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GLOSSARI D'’ABREVIACIONS

Les abreviacions més freqiients que apareixen en aquest document son les segiients:
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Nn

PSE

PSS

SACA

Centre de Control Porci

Centre de Tecnologia de la Carn

Creatina fosfo quinasa (de I'anglés Creatine Phospho-Kinase)
Fosca, dura i seca (de l'angles Dark, Firm and Dry)

Halota Negatiu (referent a la prova de I'halota)

Halota Positiu (referent a la prova de I'halota)

Lactat Deshidrogenasa

Porcs homozigots dominants pel gen de 1'halota

Porcs heterozigots pel gen de 1'halota

Pal-lida, suau i exudativa (de l'angles Pale, Soft and exudative)
Sindrome de l'estrés porci (de 1'angleés Porcine Stress Syndrome)

Sistema Automatic de Control de I'Alimentacio

A cada capitol es detallen les abreviacions concretes que s'hi utilitzen.
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GENERAL INTRODUCTION

BACKGROUND

It became clear at the beginning of the 1960s that susceptibility of certain pig breeds to
produce Pale, Soft and Exudative meat (PSE) had a marked genetic component (Briskey,
1964). Furthermore, PSE-proneness was also associated with the susceptibility to develop
Porcine Stress Syndrome (PSS) (Briskey, 1964; Topel et al., 1969). Christian (1972) was
the first to hypothesize that the inheritance of stress-susceptibility could be monogenic
autosomal recessive with some variation in penetrance. Eikelenboom and Minkema (1974)
demonstrated that PSS could be triggered by the anaesthetic gas halothane and this finding
was the base for the halothane test, used to determine halothane genotype until new
techniques have been recently available. The locus responsible for halothane sensitivity
was called HAL, with two alleles N (normal, dominant) and n (halothane sensitivity,
recessive) (Minkema et al., 1977). Numerous studies were conducted to analyse the effect
of halothane gene on meat and carcass quality, comparing positive pigs to the halothane
test (nn) with negative pigs (NN and Nn). Along this line, most investigations concluded
that halothane gene could increase carcass lean content in nn pigs compared with NN and
Nn, but inducing in turn an acceleration of the postmortem muscle pH fall, and
consequently increasing the frequency of PSE meat. When Fujii et al. (1991) found the
causative mutation for PSS in the gene encoding the fast-twitch fibre ryanodine receptor or
calcium release channel (RYRI1), a DNA test could be developed that accurately separates
all three halothane genotypes. Then, the debate on new breeding strategies was focused on
whether to use halothane carrier boars (Nn) or to select halothane free lines. The position
of heterozygotes in relation to the other two genotypes has been a matter of scientific
controversy. Some investigations have reported that they do have certain advantages in
terms of carcass yield and lean content compared with NN pigs (Leach et al., 1996; Larzul
1997), but other works have found little effect of the n allele on carcass traits (McPhee and
Trout, 1995; Garcia-Macias et al., 1996). Moreover, pre-slaughter mortality rates have also
been found to be higher among Nn pigs than NN (Murray and Johnson, 1998) and their
responses to stressful stimuli may be more pronounced, thereby arising welfare concerns.
This general introduction summarises what is known about the effects of halothane gene
on meat and carcass quality, productivity, behaviour and welfare and briefly describes the

new alternatives that are under investigation to substitute the gene in the breeding schemes.
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INTRODUCCIO GENERAL

1. ASPECTES GENERALS

El tracte que reben els animals d'abast es relaciona en bona mesura amb una major
productivitat i qualitat final dels productes que se n'obtenen. En el cas de la produccid
porcina, el gen de I'halota es podria considerar un bon exemple de confluéncia d'aspectes
de benestar animal, productivitat i qualitat de la carn. La preséncia del gen (Hal-1843)" en
la poblaci6 porcina va augmentar arran d'esquemes de seleccid basats en parametres de
rendiments com el contingut de magre i de peces nobles com el pernil, que han estat
tradicionalment els criteris dominants a 1'hora d'establir els preus pels compradors. Un cop
encetats aquests programes, pero, es va fer evident que el gen de I'halota també estava
associat no sols amb problemes de qualitat de carn, sin6 també amb una suposada major
susceptibilitat dels individus portadors a estimuls considerats estressants. Per aquest motiu,
malgrat que amb alguns anys de retard, es van iniciar linies de recerca per determinar el
benefici final real del gen, aixi com també per plantejar possibles alternatives que
permetessin obtenir canals porcines que satisfessin les expectatives del consumidor sense
repercussions negatives en els animals, ni en la qualitat de la seva carn. En aquest sentit, el
parametre “benestar animal” hauria d'estar inclos en aquesta avaluacid, no sols per
qiiestions €tiques 1 legals sind també perque pot esdevenir un element de pressidé important
per part de determinats grups de consumidors, amb conseqiiéncies economiques pel sector

porci.

1.1. Consideracions etiques

Els sistemes de produccié animal intensiva van apareixer després de la Segona Guerra
Mundial, per abastar les necessitats d'alimentacid de la poblacié a un baix preu en una

situacid de recessidé economica (Whittemore, 1995). La implantacio i proliferacié d'aquests

' La marca registrada HAL-1843 és llicéncia de The Innovations Fundation, Toronto, Ontario, Canada,

propietaria de la marca.
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sistemes basats en la filosofia empresarial de minimitzar els costos d'inversié i produccid
van assolir el seu objectiu d'oferir al consumidor un producte de preu raonable, la qual cosa
va fer augmentar el consum d'aliments d'origen animal. No obstant, aquests sistemes també
van repercutir negativament en el benestar animal i van generar, alhora, una certa
preocupaci6 social, sobretot arran de la publicacié de llibres com Animal Machines
(Harrison, 1964). Es podria considerar que I'estudi cientific del benestar animal va néixer
com a resposta a aquestes demandes socials 1 €tiques, quan el govern britanic va encarregar
un estudi sobre el benestar dels animals de granja a l'anomenat Brambell Committee
(1965). Des de llavors la investigacio per establir uns criteris cientifics per definir 1 avaluar
el benestar animal ha augmentat conjuntament amb el debat social sobre les qiiestions
¢tiques que I'envolten. Un dels resultats d'aquestes tasques €s el que es coneix com a “Cinc
Condicions” (de l'anglés Five Freedoms, Taula 1) elaborades pel Farm Animal Welfare
Council (FAWC), que es podrien considerar un marc teoric-¢tic per avaluar els

requeriments necessaris per evitar problemes de benestar animal.

Taula 1. FAWC “Cinc Condicions”(revisades el 1993, a partir de Webster 1995)

Abséncia de set, gana i malnutricié- mitjangant ’accés a aigua i menjar per mantenir la salut.

Abséncia d’incomoditat fisica- proporcionant un ambient adequat que inclogui proteccio6 i una

area de descans adequada.

Abséncia de dolor, dany o malaltia- mitjancant la prevencio o el diagnostic rapid i tractament.

Capacitat per realitzar la conducta normal- proporcionant suficient espai, instal-lacions

apropiades i la possibilitat de contacte social amb individus de la mateixa espécie.

Abséncia de por i estrés intens i continuat- assegurant les condicions que evitin el “sofriment

mental”.

En l'actualitat, la sensibilitzacié social envers temes de benestar animal ha anat prenent
més rellevancia, especialment en els paisos del Nord d'Europa. Aquesta tendencia s'ha
associat en gran mesura amb l'augment del percentatge de poblacié urbana, amb menor
dependéncia economica directa dels animals 1 desvinculada dels problemes practics de la

ramaderia (Appleby et al., 1992). Aquest fenomen de migracio cap a les ciutats també s'ha
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experimentat en el nostre pais i caldria esperar, doncs, un augment de l'interés pels temes
de benestar animal.

El gen de 1'halota, tal i com es descriura més detalladament, s'ha vinculat a problemes de
benestar indiscutibles com una més elevada mortalitat durant el transport i I'espera a
l'escorxador, a més d'una tendeéncia clara d'obtenir carn de mala qualitat. Si a més es pot
demostrar una major susceptibilitat a l'estrés en els animals portadors, aix0 estaria en clara
contradiccid amb la cinquena de les Condicions esmentades i constituiria un altre motiu

per associar el gen amb problemes de benestar.

