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*¿sche Betäubung von Schlachtschweinen.
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Perimenten wurde versucht, objektiv festzustellen, wieweit nach der elektrischen Betäubung "das 
stsein so schnell wie möglich ausgeschaltet wird und wieweit Bewusstlosigkeit von genügend langer

entsteht", Wenn dies nicht der Fall war, wurde versucht anzugeben, unter welchen Bedingungen dieser
Ûsga
 ̂ Sspunkt erreicht konnte. Ebenfalls wurde untersucht, wie lange eine durch elektrische Betäubung

°rgerufene Bewusstlosigkeit anhielt. Diese letzten Daten können einen Hinweis geben, in welcher Zeit 
^ch j ̂ er Betäubung die Tiere entblutet werden müssen.

elektroencephalographische Untersuchung bei Schweinen bei verschiedenen elektrischen Betäubungsmethoden
Ur̂ en K . .beschrieben.In dem Versuchsplan sind alle Faktoren, die möglicherweise Einfluss auf die Betäubung
^ben . . . . . . .
£ >t * Wle die Spannung, die Stromstärke, die Betaubungszeit und das richtige Anbringen der Elektroden der

^ubungS2ange während der Betäubung, eingebaut.
wnrde die EEG-Untersuchung nach elektrischer Betäubung mit konstanter Stromstärke (50 Hz, Wechselstrom)
leben. Das Ziel dieser Experimente war, eine statistisch zuverlässige Schätzung über die Stromstärke

en zu können, welche notwendig ist, um in minimal 90% der Fälle eine effektive Betäubung zu garantieren. 
lt>e eff , •j Arektive Betaubung ist wie folgt definiert: Das Auftreten eines epileptischen Anfalls innerhalb einer 
n e» ausgelöst durch elektrischen Strom.
 ̂ l**luss der Entblutung auf die Hirnaktivität wurde bestimmt. Gemessen wurde die Zeit zwischen dem
h Utungsstich und dem Verschwinden der Hirnaktivität infolge des Blutverlustes. Aus diesem Teil der

Uchungen konnten auch einige Schlüsse für das Schächten gezogen werden.
"eit
uHd

6gar,;

rEin wird diskutiert,auf welche Weise die Ergebnisse der vorliegenden Arbeit in der Praxis angewendet 
0lltrolliert werden können. Ebenfalls wird auf die Sicherheitsaspekte für das Bedienungspersonal ein- 
®et1- Schliesslich sind noch die ersten Ergebnisse aus den Untersuchungen mit einer automatisierten 
Aschen Betäubung von Schlachtschweinen angegeben.
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gations were initiated with the objective of determining if and how long after stunning "the
is *8ness disappeared as fast as possible and a state of unconsciousness for a sufficient long pernod

°Per 8ed". In those circumstances where this did not happen criteria are given for successful
This l0nal conditions. Furthermore the length of time evoked unconsciousness lasted, was investigated.
Tile °uEd give an indication about the limits of the bleeding time.

effe
to 0̂] ectiveness of several electrical stunning methods have been investigated using electro-encephalography 
*0], lt°r the effects. The experimental equipment and procedures included all relevant factors such as

> current, time span of stunning and the location of the electrodes of the tongs during the stunning

AlSo ex e •(So ^ eriments with EEG are described in which the stunning was effected with a constant current level 
fot Afferent magnitude). The aim was to determine (statistically) a current level which was required
4Poi • ast a 90% effective stunning rate. Effective stunning was defined as follows: Electrical current 
the and resulting in a generalised epileptic insult within one second.j. •
W9S ments on the relation between bleeding and brain activity are reported. Important in this respect
to jj termination of the time between the moment of sticking and the disappearance of brain function due
'?b- toss. From this part some conclusions were drawn in relation to the so-called "ritual slaughtering".
to,'kt

erm<lore It is indicated how the experimental results might be applied in practice. Also appropriate
**8^ measures for guaranteeing the security of the stunning operator are discussed. In addition the first 

°Etained with properly modified automatic stunning equipment are given.



B 1:2

L'étourdissement électrique de porcs.

