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INTRODUCTION

.. aim of stunning animals before slaughter is to produce immediate insensibility of sufficient duration
or that the animals will not regain sensibility during slaughter and subsequent bleeding. Other

.rf factors to be considered in relation to the selection of a suitable stunning and slaughter technique

licity and safety of operation, effects on carcase contamination, capital and running costs of equipment
at W gcts on meat quality (Blackmore and Petersen,1981).

men; Wy countries, sheep and lambs are stunned by a captive bolt whereas in New Zealand electrical methods of
€S and 13 BV have been widely adopted. Initially, such electrical methods consisted of application of electrodes
;m1:§i tray ﬁgad only. However, the majority of meat works are now using electrical methods which cause concurrent
ca

inhibition by application of electrodes to both the head and body. These are colloquially known as
g-back" and "head-to-leg" methods and both produce permanent insensibility which allows time for
al ligation before the actual slaughter process. Such methods can be operated at relative low costs,
1-5u1ted for high rates of production and are now being automated, thereby increasing operator safety.
alsc been possible to eliminate most of the associated carcase defects although subcutaneous haemorrhagic
latency still appears to be a problem of some significance (Petersen and Wright,1979; Thornton et.al.,1979),
which rep ckling 58

he same time as these methods of electrical stunning were being developed, the meat industry introduced

s methods of electrical stimulation of carcases. Such techniques have the etfect of increasing post
glycolysis of muscle and thereby allow holding times between slaughter and freezing to be reduced without
he consed rencz ¢f cold shortening. A1l methods of stunning and slaughter causes invoiuntary muscylar movement,

fore some dearee of glycolysis, which varies according to the method employed. The effacte ¢f such
potenti 1 muscular activity on post mortem muscular glycolysis has received comparatively Tittle atterticn in
rom hal t anc only a few studies have heen repcrted (Pearson et.al..1973; Shorthose, 1278; Chrystal! et.al.,1981).
e a u tudies were 217 carried cut on small groups of experimental animils and may therefore not cuinletely
cing a st gct circumstznces which occur at the meat works.

sent studies wera careied out to gain more precise informaticn on the type and amount of mus
ated with different methods of stunning and slaughter and the effects of such activity on the
e of the ph of muszle post mortem.

cular activity
rate and

anaesthesia MATERIALS AND METHODS

studies were carvied out =t meat expert works where groups of lambs from within the sawe Iine were

ed to different methads of sturring and slaughter during normal opera ting procedures. Although selection
animals into 1ifferent treatment groups could not always be achieved on a s5trictly random nasis, care
rcised to assure that groups within the same line were comparable with respect to carcace weights and

an appropria

fallowing methods of stunning and slaughter were used :

fisverse incrsinn of cie ventral neck region with severance of the major vezszels, the trachea, the

ophagus and the spinal zord at the cccipito-atlantal junction, i.e. the gash-cut method traditionally

d without pyior stunning in New Zealand up to 1977.

mning by penetrating captive bolt followed by severance of the major vessels within the thoracic inlet,
« the thoracic stick described by Blackmore and Newhook (1976).

2d-only" electrical stunning (U.75-1.25 A, 50Hz for 2-3s). with two electrodes on the head using a

Ialec" stunner* followed by slaughter a< in (a).

SECtrica] Yjead-to-Teg" stunning using the same electrical.parameters as in (c) but with a third electrode
Cected to metal #ails in cortact with the lower part of the limbs ("Paralec Split-Stun System"}*. This
followed by thoracic stick as in (b).

i ethod of stuaning and slaughter as in (d) but immediately after stunning, the lambs
4o duickage™ Tow veltage electrical stimulation (50-150mA at 24Y for approximately 90s). This was

1eVed by suspencing the animals by all four legs between two isolated rails, and while suspended the
als were slaughterad.

- P29 wave o
sectrical

were subjected

Cilar acitiyi
955ible . the

ty of animals following stunning and subsequent slaughter was recorded by two observers and,
1% Were trap

duration of spacific events were timed. After cressing, inspection and gvaging, all

¢ sterred to holding areas where the ambient temperatures were approximately 20YC.  In the first
80 Studics | myscle tissue samples (two to three grams)were obtained from the M.longissimus dorsi by the
pggev"““y describad (Petersen, 1982). A1l samples were kept under liquid paraifin at room temperature
51313553 'n the laboratory where one gram of muscie tissue was fomogenised in 10ml of 5mM neutral iodo-
M water and fhe pii of this solution was measured using a combination glass electrode.

;fast Study, the pH vaiues of lambs stunned by a captive bolt and by an electrical "head-to-leg" method
garﬁd ¢t intervals during a 24 hour period. The carcases were transferred from the holding area to a
_ppr?x1mate1y four hcurs afteg slaughter. The temperature in the chiller was approximately 15°C at the
L Stz:d’ﬂg and declined to 12-13"C during the next few hours and remained at this temnerattre for the rest
05 f Period. In this study, the pH vaiues were obtained by direct probe methods using a combined type

n the lumbar region
but in close

i h‘"quld PH electrode** . The probe was inserted at a depth of approximately 15mm i

g, ‘ igﬁyggissimu> dorsi. Subsequent measurements were taken from a different site
Y Yo the First.
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RESULTS AND DISCUSSION

The reactions of the animals to different methods of stunning and slaughter are recorded in Table 1 B

of electrical stunning caused tonic contraction of all skeletal wuscles which lasted for approximatély gt
This is the characteristic tetany seen as the animals emerge from the conveyor and is Tollowed by a tyq 3
minute period of clonic spasms characterised by intermittent leg and body movements. The extent and‘du‘to
such movements appeared to be slightly increased in those animals stunned by the "head-only" method as ray
to those stunned by the "head-to-leg" technique. Conp