1.2. Marc legal

L'augment de la preocupacié social envers el benestar animal ha conduit la Unid
Europea a dictar una legislacio on queden recollits aspectes diversos per a la protecci6 i el
benestar animal. En el cas del bestiar porci, existeixen directives comunitaries com per
exemple la Directiva 91/630/CEE o la 2001/88/CE que estableixen les minimes normes per
a la seva protecci6 o la Directiva 95/29/CE establint normes pel transport d'animals i1 que
han estat ratificades pel govern de 'Estat Espanyol. Tot i que el gen de I'halota no figura en
una normativa explicita, I'objectiu de les lleis europees esta enfocat a reduir el patiment
innecessari dels animals. Una elevada mortalitat o episodis d'estrés importants poden
sumar-se a d'altres factors que si que estan legislats com les condicions de transport o

d'allotjament dels animals a I'hora de desencadenar problemes de benestar.

1.3. Repercussions economiques

L'Estat Espanyol és actualment el segon productor de carn de porci de la Uni6 Europea,
pero els estudis realitzats pel propi sector porci indiquen que la tendéncia del mercat és de
constant creixement 1 que podria esdevenir el principal productor comunitari. La
comercialitzacio dels productes a d'altres paisos pot estar condicionada al fet que els
productors puguin garantir que els estandards de benestar animal exigits per certs grups de
consumidors s'han assolit.

D'altra banda, les conseqiiencies economiques del gen de I'halota es relacionen no sols
amb una garantia de benestar animal, sind també amb el fet que s'ha suggerit que el gen és

un dels responsables destacats de problemes de qualitat de carn (sobretot carns PSE,
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pal-lides, toves i1 exudatives, de I'anglés Pale, Soft and Exudative, Cassens et al., 1975). La
depreciacié d'aquestes carns conjuntament amb les peérdues economiques degudes a la
mortalitat elevada, representen una disminucié important dels rendiments que els
productors podrien obtenir. En aquest sentit, si la qualitat de carn o la seva devaluacio
figurés entre els criteris de pagament de les canals porcines, els beneficis que els porcs
portadors del gen aporten en quantitat de magre o conformaci6 probablement disminuirien

notoriament.

El treball que s'exposa a continuacié t¢€ com a objectiu fer una avaluaci6 amb un
espectre ampli dels efectes del gen de 'halota, en diferents estadis de la produccié porcina
(des de la maternitat fins a I'escorxador). Per aquest motiu, la revisié bibliografica

d'aquesta introducci6é general vol presentar una visié genérica de:

1. Que es coneix del gen de 1'halota i el seu funcionament.

2. Quins son els seus efectes més coneguts (sobretot en I'ambit de la qualitat de
canal i1 carn i la mortalitat en transport i espera) i els seus efectes poc coneguts
(sobretot en relacidé amb el comportament i el benestar animal).

3. Quines alternatives comercials s'estan comengant a plantejar.

2. EL GEN DE L'HALOTA: DETECCIO I FUNCIONAMENT

2.1. Descobriment del gen

A principis dels anys 60, la possibilitat que existis un component genétic en la tendéncia
de determinades races de porcs a produir carns PSE es va fer evident, sobretot gracies a les
investigacions de cientifics danesos i americans (Briskey, 1964). A més, es va descobrir
que aquesta tendencia estava estretament associada a 1’anomenada “sindrome de I’estres
porci” (PSS) (revisat per Briskey, 1964; Topel et al., 1969 i Judge, 1972). Christian (1972)
va plantejar la hipotesi que la susceptibilitat a I’estrés d’aquestes races fos deguda a una
mutacié autosdmica recessiva en un unic gen de penetrancia incompleta. Aquesta hipotesi
va ser confirmada per Ollivier et al. (1975), Minkema et al., (1977) i Smith i Bampton
(1977). El 1974 Eikelenboom i Minkema van demostrar que la sindrome de 1’estrés porci

es podia induir mitjangant la inhalaci6 del gas anestésic halota. Per aquest motiu, el locus
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responsable de la sensibilitat a 1’estrés es va anomenar HAL, amb dos al-lels N (normal,
dominant) i n (sensible a I’halota, recessiu). Més endavant, Webb et al. (1982), en un
treball de revisio dels aspectes genctics associats a la PSS, van argumentar que el gen
podia comportar-se com a recessiu en relacio a la PSS, pero com a additiu pel qué fa a la
quantitat de magre, i que la seva penetrancia en determinades races es podria veure
modificada per altres loci. Darrerament, s’ha suggerit que el mecanisme hereditari del gen
de I'halota es basa en un gen recessiu amb una elevada penetrancia de 1'al-lel n sobre 1’estat
homozigot (0.9 o similar amb els actuals métodes de deteccid del gen, Sellier i Monin,

1994).

2.2. La prova de I’halota i la sindrome de I’estreés porci

El terme sindrome de I'estres porci (PSS) fa referéncia a tot un seguit de simptomes que
manifesten determinats individus davant d’alteracions de les seves condicions medi-
ambientals normals, com poden ser un augment de la temperatura ambiental, la realitzacio
d’exercici muscular intens, lluita entre animals o el transport (Whittemore, 1993). Entre els
simptomes que caracteritzen aquesta sindrome destaquen els tremolors i la rigidesa
muscular, I'increment del ritme respiratori, 1’acidosi sistémica 1 un increment de la
temperatura corporal (hipertérmia).

En D’actualitat, arran de les investigacions que es detallen més endavant, se sap que
I’aparicié de la sindrome de 1’estrés porci €s el resultat d’un increment de forma sobtada 1
sostinguda de la concentracié de calci en el citoplasma de les fibres musculars dels animals
afectats. Fuji et al. (1991) van identificar una mutacio en el canal alliberador del calci que
sofreixen els individus portadors del gen de l'halota. El reticle sarcoplasmatic i els
mitocondris no poden segrestar els elevats nivells de calci que sén alliberats perque el
canal no tanca com ho faria en els individus lliures del gen 1 aixo activa I’aparell metabolic
1 contractil del muscul esqueletic. El resultat d’aquesta acceleracié del metabolisme
muscular donaria lloc a les caracteristiques de les carns PSE quan els animals no moren
durant el transport o 1'espera, a més de desencadenar els simptomes de la PSS.

Eikelenboom i Minkema (1974) van observar que després de fer inhalar una mescla
d’halota i oxigen a porcs joves, alguns desenvolupaven un quadre clinic similar al de la
sindrome de I'estrés porci, conegut com a “hipertérmia maligna”. La hipertérmia maligna

¢s un desordre muscular de transmissio hereditaria que es va descriure per primera vegada
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en humans I’any 1960 i que es considera una patologia farmaco-genética (Louis et al.,
1990). Es a dir: un defecte genétic que es desencadena mitjangant un farmac, com el gas
halota (2-cloro-1,1,1-trifluoroeta) o alguns relaxants musculars no despolaritzants (com el
suxametoni; Hall et al., 1966). D’aquesta manera els individus exempts de la mutacid no
presenten els simptomes en ser sotmesos a 1’anestésic. Aquesta és la base de la prova que
durant molt temps es va utilitzar per detectar els animals predisposats a desenvolupar la
PSS, anomenada “prova de I’halota”. En I’actualitat es considera que les diferéncies entre
la hipertérmia maligna en humans i la PSS s6n més quantitatives que no qualitatives, de
manera que en porcs I’expressio de la malaltia és més pronunciada i es desencadena amb
molta més freqiiéncia davant de situacions estressants que no en humans (pels quals també
s’ha descrit algun cas d’hipertérmia maligna induida per estrés, Louis et al., 1990).

La prova de I’halota consisteix a fer inhalar a garrins d’entre 6 1 15 setmanes d’edat una
barreja d’halota (4-8%) 1 oxigen (de 2 a 3 litres/minut), durant aproximadament 5 minuts
(tot 1 que no tots els autors usen el mateix temps). Els animals que durant 1’aplicacio estan
relaxats 1 no manifesten cap simptoma de la hipertérmia maligna (rigidesa muscular,
augment de la temperatura i ritme respiratori, taques violacies a la pell durant el primer
minut), es classifiquen com a halota negatius (HN) o bé resistents a I’estrés. Si hi ha
reaccid, es qualifiquen com a halota positius (HP) o bé sensibles a 1’estres.

