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Abstract

This paper summarises the findings from five studies in eight countries on over 1,500 cattle slaughtered commercially by the halal
or shechita methods without stunning. It reports the number of cuts applied to the neck, the cutting methods and the frequency of
complications during the bleeding period. Complications during the bleeding period that occurred in some cattle included: (i) delay in
the time to collapse, which was interpreted as late loss of consciousness; (i) premature arrest of bleeding from the carotid arteries
due to false aneurysm formation; and (iii) blood entering the respiratory tract during bleeding. These features are important as they
determine or reflect the duration of consciousness following the cut and the potential for protracted suffering from wound nocicep-
tion or blood irritating the respiratory tract. When cattle were not restrained following the halal cut, they took on average 20 s to
collapse. Fourteen percent stood up again after an initial collapse, and 1.5% took more than 4 min before their final collapse. Eight
percent took 60 s or longer to collapse, and those animals were more likely to have false aneurysms in the severed ends of the carotid
arteries. False aneurysms, which were at least 3 cm in diameter, formed in the severed cardiac ends of the carotid arteries in 10%
of cattle slaughtered by halal or shechita. Some false aneurysms formed in the severed ends of the carotid arteries within 7 s of the
halal cut, and in 10% of the cattle bloodflow came to a halt in one of the arteries within 10 s. On average, the false aneurysms
developed within 2| s. Nineteen percent of cattle slaughtered by shechita and 58% of cattle slaughtered by halal had blood lining
the mucosa of the trachea. All animals had blood lining the glottis. In both situations there could be a sense of respiratory tract irri-
tation from the blood. It is proposed that severing the carotids at the position in the neck which corresponds to C! will reduce the
frequency of false aneurysm formation and subsequent arrested bloodflow from the severed arteries, and it will deafferent the respi-
ratory tract reducing the transmission of potentially unpleasant sensory signals associated with blood contaminating the upper and
lower parts of the tract. Most cattle subjected to halal and shechita have the neck cut at a position which corresponds to C2 to C4,
and changing to a cut at Cl could partly reduce the potential for suffering during slaughter without stunning.
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of suffering before unconsciousness sets in. It is an
overview based on previously published and unpublished

Introduction

The potential forms of suffering during slaughter without

stunning are:

»  pain and/or distress caused by the restraining method;
*  pain caused by the cutting method; and

* pain and/or distress following the cut.

There is disagreement about whether these forms of
suffering occur in every animal, and this may depend on
how the slaughtering is performed. This paper is principally
concerned with improving the ways in which the cut is
performed in cattle, with a view to reducing the frequency

information gathered by the authors.

Cutting method

The level of pain when cuts are applied to the neck is likely
to be influenced by:

+  the sharpness of the knife;
+ the way the opening cut is made in the skin; and
«  the number of cuts made in the neck.

Knife length and sharpness vary in halal. Usually the knife
is sharp but on one notable occasion in Bangladesh
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observed by one of the authors it was found that the knife
was very blunt. When blunt knives are used, more pressure
has to be applied and there can be more cuts to the neck.
Applying a larger number of cuts to the neck increases the
risk of stimulating free nerve endings in the skin and at the
cut edge of the skin, and this can provoke pain. Another
feature which can influence the number of cuts that are used
is the dimensions of the neck. This is a particular problem
in halal-slaughtered water buffalo that have a short neck and
wide horns. In poor areas, where purpose-built restraining
systems are not used, cattle and water buffalo are cast using
ropes attached to the feet. The animals are secured on their
sides, the neck is twisted to present the ventral aspect
uppermost and then the cut is made. In some water buffalo
it is impossible to twist the neck such that the ventral aspect
is uppermost, and so they are cut through the side of the
neck whilst in lateral recumbency. The tip of a blade is
inserted into the skin and then, after the animal settles, the
blade is repositioned in the wound and ventrally directed
cuts are made through the neck. Up to 19 cuts have been
used to sever the soft tissues in the neck when using this
method (Gregory et al 2008).

