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Abstract

The aim of this study was to assess unconsciousness in pigs during exposure to CO2 through changes in the middle latency auditory
evoke potentials (MLAEP) of the central nervous system (CNS), blood parameters (pH, carbon dioxide partial pressure [pCO2],
oxygen partial pressure [pO2], oxygen saturation [SatO2] and bicarbonate [HCO–

3]), behaviour and the corneal reflex. The MLEAP
did not decrease significantly until after 60 s exposure to CO2. The blood parameters (decreased pH, pO2 and SatO2 and increased
pCO2 and HCO–

3) changed 53 s after the onset of immersion. The burst suppression index (BS%) and the A-line ARX index (AAI)
from the MLEAP recovered basal levels at 136 and 249 s, respectively. The first blood parameter to return to basal levels was
HCO–

3 at 76 s of exposure, followed by SatO2 at 180 s, pH and pO2 at 210 s and pCO2 at 240 s. During exposure to the gas,
pigs exhibited lateral head movements and sneezing (10.3 s), gasping (23.5 s) and vocalisation (26.1 s). Furthermore, all pigs
demonstrated muscular excitation after between 19 and 39 s exposure, when the AAI and BS% values were not significantly
different from basal values. It was suggested, therefore, that these excitatory movements represent conscious movement, indicative
of aversion to the gas. According to our results, loss of consciousness began, on average, after 60 s inhalation of 90% CO2. During
exposure to the gas, decreased brain activity was seen, immediately following the changes in blood parameters. Following exposure,
the restoration of blood parameters to basal levels allows a return to normal brain activity. 
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Introduction
Carbon dioxide (CO

2
) is a gas that, when inhaled at high

concentrations, depresses brain activity and induces loss of

consciousness (Gregory et al 1987; Raj & Gregory 1996;

Raj 1999). Its use in pig abattoirs has increased markedly,

due to positive effects on meat quality when compared with

electrical stunning (Velarde et al 2000, 2001). In commer-

cial conditions, animals are immersed into a concentration

gradient of the gas, such that, as the cage is lowered into the

well, the CO
2

concentration continues to rise until it reaches

80–90% at the bottom of the well.

The inhalation of high concentrations of CO
2

induces hyper-

capnic hypoxia in the animal and leads to changes in blood

parameters, such as pH, carbon dioxide partial pressure

(pCO
2
), oxygen partial pressure (pO

2
), oxygen saturation

(SatO
2
) and bicarbonate concentration (HCO–

3
) (Lomholt

1998; Martoft et al 2001). Consequently, there is a decrease

in the pH of cerebrospinal fluid (CSF) and the animal loses

consciousness (Gregory 1987). 

CO
2

stunning provides a number of animal welfare advan-

tages, as it precludes the need for animal restraint thereby

allowing group stunning, which reduces handling stress

prior to stunning (Velarde et al 2000; EFSA 2004).

Nonetheless, it has also come under a degree of criticism;

loss of consciousness is not immediate (Raj & Gregory

1995), and is dependent upon the CO
2

concentration and the

speed at which animals are immersed into the greatest

concentration of gas at the base of the well (Troeger &

Woltersdorf 1991; Raj & Gregory 1996). Signs of aversion,

such as retreating and attempting to escape have been

described in pigs during the inhalation of CO
2

(Raj &

Gregory 1996; Velarde et al 2007). The effects of CO
2

are

two-fold; firstly, it causes irritation of nasal mucosal

membranes (Gregory et al 1990) and, secondly, it is a strong

respiratory stimulator that provokes hyperventilation
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(Gregory et al 1987), and suffocation prior to loss of

consciousness (EFSA 2004).

