
1265

    

 2010  Poultry Science  89 :1265–1274
doi:  10.3382/ps.2009-00135 

  Key words:   broiler ,  stunning ,  rectangular alternating current ,  electroencephalogram ,  physical reflex 

  ABSTRACT   Stunning efficiency of broilers after elec-
trical waterbath stunning with an alternating current 
was assessed using electroencephalograms (EEG) and 
physical reflexes. Four hundred eighty-nine broilers 
(246 males and 243 females) were stunned in an electri-
cal waterbath with a rectangular alternating stunning 
current of 60, 80, 100, 120, and 150 mA and frequencies 
of 70, 100, 200, 400, 800, and 1,500 Hz. Stunning time 
was 10 s. The EEG was recorded for 120 s poststun. 
Occurrence of spontaneous breathing, eye blinking, and 
wing flapping and the corneal reflex were recorded. The 
EEG was analyzed regarding the occurrence of a pro-
found suppression to less than 10% of the prestun level 
in the 2 to 30-Hz band and 13 to 30-Hz band. The 
occurrence of epileptiform patterns was assessed and 
the occurrence of clonic-tonic convulsions was recorded. 
Statistical analysis showed a highly significant effect of 
stunning frequency and stunning current for all groups 

in the EEG analysis. Stunning frequencies above 400 
Hz or below 100 mA did not result in profound suppres-
sion of brain power to less than 10% of the prestun level 
in more than 90% of the broilers and can therefore not 
be recommended. More than 80% of the birds stunned 
with 70 or 100 Hz at 100 mA or 70, 100, and 200 Hz 
with 120 and 150 mA did not recover from stunning. 
The occurrence of epileptiform activity could only be 
observed in a few birds. It is assumed that this is due to 
the long stunning time of 10 s and epileptiform activity 
could have occurred just before EEG recording start-
ed. A maximum of 30% of birds with corneal reflexes 
and spontaneous eye blinking should not be exceeded, 
whereas at 15 s poststun, not more than 15% of birds 
should show spontaneous eye blinking. Wing flapping 
occurred in at least 50% of birds with adequate stun-
ning results. This seems to be related to convulsions 
and could cause meat quality defects. 
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  INTRODUCTION 
  Electrical waterbath stunning is the most commonly 

used method in commercial chicken slaughterhouses to 
render birds unconscious before slaughter. The electric-
ity applied has an influence on both stunning effective-
ness and meat quality. To optimize animal welfare and 
product quality, commercial chicken slaughterhouses 
apply a variety of electrical setups differing in electrical 
waveform, amount of current, electrical frequency, and 
stunning time. An alternating current (AC) is often 
used, whereas some slaughterhouses apply a pulsed di-
rect current. The form of an AC can vary; some plants 

apply clipped or rectified waveforms. A sinusoidal wave 
is the traditional form. More recently, modern commer-
cial stunners use a rectangular waveform. The applica-
tion time of the current under commercial conditions is 
usually around 10 s. 

  Induction of cardiac arrest during stunning has been 
discussed preferential to prevent recovery of the birds 
(Gregory, 1998). A minimum current of 148 mA at 50-
Hz sine wave AC was recommended to achieve ventricu-
lar fibrillation in 99% of broilers (Gregory and Wotton, 
1987). Stunning was defined to be unequivocal when 
somatosensory evoked potentials were absent, which 
was achieved with a minimum of 120 mA (Gregory 
and Wotton, 1990). Stunning setups inducing cardiac 
fibrillation have on the other hand been associated with 
the occurrence of convulsions. These may cause severe 
meat quality defects such as broken bones, hemorrhag-
ing, and red wing tips (Gregory, 1989). High-frequency 
stunning has therefore been introduced because this 
does not cause cardiac fibrillation in the waterbath 
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(Gregory and Wotton, 1991). Clearly, unconsciousness 
must be ensured for birds that did not fibrillate dur-
ing stunning for a sufficient period to prevent recovery 
during bleeding. A minimum of 40 s of unconsciousness 
has therefore been suggested (Raj, 2006). Assessment 
of stunning efficiency is essential to maintain welfare 
standards; however, the effects of the different electrical 
parameters on the chicken are not well understood.