El test de I’halota presenta limitacions importants quant a la seva metodologia, resultats
1 conseqiiéncies pels animals. En primer lloc, no permet distingir entre els individus
homozigots dominants (NN) i els heterozigots (Nn), que son classificats tots com a HN. En
segon lloc, la penetrancia del gen entesa com el percentatge d’animals homozigots
recessius (nn) que responen al test, sembla variable segons autors diferents (Sellier 1
Monin, 1994). Aix0 es pot atribuir a ’eleccid d’una durada arbitraria, potser no suficient
per alguns individus (Blasco i Webb, 1989) o a I’estat fisiologic de 1’animal en el moment
de fer el test (van den Hende, 1979) 1 pot resultar en 1’aparicié d’alguns falsos negatius. En
tercer lloc, resulta un test bastant agressiu pels animals, qliestionable des de la perspectiva

del benestar animal.

2.3. Els marcadors genétics i les técniques de PCR per la deteccié del gen

Les mancances de la prova de I’halota s’han anat superant mitjangant el

desenvolupament d’altres metodes com:
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1. L’estudi de I’activitat dels enzims sérics (per exemple creatina quinasa, CK) o la
biopsia muscular (per realitzar tests com el test de contractura per cafeina, /n

Vitro Contracture Test; O’Brien et al., 1990; Seewald et. al, 1991).

2. La informaci6 que s’ha obtingut a partir de técniques de genetica molecular com

les que es descriuen a continuacio.

D’una banda, a finals dels 70 ja es van descriure associacions entre alguns al-lels situats
en loci de certs grups sanguinis2 1 una qualitat de la carn baixa (Jorgensen, 1979).
Andresen (1987), perd, va suggerir que aquests al-lels no tenien un efecte per se sin6 que
es devia segurament a que estaven situats en la mateixa regié cromosomica que el locus
HAL. L’associacié preferent de I’al-lel n amb alguns d’aquests al-lels marcadors (per
exemple H* o GPI® o PGD?*) s’ha descrit com una propietat que es podria usar per la
deteccid del gen per mitja de mostres sanguinies (Andresen, 1987). Aquest grup de
lligament on se situa el locus HAL es va localitzar en el cromosoma 6 porci 1 es va mapejar
des del centromer fins al punt q2.5 (Chowdhary et al. 1989, 1991).

D’altra banda, altres investigacions a nivell molecular en animals sensibles a 1’estres
van mostrar que existia una mutacié en una proteina que forma el canal d’alliberacid del
calci del reticle endoplasmatic del muscul esquelétic (Knudson et al., 1990; Louis et al.,
1990). Aquesta proteina es va anomenar receptor de la Ryanodina (RYR1). Harbitz et al.
(1990) i Chowdhary et al. (1991) van localitzar el locus RYR1 a la regié pl.1-q2.1 del
cromosoma 6, amb una elevada probabilitat que fos en el brag q en el segment centromer-
g2.1, on també s’havia localitzat el locus HAL. Aquests estudis coincidien amb les
troballes en relacio al gen responsable de la hipertérmia maligna en humans, que se situava
en el cromosoma 19 (q13.1-13.2) (McCarthy et al., 1990), on també s’havia localitzat el
gen del receptor de la Ryanodina (McKenzie et al., 1990).

Me¢s endavant, Fuji et al. (1991) van localitzar la mutacid en el locus RYRI mitjangant

la técnica de la reaccid en cadena de la polimerassa (PCR). Aquesta mutaci6 consisteix en

? Basicament: els sistemes de grups sanguinis S(A-O) i H, la Glucosa-Fosfat Isomerasa (GPI), la 6-
Fosfogluconat Deshidrogenasa (PGD) i 1’alpha-1-B-glycoprotein (A1BG). Actualment, es considera que
I’ordre del locus és: S(A-O)-HAL-GPI-H-A1BG-PGD (Vogeli, 1989; Otsu et al., 1991)
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la substitucié d’una Citosina (C) en el nucleotid 1843 de I’individu no sensible per una
Timina (T) en la cadena d’ADN de 1’animal sensible. Aquesta substituci6 provoca un canvi
en la seqiiencia d’aminoacids d’una arginina en la posicié 615 en I’animal no sensible per

615 esta

una cisteina en 1’animal sensible. Aquests resultats suggereixen que la Arg
localitzada en la superficie del canal d’alliberacio del Ca®', i que esta implicada en la
regulaci6 de I’obertura del canal del calci. Tal 1 com ja s’ha avangat, la seva alteracio
provocaria una ‘“hipersensibilitat” per 1’obertura d’aquest canal 1 explicaria les
caracteristiques PSE en la carn dels animals portadors del gen i els simptomes de la PSS.
M¢s recentment, Kiichenmeister et al. (1999) han trobat que la capacitat de segrestar
Ca**del reticle endoplasmatic del muscul dels individus nn també podria ser inferior que no
la dels NN. Aquests resultats suggereixen que els porcs portadors del gen no tindrien sols
un problema associat al canal d'alliberacié del Ca®’, sin6 també en l'operativitat de la
bomba de Ca®".

La troballa de Fuji et al. (1991) ha donat lloc al desenvolupament de técniques de
deteccio del gen que permeten identificar els tres possibles genotips d’una forma rapida,
acurada 1 poc invasiva (Sellier i Monin, 1994). Aquests meétodes es basen en ’extraccid
d'ADN de mostres com un fragment de cua o orella o fol-licles pilosos; I’amplificacié del
fragment d'ADN que conté el gen mitjangant tecniques de PCR 1 la seva posterior digestio
amb enzims de restriccidé que tallen la cadena en el punt on se situa la mutaci6 (depenent
de I’enzim utilitzat reconeix la seqiiéncia normal (Hin P1) o la mutada (Hgi Al). D’aquesta
manera, en el gel d’electroforesi apareixen un nombre diferent de bandes per cadascun dels
genotips (3 pels heterozigots i 1 o 2 pels homozigots dominants o recessius en funcio de

I’enzim usat).

3. EL GEN DE L'HALOTA: EFECTES EN LA PRODUCTIVITAT, LA
QUALITAT DE LA CANAL I LA CARN I LA MORTALITAT

Tal i com s'ha descrit, I'estudi del gen de I'halota ja es va iniciar al voltant dels anys 60, 1
des de llavors s'han dut a terme moltes investigacions per analitzar els seus efectes
basicament en els ambits de la qualitat de la carn i la canal. La gran majoria d'aquests
estudis coincideixen en el fet que el gen en individus nn (HP en la prova de 1'halota)
presenta efectes beneficiosos sobre els caracters relacionats amb la qualitat de canal, en

detriment dels efectes en la qualitat de la carn (Oliver et al., 1993; de Smet et al., 1995;
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Leach et al., 1996; Fisher et al., 2000; Gispert et al., 2000) i la mortalitat dels animals
(McPhee et al., 1994; Murray i1 Johnson, 1998). La controvérsia recent, pero, s'ha centrat en
el lloc que ocupen els individus Nn en relaciéo amb els altres dos genotips, perqué una de
les estratégies comercials per evitar els problemes dels individus nn com a animal de
sacrifici es fonamenta a utilitzar linies maternes NN creuades amb linies paternes nn o Nn,
segons les necessitats de mercat (Gregory, 1998). En l'actualitat, la possibilitat d'identificar

acuradament els tres genotips ha permes caracteritzar millor els individus Nn.

3.1. Efectes del gen de I'halota en els parametres productius

La bibliografia en relacid als parametres productius i el gen de I’halotd mostra
discrepancies de resultats. En general, en comparar el grup HP 1 HN (incloent Nn i NN),
es van observar diferéncies no significatives pel que fa a la taxa de creixement, perd un
millor index de conversié pels individus HP (Webb et al., 1982). Malgrat aixo, alguns
autors no han confirmat aquest millor index de conversié dels individus HP (Jensen i
Barton-Gade, 1985; Larzul et al., 1997). A més, altres estudis indiquen que el guany mig
diari és inferior en el grup HP comparats amb els individus lliures del gen (de Smet et al.,
1998).

