothing. Furthermore, equipment should 
be appropriately cleaned and disinfected 
between sites and steps taken to mini-
mize environmental contamination. This 
might involve disinfection of surfaces, 
protection of surfaces with disposable 
coverings or even removal of contami-
nated topsoil.

During depopulation operations, the 
advantages of cartridge-operated pen-
etrating captive bolt are that: it can be 
performed in the field with basic restraint 
and fencing; it is safer for the operators 
than free bullet; it is relatively simple to 
perform; it is considered more economi-
cal than killing by chemical agents; and 
finally, if performed correctly it is an 
effective method for inducing uncon-
sciousness and insensibility in livestock. 
However, if the shot is inaccurate or 
insufficient kinetic energy is transferred 
to the head or brain it can result in inef-
fective stunning or recovery of con-
sciousness prior to the application of a 
killing method. Recent work has shown 
that poor marksmanship can be a major 
factor leading to poor welfare outcomes 
in sheep and alpacas shot with penetrat-
ing captive bolt guns (Gibson et al., 2012, 
2015a). In addition, the performance of 
captive bolt stunning in rendering animals 
insensible can be affected by the follow-
ing factors: (a) selection of the appropri-
ate captive bolt/cartridge combination 
for the species and/or animal class; (b) 
experience of the stunner operator; (c) 
storage of the stunner and cartridges in 
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damp conditions; and (d) regular mainte-
nance of the stunner, including removing 
excessive carbon build-up, regular rota-
tion of the rubber buffers (recuperator 
sleeves) and replacement of damaged 
firing pins and bolts (Grandin, 1980, 1994, 
2002; Gibson et al., 2014). Furthermore, 
the restraint of animals prior to shoot-
ing has a direct impact on the success 
of marksmanship and captive bolt per-
formance in rendering sheep insensible 
leading to death. It has been suggested 
that when shooting and pithing it is best 
to closely pack small groups of sheep of 
no more than 15 animals (Anon, 2003). 
For cattle, it is important that the animals 
are adequately restrained; this can be 
in mobile or field-built stunning pens, 
mobile crushes or head bales, or with 
chemical sedation (e.g. xylazine). 

When performed correctly with the 
appropriate gun/cartridge combinations 
for the species, captive bolt should 
function as a single-step killing method. 
However, if the shot is misplaced or bolt 
velocity is degraded then there is the 
potential that the animal will be incom-
pletely concussed and could regain sen-
sibility. During the 2001 foot-and-mouth 
disease outbreak in the United Kingdom 
(UK), there were a small number of 
unconfirmed reports of secondary pro-
cedures not being correctly performed, 
resulting in some animals showing 
signs of incomplete concussion. For 
this reason, many government agencies 
recommend or mandate that a second-
ary killing procedure is performed when 
captive bolt is used for disease control. 

When animals are shot with a captive 
bolt, depending on the species they 
often develop severe tonic–clonic con-
vulsions. Although potentially unsightly 
for the general public, it is known that 

the onset of these convulsions is asso-
ciated with the onset of brain concus-
sion (Blackmore and Newhook, 1982; 
Blackmore, 1984). When pigs are shot 
with captive bolt they convulse violently. 
Care should be taken as the convul-
sions in unrestrained animals can result 
in injury to the operators. After captive 
bolt shooting, some animals can be com-
pletely unconscious while still having a 
functioning heart, which can continue 
to beat for a prolonged period. This can 
occur when an animal is insufficiently 
pithed or when the carotid arteries are 
incompletely severed or when a second-
ary procedure is not used. This can be 
further protracted for up to 15 minutes 
with the development of agonal gasping, 
which is due to the residual medullary 
activity, resulting in gasps periodically 
oxygenating the blood, which in turn 
strengthens the pulse. Only for uncon-
scious sheep after captive bolt shooting, 
thoracic or cardiac compression can be 
used when the animal is in lateral recum-
bency to hasten death. If a heartbeat 
can still be detected in the unconscious 
animal, compression can be performed 
with a clenched fist for younger animals, 
or for larger animals by directly kneeling 
on the left lateral surface of the chest 
in the region of the heart. It is impor-
tant that the pressure is continued and 
of sufficient force to suppress cardiac 
function. This must be maintained until 
all cardiac function has ceased in addi-
tion to the continued absence of signs 
of consciousness for a period of at least 
1 minute. Compression should only be 
attempted when the animal is deemed 
to be irreversibly unconscious. 

When shooting large numbers of 
animals with captive bolt in a relatively 
short period of time, the gun barrels can 
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become extremely hot from repeat firing. 
Gibson et al. (2014) reported that when 
guns were fired at four shots per minute, 
the guns reached a temperature of 
88.8°C over 500 shots. Associated with 
this temperature increase was a decre-
ase in bolt velocity and accumulation of 
carbon and silica around the washers 
and bolt, which leads to reduced effi-
cacy. It is recommended that if captive 
bolt guns are repeatedly fired within a 
single session, they should be allowed 
to cool and be cleaned after every 500 
shots to ensure their efficacy. Operators 
must examine the gun between firings to 
check for full bolt retraction. When the 
bolt has not fully retracted, the expan-
sion chamber can be enlarged, which 
results in low velocity shots. This can 
be caused by damage to the washers or 
the build-up of carbon and silica in the 
expansion chamber, over the washers 
and around the bolt. When the washers 
are damaged, they must be replaced 
immediately to allow correct resetting of 
the captive bolt. If the bolt is not retrac-
ting due to carbon and silica build-up, the 
gun can be reset by pressing the bolt 
and muzzle into a block of wood. This 
should only be performed as a short-term 
measure until the captive bolt gun can be 
stripped and fully cleaned.

Neonates and young stock, during 
depopulation operations have in the 
past been killed with manual blunt force 
trauma to the forehead. When perfor-
med correctly this can be an effective 
method, however there is significant 
risk of causing incomplete concussion 
and suffering. The issues are: 1) to be 
effective, it must involve a single blow 
to the correct position on the cranium 
for the species/type, of sufficient force 
to produce immediate depression and 

destruction of brain tissue; 2) if insuffi-
cient kinetic energy is delivered to the 
cranium there is the potential for incom-
plete concussion, which could lead to 
pain and distress; 3) compared to other 
methods it is less reproducible between 
animals; 4) as a method it is unsightly 
and can be unpleasant for operators and 
observers; and 5) it requires a level of 
skill that most stockpersons and veteri-
narians would be unlikely to possess if 
they infrequently perform the procedure 
(Sharp et al., 2015). 

Penetrative and non-penetrative 
captive bolt can be used to dispatch 
neonate pigs, sheep and cattle. Care 
must be taken when using penetrative 
captive bolts, as in young stock the bolt 
can penetrate through the head of the 
animal and can cause injury to the opera-
tor. Several non-penetrative captive bolt 
guns have been developed for poultry and 
rabbits that can be used for the dispatch 
of neonates (Raj and O’Callaghan 2001; 
Erasmus et al., 2010a,b; Widowski et al., 
2008). As with killing adult livestock, it 
is essential that the appropriate captive 
bolt gun type, cartridge/air-pressure/
canister and shooting position is used for 
the animal type to be shot. Captive bolt 
killing of neonates can be a single-step 
method, however, animals should be 
monitored after shooting and if there 
are any signs of incomplete concussion 
they should receive a second shot in the 
correct position and/or a secondary pro-
cedure to ensure or hasten death (e.g. 
pithing or bleeding). There have been 
concerns about the use of captive bolt 
for killing neonates (Svendsen et al., 
2008). The skulls of neonates have not 
fully ossified and sutures are not fused; 
it has been theorized that this results in 
the kinetic energy from the moving bolt 
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being dissipated throughout the skull 
before being transferred to the brain 
(Sharp et al., 2015). Because of this it 
is essential that captive bolt guns and 
power sources deliver sufficient energy 
to reduce the likelihood of incomplete 
concussion and that neonates after sho-
oting are routinely checked for signs of 
recovery. 

There are several spring- or band-
powered captive bolt guns that have been 
developed for the dispatch of rabbits and 
small birds. These should not be used 
for the dispatch of neonate mammalian 
livestock as they are very low velocity 
weapons which impart insufficient kinetic 
energy to the head to reliably induce 
unconsciousness leading to death. 

11.4.2  Free bullet

Free bullet is considered to be a kill-
ing method requiring no secondary 
procedure(s) provided the bullet is fired 
into the cranium to destroy the brain. 
However, it is important that a backup 
procedure (e.g. lethal injection, pithing, 
bleeding, etc) is available in case of ani-
mals showing signs of life. Animals are 
generally shot at close range, however, 
for extensively reared, stressed or dan-
gerous livestock it can be more appropri-
ate to shoot from a distance. This can be 
done with a high velocity rifle with a tel-
escopic sight. It is also advisable to use 
a silencer to minimize noise and hence 
disturbance to other animals. In any 
event, the gun and ammunition should 
be appropriate for the distance of shoot-
ing and species of animals. It is important 
to ensure that the marksmen are trained 
and licensed, and the ammunition is 
designed and constructed such that they 
do not exit the head of the animals.

During depopulation operations, rifles, 
pistols and shotguns have previously been 
used. With these firearms it is important 
that the individual operating the device 
is experienced in its operation and holds 
the required firearms licence. Safety is 
the most important consideration; when 
animals are killed by free bullet there is 
the potential for ricochets either off bone 
or from solid objects. As such, animals 
should not be shot in enclosed spaces 
or in areas with substantial solid objects 
(e.g. metal gates). Sandpits, earth floor 
and walls or rubber tyre enclosures can 
be used to minimize the risk of ricochets 
and prevent further travel of the projec-
tile if it leaves the head of the animal. 
All operators must be behind the muzzle 
of the firearm; the animal should either 
be restrained or held in a calm environ-
ment to prevent excessive movement 
that could complicate the shot or result 
in injury to the operator(s) and finally, the 
appropriate firearm and cartridge should 
be used for the animal type to be killed 
(Gibson et al., 2015b).

To ensure effective killing, it is rec-
ommended that animals are shot in the 
head, aiming to maximize damage to the 
structures of the brainstem (midbrain, 
pons and medulla). Millar and Mills (2000) 
reported that to maximize damage to the 
pons and medulla in horses shot with a 
0.32 calibre pistol, the shot needs to 
be positioned correctly and not deviate 
in angle from the midline path. In addi-
tion to the position and angulation of 
the shot, the projectile must have suf-
ficient kinetic energy to ensure penetra-
tion and sufficient damage to the brain 
to produce instantaneous death. As 
with captive bolt, pigs can be difficult to 
kill with free bullet. This is due to the 
anatomy of the skull and frontal sinus. 
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Pigs should be shot with free bullet in 
the same position as for captive bolt. To 
ensure accurate shot placement it may 
be necessary to restrain the animal (e.g. 
nose snare), however this can cause 
further stress and agitation and put the 
operators at risk of ricochets. The calibre 
of firearm used depends on the age of 
the animal. For adult sows and boars a 
12-gauge shotgun at short range is often 
used.

11.4.3  Chemical agents

Lethal injection with a chemical agent, 
can produce rapid onset of unconscious-
ness and insensibility and death in live-
stock and is considered less unsightly 
for the public than captive bolt or free 
bullet. The compounds used are classed 
as prescription-only veterinary medicines 
(POM-V), which can only be prescribed 
by and, depending on the compound, 
administered by a veterinary surgeon. 
Chemical killing agents are often given 
after pre-medication with sedatives and/
or anaesthetics (e.g. xylazine, ketamine), 
which physically restrain the animal to 
prevent injury to operators and improve 
the animal’s welfare. Barbiturate-based 
chemical agents, for example, euthatal® 
(Figure 11.8), are widely used in the vet-
erinary profession for the euthanasia of 
animals. When given intravenously as a 
rapid overdose, barbiturates are effec-
tive in producing a smooth and quick, 
irrecoverable death. Barbiturates are 
administered at doses of between 100 
and 200 mg/kg bodyweight, however it 
is generally advised to give 200 mg/kg 
to livestock. Other chemical agents such 
as T-61, a combination of embutramide, 
mebezonium iodide and tetracaine hydro-
chloride, can be used for the euthanasia 

of livestock. However, the humaneness 
of this has been questioned. Concerns 
with T-61 include the potential for pain 
and irritation during rapid injection, and 
paralysis which can result in the suppres-
sion of respiration prior to the onset on 
unconsciousness (EFSA, 2004). Because 
of these concerns, T-61 is no longer man-
ufactured in the United States (AVMA, 
2013). 

Intravenous injection of the chemical 
agent is the most widely used delivery 
route. The jugular veins are the most 
commonly used vessels for injection 
of barbiturates for cattle and sheep, 
while for pigs, an ear vein can often be 
more easily accessed. In sheep, it may 
be necessary to clip the wool over the 
jugulars to help administration of the 
compound. When killing livestock with 
chemical agents, it is essential that the 
animal is sufficiently restrained to allow 
safe access to the required vein(s). This 
can either be with chemical restraints 
(sedatives), physical restraint or a com-
bination of both. During the 2001 UK 
foot-and-mouth disease outbreak, cattle 
were often restrained in mobile crushes 
or head bales to allow direct venepunc-
ture and rapid infusion with pentobarbi-
tal agents. An intracardiac route may be 
used in previously anaesthetized animals 
(e.g. with potassium chloride) and intra-
peritoneal (small animals) routes can also 
be used provided the contents of the 
injection do not cause irritation or pain 
during the induction of unconsciousness 
in animals.