Under laboratory conditions, recording of brain waves 
through electroencephalograms (EEG) has been used 
to analyze the state of the brain of chickens after stun-
ning and thus determine the state of the bird and the 
level of (un)consciousness. To avoid the laborious im-
plantation of EEG electrodes, the chicken EEG clamp 
(CHEC; Coenen et al., 2007) has been developed as a 
noninvasive method to record brain waves. This meth-
od allows assessment of a greater number of birds with 
various combinations of electrical stunning parameters, 
facilitating a systematic investigation of the different 
stunning setups. The occurrence of an isoelectric, flat 
EEG, as well as the occurrence of epileptic seizures, 
has been used to indicate unconsciousness in chickens 
(Schütt-Abraham et al., 1983; Raj and O’Callaghan 
2004a,b; Raj et al., 2006a). An isoelectric or profoundly 
suppressed EEG is generally defined as a flat line with 
an average brain power content of less than 10% of the 
wake EEG (Raj and O’Callaghan, 2004a,b; Raj et al., 
2006a). This is associated with unconsciousness and the 
inability to feel pain (Coenen, 1995). Prinz et al. (2009) 
have analyzed the representative brain power content of 
a wake broiler chicken using the CHEC. Through calcu-
lation of the relative poststun brain power, this allows 
comparative assessment of stunning quality with differ-
ent electrical setups. For assessment of brain power, 2 
different frequency bands of the brain have been used: 
1) a broad frequency band of 2 to 30 Hz, representing 
all states of consciousness, and 2) a smaller band of 
13 to 30 Hz indicating perception of, and sensitivity 
to, stimuli, representing the ability to process informa-
tion (Raj and O’Callaghan, 2004a,b; Raj et al., 2006a). 
A reduction in total brain power content to less than 
10% of the prestun power in the 2 to 30-Hz band has 
been interpreted as an overall loss of brain function, 
whereas the same reduction in the 13 to 30-Hz band 
has been used to indicate loss of sensitivity (Raj and 
O’Callaghan, 2004a,b; Raj et al., 2006a) The occurrence 
of epileptic activity with low frequency spike and wave 
discharges on the EEG recordings has also been used as 
indicator for unconsciousness (Raj et al., 2006a).

The assessment of the EEG is the most objective and 
widespread method to analyze the brain state of an ani-
mal and is therefore a valuable method to understand 
the general influence of different electrical parameters. 
In daily slaughterhouse practice, however, assessment 
of stunning efficiency is only possible through observa-
tion of the physical appearance of an animal, in which 
behavioral reflexes such as breathing, corneal reflex, 
and neck tension are usually used (von Wenzlawow-
icz and von Holleben, 2001). The occurrence of tonic-

clonic seizures has been associated with the occurrence 
of epilepsy (Schütt-Abraham et al., 1983). The relation 
between physical reflexes and the state of the brain of 
chickens, however, is not well established. An evalua-
tion of the characteristics of physical reflexes together 
with analysis of unconsciousness on the EEG records 
would therefore facilitate animal welfare assessment in 
slaughterhouses.

The study has two aims: first, to investigate the ef-
fectiveness of different amounts and frequencies of a 
rectangular AC using EEG assessment and second, to 
establish the relationships between several physical pa-
rameters under conditions that ensure adequate welfare 
standards.

MATERIALS AND METHODS
The experiment was approved under No. HOH 2/6 

by Regierungspraesidium Tuebingen, Tuebingen, Ger-
many. The institutional animal care and use guidelines 
have been followed.

A total of 489 broiler chickens, 246 males and 243 
females, were raised in 1 flock for 7 wk. Average weight 
was 2,907 ± 271 g for the males and 2,305 ± 229 g for 
the females. For stunning, the feet of the birds were 
fixed into a grounded metal shackle. Thus, single birds 
hanging upside down were immersed into an electrified 
waterbath up to the base of their wings. Before stun-
ning, the feet and shackle were sprayed with water to 
improve conductivity.

The waterbath consisted of a plastic basin filled with 
water, in which a metal electrode covered the whole 
bottom. Salt was added to the water to maintain the 
conductivity at 4 mS/cm. A commercially available, 
widely used constant voltage stunning cabinet (Meyn 
Quest Cabinet, Meyn Food Processing Technology, 
Oostzaan, the Netherlands) was used to apply a rect-
angular AC at frequencies of 70, 100, 200, 400, 800, and 
1,500 Hz. Voltage was adjusted to obtain the intended 
root MS current of 60, 80, 100, 120, and 150 mA. The 
actual current depends on the electrical resistance of 
the individual bird and was measured using a Fluke 
123 Industrial Scope Meter (20 MHz, Fluke Corpora-
tion, Everett, WA) and a Fluke 80i-110s AC/DC cur-
rent probe (Fluke Corporation). All data were recorded 
onto a data acquisition program (Fluke View SW90W, 
Fluke Corporation). For subsequent analysis, birds 
were sorted according to the actual current, thus lead-
ing to small variations in group size. A total of 44 birds 
received a stunning current exceeding 150 mA and were 
not allocated to any of the stunning groups. The aver-
age stunning time was 10.3 ± 0.7 s. The number of 
birds per group, mean voltage, and the mean current 
are given in Table 1. The small group of birds that re-
ceived a current exceeding 150 mA was not analyzed.

