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Abstract

Stunning prior to slaughter is commonly used to render the animal insensible to pain. However, for certain markets, stunning is disal-
lowed, unless the animal can fully recover if not slaughtered. There are very few available methods of inducing a fully recoverable stun.
This preliminary study investigates the potential for microwave energy application to be used to induce a recoverable stun in sheep.
Cadaver heads were used to demonstrate that brain temperature could be raised to a point at which insensibility would be expected
to occur (44°C). Trials on four anaesthetised sheep confirmed this finding in a live animal model where brain temperatures between
43 and 48°C were achieved with 20 s of microwave energy application. Although the applicator and process variables require some
further development, this technology seems eminently suitable for use as an alternative method of inducing a recoverable stun.
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Introduction
Pre-slaughter stunning is widely used to render the animal

insensible to pain at the time of exsanguination, thereby

preventing unnecessary suffering and distress. However,

certain markets, particularly some Jewish and Muslim

markets that allow pre-slaughter stunning, require that any

stun used is fully reversible. This means that commonly

used stunning methods, such as mechanical captive-bolt

stunning, cannot be used when processing animals for these

markets. Head-only electrical stunning is widely used in

sheep slaughter for such markets, as the animal will fully

recover if not slaughtered (reversible stun). In this method,

an electric current is passed through the brain, resulting in

insensibility with brain activity similar to that seen in an

epileptic fit. However, when applied to cattle, electrical

head-only stunning has met with some criticism, particu-

larly in terms of the duration of stun, which may not be long

enough to allow death to occur prior to the stun wearing off

(Lambooy & Spanjaard 1982; Wotton et al 2000).

Therefore, there is a need to investigate alternative

reversible methods of stunning.

Electromagnetic induction of insensibility has been

proposed, using microwave generation of an electromag-

netic field within the brain, to raise brain temperature to a

level at which consciousness would lapse. Thermal uncon-

sciousness such as that induced by exercise heat stress or

fever is reported to occur when core body temperature

reaches between 40 and 45°C (Ohshima et al 1992),

dependant on the species concerned. If the brain tempera-

ture could be controlled in such a way that the temperature

did not rise beyond the point at which brain damage would

occur (likely to be approaching 50°C, a temperature above

which cooking of tissues would be expected to begin), then

insensibility would be fully recoverable, in a manner not

dissimilar to a patient recovering from hyperthermic

syncope (heat stroke). This preliminary study investigates

the feasibility of utilising microwave energy to raise the

brain temperature to a point at which insensibility would be

predicted to occur, using sheep as a model.

Materials and methods

Temperature profiling
Eight sheep heads were sourced from a local abattoir, stored

under refrigerated conditions and treated within two days of

harvest. A microwave generator (Advanced Microwave

Technologies, Wollongong, NSW, Australia) providing

power levels of 0–30 kW at 922 MHz; or 0–5 kW at

2.45 GHz was used to heat individual sheep heads.

Microwave energy generated was passed through a custom-

made waveguide which terminated directly over the frontal
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