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(57) Abstract: Disclosed are an animal stunning apparatus and method for inducing rapid unconsciousness and insensibility. The
apparatus includes a stunning station (10) in which a live subject animal is located in a contined position and an applicator (60)
contacts an application point (51) on the live subject animal's head (50) immediately overlying a frontal portion of the animal's
brain and couples microwave radiation to the head. A microwave generator (75) generates microwave energy of a suitable power
level and frequency, and a waveguide (76) directs the microwave radiation to the applicator (60). Switching means (78) discontin-
ues the application of microwave radiation etfecting heating of the frontal portion of the brain atter a period of time sufficient to
have raised the temperature of the frontal portion of the brain of the subject animal to thereby induce the unconsciousness and in-
sensibility. The period is sufficient only to rapidly induce insensibility, and is insufficient for the insensibility induced to be irre-
versible, and insufficient to cause signiticant heating of deeper brain tissues and including the brain stem.
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. Field of the Invention

This invention relates to methods and apparatus for stunning of animals to mduce

. unconsclousness and mscnsxblhty cnabling processmg or handling of the animal.

In slavghtering a live animal in an abattoir for production of meat, hide, and other
by-products, the animal is usually restrained and then stunned to induce immediate

- unconsciousness and msensnbrhty The slaughter can then be performed wrlhout

. .avoxdablc fear, anx1cty. pain, sufferlng and dlstrcss The stumnng can also help avoid
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- difficultics and dangers for persons involved in the processing and handling operatlons. ;

The “stunning” is commonly carried out either by an mechanical process, such as

applying cohcussion by means of a projectile captive bolt (penetrating or non-penétrating

* mushroom headed knockcr) impacted against the skull of the animal, or by electrical

current applied to the animal and passed through the brain, or by mhalatron of gases such

. as carhon ledee mf.rogcn o argon. -

The terms *stun” or “stunmng” arc ﬁcqucntly used to refor to irreversible
processes, i.e. the “stanning” process causes irreversible damage to the animal,

** particularly the brain. This may not be a difficult or contentious issue with regard to’

animal welfare concerns because the s]aughter such as by sticldng and exsanguination,
rmmedxately follows the stunning and is therefore performed on an m‘eversrbly
unconscious and insensible animal. ‘ B

Howcver, with religious slaughter or ntual slaughter, nueversrble stunning is not

‘ aeceptable The animal must not be injured or harmed pnor to cxsangumatlon For

_ example thh the Musllm slaughter method or “Halal slaughter" the animal is requlrcd '

' .. to be alive at the time of slaughtel This requrrement does not necessanly mean that the .
animal is not permitted to be first stunned prior to slaughtcx, as long as there is no injury, |

e.g. significant damage to the skull, but irreversible shunning may well be unacceptable to v
comply with the dictated ritual requlrements Likewise with the Jew:sh or Judaic

slaughter mcthod or “Shechita”, post—cut stunrung of the ammal may be permissible, but |
not u'revcrsrble pre-cut stunmng that may be deemed unacccptablc so that the resultmg » '

_ carcase would not be Xosher,

There havc been some leferences in the publlshcd patent literature to use of .

‘mlcrowavc radiation stunning of animals for slaughter.

~ US 3,973,290 refers to stunning an animal for slaughter by applymg microwave
ener_gy 16 penetrate the animal’s skull and _heat the brain. A mrcrowg_ve beam is proposed-
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to be directed at the animal without restraining it, the energy being applied from the side ._
| ~ of the skull. Such methods of application would create considerable surrounding tissue
| damage by largely Indiscriminate heating and therefore would be an irreversible process,

causmg harm to the animal, and is hkcly to be inhuimane, - _
us 4, 616 160 dcscnbes a microwave heating appatatus for madla'ung the entire -
head of test ammals pmucularly rodents, The confi guranon of the apparatus includmg

: the manner of coupling the microwave energy to the animal will heat the entire head of .
~the animal. The specification docs not explain wh_ether the purpose is to stun the animal

but, if so, many organs and tissues of the head are likely to be darnaged and the apparatus |

would therefore be unacceptable from the point of view of ammal welfare | |
DR 4116670 describes and iilustrates an apparatus for 1rrad1ating a pig with |

mul'tiplc mlcr_owave applicators arranged around the head and ina rov_v along the length of

 the spine, all being spaced from the animal. Use of such an apparatus design will.

. irreversibly damage tissues by cooking affected tissues, which is likely to be inhumane.

15
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. that the animal can later rogain consciousness and sensibility without significant loss of -
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JP 3039615 describes apparatus for slaughtering a_nimeis using microwaves to
heat the brain causing cerebral death. ' :
The above references to and descnpnons of prior proposals or products are not

- intended to be, and are not to be construed as, statements or admissions of common

general knowledge in the art in Aﬁstmlia or elsewhere. None are known to have been __:
ever commercially used. - ' | .
Object of the ihvgntlori _ » :

It "i's an object of the present invention to provide processes and apparatus for

stunning of animals to induce rapid unconsciousness and insensibility. It is a particular

- preferred object to provide processes and apparatus for stunning of animals to induce

rapid unconsciousness and iusensibility in a mianner that the stun is reversible, meaning

brain mcdlatcd function including motor functxons, sensory processing, innate and

: mstmcnve ﬁlnctlomng, learned behavnour etc.