R. HOENDERKEN

Institut de recherches zootechniques "Schoonoord" - Zeist, Pays-Bas

Le but de cette recherche était d examiner dans quelle mesure 1'étourdissement électrique du porc de 
boucherie répond aux impératifs^fixés par la loi. On s’est efforcé de déterminer objectivement dans quelle 
mesure la conscience est relevee le plus vite possible et dans quelle mesure se produit une perte do

YLenna d  * un#  rhjY>Se> s  i i -f-F-ï sn-in +-0 n Tisnc i a o „ j   ̂ i ______ 1 1  _   • , •    Dans les circonstances pendant lesquelles ceci ne se produit pas, °n
*-     —  . *  • . 1  — . . . .  fl 6

conscience d ’une durée suffisante"
essayait de démontrer quelles conditions garantiraient les normes prescrits. Aussi on examinait combien 
temps se prolongeait la perte de conscience stimulée par l'étourdissement électrique. Ceci pourrait être 
une indication de la période dans laquelle les animaux doivent être saignés.
On a décrit la recherche électro-encephalographique des porcs après plusieurs méthodes d'étourdissement 
électrique. Dans le projet d'essai sont mentionnes tous les facteurs d'observations, comme par exemple 
i influence du placement des électrodes de la pince d'etourdissement pendant l'étourdissement. ^
On a aussi décrit la recherche électro-encephalographique des porcs après l'étourdissement électrique, aV

était de donner 
pour garantit

de

que
au

„ ___ __ _ ___ comprend Par
étourdissement effectif dans le contexte de cette thèse. Cette définition est la suivante: provoquer ohe2 
cet animal en 1 seconde un mal epileptique généralisé a l'aide de courant électrique.
L'influence de la perte du sang du porc sur l'activité du cerveau était déterminée. On a examiné combien.te 
temps il se^passe entre le début de la saignée et le moment où la fonction du cerveau s'éteint par la sü\ 
de cette opération. En même temps on peut tirer des conclusions de cette partie de la recherche à l'égai 
de quelques aspects importants du soi-disant abattage rituel.
On a indique de quelle façon on peut appliquer cette méthode et moment se conformer aux résultats de _ 
recherche sur^celle-ci. En même temps les aspects de sécurité pour les employés de l'abattoir sont traita ' 
Enfin sont présentés les premiers résultats des expériments concernant l’automatisation de 1’étourdisse® 
électrique de porcs de boucherie.

SnexTpnnecxoe orjiymeHae cBHHefl. 
flp. P.rYHflEPKEH
HHH ¡ÏHBOTHOBOflCTBa "CXOOHOOpn" , r.3efïCT, rojIJiaHHHH

«Ilenb, KOTopyio HccjieflOBaHHHMH npecjietiOBajiH, cocronnacb b i o m , nTOôbi ycTaHOBHTt, écris* B t ¡¡e 
xaxofî npoMexorrox BpeMeHK nocne ornyineHHH "xax moîkho CKopee HCMe3H6T co3HaHne h HaCî^a s 0̂ 
cocTOHHne noTepH co3HaHHH BTeneHHe nocTaTOUHO nonroro nepno.ua". ftna Tex cjiyyaeB, KorP 
np0H30IIin0, 6blnH COCTaBneHfcJ KpHTepHH RJIH 3$(J>eXTHBHbIX 06CT0HTenbCTB . cBof>
B flajiBHeftmeM 6bino npoHBBeneHO HccnenoBaHHe nponojDKHTenbHOCTH noTepH co3HaHHH, u t o b e
ouepenb Morno 6bi nocny*HTb b xauecTBe noxasaTeriH orpaHKieHHH BpeMeHH xpoBOHCTeueHKfl• ̂0i:pel> 
y CBHHeS 6ujih BHeapeHbi 3jieKTpo-3Hue$ajiorpa$H'iecKHe TexHonorHH . CHauana npHBefleHO pacc 
3HaqeHHH ¿EG flanHoro b h u s HCcnenoBaHHH, a nocne Toro - onncaHne xnpyprHuecxHX MeTOfl0®^# 
npHMeHHeMbix unn BCTaBra b uepen snexTpoflOB, 3anHCtJBaioiHHX pe3ynbTaTH noKasaHHB yciaH 
ornymeHHH. ^¡o
flanee npHBeneHO onncaHne SKcnepHMeHioB c 3anHCBK> EEG» B ycnoBnnx KOTopbix ornyineHHe 
ocytqecTBneHO npn noMoinH c h u h TOKa nocroHHHoro 3HaneHHH ( 50 repu pa3nuuHOit cunu) .Ile-n6^,, 
SKcnepTMeHTOB cocTonnacb b CTaracrayecKOM onpeueneHHH laxofl c h u h Toxa, xoTopan HBJl3eHoe ^  
HeoôxoflHMoB uns nonyueHHH 3$$eKTHBHoro ornyineHHH no xpaüHeft Mepe Ha 90%. Ilenecoo6pa3i{OToP 
ornyineHHe onpeuennibT xax cneuyeT: npHMeHeHue Taxoro snexTpnuecxoro Toxa, cnencTBHeM
HBJifleTCH Bceo6mH0 annnenTHuecxHii HHcyjibT BTeueHue o h h o ü cexyHHbi. o3r°
IlpHBeueHO cooômeHHe 06 axcnepxMeHTax, HanpasjieHHHX HacBHSb Meixny xpoBOHCTeueHHeM h y 
neHTejibHOCTb». B 3t o m oTHOineHHH BaxcHoe SHaieHHe HMeei onpeneBJieHae HeoOxonHMoro -