La discussi6 més important, perd, es refereix a la comparacido dels individus
heterozigots en relaci6 als homozigots dominants. En termes generals, les diferéncies entre
ells son petites o no significatives (Sather et al., 1991; Pommier et al., 1992; Leach et al.,
1996). Alguns autors han descrit que no existien diferéncies significatives en el guany mig
diari (Sather et al., 1991; Pedersen et al., 2002) 1 d'altres que si que se'n podien observar
(superior pels heterozigots segons Pommier et al. 1998 o inferior segons de Smet et al.,
1998). Recentment, s'ha suggerit que les diferéncies de creixement entre els individus NN i
Nn podrien ser depenents de I'edat, de manera que en animals d'edats properes a les de
sacrifici els porcs Nn mostrarien un creixement més rapid que no els NN 1 la relacio seria
inversa en porcs més joves (Tor et al., 2001). Igualment, alguns estudis han mostrat una
index de conversio més elevat pels individus heterozigots (McPhee et al., 1994; O'Brien et
al., 1994; Leach et al., 1996), que tampoc ha estat confirmat per altres autors (Larzul et al.,

1997; Miller et al., 2000).
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3.2. Efectes del gen de I'halota en la qualitat de 1a canal o de la carn

El gen de I’halota s’accepta com un dels gens majors que afecta els parametres que
caracteritzen la qualitat de la carn (Sellier i Monin, 1994, de Vries et al., 1998, 2000). Un
gen (per exemple HAL) es defineix com a major quan la diferéncia entre el valor mig dels
individus homozigots pel gen (nn) i el dels que no el porten (NN) és igual o superior a una
desviacio estandard fenotipica pel tret d’intereés que s’estudia. En principi, el gens majors
presenten un efecte prou important com perque puguin ser detectats analitzant les
caracteristiques fenotipiques de les families on el gen segrega. No obstant aixo, el gen de
I’halota s’ha constituit també com un clar exemple de com les condicions ambientals
(interaccio Genotip” Ambient, G A) poden influir els efectes del gen (de Vries, et al. 1998,
2000). Aquesta interaccid juntament amb altres que poden apareixer amb altres gens
(interaccio Genotip” Genotip), explicarien la gran variabilitat de resultats que recull la
bibliografia sobre el gen de I’halota. El fet que molts d’aquests estudis es realitzin usant
races o practiques de sacrifici 1 protocols ante o post-mortem diferents pot afectar les

diferéncies entre els individus de cada genotip (Monin et al., 1981; Sellier i Monin, 1994).

3.2.1. Qualitat de la canal

A grans trets, sembla acceptat que el gen augmenta el contingut de carn magre de la
canal, tot i que resulta dificil extreure una conclusié general de la discussio degut a les
diferents condicions de sacrifici (de Vries et al., 2000). Aquest augment en el contingut de
magre estaria associat a una reduccio en la proporcio de greix i os 1 a una millor distribucio
del pes corporal (Oliver et al., 1993). Recentment, s'ha suggerit que els individus portadors
del gen presenten una taxa de creixement de les fibres musculars superior deguda a una
elevada proliferacio de cel-lules satel-lit i capacitat de sintesi proteica. Aixo conjuntament
amb una taxa de deposicio de greix inferior explicaria el contingut en magre superior de les
canals d'individus portadors (Pedersen et al., 2002). Malgrat aix0, existeix controversia
sobre el comportament genétic de I’al-lel n en els individus heterozigots, de manera que
s’ha descrit com a recessiu o com a additiu (Leach et al., 1996). Sather et al. (1991) van
postular la hipotesi que la relaci6 dominancia-recessivitat pels dos al-lels HAL podria
dependre del pes de sacrifici dels porcs, perque ells van observar una interaccio6 entre el pes

al sacrifici 1 el genotip pel que fa a contingut de magre i trets de qualitat de carn. Aquesta
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hipotesi, perd, no ha estat confirmada en estudis posteriors (Garcia-Macias et al., 1996;
Leach et al.; 1996. Larzul et al., 1997). També s'ha suggerit que els efectes del gen de
I'halota en la qualitat de canal podien ser mediats per la raga, de manera que, per exemple,
O'Brien et al. (1994) va trobar que 1'heterozigositat augmentava en un 2.8% el contingut de
magre en porcs Landrace 1 en un 4.1% en Large White. Jensen i1 Barton-Gade (1985) 1, més
recentment, Guéblez et al. (1995) van trobar que els individus heterozigots presentaven un
espessor de greix dorsal inferior i una major area de muscul Longissimus thoracis
comparat amb els porcs homozigots lliures. Per contra, altres autors han trobat que 1’al-lel
n mostrava molt poc efecte sobre aquests caracters de qualitat de canal (McPhee i Trout
1995; Garcia-Macias et al., 1996; de Smet et al., 1996). En rendiment de la canal, tamb¢
han aparegut estudis que situen els individus heterozigots per sobre dels homozigots NN
(Pommier et al., 1992; Leach et al., 1996; Pommier et al., 1998) o d'altres que no han
trobat diferéncies (Sather et al., 1991; Rempel et al., 1995; Hamilton et al., 2000). La
mateixa dicotomia sorgeix en relaci6 al percentatge de peces nobles, que sol ser superior
en els individus Nn (Rempel et al., 1995; Leach et al., 1996), perdo que en ocasions s'ha

descrit com a molt similar (Fisher et al., 2000; Miller et al., 2000).

3.2.2. Qualitat de la carn

Sens dubte, un dels problemes principals associats amb el gen de 1'halota ha estat la seva
relacié amb 1’aparicid de carns PSE. Aquest tipus de carns poden apar¢ixer en individus
lliures del gen de I’halota que hagin estat sotmesos a unes condicions estressants abans del
sacrifici, pero és molt més freqiient en els individus portadors del gen de I'halota (Gregory,
1998). Les carns PSE apareixen quan després del sacrifici es produeix una acidificacio
molt rapida del muscul mentre la seva temperatura encara és elevada. La tendéncia a
desenvolupar aquesta rapida acidificacio esta altament influida pel genotip de ’animal, tot
1 que D’estres previ al sacrifici col-labora en aquesta situacid perque pot fer augmentar la
concentracio d’acid en el muscul 1 augmentar la temperatura corporal del porc. La Taula 2
mostra una llista de les races porcines amb més tendéncia a produir carns PSE que

coincideixen amb les que son més sensibles a la PSS (de Gregory, 1998).
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Taula 2. Susceptibilitat a produir carns PSE i patir PSS en diferents races porcines

(modificat a partir de Gregory, 1998)

Susceptibilitat alta Susceptibilitat mitjana Susceptibilitat baixa

Pietrain Landrace holandés Large White irlandes

Landrace belga Landrace frances Large White australia

Poland China Landrace suec Large White frances

Landrace alemany Landrace suis Yorkshire america
Landrace anglés Large White anglés
Landrace danes Duroc

Landrace noruec
Landrace australia
Landrace irlandés
Yorkshire holandés

Hampshire america

Les carns PSE apareixen com a conseqiiencia dels elevats nivells de calci en el
citoplasma del muscul deguts a la mutacio en el receptor de la RYRI. El calci activa el
trencament d’ATP perque augmenta I’activitat de la miosina-ATPasa i aixo provoca la
contraccidé muscular i la rapida aparici6 del rigor mortis abans de la primera hora després
del sacrifici (en les canals normals es produeix entre les 4 1 5 hores després del sacrifici).
Aquesta elevada concentracid de calci també provoca una acceleracié de la glicolisi, un
augment rapid de I’acid lactic 1 la disminucid excessiva del pH. Es considera que una carn
¢s susceptible de ser PSE quan el pH mesurat als 45 minuts després del sacrifici és inferior
a 6 (Bendall, 1966). Aquest pH baix associat a una temperatura muscular alta produeix la
desnaturalitzacié de les proteines solubles del muscul que precipiten sobre les estructurals.
Aquest fenomen disminueix la capacitat de retencid d’aigua del muscul 1 es formen
exudats en la carn. La capa de proteines precipitades també proporciona la coloracio
pal-lida de la carn PSE (Gregory, 1998). La tendéncia a desenvolupar la condici6 PSE
també esta influida pel tipus de metabolisme muscular. Aixi els anomenats musculs blancs

(per exemple Longissimus thoracis, Semimembranosus o Biceps femoris) presenten
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predominantment un metabolisme anaerdobic, amb un major contingut de fibres
glicolitiques i1 son més propensos a produir carns PSE (Briskey 1 Wismer-Pedersen, 1961).
Per contra, musculs com el Quadriceps femoris, Serratus ventralis o Adductor amb un
contingut en fibres vermelles oxidatives superior, un metabolisme basicament aerobic 1 un
menor potencial glicolitic, tenen menys tendéncia a desenvolupar la condici6 PSE
(Briskey, 1964) 1 es consideren més bon indicadors de 1'estat DFD (fosca, dura i seca, de
l'angles Dark, Firm and Dry) de la canal.