- With such reversible ammal stunning processes and apparatus, ammals for

~ slaughter can be stunned ina manner to enable subsequent processing and handling,

including slaughter, wlulst the system still remains compliant with celtam rehglous

‘slaughter rituals. The achlevement of reversible stunning processes and apparatus may
-also enable such stunning of animals for other kinds of processing or handling, such as for
- veterinary inspc_ctxons Of purposes, banding, bxandx_ng, tagging, inspection recording and
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re-release, etc. However, the particular processes and apparanié described herein will |
refer to the primary intended field of apphcauon, namely slaughtermg of animals for food |
pmductxon, hide recovery and treatment, and other by-product extraction and processing, -
Summ of th _ T _ '

Accordmg to the first aspect of the present invention there is provided an animal

stunning apparatus for mducing substantiaily immediate unconsciousness and -
insensibility enabling pl‘qcés-.sing or handling of a subject animal, the apparatus including:
a stunning station to which a live subject animal to be processed or handled is introduced,
the stunning station Bcing airangcd to locate the subjeot animél in a confined position, an
applicator located so as to contact an applicatxon pomt on the live subject animal’s head

- immediately overlymg a frontal portion of the animal’s brain, the apphcator havmg a
- coupling cenformation to couple microwave radiation therethrough to the head and to the'

fmntal portion of the brain of the subject animal when in the confined position at the

, stunmng station, 2 microwave generator for generaung and radiating microwave encrgy

ofa smtable power level and frequency, and a waveguide coupled to the gcncrator soas

to recewc and direct the microwave radiation to the applicator located atan operauve end
- of the waveguide so as to thereby heat the frontal portion of the brain of the subject '
~_animal bencath the application point which the applicator cbnt{icts'in use, switching .

means operable so as to discqnti_nue the application of m_iqroWavé radiation effecting

_heating of the frontal portion of the brain after a period of time sufficient to have raised -
' the tcmpmmrc of the frontal pomon of the brain of thc subject ammal to thexeby mduce .

o thc unconsciousness and mscnmblhty

25

30 .

In the pamcularly preferred apparatus the sw1tchmg means is opemble to

.' dlscontmue the appllcatlon of microwave radiation immediately afte1 a per: nod which is

e sufﬂcxcnt only to rapxdly induce mscnsxblhty, and

. msufficlent _ .
(@ - for the insensibility mducod to bc u'rcvcmblc and
(ii) !o cause sngmﬁcant heating of deeper brain tissues and mcludmg the bram
stem ' o '
Prcfcrably the application point is mcdmlly located on the head of the sub_]ect
_animal above a linc extending between the animal’s eyes 30 as to be located at the closcst

, external pomt to the central and ﬁontal portion of the brain, -

~The pteferred applicator has an opening therein through which the microwave -

radiation from the waveguide is coupled to the animal's head at the application pomt, the
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peripheral portions of the applicator defining the opening contacting the animal’s head to

. surround the appllcatlon point when the applicator is in its operative posmon The

opemng of the applicator preferably has an arca chosen to provide unpedance matchmg '

. between the unpedance of the applicator. and the tissues at the application pomt, the area

being bounded by the peripheral pomons of the applicator. which is composed of

" shielding matenal to provide power transfer to the animal tissues wuhout microwave }
| leakagc The penpheral portions of the applicator may be composed of shielding material

and arc conﬁgurcd to press into the smface tlssues of the animal, typically by about 1-2 -

~© mm,to promote good coupling and microwave energy transfer without leakage and to

10

resist transverse movement of the applicator if the animal attempts to move its head. By
applymg the pcnpheral pomons of the applicator defining the opemng 50 that they contact -

 the animal’s head surrounding the applteatlon pomt, good coupling of the xmcrowave

s

25.

.30

power from the waveguide through the opphcaton to the animal’s head can be. aclucvcd

-~ and leakage and loss of microwave energy to the surroundmgs can be minimal,

preventlng tlssue damage, and therefore morc humane stunnmg may be achieved _
The applicatm may have acoupling disk composed of microwave permeable
material at the opening, the coupling disk being pressed positively agamst, the anima_l

head at the application point to provide an interfaoe'for transferring power at the.

application point, “The coupling disk may be composed of a ceramic material to provide a

robust interface for high power transfer. A further ceramic disk may be locatﬁed inthe
microwave path of the applicator, the further disk bemg located upstream of the coupling R
disk a distance of % of the wavelength of the mlcrowavc radlauon 50 s to counteract

- negative affects of the ceramic couplmg disk.

In one embodiment the apphcator compuses a coaxual apphcator passing

4 mwrowave radiation from the operative end of the waveguide to the application point, the

coaxial applicator having a central conductor through the length of the apphcator, the
central conductor being coaxrally located within & surroundmg conductive sleeve thereby
deﬂnmg an annular microwave path from the wavegulde to the couphng confonnauon

" The coaxial applicator may melude a conical section to concentrate the microwave energy .

from the waveguide upstrear, the conical section having a graduai transition to the
desired cross sectional area of the coupling conformation while maintaining acceptable
power transfer therethrough. The mlcrowave path thmugh the coaxial appllcator may be

. filled with a dielectric material so as to enable hlgher powered densities than air and to-

modlfy or tune the impedance,
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The coaxial applicator may be cox_inccted to the operative end of the waveguide so
as to extend therefrom atan ﬁngle to the general line of fhe waveguide, the comxeétion
between the qpcmﬁvé end of the wa;.vc'guidc and the coaxial applicafdr being provided by
a transition structure including a tapering cio’ss section area to pmvidc a gradual change
in impedance from the wavegunde and to provxde matching of the lmpedancc between the

'wavegulde and the coaxial applicator and to fimit or reduce rcﬂected power losses

Preferably the apphcator is constructed and arrangcd to apply the microwaves (0.

- the animal’s head so that the clectric field of the microwave energy enters the subject
. animal’s head gencrally perpendicularly to penetrate the skin and skuil at the apphcatlon 7
point and induce. rapid heating of the frontal portion of the animal’s brain. '

In one embodiment the generator is aTE type wave generator and the apparafus
furthcr includes a mode transformer operatlve to convert the TE type wave to a TM wave.

