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SUM M A R Y

Broilers w ere either electrically 'whole-body' stunned in a waterbath (electrical current through whole b 
2 00  H z A C, 100 V , 4 s; n=30) or electrically head-only' stunned (electrical current through the head o 
H z AC, 25  V , 4  s; n=30), while shackled by their feet. M uscle reactions and meat quality variables in J  
and thigh m uscles w ere compared. Welfare aspects after head-only stunning (200  Hz AC, 25 V, 4  s, n 
were studied using electro-encephalograms. gj
Limited convulsions were observed after whole-body stunning. However, more convulsions were o se 
after head-only stunning. Differences in ultimate pH were negligible. Head-only stunning resulted in 
significantly (psO .O l) darker (lower L*-value) and more red (higher a*-value) breast m uscles than wh ^  
stunning. Head-only stunning resulted in a significantly (psO .O l) lower degree o f  haemorrhaging in ^  
than w hole-body stunning. The stunning methods did not result in differences in degree o f  haemorr ^  
breast m uscles, although the haemorrhages in the breast m uscles were located more distal after head 
after w hole-body stunning. Head-only stunning, with a voltage o f  25 V, resulted in a general epilep  
insult, which lasted on average 32  s (S D  21). A s the shortest insult lasted 17 s, neck cutting should be 
performed within this time. It is concluded that, as compared to whole-body stunning, head-only stunnu 
advantageous regarding haemorrhages and is not detrimental to broiler welfare.

Introduction

Stunning o f  slaughter animals is firstly applied to induce a state o f  unconsciousness and insensibility ^  ^  
neck cutting is  performed. Moreover, this state should be o f  sufficient duration to ensure that the anu« 
not recover during exsanguination. Secondly, stunning is applied to imm obilise the animal, and there ^ s0]t, 
facilitate neck cutting. It is generally accepted that animals are unconscious during a general epilep ¿tiofl 
by analogy with human experiences. During a general epileptiform insult the brain is in a stimulat ^  
and unable to react. For the occurrence o f  such an insult a minimum amperage is required. Higher c 
levels, recommended to protect broiler welfare, may result in a higher prevalence o f  m uscle haemorr 
(Veerkam p et al., 1987, Gregory and W ilkins, 1989). During the conventional waterbath-stunning O^ oll; 
the electrical current passes the w hole body, which results in a direct muscle stimulation. Supercon g 0f 
m ovem ent between m uscles and an abnormal position o f  the animal during stunning may result in  ̂̂ gg; 
blood vesse ls  and m uscle damage (Leet et al., 1977; Veerkamp et al., 1987; Lambooy and S y b e s B jf c ^ g  
Hillebrand, 1993). The conflict between welfare and meat quality makes it necessary to explore d .  
stunning methods. Therefore, in this study welfare and meat quality aspects o f  conventionally wat ^ed. 
stunned broilers and head-only stunned (electrical current only applied to the head) broilers were co

Material and M ethods

Meat quality.

In an experiment 60  broilers were slaughtered at an age o f  6  w eeks (live w eight ca. 2 .0  ± 0 .2  kg). sjauL 
different stunning methods. The broilers were caught and transported to the pilot plant the day be 0   ̂^ 6
From 12 h before slaughter the broilers had only water at their disposal. After shackling 30  broi

1



?  '  ̂female) were electrically 'whole body' stunned in a waterbath (electrical current through w hole body;
^ Hz AC, 100 V , 4  s; Stork RM S, Lichtenvoorde, The Netherlands) and 30 broilers (15 male and 15 fem ale) 
Q̂ re electrically 'head-only' stunned (electrical current through head only; 200  H z AC, 25 V, 4 s). The head- 

y stunning w as applied using a pair o f  tongs by which the electrodes were placed on the left and right side o f  
® Toilers' head and penetrated the skin. The degree o f  muscle reactions (convulsions) w as subjectively  

red. Neck cutting w as performed 15-20 s after the start o f  stunning and the time o f  exsanguination w as 2 
• ’ bald ing  (4  min., 50  °C ) and plucking was done automatically. After evisceration the birds were packed  

P astic bags and stored at 2 °C. At 1 day post mortem the carcasses were cut-up and meat quality traits were
temimed.