,9 ° *

oMP yMrHOBeHHeM yxona h HcueSHOBeHHeM MO3roBO0 nesTejibHOCTH BcneucTBHe noTepH xpoBH - ®P'
H3 3Toro uenaioT HexoTopue 3axnxiueHHH, HMeramne OTHOiueHne x lax HaauBaeMOMy "pHTyantHc Q 
CBepx Toro npHBOflHTCH cooBmeHHe o t o m , xaxnM o6pa30M pe3ynbTaTU npHBenHHX onurroB ^  
BHeupHTb b npaxTHuecxyx) WH3Hb.CK>na o t h o c h t c h Taxie xoHTponbHbie MeponpHHTHH, nBnH»iflI,s ^ e9 
rapaHTHe ajih 6e3onacHOCTH 3aHHMa>omeTOCH ornyreHHeM xcHBOTHbix paBoraxav KpoMe Toro np 
nepBHie pe3yjibTara, nonyueHHue npu noMoiqu npHMeHeHHH ycTâHOBOx ornyineHHU.
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■''££trical_ stunning of pigs for slaughter
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induction
is Ptactical application of electrical stunning of pigs for slaughter in most countries is regulated by law. It 
Safie<!Û red unconsciousness is evoked immediately, unnecessary animal suffering is prevented, and that the
havety of the stunning equipment operator is guaranteed. During recent investigations (HOENDERKEN, 1978) doubts 

® arisen about whether the regulations met the aim of the law.
goal o£ these investigations was to assess objectively to what degree these requirements were met and how 

at[d erent usual stunning methods were in practice. Experiments were set up with the objective of determining if 
^°w long after stunning the consciousness disappeared and the unconsciousness period lasted. 

toate .
fer~^iai and methods
He ®ffectiveness of several electrical stunning methods were investigated using electro-encephalographic equip- 
s6 monitor the effects. The electrodes for recording the electro-encephalogram (EEG) were surgically in-
Hijj. ed in the skull of the pig to make contact with the dura mater. The stunning experiments took place approxi- 

18 hours after surgery. The experimental equipment and procedures included most relevant factors which 
Ptesent in practice in the countries of the EC (VON MICKWITZ and LEACH, 1977), such as voltage, current, 
sPan of stunning and the location of the electrodes during the stunning act. Furthermore other factors were 
such as the type of stunning tongs and the condition of the skin (dry or wet). All these factors were 

®stigated at different levels (multifactorial experiments). The investigated levels were:Vol

Typ,

tage

e of stunning tongs

to
È
E
Aft

durnation of the electrodes
St

lng the stunning
Unning time in seconds

skin
er of the pig

1) 70 volt 2) 180 volt
3) 300 volt 4) 600 volt
1) pair of tongs with sharp electrodes
2) pair of tongs with eroded electrodes
3) single handed tongs
1) ear-ear 2) ear-eye
3) nape of neck-bridge of nose 4) eye-heart 
1) 5 seconds 2) 1 second
1) dry 2) wet

these investigations it was necessary to do experiments, also with EEG recording, in which the stunning 
J>os„?iiected with a constant current level (50 hertz of different magnitude). These current levels make it 
ia to determine what percentage of the pigs were effectively stunned in practice by recording the current

e during the stunning.

lT>p£S.sults of the experiments
ter stunning experiments with 70 volts, generally there was not effective stunning (table 1).

eye-ear

^d

70 V 180 V 70 V 180 V

banning 1 sec. 00 75 00 100
5 sec. 13 75 50 100

stunning 1 sec. 00 88 00 100
5 sec. 25 75 75 100

e 1 ^• Percentage stunned animals per combination of voltage, location of
the electrodes and time of application, separately for the first 
and second stunning, for 64 pigs.