During inhalation, loss of posture has been considered the

first behavioural indicator of the onset of unconsciousness

(Raj & Gregory 1996). At this point, pigs demonstrate

muscular excitation. Forslid (1987) found that low

frequency activity in the EEG (> 4 Hz) became the

dominant signal prior to the start of convulsions and

suggested that pigs were unconscious before this muscular

excitation phase. Conversely, Hoenderken (1983), who also

analysed changes in the EEG, stated that unconsciousness

appeared after the muscular excitation period and, as a

result, these body movements were voluntary escape

attempts. This lack of agreement is due to difficulties deter-

mining the exact moment at which the loss of consciousness

occurs from the amplitude and frequency of the EEG. 

Auditory evoked potentials (AEP) have been suggested as

being a more precise indicator of the level of consciousness

than the EEG (Thornton et al 1989). It consists of a series of

waves representing the processing of the auditory stimulus

within nuclear structures of the auditory pathway in the brain

(Martoft et al 2001). The part of the signal occurring in the

interval, 10 to 100 ms after auditory stimulus presentation, is

the middle latency auditory evoke potential (MLAEP) and

has been used to evaluate changes in neural activity and

assess the depth of anaesthesia in humans (Jensen et al 1996,

1998; Litvan et al 2002) and pigs (Martoft et al 2002). From

the MLAEP, the A-line ARX index (AAI) and the burst

suppression index (BS%) can be estimated to assess uncon-

sciousness during states of anaesthesia (Jensen 1999; Litvan

et al 2002). The AAI is a numerical index, ranging from

0 to 99 that quantifies MLAEP variations of amplitude and

latency. Higher values are related to awareness, while

decreases in AAI indicate a gradual loss of consciousness

(Jensen 1999). The BS% indicates the percentage of iso-

electric activity during the preceding 30 s and also ranges

from 0 to 100 (Litvan et al 2002).

Under commercial conditions, the absence of a corneal

reflex has been used to assess the state of unconscious-

ness. However, this reflex is indicative only of brain-stem

activity and its relationship with cortical function is not

clear (Anil & McKinstry 1991). 

The aim of this study was to assess unconsciousness during

the induction and awakening from CO
2 

anaesthesia, using

AAI, BS%, blood gas parameters and corneal reflexes.

This experiment was approved by the Institutional Animal

Care and Use Committee (IACUC) of IRTA.

Materials and methods

Animals
Twenty-five commercial, crossbred female pigs weighing

between 25 and 35 kg were used. Four days before the start

of the study, the pigs were transported from their farm of

origin to the IRTA facilities and housed in three pens, main-

taining the same groups as the farm of origin. The pens

(1.80 × 2.20 m; length × width) were provided with straw

and were adjacent to the experimental facilities. Water and

food were available ad libitum and animals were fasted 12 h

prior to the experimental procedure.

Experimental procedure
The study was carried out during three consecutive weeks.

Each day, two pigs were exposed individually to 90% CO
2

in a CO
2

Dip-Lift (BUTINA Aps, Copenhagen, Denmark).

This system consists of a 195 × 61 × 90 cm

(length × width × height) cage which was lowered into a

260 cm deep well. The CO
2

exposure cycle lasted 76 s, and

consisted of the first 23 s (during which time the cage was

lowered), the following 30 s (while the cage remained at the

bottom of the well at the highest concentration), and the

final 23 s (during which time the cage was raised). 

Each pig to be stunned was placed in sternal recumbency in

a net restrainer in order to minimise discomfort to the

animal. The restrained animal’s limbs were approximately

10 cm above the ground. Blood gases, auditory evoked

potentials and behavioural measures were recorded during

the 10 min prior to CO
2

exposure, during exposure to CO
2
,

and for a further 10 min after exposure. Once CO
2

immersion was completed, the presence of a corneal reflex

was also monitored continuously.

Blood gases 
The day prior to exposure to CO

2
, the seven pigs for which

blood parameters were to be recorded were tranquilised

with an intramuscular injection of 0.1 mg kg–1 Azaperone

(Esteve Veterinaria, Barcelona, Spain) and anaesthetised

intravenously with a 0.3 mg kg–1 injection of Propofol

(Braun Medical, Barcelona, Spain) into the auricular vein.