After delivery of the agent, it is essen-
tial that the animals are monitored to 
ensure death. The major advantages of 
barbiturates compared to captive bolt 
and free bullet is that it is considered 
less unsightly to the general public; 
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if performed correctly, it results in a 
smooth induction of insensibility leading 
to death and has fewer risks for the 
operator than free bullet. However, the 
disadvantages are that it is a relatively 
expensive method and often requires a 
veterinarian to administer the agent. 
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12.1  LEGAL REQUIREMENTS 
TO PROTECT WELFARE AT 

SLAUGHTER IN THE EU. KEY 
CONCEPTS AND DEFINITIONS

Protection of the welfare of animals, as 
sentient beings, is a matter of public 
concern affecting consumers (EU, 2006). 
The main legislation relevant for wel-
fare at slaughter in Europe is Regulation 
1099/2009 on the protection of animals 
at the time of killing. This regulation was 
published in 2009 and replaced Council 
Directive 93/119/EC on the protection 
of animals at the time of slaughter and 
killing. The objective of the regulation 
was to ensure a harmonized approach in 
relation to animal welfare at the time of 
killing (EU, 2009). Regulation 1099/2009 
includes the underpinning basic five 
freedom principles to protect animal wel-
fare under the general requirements for 
slaughter (Table 12.1).

In 2004 and 2006, the European Food 
Safety Authority (EFSA) published two 
opinions on the welfare aspects of the 
main systems of stunning and killing 
the main commercial species of animals 
(EFSA 2004, 2006). This also triggered 
a need to review existing legislation on 
welfare at slaughter to take into account 
those scientific opinions. In 2007, the 
World Organisation for Animal Health 
(OIE) adopted a chapter on welfare at 
slaughter within the Terrestrial Animal 
Health Code. The EU is one of the 
Members of this organization and it has 
committed to adopt the chapters into 
EU legislation (EU, 2009). Regulation 
1099/2009 fulfilled this by incorporating 
the OIE chapter on welfare at slaughter 
in the European Law.

This regulation also includes a require-
ment for countries exporting to the EU, 
under the framework of Regulation (EC) 
No 854/2004, to take into account the 

Table 12.1  �Five freedom principles applied to animal welfare at the time of 
slaughter and killing

Five freedoms (FAWC, 2009) 1099/2009 Article 3 (EU, 2009)

Freedom from hunger and thirst – by ready 
access to fresh water and a diet to maintain 
full health and vigour.

Do not suffer from prolonged withdrawal 
of feed or water.

Freedom from discomfort – by providing an 
appropriate environment including shelter 
and a comfortable resting area.

Are provided with physical comfort and 
protection, in particular by being kept 
clean in adequate thermal conditions and 
prevented from falling or slipping.

Freedom from pain, injury or disease – by 
prevention or rapid diagnosis and treatment.

Are protected from injury.
(…) do not show signs of avoidable pain 
or fear.

Freedom to express normal behaviour – by 
providing sufficient space, proper facilities 
and company of the animal’s own kind.

Are handled and housed taking into 
consideration their normal behaviour.
(…) do not exhibit abnormal behaviour.

Freedom from fear and distress – by 
ensuring conditions and treatment which 
avoid mental suffering.

Are prevented from avoidable interaction 
with other animals that could harm their 
welfare.
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general and additional requirements on 
welfare at slaughter. To verify this they 
have to include verification of compli-
ance within the health certificate accom-
panying meat imported into Europe (EU, 
2009). This helps to promote welfare 
standards globally and support the 
implementation of the OIE standards on 
animal welfare at slaughter. Regulation 
882/2004 acknowledges that animal 
welfare, alongside animal health, is a 
factor that contributes to the quality and 
safety of food (EU, 2004).

12.1.1  Key concepts and 
definitions

Legislation is there to ensure that those 
responsible for the killing of animals do 
so in a way that avoids pain and mini-
mizes distress and suffering of the ani-
mals. Prevention of pain, suffering and 
distress are the three key pillars to moni-
tor and preserve good welfare at the 
time of killing during every operation on 
live animals (Figure 12.1). It is also impor-
tant to ensure that animals are rendered 
immediately unconscious and insensible 
prior to slaughter. Regulation 1099/2009 

describes consciousness of an animal as 
“its ability to feel emotions and control 
its voluntary mobility”. Sensibility on the 
other hand is described as “its ability to 
feel pain”. 

Stunning is defined in Regulation 
1099/2009 as “any intentionally induced 
process, which causes loss of con-
sciousness and sensibility without 
causing avoidable pain, including any 
process resulting in instantaneous 
death”. This means that some stunning 
methods, such as free bullet, will lead to 
immediate death whilst others will only 
cause reversible unconsciousness. The 
latter are known as “simple stunning” 
methods.

Stunning methods are classified into 
four categories: mechanical methods, 
electrical methods, gas methods and 
other methods. Regulation 1099/2009 
introduces key parameters for stun-
ning methods. This is to ascertain that 
monitoring procedures include relevant 
information on the necessary stunning 
parameters to ensure effective stunning 
(Figure 12.2). The regulation also estab-
lishes conditions of use for each stun-
ning method. These explain the species 
and situations for which each stunning 
method is legally permitted for slaughter 
of animals. 

Regulation 1099/2009 stipulates 
that the food business operator must 
perform regular checks to ensure effec-
tive stunning and slaughter of animals. 
To assess stunning effectiveness, it is 
important to use monitoring indicators 
to detect signs of unconsciousness 
and death. Therefore, EFSA published 
in 2013 four scientific opinions on the 
welfare of cattle, pigs, sheep and goats, 
and poultry during the slaughter process. 
The opinions propose toolboxes for 

Figure 12.1: The three key pillars to monitor 
and preserve good welfare at the time of killing.

ANIMAL WELFARE
AT THE TIME OF KILLING

PAIN DISTRESSSUFFERING

THREE KEY PILLARS
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monitoring welfare at slaughterhouses 
using animal-based indicators, with their 
corresponding outcomes of conscious-
ness, unconsciousness or death. The 
toolboxes provide monitoring indicators 
for three different key stages of the 
slaughter operation. They also propose 
a sample size calculator for monitor-
ing stunning in slaughterhouses (EFSA, 
2013a–e).

Work is in progress to define scientifi-
cally measurable animal-based indicators 
for monitoring welfare of farm animals 
(EFSA, 2012). Regulation 1099/2009 
identifies key operations at slaughter-
houses: handling and care before they 
are restrained; restraint for the purpose 
of stunning or killing; stunning; assess-
ment of effective stunning; shackling 
and killing. All of these operations have 
to be carried out without causing avoid-
able pain, suffering or distress. For this 
it is important to monitor animal welfare 
through these operations.

Regulation 1099/2009 also requires 
food business operators to monitor the 
effect of stunning equipment by check-
ing unconsciousness. However, it is 
important to know that these indicators 
have to be considered alongside techni-
cal parameters in some of the stunning 
methods, for example in water bath 
electrical stunners. In summary, animal-
based indicators may be useful to assess 
animal welfare at slaughterhouses on 
operations involving live animals other 
than stunning (see Table 12.2). The ani-
mal-based indicators will vary depending 
on the check undertaken, for example, 
immediate collapse will be an indicator 
for unconsciousness following stunning 
and permanent absence of breathing 
will be the indicator to ascertain death in 
animals. 

12.1.2  Derogations

European law accounts for a number of 
areas where derogations from the main 
welfare at slaughter provisions are ena-
bled to account for cultural and sporting 
events, small businesses, emergencies, 
private domestic consumption and reli-
gious rites. The regulation applies to all 
vertebrate animals, however it does not 
include reptiles and amphibians.

Special provisions are in place for 
small-scale slaughterhouses, mobile 
slaughterhouses and private consump-
tion; slaughter for the purpose of reli-
gious rites, emergency killing (including 
dangerous animals) and situations where 
the competent authority considers that 
compliance may affect human health or 
slow down the process of eradication of 
an animal disease. However some basic 
requirements still apply; for example, 
where slaughter without stunning takes 

Figure 12.2: Summary checklist for stunning 
key parameters (EU, 2012a)

14

 SUMMARY CHECKLIST FOR STUNNING

mechanical stunning

position and direction of shot  

appropriate velocity  

maximum stun to stick/kill interval(s)  

 Plus +
penetrative captive bolt   
devices

exit length and 
diameter of the bolt

electrical stunning

minimum current (A or mA)   

minimum voltage (V)  

maximum frequency (Hz)  

minimum time of exposure  

maximum stun-to-stick/kill interval(s)  

frequency of calibration of the equipment  

optimisation of the current fl ow  

prevention of electrical shocks before stunning   
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place for the purpose of religious rites, 
the regulation still requires animals to 
be slaughtered at a slaughterhouse and 
that the animals do not present any signs 
of consciousness or sensibility before 
being released from restraint and do not 
present any sign of life before under-
going dressing or scalding (EU, 2009). 
There are also transitional provisions for 
requirements requiring long-term plan-
ning and investment. Member states 
were provided with 10 years to comply 
with such requirements.

Key areas for improvement identified at 
the time of drafting Regulation 1099/2009 
were the use of carbon dioxide for pigs 
and the use of water bath stunners for 
poultry. Both methods are extensively 
used across the world and the prepara-
tion work to develop the 2009 regulation 
indicated that implementing changes 
would not be economically viable at the 
time. Equally, recommendations for fish 
were not included as further scientific 
evidence and economic evaluation were 

required (EU, 2009). European law also 
identifies farmed fish welfare at slaugh-
ter and restraint by inversion of cattle for 
the purpose of religious rites, areas that 
require further scientific, social and eco-
nomic information (EU, 2009).

12.2  SUPERVISION AND 
MONITORING: THE ROLE OF 
THE BUSINESS OPERATOR

Under Regulation 1099/2009 a “business 
operator” is defined as “any natural or 
legal person having under its control an 
undertaking carrying out the killing of 
animals or any related operations falling 
within the scope of this Regulation”. 
Regulation 1099/2009, in line with the 
hygiene package, places the responsibi-
lity for welfare of animals in the care of 
the business operator. For this, the legis-
lation requires business operators and 
any person involved in the killing of ani-
mals to comply with legal requirements 

Table 12.2  �Slaughter operations established by Regulation 1099/2009 Article 7, 2

Slaughter operation Animal state1 What to monitor2 

LC LU D AW U D

Handling and care of animals before they 
are restrained

X X

Restraint of animals for the purpose of 
stunning or killing

X X

Stunning of animals X X X X X X
Assessment of effective stunning X X X X X X
Shackling or hoisting of live animals X X X X X
Bleeding of live animals X X X X X
Slaughtering without stunning3 X X X X X X
1Animal state: indicates the possible state each animal may undergo during a particular slaughter 
operation. It may be possible that all four states manifest for each indicator and monitoring must account 
for this during the process. LC: live conscious; LU: live unconscious; D: death.
2What to monitor: AW: animal welfare; U: signs of unconsciousness; D: signs of absence of life. 
3 The regulation refers to slaughter without stunning as “slaughtering in accordance with Article 4(4)”.
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and to do so without causing avoidable 
pain, distress or suffering. The busi-
ness operators shall take all necessary 
measures to avoid pain and minimize 
distress and suffering to animals during 
the slaughtering or killing process. The 
regulation considers that, for example, 
the use of practices which do not reflect 
the state of the art might induce by 
negligence or intention pain, distress or 
suffering to the animals which could be 
avoidable (EU, 2009).

In 2004, the European Union adopted 
the “food hygiene package”, which 
amended the controls of food safety. 
A relevant change introduced by this 
package was to ensure that food opera-
tors through the food chain would bear 
primary responsibility for food safety. 
The new regulations merged, harmo-
nized and simplified a number of previous 
directives. The “hygiene package” com-
prises three basic Acts, Regulations (EC) 
No 852/2004 and 853/2004, addressed 
to food business operators (FBO) and 
Regulation (EC) No 854/2004, along with 
Regulation (EC) No 882/2004 on official 
controls, to competent authorities (CA). 
Slaughterhouses are subject to approvals 
under these regulations and Regulation 
1099/2009 establishes a link to ensure 
that animal welfare concerns are inte-
grated within this process, accounting for 
the construction, layout and equipment 
used (EU, 2009). This acknowledges 
that animal welfare is not a stand-
alone topic, but an integral part of the 
process.

Under Regulation 1099/2009, busi-
ness operators have a number of key 
legal responsibilities including:

1.	 Establish a representative sample 
to check the efficiency of their 

stunning practices, taking into 
account the homogeneity of the 
group of animals, equipment used, 
personnel involved, and so on.

2.	 Develop standard operating proce-
dures for all stages of the pro-
duction cycle, including unloading, 
lairaging, handling of live animals, 
restraining, stunning and slaughter 
(see section 12.4).

3.	 Maintain all equipment used with 
live animals, such as unloading 
equipment (i.e. ramps), lairage 
equipment (i.e. drinkers), restrai-
ning or stunning equipment. This 
may require cleaning, checking and 
replacement of worn-out parts, 
calibration, and so on, as well as 
keeping maintenance records for at 
least one year.

4.	 Ensure that there is backup stun-
ning equipment in place in case 
routine stunning fails. 

5.	 Ascertain the maximum capacity 
in lairage pens and the maximum 
throughput of animals achievable 
whilst preserving good animal 
welfare.

6.	 Ensure that animals are unloaded 
as soon as possible after arrival.

7.	 During the time of lairaging, provide 
physical comfort, clean and ade-
quate thermal conditions, protec-
tion from injury, pain and suffering. 
They shall also avoid suffering from 
prolonged withdrawal of feed or 
water; handle and house animals 
taking into consideration their 
normal behaviour and prevent avoid-
able interaction with other animals 
that could harm their welfare.

8.	 Appoint an animal welfare officer; 
this should be a member of staff 
with the authority and technical 
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competence to monitor operations 
and advise personnel as necessary.

9.	 Establish and monitor key param-
eters relevant to the stunning 
methods in use and each of the 
slaughter lines.

10.	Ensure that the layout and construc-
tion of their slaughterhouse and 
equipment used is in compliance 
with the law. 

11.	Accept only animals for which the 
slaughterhouse is approved.

12.	Ensure that his/her personnel 
are competent and appropriately 
trained.

13.	The business operator should 
submit to the competent author-
ity (a) the maximum number of 
animals per hour for each slaughter 
line; (b) the categories of animals 
and weights for which the restrain-
ing or stunning equipment available 
may be used; (c) the maximum 
capacity for each lairage area.