^ ter stunning experiments with 180 volts, effective stunning was generally possible, when the electrodes of 
6 stunning tongs were located eye-ear. When the location was ear-ear at 180 volts (usually in practice) thecUn •G'-^duing was not always effective (table 1 and 2). 

t W tion

'®ar

*ye.ear

1

des skin
condition
electrodes

1st
%

stunning
X sv n

1st +
%

2nd + 3rd
X

stunning 
---- ------- n

dry eroded 75 1.14 0.16 12 71 1.20 0.20 21
sharp 75 1.02 0.14 12 75 1.06 0.17 24

wet eroded 100 1.16 0.11 12 100 1.25 0.18 24
sharp 73 1.20 0.24 11 76 1.24 0.23 24

average 81 1.13 47 81 1.19 93
dry eroded 92 1.02 0.31 12 91 0.98 0.28 23

sharp 100 0.84 0.17 11 95 0.85 0.19 21
wet eroded 100 0.96 0.17 12 96 1.02 0.19 23

sharp 100 0.98 0.25 12 100 1.02 0.25 22
average 98 0.95 47 95 0.97 89

Overall results of the experiments conducted with 180 volts equipment under variable conditions 
(% = percentage stunned animals, x - mean amperage after 0.5 seconds, sx = standard deviation of 
the average amperage and n = number of animals).



B 1:4

3) Only the 300 volt and 600 volt apparatus was able to guarantee effective stunning under most indicated c0il
ditions. ,

to#
4) During the stunning experiments under comparable conditions (voltage, type of electrodes of the stunm11® 

stunning time and skin condition), the level of the current was quite variable. In table 2 are the res11 
shown with the 180 volt experiments (0.84 +_ 0.17 till 1.20 + 0.24 ampere).

5) The location of the electrodes and the current level used, determined whether the stunning was effective 
not (table 1 and 2).

s 1
6) The minimal time span of unconsciousness after an effective stunning was 32 seconds (x = 66 seconds, SX c/

seconds; n = 328). Therefore it is obligatory that effectively stunned pigs have to be stuck within 30 
after the beginning of the stunning act in order to prevent a come back (HOENDERKEN, 1978). . eBt>

These results made it necessary to do thresholds experiments with a constant current stunning equip®
The experiments were done under standardized factors (location of electrodes ear-ear and stunning cl 
1 second). The main result of this experiment was:

7) The current level which guarantees an immediately effective stunning in at least 90% of the pigs is 
ampere; the 95% confidence interval for the current level lies between 0.95 and 1.20 ampere (fig- 1, ettt

8) The recording of the current levels (recorded in 19 slaughterhouses) showed that 70 or 180 volt equip®6 
used in several abattoirs could not guarantee an immediate effective stunning (fig. 3).

How to apply the experimental results in practice .
The investigations showed that the minimal level of the amperage, 0.5 or 1 second after the beginning oi 
stunning, is the essential point in effective stunning, not the voltage. When the level of the current, ® ttiC 
0.5 seconds after the beginning of stunning was at least 1.25 ampere and the location of the electrodes ° 
stunning tongs was as good as ear-ear, it resulted in a 98 % effective stunning rate of the pigs (refet 
fig. 2). To reach this minimal current level of 1.25 ampere a voltage of minimal 240 - 300 volts is neces 
(refer to fig. 3). , str
NB: essential frequence of the current is 50 hertz. The optimal frequency of stimulation for an e£fect^  pi0'"

ning is between 25 and 60 hertz, higher frequencies (100 hertz or over) appear less suitable for ^  
duction of long-lasting effective stunnings (AJMONE MARSAN, 1972; CROFT, 1952- BROWN 1974; VA11 DE 
1976; HOENDERKEN, 1978b).

The most important points for the (veterinary) authorities to control the stunning in practice are:
1) control of the current during the stunning (HOENDERKEN, 1978),
2) control of the location of the electrodes during the stunning,
3) control of the time span between the beginning of the stunning and the sticking (HOENDERKEN, 1978)-

Fig. 1. The sequence of the constant current experi­
ments (n = 68) with different levels per 
series of maximal 7 pigs; the number of 
successful stunnings per series is given at 
every point.

probability levels.
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slaughterhouse — *-
Fig. 3. The average current, measured 0.5 seconds after stunning at 20 

slaughter-houses. Each point represents all the pigs stunned at 
one slaughter-house. The solid horizontal line represents the 
90 % level of effective stunning and the broken lines represent 
the 95 % probability level (refer to Figure 2).
Slaughter-house A-F = 70 volt; G-N = 180 volt 

0-R =300 volt; S = 525 volt.
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