The ultimate pH w as measured in the breast (M. pectora lis m ajor) and thigh (M  flex o r  cruris 
.,Q/«). Colour L*-, a*- and b*-values (Hunter) were measured in breast (ventral side o fM  pectoralis  

presented as a mean value o f  the measurements in 4 locations equally distributed over the m uscle) and 
muscles (A/, ilio tibialis cranial is and M. flexor cruris medialis). Haemorrhages in breast (dorsal side o f  

lt) Pectoralis m ajor a n d  minor) and thigh muscles (medial side) were quantified by a visual grading system  
^  mch the m uscles are compared with 4 reference-photographs to classify them in 5 categories. Category 1 
fja°Ugh S indicate increasing prevalence o f  haemorrhages. The classification w as performed by 3 persons.
, ^orifiaging in the w ings was classified in 3 categories (l=no/hardly any haemorrhages, 2=medium  
^eeit*0rrhaging, 3=severe haemorrhaging). The number o f  broken furcula w as scored.

Ks for meat qugjity q-aits were statistically analysed with the student t-test, results for haemorrhaging were 
Tstically analysed with the Mann-Whitney-test.

Hi
^^encephalograms:

an̂ I}een boilers (10  male and 4 fem ale) were anesthesized (0.9 cc Nim atek® +  0 .2  cc Rompun® per animal) 
an et Steel e*ectrodes with a length o f  2 mm were implanted in the skull to measure brain activity by means o f  
ei^ ^ oen eep h a iog ram  (EEG). The electrodes were placed on the line connecting the caudal eye com ers; one 

^  w as placed on the left side o f  the skull, another electrode w as placed on the right side and an earth
: was placed in the middle.

left a The broilers were head-only stunned with a pair o f  tongs by which the electrodes were placed on the 
afû d right side o f  the broilers' head and penetrated the skin. During stunning the broilers were positioned in 
the ̂  1' ^  broilers were stunned during 4 s with an electrical current with a frequency o f  200  Hz. Seven o f  
Werer° llers were first stunned with 25 V  and after ca. 3 h a second time with 75 V  and the remaining broilers 
the g tf 'n 3 reversed order. During stunning, the voltage applied w as measured, w hile the registration o f  

'Vas blocked to protect the equipment. The EEG was recorded just before, and during 3 min after 
The reaction o f  the animal to peripheral stimuli by applying an electrical current (1 8 V , from beak to 

'Vas Used to check unconsciousness.
H i t s

D isc u ss io n

^actions:
Muscle

body t  Whole'body stunning (200  H z AC, 100 V, 4 s) no movement o f  the broilers w as observed. After whole- 
H e d  mg 37  °/o o f  the broilers showed no movement immediately after stunning, 10  % o f  the animals only 
f̂i(]  ̂j Convulsions during the first 30 s after stunning, 10 % o f  the animals up to ca. 60  to 90  s after stunning 

bfoiigj. ° ^ w e e n  60  to 120 s after stunning. After head-only stunning (200  Hz AC, 25  V, 4 s) only 6  % o f  the 
^Crr|bled during stunning and show ed no movements immediately after stunning, 47 % o f  the animals 

H e n  H u i o n s  during the first 30  s after neck cutting and were quiet afterwards, and 47 % o f  the animals 
"'ith a , ,Vl®lent convulsions during exsanguination, up to 90 s after stunning. In general, whole-body stunning 
H o r g '^1 ri"equency resulted in limited convulsions, while head-only stunning with a high frequency resulted 

partiC° nVu*s‘ons Apparently, convulsions which are observed after a stunning-induced epileptiform insult 
y suppressed by the application o f  a high frequency current to the w hole body.

Meg.
Q uality.

\ r
H  Ï Ï k for meat quality traits o f  whole-body and head-only stunned animals are presented in Table 1. In the 
H e r q j.. reast m uscles no significant difference in ultimate pH was measured. Only a trend (p sO .l)  for a 

Unate pH in the breast m uscle o f  head-only stunned animals, compared to whole-body stunned
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animals, w as observed. Although no differences in ultimate pH were observed, the rate o f  pH-decline may 
different for the two stunning methods. The difference in degree o f  m uscle reaction after the two stunning ^  
methods may result in differences in the rate o f  post mortem pH-decline, but not necessarily in difference 
ultimate pH (Mohan Raj et al„ 1990; Hillebrand, 1993). Furthermore, the direct stimulation o f  the electn 
current that passes the m uscles during whole-body stunning may also accelerate post mortem pH-decline
(Petersen and Blackmore, 1982). . a*.