Cal esmentar, pero, que darrerament s'ha qiiestionat si el terme PSE era del tot adequat,
perque s'ha suggerit que la capacitat de retencid d'aigua i el color de la carn podrien ser el
resultat, almenys en bona part, de fenomens biologics previs al rigor mortis diferents (van
Laack et al., 1994; de Smet et al., 1996). Aix0 explicaria que en alguns estudis sobre
I'efecte del gen de 1'halota s'obtingui un efecte sobre el percentatge de pérdues perd no
efecte en el percentatge de PSE o al revés. En aquest sentit, Warriss i Brown (1987) o van
Laack et al. (1994) van observar una baixa correlaci6 entre color i perdues d'aigua, que van
presentar una relacio bifasica.

Novament, també existeix controversia sobre les caracteristiques dels individus
heterozigots pel que fa a la seva tendéncia a produir carns PSE. Alguns autors han situat
els individus Nn més a prop dels porcs nn (Pommier i Houde, 1993), altres més propers als
NN (Wolf-Schwerin i Kalweit, 1991) i tamb¢ s’han situat en una posicié intermedia entre
els dos homozigots (Rundgren et al., 1990). En tot cas, la majoria d'estudis coincideixen en
el fet que la incidencia de carns PSE és superior entre els individus Nn que no entre els NN
(Topel et al., 1976; Klont et al.,1994; Pommier et al., 1998, Fisher et al., 2000). També
sembla acceptat, en general, que aquestes carns presenten una palatabilitat més baixa de
cara al consumidor (Topel et al., 1976; Jeremiah et al., 1999; Monin et al., 1999; Hamilton
et al., 2000) i1 impliquen més problemes pel seu processament i un rendiment tecnologic

més baix (Oliver et al., 1993; Fisher et al., 2000).

3.3. El gen de I’halota i la mortalitat

MacPhee et al. (1994) van mostrar que la taxa de mortalitat durant el transport diferia
entre els animals de diferent genotip halota, essent el doble pels heterozigots i deu vegades

superior en els animals homozigots recessius respecte als lliures del gen, en condicions
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climatiques tropicals. Aquestes pérdues durant el transport es deuen a la hipertérmia
maligna i la seva interaccié amb les condicions ambientals (Warriss i Brown, 1994).

El quadre clinic de la hipertérmia maligna també s’explica per I’ acceleracié de les vies
metaboliques del muscul degudes a les elevades concentracions de calci. Es produeix un
quadre de rigidesa muscular permanent que esgota el glicogen, les reserves d’ATP i
provoca la formacié de dioxid de carboni, acid lactic 1 calor. L’increment en la produccid
de calor juntament amb la vasoconstriccid periferica produeixen la hipertérmia (O’Brien et
al., 1987). Aixi mateix, el metabolisme anacrobic causa cianosi (Gronert, 1980). Durant
aquest procés es produeix hipercaliemia deguda a la glicogenolisi i acidémia, que
augmenta el ritme cardiac. A més, el sistema neuroendocri simpatic allibera una gran
quantitat de catecolamines que provoquen taquicardies, arritmies, vasoconstriccio
periférica i augment de la glicogenolisi. Darrerament, també s'ha suggerit que les
alteracions de les funcions cardiaques associades amb el gen, no sén només una
conseqiiencia de l'estreés térmic, sind que hi hauria diferéncies en el propi miocardi i
I'expressio d'alguns enzims cardiacs en els animals portadors (Liou et al., 2000).

Van logtestijn et al. (1982) i Warriss i Brown (1994) van assenyalar que la PSS es dona
més facilment a temperatures altes (>28° C), perque la freqiiencia cardiaca 1 el ritme
respiratori s’acceleren significativament. Els porcs son molt sensibles a 1’estres térmic per
les dificultats que presenten de dissipar efectivament la calor. Altres factors previs al
sacrifici que poden interaccionar amb el genotip i afectar no sols la mortalitat, sind tamb¢
els parametres de qualitat de carn, son la densitat de carrega en el camid, el dejuni i la
durada del transport i de 1’espera.

Christensen et al. (1994) van indicar que les taxes de mortalitat durant el transport i
espera son diferents quan es comparen diversos paisos europeus. A paisos com Alemanya 1
Belgica, on la demanda de canals ben conformades és elevada, les taxes de mortalitat son
més altes (0.5-0.3%, respectivament). En canvi, en paisos com Dinamarca, on la qualitat de
la carn ha estat inclosa en els programes de creuament i s’han fet esforgos per eliminar el
gen de 1’halota, el percentatge de mortalitat ha caigut del 0.1 (1972) a 0.03% (1993). Tot i
que les condicions de transport i ambientals varien entre aquests paisos i també¢ afecten les
taxes de mortalitat (van Logtestijn et al. 1982; Warriss i Brown, 1994), sembla evident que
el gen de I’halota juga un paper clau en aquestes diferéncies entre paisos. Aquests resultats
també han estat confirmats a Canada, on Murray i Johnson (1998) van trobar freqiliéncies

de mortalitat de 9.2, 0.27 1 0.05% per individus nn, Nn i NN, respectivament.
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4. EL GEN DE L'HALOTA: EFECTES EN EL COMPORTAMENT I EL
BENESTAR ANIMAL

4.1. El comportament animal com a eina d’avaluacio6 del benestar

Els principals problemes als quals s’ha enfrontat la comunitat cientifica per investigar
sobre el benestar animal han estat la manca d’acord sobre com es defineix aquest concepte
1 la recerca de parametres per mesurar-lo objectivament.
Les definicions sobre benestar animal han estat diverses i es podrien agrupar, en termes
generals, en tres grans aproximacions: la basada en 1’adaptacié de 1’animal, la basada en
els “sentiments” i la basada en el repertori de comportaments “natural”. Per la primera, la
dificultat per objectivar conceptes com “sofriment”, “ansietat”, fa que els parametres
basats en el funcionament biologic (com les malalties, conducta, mortalitat) semblin més
adients per definir el benestar, tot i que 1’experiéncia subjectiva de 1’animal pugui influir
(Broom, 1991, Gonyou, 1993). Una de les definicions més ampliament citades és la de
Broom (1988) per la qual el benestar és “I’estat d’un individu en relacid6 amb els seus
intents d’adaptar-se a 1’ambient”. El segon corrent considera que és 1’experiéncia
subjectiva de ’animal la que constitueix el punt clau del benestar (Duncan 1 Dawkins,
1983; Sandee 1 Simonsen, 1992). El tercer considera que els animals haurien de poder
realitzar tot el repertori de conductes que realitzarien en condicions naturals, tot i que ha
estat forga criticada per les seves mancances per establir criteris sobre que €s “natural”
(Dawkins, 1980). Evidentment, la definicié emprada per diferents cientifics ha condicionat
el tipus de mesures que han emprat per avaluar el benestar objectivament (Mason i Mendl,
1993). En I’actualitat, prenent com referéncia les “Cinc Condicions” (veure pagina 4),
s’accepta que una sola mesura del benestar pot produir conclusions erronies, i que cal una
integracidé de diversos indicadors: fisiologics, de comportament, patologics 1 productius
(Broom 1 Johnson, 1993).

En aquest sentit, I’estudi del comportament pot contribuir per diverses raons a aclarir

tant els problemes de definici6 del benestar com els de la seva mesura. En primer lloc, la
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informacié sobre la funcio, desenvolupament, control o evolucié® d’un comportament, pot
ajudar a entendre qu¢ significa en termes de benestar animal el fet que aquella conducta
s’expressi en unes determinades circumstancies (Duncan, 1995). D’aquesta manera,
I’aparici6 del que es coneix com a “comportaments anormals” (per exemple estereotipies o
conductes redirigides) en algunes espéecies de produccio es considera un signe de patiment
(Petherick 1 Rushen, 1997) 1 requereix un coneixement previ sobre quina €és la conducta
normal.