Manufacturers of restraining and stun-
ning equipment are required to provide 
detailed instructions for users of the 
equipment. This should include both the 
operation, including key parameters, and 
maintenance (EU, 2009).

The animal welfare officer (AWO) 
plays a key role for animal welfare at 
slaughter. This requirement appeared as 
a result of the experience gained in some 
Member states, such as the United 
Kingdom, where it was common practice 
for business operators to appoint a speci-
fically qualified person to coordinate and 
follow up the implementation of animal 
welfare operating procedures in slaugh-
terhouses. This was seen as a positive 
influence leading to animal welfare 
benefits.

The regulation requires business ope-
rators of high throughput premises to 
designate as an AWO a person under their 
direct authority and in a position to require 
personnel to undertake remedial actions 
to ensure compliance with welfare rules 
(EU, 2009). The duties of the AWO must 
be written out by the business operator. 
However, whilst animal welfare-related 
activities are performed by the AWO, the 
responsibility for following EC rules lies 
with the business operator. The AWO 
should have sufficient authority and tech-
nical competence to provide relevant 
guidance to slaughter line personnel. 
There are two key tasks that the AWO is 
legally required to fulfil:

1.	 Hold a certificate of competence for 
each of the operations for which he/
she is responsible.

2.	 Keep a record of actions taken to 
improve AW at the slaughterhouse 
for at least one year. For this the 
AWO must be involved in the devel-
opment and implementation of 
standard operating procedures.

In addition, the AWO or a person under 
their supervision has to systematically 
assess the welfare conditions of each 
consignment of animals upon arrival, in 
order to identify the priorities and wel-
fare needs of the different animals as 
well as the measures to be taken. To 
fulfil the roles and responsibilities of the 
animal welfare officer, it is key that this 
member of staff has sufficient authority, 
technical competence, knowledge of the 
legal requirements and skills to cascade 
relevant information to slaughter line 
personnel.

Whilst the role of the AWO is mainly 
operational, this member of staff is also 
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best placed to advise the business opera-
tor in relation to slaughterhouse improve-
ments and how they may affect animal 
welfare.

12.3  SUPERVISION AND 
MONITORING: THE ROLE OF 

THE COMPETENT AUTHORITY

Welfare at slaughter is inevitably linked 
to food hygiene controls at slaughter-
houses. The latter were updated in 2004 
with the “hygiene package”, a series of 
regulations to lay down specific hygiene 
rules for food of animal origin. These sets 
of regulations establish the main legal 
responsibilities on the business opera-
tor to ensure food safety. Regulation 
1099/2009 intends to better integrate 
welfare at slaughter control within the 
rest of official controls. The “hygiene 
package” was adopted in April 2004 and 
comprises a series of four regulations 
applicable since 1 January, 2006. They 
are provided for in the following key Acts:

a.	 Regulation (EC) 852/2004 on the 
hygiene of foodstuffs, 29 April 
2004.

b.	 Regulation (EC) 853/2004 laying 
down specific hygiene rules for 
food of animal origin, 29 April 2004.

c.	 Regulation (EC) 854/2004 laying 
down specific rules for the organi-
zation of official controls on prod-
ucts of animal origin intended for 
human consumption, 29 April 2004.

d.	 Directive 2004/41/EC repealing 
certain directives concerning food 
hygiene and health conditions 
for the production and placing on 
the market of certain products of 
animal origin intended for human 

consumption and amending Council 
Directives 89/662/EEC and 92/118/
EEC and Council Decision 95/408/
EC, 21 April 2004 (EU, 2016).

The hygiene rules take particular account 
of, amongst others, the following 
principles:

e.	 primary responsibility by the food 
business operator;

f.	 controls across the food chain, 
starting with primary production;

g.	 general implementation of man-
agement procedures based on the 
HACCP principles;

h.	 registration or approval for certain 
food establishments.

The role of the competent authority 
is to perform official controls on the 
application of the rules provided by EC 
legislative framework, including those 
relating to animal welfare (EC Regulation 
854/2004). Official control means any 
form of control that the competent 
authority performs for the verification 
of compliance with food law, including 
animal health and animal welfare rules 
(EC Regulation 854/2004, Art. 2[a])

Regulation 882/2004 establishes the 
basis for “official controls (i.e. any form 
of control that the competent authority 
(…) performs for the verification of com-
pliance with (…) animal welfare rules)” 
(EU, 2004). This regulation establishes 
the basis for seven key functions (i.e. ins-
pection, monitoring, surveillance, sam-
pling and analysis, verification and audit) 
within the competent authority, which 
might be used to verify compliance with 
animal welfare rules (Table 12.3).

Regulation 1099/2009 allows Member 
states to maintain and in some areas, 
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adopt more stringent national rules 
without prejudice to the internal market. 
It also establishes a number of require-
ments on the competent authorities of 
Member states to ensure:1

1.	 The delivery of certificate of com-
petence (CoC) and training courses 
is consistent. For this purpose 
Member states competent authori-
ties may grant, suspend or with-
draw CoCs.

2.	 The set-up and implementation 
of a penalties system applicable 
to breaches of legal requirements 
on welfare at slaughter. For this, 

1  Regulation 882/2004 definition of sampling 
for analysis does not cite animal welfare rules, 
however this is still a key function, which might 
be used by Member states to verify animal 
welfare rules. Some may have specific provi-
sions allowing officials to take samples in natio-
nal legislation. 

Member states need to create 
national legislation stating the pen-
alties, which should be effective, 
proportionate and dissuasive for the 
different types of breaches.

The evaluation of animal welfare requires 
scientific knowledge, practical experi-
ence and cooperation between the 
interested parties. Regulation 1099/2009 
establishes a means of cooperation to 
ensure sufficient independent scientific 
support to assist the competent author-
ity via Article 20. This Article lays down 
a number of functions where an inde-
pendent scientific support might assist 
officials such as: the approval of slaugh-
terhouses, the development of stunning 
methods, the development of guides 
to good practice and opinions on user 
instructions developed by manufacturers 
of stunning and restraining equipment. 
They may also provide recommendations 

Table 12.3  �Official control functions to verify compliance with animal welfare rules

Inspection The examination of any aspect of (…) animal welfare in order to verify 
that such aspect(s) comply with the legal requirements of (…) animal 
welfare rules.

Monitoring Conducting a planned sequence of observations or measurements with 
a view to obtaining an overview of the state of compliance with feed or 
food law, animal health and animal welfare rules. 

Sampling/
analysis1

Taking feed or food or any other substance (including from the 
environment) relevant to the production, processing and distribution 
of feed or food or to the health of animals, in order to verify through 
analysis compliance with (…) rules. 

Surveillance A careful observation of one or more feed or food businesses, feed or 
food business operators or their activities.

Audit A systematic and independent examination to determine whether 
activities and related results comply with planned arrangements and 
whether these arrangements are implemented effectively and are 
suitable to achieve objectives. 

Verification Checking, by examination and the consideration of objective evidence, 
whether specified requirements have been fulfilled. 
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related to inspections and audits and 
opinions on the capacity and suitability of 
separate bodies and entities to provide 
final examination for the purpose of cer-
tificates of competence (EU, 2009). 

The regulation makes flexible provi-
sions for the scientific support to be 
provided via a network, which may 
spread across a number of Member 
states. To facilitate this, the regulation 
requires Member states to identify a 
single contact point and make it publicly 
available via the Internet. The role of the 
contact point is to share technical and 
scientific information and best practices 
regarding the implementation of this 
regulation with its counterparts and the 
Commission (EU, 2009). 

12.4  STANDARD OPERATING 
PROCEDURES 

The daily slaughterhouse operations 
and practices largely influence animal 
welfare. To ensure that it is managed 
correctly, slaughterhouse business oper-
ators are required to develop standard 
operating procedures for all stages of 
the production cycle. This includes all the 
slaughter operations listed in Table 12.2. 
Regulation 1099/2009 defines standard 
operating procedures (SOPs) as a set of 
written instructions aimed at achieving 
uniformity of the performance of a spe-
cific function or standard (EU, 2009). 

SOPs should be tailor-made for spe-
cific establishments, however food busi-
ness operators are legally required to 
include a number of areas for specific 
operations:

1.	 Stunning operation: Checks on 
stunning and corrective action if 

stunning fails – SOPs must specify 
the necessary checks to ensure 
that animals do not present any 
signs of consciousness or sensibil-
ity in the period between the end of 
stunning and death. 

2.	 Killing and related procedures (see 
list in Table 12.1): The SOP has to 
take into account the manufactur-
er’s recommendations for stunning 
and restraining equipment. SOPs 
must also define for each stunning 
method the key parameters (see 
Figure 12.2) necessary to induce 
effective stun. 

3.	 All operations: The SOP must 
describe the responsibilities of the 
animal welfare officer. 

Standard operating procedures should 
also include the following information:

●● clear objectives, describing what 
the aim for the operation is; 

●● responsible persons, specifying 
the name of the members of staff 
responsible for this operation and 
its supervision;

●● modus operandi, describing the 
procedure step-by-step;

●● measurable criteria, including the 
number of animals in each sample 
and the stunning method key 
parameters; 

●● monitoring indicators (i.e. to detect 
absence of signs of consciousness 
or life), describing how the checks 
will be undertaken, by whom and 
on what frequency;

●● corrective action, with detail of 
the steps, equipment or any other 
measures necessary to address 
any problems identified during the 
checks;
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●● records, designed in a way that data 
collection can be consistent and 
auditable. 

Whilst there are many examples of SOPs 
it is important that these should be tai-
lored to the individual slaughterhouse. 
The reason for this is that SOPs should 

be practical documents (explaining how 
to do a task), adapted to the specific 
working ways of each individual estab-
lishment to ensure that they are fully 
integrated within the operation and are 
part of the day-to-day work rather than 
an additional burden. There is guidance 
available for business operators, such as 

Figure 12.3: Blank example SOP

Standard Operating Procedure

Prepared by:

OBJECTIVE

Describe what the operation aim is
(e.g. to stun sheep humanely)

RESPONSIBILITY

Named member of staff
(e.g. Peter K. – sheep licensed slaughtermen)

CONTROL MEASURES

Describe any controls which might be adhere to when following this procedure
(e.g. refer to the manufacturer’s instructions sheet for the correct loading procedure and correct
cartridge)

PROCEDURE

Describe the procedure step by step

RECORDS

Insert a check list to be completed by responsible plant staff with a verification area for the AWO.

CORRECTIVE ACTION

Describe action to take in case of procedure failure

MONITORING PROCEDURE

Describe how monitoring will take place, by whom, numbers and frequency

Authorised by:

Ref:

Issue No.

Issue Date.

Page

Activity or task
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a sample SOP for the use of water bath 
electrical stunners developed under the 
framework of the EU Welnet Project (EU, 
2012b). Guides of good practice may also 
include SOPs (BMPA, 2014). Figure 12.3 
shows an example of a blank SOP.

12.5  TRAINING AND 
COMPETENCY OF 

SLAUGHTERHOUSE 
PERSONNEL

Slaughterhouse personnel must be 
trained and skilled. Regulation 1099/2009 
describes competence as the “knowl-
edge of the basic behavioral patterns 
and the needs of the species concerned 
as well as signs of consciousness and 
sensibility. It also includes technical 
expertise with regard of the stunning 
equipment used”. The expectation is 
that knowledge of those undertaking 
slaughterhouse operations with live ani-
mals will go beyond the operation of the 
machinery and extend to the species’ 

own behaviour, needs and physiology 
(Figure 12.4).

At slaughterhouses, personnel 
carrying out operations related to live 
animals from unloading until death (i.e. 
handling and care, restraining, stunning, 
assessment of stunning, shackling or 
hoisting and bleeding of conscious or 
unconscious animals) are required to 
have a certificate of competence (CoC) 
relevant to the operations and species 
they work with. Regulation 1099/2009 
requires that the bodies issuing CoCs 
are accredited to ensure consistent 
standards across the Member states. 
There are a number of tools that may 
be available to underpin personnel 
knowledge. 

Regulation 1099/2009 requires 
Member states to encourage the devel-
opment and dissemination of guides 
to good practice (GGPs), drawn up by 
organizations of business operators (see 
example in Figure 12.5) in consultation 
with other parties, including the compe-
tent authority (EU, 2009). The purpose of 
the GGPs is to help business operators 
comply with some of the legal require-
ments, such as, for instance, the devel-
opment and implementation of standard 
operating procedures. 

The guides to good practice should 
cover operation and monitoring proce-
dures at the time of slaughter. They should 
also take into account scientific opinions 
of the Member states’ independent sci-
entific support for welfare at killing, be 
validated by the competent authority and 
submitted to the Commission to ensure 
there is a registration system. Where 
there are no industry representatives 
drafting GGPs the competent authority 
may take the initiative and produce the 
guidance at official level, however the 

Figure 12.4: Key elements of competence with 
regards to animal welfare

Behavioral
patterns

Animal Needs

Physiology
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preference is for those in the sector to 
take responsibility for developing it.

Section 12.3 above included detail 
on the EC regulation requirement for 
Member states to have independent 
scientific support to provide advice 
in relation to slaughterhouse approv-
als, the development of new stunning 
methods, manufacturer instructions, 
guides to good practice developed 
within the Member state, recommenda-
tions in relation to inspections, audits 
and opinions on the suitability of training 
assessment bodies. The opinions and 
recommendations produced by inde-
pendent scientific support might also 
be useful tools for training and develop-
ment of personnel.

