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Abstract

The most widely used stunning method in sheep is electrical. However, in lambs, this method leads to rupture of the blood vessels,
provoking ecchymoses. In pigs (Sus scrofa), the use of CO2-stunning systems has increased in popularity due to positive effects on
meat quality and animal welfare (movement of animals in groups). The aim here was to assess the effectiveness of a progressive
exposure to 90% carbon dioxide (CO2) in inducing unconsciousness in lambs (Ovis aries) through changes in the middle latency
auditory-evoked 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 (HCO3–), behaviour (head-shaking, sneezing,
gasping and gagging) and physiological reflexes (corneal reflex, breathing and sensitivity to pain). Fourteen male lambs of the Ripollesa
breed, weighing between 19 and 25 kg, were progressively exposed to an atmosphere of 90% CO2 over 66 s. All blood parameters
changed between 23 and 43 s after the onset of the immersion. The MLAEP did not decrease significantly until after 48 s exposure
to CO2, suggesting an absence of auditory-evoked brain activity. Before that, lambs exhibited head-shaking and sneezing starting at
10.6 (± 0.77) s, and gasping starting at 20.6 (± 1.36) s. After exposure, all animals showed absence of breathing and sensibility to
pain, and 36% of them absence of corneal reflex. The pH and pCO2 recovered basal values at 90 and 120 s, respectively, after the
end of the exposure. The burst suppression index (BS%) and the A-Line ARX index (AAI) recovered basal levels at 116 and 159 s,
respectively. Exposure to CO2 at high concentration induces effective stunning in sheep for a period of 124  s. However, during
exposure, the animals exhibited signs of aversion and breathlessness. 
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Introduction
At present, the most widely used methods for stunning lambs
(Ovis aries) in commercial slaughterhouses are electrical and,
to a small extent, mechanical stunning. Electrical stunning is
elicited by passing electrical current through the brain, with
intensity high enough to induce an epileptiform state, charac-
terised by tonic and clonic seizures, and the instantaneous
loss of brain functionality (Velarde et al 2003) or through the
brain and body to induce cardiac arrest. However, it also
produces an increase in muscle activity and blood pressure
which may cause haemorrhages (ecchymoses and petechiae)
and bone fractures in the carcases (Petersen et al 1986;
Vergara & Gallego 2000). These defects in carcase quality
have an economic impact for the meat industry. 
In pigs, carbon dioxide (CO2) stunning decreases the
incidence and extent of haemorrhages in the carcase
(Velarde et al 2001). The lower incidence of haemorrhages
is probably due to the decrease in the muscle contraction
during CO2 exposure compared to electrical stunning. CO2

is a gas that, when inhaled at high concentrations, induces
hypercapnic hypoxia and changes in blood parameters.
Among these changes, an increase of carbon dioxide partial
pressure (pCO2) and bicarbonate concentration (HCO3–)
and a decrease of blood pH, oxygen partial pressure (pO2)
and oxygen saturation (SatO2) have been described by
Lomhort (1998), Martoft et al (2001) and Rodríguez et al
(2008). In consequence, the pH of the cerebrospinal fluid
(CSF) decreases and the animal loses consciousness
(Gregory 1987; Raj & Gregory 1996; Raj 1999). In this
regard, normal pH of CSF is 7.4 and a state of analgesia
and anaesthesia are induced at pH 7.1 and 6.8, respectively
(Eisele et al 1967). In commercial conditions, pigs are
immersed into the gas following a concentration gradient,
so that, the deeper the cage is lowered, the higher the CO2
concentration, until it reaches 80–90% CO2 concentration
in atmospheric air. This system has a number of welfare
advantages compared with electrical stunning. It precludes
the need for animal restraint thereby allowing group
stunning, which reduces handling stress prior to stunning
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