: Altcmatwely for greater power density the generated microwave radiation may comprise
a TEM type wave whemby both the elcclnc and magncnc fields enter the subject ammal’s'

head gene1ally parallel to the skin surfacc at the apphcauon pOmt

In one embodiment the ‘apparatus. further includes applxcator moving means
operatlve to selectively advance the appllcalor from a rctractcd posmon where it is
located when the subject animal is being located in the confined position at the stunning
s_tatwn to an ‘operative position w_hen the ammal is located and held in its confined

* position, the applicator in its operative position being cngaged against the animal’s head

at thc‘applica_tio'n point, the direction of the microwave radiation through the waveguide

‘ to the applicator bcirig carried out only aﬁervthe applicator is in its‘opcrativc position.

R The applicator moving means may be operanvc to telescopwally move the applicator

25

30

from its inoperative posmon to its operative position contacting the animal head. A
guldl_ng system may be associated with the movable applicator for gux_dmg movement of
the applicator from its inoperative to its operative position, the guiding system including ‘
sensor means to sense the presence and location of the animal’s head end to which the
guiding system ig respansive. | | ' | )

' In another cmbodlment the stunnmg station mcludes head posxtlonmg means (o
locate and present the subject animal’s head In a defined pos;tlon to the applicator. The

~ head po_sitioxﬁhg means may include head lift_mcahs to locate and lift the subject

animal’s head to the applicétor which is in a predetermined position for the presentation -
of the animal’s head thereto. This may comprise a head tiltmg mechanism to lift the

"ammal’s hcad by ulung it upwardly to present the apphcatton pomt to thc appllcator The
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head tilting means may cox;nprise  chin lifting member to 1ift the chin or lower jaw of the

. animal upwardly and tilt the head backwardly to present the appllcanon to the applicator.

In this cmbodxment the head positioning means may further include a head tilt

| lumter towards which and into contact with which the head lift means ttlts the animal

head, the tilt hmiter typically comprising a fixed abutment contacted by the top back

_portion of a ammal’s head when the head has been lifted and tilted srufﬂcxcntly to present

the application point to the applicator. Ful’(hennore the head positioning means may

" include a neck Iifting means selectively operable to raise the animal’s head (without

necessarily tilting of the head) by liﬁihg force applied from beneath to the neck of the
animal, thereby raising the head towards the appllcat()r particularly cmblmg different:
helghl animals to be processed. :

In one posslble apparatus, the hcad positioning means lncludes a body liﬁmg

means selectively operable to ralsc the animal’s body (wnhout necessarily separatcly

lifting or ti Iting of the head or llﬁmg the neck) by lifting force apphed from beneath to the
body of the animal, thereby raising the head towards the applicator particularly enablmg,

- different height animals to'be processed. Ina further possible apparatus, the stunning
‘station includes a body support for the animal support the animal during the application of

the microwave energy in case the animal slumps or falls at the onset of insensibility.
. Preferably the stunning station includes microwave shielding surrounding at least
the posmon of the animal head when the animal is confined thereby forming a Faraday

- cage the shielding having an opcmng in whlch the animal’s head is located.

25

30

Accordmg toa sccond aspect of the invention there is provided a method of

stunning an animal for inducing substantmlly immediate unconscxousness and
- insensibility enabling processing or handlmg of the animal, the mcthod including the .
steps of! introducing a live subject animal to be processed or handled to a stunning station -

and locating the animal m a generally confined ﬁosition, locating an applicator in contact

-with an application point on the animal’s head immediately o_\?erlying the frontal bbrtion
“of the subject animal’s brain, the applicator having a coupling confb;mation to couple '

microwave radiation through the applicator to the head and to the frontal portion of the
brain of the subjcct animal, generating microwave radlatton of a smtable power ‘level and
frequency and dn‘cctmg that radiation through a wavcguldc to thc apphcalor atan

' opemtwe end of the wavegmde to thereby heat the frontal portion of the brain of the

subjcct animal, whe.rem the apphcanon of the microwave radiation to effcct the heating is

_ contmued for a pcuod of time to raise the temperature of the frontal poruon of the bram
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coupling confoﬁnation 61 to couple micrbwave radiation thérethrough to the head 50 and '_

of the a.mmal A microwave genelator 75 generates’ and radiates mnctowave energy ofa

suitable power level and frequency. Wavegulde 761 1s coupled to the gencratcr so as to

| receive and direct the microwave radmtmn to the applicator 60 located at an operative end
77 of the waveguide. Switching. means 78 is operable so as to discontinue the apphcauon |
of! mlcrowavc radiation effectmg thc hcatmg of the frontal portion of the brain after a
B period of time sufﬁclent to of ralsed the temperature of the frontal pomon of the brain of
the animal to thercby induce unconsciousness and insensibility, -

~ Ifthe animal is to be stunned for ritual slaughter requiring the animal to be lwe -
the swuchlng means 78 is operable to discontinue the appllcatxon of microwave radlation
1mmcd1atcly aftera perlod which is:
e sufficient only to rapidly induce msensxbllity and
® insufficient _

.(l) for the insensibility induced to be irrew)ersible and
- (u) to cause sxgmﬁcanl heating of the brain tnssues and including the bram stcm

Such timing, of the apphcatlon of radiation may also be applicable if the animal i is. -

" to be held mscnsible fora time, ¢.g. for pcrforlmng vctcnnary lests Or processes, aftex

which the ammal is to be retutned to ltS normal sensible and consclous condition by -
allowmg the tempemturc of the front portion of the brain to return to normal In this
situation, if the animal is to be held insensible for a penod of time, the application of
microwave radiationbmay be pulsed ar intemiittent so as lo maintain the insensible state.