For AWOs, the European Union 
published a brochure (EU, 2012b) with 
a summary of the role and functions, 
which might also serve as training 

material for those learning about the job. 
There is a legal requirement for AWOs 
to have adequate training and compe-
tence. The regulation requires them to 
have a certificate of competence for all 
the operations taking place in the slaugh-
terhouse for which they are responsible 
(EU, 2009).
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Future trends to improve animal welfare 
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●● Understand crucial elements of stunning methods related to animal welfare.
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or poor welfare outcomes.
●● Understand how stunning effectiveness should be monitored at the 
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13.1 INTRODUCTION

13.1.1  EFSA’s role in animal 
welfare

The European Food Safety Authority 
(EFSA) is a decentralized European 
agency tasked with delivering inde-
pendent scientific advice and transpar-
ent communication on existing and 

emerging risks in the area of food and 
feed safety. EFSA can be tasked by the 
European Commission, by EU Member 
States (MS) or through self-tasks devel-
oped by EFSA. The EFSA Scientific Panel 
on Animal Health and Welfare (AHAW 
Panel) provides scientific advice on all 
aspects of animal health and welfare, 
including those that have implications 

1  European Food Safety Authority (EFSA), Via Carlo Magno 1/A, 43126 Parma, Italy
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for human health, in order to support the 
science-based development of animal 
health and welfare standards within the 
European Union. Assessing risks to the 
health and welfare of animal populations 
serves to protect public health, our envi-
ronment and the economic benefit we 
derive from them. The scientific opinions 
of the AHAW Panel are used as a scien-
tific basis for many of the EU legislative 
measures on animal welfare. For exam-
ple, Council Regulation (EC) No 1/2005 
on the protection of animals during trans-
port is essentially based on conclusions 
and recommendations of the 2004 EFSA 
opinion on the welfare of animals during 
transport (EFSA, 2004a). This opinion 
has recently been updated (EFSA, 2011) 
and has contributed to a comprehensive 
report to the European Parliament pro-
posing additional management options. 
Similarly, EFSA opinions on welfare 
aspects of the main systems of stunning 
and killing (EFSA, 2004b, 2006) have led 
to Council Regulation (EC) No 1099/2009 
on the protection of animals at the time 
of killing. 

13.1.2  Use of animal-based 
measures

With its work in the area of animal-
based measures (ABMs) of welfare, 
EFSA has contributed to the objectives 
of the European Union Strategy for 
the Protection and Welfare of Animals 
2012–2015 (EC, 2012). EFSA has carried 
out a series of assessments on the use 
of outcome-based animal welfare indica-
tors, rather than input- or resource-based 
welfare indicators (EFSA, 2012a,b). One 
major outcome of the EFSA mandates on 
ABMs is a set of welfare indicators for dif-
ferent livestock species that can be used 

in future animal welfare surveillance sys-
tems (EFSA, 2012c). Future databases 
containing measurements of animal 
welfare measures could give a new 
dimension to EFSA’s work, allowing for 
quantitative welfare risk assessments.

13.1.3  Welfare at slaughter

The central legal document in the 
EU on welfare at slaughter is Council 
Regulation (EC) No 1099/2009 on the 
protection of animals at the time of kill-
ing. It defines “stunning” in Article 2 (f) 
as “any intentionally induced process 
which causes loss of consciousness and 
sensibility without pain including any pro-
cess resulting in instantaneous death”. 
Annex I of the Regulation lists the stun-
ning interventions and related specifica-
tions. Article 4 on stunning interventions 
regulates that “animals shall only be 
killed after stunning in accordance with 
the methods and specific requirements 
related to the application of those meth-
ods set out in Annex I of the Regulation” 
and “that the loss of consciousness and 
sensibility shall be maintained until the 
death of the animal”. 

Article 4 (2) of the Regulation allows 
the Commission to amend Annex I to 
this Regulation to take account of scien-
tific and technical progress on the basis 
of an opinion of EFSA. In response to 
these articles, EFSA has developed a 
document that provides guidance to the 
AHAW Panel on how studies on new 
or modified stunning methods will be 
assessed, which also provides useful 
guidance to researchers for planning and 
carrying out such studies (EFSA, 2013a). 

Article 16 of Council Regulation (EC) 
No 1099/2009 requires slaughterhouse 
operators to put in place and implement 
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monitoring procedures in order to check 
that their stunning processes deliver 
the expected results in a reliable way. 
It refers to Article 5, which requires 
operators to carry out regular checks to 
ensure that animals do not present any 
signs of consciousness or sensibility in 
the period between the end of the stun-
ning process and death. In support of 
these requirements, EFSA has published 
several scientific documents that provide 
toolboxes containing animal-based indi-
cators and their corresponding outcomes 
of consciousness, unconsciousness or 
death. The documents also highlight 
when to apply corrective interventions, 
and provide guidance on establishing 
adequate monitoring procedures, includ-
ing setting a suitable sampling frequency 
(EFSA, 2013b–e). The following sections 
provide more details on the scientific 
advice EFSA has produced to improve 
animal welfare at slaughter. 

13.2  GUIDANCE ON 
ASSESSING NEW 

SLAUGHTER METHODS

Several studies assessing the effi-
cacy of modified protocols of stunning 
interventions listed in Annex I or new 
stunning interventions, have been sub-
mitted to the Commission who has 
requested EFSA to review the stud-
ies. When assessing these studies, a 
lack of harmonization of designing and 
reporting studies that investigate the 
effectiveness of the proposed stunning 
interventions has been observed. This 
has been identified as a drawback in 
several EFSA opinions. Therefore, EFSA 
formulated clear guidance to the AHAW 
Panel on how studies on modified or 

new stunning methods will be assessed 
by EFSA (EFSA, 2013a). 

The guidance first highlights general 
aspects applicable to studies on stunning 
interventions that should be considered 
when studying their effectiveness. Well-
controlled studies conducted under labo-
ratory conditions are needed as a first 
step in order to characterize the animal’s 
responses (here: unconsciousness and 
absence of pain). Such studies under lab-
oratory conditions should use the most 
sensitive and specific methods available 
to assess if the stunning intervention 
leads to unconsciousness and absence 
of pain until death, using established 
scientific tools such as electroencepha-
logram (EEG) or electrocorticogram 
(ECoG) to measure the onset and dura-
tion of unconsciousness, or blood 
samples to measure the concentrations 
of hormones indicative of pain, distress 
and suffering, such as corticosteroids 
or adrenaline. As most of the sensitive 
and specific measurements that can be 
carried out under laboratory conditions, 
such as EEG, cannot be carried out in 
slaughterhouses, the laboratory studies 
should also establish the correlations 
between these measurements and non-
invasive animal-based measures that 
can be applied in slaughterhouses. The 
second step of the research of new stun-
ning methods, studies under slaughter-
house conditions, is intended to assess 
whether the results obtained in the labo-
ratory studies can also be achieved in the 
slaughterhouse context. The set of eli-
gibility criteria defined in the EFSA guid-
ance document will be applied to both 
steps of the research on the stunning 
intervention. Figure 13.1 shows the two 
steps and the research elements EFSA 
recommends to cover in each of them.
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The duration of unconsciousness 
achieved by the stunning method is 
an important outcome that needs to 
be measured and reported for studies 
researching a new or modified legal 
simple stunning (i.e. reversible) inter-
vention. Therefore, animals should be 
stunned without exsanguination (i.e. 
bleeding out by neck cutting [severing 
the carotid arteries] or sticking [severing 
the brachiocephalic trunk]) in the proof-
of-concept studies under controlled 
laboratory conditions (Figure 13.1, E). 
It is important to note that the experi-
mental protocols must apply humane 
endpoints as specified in various interna-
tional (e.g. http://www.animalethics.org.
au/legislation/international) or European 
guidelines on the ethical use of animals 

in research (e.g. Directive 2010/63/
EU). Therefore, it needs to be consid-
ered if the stun experienced leads to 
long-term adverse effects. In that case, 
the animals should be re-stunned and 
euthanized as soon as they regain con-
sciousness, in accordance with these 
guidelines. 

Studies on stunning interventions 
should also explain in detail, how and 
when the onset of unconsciousness and 
insensibility is measured (Figure 13.1, B, 
C, G, H). It is required that the method-
ology used for the determination of the 
onset and the duration of unconscious-
ness has previously been accepted in 
appropriate internationally recognized 
and stringently peer-reviewed journals. 
It is also necessary that all data are 

Figure 13.1: Recommended approach for research on stunning interventions (EFSA, 2013a)
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Type Conditions Elements of research recommended

A. Comprehensive record of stunning intervention and key
     parameters
B. Assessment of onset and duration of unconsciousness by
    EEG or ECoG
C. Assessment of absence of pain, distress and suffering using
    behavioural and either physiological or neurological animal-
    based measures
D. Comprehensive record of outcome assessment
E. Stunning without sticking to establish duration of
     unconsciousness achievable with simple stunning intervention

F. Comprehensive record of stunning intervention and key
     parameters
G. Assessment of onset and duration of unconsciousness using
     animal-based measures
H. Assessment of absence of pain, distress and suffering using
    behavioural and either physiological or neurological animal-
    based measures
I.  Comprehensive record of outcome assessment
J. Assessment of absence of pain, distress and suffering during
    restraint/pre-stunning if it deviates from conventional methods
    and/or is potentially painful
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provided at the individual animal level. 
In the case of EEG (or ECoG) measure-
ments, all parameters that are crucial to 
the assessment of the EEG data should 
be specified (e.g. the EEG recording elec-
trode position on the skull or on the brain 
itself, the configuration of the electrode 
[transhemispheric or from the same 
hemisphere of the brain], the background 
noise filtration method employed in the 
data acquisition and analysis). In order to 
estimate quantitative changes apparent 
on the EEG (or ECoG), the method used 
to derive the transformations of EEG 
data must be described (Figure 13.1, B). 
In addition, the indicators used to assess 
onset and duration of unconsciousness 
should be relevant to that stunning inter-
vention, based on the available scientific 
knowledge of each indicator’s sensitiv-
ity and specificity. A clear explanation 
of how and when the animal-based 
measures were recorded and analysed 
should be provided in the methods 
section of the studies (Figure 13.1, G, 
H, I). Detailed experimental protocols 
should be provided to allow assessment 
of potential limitations of the selected 
animal-based measures. For example, 
animals connected to measuring equip-
ment may behave differently, the effect 
of the sampling procedure or the delay of 
a physiological response could influence 
the results obtained with physiological 
parameters. In addition, exposure of an 
animal to a new environment can change 
its behavioural, physiological or auto-
nomic responses. Therefore, selecting 
the combination of indicators to be used 
depends upon the design of the study 
and the animal species on which the stun-
ning intervention is tested. The scoring 
system applied to categorize/classify 
the animal-based measures should be 

clearly defined (Figure 13.1, G, H, I). It is 
essential that the observers making the 
measurements are adequately trained 
and that scoring systems are adapted to 
the species and the stunning conditions. 
If applicable, the observers assessing 
the outcomes should be blinded to the 
experimental groups (e.g. control and 
treatment).

For any intervention that does not lead 
to an immediate onset of unconscious-
ness and insensibility, the time to loss of 
consciousness from the beginning of the 
application of the stunning intervention, 
and signs of pain, distress and suffer-
ing until the onset of unconsciousness 
should be recorded in all animals and 
reported as individual animal-level data or 
mean or median and range and standard 
deviation or interquartile range (Figure 
13.1, B, C, G, H).

It is recommended that the animal-
based measures for pain, distress and 
suffering are first examined under con-
trolled laboratory conditions – for each 
animal undergoing the stunning proce-
dure – during the exposure of the animal 
to the procedure/apparatus without the 
actual stunning. This control or “sham” 
operation provides a baseline result of 
the pain, distress and suffering that is 
due to the handling process. The animal-
based measures for pain, distress and 
suffering should be examined again 
during exposure of the animal to the full 
procedure/apparatus including the stun-
ning (Figure 13.1, C, H). Comparison 
of the two observations differentiates 
between pain, distress and suffering 
due to the handling process versus pain, 
distress and suffering due to the stun-
ning intervention itself. In the absence 
of avoidable pain, distress and suffering 
caused by the application of a stunning 
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intervention, the response of animals 
exposed to the procedure/apparatus 
without the application of stunning 
(control or sham operation) should not be 
significantly different from the response 
of the animals exposed to the procedure/
apparatus with stunning. It is, however, 
essential that the control/sham operation 
itself does not lead to peak pain, distress 
and suffering response levels in the 
animals, because in that case no further 
increases in response could be expected 
within the physiological limits of the 
species/animal under investigation.

If the pre-stunning handling of animals 
during the proposed new stunning inter-
vention is very different from that asso-
ciated with the conventional process 
– and/or if it is possibly a source of pain, 
distress or suffering – then the research-
ers should provide scientific evidence 
that allows for an assessment of animal 
welfare (Figure 13.1, J). 

The guidance explains the minimum 
eligibility criteria, reporting quality criteria 
and further study quality criteria. Only 
if these criteria are fulfilled, can a given 
study be considered for assessment as 
a potential alternative to the stunning 
methods and related specifications listed 
in Annex 1 of Council Regulation (EC) No 
1099/2009. Information on all the pre-
ceding should be provided and will be 
assessed by the EFSA Panel on Animal 
Health and Welfare (AHAW), based upon 
scientific knowledge available at that 
time.

The eligibility criteria that must 
be fulfilled by submitted studies are 
based upon Council Regulation (EC) No 
1099/2009 and focus on the stunning 
intervention and its outcome regarding 
loss of consciousness and sensibility and 
absence of pain, distress and suffering. 