In Indonesia, three methods are used when making the
opening halal cuts in the skin. In both Java and Sumatra, one
of the more common methods is to use reciprocating cuts
across the neck and extending to the underlying soft tissues
including the carotid arteries. In Java, an alternative method
is to use the tip of the knife to pierce the skin in the side of
the neck and then draw the blade as a single sweep through
the skin and soft tissues which include the carotid arteries.
The third method, which was only seen in Sumatra, uses the
knife as a cleaver to make an opening cut in the skin with a
single chopping action (Gregory et al 2012). This was
followed by reciprocating lateral cuts to sever the soft
tissues including the carotid arteries. A fourth halal method
was seen in France. It involved a very short forward
movement of a blade to open the skin, followed by a longer
reverse stroke through the soft tissues including the skin.
This required a very sharp long knife to complete the cut in
a single reverse stroke. It also needed a good understanding
on the part of the slaughterman as to whether or not an addi-
tional (third) forward movement of the blade was required
because insufficient depth was achieved by the main reverse
stroke. The likelihood of pain may vary according to which
of these four methods is used and according to the way in
which they are performed.

The number of cuts recorded during one study of shechita
and halal were 3.2 (+ 0.1) and 5.2 (+ 0.2), respectively,
where one cut represents a movement in one direction
before a change in direction or withdrawal of the knife
(Gregory et al 2008). The legal interpretation of a single cut
can be different from this. For example, one legal require-
ment is that slaughter without stunning has to be “by
severance, by rapid, uninterrupted movements of a knife”
(WASK 1995). One interpretation of this requirement is that
a series of cuts involving many changes in direction of the
blade could be a single cut if the changes in direction were

uninterrupted. However, the primary aim should be to
minimise stimulation of free nerve endings in the cut edges
of the skin, and repeated rubbing of the blade against the cut
edges of the skin would be inappropriate from the physio-
logical perspective.

Pain and distress following the cuts

The potential duration of suffering during slaughter without
stunning depends on the time it takes for the animal to irre-
versibly lose consciousness following the cut. There have
been many scientific papers which have examined the elec-
troencephalogram (EEG) during this interval, and there has
been controversy about the length of this interval (Bager
et al 1988). Some authorities have found that the EEG
shows sufficient changes within 10 s of the cut to conclude
that the animals lose consciousness within this period,
whereas other reports suggest that a proportion of animals
take much longer (Blackmore et al 1983; Gregory & Wotton
1984; Daly et al 1988). One of the likely reasons for this
discrepancy is that insufficient numbers of animals have
been used in EEG studies to pick up the relatively low but
important percentage that experience sustained conscious-
ness during the bleeding period.

Proportion of cattle which develop a problem

More recently, in a study involving 174 cattle, slaughtered
in the upright position by a skilled halal slaughterman, it
was found that 8% took longer than 60 s to physically
collapse from the standing position following the cuts to the
neck (Figure 1; Gregory et al 2010). Physical collapse was
taken as a sign of the beginning of the loss of consciousness,
and this interpretation is sometimes used for the induction
of anaesthesia and for the induction of stunning with gases.

The most likely reason why some animals took a long time
to lose consciousness is as follows. When the carotid
arteries are cut in cattle, some arteries develop false
aneurysms at the cardiac severed ends (Gregory et al 2008).
The aneurysms can arrest blood loss from the arteries and
this can lead to delayed loss of consciousness (Gregory et al
2010). During the intervening period, nociceptive neuronal
signals are relayed to the brain where they are likely to be
experienced as pain (Gibson et a/ 2009). When bleeding is
arrested by a false aneurysm, blood can continue to flow to
the brain via the vertebro-basilar plexus which is particu-
larly well developed in cattle and this could contribute to
extending the duration of consciousness (Baldwin 1960;
Anil et al 1995). However, the likelihood of this combina-
tion of events happening will depend on how soon after the
cut the severed ends of the arteries become occluded by the
false aneurysm, and in what proportion of the animals.