Referring particulatly to Figure 4, the applicator 60 has an opening 62 through

- which the rmcrowave radiation from the waveguide 76 is coupled to the animal’s head 50

: -atthe apphcalwn point 51 “The peripheral portions 63 of the applicator defining the

2.

opening 62 contact the ammal’s head so as to surround the application point 51 when the

. ‘apphcator 60 is in its opcratlvc posmon The arca of the opcmng 62 is chosen to prowde ,
., impedance matching between the impedance of the applicator 60 and the tissues at the v

o application point 51. Thc area bounded by the penpheral portions 63 are composed of |

30

shielding mate.rlal typxcally metal, to provxdc power transfer to thc animal tissucs without:
microwave lggkagc. As shown i in Figure 4, the peripheral portxons 63 composed of
shielding material are configured 50 as to projcct slightly beyond the opening 62 so that -
lhéy press into the surface tissues of the animal, typically by abouivl--zm; to promote -
good coupling and microwave encrgy transfer without leakage ahd_also to resist |
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. transverse movement of the app!icator 60 if the animal attempts to mave its head

particulaly generally in the plane of the opcnmg 62.
- The applicator 60 shown in Figure 4 comprises a co-axial applicator passing

~microwave radiation from the operauve end 77 of the waveguide 76 to the application

point 51. The co-axial appheator has a central conductor 65 through the 1ength of the
apphcator and which is co-axlally located thhin a surrounding conducuve sleeve 66 and

' thereby defining an annular microwave path 70 from the wave guide 76 to the coupling

conformation 61. The co-axial applicator includes a conical section 68 of the sleeve 66 to -

_concentrate the mictowave energy from the waveguide ~ups&em the conical section 68

has a gradual transition to the des_ire'd cross-sectional area of the couj:ling conformation |

61 while maintaining acceptable power transfer thercthrough. The microwave path 70

th.rough the co-axial applicator is filled with a dielectric material 5o as to enable higher
powered densities and to modxfy or tune the impedarice. A suitable dielectric material

" may be PTFE or polyethylene that has a small loss tangent, i.c. much less than 1.0, to
- enable the use of smaller dimensions of the apphcator _

The co-axial applicator 60 in Figure 4 is connected to the operauve end 77 of the
waveguide 76 50 as to extend therefrom at an angle (shown as 90°) to the general line of

“the waveguide 76. The connectlon between the operative end of the waveguxde 77and
“the co-axial apphcator 60 is provided by a transltnon structure 71 which mcludes a

tapering cross-section area formed by the taper of ramp 72 t0 pmvxde a gradual change in

o 1mpedance from the wavegunde 76 and to provide matching of the impedance between the

25
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wavcgulde 76 and thc co-axial apphqator 60 and limit or reduce reflected power losses.
The taper 72 and ridge 73 function as part of the waveguide to co-axial applicator -

.trahsition and provide a way of matching the waveguide imp‘edanc'e with the co- axial .

applicator unpedance The dunensmns of the taper 72 and of the transition structure n

. are determined based on the required impedance of the co-axial apphcator 60..

The centrelme of the central conductor 65 and’ therefore of the co-axnal applicator

60 is located for maximum power coupling from the wavegulde to the applicator, This is
- typxcally where the distance from the short circuit waveguide back wall to the centrelme

is one quarter or three quarter the wavelength, The dimensions of the central conductor -
65 remain constant in cross-section and that dimension is selected with the entire -
dimensions of the co-axial apphcator 60 in mind. The internal and extemal conductor

dimensions are chosen based on the dcsu'ed impedance of the co-axial apphcator 60 and

' ~ its ability to handle high power without voltage breakdown. The dimensions of the final
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section of the co-axial applicator préilidcd by the sleeve portion 69 leading to the 6pehing .
62 are dcsighgd and dixnénsiéxied to match with the impedance of the animal’s skin thus

ensuring maximum power transfer. . Another consideration is to reduce the cross-sectional -

area of the opening 62 to as small as practical so that high power density can be delivered.
 The applicator 60 in Figure 4 has the coupling dis¢c 80 composed of microwave

10
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‘ pcrmeable material at the opening 62. The coupling disc 80 Is pressed positively against
the animal head at the appllcatlon point 51 to provide an mtcrface for transfcmng power,
The coupling disc 80 can be compos:d of a ceramic material to provide a robust interface

for hlgh power transfer. A further ceramic disc 81 is provided in the microwave path of )
the applicator 60, the further disc 81 being upstream of the coupling disc 80, preferably a |
distance of one quarter of the wavelength of the microwave radlauon, 50 as to countcract
negauve effects of the ceramic couplmg diso 80. ’

As showm in Figure 2, the stunning station 10 includes. a microwave shielding

* swrounding at least the position of the animal head 50 when the ammal is in its confined

position. The shiclding 80 forms a Faraday cage for lmuun,g or preventing leékage of
microwave radiation, The animal’s head 50 in use extends through the opening 20 which -

: consntutcs an opcmng into the Paraday cagc The head end 17, pamcularly the pancls 21,
22 cffectively form part of the Faraday cage. - '

In the- altemattve possible construction of apphcator 60 shown i in Flgurcs S and 6 _

“there is provndcd apphcator movmg means 85 operatwe to selectively advance the -
* applicator 60 from a retracted position shown in Flgure S where it is located when the ‘

- animal is being located in the confined position at the stunning station 10 to.an operative
position shown m_ Flgurc 6 when the, animal is located and held in its .conﬁned_posmon.

The applicator 60 in its operative position in Figurc 6 cngages against the animal's head -

50 at the application point 51 and the passing of the microwave radiation through the

waveguide 76 to the applicator b’eiﬂg carried out only after the applicator 60 isin its

operative position. As shown in 'Figures 5 and 6, the applicator moving means 85 is -
. --Operative to telescoplcally move the applicator 60 from its mopcmhve posmon to 1ts

| operative position confacting the ammal s head.