For the intervention, EFSA requires that 
the key parameters described in the leg-
islation as well as additional parameters 
needed to fully define and characterize 
the stunning intervention, that have been 
identified from previously published sci-
entific data, are reported. An example of 
the parameters that should be reported 
for head-only and head-to-body electrical 
stunning is provided in Table 13.1. For 
the outcome of the stunning, the study 
must provide evidence for an immediate 
onset of unconsciousness and insensibil-
ity. An example for how to assess this 
for electrical stunning is given in Figures 
13.2 and 13.3. In case the stunning 
method does not lead to an immediate 
loss of consciousness, evidence must 
be provided for the absence of avoidable 
pain, distress and suffering until the loss 
of consciousness and sensibility, and 
for duration of the unconsciousness and 
insensibility until the death of the animal. 
An overview of response types and ani-
mal-based measures that can be used to 
assess pain, distress and suffering during 
the induction of unconsciousness and 
insensibility is given in Table 13.2. Two 
criteria/rules have to be fulfilled before 
a stunning intervention is considered 
not to induce pain, distress and suffer-
ing before the onset of unconsciousness 
and insensibility. First, animal-based 
measures from the behaviour response 
type and animal-based measures from at 
least one of the two additional response 
types presented in Table 13.2 (i.e. physi-
ological or neurological response), that 
are relevant to the intervention/species, 
must be indicative of the absence of 
pain, distress and suffering before the 
onset of unconsciousness and insensibil-
ity. This means that these animal-based 
measures should not be significantly 
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different between the appropriate control 
and treatment groups. It also means 
that the response of animals exposed 
to the procedure/ apparatus without the 
application of stunning (control or sham 
operation) should not be significantly dif-
ferent from the response of the animals 
exposed to the procedure/apparatus with 
stunning. The possibility that the control/

sham operation itself has not resulted in a 
maximum response to pain, distress and 
suffering in the animals should be dem-
onstrated. Second, these animal-based 
measures should be consistent at the 
level of the individual animal, depending 
upon the species and the coping strate-
gies (that is, consistent with respect to 
their interpretation).

Table 13.1  �Parameters to be provided when applying a stunning intervention 
based on head-only and head-to-body electrical stunning 
(EFSA, 2013a)

Parameter Component Description (all specifications should be in 
internationally recognized units)

Minimum current 
(A or mA)

Current type The electrical current used to stun animals 
can be sine or square wave alternating current 
(bipolar or biphasic) or pulsed direct current 
(monopolar or monophasic). Define the current 
type used.

Waveform The waveform of the current used for stunning 
animals varies widely and includes clipped or 
rectified sine or square waves. The proportion of 
clipping also varies widely. Define the waveform 
used, including the proportion of clippings, and 
report the mark–space ratio when pulsed direct 
current is used. If multiple frequencies and 
waveforms are used, describe them.

Minimum  
current (a) 

Specify the minimum current (A or mA) to 
which animals are exposed. Explain how this 
value was obtained. Normally, when using sine 
wave alternating current the minimum current 
will be expressed as the root mean square 
current. When a pulsed direct current is used, 
the minimum will be expressed as the average 
current. Describe how the minimum current 
was calculated. In a multiple-cycle method of a 
head-to-body stunning system, details should be 
provided for each cycle.

Latency (a) Specify how soon the minimum current was 
reached after the intervention was applied to 
the animal. In a multiple-cycle method of a 
head-to-body stunning system, details should be 
provided for each cycle.
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Parameter Component Description (all specifications should be in 
internationally recognized units)

Minimum  
voltage (V)

Exposed 
minimum 
voltage (V) (a) 

Specify the minimum voltage (V) to which 
animals are exposed. Explain how this value was 
measured (e.g. peak voltage, peak–peak voltage, 
root mean square voltage or average voltage). 
Root mean square voltage is the recommended 
description of the exposed minimum voltage. 
In a multiple-cycle method of a head-to-body 
stunning system, details should be provided for 
each cycle.

Delivered 
minimum 
voltage (V) (a) 

According to Ohm’s law, the amount of voltage 
required to deliver 1 A will depend upon the 
electrical resistance in the pathways, which in 
turn is determined by several factors. Describe 
how the stunning equipment was set up to 
deliver the minimum current level to the animal. 
In a multiple-cycle method of a head-to-body 
stunning system, details should be provided for 
each cycle. Describe how the pre-set constant 
current was applied (e.g. variable voltage/
constant current stunner).

Maximum 
frequency (Hz)

Maximum 
frequency (Hz)

If applicable, define the maximum frequency 
(Hz) applied to the animal. In a multiple-cycle 
method of head-to-body stunning system, 
details should be provided for each cycle.

Minimum 
frequency (Hz)

If applicable, define the minimum frequency (Hz) 
applied to the animal. In a multiple-cycle method 
of a head-to-body stunning system, details 
should be provided for each cycle.

Minimum time exposure (a) Define the minimum duration of electrical 
exposure applied to the animals. In a multiple-
cycle method of a head-to-body stunning 
system, details should be provided for each 
cycle.

Maximum stun-to-stick/kill  
interval(s) (a),(b)

Describe the maximum stun-to-stick/kill interval 
and the exsanguination method (blood vessels 
cut) that have been applied to guarantee 
unconsciousness and insensibility of the 
stunned animal until the moment of death 
(except for proof-of-concept studies where 
the duration of unconsciousness must be 
determined without sticking).

Frequency of calibration	 of the 
equipment

Provide information on the method used for, 
and the time intervals between, consecutive 
calibrations of the equipment.
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Parameter Component Description (all specifications should be in 
internationally recognized units)

Optimization of the 
current flow

Electrode 
characteristics

The form of the stunning tongs or electrodes 
and the material are important to overcome the 
resistance in the pathway. Provide a description 
of the electrode (form/shape, presence and 
description of spikes (depth of penetration, 
wetting).

Electrode 
appearance

The condition (e.g. corroded) and cleanliness (fat 
and wool cover, carbonization of dirt) of stunning 
electrodes contribute to the electrical resistance. 
Electrodes should be cleaned regularly using 
a wire brush to prevent build-up of materials. 
Describe the appearance of the electrodes as 
well as the method used to clean them between 
use on individual animals.

Animal  
restraining

Describe how animals are restrained.

Prevention of electrical shocks before 
stunning

Explain how the animals are protected from 
inadvertent, unintentional electrical shocks 
immediately before the stunning intervention is 
initiated. For instance, the stunning electrodes 
could be placed firmly without slipping and held 
with uniform pressure throughout the duration 
of stunning to ensure that the current flows 
uninterruptedly.

Position and contact 
surface area of 
electrodes

Position of the
electrodes

Specify the topographical anatomical position 
where the electrodes are attached to the 
animal and the method to hold electrodes in 
place during the intervention. Placement and 
application of electrodes should be described 
and validated.

Type of 
electrode

Provide information on the type of electrodes 
used (e.g. tong, wand, etc.).

Animal skin 
condition

The amount of wool/hair/feathers covering the 
head at the site of stunning electrode position is 
critical as the electrical resistance increases with 
the increasing amount of wool, etc. Provide a 
description of the study population in relation to 
the wool/hair/feather cover, and cleanliness of the 
coat (e.g. clipped or not, breed, wet/dry head).

(a)  Provide information on mean or median and range and standard deviation or interquartile range.
(b)  In case of simple stunning.
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In addition to the eligibility criteria 
described above, a number of criteria 
indicative of good reporting (reporting 
quality criteria) and a number of criteria 
indicative of presence of biases (method-
ological quality criteria) need to be met. 
If they are met, the study on the new or 
modified legal intervention provides suf-
ficient detail regarding the intervention 
and the outcome to allow for a conclu-
sion to be reached about the suitability 
(or lack thereof) of the intervention. 
In that case, a full assessment of the 
animal welfare implications of the pro-
posed alternative stunning intervention, 
including both pre-stunning and stunning 
phases, and an evaluation of the quality, 
strength and external validity of the evi-
dence presented would be carried out by 
the EFSA AHAW Panel.

13.3  MONITORING WELFARE 
AT SLAUGHTER

Article 16 of Council Regulation (EC) No 
1099/2009 on the protection of animals 
at the time of killing requires slaugh-
terhouse operators to put in place and 

implement monitoring procedures in 
order to check that their stunning pro-
cesses deliver the expected results in a 
reliable way. Article 16 refers to Article 
5 which requires operators to carry out 
regular checks to ensure that animals do 
not present any signs of consciousness 
or sensibility in the period between the 
end of the stunning process and death. 
Those checks shall be carried out on a 
sufficiently representative sample of ani-
mals and their frequency shall be estab-
lished taking into account the outcomes 
of previous checks and any factors which 
may affect the efficiency of the stunning 
process. Article 5 also requires operators, 
when animals are slaughtered without 
stunning, to carry out systematic checks 
to ensure that the animals do not present 
any signs of consciousness or sensibil-
ity before being released from restraint 
and do not present any sign of life before 
undergoing dressing or scalding.

In support of these requirements, 
EFSA has provided animal-based indi-
cators that can be used for assessing 
signs of (a) consciousness, in the case 
of slaughter with stunning, and (b) 
unconsciousness and (c) death of the 
animals, in the case of slaughter without 
stunning. These indicators have been 
selected based on their performance 
(i.e. their sensitivity and specificity, and 

Figure 13.2: EEG patterns that can be used to 
ascertain unconsciousness and insensibility in 
laboratory condition studies (EFSA, 2013a) 

• Induction of a generalised epileptiform activity in
  the brain, which can be recognised from the 
  predominance of 8–13 Hz high-amplitude EEG
  activity, followed by a quiescent EEG.

• An immediate onset of a quiescent EEG.

• No somatosensory, visual or auditory evoked
  responses or potentials in the brain
  immediately after the stunning.

OR

OR
Figure 13.3: Sequence of indicators to assess 
the effectiveness of electrical stunning to 
be sure that the animal is unconscious and 
insensible (EFSA, 2013a)

1. Presence of tonic seizures after removal of the
    current;

AND

2. Apnoea during tonic and clonic seizures.
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Table 13.2  �Overview of response types and animal-based measures 
associated with pain, distress and suffering during the induction of 
unconsciousness and insensibility (EFSA, 2013a)

Response 
type

Groups of 
animal-based 
measures

Example References

Behaviour Vocalizations e.g. number and duration, 
intensity, spectral 
components

EFSA, 2005; Le Neindre et 
al., 2009; Atkinson et al., 
2012; Landa, 2012; Llonch et 
al., 2012a,b, 2013

Postures and 
movements

e.g. kicking, tail flicking, 
avoidance

Jongman et al., 2000; EFSA, 
2005; McKeegan et al., 2006; 
Gerritzen et al., 2007; Velarde 
et al., 2007; Kirkden et al., 
2008; Svendsen et al., 2008; 
Dalmau et al., 2010; Atkinson 
et al., 2012; Landa, 2012; 
Llonch et al., 2012a,b, 2013

General 
behaviour

e.g. agitation, freezing, 
retreat attempts, escape 
attempts

EFSA, 2005; Velarde et al., 
2007; Dalmau et al., 2010; 
Landa, 2012

Physiological 
response

Hormone 
concentrations

e.g. Hypothalamic–
pituitary–adrenal 
axis: corticosteroids, 
Adrenocorticotrophic	
hormone; Sympathetic 
system: adrenaline, 
noradrenaline

Mellor et al., 2000; EFSA, 
2005; Le Neindre et al., 
2009; Coetzee et al., 2010; 
Landa, 2012

Blood  
metabolites

e.g. glucose, lactate, 
lactate dehydrogenase

EFSA, 2005; Vogel et al., 
2011; Landa 2012; Mota-
Rojas et al., 2012

Autonomic 
responses

e.g. heart rate and heart 
rate variability,	 blood 
pressure, respiratory rate, 
body temperature

Martoft et al., 2001; EFSA, 
2005; Gerritzen et al., 2007; 
von Borell et al. 2007; 
Rodriguez et al., 2008; 
Svendsen et al., 2008; Le 
Neindre et al., 2009; Dalmau 
et al., 2010; McKeegan et al., 
2011; Atkinson et al., 2012; 
Landa, 2012; Llonch et al., 
2012a,b, 2013

Neurological 
response

Brain activity e.g. EEG, EcoG Gibson et al., 2009
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their feasibility). In addition, EFSA has 
indicated the most common risk factors 
and their welfare consequences to deter-
mine the circumstances of the monitor-
ing procedures and provided examples 
of sampling protocols, based on different 
possible scenarios. This work has been 
done for a number of different species 
and slaughter methods, namely for the 
assessment of consciousness in bovines 
stunned with penetrative captive bolt, in 
pigs stunned with the head-only electri-
cal method or carbon dioxide at high 
concentration, in poultry after water 
bath stunning or with gas mixtures and 
in small ruminants after stunning with 
the head-only electrical method. It has 
also been done for the assessment of 
unconsciousness and death for bovines, 
poultry and small ruminants slaughtered 
without stunning (EFSA, 2013b–e).

The focus of the welfare monitoring 
was placed on detecting consciousness, 
that is, ineffective stunning or recov-
ery of consciousness, as risks of poor 
welfare can be detected better in this 
way, instead of looking for outcomes 
of unconsciousness in animals follow-
ing stunning. Therefore the indicators 
were phrased neutrally (e.g. corneal 
reflex) and the outcomes were phrased 
either suggesting unconsciousness (e.g. 
absence of corneal reflex) or suggesting 
consciousness (e.g. presence of corneal 
reflex). This is an approach that is com-
monly used in animal health studies 
(e.g. when testing for the presence of 
a disease) but new to animal welfare 
monitoring in slaughterhouses. Sets of 
indicators have been proposed to check 
for signs of consciousness in a given 
species stunned with a given method, 
for example for bovines after penetra-
tive captive bolt stunning. A different 

set of indicators has been proposed for 
confirming unconsciousness as well 
as death of animals following slaughter 
without stunning. 

For each indicator, the sensitivity, 
specificity and feasibility were deter-
mined using the scientific knowledge 
available in published literature and from 
experts involved with monitoring welfare 
at slaughter. Based on this information, 
the most appropriate indicators were 
selected and a toolbox of indicators to 
be used in monitoring procedures was 
proposed. The feasibility of an indicator 
is determined in relation to the physi-
cal aspects of its assessment. These 
include the position of the animal relative 
to the assessor, the assessor’s access to 
the animal and the line speed. It is very 
likely that the feasibility of assessing an 
indicator is influenced by the stage of the 
slaughter process, that is, immediately 
after stunning, at sticking/neck cutting 
and during bleeding, the animals usually 
are in different positions and proxim-
ity relative to the assessor, which may 
affect how easily the indicator can be 
used.

