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E lectroencephalography, blood oxygen levels and sensib ility of e lectrica lly  stunned cattle.
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duratiorf1̂ ” 031 ^ ® ctlvel/ ufor routine slaughter of cattle, it is necessary to understand the e ffects of the stun on
doec „ 1 ° I lns®nslib lllty> inhib ition of breathing, control of m ovem ent and humaneness of slaughter. Head only stunning which 
bilateral St0p the hearV S aPProPnate for certain  m arkets, but its humaneness has been questioned fo r ca lves and cattle  because 

severance of the carotids does not appear to produce im m ediate and permanent insensib ility [defined as being when the

exesa n ^ enC!!5hai.0^ a 'ln (uEEG ) Pattern iS ab°Ve 35 pV or fa lls beJow 10 PV D -  If  cattle  can recover from  the stun before 
exDerf a t l ° n  bnn -SS abOUt Perm anent insensib ility then the process m ay not be humane. However these concerns arose from 
exam clectr,cal stunning and the many changes in blood flow, breathing inhibition and E E C , have not been fu lly
of the Pff t0l  b° th .head ° n 'y  and head-to-back stunning. The present series of experim ents were designed to investigate som e 

me effects of e lectrica l stunning on the state of insensibility. 5

M e t h o d s

EEg  Recordings

iP e th o H l^ f8 -118 ! r° m 2 dayS \° 6 weeks) and adult cattle  (ranging from  8 months to 2 years) were used for experimentation. The 
Prev' ° im P antIjn̂  sta inJess steel screw s in adult cattle  (n=12) and methods of head-only e lectrica l stunning were as

heaj10US/y descnbed • Fo r ca lves (n=35), sta in less steel syringe  needles were sutured and glued in place and the anim als were 
“Only stunned as previously described ’ .

atta c h p w ?m̂ b illZatl0nJC0rlnm/e„nCinS between 10* 20 s P°st stun was applied to ca lves and adult cattle  through electrodes 
a to the nose and anus (80 V peak, 14.3 Hz, 5 ms duration square wave pulses) for 15-30 s.

and a v°a x T ,  t^ n Sf° rmS ( F F J ) ° f ,the E E G  w aveform s of 4 ca lves were made using a Proteus m icrocom puter for data capture 
data rvv V  730 com puter for subsequent analysis and plotting. The process enabled a resolution of <1 uV in 200 uV w ith 1024 

points for 2 s of data.

Bl°od Oxygen Recording

seYeranr<»ree sam P̂ es of bJood were obtained from  the carotid  arteries of head-only stunned adult cattle  (n=35) after throat
veins f m t  h ln i erv:als throughout the bleed- S im ila r samples of blood were obtained from  the carotid arteries and jugular 

irom  head-to-back stunned cattle  before bleeding (n=4). 6
p  Op

Carotidaf r i h e tlz e d c C a lv e s  n̂=,1Z^  b iood  w a s  obtained throughout the stunning procedures from  catheters in the jugular ve ins and 
arteries, borne sam ples were also obtained from  the wound of non anaesthetized calves.

The
Percents^00 ê ve ŝ . were determ ined with a Rad iom eter pH A934 meter and were expressed as mm H g and converted to 
disPJav i §e  saturatlon from  experim entally obtained curves. Video record ings were made of all experim ents with the tim er 

y n the cam era activated at the com m encem ent of stunning.

Re s u l t s

Adu*t Cattle

extendeq 'l t r 'k ^  head"° nly stunn'ng ° I  two adult cattle, the forelegs and hind legs were tucked underneath the anim al and then 
k‘ckino o ° become w alking or paddling m ovem ents that became more violent before subsiding at about 40 s. V iolent anoxic 
annPlitude r7 ng la tS r '  B reath ing was inhibited for at least 20 s after the stun. The im m ediate post stun EEG showed high 
°I aPproxi Pea | corresPonding to the tonic phase of an e lectrop lectic fit. The E E G  am plitude became larger, with a periodic ity 
30 s of ele™!3 1 - * H z ’ wbicb tben decreased at 50 s and 73 s post stun for each anim al to become less than 10 pV. Fo llow ing
the anim a ,Ctro" ‘m m obilization  the E E G  am plitude of the rem aining cattle  was at, or less, than 10-12 uV at 50 s post stun and 

al m ovem ents were abolished.
In adult

cattle  which were head-to-back stunned, the legs extended and the w alking or paddling m ovem ents were alm ost 
tne heart went i k . A - x ^ u i n »  Ia u iu : . . j  x on oc _ t l   ̂ • i ■ i >elec tro !f ’ ™ e, h.eart went into fib rillation  and breathing was inhibited for 20-25 s. The anim als showed alm ost no m ovem ent and 
m obilization was needed only to reduce the later anoxic movements.