To ensure immediate EEG analysis after stunning, 
the shackle was attached to a rotary stand, which al-
lowed quick transfer of the birds to the CHEC (Coenen 
et al., 2007). The head of the bird was fixed in the 
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CHEC while the feet were still hanging in the shackle. 
This facilitated EEG recording within 8.9 ± 2.9 s post-
stun. The occurrence of spontaneous breathing, spon-
taneous eye blinking, and spontaneous wing flapping 
was assessed and recorded on observation channels on 
the EEG recording. This facilitates a direct comparison 
between the brain wave patterns and the behavior of 
the birds. In addition, the corneal reflex was tested by 
touching the cornea with a feather at 20 and 40 s post-
stun. Neck tension was assessed at 30 s poststun, but 
due to the fact that the birds were fixed in the clamp, 
evaluation was difficult and this factor is not included 
in the analysis. When leaving the waterbath, the eyes 
of the birds were observed (open or closed) and tonic 
or clonic convulsions were recorded. Tonic-clonic con-
vulsions were defined with a rigid backward bending of 
the neck and tucked wings, sometimes accompanied by 
small and quick muscular contractions, followed by a 
relaxation of the body. In clonic-only convulsions, vig-
orous wing flapping or large rhythmic contractions of 
the legs occurred.

The EEG recordings and all observations lasted for 
120 s poststun; birds were afterward offered in a box 
filled with carbon dioxide. The encephalogram was re-
corded with a sampling rate of 1,000 samples per sec-
ond for every channel using a data acquisition PC Card 
Di400 (Dataq Instruments Inc., Akron, OH). A physio-

logical analog amplifier designed and built by the Elec-
tronic Research Group (Radboud University Nijmegen, 
Nijmegen, the Netherlands) amplified the EEG signal 
voltage by factor 62,500. Signals were filtered with a 
band pass filter of 1 to 100 Hz, whereas the 50-Hz notch 
filter was activated for EEG recordings.

For EEG analysis, Brainvision Analyzer (Brain Prod-
ucts, Gilching, Germany) was used. The EEG record-
ings were transferred to Brainvision Analyzer using a 
software aid to convert Windaq data (Dataq Instru-
ments Inc.). To evaluate total brain power, the record-
ings were filtered for the wide frequency band of 2 to 
30 Hz and for the more limited frequency band of 13 to 
30 Hz. Electroencephalograms of every bird were then 
subdivided in 3 poststun periods: P1: 0 to 20 s posts-
tun, P2: 20 to 30 s poststun, and P3: 30 to 40 s posts-
tun. In all 3 periods, 5 segments of 1 s were marked and 
a fast Fourier transformation was calculated to obtain 
the total power of every segment. The grand average of 
all 5 segments of each period was then calculated as the 
representative EEG power in that period. This proce-
dure facilitated the analysis of genuine EEG recordings 
without manipulation, in which movement artifacts or 
disturbances (due to testing of physical reflexes) have 
impaired the EEG. The representative brain power thus 
obtained from the grand averages of the 5 segments in 
each period was then expressed as a percentage of the 

Table 1. Number of birds, mean voltage, and mean current are shown for the different stunning groups1 

Current 
group (mA)

Stunning  
frequency  
(Hz)

No. of birds
Mean root MS stunning  

voltage and SD (V) Mean root MS  
stunning current  
and SD (mA)♂ ♀ Total ♂ ♀

60 70 9 8 17 53 ± 9 69 ± 2 59 ± 8
100 9 8 17 49 ± 2 71 ± 8 58 ± 8
200 9 11 20 47 ± 9 67 ± 7 57 ± 6
400 12 11 23 53 ± 10 75 ± 8 61 ± 6
800 11 8 19 51 ± 8 71 ± 8 61 ± 7
1,500 8 8 16 45 ± 7 65 ± 8 57 ± 9

80 70 9 7 16 73 ± 13 89 ± 10 81 ± 6
100 9 9 18 71 ± 12 93 ± 7 79 ± 6
200 8 9 17 72 ± 12 97 ± 10 83 ± 5
400 7 9 16 74 ± 11 90 ± 15 79 ± 6
800 8 8 16 66 ± 15 91 ± 8 82 ± 5
1,500 4 5 9 60 ± 0 88 ± 7 81 ± 6

100 70 7 7 14 86 ± 9 103 ± 6 100 ± 5
100 7 7 14 83 ± 11 116 ± 11 101 ± 6
200 8 9 17 89 ± 4 111 ± 10 99 ± 6
400 5 7 12 88 ± 4 103 ± 15 98 ± 6
800 4 6 10 89 ± 5 104 ± 15 103 ± 6
1,500 6 9 15 78 ± 14 109 ± 14 99 ± 5

120 70 4 7 11 90 ± 6 134 ± 15 119 ± 6
100 6 4 10 90 ± 5 115 ± 12 118 ± 6
200 8 4 12 90 ± 6 119 ± 7 117 ± 5
400 12 8 20 95 ± 9 120 ± 5 118 ± 6
800 10 6 16 92 ± 92 112 ± 16 118 ± 6
1,500 5 6 11 90 ± 4 112 ± 8 120 ± 4

