| ELECTRICAL STUNNING IN CATTLE AND SHEEP:
ELECTRODE PLACEMENT AND EFFECTIVENESS

K.V. Gilbert, C.J. Cook, C.E. Devine,
’Iag‘aﬂ‘ A. Tavener and H. Reed

‘fationm:i;es Suggest that the placement of electrodes during electrical stunning is a critical variable in assuring the humaneness of the
ecu()d“’lth head-only and head-to-body stunning. A successful stun is dependent upon sufficient current passing through the
#ly lﬂco . ¢ S)./Stems positioned caudal to the head do not always ensure this occurs.
n wQardiac tpOS“iOning of stun electrodes can induce a state that appears visibly similar to a correct stun, with animal paralysis present
acczbmlation having occurred, but without an accompanying electroplectic fit. Such a procedure is not a humane operation.
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e "-like State, as evidenced by an electroencephalogram (EEG). When combined with correct body electrode placement, animal
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I Plable stun must employ electrode placement that ensures an adequate current flow through the brain, inducing an

,Uon ‘ ‘%‘/

Con y |,
trol ang cardiac fibrillation can also be assured.

) Ele?SCTION
)[u"'lin c;g SWnning, used prior to slaughtering, can assure animal welfare by preventing needless suffering during slaughter procedures.
1 lhﬁh tinvolye passing a current through the brain only (i.e. head-only stunning), or passing a current through the brain via a contact
‘ t:;:l.bc’d)'.contact such as the back (head-to-back) or brisket (head-to-brisket). This latter type of stunning system in addition to
a“ghtelmal lnshensible, also abolishes movement and produces cardiac arrest.

%n%us ] 1t P-.lccmcal stunning, performed correctly, induces an epileptiform-like activity which is usually taken to assume the animal
"8, is " Nd insensible to pain (Gregory, 1985; Bager et al., 1990). The production of epileptiform-like activity, following electrical
: IlTwi()us I:vendem upon the amount of current that passes through the brain, and possibly the area of the brain through which it passes.

. " o1k (Cook et al., In Press) has shown that, in calves, the position of stunning electrodes is an important variable in assuring
Ap Ay Cy. If head-only stunning is used, either positioning electrodes on either side of the head or positioning electrodes on the
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M on Of the neck (an area approximating cervical vertebrae #2 to #5), an effective stun results with epileptiform-like activity being

the
Ver EEG, This presumably results from the spread of the electric field producing adequate current flow through the brain. If
the p P P
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“kduy) o Urrent passes from the same neck region to an electrode on the brisket, cardiac fibrillation and animal rigidity (followed by
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by, sty
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p \ € With an electrically-connected pair of electrodes on either side of the head, rather than on the neck, does produce a correct
)
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I3, but was shown not to be accompanied by epileptiform-like activity and as such is not a correct stun. In contrast, head-to-
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o e work presented in this paper was twofold: to determine current flow and resistance through the head and brain and,

M‘\TE €Cts of electrode positioning and configuration on the efficacy of stunning.
| Q“’re RIALS AN
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Rexix,anceis'“an‘:e Measurements in the Head and Brain of Sheep
Qsista 4lsolated Sheep Heads and Brains Postmortem
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" Y dey Measurements between a set of points on the sheep head and brain were performed using a high frequency bridge. The
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ed using this device was checked against a simultaneous 50Hz current flowing during electrical stunning procedures.
d: eye to eye, ear to ear (both with the brain intact and in the pathway), bone to bone, brain to either brain, bone, eye,

. Orski i y ) .
g, Nl I. To position electrodes in the brain, holes were trephinated through the bone and dura. The electrodes were constructed