SaturationS) ° f oxygen in arteria l blood from  the cut carotids of head-only stunned cattle  was in itia lly  96 mm Hg (100%  
? Xygen sat ,aT  rapidJy decreased to approx im ate ly 40 mm H g (range 16-66 mm Hg) after approxim ately 60 s corresond ing to 
l ° 65'8 6  “ on of ?°% ' n head-t° -back  stunned cattle  (n=3) arteria l blood was in it ia lly  96 mm H g (100%  saturation) and fell 
due to card171 • 93 '^-5%  saturation) at 120-180 s. The amount of blood flow ing when the vessels were cut was extrem ely sm all 

<hac fibrillation, but not negligible. The venous blood was 20-26 mm H g (25 -35%  saturation) at 120-180 s.
Calves
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The analysis of the E E G  w aveform s by F F T 's  showed that there was a d ifference  between unstunned ca lves which died by 
exsanguination alone and those that died by exsanguination follow ing an e lectric  stun. W ith the e lectrica lly  stunned calves, 
there was a frequency component between 15-40 H z  w hich persisted until the E E G  fe ll below 10 pV. Exam ination  of the E E G  o 
ca lves which were stunned and recovered showed that these high am plitude com ponents persisted even when norm al sensib ility  

was maintained.

The levels of carotid  blood oxygen in anaesthetized ca lves were sim ilar to that for unanaesthetized anim als but lower than for 
adult cattle. The com parison is however useful. The blood from  the jugular vein before stunning was 35-40 mm H g (80-87 *  
saturation) and that from  the carotid artery 57-66 mm H g (94 -96%  saturation). A fte r  head-only e lectrical stunning followed by 
throat cutting, the blood v irtua lly  ceased to flow  after 10 s and from the sm all am ounts of blood obtained, the pC>2 at this tim e 

was 16-36 mm H g (35 -83%  saturation). F o r  blood obtained later (60-180 s), the pC>2 was approxim ately 13 mm H g but the btood 

rem ain ing in the cannulas contributed to this. The pO of carotid  blood rapid ly fell to values of 31-40 mm H g (76-8796 
saturation) at 50-65 s. Fo r  two anaesthetized ca lves which were head-only e lectrica lly  stunned but the throat was not cut, 
there was a transient fa ll in arte ria l and venous pC>2 to 42 mm Hg and 22 mm H g respective ly (88%  and 5 4 %  saturation). In the 

case of venous blood obtained after head-to-back stunning, which resulted in card iac fib rillation, the pC>2 was 24-28 mm H g  (59- 
6 7 %  saturation) and the arteria l blood was 38-54 mm H g (85 -94%  saturation) at 20-60 s post stun.

D IS C U S S IO N

The high amplitude phase of E E G s  recorded during the e lectrop lectic fit was reduced in duration for those ca lves which had 
their carotid  arteries severed, suggesting that the metabolism  required to m aintain the e lectrop lectic fit could not be sustained 
w ith the lim ited blood flow  that occurred. It was expected that som e blood would flow  from  the jugular veins of ca lves v ia  the 
intact vertebral arteries even when the carotids were severed, but this apparently was not so. A s  both the jugulars and caroti 
on one side were cannulated it is like ly that the flow  was m odified but some transfer of blood would have occurred at the circle  
of W illis. However even in adult cattle  we could not sa tisfa cto rily  obtain sam ples of venous blood from  the cut jugular veins. 
There was blood em erging from  the cephalic end of the cut carotid  of adult cattle  (approxim ately 10%  of carotid  flow, 
unpublished observations) which suggests that most of the vertebra l a rte ry  blood was diverted rather than perfusing the brain.

It is clear that the lim ited am ounts of blood perfusing the brain after a stun and throat cut reduced the duration of the 
e lectrop lectic fit. The low oxygen levels of the arteria l blood m ay be su ffic ient in an intact anim al w ith a norm al circu lation  to 
ensure sensibility, but are unlike ly to do so during slaughter procedures. Such changes after the throat cut, coupled w ith an 
elevated E E G  due to the stun suggest that E E G  data alone cannot be used to indicate sensib ility. In review ing the criteria  o 
sensib ility, we believe that insensib ility can be presumed to continue from  stun initiation, through the throat cut until the E E  
fa lls below 10 pV, provided that there is no resurgence of a c tiv ity  and the E E G  am plitude continues to decrease. B y  this 
criteria, ca lves which are e lectrica lly  stunned and rapidly exsanuinated remained perm anently and irreversib ly  insensible.

The prolonged high am plitude E E G 's  fo llow ing the e lectrop lectic  fit  seem to be a consequence of the stun itse lf and not a 
response to the slaughter process as the F F T  analysis shows that such changes persist even when norm al sensib ility is regained 

in an anim al allowed to recover.

A n  interesting and unexpected e ffect is that some blood flow s after a head-to-back stun in ca lves even though fib rillation  of th 
heart prevents a major flow. The blood also has a re la tive ly  large am ount of oxygen, probably due to the slow em ptying of th 
heart, aorta, and lungs. Once the m ovem ent reducing e ffects of the stun have w om  off, the subsequent reflex m ovem ents tha 
may occur could be a consequence of this re lative ly  h igh oxygenated blood sh ifting  to the brain by hydrostatic  pressure change 

upon hoisting.
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