Head-only stunning resulted in significantly (psO .O l) darker (low er L*-value), more red (mgh  ̂
value) and more blue (lower b*-value) breast m uscles than whole-body stunning. In contrast, whole-body^  
stunning resulted in more red (higher a*-value) thigh m uscles than did head-only stunning (M. flexor cru ^
m edialis, p<;0.05;M. Iliotibialis cranialis, trend, p sO .l). Factors directly or indirectly affecting meat co ^  
fat content and the amount, and the degree o f  oxidation, o f  m uscle pigm ents, like myoglobin, haemoglo^ 
cytochrome. The processes o f  oxidation and oxygenation are depend on, amongst others, the rate Pf®. 
mortem pH  decline and the ultimate pH. Both these factors are also o f  major importance for water-hol ^  
capacity, and hence for the absorption and reflection o f  light. The different stunning methods used in tw ^  
did not result in differences in ultimate pH and the rate o f  pH decline w as not determined. Another fac ^  
measured in this study, that may explain the differences in colour, is the percentage o f  blood loss after n
cutting. broiled

After whole-body stunning 9 o f  the 30 broilers, and after head-only stunning only 4  o f  the w
had a broken furculum. The stunning methods did not result in differences in the prevalence o f h aem orrnj^  
in w ings and breast m uscles, although, the haemorrhages in the breast m uscles were located more dis a 
head-only than after whole-body stunning. The observed haemorrhages in the breast m uscle o f  head-o y ^  
stunned broilers towards the humerus-coracoid-joint may be caused by the more violent convulsions ^  
after this stunning method. The electrical cuirent that passes the m uscle during whole-body stunning m y  
directly or indirectly, responsible for the haemorrhages in the middle o f  the breast m uscles o f  whole-b ^  ^  
stunned broilers. The classification for haemorrhaging was significantly (psO .O l) lower (lower preva 
haemorrhaging) for thighs o f  head-only stunned broilers than in thighs o f  whole-body stunned br0llerS' t & the 
Apparently the circuit o f  the electrical current affects only the level o f  haemorrhaging in the thigh, but 
breast m uscles when broilers are shackled by there feet during stunning.

Electroencephalogram s:
-ibedW

After the stunning current w as applied the EEG o f  the broilers exhibited an epileptiform insult as desc 
Hoenderken (1978 ) in pigs and Lambooy (1982 ) in sheep; in som e animals the characteristics were ^  g fiV  
suppressed. After head-only stunning with a voltage o f  25 V  or 75  V  the epileptiform insult lasted o 
21) or 30  s  (S D  15), respectively. The duration o f  the epileptiform insult seem ed to be longer after tn ^  
stun. The shortest insult measured lasted 17 s after stunning with adjustment to 25 V  as w ell as 75  .^veiy. 
measured average voltage, with adjustment to 25 V or 75 V , w as 27 V  (S D  3) or 90 V  (SD  5), resp \1 s 

This study, with a limited number o f  animals, shows that neck cutting should be performed ^
after stunning, since this is the duration o f  the shortest insult measured. The higher standard deviation \#S$- 
duration o f  the second stun was, in both groups, caused by 1 animal (per group) that showed a very posSjt»ly» 
The average duration o f  the insult is for both voltages longer after the second than after the first 
after 3 h there w as still an effect o f  the first stun, when the second stun w as applied. In another eXPeT  caUSing 
pigs a similar effect w as not observed (Lambooy, 1994). The method o f  stunning may be important 1̂  
this effect. The electrical current for the head-only stunning w as applied by means o f  a pair o f  tongs. ^  
the head o f  the broiler was pinched. The pinching o f  the broilers' head may cause damage to the bra 
stunning current in the p igs was applied by implanted electrodes.

Conclusion

It is concluded that, compared to whole-body stunning, head-only stunning is advantageous with regard 
haemorrhages and is not detrimental to broiler welfare.
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