5 ste, .
|4 o by €l rods with an uninsulated surface area of 1.5 cm2. With bone contact it was difficult to get the entire rod area exposed in
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SWith Sal 98¢ approximation was achieved by drilling holes into the thickest part of the bone, inserting the rods and filling the lateral
lne
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blacra‘n i 3 W between electrodes in the brain during electrical stunning was measured by stainless steel electrodes (as above) placed in
o ; ihag
‘rnm Uin Onep 'Nations drilled in the bone 1.5 cm apart laterally and 1.5 cm anterior to posterior orientated. The stunning electrodes were
i \ 2 ! 2 < .
&d‘atel : ffour postitions: across the eyes perpendicular to the longitudinal axis of the skull, immediately behind the ears,
Tont of the ears, or on either side of the nose. Normal stunning parameters (1.5A current limited, 400V open circuit, 50Hz
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and 4 seconds duration) were used and the current flow between electrode pairs placed either laterally or anterior-P° \

determined using resistance and voltage measurements.

Electrode Positioning Studies in Sheep ol ei“v’r

Twelve lambs, bodyweights 25 to 40 kg, were used in these studies. A hand held head-to-back stunner was used t0 delive
current as above. The distance between the head electrodes and body electrodes was kept constant at 35 cm and the head elect” a
moved progressively further caudal in placement with respect to the head in each individual animal. At selected positions - stU T‘hf

was passesd between the electrodes placed on each side of the head, i.e. a head- -only stun and the effect of the stun was Cxam (E[

animals were instrumented with needle electrodes (Bager et al., 1990; Cook et al., 1991) to record both the clcctrocnCﬁphalogT tun.
and the electrocardiogram (ECG). These were recorded for 5-10 minutes prior to the stun and for up to 10 minutes after th° 51 5h, 4
analysis of these records provided evidence of epileptiform-like seizure activity and cardiac fibrillation. Pupillary, Comcal’ 2 nlf‘
limb reflexes were also tested immediately prior to and immediately after the stun. Head-to-back stunning was pcfformcd 1‘”‘“
with the head electrodes positioned at one of the following positions: (a) 3 cm rostral to the ear midline, (b) 3 cm caudal to the yéw
(an area approximating the cervical vertebrae #1 to #2), (c) 6.5 cm caudal to the ear midline (approximately cervical vertebra® iy dw
10 cm caudal to the ear midline (approximating cervical vertebrae #5 to thoracic vertebrae #1) and (e) 15 cm caudal t0 the ® [0 d”
(approximating cervical vertebrae #7 to thoracic vertebrae #3). In five of the animals head-only stunning was performCd prll be {f"[“
back stunning at the same head electrode positions as above. Complete recovery of the EEG, ECG and reflexes was requir®

Ve
head-to-back stun was subsequently performed. One of the animals received a head-only stun and was allowed complete e

RESULTS
Current and Resistance Measurement Experiments s ol “Sé !
(a) The maximum resistance measured was approximately 800 ohms and was between two bone sites. The minimum rcslsﬁ%z hﬂ“gm"
ohms measured between two brain sites. Outside of this range there was no appreciable difference in resistance S€€” ;
electrode positions. This data is summarised in Figure 1.
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(b) Current flow in the brain was greatest when the recording electrodes were in line with the stunning electrodes. MY i onf
in
electrode position anteriorly (onto the nose) or posteriorly (behind the ears) reduced the apparent current flow in the o diauw
¢
positions over the eyes and in front of the ears. The recorded current flow in the paired recording electrodes p051uon6d per??