En segon lloc, s’ha argumentat que les diferéncies de conducta entre els animals
confinats a granges 1 aquells que viuen en condicions menys restrictives no ha d’implicar
necessariament un compromis del seu benestar (Dawkins, 1980). Aixi, es va considerar
que un animal veia el seu benestar limitat quan no podia realitzar determinades conductes
que li eren necessaries, o per les quals se sentia motivat (Hughes i Duncan, 1988; Dawkins,
1990). S’han dissenyat diversos metodes per mesurar el grau de motivacid, com els tests de
preferéncia basats en la teoria economica del consum-demanda i que usen el comportament
com a parametre basic (és a dir: com més motivat estigui un animal per realitzar una
determinada conducta, més “pagara” per aconseguir-ho).

En tercer lloc, per I’aparici6 d’una disciplina com I’etologia cognitiva, que pretén donar
respostes a qliestions com al grau de “conscieéncia” dels animals dels seu patiment. En
aquesta linia, s’ha suggerit que la valoracié de quines practiques soén acceptables depén en
bona mesura d'aquest grau de coneixement que els animals puguin tenir del seu propi estat
(Griffin, 1992).

En termes generals, s’han realitzat pocs estudis sobre 1’efecte del gen de I'halota en el
comportament dels porcs. La majoria de les investigacions s’han centrat en contextos com
el transport, probablement a causa de la repercussid6 economica que implica la major
incidencia de mortalitat entre els individus portadors. Tal i com es detalla en els segiients
apartats, el que es coneix sobre la influéncia del gen de I'halota en la conducta es basa

fonamentalment en la seva suposada vinculacié amb 1'estres.

* Funci6, Desenvolupament, Control i Evoluci6 constitueixen els quatre problemes (coneguts també com

a 4 Why’s ) que calia respondre per estudiar el comportament segons Niko Tinbergen
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4.2. El gen de I’halota i I’estrés

El gen I’halota s’ha relacionat estretament amb el concepte d’estres, basicament perque
la PSS es pot desencadenar en situacions que es consideren “estressants” durant el maneig
dels animals. La bibliografia sobre el gen de I’halota es basa en la idea que els individus
portadors del gen son gencticament més susceptibles a ’estres. La connotacid negativa que
sovint s’atribueix a aquest concepte fa que es consideri un indicador clar de problemes de
benestar.

El concepte d’estres, pero, és molt complex i, al igual que sobre el de benestar, existeix
una discussié important sobre la seva definici6 i efectes. Moberg (1987) va apuntar que la
dificultat per establir una definicié del terme es deu a qué no s’ha pogut resoldre quatre
grans problemes: el desacord sobre quines respostes fisiologiques son millors per mesurar
I’estrés; la manca d’una resposta inespecifica comu a tots els agents estressants; la
variabilitat interindividual en les respostes biologiques i la incapacitat per correlacionar les

mesures d’estres 1 el seu impacte en el benestar animal.

4.2.1. Evolucio del concepte d’estrés

El concepte d’estres deriva de 1’estudi dels ajustaments fisiologics d’un individu per
mantenir [’homeoestasi enfront d’un ambient canviant. Cannon (1935) va ser un dels
primers que va usar el terme en I’ambit de la biologia. Va descriure 1’anomenada “reaccio
d’alarma” (o de lluita-fugida) com una resposta del sistema nervios autonom davant d’una
situacié de perill, en la qual les glandules adrenals alliberaven adrenalina (Canon i de la
Paz, 1911).

Als anys 30, Selye (1936) va observar que la manipulacié de rates de laboratori
provocava I’alliberacio de glucocorticoids per part de la glandula adrenal, sota el control de
I’adenohipofisi (eix pituitari-adrenocortical). Selye va desenvolupar un model anomenat
“sindrome general d’adaptaci6” o G.A.S, que descrivia com una resposta totalment
inespecifica de I’individu independent de la naturalesa de 1’estimul. Selye va usar el terme
“Stress” per referir-se a totes les forces que actuaven sobre un organisme per
desestabilitzar-lo enfront les quals 1’individu reaccionava amb el G.A.S.

Mason (1971) va evidenciar que la resposta d’estrés, malgrat tenir un component

inespecific, depenia també dels components emocionals o psicologics associats als agents
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estressants. Paral-lelament, Weiss (1972) va il-lustrar com la resposta fisiologica de la
glandula adrenal depenia del grau de control i prediccio de l'individu, en un estudi amb
rates a les quals administrava estimuls eléctrics.

Kagan 1 Levi (1974) van desenvolupar un model en el que dividien la resposta d’estres
en tres fases: el reconeixement d’una amenaga per I’homeostasi, la propia resposta d’estres
1 les seves conseqiiencies biologiques. En aquest model, destaca el paper del sistema
nervids central a ’hora de percebre o no un estimul extern com a amenagant, un procés
mediat per factors genctics i I’experiéncia. A més, el model assenyala que la resposta
biologica a I’estres provoca una série de canvis fisiologics 1 psicologics que poden conduir
a un estat prepatologic i, finalment, en funcidé de les caracteristiques de I’estimul i
I’individu, a una malaltia. Moberg (1987) va proposar aquest estat prepatologic per a
definir estrés des d’un punt de vista clinic i mesurar el benestar animal.

Els treballs més recents destaquen el paper de ’hormona alliberadora de corticotropina
(CRH), secretada pel nucli paraventricular de 1’hipotalam, en la resposta d’estrés (Dunn i
Berridge, 1990), com a integradora entre la resposta de comportament 1 fisiologica.

Actualment, es considera que 1’estrés provoca una resposta conjunta de mecanismes de
conducta, immunologics 1 neuroendocrins (basicament de 1’eix Hipotalam-Adenohipofisi-
Adrenal, HPA, i el sistema Simpatico-Adrenal, SA; Sapolsky, 1995; Derrel et al., 1997).
Tot 1 que amb certa controversia, molts autors es decanten per definir-lo amb una
connotacid negativa, com a l’estat d’un individu quan és sotmes a uns estimuls que
sobrepassen la seva capacitat fisioldgica i de comportament per adaptar-se (Terlouw et al.,

1997).

4.2.2. Efectes del gen de l'halota en la resposta individual davant de situacions

“aversives” o “estressants”

Per tal que un estimul desencadeni una resposta d’estrés ha de ser percebut com a
“aversiu” o amenagant per part de l’individu. Per tant, la resposta final depen de
caracteristiques de 1’estimul i de I’individu (Dantzer i Mormeéde, 1983; Wiepkema i
Koolhas, 1993).

Els estimuls es poden descriure per les seves caracteristiques qualitatives (térmic,
visual, olfactiu) i quantitatives (intensitat i temporalitat). A partir dels resultats de Weiss

(1972), s’ha considerat que els estimuls més “aversius” son aquells no controlables i no
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predictibles, perque aquests conceptes impliquen una integracidé d’aspectes intrinsecs de
I’estimul 1 de I’individu (Wiepkema i Koolhas, 1993).

Pel que fa a les caracteristiques individuals, poden ser de tipus genétic (espécie, raga,
sexe) o ambientals (edat, estat fisiologic, experiéncia previa). Les diferéncies individuals
han estat motiu de creixent interes, perqué alguns autors van descriure que podia existir
una certa consisténcia en la forma com cada individu responia a diferents situacions
estressants (Lawrence et al., 1991; Manteca and Deag, 1993). Henry i1 Stephens (1977) van
distingir dues grans categories de resposta comportamental enfront d’un factor estressant,

que anaven acompanyades per un perfil fisiologic diferent (Figura 1).

Figura 1. Estratégies de resposta davant d’una situacié aversiva (Henry i Stephens, 1977)

PERCEPCIO DE L’ESTIMUL ESTRESSANT

U

Experiéncia prévia
Gengtica
Estratégia de resposta
Requeriments ambientals

v N

RESPOSTA ACTIVA RESPOSTA PASSIVA
(Lluita-Fugida/Intent de control) (Depressio/Perdua de control)
Amigdala /sistema simpatico Hipocamp/Septum/Sistema

adrenomedul.lar Hipotalam-Pituitari-adrenocortical
Activacio comportamental Inhibicio comportamental
RESPOSTA-DEFENSA CONSERVACIO -RETIRADA
Control territorial Subordinacio
Mobilitat Mobilitat reduida
Exhibicié i agressio Reduccid de conductes maternal i sexual
Noradrenalina * ACTH *
Adrenalina * Corticoesterona *
Corticosterona 4 Catecolamines <€
Testosterona * Testosterona *

V V

Animals amb resposta activa Animals amb resposta passiva
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M¢s recentment, aquesta hipotesi d’una distribucié bimodal davant de la resposta a
I’estrés s’ha descrit en ratolins, dels quals uns manifestaven una reacci6 activa (“active
copers”) amb més activitat del sistema simpatico-adrenal i els altres una reaccié més
passiva (“passive copers’) amb més activacio de 1’eix hipotalalam-hipofisi-adrenal (Bohus
et al., 1987). L’existeéncia d’aquesta dicotomia d’estratégies també va ser descrita en porcs
per Hessing et al. (1993). Més endavant, aquesta bimodalitat s’ha posat en dubte (Forkman
et al., 1995, Jensen et al., 1995), tot i que s’accepta que la variabilitat individual en la
resposta de 1’estrés estigui associada a diferéncies de “temperament” (Manteca i Deag,
1993; Thodberg et al., 1999) o “personalitat” (Erhard et al., 1999) dels individus.