Animals stunned by a captive bolt also exhibited tonic spasms but of aiuch shorter duration (approximate
seconds). This was followed by intermittent ley and body movements for up to four minutes which
of a more vigorous nature than those seen in animals which had been electrically stunned. Howeve
vigorous leg and body movements were observed in lambs slaughtered without prior stunning but ton
not occur.

ic spasms g

In Table 2, a comparison is made of post mortem pH values of the M.longissimus dorsi between animals sty

by the "head-to-leg" method and those slaughtered by three other methods. It can be seen that pH value;me‘
three hours after slaughter are constantly lower in the animals stunned by the "head-to-leg" method as cn;t

to other groups. These differences were significant in all groups apart from one comparison between a grog
stunned by a "head-only" method and a group sturned by a "head-to-leg" method. It would therefore appear:"
"head-to-leg" stunning increases the rate of post mortem glycolysis as compared to other methods.

It has been shown by Devine et.al., [1979) that increases in glycolysis can be produced both indirectly ty
intact neryous pathways and by direct stimulation of muscles. Both methods of electrical stunning investj
would presumably induce a degree of both direct and indirect stimulation of miscles. The former being i
associated with the field effects of the stunning current. However, it would seem likely that there would
more direct stimulation of muscles when the "head-to-~leg" method is used as the distance between the electyg
applied to the animal's body is greater. This effect is likely to be exacerbated under the commercial condj
studied where the animals were sprayed with water and restrained in a stainless steel conveyor which also agl
as a body electrode. Thus the direct stimulation of muscles by the "head-to-leg" method is probably the
cause of the increased rate of post mortem glycolysis in animals stunned by this method. This hypothesis
supported by further unpublished studies which indicate that muscle from shorn and very damp Tambs had sigpi
tly lower pH values shortly after slaughter than muscles from woolly, dry lambs stunned by the “head-to-leg
method. This finding could be explained by the reduced conductivity of the fleeces of the Tatter group and
therefore less direct stimulation of muscle. ; |

Anjma]s gtunned by a captive bolt or slaughtered without prior stunning are only subjected to indirect
stimulation through nervous pathways and it is therefore not surprising that the pH values shortly after
slaughter were always significantly higher than the corresponding groups stunned by the “head-to-leg"
method.

The effect of low voltage stimulation for 90 seconds during the slaughter and bleeding process on rate and
decline of muscle pH is shown in Figure 1. It can be seen that in three separate comparative trials there
was a highly significant difference in early pH values of stimulated and non stimulated carcases. 0On avera
the pH of stunned and stimulated carcases from the three study groups had declined to a value of 6.0 within
two hours whereas the pH of stunned, non stimulated carcases nad only declined to approximately 6.3 and nan,
stunned, non stimulated carcases (one group only) had a mean of 6.4 at the same time. There were no signi
differences betweerr the ultimate pH values in any of the gvolps.

The rate of decline of pH during a 24 hour pericd of Tanbs stunned with a captive bolt and by an electrical
"head-to-leg" method is shown in Figure 2. [t can be seen that at the time of the first measurement (90m)g
the pH of the electrically stunned animals (6.47) was significantly less than those stunned with a captive
bolt (6.66). This difference of approximately (.7 of a pH bnite, remained the same for Lhe next seven an
half hours. but by 15 hours after slaugnter the pH measurements of both groups were similar, Figure 2 als
indicates that the anpimals stunred by a captive bolt took three hours longer te reach o pH of 6 as compares
to electrically stunned lambs. However, the increased rate of glycelysis in the electrically stunned an
responsible for this more rapid decline, had orcuvired during the early part of Lhe pre-rigor period and WAs
not due to an increased rate of ¢lycolysis throughout the period.

The effect of electrical stunning by a "head- to-leg" method on post mortem glycolysis would thue appear t0
of only short duration and although subsequent low voltage stimulation of carcases caused a dramalic nec;
in pH values onc hour after slaughter, this effecl also appeared to be o1 short duration as the differents
between stimulated and non-stimulated groups were of the same magnitude one and two heurs after ﬂiaughtar
This is in contrast to high voltage [3600Y) ele ical stimulation which has heen reported to cause ﬂﬁt“‘
immediate decline in pH values as well as in incressed rate of glyvcalysis resulting in pH values dec]"ﬁn.

to 6.0 within one hour after slaughter (Chrystall and Hagyard, 1976)
Although high voltage electrical stimulation has proved to be a very effective method of producing a %igg
product, it is believed that a combination of stunning by a "head-to-leg" method v ith lTow voltads electly

3 1 = - : : . : ¢ e i
stimulation could become a beneficial alternative for some mezat works. This particular method of stunn

well suited for the present methods of dressing and the low voitage electrical ctimulation cump!eteiy ‘qné
the animals during subsequent slaughter and bleeding operations and thereby enhsnces operator cafety- 0
present findings indicate that using this method of slaughter, pH values can be expected to be be!OW_'cd
two hours of slaughter. Thus a period of delay of two to threo hours from slaughter to freezing of carkss

. ¥ ; . ’ : - T er
may be sufficient to avoid cold shortening of meat, If thaw shortening it to he avoided, slightly long q
periods may be required or else carcases would need to be conditioned at sub-zero temperatures.
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Table 2 : pH values three hours after slaughter and

stunning by "head-to-leg" method compared Figure 1 : Decline of muscle pH duriy
with three other methods of slaughter. hour period (means and 9579 0 o T
Timits of groups of 12 ]ar;bc"“f{ Ly plectricdl o
Alternative Method "Head-to-leq" Sample Variance| } s) = 2 (
No.in Mean No.in  Mean  Ratio (F) bhg, E- CLAEYS ¢
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