Once anaesthetised, an 18 G × 10 cm catheter (Vygon,

Spain) was placed into the carotid artery through a puncture

in the deepest point of the groove formed between the

medial sternocephalic and lateral brachiocephalic muscles.

The catheter was led out through the skin via a small

incision and fixed to it with suture thread. After surgery, the

animals were placed in individual recovery pens and

supplied with ad libitum water and feed until 12 h prior to

the start of the experiment. During this period, the position

of the catheter was checked regularly and a saline solution

applied to guard against tract blockage.

Prior to each pig being immersed in the well, the catheter

was connected to an extended catheter (300 cm

long × 2.5 mm internal diameter) (Vygon, Spain). The basal

sample was taken immediately prior to cage descent. During

CO
2

exposure, three more samples were taken: i) when the

pig reached the bottom of the well (23 s); ii) when the pig

began its ascent (53 s) and iii) at the end of the exposure

cycle (76 s). During recovery, six more samples were

collected at 15, 45, 75, 105, 135 and 165 s after the end of

CO
2

exposure. Blood samples were preserved in ice in 2 ml

syringes with heparin and analysed, one hour after collec-

tion, using gas testing equipment (ECOSYS II-Eschweiler

Compact BGA, Germany) for determination of pH, pCO
2
,

pO
2
, SatO

2
and HCO–

3
levels.
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Middle latency auditory evoked potentials (MLAEP)
The MLAEP was recorded through three surface electrodes

(ALARIS AEP™ Monitor Electrodes, AMBU, Denmark)

placed at various points on the shaved skull of the pig. The

positive electrode was placed between the frontal and

parietal bones. The negative electrode was placed on the

dorsal part of the occipital bone, and the reference electrode

was placed between the positive and the negative electrodes

(Figure 1). Once the electrodes were fixed, the impedance

was measured. Values below 5 KOhms (KΩ) were consid-

ered adequate for the recording. If the impedance was

higher, the skull was reshaved and/or the electrodes

replaced. The pig was then fitted with headphones that

provoked a bilateral click train lasting 2 ms with a repeti-

tion frequency of 9 Hz. The electrodes were connected to an

AEP-monitor (ALARIS AEP™ Danmeter, Denmark) to

record the EEG signal. The MLAEP was extracted from the

EEG between 20 and 80 ms after each auditory stimulus,

using an autoregressive model with exogenous input

(ARX) adaptive method (Jensen et al 1998). The A-Line

ARX Index (AAI), and the burst suppression (BS%) were

calculated from the extracted MLAEP wave (Jensen 1999;

Litvan et al 2002). For the data analysis, the basal data

recorded during the 10 min prior to CO
2

exposure were

averaged and compared to the average value each second

during exposure to CO
2

and 10 min afterwards.

Animal behaviour and reflexes
The behaviour of the pigs during exposure to CO

2
was

recorded with two video cameras placed in the cage. The

first camera recorded a dorsal view of the animal and the

other recorded a cranial view of the face of the animal. Each

animal was marked individually and behavioural parame-

ters scored were: i) lateral head movement and sneezing

(Hartung et al 2002); ii) gasping, a very deep breath through

a wide open mouth which may involve stretching of the

neck: considered to be an indicator of onset of suffocation

(Lambooij et al 1999); iii) vocalisation (EFSA 2004), shouts

or snores emitted by the animal; iv) muscular excitation,

repeated muscular movement of the whole body, including

head movement upwards; v) gagging, low frequency inhala-

tions with the neck towards the front legs and occasional

emitting of sounds similar to snoring.

All recording times were synchronised with the time at

which the pigs began their descent into the well.

After CO
2 
immersion, the presence of a corneal reflex was

monitored by palpating the cornea with a pencil at 5 s

intervals until the reflex was recovered.