The apparatus may include a guiding system (not shown) associated wnth the
movablc .apphcator 60 for guiding movement of the applicator from its moperatlve 1o its

operative position, the guiding system including sensor means such as micro switches,

proximity sensors.vhcad image capture means and head shape récognition software, etc to '
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sense and dctermme the presence and location of the ammal s head and to which thc

guldmg system is xesponsive to accurately place the opemng 62 of the applicator 60
Inthe arrangement in Fxgurcs 2 to 4, the radiation forms an angle of incidence ,
with the animal head at the application point 51 of about 90°, .. gené'rally orthogonal to

the flat poruon of the ammal skull above the line j joining the eyes and xmmedxately over
the frontal portion of the bram The generated mictowave radiatlon preferably’ compnscs

a TEM (transverse eleclromagnet:c) type wave whereby both the electric and magnetic _

 fields enter the animal head 50 gcnclally _parallcl to the skin surface. The use of TEM
~ type waves enables highef power transfer through the animal tissues for fdst ’heating

In an altcmatwe possnb:hty, the nucmwave radiation generated has its electric
ﬁeld gencrally perpendicular to the front of the animal's head 50 at the apphcatlon point
51 wheteby the electric field enters the animal’s head i in a generally pcrpendlcular_

direction. Known apparatus for microwave héating, such as in industrial processesin
“which microwaves are used to heat food for cooking purposes, utilise microwave
‘radiation generated in a “transverse electric” or “TE™ mode, meaning that the propagating

field has the electric field transverse to the direction of propagation along the waveguide.

" However, the present apparatus may convest a TE type wave to a “transverse magnetic”

or “TM” wave in which thccléc;trié field is parallel to the pr'opégation directionso asto
enter the animal’s head at the application point generally perpendicular to the surface of -
the animal’s licad at that point, TM waves have a lower wave impedance than TE waves:

- Z=EM, s0 thata TM wave wﬂl have a lower electric field strength for a pamcular power

sctting but it is the clcctnc ﬁcld strcngth than can cavse arcing and skin heating favourmg
& TM wave. Also, it is believed that thin material, _such as skin, couples energy better

 when the electric field is parallel to the surface of the material so that, in the present”

preferred appatatus, our aim is to achieve the opposite, namely weaken the coupling of
encrgy at the surface skin or hide layer. In this possible embodiment, therefore, risk of
discomfort or pam to the animal may be reduced by the apphcatmn of the ™ type |
microwave energy at the apphcatmn point. Preferably whcrc the generatorisa TE- type '

wave gcnaator, the apparatus furthcr includes a mode transformer operatwe to convert

~ the TE type wave toa TM wave. The mode (ransfoxmer may be located i in series between

the Wavegulde feed from the genetator and the apphcator
In this possible emboduncnt the’ apphcator has & conformation to apply the TM
wave to the animal’s head so that the clectric field of the microwave energy enters the
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_subject animal’s head generally perpendiculatly to penetrate the skin and skull at the

application point to mduce heatmg of the frontal portxon of the ammal $ bram
- ~The apparatus may also include an automatic timer control (not shown) to slnrt

~ and terminate the. application of microwave radiation to the animal head dcpendmg on

programmed critetia, For example, the knockmg box may include an animal weight -
sensor, the output of whxch is fed to the timer contro! which determines the necessary

_ penod for the apphcatlon of microwave radiation accordmg to an algornthm or formula

" The microwave generator may be gcncrally conventional i in construction and

| v dpcranon. The frequency of the microwave radiation generated and transmitted through

the associated waveguide méy be any suitable value, Tests involving the application of
microwave radiation to _i:attlc and sbeep heads have utilised microwave gencrators "
6perating at frequencies commercially utilised in Australia, 'namely 922 MHz and 2.45

GHz. These tests demonstrated that with the lower frequency 922 Mz there is better

' | penctrégion of the energy and less unwanted heating of tissucs at the surface andin
' surfounding tissues, 50 such a lower fiequency is preferred. However, the optimum

frequency or frequency tange can be detemuned empirically and is bch:ved to be inthe

 range 500 MHz - | GHz.

. The power requuements of the mlcmwavc gcncmtor wdl be depcndcnt on many

. factors including, for example, :
. the type of animal to be stunned lncluding species (sheep, cattle, pigs etc)
- & thebreed of the pamcular animal species (Hereford, Brahman, cte)

e . the age, body mass, and sex of the animel
. the speed required to aohleve effectnve stunmng to induce unconscxousncss and
insensibility, : o

) the temperature rise required within the frontal portlon of thc ammal’s brain

' ncccssary to induce the unconscwusncss and insensibility

o whethcr TE modc, TM mode or TEM mode mlcrowave radlatlon is bemg

“generated and apphcd to achieve the frontal brain heating.

Such factors are not necessarily cntu'cly independent of cach other, L
For example, tests on sheep and cattle heads have produced data 1ndxcat1ve of the -

power requirements being: -

e forsheep, to induce a 10°C temperatmc risc of the frontal pomon of the bram, in -

" . about one second: 40kW power output.
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‘. for cattle (about 300kg body Welght) 10°C temperature rise of the frontal pomon -
of the bram within 1. 5 seconds:- 100KW power output. ‘ -

These findings are indicative only because as explained above, thene are many
parameters affectmg the power rcquucmcnt to achicve a certain level of heating within a
target time period commencing with switching on of the microwave radiation. Thenefore

'the power requirements for the generator can be empirically deternuncd

Prcfcrably the tcmperature rise of the frontal portion of the brain to induce
;ciré,rsxblc unconsciousness and insensibility i isin the range of about 5°C to less than ébo_ut- ‘
lO°C. -For. exa.mple,' testé with live (anaes_tlmﬁsed) sheep showed fiontal brain heating to
about 43"C produced electroencephalogram (EEG) traces siraitar to those observed with

' electnc stunmng now widely used in abattoirs; thus indicating. that that temperature would

achieve unconsciousness and msensibility However heatmg to about 50°C or more

’would start to produce pr otein dcnaturatlon and hence pcxmanent tissue damage.