stunning electrodes, was dramatically less than seen with parallel electrodes. Figure 2 presents this data.
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Figure 2. Current flow (mA) measured by pairs of electrodes
2 oriented either parallel or perpendicular to the applied stun
o B voltage. The current was recorded from the electrodes in the mid
] . <ol brain placed as follows:
;15~ : al: Parallel to stunning electrodes placed across the eyes.
8 ] : a2: Perpendicular to stun electrodes placed as above.
3 10 bl: Parallel to stunning electrodes placed across the nose.
E ) : - b2: Perpendicular to stun electrodes placed as above.
Q cl: Parallel to stunning electrodes placed behind the ears.
57 c2: Perpendicular to stun electrodes placed as above.
d1: Parallel to stunning electrodes placed in front of the ears.
: d2: Perpendicular to stun electrodes placed as above.
04 all ol bl b2 P P
\\ Y
2, Position of Electrodes
Figure 3. Duration of epileptiform-like activity (recorded by the
£ piiep y y
. Por— EEG) following electrical stunning (head-to-body) with different
2 6 o electrode positions.
X Duration of epileptiform-like activity shown in seconds for head
e’ 8 electrodes positioned as follows:
’212 : P1: 3cm rostral to the ear midline, back electrodes 35¢m caudal
1 5 to this.
¥ P2: 3cm caudal to the ear midline, back electrodes 35¢m caudal
Q8 to this.
‘ P3: 6.5cm caudal to the ear midline, back electrodes 35cm
15(;(‘» . caudal to this.
'Cm; H o _ : P4: 10cm caudal to the ear midline, back electrodes 35cm
1" ‘ ' : caudal to this.
‘ 1 ‘ P5: 15cm caudal to the ear midline, back electrodes 35cm
0’\ Pl P2 P3 P4 RS caudal to this.
0% | i In P4 and P5 no epileptiform-like activity was observed.
LR Position of Electrodes
| h(":p]:
™ ‘IQQ[
i I{ead bd( Positioning Experiments
4 "\1\','
PN 1ty an Sy Stunning, with head electrodes positioned 3 cm rostral or 3 or 6.5 cm caudal to the ear midline, elicited epileptiform-like
e | Car
A thay See diac fibrillation. To qualify as epileptiform-like activity an arbitary criterion of the EEG amplitude being 5 times or greater
) “;.1
" qelectro Prestun was used. The more rostral the position the greater the amplitude and duration of the epileptiform-like activity. With
Yy e
& eq. S Positioned at 10 and 15 cm caudal to the ear midline epileptiform-like activity was not seen but cardiac fibrillation
* Sin
f:nlh“- 1 ing & the heaq electrodes, only, at 3 cm and 6.5 cm caudal to the ear midline produced epileptiform activity without fibrillation.
Pl 1
| Plify, Scm caudal position using the head-only electrodes produced a limb rigidity and apparent paralysis but no evidence of
ety
“ '1[” Wity nor fibrillation. Data from these experiments are summarised in Tables 1 and 2 and Figure 3.
g
Ly
‘BRg .
\ *ECG and Reflex Characteristics in sheep stunned head-to-back.
S‘l‘io
n
o Stun Electrodes EEG ECG Reflexes Stun
3 mR Acceptability
OStrg ~ o s = - . R ; . ot
‘ ral to Ear Midline Epileptiform-like Cardiac Fibrillation Limb rigidity followed +
3¢ activity present by flaccidity.
aud; b ol . . : . oyl s . Sl
‘ dal to Bar Midline Epileptiform-like Cardiac Fibrillation Limb rigidity followed +
i | 6.5 om activity present by flaccidity
U Ca - S o I . i e e : B
i udal to Ear Midline Epileptiform-like Cardiac Fibrillation Limb rigidity followed -
‘\r. 1 tm @ activity present by flaccidity
" * Cayg, X s S : N B . - I
: ‘ Udal to Ear Midline Epileptiform-like Cardiac Fibrillation ~ Limb rigidity followed ?
activity occasionally by flaccidity
1§ ¢ present (variable)

Ca
Udal to Ear Midline No epileptiform-like  Cardiac Fibrillation ~ Limb rigidity followed -

activity seen by flaccidity
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Table 2. EEG, ECG and Reflex Characteristics in sheep stunned with head-only electrodes.
Position of Stun Electrodes EEG ECG Reflexes Swn
A c:‘cpmlullt_\
3 cm Rostal to Ear Midline Epileptiform-like No Cardiac Fibrillation ~ Clonic/Tonic activity +
activity present reflex recovery
3 cm Caudal to Ear Midline Epileptiform-like No Cardiac Fibrillation  Clonic/Tonic activity +
aclivity present reflex recovery
6.5 cm Caudal to Ear Midline  Epileptiform-like No Cardiac Fibrillation Limb rigidity followed =
activity present by flaccidity then
reflex recovery
10 cm Caudal to Ear Midline  No Epileptiform-like No Cardiac Fibrillation Limb rigidity followed 5
activity present by flaccidity then reflex
recovery
aafll
DISCUSSION il
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The resistance between any two points over the head was remarkably similar exhibiting an upper value of 800 ohms- S 78 ght®