The link between false aneurysm formation and early arrest
of bloodflow from the severed carotid arteries was
examined in 126 cattle at 12 halal slaughter premises in East
Asia plus one halal abattoir in France. It was found that
44 arteries showed early arrest of bloodflow (within 60 s of
the halal cut) and that 95% of those arteries had an artery-
plus-aneurysm size score of at least 2 (corresponding to an
outer diameter of at least 2 cm). Of the 208 arteries with no
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Frequency distribution of 174 cattle according to time to collapse following halal slaughter without stunning (after Gregory et al 2010).
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Time to arrested bloodflow in 44 arteries which experienced early arrested flow (within 60 s) in 36 cattle (after Gregory et al 2012).
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early arrest of blood flow, 90% had an artery score size
of < 2 which is the size for normal arteries with no false
aneurysms (P < 0.0001). In most arteries, when early
arrested bloodflow occurred it developed shortly after the
cut was made (Figure 2). For example, in 10% of the
animals there was arrested flow from a carotid artery at or
within 10 s of making the cut. Over half the animals that
developed early arrest of bloodflow showed this effect
within 12 s of the cut, and 72% of the cattle showed this
effect within 20 s.

Taking these results together, it appears that 10% or more
cattle developed a false aneurysm at the severed end of a
carotid artery causing arrested bloodflow from that artery.
In addition, about 10% of cattle showed a 60 s delay in loss
of consciousness after the cut (Gregory et al 2010). The
following sections consider how bloodflow is arrested,
whether we should be concerned about this, and if so, how
it can be managed.

Causes of arrested bloodflow

Current thinking is that false aneurysms are the main cause
of arrested bloodflow and that they form as a result of
retraction of the arteries when they are severed. The arteries
are stretched when the chin is extended to achieve tight neck
skin which enables effective cutting of the skin. When the
arteries are cut, they retract within the surrounding connec-
tive tissue sheath which is less elastic than the arteries. This
can lead to engorgement of the connective tissue sheath
which swells with blood, and in some cases the swelling
occludes the severed ends (Gregory et al 2006). Typically,
the swelling extends for about 1 cm beyond the severed end
of the artery, sealing its orifice. This effect has been repro-
duced in carotid arteries which had their ends partially
clamped, and the implication is that either raised pressure
from a narrow jet, or directing the flow of blood into the
sheath wall increases the risk of false aneurysm formation.
These effects, and those that might be produced by other
mechanisms, were discussed by Gregory (2009).

Most of the attention so far has been on the behaviour of the
cardiac severed ends of the carotid arteries. During
bleeding, there can be a small retrograde stream of blood
from the cephalic severed ends of the carotids in some
animals. If these ends become swollen and occluded, the
time to physical collapse can also be increased. For
example, cattle which took longer than 60 s to collapse had
a higher proportion of cephalic end swelling than those that
collapsed more promptly after the halal cut (Gregory et al
2010). When the cephalic severed ends are occluded, this
could add to the diversion of blood to the vertebro-basiliar
plexus, especially if a cardiac severed end is also occluded.

Reasons for concern

The reasons for being concerned about arrested bloodflow
and a delay in the time to loss of consciousness in some
animals are as follows. Firstly, there would be a greater risk
of distress following the cut, because of the longer period to
loss of consciousness. In one study it was found that 14% of
cattle had episodes of collapse followed by standing, and an

impression was that there was distress in some cases
(Gregory et al 2010). An alternative suggestion has been
that cattle might experience euphoria whilst bleeding out
(Regenstein, personal communication 2010), but the
reasoning supporting this suggestion seems less plausible in
view of the struggling that occurred in some animals.
Secondly is the greater risk of pain. During slaughter
without stunning, pain could arise in one of two ways. (i)
whilst making the cut in the neck and especially the skin. It
is recognised that repetitive cutting actions are more likely
to provoke pain, and in the UK repetitive cutting has been
an important feature in legal evidence on inappropriate
slaughter practice. Performing the cut as a single sweep in
one direction is not common, and where it is performed it
sometimes involves piercing the skin with the tip of the
blade and drawing the knife across the neck whilst held in
an under-hand grasp. (ii) Subsequent exposure of the cut
surfaces to mechanical stimuli. Theoretically, free nerve
endings exposed at the wound would be susceptible to
allodynia from contact with the restraining pen structures
supporting the head and neck, impacts from blood, and the
cut surfaces rubbing together if the head is released from its
restraint too early. Gibson et a/ (2009) showed that nocicep-
tive signals can reach the cerebral cortex of the brain just
after the cut and during the bleeding procedure, but the
origin of the stimuli that gave rise to those signals was not
identified. And, finally, through irritation of the respiratory
tract during bleeding. If blood impacts the glottis it could
give rise to upper respiratory tract irritation. Normally, this
type of stimulus causes abrupt coughing, but when the
vagus nerves are severed coughing does not occur. It has
been observed that blood usually impacts with the glottis
during bleeding in cattle held in both the upright and
inverted positions. During both shechita and halal slaughter,
blood commonly enters the trachea, and this could cause
irritation of the lower respiratory tract if it reaches the carina
at the bifurcation of the trachea (Gregory et a/ 2009).