Les investigacions per descobrir si existien aquestes “estratégies de comportament” en
porcs (prové de la idea de coping strategies davant de I’estrés), han proliferat amb la
intenci6 de servir com a eina de seleccid d’animals més adaptats als ambients productius
(Thodberg et al., 1999; Hutson et al., 2000). La majoria d’aquests tests s’han fet amb la
metodologia coneguda com a Open Field. Aquest test consisteix a introduir 1'animal en un
ambient totalment nou 1 mesurar diversos parametres com la conducta exploratoria, les
vocalitzacions, defecacions, moviment de 1’animal. El test es pot complicar creant un
conflicte de motivacio (per exemple mesurant la laténcia a menjar si els animals han estat
restringits préviament) o introduint objectes nous (Lawrence et al., 1991; Forkman et al.,
Jensen et al., 1995; Hutson et al., 2000). Aquest test va ser desenvolupat inicialment per
animals de laboratori (Hall, 1936; Whimbey 1 Denenberg, 1967), perd més endavant fou
utilitzat per mesurar respostes de por en animals domestics (per exemple en porcs, von
Borell 1 Ladewig, 1992; Beattie et al., 1995). En 1'Open Field test, el conflicte entre la
motivacié per explorar i l'aversid cap a una situacid nova és el que determina el
comportament de 1'animal (Asano, 1986). La interpretacié classica d'un test d'Open Field
en rosegadors ha estat que un nombre de defecacions elevat i una baixa activitat indiquen
un nivell elevat de por o emocionalitat (Broadhurst, 1957). Malgrat aixo, altres resultats en
rosegadors van suggerir que les mesures de defecacio 1 de locomocié podrien associar-se a
dos components independents, que representarien I'emocionalitat i 'activitat (Whimbey i
Denenberg, 1967). En estudis fets en porcs, alguns autors han argumentat que les
defecacions no representarien una resposta general de por de la mateixa manera que ho fan
en rosegadors (Andersen et al., 2000).

Una altra metodologia utilitzada fou I’anomenat Backtest, que consisteix a col-locar el

garri d’esquenes subjectant-lo suaument pel cap 1 mesurar les vocalitzacions i1 intents
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d’escapar (es basa en el qué¢ es coneix com a immobilitat tonica, for¢a utilitzada en
pollastres, per la qual un animal que es manté recolzat sobre la seva esquena resta immobil
durant un cert temps; Hessing et al., 1993; Erhard et al., 1999).

De totes maneres, en cap de les investigacions citades anteriorment s’ha considerat que
el gen de I’halota pogués influir en la resposta dels individus. Els porcs utilitzats no havien
estat genotipats, tot i que, com s’ha esmentat, molta de la bibliografia sobre I’efecte del gen
de I’halota es basa en la premissa que els individus portadors son més susceptibles a
I’estrés. Existeixen igualment poques referéncies sobre patrons comportamentals davant
d'altres situacions “estressants”, com ¢s el cas del transport, on també s’accepta amplament
que existeix un clar efecte del gen. Geers et al. (1994) van observar animals dels tres tipus
genetics mitjancant un circuit de cameres de video. En la seccié de resultats, pero, només
esmenten que els porcs van jeure de cantd durant el 90% del temps, sense establir

comparacions entre els diferents genotips.

4.2.3. Mesures fisiologiques de ’estrés en relacio al gen de ’halota

Tal i com s’ha esmentat, la major part dels estudis sobre la relacié del gen de I’halota
amb I’estrés s’han basat en els canvis de parametres fisiologics que desencadena la

resposta d’estres. Es poden resumir en els segiients punts.

1. Activacio de l’eix Simpatico-Adrenal (SA). Com que la secrecio i catabolisme de
les catecolamines és molt rapid, s’usen com a indicadors d’aquest eix els efectes
d’aquestes hormones com 1’augment de la freqiiéncia cardiaca o de la temperatura
corporal (també mediada per 1’activacié de I’eix HPA). En aquest sentit, s’ha
suggerit que els animals portadors del gen mostraven una resposta simpatico-
noradrenérgica superior que els lliures del gen davant de I’estrés agut associat al
maneig (Gregory 1 Wotton, 1981; DeRoth et al., 1989). Vill¢ et al. (1993) també
van observar diferéncies en alguns parametres electrocardiografics de garrins nn 1
Nn respecte els NN i Geers et al., (1994) van trobar freqiiéncies cardiaques
significativament més altes en els animals homozigots recessius pel gen després del
transport. En canvi, en aquest estudi de Geers et al., (1994) no es va veure que els
individus portadors del gen manifestessin una hipertérmia induida per 1’estrés

superior als lliures, com caldria esperar. Altres investigacions, no obstant, si que
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2.

3.

han detectat temperatures rectals més elevades en garrins nn exposats a halota
(Berman et al., 1970; McGloughlin et al., 1980; Sather et al., 1990), aixi com una
elevacio en la temperatura muscular (Sather et al., 1990), perd no en la cutania
(Berman et al., 1970). D'Allaire i DeRoth (1986) van trobar una diferéncia en la
temperatura cutania dels dos genotips homozigots després d'un test d'exercici, pero
depenent de la temperatura ambiental, 1 Geers et al. (1992) van descriure
diferéncies en els patrons, valors i dinamica de la temperatura subcutania entre els

tres genotips, tant en repos com després de I'exercici.

Activacio de D’eix Hipotalam-Pituitari-Adrenocortical (HPA). L’elevacié de la
concentracio de glucocorticoids circulants (cortisol en porcs) s’ha emprat per
valorar la resposta aguda a [D’estrés. Malgrat la seva estesa utilitzacio, la
interpretacié dels resultats presenta diversos inconvenients (Rushen, 1991; Mendl,
1991): la seva concentracid plasmatica segueix un ritme circadia; la manipulacio
dels animals per obtenir la mostra provoca en si mateixa un augment de la
concentracio de glucocorticoids; en situacions d’estrés cronic no se sol produir
aquest augment; existeixen diferéncies interindividuals 1 algunes situacions no
estressants també poden provocar un increment. Aquests problemes metodologics
poden explicar parcialment que en alguns estudis no s’hagin detectat diferéncies
significatives en els nivells de cortisol d’individus portadors i no portadors del gen
(Gispert et al., 2000) o que en determinades circumstancies fossin superiors en els
individus lliures del gen (Geers et al., 1994). Per aixo també es valoren altres
hormones alliberades per 1’eix HPA com I’ACTH que allibera I’adenohipofii o la
b-endorfina, responsable de I’anomenada analgésia induida per estrés i que deriva
com I’ACTH de la proopiomelanocortina. Geers et al. (1994) van trobar que la b-
endorfina augmentava durant el transport i els nivells eren superiors en els

individus portadors del gen.

Altres indicadors fisiologics. En la comparaci6é d’individus portadors i lliures del
gen de I’halota, s’han utilitzats altres parametres indicadors d’estrés com [’activitat
sérica d’enzims com la creatina quinasa (CK) o la lactat deshidrogenasa, les
concentracions sanguinies de lactat o la concentracidé en el muscul de glicogen,

creatina o ATP. En general, s’han observat diferéncies significatives en alguns
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d’aquests indicadors entre els tres genotips. Per exemple, les concentracions
seriques de CK, indicadores de dany muscular, s’han trobat superiors en individus
nn (Rundgren et al., 1990; Klont et al., 1993; Gispert et al., 2000). Igualment,
també s’han observat en aquests animals concentracions de lactat més elevades tant

en sang (Gispert et al., 2000) com en muscul (Klont et al., 1993).