For slaughter with prior stunning, the 
sensitivity of an indicator is the percent-
age of truly conscious animals that the 
indicator identifies as conscious, while 
the specificity of an indicator is the per-
centage of truly unconscious animals 
that the indicator does not identify as 
conscious. In the case of slaughter 
without stunning, sensitivity is the per-
centage of animals truly still conscious or 
alive that the indicator tests conscious or 
alive, while specificity is the percentage 
of truly unconscious or dead animals that 
the indicator does test as unconscious or 
dead.

As mentioned previously, the use of 
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animal-based indicators for the moni-
toring of welfare at slaughterhouse is 
similar to the use of a diagnostic or 
statistical “test” that can either have a 
positive or negative outcome. In the case 
of stunning of animals, the major inter-
est is to detect the undesired outcome, 
namely the presence of consciousness 
in animals. The toolbox proposes respec-
tive indicators and their outcomes. In the 
case of slaughter without stunning, the 
interest is to detect whether the animals 
become unconscious and to detect 
when the animal dies. However, the indi-
cators applied for this task also have to 
correctly detect animals as conscious or 
alive. Therefore, in the case of slaughter 
without stunning, the toolbox proposes 
respective indicators detecting the pres-
ence of conscious or alive animals and 
their outcomes.

Each of the toolboxes provides a set 
of recommended indicators which are 
considered to have a good level of sen-
sitivity and feasibility. In addition, a set 
of additional indicators, that are currently 
considered to have a lower sensitivity 
or feasibility, has been included. In the 
future, the use of these indicators might 
acquire a higher level of sensitivity and 
feasibility through education, training 
of personnel responsible for monitor-
ing welfare at slaughter or through 
changes in the layout of the slaughter 
lines or changes to existing slaughter 
practices. The most appropriate set of 
indicators (at least two indicators should 
be used) must be chosen from these 
toolboxes based on a) the expertise of 
the persons carrying out the monitoring 
and b) the infrastructure present in the 
slaughterhouse.

For the monitoring of slaughter with 
prior stunning, three key stages at which 

monitoring should be carried out are pro-
posed for bovines, pigs and small rumi-
nants: after stunning (between the end 
of stunning and shackling), during neck 
cutting or sticking and during bleeding. 
For poultry, two key stages at which 
monitoring should be carried out are pro-
posed: first between exit from the water 
bath and neck cutting (for stunning with 
water bath) or during shackling (for stun-
ning with gas mixtures), and then during 
bleeding. Monitoring should be carried 
out by repeatedly checking the indicators 
to detect signs of consciousness at these 
stages. For the monitoring of slaughter 
without stunning, all animals should be 
checked until they become unconscious, 
before being released from the restraint; 
death should be confirmed before start-
ing carcass dressing. 

The indicators were selected on 
the basis that consciousness or life in 
checked animals can be correctly iden-
tified by their use. The recommended 
indicators for monitoring unconscious-
ness after stunning are shown in Table 
13.3. The recommended indicators to 
check for death are shown in Table 13.4. 
It is important to note that all personnel 
performing pre-slaughter handling, stun-
ning, shackling, hoisting and/or bleeding 
should check all animals to rule out the 
presence of consciousness following 
stunning or to confirm unconscious-
ness and death during slaughter without 
stunning. 

The person in charge of monitoring 
the overall animal welfare at slaughter 
(i.e. the animal welfare officer) has to 
check a certain sample of slaughtered 
animals for approval. This sample can 
be calculated based on the through-
put rate (the total number of animals 
slaughtered in the slaughter plant) and 
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Table 13.3  �Indicators to monitor welfare during slaughter with stunning

After stunning During neck cutting or sticking During bleeding

Species Stunning 
method

Recommended 
indicators

Additional 
indicators

Recommended 
indicators

Additional indicators Recommended 
indicators

Additional indicators

Bovines Captive bolt Posture, 
breathing, tonic 
seizure, corneal 
or palpebral 
reflex

Muscle 
tone, eye 
movements 
and 
vocalization

Body movements, 
muscle tone and 
breathing

Eye movements, 
corneal or 
palpebral reflex 
and spontaneous 
blinking

Muscle tone, 
breathing and 
spontaneous 
blinking

No additional indicators

Pigs Head-only 
electrical 
stunning

Tonic/clonic 
seizures, 
breathing and 
corneal or 
palpebral reflex

Spontaneous 
blinking, 
posture and 
vocalizations

Breathing, tonic/clonic 
seizures and muscle 
tone

Corneal or palpebral 
reflex, spontaneous 
blinking and 
vocalizations

Breathing and 
muscle tone

Vocalizations, the 
corneal or palpebral 
reflex and spontaneous 
blinking

Carbon 
dioxide 
stunning

Muscle tone, 
breathing and 
corneal or 
palpebral reflex

Response to 
nose prick or 
ear pinch and 
vocalizations

Muscle tone, breathing 
and vocalizations

Corneal or palpebral 
reflex and response 
to nose prick or ear 
pinch

Muscle tone and 
breathing

Corneal or palpebral 
reflex and vocalizations

Sheep 
and 
goats

Head-only 
electrical 
stunning

Tonic/clonic 
seizures, 
breathing and 
corneal or 
palpebral reflex

Spontaneous 
blinking, 
posture and 
vocalizations

Breathing, tonic/clonic 
seizures and muscle 
tone

Corneal or palpebral 
reflex, spontaneous 
blinking and 
vocalizations

Breathing and 
muscle tone

Corneal or palpebral 
reflex, spontaneous 
blinking and 
vocalizations

Poultry Electrical 
water bath

Tonic seizures, 
breathing and 
spontaneous 
blinking

Corneal or 
palpebral 
reflex and 
vocalizations

Not applicable Not applicable Wing flapping 
and breathing

Corneal or palpebral 
reflex, spontaneous 
swallowing and head 
shaking

Stunning 
with gas 
mixtures

breathing, 
muscle 
tone, wing 
flapping and 
spontaneous 
blinking

Corneal or 
palpebral 
reflex and 
vocalizations

Not applicable Not applicable Wing flapping, 
muscle tone and 
breathing

Corneal or palpebral 
reflex
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the tolerance level (number of potential 
failures, meaning the animals that are 
conscious after stunning). A tool with a 
user-friendly interface and user manual 
that can be used to calculate the sample 
size for a specific slaughterhouse situa-
tion has been developed by EFSA and is 
available online (EFSA, 2013f).

In addition, risk factors to animal 
welfare associated with the different 
methods and species have been identi-
fied. They have been differentiated by 
their effect on the sampling protocol: 
risk factors which reduce the quality of 
the stun and risk factors which reduce 
the sensitivity of the indicators used. 
Depending on which of these risk 
factors are present in a given slaugh-
terhouse context, the sampling proto-
col applied in that slaughterhouse may 
require changes. Three scenarios of 
sampling levels have been identified: 
standard, reinforced and light sampling, 
corresponding to normal, tightened and 
reduced inspections.

13.4  OUTLOOK

The EU legal framework provides for 
numerous useful mechanisms to ensure 
and, where necessary, improve animal 
welfare at slaughter. Food business 
operators, animal welfare officers and 
national and European authorities need 
to work hand in hand to achieve the high 
animal welfare standards expected by 
European citizens. Information on the 
performance of the monitoring systems 
established at slaughterhouses, spe-
cifically on the animal-based measures 
used as indicators therein, should be 
exchanged with national contact points 
that are providing scientific support for 
the implementation of Regulation EC 
1099/2009. This will enable a gradual 
improvement of the monitoring systems 
and be instrumental in further charac-
terizing the sensitivity and specificity of 
the indicators in specific slaughterhouse 
contexts. Ultimately, the analysis of 
the monitoring results will yield crucial 

Table 13.4  �Indicators to monitor welfare during slaughter without stunning

Prior to release from restraint Prior to dressing (or, in the case of 
poultry, prior to scalding)

Species Recommended 
indicators

Additional 
indicators

Recommended 
indicators

Additional 
indicators

Bovines Breathing and 
muscle tone

Posture and 
corneal or 
palpebral reflex

End of bleeding, 
relaxed body, 
dilated pupils

No additional 
indicators

Sheep and 
goats

Breathing and 
muscle tone

Posture and 
corneal or 
palpebral reflex

Bleeding, muscle 
tone and pupil size

No additional 
indicators

Poultry Not applicable Not applicable Breathing, 
the corneal or 
palpebral reflex, 
pupil size and 
bleeding

Muscle tone
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information for improving slaughter pro-
cesses, but also for identifying if and 
how existing slaughter methods need to 
be modified. The European Food Safety 
Authority is committed to continuous 
improvement to animal welfare at the 
time of killing, on the basis of advance-
ments in science and technology, and is 
actively supporting Member States, food 
business operators and the Commission 
along this way. 
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chapter fourteen

Effect of pre-slaughter handling and 
stunning on meat quality

Carmen Gallo1, Luigi Faucitano2, Marien A. Gerritzen3

Learning objectives

●● Describe the relationship between animal welfare and meat quality within a 
slaughterhouse.

●● Be aware of some specific factors that can affect animal welfare and meat 
quality of ruminants, pigs and poultry during lairage and slaughter.

●● Understand how improvements in animal handling at the slaughterhouse can 
also reduce meat quality problems. 
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14.1  INTRODUCTION

The close relationship existing between 
handling animals at pre-slaughter and the 
yield and quality of the meat products 
can be useful as part of a strategy for 
improving animal welfare in meat produc-
ing species. Poor animal welfare during 
the pre-slaughter operations can lead to 
economical losses due to increased mor-
tality, reduced carcass and meat yield 
and quality and more carcass trimmings 
due to bruising. As these carcass defects 
can be the result of poor animal welfare 
before slaughter, their occurrence can 
negatively affect consumer acceptance 
in countries with high welfare standards 
and, in others, reduce the chances of 
exporting meat and meat products to 
countries that strongly enforce animal 
welfare legislation. In many countries, 
particularly in South America, meat expor-
tation has provided a good opportunity/
economic incentive to make improve-
ments in quality assurance schemes 
and good animal handling practices that 
consider their welfare as a component 
in the production chain on farm, during 
transport and at slaughter (Gallo, 2009; 
Huertas et al., 2014; Paranhos da Costa 
et al., 2012). 

Pre-slaughter handling begins on the 
farm and includes preparation of animals 
for transport, herding and penning, with-
drawal of feed and water, loading on 
to transport vehicles, journey distance, 
duration and driving/road conditions, tem-
perature and humidity in the vehicle and 

finally, waiting time until the animals are 
unloaded. These factors affect carcass 
and meat quality individually and cumu-
latively. Animals that are fractious, raised 
on farming systems with minimum or no 
contact with humans and those stressed 
during these processes are difficult to 
handle and restrain at slaughter and, as 
a consequence, become a risk factor 
causing poor animal welfare outcomes.

The purpose of lairage at the slaughter-
house is to provide a reservoir of animals 
aimed at maintaining the constant speed 
of the slaughter line and to allow an 
opportunity for stressed and (or) fatigued 
animals to recover from loading and 
transport stress (Warriss, 1987). Lairage 
and stunning are of extreme importance 
in meat producing animals as there are 
a number of serious hazards for animal 
welfare as well as for meat quality. 
Mistakes made at these points can have 
irreversible effects on meat quality and 
may offset all efforts made by the pro-
duction sector to improve performance 
and animal welfare. Recommended 
lairage times depend on the animal 
species and previous conditions on farm 
and during transport. Precautions must 
be taken to ensure an adequate handling 
and environmental control to safeguard 
the benefit of lairage as resting area, 
enabling animals to recover from the 
stress of transport and limit the effects 
on meat quality variation.

Properly designed and maintained 
lairage pens and stunning boxes, correct 
use of stunning methods by trained 
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operators and a short interval between 
stunning and sticking will improve animal 
welfare and reduce carcass and meat 
quality problems.

Training animal handlers throughout 
the meat processing chain can improve 
animal welfare and meat quality. Both 
from an animal welfare and economical 
point of view, it is important to handle 
animals with care and to pay attention 
to lairage conditions, and to the right 
stunning methods and settings. The 
objective of this chapter is to discuss the 
main meat quality problems that can be 
produced in ruminants, pigs and poultry 
during the pre-slaughter operations after 
arrival at the slaughterhouse.

14.2  RUMINANTS

The different events involved during 
pre-slaughter handling of ruminants at a 
slaughterhouse, such as crowding and 
mixing in lairage pens, feed and water 
deprivation, and the use of inadequate 
aids for driving from unloading through 
lairage to stunning are all stressful 
events that affect animal welfare and 
can also affect meat quality (Ferguson 
and Warner, 2008; Gallo, 2009; Gregory, 
1998; Warriss, 2000).

14.2.1  Lairage duration and 
conditions

The time animals spend without feed 
and/or water is important from a welfare 
point of view as they could be subjected 
to prolonged thirst and hunger, and also 
from an economic point of view due to 
reduction in carcass yield and meat qual-
ity (Gallo and Gatica, 1995; Gallo et al., 
2003a). Exposing ruminants to various 

adverse conditions prior to slaughter, like 
hunger, thirst, adverse climatic condi-
tions, mixing of unfamiliar animals, noise, 
muscular fatigue and space restrictions 
during lairage will lead to stress (Grandin, 
2007) and hence to high final pH in meat 
(Ferguson and Warner, 2008; Hood and 
Tarrant, 1980). Stress will reduce muscle 
glycogen reserves and minimize lactic 
acid formation after death, all resulting 
in a reduced pH decline and production 
of meat characterized by a pH > 5.8 and 
dark colour (known as dark, firm and 
dry [DFD] or dark cutting beef; Hood 
and Tarrant, 1980). The dark colour of 
DFD meat negatively affects consumer 
acceptability of the product; moreover, 
the high pH and the higher water hold-
ing capacity favour the development of 
bacteria and reduce the shelf-life of meat 
(Hoffman, 1988; Wirth, 1987).