150 70 5 8 13 123 ± 16 153 ± 18 150 ± 8
100 6 4 10 109 ± 18 155 ± 20 143 ± 11
200 4 6 10 121 ± 3 154 ± 16 147 ± 9
400 0 7 7 — 150 ± 12 147 ± 8
800 8 10 18 110 ± 7 142 ± 14 146 ± 10
1,500 13 8 21 99 ± 9 139 ± 15 142 ± 10

Total 221 224 445

1Forty-four birds received a stunning current exceeding 150 mA and were not included in the stunning groups.
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representative wake chicken EEG (Prinz, 2009). The re-
sulting percentage shows the relative brain power after 
the different stunning treatments. A percentage below 
10% of the wake chicken EEG was considered as pro-
foundly suppressed or isoelectric, whereas a percentage 
above 10% of the wake chicken EEG represents failure 
of profound suppression. Birds with an isoelectric EEG 
were considered unconscious, whereas failure of an iso-
electric EEG indicated inadequate stunning. This was 
analyzed for both frequency bands, 2 to 30 Hz and 
13 to 30 Hz. The EEG recordings were also evaluated 
visually. Epilepsy was marked where the trace showed 
typical spike and wave pattern with a frequency of 2 
to 6 Hz (Figure 1). A characteristic chaotic EEG pat-
tern with high amplitude and high frequency directly 
after stunning, followed by an isoelectric EEG, could be 
observed in many birds. This was also regarded as an 
indicator for a form of unconsciousness.

For statistical analysis, the EEG power data were 
transferred into a binomial scale. Values >10% were 
considered as positive (conscious) and values <10% as 
negative (unconcious). Data were analyzed using nomi-

nal logistic regression with stunning frequency (Hz), 
stunning current (mA), and the interaction of frequen-
cy × current and sex as fixed factors. The factor effects 
were calculated by the χ2 likelihood ratio test. Subse-
quently, the probability for positive and negative EEG 
responses and for physical reflexes was calculated by 
inverse prediction and the percentage of the predicted 
occurrence of positive effects was plotted against fre-
quency (Hz). All statistical procedures were performed 
by JMP 7.1 (JMP, 2007).

RESULTS
A total of 418 EEG traces were submitted to fast Fou-

rier transformation (214 and 204 for males and females, 
respectively). Seventy-one EEG traces could not be in-
cluded due to movement artifacts and disturbances. All 
parameters were analyzed for differences between male 
and female broilers, but no significant effect could be 
detected. Results are therefore presented combined for 
males and females. The statistical analysis showed a 
significant effect of stunning frequency and current on 

Figure 1. Examples of electroencephalogram (EEG) traces of broiler chickens after waterbath stunning. The upper panel shows a profoundly 
suppressed isoelectric EEG with some artifacts caused by the testing of physical reflexes. In the middle panel, an EEG without a profound re-
duction of brain power is displayed. The lower panel contains an example of epileptiform activity with a frequency of 2 to 6 Hz, with spike-wave 
discharges. The amplitude of the y-axis is 80 μV and the area between the bold vertical lines represents 1 s.
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the occurrence of an isoelectric EEG with less than 
10% of the prestun brain power content (P < 0.0001) 
for both EEG frequency bands, 2 to 30 Hz and 13 to 
30 Hz. From the nominal logistic regression, the pre-
dicted values were extracted for the percentage of birds 
that did not show an isoelectric EEG for the different 
stunning setups. The summed results for the complete 
time frame 0 to 40 s poststun are presented in Figure 
2. It is obvious that with increasing frequency, a higher 
amount of current is necessary to achieve an isoelectric 
EEG, and thus unconsciousness, in an adequate num-
ber of birds. To achieve a higher stunning efficiency, 
the amperage must be increased when the frequency 
is kept constant. The results for the 2 EEG frequency 
bands are similar, although for the more limited band 
of 13 to 30 Hz, which has been interpreted to indicate 
sensitivity, lower amperages are sufficient than for the 
wide band of 2 to 30 Hz. From the results of the wide 
band of 2 to 30 Hz, it can be seen that a minimum cur-
rent of 150 mA must be applied at a frequency of 400 
Hz, when 90% of the birds are effectively stunned for 40 
s after leaving the waterbath. If stunning efficiency is 
reduced to 85% of birds, the stunning frequency could 
be increased to 600 Hz or a lower stunning current of 

125 mA could then be used at the same stunning fre-
quency of 400 Hz.

The development of the EEG in the 3 poststun pe-
riods P1 (0 to 20 s), P2 (20 to 30 s), and P3 (30 to 40 
s) was analyzed with the logistic regression. For all 3 
periods, the effect of stunning frequency was significant 
(P < 0.0001) for both brain frequency bands, 2 to 30 
Hz and 13 to 30 Hz. The effect of stunning current 
was significant for P2 and P3 (P < 0.0001) for both 
frequency bands. In P1, it showed a significant effect in 
the 2 to 30-Hz band (P = 0.005) and was close to the 
level of significance in the 13 to 30-Hz band (P = 0.07). 
In P3, the interaction of stunning current and stunning 
frequency also showed a significant effect for both EEG 
frequencies, 2 to 30 Hz (P = 0.03) and 13 to 30 Hz (P 
= 0.01). The predicted values of birds not showing an 
isoelectric EEG in the 3 poststun periods are presented 
in Figure 3 for all stunning setups.

