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Abstract Animal Welfare 2002, 11: 449-452

A total of 107 ear samples from all the pigs that died during transport or lairage at two
commercial abattoirs were collected during two months (February and July), in order to
determine their halothane genotype (NN, Nn or nn). The frequencies of the three halothane
genotypes among dead pigs were significantly different (P < 0.001), being 4.7%, 24.3% and
71.0%for NN, Nn and nn individuals, respectively. Thefrequencies of pre-slaughter deaths
within each genotype were estimated to be 0.02%, 0.09% and 2.29% for NN, Nn and nn
genotypes, respectively. According to these results, the removal of both nn and Nn genotypes
would give rise to an eleven-fold reduction in the pre-slaughter mortality rate (from 0.22% to
0.02%). It is therefore suggested that, from an animal welfare point of view, the elimination
of the halothane gene in existing breeding schemes would have a major beneficial impact.
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Introduction

Mortality during transport is a major welfare concern. Mortality rates in slaughter pigs during
transport or lairage are very different among EU countries, varying from 0.03% to 0.5%
(Christensen et aI1994). Although transport and environmental conditions, which also affect
mortality, are not the same in those countries (Warriss & Brown 1994), there is no doubt that
halothane gene frequencies within the pig population play a major role in such regional
variation (Gratz 1981; Christensen et a11994; Guardia et aI1996).
The halothane gene (Hal) is now considered to be equivalent to the ryr-1 (ryanodine

receptor 1) gene (Fujii et al 1991). Pigs homozygous for a mutation in this locus (nn) are
thought to be genetically susceptible to stress, because they are likely to develop a potentially
lethal condition known as porcine stress syndrome (PSS). However, the position of
heterozygous pigs (Nn) with respect to the other genotypes in terms of meat quality,
mortality rate and welfare is still controversial. Recent studies have suggested that any
stressful situation, such as transport, can trigger the onset of PSS, increasing mortality rates
in both nn and Nn genotypes (Murray & Johnson 1998). Murray and Johnson (1998) found
that frequencies of death during lairage and transport were 0.05%, 0.27% and 9.2% for the
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NN, Nn and nn genotypes, respectively. These data are in agreement with other authors'
findings obtained under different environmental conditions (Webb et al1982; McPhee et al
1994). Moreover, if nn or Nn pigs are slaughtered under stressful conditions, they are both
likely to produce pale, soft and exudative meat (PSE) (Gispert et al 2000). Therefore,
selection against the halothane gene would have positive implications for both welfare and
meat-quality.
The aim of this survey was to detennine the frequency of pre-slaughter deaths within each

of the halothane genotypes under commercial conditions, and to evaluate the impact that the
removal of this mutation from the Spanish pig population would have on the mortality rate.
We were particularly interested to assess pigs of the genotype Nn with respect to the other
genotypes, as one of the present breeding programs aims to reduce the frequency of nn
slaughter pigs but to increase the frequency ofNn (which have higher carcass quality) up to
50%.

Materials and methods

Ear samples were collected from all the fattening pigs that died during transport or lairage at
two commercial abattoirs, both of which were considered to have a high capacity of slaughter
(> 500 000 pigs per year). The experiment was carried out during winter (February) and
summer (July) of the year 2000. A total of 107 samples were collected. Samples were frozen
pending analysis to determine the halothane genotype (homozygous nn and NN, or
heterozygous Nn) using polymerase chain reaction (PCR) amplification and digestion with
restriction enzymes, as described by Fujii et al (1991). We used the HAL-1843® genotyping
test (registered trademark of Innovations Foundation, Toronto, Canada). The frequency of
pre-slaughter deaths within each genotype (Z) was calculated by means of the formula
previously used by Murray and Johnson (1998):
Z=(Yxp)/X

where Y is the percentage of pre-slaughter deaths for a specific genotype in the sample or in
a specific period or abattoir, p is the mean mortality rate during transport or lairage in Spain
(0.22% according to Guardia et al1996), and X is the percentage of a specific genotype in
the commercial kill. These percentages were obtained from the mean frequencies observed at
five commercial abattoirs surveyed by Gispert et al (2000) (42.2%, 51.7% and 6.2% for NN,
Nn and nn pigs, respectively).
Differences between the mortality rates of each genotype were analysed using Chi-square

tests with the SAS/STAT PROC FREQ technique (SAS Institute Inc 1988). Data from both
sampling months (February and July) and both abattoirs have been pooled together in the
analysis because of the small number of samples in some of the categories - for instance,
the number ofNN observations in each abattoir was less than five.

Results and discussion

The frequencies of the different halothane genotypes of pigs that died pre-slaughter during
transit or lairage are presented in Table 1. The distribution of halothane genotype frequencies
in the two abattoirs was slightly different, mainly between the Nn individuals (37.2% versus
15.6%). This may be attributable to differences in the genotype frequencies in slaughtered
animals in both abattoirs, perhaps associated with preferences for certain breeds or types of
animals. In support of this, Gispert et al (2000) surveyed five abattoirs and found that the
frequency of the mutant halothane allele (n) varied from 54% to 8%. Despite this difference,
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the number of nn pigs that died during transport or lairage was higher in each abattoir and
significantly higher in the combined data (P < 0.001).