In order to reduce meat quality prob-
lems, lairage time should be kept to 
a minimum (< 12 h), unless animals 
have access to feed and water (OIE, 
2014). The longer the time ruminants 
spend in lairage, the higher the risk of 
carcass weight loss, bruising and dark 
cutters (Amtmann et al., 2006; Ferguson 
and Warner, 2008; Gallo et al., 2003a; 
Strappini et al., 2013; Warner et al., 
1998), especially if they have been trans-
ported for over 12 hours before (Gallo et 
al., 2003a). In these conditions, although 
the provision of water may help rumi-
nants rehydrate reducing carcass yield 
losses, the negative effects on final pH 
are usually irreversible (Ferguson and 
Warner, 2008; Gallo et al., 2003a). Steers 
transported for 3 to 24 hours, and then 
submitted to 24-hour lairage showed 
9.4 times a higher probability of having 
a muscle pH > 5.8 (threshold pH value 
used for classification of DFD meat) than 
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those with 3-hour lairage (Amtmann et 
al., 2006). Significant losses in lamb and 
goats carcass yield can result from long 
lairage times (Carter and Gallo, 2008; 
Díaz et al., 2014; Warriss et al., 1987). 
Part of these losses can be explained by 
a significant dehydration rate and mobili-
zation of body reserves, as evidenced by 
the increased concentration of betahy-
droxibutyrate in blood (Kannan et al., 
2002; Tadich et al., 2009). 

Many events that lead to physical injury 
can happen during the pre-slaughter han-
dling process ending in lairage. Strappini 
et al. (2013) registered 1,792 poten-
tial bruising events in 52 cows during 
loading, transport, unloading, lairage and 
stunning. They found that 91% of these 
occurred during the 19-hour lairage they 
were submitted to and were mostly due 
to social interactions between animals. 
Besides bruising, mixing animals from 
different origin results in reduced glyco-
gen reserves due to greater physical 
activity, such as mounting and butting 
(Warriss et al., 1984). It appears that in 
steers, agonistic behaviours in lairage 
are more frequent after short transport 
journeys than long ones (3 vs. 24 hours; 
Gallo, 2009). 

In sheep, a decrease in muscle glyco-
gen concentration has been observed 
when lairage time is extended, although 
results on ultimate pH of meat are less 
clear (Carter and Gallo, 2008; Díaz et 
al., 2014; Jacob et al., 2005; Warriss et 
al., 1987). Younger age at slaughter and 
shipment to slaughter immediately after 
weaning can have an additive effect on 
stress response in lambs (Tadich et al., 
2009). Carter and Gallo (2008) repor-
ted almost no glycogen reserves in the 
muscles of lambs raised in Patagonia, 

weaned immediately before transport to 
slaughter (46-hour journey) and slaugh-
tered after 6 to 12 hours in lairage with 
access to water only. This metabolic 
muscle condition may result in pH higher 
than 6.0 and DFD meat in lambs (De la 
Fuente et al., 2006).

The reported effects of lairage dura-
tion on meat quality in ruminants vary 
between studies and countries in the 
world because of differences between 
production and transport conditions, 
species and category of ruminant (Del 
Campo et al., 2014). 

14.2.2  Moving ruminants 
to stunning

In order to achieve good livestock han-
dling at the slaughterhouse and move 
animals efficiently from the lairage pens 
to the stunning point it is necessary to 
consider that interactions occur between 
the three components of this process: 
the animals, the handlers and the plant 
installations. Stress and lesions can be 
minimized by ensuring that the animal 
handling facilities are designed, construc-
ted and maintained to favour a smooth 
and efficient movement of livestock and 
stockpersons should be trained in animal 
handling according to species-specific 
behaviour (Grandin, 2007; Grandin and 
Shivley, 2015; OIE, 2014). Quantifiable 
behaviour indicators, such as the percen-
tage of cattle slipping, falling and vocali-
zing while being driven through the race 
from unloading to stunning, reflect diffi-
culties during handling and are a useful 
tool to assess the effects of improve-
ments resulting from handler training or 
facilities design (Gallo et al., 2003b). 

The OIE (2014) has provided some 
principles for the handling of animals 
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at slaughterhouses on arrival, in lairage 
pens and through the raceways leading 
to the stunning pens. In all cases, the 
use of procedures that cause pain to the 

animals, such as pricking or hitting cattle 
with sticks, is forbidden. The use of 
sticks can also leave typical marks on the 
carcasses (Figures14.1a and b). Although 

Figure 14.1: Carcass bruising produced by: (a) pricking cattle with pointy driving tools; (b) hitting 
cattle with sticks; (c) prodding cattle with electric goads; (d) lifting lambs by the wool

(a) (b)

(c) (d)
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the use of electric goads is permitted for 
cattle, an inappropriate application of this 
tool (too frequent, too long application or 
too high voltage) can also leave marks 
on the carcass (Figure 14.1c). Due to 
their smaller size, ruminants like sheep 
and goats are commonly mishandled by 
being lifted by the wool (Fig.14.1d), horns 
and other parts of the body. These poor 
handling practices cause pain and lead to 
carcass bruising in sheep (Tarumán and 
Gallo, 2008). 

Bruising, besides indicating poor han-
dling conditions, results in economic 
losses due to trimming, reduced yield 
and carcass downgrading (Warriss, 
2000). In contrast to pigs and poultry, 
bruises inflicted during the pre-slaughter 
period are not visible in live ruminants 
due to the presence of hair and thick 
skin. Therefore, bruises and marks due 
to inadequate use of handling aids can 
only be evidenced on the carcasses of 
cattle (Strappini et al., 2013) and sheep 
(Carter and Gallo, 2008; Tarumán and 
Gallo, 2008) after slaughter. Although 
attempts have been made to use the 
colour of bruising, it is often difficult to 
trace back the time of bruise infliction 
along the meat production chain, hence 
efforts should be made to minimize 
or eliminate the risks throughout the 
pre-slaughter handling procedures. 

14.2.3  Stunning of ruminants

The purpose of stunning animals before 
slaughter is to avoid causing unneces-
sary suffering and pain when they are 
bled and because of this it is a mandatory 
practice to stun animals prior to slaughter 
according to the OIE (2014) animal wel-
fare standards. Based on the significant 
impact of trained handlers at this stage 

on animal welfare and meat quality, 
training personnel on stunning practices 
is considered of particular importance 
(Gallo et al., 2003b; Huertas et al., 2014). 

In order to stun ruminants effectively, 
they need to be restrained (OIE, 2014) 
and a fundamental principle to bear in 
mind is that operators should not restrain 
the animal if they are not ready to stun. 
Moreover, stunning operators should 
not stun an animal if they are not ready 
to shackle, hoist and bleed immediately 
after, as this can lead to negative conse-
quences in terms of animal welfare as 
well as meat quality. Negative effects at 
this point will also depend on the stun-
ning methods used.

14.2.3.1  Captive bolt stunning
Captive bolt stunning is the most common 
method for stunning ruminants. Animals 
have to be restrained for as short time 
as possible before stunning (Ewbank et 
al., 1992; Muñoz et al., 2012; OIE, 2014). 
If restraining devices are not carefully 
designed to hold the animal appropriately 
and/or produce an excessive pressure on 
the animal, this can lead to discomfort 
and carcass bruising can be observed if 
the design includes pinch points or sharp 
edges (Gallo, 2009; Grandin and Shivley, 
2015). Another common problem in stun-
ning boxes for cattle is guillotine doors 
being dropped on the back of animals 
at the entrance into the box, leading 
to bruises with a typical pattern on the 
back (Strappini et al., 2013). To avoid this 
bruise type, the guillotine door bottom 
edges should be cushioned.

14.2.3.2  Electrical stunning
Electrical stunning methods, head-only 
or head-to-body (or back/cardiac arrest 
type), are common methods used for 
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small ruminants. To ensure stunning 
efficiency, it is important to train opera-
tors on the positioning of electrodes, the 
application time and the voltage/amper-
age (HSA, 2006b). A frequent problem 
observed in sheep stunning is the place-
ment of electrodes at wrong anatomical 
sites, such as on the neck or behind ears, 
which reduces stunning efficiency (Gallo, 
2009; Velarde et al., 2000a,b). Poor or 
intermittent electrical contact during 
stunning can produce high voltage spikes 
that are detrimental to meat quality. 

14.2.3.3  Stun-to-stick interval
A short interval between stunning and 
bleeding is desirable from an animal 
welfare and a meat quality point of view 
(HSA, 2006a,b; OIE, 2014). With head-
only electrical stunning, ideally an animal 
should be bled before 15–20 seconds 
(HSA, 2006b; OIE, 2014) in order to avoid 
a return to sensibility as it is a reversible 
stunning method. In the case of head-to-
back electrical stunning or captive bolt 
stunning, it is recommended to bleed 
before 60 seconds after stunning appli-
cation (OIE, 2014). A longer interval can 
lead to haemorrhages of pin-head to 
about 1 cm in size (blood splash) in any 
muscle (Warriss, 2000). Blood splashing 
is more common in lambs, but has been 
also recorded in valuable beef cuts, such 
as Psoas major and Longissimus dorsi 
(Gallo, 2009). There is evidence that one 
of the main reasons for blood splashing 
is the increase in blood pressure that 
occurs after the stunning procedure. 
Exsanguinating the animal as soon as 
possible after stunning reduces this pro-
blem (Warriss, 2000). Results on meat 
quality and the incidence of haemorrha-
ges in lambs due to electrical stunning 
are diverse. Paulick et al. (1989) and 

Vergara and Gallego (2000) reported a 
faster muscle pH decrease in head-only 
electrically stunned lambs, whereas 
other authors failed to find any effect on 
meat quality, but observed haemorrha-
ges in the heart, neck and rump (Velarde 
et al., 2003; Vergara et al., 2005).

14.3  PIGS

14.3.1  Lairage duration and 
conditions

The recovery of pigs from stress and 
the related economic losses due to poor 
meat quality in lairage depend on lairage 
time and on the quality of the handling 
systems, facility design and environ-
ment, and whether pigs are mixed or not 
(Faucitano and Geverink, 2008).

14.3.1.1  Lairage duration
A number of studies (Pérez et al., 2002; 
Warriss et al., 1992) concluded that after 
two to three hours in lairage, physiologi-
cal basal levels are reached again indicat-
ing pigs’ full recovery from transport and 
handling stress and ensuring the produc-
tion of good quality pork. No or short 
lairage (15–60 min) is not recommended 
as it results in higher muscle tempera-
ture immediately before slaughter and 
higher level of lactic acid in the muscle 
resulting in increased incidence of pale, 
soft and exudative (PSE) pork (Fraqueza 
et al., 1998; Shen et al., 2006). On the 
other hand, longer lairage time proved 
to reduce the risk to produce PSE pork 
(2% at 10 h; Guàrdia et al., 2005), but 
to increase the percentage of dark, firm 
and dry (DFD) pork (Gispert et al., 2000; 
Warriss et al., 1998). Guàrdia et al. (2005) 
reported a 12% risk to produce DFD pork 
after 3-hour lairage reaching a 19% risk 

RAJ & VELARDE PRINT.indd   257 10/11/2016   07:22

Downloaded From Vet-eBooks.com



258	 ANIMAL WELFARE

after overnight lairage. The increase in 
DFD pork in proportion with lairage time 
is the result of reduced muscle glyco-
gen content at slaughter caused by the 
combined effect of fasting and fighting 
(Guàrdia et al., 2009; Nanni Costa et al., 
2002).

The fasting condition of pigs on arrival 
at the slaughter plant may affect their 
activity in lairage and meat quality vari-
ation. Dalla Costa et al. (2016) compared 
the application of two 24-hour fasting 
strategies pre-slaughter and reported 
the production of darker and drier pork 
in pigs that spent most of their fasting 
time at the slaughter plant (22 h) com-
pared with those that were mostly fasted 
at the farm prior to transport (18 h) due 
to more extended fighting in the lairage 
pen. 

14.3.1.2  Lairage conditions
Mixing unfamiliar pigs, which is a 
common practice at high throughput 
commercial slaughterhouses, inevitably 
causes some fighting which results in 
greater risk of DFD pork (Warriss and 
Brown, 1985). The effects on pork qual-
ity can be explained by the glycogen 
exhaustion caused by the greater physi-
cal activity and the significant rise in body 
temperature that may last for 8 hours 
after mixing (de Jong et al., 1999; Jones 
et al., 1994). To limit fighting in lairage it 
is either recommended to keep pigs in 
smaller groups (15–40 pigs; Geverink et 
al., 1996; Rabaste et al., 2007) or to mix 
very large groups (up to 200 pigs) in the 
pen (Grandin, 1990). Space allowance 
also has a big impact on social behav-
iour of pigs in the lairage pen, regardless 
of the group size (Moss, 1978; Figure 
14.2a,b). Based on these observations 
and on the evidence that most fighting 

occurs within the first 30–60 minutes of 
mixing in lairage (Geverink et al., 1996; 
Moss, 1978), to restrict fighting between 
mixed pigs stocking densities of 0.42 
m2/pig for short lairage (< 3 h) and 0.66 
m2/pig for long lairage (> 3 h) are recom-
mended (SCAHAW, 2002). 

Air temperature during lairage has 
an impact on pork quality variation 
(Lammens et al., 2007). Lairage tempera-
tures of 15–18ºC and relative humidities 
(RH) of 59–65% are recommended to 
limit pork quality variation (Honkavaara, 
1989). When these environmental condi-
tions are not respected, pigs can either 
suffer from cold stress (shown by shiver-
ing) which may result in DFD pork due 
to muscle energy depletion to maintain 
a constant body temperature (Knowles 
et al., 1998) or heat stress as shown 
by increased panting, especially when 
they are stocked at hot (> 30ºC) and 
humid (RH > 80%) conditions resulting 
in greater risk for PSE pork production 
(Santos et al., 1997). When the tempera-
ture is above 30ºC, lairage time should 
be shortened as much as possible to 
limit the risk of PSE production (Fraqueza 
et al., 1998).