Upon the application of the microwave energy and achievement of the requu'cd

" degree of h_catmg, the gencration of microwave energy is preferably switched off (or
- otherwise stopped from application to the animal) 50 as to prevent further heating which

would make the stun lrrcvcmble Also the discontinuance of the application of
microwave cnergy limits or prevents heating of dccpcr tissucs, parucularly the bram stem, .

- v to any significant extent, particularly heating to cause urevers;ble effects. In parucular,

20

25

30

heating of the mid and deep brain tissues and part{cularly the brain stem area (which
controls cardiac and respiratory functions) to the same extent as the frontal portion is
undesirable, because it may causc immediate cffects, such as heart failure which may then:
lead to the stun and subscquent slaughter being deemed non—éompliant with the religioizs
ritual slaughter criteria, the animal carcase bemg rcjoctcd as unacccptable for the intended
consumption by the. relevant religious group, with conscquent devaluation of the CATCase
and its meat, In the case of shccp, brain stem heating should be limited to mamtam the

- brain stem tcmpcraturc to less than about 43°C

' The time period rcqulred for applicanon of the microwave energy is preferably as

' shortas possible although achicving shorter times entails greater microwave gcncrator o
| pbWer output so there is a necessary balanéing of these two j)érameters However, -
_ preferably stunning to achieve the unconsciousness and insensibility in less than about 2
‘seconds is prcfcrrcd to meet reasonable animal welfare considerations (minimising fear,

‘ anxicty, pain, suffer ing, and dxstrcss in the animal). Pamcularly preferred would be
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aclueving the effecttve stun in less than about one second and most preferably achievmg

thxs in about 0.5 seconds,
Confinement of the major hcatmg cffect to the- frontal portlon of thc animal brain

- in thc process and apparatus of the present invention ls rcquued to render the mduced
“insengibility rcvembl_e. The frontal portion of the brain i is involved in cognitive,
- perception, sensory, and consciousness brain functioning or processes so that warming of

 this portion of the brain by the extent indicated leads to unconsciousness and inscnsibility

* but without causmg irceversible damagc to the brain tissues and bram functioning if the

0 .

13
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25
* enable stunning of ammals. particularly animals for slaughter, so as to rapidly induce

30

elevated temperature does not exceed 50°C.

However although particularly developed and descnbed herem in refation to -
revensible stunning for ritual. slaughtex the apparatos and method- may be useful for other

ptocesses requmng revcrsxblc mscnsnbxllty Examples may include veterinary procedurcs ‘

'~ in which temporary msenslblhty is rcquu'ed or useful. To avord the animal regaining

consciousness the mlcrowave radiation may be applied in pulses or mtermnttently to -
maintain unconsciousness without pcrmanent da.mage or other undesired effects.

' Analogously the apparatus and method may be useful for other animal processes or

treatments or inspectlons eg dockmg, tagging, branding, and inspections generally
Because the stunning using the apparatus and process can prgducc mscnslbxhty or

_unconsciousness in & manner without excessive stress and pain, the invention can be '

extended for use as a permanent or iifreve:sible stunningv or killing system: By increasing

the power or duration of the application of miCI*OWaveé, the increased heating effect
' and/ox deeper bram hcatmg can cnable a uscful altcrnattve to cun’cnt mcvcrs:blc
* eleotrical or percussive stunning of animals for slaughter.

It will be seen that the process and apparatus accordmg to thc prcferred
cmbodlments descnbod hcrem, mcludmg those described in relntwn to the drawings, can

unqonscioﬁs'n__ess and insensibility enabling ﬁtrther processing or handling, including

_slaugtiter in a manner compliant with religious ritual criteria or handling for temporary,

such as \rctcrinary, pracesses because the stun is reversible. Thc stun also is carried out in
a way that cdmpiies with gobd animal welfare handling practices. Indeed, the present ’
inventive method and apparatus are potentlally capable of being better than cur! rent
practices, particularly relating to ammal welfare outcomes. For cxamplc success rates forv

rapid and reliable stunning may be bcttel:. there may be less risk of Opcrator error, and

‘there may be less stress to ammals
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The cluirns.deﬁning' the invention are as follows:

1. Ananimal stunmng apparatus for mducmg substannally immediate
unconsciousness and insensibility enabling processmg or handllng ofa subject animai the

' apparatus including:

a stunmng station to which a live subject animal to be proccsscd or handled is

introduced, the stunning station being arranged to locate the subject ammal in & confined

position, -
an applicator located so as to oontact an appllcatlon pomt on the live sub_;cct o

“animal’s head immediately overlying a frontal portion of the animal’s brain, the
'applicator having & coupling confonnation to couple microwave radiation therethrough to '

the head and to the frontal portion of the bram of thc subject animal whcn in the conﬁned :

.posutlon at thc stunmng station,

" amicrowave gcncrator for genelating and radiating microwave energy of a

' sunable power level and frequency, and a waveguide couplcd to the gcncrator 50 as to
 receive and dxrect thc tmcrowavc radlauon to the apphcator located at an operatlve end of -
_ the wavcgulde 80 as to thereby heat the frontal portion of the brain of the subjcct animal
' beueath the appllcatnon point which the apphcator contacts in use, -