: Bl . - 3 hly f
is surprising as it would be expected that bone, for example, would have a high resistance. However, bone from frés il o

) e
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animals contains blood and other ionic constituents effectively making it electrically similar to other tissues. The 5! oy
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resistance measurements is also a consequence of the fact that the brain can be regarded as a weak ionic solution. This Cf{cc{lc\tcweaﬂ [.“ﬂ
that the whole head (skin, bone and brain) participates in conductance between electrodes. In effect the voltage gCﬂcré‘cd 4 C’ij
stunning electrodes can be regarded as the generator of an electrical field within the brain. Therefore the further the stunning # willf“v
away from the brain the lesser the effect, and recording electrodes perpendicular to the plane between the stunning electr®

only a small voltage difference. el umnf’r:
: g 2 : : ; t O

Preslaughter electrical stunning is required to render an animal insensible to subsequent slaughter procedures such 2 " in®

; AR oA o ! » t W

heart stoppage. With head-to-body stunning it is of critical importance that a sufficient amount of current passes through ook ( ﬂ‘»'

animal inducing epileptiform-like activity. In previous experiments using calves, when the current passed between [hﬁni W“S\;.
electrodes positioned in an area approximating cervical vertebrae #2 to #5) to electrodes positioned on the brisket, Stunvcr the lo\r\
achieved (Cook et al., In Press) and in sheep a similar failing was observed when the head electrodes were positiO“Cd On 5110“’1 \
cervical/higher thoracic regions. Thus in both animal species caudal electrode positions producing a head-only g ecﬁod‘ \
epileptiform-like activity) can occur but the same caudal electrode positions cannot produce a stun when combined with ye [t'w‘-*‘
The foci of the electric field will obviously differ depending upon the electrode position and the addition of = ‘ﬂ[l‘«d-;
presumably shifts the electric field down the body causing insufficient current to flow through the brain. Positioning elec 6165;{31 [
Ihﬁs 0 ’
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body positions may be equally ineffective at eliciting a true stun with epileptiform-like activity, an example being a neck  d
o

h
0 : e : , throug
system. In systems where the minimal required current flow through the brain is not met but where current does flow gh :ruc]
hou il
. insuffid?” sV
consciousness cannot be assured. Without other interventions the animal will lose consciousness and die from cardiac 18 L ,stcﬂd i
ni e
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cord and body, classic physical signs of a stun may be present, including loss of limb reflexes and paralysis, alt

fibrillation and resultant cardiac failure, and the humane criterion of humane slaughtering will not have been met. Stuf” ¥
. 3 . B . . Yoi 104 )
involve a flow of current through the brain to the body, such as anterior head-to-brisket or nose-to-brisket, will be effec i
stun parameters ensure adequate current flow.
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Limb rigidity, apparent temporary paralysis, followed by a limb flaccidity was seen following neck-to-body is ¢/

s AT : . . ; : svity-
animals where the positioning of the electrodes was too caudal, with respect to the head, to elicit epileptiform like acti? ) imals
g 3 . 5 . ‘ [0
post electrical stunning thus appears to involve changes induced in the spinal cord by current flow. Movement contro!
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slaughtering is probably dependent upon good spinal current conduction and the temporal-spatial nature of the current de
|

CONCLUSIONS Onsciolﬁ pﬂ;i
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For preslaughter electrical stunning to be humane adequate current must flow through the brain, eliciting a loss of co™ o

. " g . b i : e - Aramete’
hence insensibility to pain. This need can be fulfilled by suitable electrode placement combined with suitable stun parar ent m

4 ik 4 X . . . xCE
such placement with a body position that allows good spinal conduction of a suitable temporal nature will also provide ©

control. |
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