Potential solution to the problem

A number of measures have been proposed for managing
the problems created by early arrested flow from the
arteries. They include pre-cut stunning, post-cut stunning in
all animals, post-cut stunning in those animals that show
arrested flow from at least one artery, and cutting any
aneurysms that develop during bleeding. There is one other
alternative. It has been found at three halal slaughter
premises, where the cattle were either cast and cut or
inverted in a rotating pen and cut, that the position of the cut
across the length of the neck can have a substantial
influence on the likelihood of early arrest of bloodflow
through false aneurysm formation (Gregory et al 2012).
Normally, the carotid arteries in the neck are severed at the
position of C2 to C4. When carotid arteries were severed at
C1 there was a low risk (0.01) of false aneurysm formation
and premature arrested bloodflow. Whereas, when cut at the
C2 to C4 position, the frequency of false aneurysm
formation and arrested bloodflow was higher (0.35; Table 1;
P < 0.001). Although this finding was not based on a
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Table | Effect of cutting position in the neck on arrested bloodflow in halal slaughtered cattle (after Gregory et al 2012).
Position of the cut in the neck
Cl Caudal to ClI P-value
All cattle 66 60
Number of cuts to the neck (£ SEM) (range) 34(x0.2) (I to 10) 3.8 (+ 0.4) (I to 18)
% carotid arteries in which bloodflow stopped before 60 s I 35 P < 0.001
% cattle in which bloodflow stopped in one or more arteries before 60 s 3 60 P <0.001
% cattle in which bloodflow stopped from both carotid arteries before 60 s 0 13 P <0.0I
Arteries which were completely cut and developed arrested flow within 60 s
Number of arteries 2 42
Time to arrested bloodflow (s) (£ SEM) 19 208 (£ 2.2)
Mean aneurysm score at arrested flow (+ SEM) 2.0 27 (£ 0.1)
controlled trial where cattle were slaughtered at the same References

abattoir by the same slaughterman, the clarity of the differ-
ence between the two neck positions introduces an important
opportunity for avoiding false aneurysms in future.

Performing the cut at the section of the neck that corre-
sponds to C1 also reduces the likelihood of irritation associ-
ated with blood contaminating the respiratory tract. This is
because it is likely that both the laryngeal nerves which
convey sensory signals from the upper respiratory tract and
the vagus nerves which convey some of the signals from the
lungs and lower trachea will be severed when the neck is cut
in this position (Gregory et al 2009). An additional feature
that is worth noting is that some cattle emit an entirely
different noise whilst breathing when the cut is made at C1
in comparison with C2 to C4. This can be disturbing for
some onlookers and it applies to animals in which the cut is
made rostral to the glottis.

Conclusion

It is estimated that 10% or more cattle develop complications
during the bleeding period during normal halal and shechita
slaughter. They take longer to lose consciousness and die
because false aneurysms develop in the arteries and the flow of
blood from the severed ends stops. Blood continues to flow to
the brain through a collateral route. Preliminary findings
indicate that the risk of false aneurysms is reduced by cutting
near to the angle of the jaw. Present evidence suggests that this
also reduces the risk of early arrest of bloodflow. It should be
noted that, while the method of cutting outlined here (severing
the arteries at C1) reduced the frequency of arrested bloodflow
from the arteries and so it should reduce the period of
consciousness following the cut, it is argued by many authori-
ties that animals cut without prior effective stunning could
experience pain and distress during any conscious period and
in this respect a cut at the C1 position should not be viewed as
resolving all potential pain and distress.
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