' swuchmg means opcrablc soas to d1scont1nuc the apphcatlon of microwave -

~ radiation effectmg heatmg of the frontal portlon of the bram aftera period of time

sufficient to have raised the temperature of the frontal _portion of the brain of the subject

‘animal to thereby induce the unconsciobsness and msens:bxlity

2. .. Apparatus accordmg to claim 1 wherein the sw1tching means is opcrable to

| discontmue the apphcatlon of mlcrowavc radiation immediately after 8 penod which i is
. sufﬁcxent only to rap1d1y mducc insensibility, and -

e insufficient

@) for the insensibility mduced to be. lrxeversxble, and
(ii) tocause mg;mﬁcant hcatlng of deeper brain tissues and mcludmg the bmm ‘ .
" stem. - B ' - ‘ '

-3, Apparatus according to claim 1 or 2 wherein the application point is medially

locatcd on the head of the subject animal abovc aline cxtendmg between the ammal’
eyes so as to be located at the closest extemal point to the central and frontal pomon of
the brain, '

4, Apparatus accordmg to any prcccdmg claim wherein the applicator has an opemng
* therein through which the mlcrowave radiation from the wavegulde is coupled to the
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"ahimal's head at the ’applicatlon'poiht, the peripheral portions of the applicator defunlng

the opening contacung the animal’s head to surround the apphcatlon pomt when the.
applicator is in its operatwe position. '

5.  Apparatus accordmg to ¢laim 4 whexem the opemng of the applicator has an area
chosen to provide impedance matching between the impedance of the applicator and the
tiseue.s at the application point; the area being bounded by the peripheral porti_one of the.
applicator whlch is composed of shiclding material to piovid_e power transfer to the

_animal tissues thbout microwave lcakage.
6. Apparatus according to claim 5 wherem the peripheral portions of the apphcator
- composed of shielding materlal are conﬁgured to press into the surfa_cevussues of the
 animal, typically by about 1-2 mm, to prorhote good coupling and microwave energy

transfer thhout leakage and to resist transverse movement of the apphcator if the animal
attempts to move its head

7. Apparatus accordmg to claim 4, 5 or 6 whercin the apphcator has a coupling disk
composed of microwave permeable material at the opemng, thc coupling disk being
pressed posxtwely ageinst the animal head at the apphcatxon pomt to provide an interface - ‘

‘for transferring power at the application polnt

8. Apparatus according to claim 7 wherein the couplmg disk is composed ofa
cerami¢ material to provide a robust interface for high power transfer,

9. . Apparatus according to claim 8 wherein the appltcator includes a funher ceramic -
dlsk in the microwave path of the apphcator, the further disk being located upstream of

the coupling disk a distance of Y4 of the wavelengtb of the mxcmwave radlatlon 50 as to

counteract negative effects of the ceramic coupling disk.

10. ' Apparatus accordmg to any precedmg claim, wherein the apphcator compnses a
coaxml applicator passing microwave radiation from the operauve end of the wavegunde
to the application point, the coaxial applicator having a central conductor through the
length of the applicator, the central conductor being coax;ally Iocated w1thm a

_surroundmg conducuve sleeve thereby deﬁmng an annular microwave path ﬁom the

waveguide to the coupllng conformation.
11. Apparatus according (o claim 10 wherem the coaxwl applicator lncludes a conical
section to concentrate the microwave cnetgy from the waveguide upstream, the ‘conical

- section havmg a gradual transition to the desired cross sectional area of the coupling

conformation wlule.mamtammg ‘acceptable power “transfer thelethmugh.
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12, Apparatus according to claim 100rll whr,rcm the microwave path through the

o coaxwl applicator is filled with a dielectric matcnal s0 as to enable higher powered '
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densities than air and to modify or tune thc impedance. .
13.  Apparatus according to claim 10, 11 or 12 wherein the coaxial applicator is
connected-to the operative end of the waveguide $o as to extend therefrom at an angle to

the general line of the waveguide, the connection between the .opératiVe end of the

waveguide and the coaxial applicator being provided by a transition structure including a -
tapering cross section arca to pfovidc a gradual change in impedance from the ‘wavegui‘de* ‘

'und to provxde matching of the impedance between the waveguide and the coaxial
‘apphcator and to limit or reduce reflected power losses.

14.  Apparatus according to any prcccdmg claim wherein the appllcator is constructed
and arranged to apply the microwaves-to the animal’s hcad so that the electnc field of the ,

' mlcroane encrgy enters the subject animal’s head generally perpendicularly to penctrate

the skin and skull at the applncatxon pomt and induce rapid heatmg of the frontal portion

_of the animal’s brain.

15. Apparatusaccording to claim 14 wherein the generator is a'TE type wave
generator and the apparatus further includes a mode 'trans_form;ér operative to convert the

- TE type wave (o a T™ wave.
‘16.  Apparatus according to any one of claims 1'to 13 wherein the generated

microwave radiation comprises a TEM typc wave whercby both the electric and magnetlc
fields enter the subject animal’s hcad gcnerally parallel to the skm smt‘ace at the -

appllcatlon point.

17, Apparatus accordmg to any prcccdmg claim and further mcludmg appllcator

' movmg means operative to sclecuvely advance the applicator from a retracted posmon _
where it is located when the subjéct animal is being located in the confined position at the

- sfuming station to an operative position when the animal is located and held in its

- confined pdsition, the Applicator in vits'operati'vé, position being engagéd against the

' ,animal’s head at the application point, the direction of the microwave 'rad.i'ation through
thc waveguldc to the apphcator being carried out only after the apphcator isin its

operative posmon.