Spraying pigs with cold water (approxi-
mately 10°C) in the lairage pen results in 
a 2°C drop in body temperature, leading 
to a reduced incidence of PSE pork (Long 
and Tarrant, 1990). However, at environ-
mental temperatures below 5ºC, show-
ering is not recommended as it may lead 
to DFD pork due to shivering and muscle 
glycogen depletion in response to cold 
stress (Knowles et al., 1998). 

When compared to cattle and sheep, 
pig lairages are the noisiest place in 
slaughterhouses (Weeks et al., 2009), 
with noise ranging from 76 to 108 dB, 
with the highest peaks (120 dB) being 
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Figure 14.2: Pigs kept in lairage at high (a) and low (b) stocking densities

(a) (b)

recorded in the pre-stun area (FAWC, 
2003; Rabaste et al., 2007; Talling et 
al., 1996). Lairage noise is mostly rep-
resented by gates clanging and pig 
vocalization (Weeks, 2008; Weeks et al., 
2009), which produce a fear response 
in pigs resulting in a more rapid drop in 
early post-mortem muscle acidification 
(lower initial pH) and increased produc-
tion of exudative pork (van de Perre et 
al., 2010; Warriss et al., 1994). To reduce 
the risk for PSE meat the average sound 
level during lairage has to be lower than 
85 dB (Vermeulen et al., 2015a,b).

14.3.2  Moving pigs to stunning

The combination of higher slaughter 
speed, poorly designed handling sys-
tems and large groups during the short 
period between the exit of the lairage 
pen and stunning may result in greater 
proportion of slips and high-pitched 
vocalization, and increased use of elec-
tric prods, all associated with greater skin 
lesions score, and lower pH24 and higher 
drip loss in pork meat (Chevillon, 2001; 
Dokmanović et al., 2014; Hambrecht et 
al., 2005; Rabaste et al., 2007; Rocha et 
al., 2016; Vermeulen et al., 2015a; van 

der Wal et al., 1999). To ease handling 
and keep a smooth and consistent flow 
of pigs to the stunner, it is recommended 
to move pigs in groups of 6–8 to 18–20 
to maintain slaughter throughput rates 
from 150 to 900 pigs/hour, respectively 
(Chevillon, 2001). Moving large groups of 
pigs (45 pigs) through the lairage alleys 
may result in a greater incidence of PSE 
pork and blood splashing (Barton-Gade et 
al., 1992; Figure 14.3a,b).

Critical factors at this point are 
the entrance into the race and the 
“stop–start” forward motion of pigs 
towards the stunner, which are both 
observed in races feeding electrical 
and CO2 stunners and both increase 
the need for the use of electric prods 
to encourage pig movement (Faucitano 
2010). The entrance of pigs into a CO2 
stunner has been significantly improved 
by the group-wise stunning system 
(Christensen and Barton-Gade, 1997). 
Compared to the traditional double 
race system, the group-wise handling 
system resulted in lower proportion of 
PSE and blood splashed pork due to 
reduced prodding and muscle exercise 
(Christensen and Barton-Gade, 1997; 
Franck et al., 2003).
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At medium-high throughput commer-
cial slaughterhouses, pigs are moved 
into a restrainer, either V- or band-type, 
which lifts them up from the ground lim-
iting their movements and conveys them 
to the point of electrical stunning, that is, 
head-only or head-to-chest type, respec-
tively. Comparative studies between 
these two restrainer types reported that 
pigs restrained in the band conveyor 
produce less blood splashes (−30%) 
and PSE pork than those conveyed with 
the V-type restrainer (Griot et al., 2000; 
Lambooij et al., 1992).

14.3.3  Stunning of pigs

Electrical and carbon dioxide (CO2) gas 
are the most common stunning systems 
for pigs (see Chapters 7 and 8). 

14.3.3.1  Electrical and CO2 stunning
When compared with carbon dioxide 
stunning, head-only electrical stunning 
increases the rate of the post mortem 

muscle glycolysis (PSE pork) in pigs due 
to increased post-stun convulsions and 
produces a 20-fold increase in the inci-
dence of haemorrhages in the muscle 
due to increased blood pressure and 
muscle activity immediately after stun-
ning due to the occurrence of tonic−
clonic seizures or convulsions (Lambooij 
and Sybesma, 1988; Wotton et al., 
1992). 

The head-to-body system minimizes 
the negative effects of the head-only 
electrical stunning as the application 
of the body electrode inhibits the post-
stun convulsions (Gilbert et al., 1984). 
However, when compared with CO2 
stunning, head-to-body stunning still 
increases the incidence of PSE and blood 
splashing on the loins and hams (Velarde 
et al., 2000a, 2001).

However, the effects of CO2 stunning 
on pork quality depend on the gas concen-
tration. Nowak et al. (2007) showed that 
meat quality was superior (higher pH24 
values) after exposure to 90% compared 

Figure 14.3: Moving pigs in large (a) versus small (b) groups through the lairage alleys

(a) (b)
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to 80% CO2 for 100 seconds in a deep 
lift system which may be explained by 
the lower rate of convulsions, indicator 
of stunning efficiency, just prior to or 
post-slaughter.

14.4  POULTRY

In the period between leaving the farm 
and the moment of slaughter as other 
animals, poultry will undergo a range of 
different factors that affect the welfare 
as well as product quality. This will start 
with the withdrawal of food and a period 
of low water intake, to catching and 
crating, transport conditions, conditions 
during the waiting period at the slaugh-
ter plant and ending with shackling and 
stunning before slaughter. According to 
Savenije et al. (2002), feed withdrawal 
and transport quickly exhaust the main 
energy supplies of chickens. Energy 
exhaustion compromises the welfare 
of the birds and makes them progres-
sively less capable of coping with fur-
ther stressors. Catching, crating and 
transport are stressful stimuli but, it was 
found that neither feed deprivation nor 
transport under good conditions for short 
periods of time significantly affected 
meat quality.

14.4.1  Lairage of poultry

Birds that arrive at the slaughterhouse in 
poor conditions, that is, suffering from 
injuries due to catching and crating or 
that are exhausted due to poor transport 
conditions, will suffer during lairage. For 
bird welfare reasons it is better to limit 
the waiting period at the slaughterhouse 
to a minimum. However, distinguishing 
between birds in good or poor condition 

is not easy while large numbers of them 
are held in transport containers. A good 
qualification system to check the state 
of birds based on weather conditions, 
duration of the fasting period, transport 
duration and visual observations could 
be helpful to minimize the risks of poor 
animal welfare and of quality losses due 
to the stress experienced during the pre-
slaughter period. 

Weight loss due to high temperature 
at lairage may range from 0.1 to 5% at 
the processing plant (Bilgilli et al., 1989). 
Good temperature management during 
lairage will benefit animal welfare as well 
as product quality and yields. 

14.4.2  Handling poultry before 
stunning

Handling before stunning can be divided 
into two methods: hanging birds into 
shackles at the slaughterline before elec-
trical water bath stunning and tilting or 
tipping birds on to a conveyor belt for gas 
stunning. 

To present birds to an electrical water 
bath stunning system, birds are taken 
out of the transport containers or crates 
manually and suspended by their legs 
at shackles. Hanging the birds into the 
shackles is performed at high speed 
resulting in a considerable number of 
bruised legs or even broken bones 
(Sparrey and Kettlewell, 1994; Veerkamp 
and de Vries, 1983). To minimize nega-
tive effects of suspending birds to the 
shackle line it is important that personnel 
handle birds with care and avoid force-
ful suspension. Furthermore, the size of 
the shackles should be appropriate to the 
size of the birds and their legs. Design 
of the slaughterline, that is, length, 
corners and breast support systems, can 
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possibly help to limit the negative effects 
of shackling. 

In case of gas stunning, birds are pre-
sented to the stunning system in their 
transport crates or container or on a con-
veyor belt. To present the birds on a con-
veyor belt, the transport containers are 
tilted and the birds slide or fall out of the 
containers on to the conveyor belt. After 
gas stunning, birds are suspended on 
the shackle line fully relaxed, eliminating 
the negative effects of live bird shackling 
(Uijttenboogaart, 1997).

14.4.3  Stunning of poultry

14.4.3.1 Electrical stunning
Electrical stunning in a multiple bird 
water bath stunner is the universally used 
method for stunning poultry at slaughter. 
The exact amount of current delivered to 
individual bird depends on the electrical 

impedance of that bird in the system. 
The effectiveness of electrical stunning 
depends on the frequency and wave-
forms of the current (Raj et al., 2006a,b). 
The higher the frequency, the more cur-
rent is required to induce unconscious-
ness (Hindle et al., 2010). Birds with high 
impedance in the system will not receive 
enough current to become immediately 
unconscious and birds with a lower than 
average impedance will receive more 
current than necessary. Receiving more 
current is not an animal welfare issue, but 
the main problem with effective electrical 
stunning is that it very often goes with 
detrimental effects on meat and carcass 
quality. The study of Hindle et al. (2010) 
clearly indicated that effective electrical 
stunning in a commercial multibird water 
bath stunner always involves a number of 
carcasses having bloodspots and other 
quality defects (Figure 14.4). When the 

Figure 14.4: Different levels of bloodspots in breast meat
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stunning frequency is increased and the 
applied current remains the same, the inci-
dence of carcass damage such as bloods-
pots will decrease but, as a consequence, 
the percentage of effectively stunned 
birds will also decrease. Therefore, to 
induce effective stunning with higher 
frequencies demands higher currents at 
the same time and that will again result in 
increased level of bloodspots. 

It is therefore obvious that effective 
stunning intervention in a multibird water 
bath stunner will conflict with product 
quality.

14.4.3.2  Gas stunning
The most common gas stunning method 
is a two-phase controlled atmosphere 
stunner (CAS) or a multi-step carbon diox-
ide stunning system (MCAS), but also 
systems containing 30% CO2 with 70% 
N2 are used in practice. The advantage of 
gas stunning is that birds do not need to 
be handled or shackled before stunning 
and that, at correct settings, they have 
minimal negative effects on product 

quality (Raj et al., 1990). Furthermore, 
exposure to increasing CO2 levels will 
not affect meat quality as with electrical 
stunning. Bloodspots and broken wings 
will hardly occur due to stunning interven-
tion. However, the occurence of convul-
sions or uncontrolled wing flapping can 
increase the risk of wing damage (Figure 
14.5). Exposure to high CO2 concentra-
tions or to very low O2 concentrations 
as with N2 or argon stunning systems 
induce serious uncontrolled muscle 
contractions (convulsions). These con-
vulsions can lead to wing damage like 
bruises and broken or dislocated wings 
which lead to economic losses.

In experiments using several different 
gas mixtures, McKeegan et al. (2007) 
concluded that a two-step system using 
40% CO2, 30% O2 and 30% N2 in the first 
phase and 80% CO2, 5% O2 and 15% N2 
in the second phase was to be preferred 
compared to a one-step system using 
either argon or argon mixed with 30% 
CO2 from both a bird welfare and a meat 
quality perspective. In studies containing 

Figure 14.5: Two types of wing damage: (a) open fracture; (b) severe bleeding 

(a)
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multi-stepwise increase of CO2, convul-
sions were not observed or only at a very 
moderate level (Gerritzen et al., 2013). `
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Concluding remarks

Farm animal welfare concern is based 
upon the belief that animals can suffer, 
and it is now clearly an important issue 
for ordinary people, especially across 
Europe, who demand that animals be 
bred, reared, transported and slaugh-
tered in a humane way. Animal welfare 
is indeed seen as attribute of an “overall 
food quality concept”, which is strictly 
correlated to other issues such as animal 
health, food safety and food quality. 
Conditions that harm animal welfare 
negatively affect animal health and pro-
ductivity, and damage specific quality 
aspects thereby jeopardizing economic 
return, profitability and the ultimate 
product quality. 

Slaughtering of animals is seen as the 
most critical stage of animal production. 
Council Regulation No 1099/2009 on the 
protection of animals at the time of killing 
lays down rules for the killing of animals 
bred or kept for the production of food, 
wool, skin, fur or other products as well 
as the killing of animals for the purpose 
of depopulation and for related opera-
tions. It aims to minimize avoidable pain 
and suffering caused to animals through 
the use of properly approved stunning 
methods, based on scientific knowledge 

and practical experience. The scope of 
this regulation is to protect welfare of all 
vertebrates including fish. Concern over 
the welfare of animals is by no means 
restricted to Europe. Animal welfare 
has been identified as a priority of the 
World Organisation for Animal Health 
(OIE), an international organization with 
184 member countries. Currently, this 
organization has welfare standards for 
slaughter, transport and killing of animals 
for disease control agreed among its 
member countries.

The development of the existing leg-
islation and standards is based on the 
best available scientific advice, taking 
into account public expectations, socio-
economic consequences and trade 
concerns. The European Food Safety 
Authority (EFSA) provides scientific 
advice and technical support for the 
development and implementation of leg-
islation and policies in the field, which 
have a direct or indirect impact on food 
and feed safety. Important work was 
recently carried out to support the imple-
mentation of the Regulation on the pro-
tection of animals at the time of killing, 
in particular regarding the scientific 
elements needed for the development 
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of monitoring procedures at slaughter-
houses and for the assessment of new 
or modified stunning methods.

The onus of maintaining good animal 
welfare is on the business operators, 
who are required to put in place stan-
dard operating procedures and monitor-
ing procedures, including animal-based 
indicators, to evaluate the efficiency of 
stunning. Indeed, stunned animals will 
have to be regularly monitored to ensure 
that they do not regain consciousness 
till death, and no further processing can 
begin until death is confirmed in animals. 
In i, business operators are requested to 
appoint an animal welfare officer who 
is accountable for implementing animal 

welfare measures. People with respon-
sibility for handling, movement, lairage, 
stunning and slaughter of animals should 
be trained and provided with certificates 
of competence for the tasks they are 
expected to carry out, by an independent 
body.

This book provides comprehensive 
practical information concerning key 
stages of operation, risk factors asso-
ciated with each stage and animal-
based indicators as monitoring tools. 
It is intended to be a reference book 
for food business operators, veterinar-
ians and animal welfare officers for 
everyday activity ensuring welfare of 
animals.
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