Ten minutes after the end of the study, the pigs were

euthanased by exposure to 90% CO
2

for seven minutes.

Statistical analysis
A statistical analysis with Proc Means of the Statistical

Analysis System (SAS Institute Inc, Cary, NC, USA 2001)

was performed for the corneal reflex and behavioural data

(lateral head movement and sneezing, gasping, vocalisa-

tion, muscular excitation and gagging). The data obtained

from MLAEP (AAI and BS%) were analysed using linear

general models, with Proc Mixed proceeding for repeated

measures of SAS. In both cases, the variables were

submitted to symmetrical composition covariance structure

(CS). When the variance analysis showed significant

differences (P < 0.05), the comparison of least square mean

values (LSMEANS) was adjusted to Tukey multiple

comparison test. Since data obtained from blood parame-

ters (pH, pCO
2
, pO

2
, SatO

2
and HCO–

3
) were not normally

distributed, the statistical analysis for these data was

carried out using general models. These data were analysed

by the Proc GENMOD of SAS in relation to the effective

time period with negative binomial distribution (Cameron

& Trivedi 1998). The residual maximum likelihood was

used as a method of estimation. The least square means of

fixed effects (LSMEANS) were used when analysis of

variance indicated differences. The significance level was

fixed in all cases at P < 0.05.

Results

Blood gases 
The blood pH prior to CO

2
exposure was 7.42 (± 0.04).

During CO
2

inhalation, the pH decreased and differed signif-

icantly (P < 0.05) from the basal pH, 53 s from the start of

CO
2

exposure through to 180 s of post-inhalation recovery

Animal Welfare 2008, 17: 341-349

Figure 1

Position of electrodes: (P) positive; (N) negative and (R) reference.
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(Figure 2). The pH reached its lowest level 15 s after the end

of immersion, with a value of 6.71 (± 0.12). Basal pCO
2

was

43.0 (± 5.48) mm Hg. It increased during CO
2

inhalation and

differed significantly (P < 0.05) from the basal value 53 s

after of the onset of CO
2

through until 180 s of post-inhala-

tional recovery (Figure 3). The pCO
2

peaked in value, 76 s

into gas immersion, at a point very close to the end of the

exposure, at 447.0 (± 122.20) mm Hg. Basal pO2 was

79.0 (± 8.16) mm Hg. It decreased during immersion and

differed significantly (P < 0.05) from values from 53 s after

the onset of exposure to CO
2

(Figure 4) through until 180 s

of post-inhalational recovery. The pO
2

reached its lowest

level 15 s before the end of exposure to CO
2
, with a value of

20.3 (± 3.80) mm Hg. The SatO
2

basal value was

© 2008 Universities Federation for Animal Welfare

Figure 2

Mean (± SE) pH values before, during and after exposure to 90% CO2 for 76 s. Black line signifies CO2 exposure. Values with differing
superscripts differ significantly (P < 0.05).

Figure 3

Mean (± SE) pCO2 values before, during and after exposure to 90% CO2 for 76 s. Black line signifies CO2 exposure. Values with
differing superscripts differ significantly (P < 0.05).
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94.0 (± 2.88)%. It decreased during immersion and differed

significantly (P < 0.05) from the basal SatO
2

from 53 s after

the onset of exposure to CO
2
, through until 180 s of post-

inhalational recovery. The SatO
2

reached its lowest value

15 s after the end of exposure, with a value of

11.0 (± 8.59)%. Finally, basal HCO–

3
was

28.0 (± 3.88) mmol l–1 (Figure 5). A significant increase was

only seen at 53 s after the onset of exposure to CO
2
, with a

value of 57.8 (± 11.93). 

MLAEP 

The MLAEP recording was successful in 19 out of 25 pigs.