Assessment of eye reflexes showed similar results as 
compared with the findings from the EEG. Spontane-
ous eye blinks showed a significant effect (P < 0.0001) 
for stunning frequency in all 3 poststun periods. The 
effect of stunning current was also significant in all 3 
periods (P = 0.0008, P < 0.0001, P < 0.0001 for P1, 

Figure 2. Percentage of birds not showing an isoelectric electroencephalogram (EEG) pattern with less than 10% prestun power in the first 40 
s poststun, for the broad brain frequency band of 2 to 30 Hz (upper panel) as well as for the narrow frequency band of 13 to 30 Hz (lower panel). 
Results obtained from the predicted values of the nominal logistic regression.
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P2, and P3, respectively), whereas the interaction be-
tween stunning current and stunning frequency was 
significant in P2 and P3 (P < 0.0001) and close to the 
level of significance in P1 (P = 0.09). The results of the 
predicted values for the occurrence of spontaneous eye 
blinking in all 3 periods are presented in Figure 3. The 
early corneal reflex test at 20 s poststun was significant 
(P < 0.0001) for stunning frequency, stunning current, 
and the interaction of current × frequency. The later 
test at 40 s showed a significant effect (P < 0.0001) 
for stunning frequency and the interaction of frequency 

× stunning current, but no effect of the stunning cur-
rent. The predicted values for a positive reflex in both 
tests are shown in Figure 3 for all stunning setups. The 
occurrence of breathing within the first 40 s poststun 
was assessed as an indicator for the survival rate of the 
chickens for the different stunning setups. The average 
time to resumption of breathing was 11.4 ± 3.9 s. The 
statistical analysis regarding the likelihood of birds sur-
viving the stunning process showed a significant effect 
for stunning frequency and the interaction of stunning 
frequency × stunning current (P < 0.0001). Stunning 

Figure 3. Percentage of birds not showing an isoelectric electroencephalogram (EEG; <10% prestun power) and percentage of birds with posi-
tive behavioral reflexes (% pos. effects): corneal reflex, breathing, and spontaneous eye blinking (Spont Eyes) in different periods poststun: 0 to 
20 (P1), 20 to 30 (P2), and 30 to 40 s (P3). Results obtained from the predicted values of the nominal logistic regression.
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current did not have a significant effect on the occur-
rence of breathing within the first 40 s poststun. The 
predicted percentage of breathing birds in the different 
stunning groups is given in Figure 3.

Wing flapping mainly occurred in the first 40 s post-
stun in those groups that encountered cardiac arrest. 
It was therefore assumed that wing flapping did not 
indicate escape behavior but was related to clonic con-
vulsions. In the further analysis, it was assessed as 
an indicator for meat quality defects due to bruising 
or broken bones. The effect likelihood test indicated 
strong significance (P < 0.0001) for stunning current, 
stunning frequency, and the interaction of current × 
frequency (Figure 4).

In the visual analysis, a small percentage of epilepti-
form EEG patterns could be observed. The occurrence 
of epileptic seizures was significant in the statistical 
analysis for stunning frequency (P = 0.01) and stun-
ning current (P = 0.048) but not for the interaction. 
Epileptic seizures could mainly be observed within the 
first 30 s poststun (P1 and P2). With higher currents, 
the occurrence of epilepsy decreased and sometimes 
started between 30 and 40 s poststun (P3). In groups 
stunned with currents above 100 mA and low frequen-
cies of 70 Hz, no epileptic activity could be observed. 
The percentage of birds showing a seizure in the EEG 
pattern with an epileptic fit are summarized in Figure 
5. Moreover, the occurrence of tonic-clonic or clonic-
only convulsions was assessed for all birds leaving the 
waterbath. Stunning frequency and stunning current 
showed a significant effect (P < 0.0001) as well as the 
interaction of frequency × current (P = 0.005). Sex 
also proved to be significant (P = 0.0099), with fe-
males generally showing more convulsions than males. 
The results of the tonic-clonic and clonic-only seizures 
are summarized in Figure 5. Assessment of the state of 
eyes of the birds when leaving the waterbath showed 
a significant effect for stunning current and stunning 
frequency (P < 0.0001) and for the interaction (P = 
0.0004). Most birds had their eyes open when stunned 
with high frequencies or with lower frequencies and cur-
rents below 100 mA. Almost no bird that was stunned 

with 120 or 150 mA up to 200 Hz left the waterbath 
with open eyes.