Table 1 Frequencies of pigs of the three halothane genotypes that died during
transport or lairage at two commercial abattoirs.

Abattoir

A B Combined

Total number of dead pigs 43 64 107

%NN 2.3 6.3 4.7a

%Nn 37.2 15.6 24.3b

%nn 60.5 78.1 71.0c

Percentages with different superscripts are significantly different (P < 0.05). Chi2 was calculated for the
combined data only.

Data for both abattoirs combined indicate that 4.7%, 24.3% and 71.0% of pigs that died
were NN, Nn and un genotypes, respectively. Therefore, more than two thirds of pre-
slaughter deaths may be associated with the presence of the halothane gene. Estimating the
frequencies of death within the NN, Nn and un genotypes as described earlier, we obtained
0.02%, 0.09% and 2.29%, respectively. Other authors have found results with the same
pattern (ie NN, low percentage of deaths; Nn, higher percentage; nn, highest percentage) but
with different overall percentages. These differences may be related to different pre-slaughter
practices and gene frequencies of the population in the surveyed countries (Webb et a11982;
McPhee et a11994; Murray & Johnson 1998). However, there has been general agreement
with the finding that pigs of the genotype un are considerably more prone to death during
transit or lairage than pigs of the NN genotype and that Nn pigs hold an intermediate position
between the two homozygotes.
After removal of Nn and un pigs from the population, an eleven-fold reduction in

mortality rate would be expected (from the 0.22% estimated by Guardia et al [1996] to the
level of the NN genotype, ie 0.02%). Taking into consideration that in Spain a total of 35.2
million pigs are slaughtered yearly (Anuario Carnico 1999-2000), and based on the pre-
slaughter death rate of 0.22%, there would be 77 440 pre-slaughter deaths, of which 70 400
could be avoided by the removal of the halothane gene. On the other hand, elimination of un
slaughter pigs together with an increase of Nn up to 50% would give rise to a smaller
reduction in mortality compared to eliminating both Nn and nn pigs (from 0.22% to the mean
mortality rate ofNN and Nn pigs, ie 0.06%).

Animal welfare implications
Even though environmental conditions such as temperature and pre-slaughter practices such
as duration of fasting influence mortality rates (Warriss & Brown 1994), this experiment
suggests that the halothane gene has a major detrimental impact on mortality, for both un and
Nn pigs. New breeding possibilities have become available to the pig industry, such as the
use of improved NN terminal boars. These new strategies, which could lead to the
elimination of the n mutant genotype in slaughter pigs, are expected to decrease mortality
rates and to have important concomitant benefits to welfare.

Animal Welfare 2002, 11: 449-452 451

https://doi.org/10.1017/S0962728600025161 Published online by Cambridge University Press

https://doi.org/10.1017/S0962728600025161


Hlbrega et al

Acknowledgements

Thanks are due to the cooperating veterinarians in both abattoirs for their technical
assistance. This study was funded by the Spanish Ministry of Science and Technology
(project 2FD-97-0022-C03).

References
Anuario Carnico 1999-2000 Oficina de Estadisticas Eurostat Comision Europea: 33

Christensen L, Barton-Gade P and Blaajberg L 0 1994 Investigation of transport conditions in
participating countries in the EC project: PL920262. 40th ICoMST: The Hague, The Netherlands

Fujii J, Otsu K, Zorzato F, De Leon S, Khanna V K, Weiler J E, O'Brien P J and MacLennan D H
1991 Identification of a mutation in porcine ryanodine receptor associated with malignant hyperthermia.
Science 253: 448-451

Gispert M, Faucitano L, Oliver M A, Guardia M D, Coli C, Siggens K, Harvey K and Diestre A 2000
A survey of pre-slaughter conditions, halothane gene frequency, and carcass and meat quality in five
Spanish pig commercial abattoirs. Meat Science 55: 97-106

Gratz H 1981 Auf dem Weg zur Schlachtung: Tierverluste und qualitatseinbuben. Schweinezucht und
Schweinemast 29: 106-108 [Title translation: On the way to the abattoir: animal and quality losses]

Guardia M D, Gispert M and Diestre A 1996 Mortality rates during transport and lairage in pigs for
slaughter. Meat Focus International 5: 362-366

McPhee C P, Daniels L J, Kramer H L, Macbeth G M and Noble J W 1994 The effects of selection for
lean growth and halothane allele on growth performance and mortality of pigs in a tropical environment.
Livestock Production Science 38: 117-123

Murray A C and Johnson C P 1998 Impact of halothane gene on muscle quality and pre-slaughter deaths
in Western Canadian pigs. Canadian Journal of Animal Science 78: 543-548

SAS Institute Inc 1988 SAS/STAT User's Guide (Release 6.03). SAS Institute: Cary, NC, USA
Warriss P D and Brown S N 1994 A survey of mortality on slaughter pigs during transport and lairage.

Veterinary Record 134: 513-515
Webb A J, Cardin A E, Smith C and Imlah P 1982 Porcine Stress Syndrome in pig breeding. In:
Proceedings of the Second World Congress on Genetics Applied to Livestock Production pp 588-608.
4-8 October, Madrid, Spain

452 Animal Welfare 2002, 11: 449-452

https://doi.org/10.1017/S0962728600025161 Published online by Cambridge University Press

https://doi.org/10.1017/S0962728600025161