For the six remaining animals, electrode leads became

disconnected during CO
2

exposure. Average AAI and BS%

Animal Welfare 2008, 17: 341-349

Figure 4

Mean (± SE) pO2 values before, during and after exposure to 90% CO2 for 76 s. Black line signifies CO2 exposure. Values with differing
superscripts differ significantly (P < 0.05).

Figure 5

Mean (± SE) HCO–
3 values before, during and after exposure to 90% CO2 for 76 s. Black line signifies CO2 exposure. Values with

differing superscripts differ significantly (P < 0.05).
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indices during induction to unconsciousness and recovery

are shown in Figure 6. The mean basal AAI index was

52.6 (± 1.41). It began to decrease approximately 52 s after

the start of induction, and by 60 s the AAI index differed

significantly (P < 0.05) from the basal value, with a reading

of (40.6 ± 2.74). The AAI index continued to decrease after

the end of the CO
2

cycle, reaching its lowest value 72 s after

the end of exposure, with a value of 9.6 (± 2.74) (Figure 6).

The AAI value then began to gradually increase but

remained significantly different from basal levels until

249 s after the end of immersion.

The BS% basal value was 0 (± 0.0) indicating an absence of

iso-electrical electroencephalographic activity. It began to

increase at 45 s of CO
2 

exposure and showed significant

differences (P < 0.05) at 59 s (9.4 [± 1.75]). It continued to

increase until 60 s after the end of the exposure

(62.8 [± 1.75]), when it peaked in value. Thereafter, it

decreased, although it remained higher than the basal value

until 136 s after the end of exposure. 

Animal behaviour and physiological reflexes
The percentages of pigs demonstrating specific behaviours

during CO
2

exposure, along with the time to perform them,

can be seen in Table 1. During exposure to CO
2
, 53% of

animals exhibited lateral head movements with an average

time of 10.3 (± 1.15) s. Thereafter, all the animals demon-

strated muscular excitation that began at 19.1 (± 1.25) s

and ended at 38.7 (± 1.62) s. During this phase, 95% of

animals were seen to be gasping at 23.5 (± 1.45) s and 89%

vocalised at 26.1 (± 1.80) s. Gagging was observed in 52%

of animals, which did so for the first time at 78.3 (± 4.73) s

from the start of immersion. 

At the end of exposure, 82% of animals had no corneal

reflex. The reflex returned in these animals 27.0 (± 3.92) s

later. The outstanding 18% of animals that had a positive

corneal reflex at the end of immersion, lost it

18.1 (± 2.49) s later before regaining it at 49.8 (± 2.07) s

after the end of gas immersion.

© 2008 Universities Federation for Animal Welfare

Figure 6

AAI and BS% mean values during exposure and recovery in pigs immersed in 90% CO2 for 76 s. The times at which the AAI (1) and BS%
(4) showed differences with basal levels, the minimum AAI (2) and maximum BS% (5) and the times at which AAI (3) and BS% (6)
returned to basal levels are shown.

Table 1   The percentage of animals showing lateral head
movements and sneezing, muscular excitation, gasping
and vocalisation and the mean (± SE) time to show these
behaviours during exposure to 90% CO2.

Behaviour Percentage Time (s)

Lateral head movement and sneezing 53 10.3 (± 1.15)

Start of muscular excitation 100 19.1 (± 1.25)

Gasping 95 23.5 (± 1.45)

Vocalisation 89 26.1 (± 1.80)

End of muscular excitation 100 38.7 (± 1.62)
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Discussion
The loss and recovery of consciousness in pigs exposed to

90% CO
2

for 76 s was assessed via means of auditory

evoked potentials and corneal reflexes. In addition, stunning

physiology was also assessed in terms of blood parameters,

such as pH, pCO
2
, pO

2
, SatO

2
and HCO–

3
and aversion to

CO
2

inhalation was assessed through behavioural studies.