DISCUSSION

The first aim of this study was the determination of 
optimum stunning current and frequency that effectively 
renders broiler chickens unconscious when using a rect-
angular AC. A profoundly suppressed EEG to less than 
10% of the prestun brain power has been used as a cri-
terion for unconsciousness in broiler chickens (Raj and 
O’Callaghan, 2004a,b; Raj et al., 2006a). In the present 
study, this could be observed in many birds, with the 
best results in groups stunned with low frequencies and 
high amperage. From Figure 2, it is obvious that stun-
ning frequencies above 400 Hz are not suitable to ren-
der an adequate amount of birds unconscious for 40 s 
poststun. Only with 150 mA and a stunning frequency 
of 400 Hz an overall stunning effectiveness of 90% of 
the birds could be achieved, whereas with lower cur-
rents, the frequency must be decreased. Currents below 
120 mA did not appear to be suitable to render 90% of 
birds unconscious for 40 s poststun. If stunning efficien-
cy was expected to be 85%, an AC current of 100 mA 
at low frequencies would be acceptable, whereas lower 
currents failed to have an acceptable stunning effect on 
broiler chickens and can therefore not be recommended. 
These findings correspond with the study of Raj et al. 
(2006a). Analysis of the smaller frequency band of 13 
to 30 Hz shows the same trend. However, stunning ef-
fectiveness is slightly higher, with less birds not show-
ing an isoelectric or insensitive EEG pattern (Figure 
2). Raj and O’Callaghan (2004b) did not find this dif-
ference. In their studies, the wide frequency band of 2 
to 30 Hz usually indicates better stunning efficiency 
than the narrow band of 13 to 30 Hz. The smaller band 
only includes higher frequencies, generally associated 
with wakefulness and vigilance (Coenen, 1995). A pro-
found suppression of this band has been interpreted 
with the loss of sensitivity in broiler chickens (Raj and 
O’Callaghan, 2004a,b; Raj et al., 2006a).

Figure 4. Percentage of wing flapping for different stunning setups as obtained from the predicted values of the nominal logistic regression.

WATERBATH STUNNING OF BROILERS USING ALTERNATING CURRENTS 1271



Development of the EEG and the behavioral reflexes 
in the 3 poststun periods (Figure 3) clearly shows the 
quick recovery of birds stunned with low stunning cur-
rents of 60 and 80 mA. Although most birds survived 
stunning with low currents, the electricity applied did 
not achieve an adequate period of profoundly sup-
pressed EEG in more than 85% of the birds, even in 
the first 20 s. Corneal reflexes at 20 s poststun were 
positive in more than 30% of these birds with all fre-
quencies. This underlines the conclusion that stunning 
currents below 100 mA AC cannot be recommended 
even with a fast and efficient bleeding. Similar results 
can be observed for groups stunned with high frequen-
cies of 800 and 1,500 Hz, in which all birds survived the 
stunning process independent of the amount of current 
(Figure 3). None of these stunning setups achieved an 
isoelectric EEG in more than 90% of the birds in both 
frequency bands, indicating an inadequate stun and a 
rapid recovery. Moreover, the increasing occurrence of 
corneal reflexes at 20 and 40 s poststun and the high 
amount of spontaneous eye blinking support this judg-
ment. Therefore, high-frequency stunning from 800 Hz 
AC cannot be recommended for a maximum of 150 
mA.

Frequencies with a maximum of 100 Hz at 100 mA 
and 200 Hz at 120 and 150 mA caused cardiac fibrilla-
tion in at least 80% of birds, thus preventing recovery. 
Both EEG frequency bands show a rapid decrease of 
birds without isoelectric EEG in P2 and P3, which is 
probably associated with brain death of the birds that 
did not recover. Electrocution has been discussed con-
troversially. Gregory and Wotton (1987) recommend 
stun-to-kill methods inducing cardiac fibrillation, to 
avoid resumption of consciousness. This might on the 
other hand lead to carcass defects (Schütt-Abraham et 
al., 1983; Gregory, 1989). If cardiac arrest occurs in 
conscious birds, a painful experience cannot be exclud-
ed (Schütt-Abraham et al., 1983; Raj et al., 2006b). In 
the first 20 s poststun, however, the EEG results in the 

2 to 30-Hz band show that the percentage of birds lack-
ing a profoundly suppressed EEG was higher than the 
percentage of birds that resumed breathing. This indi-
cates that in the period directly after stunning, total 
EEG power can be slightly elevated, although the birds 
will not recover from the stunning process. Moreover, 
the analogy of the result of the 2 to 30-Hz band and the 
absence of corneal reflexes, which indicate brain death, 
support the assumption that this wide brain frequency 
band is more associated with overall brain function and 
therefore does not necessarily indicate perception and 
consciousness. A profound suppression of brain power 
in the 13 to 30-Hz band might therefore be more rep-
resentative to indicate unconsciousness and absence of 
sensibility.