18, Apparatus according to claim 17 wherem thc apphcator moving means is

opcratlvc to tclcscopxcally move the apphcator from its inoperative position to its

opcratwc posmon contactmg the ammal head.
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19, Apparatus according to claim 17 or 18 wherein therc is provided a guiding system
associated with the movable applicator for guiding 'moven.lent of the applicator from its
inoperative to its operative position, the guiding syé?.tcm including sensor ineans to sense
the presence and Iocanon of the animal’s head and to which the guiding system Is
s ) rcsponswc S :

- 20, Apparatus according to any one of claims 1 to- 16 wherein the stunmng station
includes head positloning means to locate and present the subject animal’s head in 8
def'med position to the applicator. , '

2l.  Apparatus according to claim 20 whercm the head positioning means includes
10 head lift means to locate and lift the subject animal’s head to the applicator which isin a
: predetermined posit‘i()n for the pxesentaﬁon of the animal’s head thereto. . |
22, - Apparatus according to claitn 21 'wherein the hcad positioning means includes a
~ head tilting mechanism to lift the animal’s head by tlltmg lt upwardly to present the
_ apphca tion point to the apphcator g , .
15 23,  Apparatus according to clalm 22 whcrcln the hcad tilting means compnscs a chin
lifting member to lift the chin or lower Jaw of the animal upwa_rdly and tilt the head
backwardly to present the apphcatlon point to the applxcator | |
2, . Apparatus according to claim 22 or 23 wherein the head posntwnmg means further
includes & head tilt limiter towards which and into contact with which the head Iift means
20 tilté the animal héad the tilt limiter typically comprising a ﬂxcd abutment cdntaéted by
the top back portion of a ammal’s head when the head has been hﬁed and txlted ‘
 suffi clently to prcsent the apphcatlon poml to the applicator, -
| 25, Apparatus according to any one of claims 21 to 24 wherein the head positioning
| ~means includes a neck lifting means selcctlvely operable to raise the animal’s head
‘25 (without necessarily tilting of the head) by liﬁing force applied from beneath to the neck
©of th'c'auimal‘ thcrcby-mising' the head towards the applicator particﬁlariy cnabling S
 different height animals to be processed. o
26, . Apparatus according to any one of clalms 21 to 25 wherein the head positioning
means mcludcs a body lifting means selectwely opelable 1o raise the: anlmal’s body
30 (w1thout necessarily separately lifting or tl!txng of the head or liﬁmg the neck) by lifting
force applled from beneath to the body of the animal, thereby raising ‘the head towards the
) apphcator particularly enablmg different hc1ght animals to be processed .
27. Apparatus accordmg to any prcccdmg claim wherein the stunning station mcludcs
a body support for the subject animal operative to support the animal durmg the
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application of the microwave energy in the event that the animal starts to slump or fall at *

the onset of insensibility.

' 28 Appa\*atus accordmg to any prccedmg claim wherein the stunning station mcludes

mlclowavc shxeldmg surroundmg at least the position of the animal head when the ammal
is in its cOnﬁned position thereby forming a Faraday cage, the shieldmg having an

V opening in which the animal’s head is located. ,
- 29. A method of smnnmg an animal for inducing substantlally immediate

unconsciousness and mscn51b111ty enabling processing or handling of the ammal the

method including the steps of: _ ‘ _
introducing a live subject animal to be processed or handlcd 1o a stunning statlon '

- and locating the animal in a gcnerally confined position,

locating an’ apphcator in contact with-an apphcauon pomt on the ammal shead

N immediately overlymg the frontal poition of the subject animal’s brain, the apphcator

* having a coupling confarmation to couple microwave radiation through the applicator to

{5
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the head and to the frontal portxon of the brain of thc subject ammal

generating microwave radiauon of a snitable power level and ﬁ*equency and.

- directing that radlation through a wavcguxde to the applicator at an opcratwc end of

the wavcguldc to thcrcby heat the frontal portion of the brain of the subject animal,
wherein the application of the microwave radiatmn to effect the heating is

| continued for a penod of time to raisc the tcmpcrature of the frontal portion of the brain,

the period bemg _
o sufficient only to rapldly mduce |nsen81b1hty and

- o - insufficient

@  forthe insenmbduy mduced to be mevcrsxble, and
) - to cause sxgmﬁcant heatmg of dccpcr brain tissues and mcludlng the bram

stem.

30, Amethod accordmg to clmm 29 wherem the applxcation pomt is mcdially located

on the head of the subject animal above a line cxtcndmg between the animal’s eyes 50 a3 :
to-be located at the closest external point to the central and frontal portion of the brain. »
31.  Amethod according to claim 29 or 30 wherem the step of locating the apphcato: .

" includes selectively advancmg the applicator from a retcacted posmon where it is located

when the subject animal is belng located in the confined position at the stunning station

" toan operative posmon when thc animal is located and held i in its confined position, the -

* applicator in its operative position being engaged against the anunal_’s, head at the
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application pomt the dn'ectmn of the microwave radlatlon through the wavegulde to the
apphcator being carried out only after the applicator is in its operatwe position. »
32. A method according to claim 29 or 30 wherein the step of locating the apphcator

~ includes seIccnvcly movmg the animal’s head towards the appllcator until the applicator

contacts the animal hcad at the application point.

) _' 33, A method according to any one of claims 29 or 32 wherem the mlcmwave

rad:auon generated has its electric ﬁeld generally perpendicular to the front of the
ammal s head at the application point whereby the electic field enters the animal’s head

ina generally perpendicular direction.

34. A method accordlng to any one of clauns 29 to 32 wherein the miciowave

~ radiation generated has both jts electric field and magnctlc field gcncrally paralle! to the |
- front of the animal’s head at the apphcanon point and wher ¢by the mxcrowave radiation

- enters the ammal head in the generally perpendicular dxrectlon.
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