The results show that inhalation of 90% CO
2

leads to a

progressive increase in blood pCO
2
, inducing hypercapnia

at 53 s after the onset of immersion. Lomholt (1998) and

Martoft et al (2002) reported that pCO
2

increased quicker

than in the present study, with it becoming significantly

higher than basal levels at 40 s after the onset of

immersion. However, in these studies, animals were

immersed in the greatest CO
2

concentration immediately

(approximately 5 s), whereas here, immersion lasted for

23 s and followed a CO
2

concentration gradient that

increased with the descent towards the bottom of the well;

as is the case commercially. The algorithm used in the

present study comprised an optimised artefact rejection

method which was able to eliminate the influence from the

electromyogram (EMG) during the excitation phase.

Therefore, the data recorded in this study should have very

little increased delay during the excitation phase.

During CO
2

inhalation, the O
2

of erythrocytes becomes

displaced by CO
2

and, as a direct consequence, pO
2

and

SatO
2

decrease progressively. Kokholm (1990) noted

hypoxia when the pO
2

and SatO
2

dropped below 60 mm Hg

and 90%, respectively. In our study, pigs showed hypoxia at

the same time as hypercapnia, at 53 s after the start of

exposure. It is suggested, therefore, that both hypercapnia

and hypoxia induce unconsciousness in pigs during the

inhalation of CO
2
. Lomholt et al (1998) also found a signif-

icant increase in HCO–

3
during CO

2
inhalation, with values

similar to those observed here. Murillo (1995) reported that

the respiratory acidosis is characterised by a small increase

in the HCO–

3
concentration in blood. 

Conversely, during the recovery from unconsciousness,

the HCO–

3
, pH, pO2 and SatO

2
returned to basal levels

earlier than pCO
2
. 

In the MLAEP, the BS% and AAI values changed during

exposure to CO
2
. According to these results, the depressive

effect of CO
2

exposure is not immediate. When pigs are

exposed to 90% CO
2
, with a descent time of 23 s, the loss

of brain functionality is not evident until the first minute of

induction. However, if the descent time is shortened, it is

likely that the time to unconsciousness would also be

reduced. The changes in brain activity occurred after

changes in the blood parameters; evidence that once blood

acidosis has been established, the effect on cerebrospinal

pH and, hence, brain activity, is fairly immediate. 

On the other hand, results from the MLAEP were similar to

those found by Martoft et al (2002) who also studied evoked

potentials in pigs exposed to high concentrations of CO
2
. In

fact, these authors observed that the period of marked

depression (AAI ≤ 15) after the end of immersion occurs at

approximately 60 to 90 s after the end of this point, with

values similar to those found in the present study. 

Pigs exposed to 90% CO
2

exhibited side-to-side head

movements, sneezing, gasping, muscular excitation and

vocalisation during the opening minutes, when brain

activity is not depressed and pigs are still conscious. The

first behaviour observed was movement of the head and

sneezing, on average, 10 s after exposure. Hartung et al
(2002) postulated that these movements were a clear indica-

tion that the animal had detected the gas and found it to be

aversive. According to Manning and Schwartzstein (1995),

sneezing occurs as a result of CO
2
-sensitive nasal chemore-

ceptors. Gasping and vocalisation were also exhibited by

most of the pigs at 23 and 26 s, respectively. Vocalisation

has been described as being an indicator of aversion in pigs

(Raj & Gregory 1995; EFSA 2004). Gasping indicates

suffocation or respiratory arrest (Gregory 1987; Raj 1999).

Another behavioural indicator of aversion to CO
2

exposure

(Raj & Gregory 1995; Velarde et al 2007) is withdrawal

movements. However, the pigs in the present study, were

unable to perform this movement as they were restrained.

Pigs exhibited muscular excitation at between 19 and 39 s

exposure to the gas. Hoenderken (1983), by means of an

EEG, stated that unconsciousness occurs after this excitation

and, hence, these body movements represented voluntary

escape attempts. Moreover, Forslid (1987) found that the

onset of iso-electric EEG appeared later (53 s) than the

onset of muscular movement (28 s). However, he also

reported that pigs’ muscular movements were preceded by

the development of low frequency activity (delta waves) in

the neocortical EEG power spectrum and, therefore, the

animals were already unconscious at the time. 