In the remaining groups, stunned with either 120 or 
150 mA at 400 Hz and 100 mA at 200 Hz, the majority 
of birds resumed breathing and thus did not obtain car-
diac arrest during stunning. Although the percentage of 
birds that showed a profoundly suppressed EEG in the 
2 to 30-Hz band is below 90%, a rapid decrease can be 
observed (Figure 3). When the 13 to 30-Hz frequency 
band indicating sensitivity is considered, however, more 
than 90% of the birds show a profound EEG suppres-
sion up to 40 s poststun. It could therefore be argued 
that these stunning setups are acceptable, even though 
they do not cause cardiac fibrillation. The marked in-
crease in the occurrence of corneal reflexes, however, 
may indicate a rapid recovery at 40 s poststun. These 
electrical setups would therefore require a very quick 
and effective bleeding of chickens to avoid recovery be-
fore death from blood loss occurs.

An initial occurrence of epileptiform activity before 
the profound suppression of the EEG has been inter-
preted to be indicative for stunning effectiveness in 
broiler chickens (Schütt-Abraham et al., 1983). Raj et 
al. (2006a) found a high incidence of epilepsy in broiler 
chickens stunned with AC. A percentage of 90% epilepsy 
is reported for stunning setups with low frequencies and 

Figure 5. Percentage of birds showing an epileptiform or chaotic electroencephalogram (EEG; low-frequency epilepsy and slow wave distur-
bance) and tonic-clonic or clonic-only convulsions after leaving the waterbath. Results obtained from the predicted values of the nominal logistic 
regression.
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high currents (Raj et al., 2006a). Gregory and Wotton 
(1987), on the other hand, found an attenuation of epi-
leptiform activity with high currents. The results of the 
present study support these findings because almost no 
epileptic seizure could be observed in the EEG of birds 
stunned with high currents and low frequencies. Due to 
the suppression of epileptic seizures with high stunning 
currents, the suitability of epilepsy as a measure to ap-
praise stunning efficiency has been questioned (Gregory 
and Wotton, 1987). In the current study, epileptic ac-
tivity could be found in a smaller percentage of birds as 
compared with previous studies (Raj et al., 2006a), and 
it occurs mainly in groups with higher stunning fre-
quencies. This might be due to the long stunning time 
of 10 s. Gregory and Wotton (1987) found an average 
epilepsy duration of 17 and 12 s after the start of stun-
ning. In a study on head-only stunning of broilers with 
different frequencies of an AC, Raj and O’Callaghan 
(2004a) found average epilepsy durations ranging from 
9 to 12 s, after a 1-s stunning time. It can therefore 
be assumed that in the present experiment, epilepsy 
might have occurred before the EEG recording started, 
due to the longer stunning time. Raj and O’Callaghan 
(2004a,b) found an increase in total brain power im-
mediately after stunning, similar to the findings of the 
present study. This was interpreted to be caused by 
epileptic activity. Wormuth et al. (1981) identified epi-
lepsy in all birds that experienced cardiac fibrillation in 
the waterbath, when current flow lasted for at least 4 
to 6 s. Alternatively, birds might have passed directly 
into a phase of sudden neuronal death as suggested by 
Raj et al. (2006a). The occurrence of epilepsy is also 
supported by the outside appearance of the birds when 
leaving the waterbath. Birds stunned with high stun-
ning currents showed very few tonic-clonic or clonic-
only convulsions (Figure 5). Gregory (1989) described 
this phenomenon for birds that obtained cardiac arrest 
during stunning. Tonic-clonic seizures as described by 
Lee-Teng and Giaquinto (1969) mainly occurred with 
low stunning currents or high stunning frequencies in 
the present study (Figure 5). Schütt-Abraham et al. 
(1983) classified these as epileptic seizures. The consis-
tency of the groups showing seizures in the EEG and 
tonic or clonic convulsions supports this view. It could 
be argued that the epileptiform fit occurred already 
in the waterbath or during transfer of the bird to the 
EEG clamp.

The second aim of the present study was the evalu-
ation of objective, physical parameters as a measure 
of consciousness in broiler chickens. As assumed in the 
previous discussion, resumption of breathing will oc-
cur in birds that did not develop cardiac arrest during 
stunning, and on its own is no indicator for returning 
consciousness (von Wenzlawowicz and von Holleben, 
2001). With the resumption of breathing, however, oxy-
gen supply to the brain will facilitate a full recovery.

In groups stunned with low frequencies and a mini-
mum current of 100 mA, it can be observed that cor-
neal reflexes can still occur in some birds initially that 

do not recover from the stunning process. The later 
corneal reflex test at 40 s poststun shows a decreasing 
number of positive corneal reflexes in the same groups, 
in which progressive brain death was identified in the 
EEG analysis. This is in line with findings of Gregory 
(1989), who describes the absence of the corneal reflex 
as an indication for approaching brain death or severe 
brain impairment, rather than just a loss of conscious-
ness. It can therefore be assumed that absence of cor-
neal reflexes in a considerable number of birds indi-
cates deep unconsciousness or approaching death. The 
increase of corneal reflexes in many birds over time is a 
sign of progressive recovery. A positive response itself, 
however, does not necessarily mean that the bird is able 
to perceive pain. It is well known that the corneal reflex 
is a brain stem reflex and can be elicited in birds even 
under deep anesthesia (Gregory, 1989). The consistency 
of the corneal reflex and the EEG results of the 2 to 
30-Hz band indicate that this reflex can be a useful tool 
for commercial slaughterhouses to evaluate deep uncon-
sciousness or approaching death of the chickens. It can 
however be expected that a limited number of birds 
might still show a positive response for a short period 
poststun. A maximum amount of 30% of birds with a 
positive corneal reflex can therefore be accepted.

Occurrence of spontaneous eye blinking was assessed 
as a physical reflex, which might be more associated 
with consciousness of birds and thus a better measure 
to determine stunning efficiency in slaughterhouses. The 
results presented in Figure 3 show that in those groups 
in which the majority of birds recovered from stunning 
and EEG results did not indicate effective stunning, a 
high percentage of spontaneous eye blinks is observed. 
It can therefore be assumed that this behavioral re-
flex indicates recovery and signs of consciousness. In 
stunning groups in which the majority of birds did not 
recover from stunning, only a few birds showed spon-
taneous eye blinking. However, when stunned with 70 
Hz and a minimum current of 100 mA, the percentage 
of birds with spontaneous eye blinking was higher than 
the percentage of birds that resumed breathing. Be-
cause it is unlikely that birds recover without breathing 
for 40 s, occurrence of spontaneous eye blinks in these 
groups might indeed be explained with muscular fibril-
lation while the bird is dying, rather than a sign of con-
sciousness. This is supported by the fact that blinking 
occurred at a very high frequency and stopped abruptly 
after several seconds. Birds that recovered, on the other 
hand, showed regular periodic blinking that normally 
continued until the end of EEG recording. Because it 
is difficult to distinguish the occurrence of spontaneous 
eye blinking as an expression of regaining conscious-
ness from mere muscular vibration, a small number of 
birds with spontaneous eye blinks can be accepted in 
commercial slaughterhouses, whereas the birds can still 
be judged to be well stunned. A high increase of spon-
taneous eye blinks over time in combination with an 
increase in corneal reflexes indicates rapid recovery of 
birds. In an early stage poststun, not more than 15% 
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of the birds should show spontaneous eye blinking, and 
at 30 s poststun, this cannot be accepted in more than 
30% of birds (Figure 3).

Wing flapping did not prove to be indicative for 
consciousness in the present study. In contrast, wing 
flapping seems to be more associated with convulsions 
after leaving the waterbath. This is obvious because 
wing flapping occurred in most birds in those groups, 
in which the majority of birds obtained cardiac arrest 
during stunning (Figures 3 and 4). If, on the other 
hand, wing flapping occurred during cardiac fibrilla-
tion, this could be an indication for severe convulsions 
of the breast muscle and therefore a sign for impaired 
carcass quality. From Figures 3 and 4, it is clear that 
at least 50% of the chickens in all stunning setups that 
achieved adequate stunning efficiency showed wing flap-
ping. Further studies are required to better understand 
the implications of wing flapping and the application of 
different electrical parameters on carcass quality.

In conclusion, electrical waterbath stunning using a 
rectangular AC proved to be effective to render broiler 
chickens unconscious. Stunning frequency has the most 
effect on stunning efficiency and it appears that fre-
quencies higher than 400 Hz cannot be recommended 
for a maximum current of 150 mA. The amount of the 
stunning current has a similar importance on stunning 
efficiency and it is shown that stunning currents below 
100 mA do not reach an adequate level of unconscious-
ness in birds. Broilers stunned with low frequencies and 
currents above 100 mA are not able to recover from 
stunning. Therefore, an AC should be applied from 120 
mA with a maximum of 400 Hz. If an AC current of 100 
mA is used, the maximum acceptable frequency is 200 
Hz. The effect of these electrical setups on meat quality 
still has to be established. Rapid and effective bleeding 
is essential for setups in which a frequency of 400 Hz is 
used to prevent the animals from regaining conscious-
ness. The same applies for a stunning setup with 200 
Hz with a stunning current of 100 mA. From the assess-
ment of physical reflexes, the eye reflexes seem most re-
liable to evaluate unconsciousness. Both, corneal reflex 
and spontaneous eye blinking might still be visible in a 
limited number of birds, whereas an increase over time 
is a definite signal for recovery. A maximum percent-
age of 30% of positive corneal reflexes would therefore 
be acceptable, with a maximum of 15% of birds with 
spontaneous eye blinking at 20 s poststun. Spontaneous 
eye blinking should never exceed 30%.
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