In addition, during this period, the blood pH and pCO
2

did

not differ significantly from basal values. Thus, when we

take into account the blood parameters and MLAEP results

obtained in the present study, it becomes more likely that

pigs are still conscious when muscular movements occur.

Consequently, muscular movements observed during CO
2

exposure are more likely to be related to escape attempts

(Raj & Gregory 1995; Raj 1996) because of fear, pain or

suffocation (EFSA 2004). 

The AAI continued to decrease until 72 s after the end of

CO
2

immersion whereas the BS% value peaked 60 s after

the end of immersion; the period at which the state of

anaesthesia is deeper. Blood gas returned to basal levels

earlier (between 76 and 165 s after the end of CO
2

immersion) than brain activity (249 and 136 s for AAI and

BS%, respectively). In fact, after blood oxygenation, this

oxygen must pass the blood-brain barrier and enter the

cerebrospinal fluid in order to re-establish the O
2
/CO

2

equilibrium and, thus, the pH.

The absence of a corneal reflex is used commercially to

assess the effectiveness of stunning as it has been described

as the first reflex to disappear during induction to uncon-

sciousness with CO
2

and the first to reappear during

recovery (Holst 2001). When the AAI dropped below 15, all

the animals had an absence of a corneal reflex and when it

rose above 40, the reflex was always present. While the AAI

was decreasing and BS% increasing, those animals which

had not lost the corneal reflex, finally did so (approximately

Animal Welfare 2008, 17: 341-349

https://doi.org/10.1017/S0962728600027834 Published online by Cambridge University Press

https://doi.org/10.1017/S0962728600027834


348 Rodríguez et al

18 s later) thereby confirming a post-induction effect of CO
2

on the corneal reflex, as stated by Panella et al (2008).

However, all animals recovered their corneal reflex before

the AAI and BS% reached minimum and maximum values,

respectively. This casts an element of doubt over the effec-

tiveness of the corneal reflex in assessing the consciousness

of animals immersed in high concentrations of CO
2
. Other

authors, such as Panella et al (2008) and Forslid (1987),

suggested there was great variability in the presence of the

corneal reflex between animals after CO
2

exposure.

The study reveals that after 76 s of exposure to 90% CO
2
, it

takes 325 s to return to a normal level of brain activity.

However, in order to avoid pain and stress during slaughter,

the pig should be stuck while the animal is in deep anaes-

thesia. In related AAI studies of humans, dogs and rats, deep

anaesthesia was correlated with an AAI index of less than

20 (Jensen et al 1998; Thornton et al 1989; Litvan et al 2002).

In the present study, the AAI index for pigs was less than

20 until 104 s after the end of CO
2

exposure. In this instance

we suggest this time of 104 s to be the maximum stun-stick

interval to avoid pain and suffering during slaughter.

Conclusions and animal welfare implications
When we take the MLAEP into account, the loss of

consciousness when a commercial dip-lift stunning system is

used, occurs on average at 60 s exposure to 90% CO
2

by

volume in atmospheric air. During this time, pigs exhibited

side-to-side head movements, sneezing, gasping, muscular

excitation and vocalisations. The fact that these behaviours

occur when the animal is conscious is evidence that induction

to CO
2

anaesthesia is not immediate and pigs suffer from fear,

pain and/or stress during immersion into gas. The period of

muscular excitation occurs before significant changes are

detected in blood pH, pO
2
, SatO

2
, pCO

2
and HCO–

3
and brain

function (AAI and BS%) that would indicate voluntary

movements of the animal. This means, from an animal

welfare perspective, it is advisable to search for alternatives

to the use of CO
2

in stunning pigs in abattoirs.
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