4.3. Efectes del gen de I’halota en el comportament social

La literatura cientifica disposa de pocs estudis per determinar I’efecte del gen en la
conducta social dels animals en les diferents fases de la produccio i les conclusions son
també contradictories. De fet, Schaefer et al., (1989) van subratllar que les diferéncies
entre els tres genotips podien variar en funci6 de la técnica utilitzada per estudiar el
comportament. Es per aquest motiu que es fa una breu descripcio de les diferents
metodologies d’estudi del comportament que fins ara s’han emprat per analitzar 1’efecte

del gen de I’halota, donant com a exemple els experiments que les han usat.

4.3.1. Scan sampling instantani

Aquesta tecnica d’observacid es basa en anotar el comportament de cadascun dels
individus del grup a intervals regulars de temps (Martin i Bateson, 1993). La mesura que
s’obté és la proporcid de totes les observacions per sessid que cada individu ha destinat a
cadascun dels comportaments. L’eleccié de I’interval de temps és critica per tal que les
dades representin una bona estimacid de les freqiiéncies de realitzacié de cadascuna de les
conductes.

Utilitzant aquesta metodologia, Schaefer et al. (1989) van trobar algunes diferéncies en
alguns comportaments entre els diferents genotips, com una major freqiiencia de conducta
exploratoria entre els individus portadors del gen. Aquests resultats coincideixen amb els
de Robert 1 Dallaire (1986). En canvi, aquests autors no van coincidir amb les seves
troballes en relacio a la freqiiéncia de repos: Robert 1 Dallaire (1986) van trobar-la superior
pels animals Iliures del gen i Schaefer et al. (1989) pels portadors del gen. Pel que fa a les
agressions entre animals, els tres genotips van mostrar diferéncies pero les freqiiencies eren

superiors o inferiors depenent de I’acte agressiu estudiat (Schaefer et al., 1989).
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4.3.2. Mesures a temps continu

Consisteix en anotar tots els comportaments que s’observen juntament amb el temps en
qué ocorren. Produeix una mesura real sobre les freqliencies, durades i seqiiéncies de
comportament, perd sovint a la practica implica que es poden controlar menys categories
de comportament. En D’actualitat, moltes d’aquestes observacions es fan mitjangant
gravacions amb video.

Tenint en compte aquesta metodologia, Schaefer et al. (1989) van observar que tot i que
la freqiiéncia de conducta exploratoria fou superior entre els animals portadors del gen, el
temps dedicat a aquesta conducta era inferior. Aixi mateix, també van concloure que els

individus lliures del gen destinaven més temps a beure.

4.4. Efectes del gen de I'halota en la conducta alimentaria

Tal i com ocorre en el cas dels estudis de comportament social, existeixen relativament
poques investigacions que avaluin l'efecte del gen en la conducta alimentaria. Abans de
l'aparicio dels anomenats Sistemes Automatics de Control de 1'Alimentacio (SACA), en els
quals els animals es poden mantenir en grups, l'estudi del comportament alimentari es
basava en animals allotjats en individual per mesurar fonamentalment el consum voluntari.
De Haer i Merks (1992) van demostrar que el patrd de conducta alimentaria de porcs en
individual i en grup diferia i aix0 explicaria en bona part la discrepancia de resultats
productius dels animals avaluats en centres de testatge amb els animals mantinguts en
condicions comercials. D'aquesta manera, el desenvolupament del SACA va permetre dur
a terme estudis sobre conducta alimentaria molt més acurats, en tant que tenen en compte
l'efecte social del grup i que permeten mesurar altres parametres alimentaris a banda de la
quantitat de consum voluntari (per exemple la freqiiéncia de menjades i la seva durada).

De nou, els estudis de conducta alimentaria que han proliferat utilitzant la tecnologia del
SACA han avaluat l'efecte de factors com el sexe, la raga o les condicions ambientals, pero
pocs experiments han considerat la possibilitat que el gen de I'halota pogués influir els
patrons alimentaris. D'aquesta manera, tot un seguit d'estudis han posat de manifest que
existeixen diferéncies en la conducta alimentaria d'individus de races pures com Large
White i Landrace (Labroue et al., 1994); Pietrain, Large White i Meishan (Quiniou et al.,

1999) o mascles sencers Pietrain i Large White (Labroue et al., 1999). Més recentment,
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Augspurger et al. (2002) han descrit diferéncies tamb¢ entre races pures i una linia sintética
que incloia Large White, Pietrain, Duroc 1 Landrace. Fent us tamb¢ de la tecnologia dels
SACA, Labroue et al. (1994) van postular que els porcs podrien adoptar diferents
estrategies alimentaries, des del que s'anomenarien “goluts” (meal eaters), que menjarien
poques vegades perd grans quantitats, fins a “mossegadors” (nibblers), amb moltes
menjades perd poc abundants. Fernandez (2001) també va suggerir que algunes races
porcines es podrien caracteritzar a partir del seu patrd alimentari a més dels parametres
productius, basant-se en la terminologia proposada per Labroue et al. (1994) més un
qualificatiu de la velocitat de les menjades (lents/rapids). Aquest mateix autor figura entre
les poques referéncies que avaluen l'efecte del gen de l'halota sobre la conducta
alimentaria. Fernandez (2001) va trobar que els porcs nn presentaven una menor velocitat i
un major temps d'ingesta diari, comparat amb els NN i Nn, fet que va atribuir a un
temperament possiblement més nervios dels individus nn. Malgrat aixo, tant el treball
d'aquest autor com el de Tor et al. (2001) coincideixen en el fet que els porcs NN i Nn no
es van diferenciar en la majoria dels seus parametres alimentaris.

Els programes de seleccid porcina a favor dels indexs de conversio i1 del percentatge de
magre duts a terme en les darreres decades, s'han traduit en una disminuci6 del consum
voluntari dels porcs (Kanis, 1988; Webb, 1989). Aquest fenomen podria ser degut al fet
que la seleccid tradicional hagi disminuit la capacitat intestinal dels animals (Tybirk,
1989). Quan aquesta tendeéncia es va constatar, es va comengar a adrecar més atencid a
l'estudi exhaustiu del comportament alimentari. En aquest sentit, cal destacar que el gen de
I'halota ha estat una de les estratégies de seleccid en favor del contingut de magre de les
canals porcines. Per tant, podria resultar interessant analitzar si el gen influeix en el

consum voluntari, aixi com en la resta de parametres alimentaris.

4.5. El gen de I’halota i el benestar animal

Ja s’ha esmentat que no existeix un acord generalitzat per definir quins requeriments
calen per parlar de benestar animal. A més, s’argumenta que qualsevol concepcid sobre el
benestar animal involucra inherentment valors, perqué pertany a la discussié sobre que €s
“millor” o “pitjor” pels animals (Fraser et al., 1997). També s’ha assenyalat que existeix
certa dificultat per convertir aquest concepte en indicadors de benestar empirics. Malgrat

aixo, a partir de la base de les “Cinc Condicions”, el benestar dels animals de granja es pot
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mesurar mitjangant la combinacié de parametres quantificables com els indexs de
patologia i productivitat, els canvis fisiologics 1 de comportament.

Els efectes del gen de I’halota en relacido a les “Cinc Condicions” encara no estan
completament investigats. Es obvi que les taxes de mortalitat superiors dels individus
homozigots recessius o dels heterozigots en relacio als homozigots dominants durant el
transport o espera son un clar indicador d’un problema de benestar. La seva vinculacid
amb una major susceptibilitat a I’estrés també presentaria clares implicacions pel benestar.
En aquest sentit, perd, I’efecte del gen sobre els canvis de conducta de la resposta enfront
de Dl’estrés encara sembla poc estudiat. Caldria establir si la reactivitat que mostren els
porcs nn enfront de situacions aversives s'explica inicament mitjancant l'alteracié del seu
metabolisme muscular, o si també presenten una major resposta d'estrés. Aixi mateix
existeixen pocs resultats comparant el comportament en condicions “normals” dels animals
de diferents genotips, com per exemple diferéncies en 1’activitat o en la conducta de repods
que mantenen una estret vincle amb el benestar (Baxter, 1992).

D’altra banda, tot 1 que existeix bibliogratia comparant indexs productius dels diferents
genotips, no proliferen els estudis sobre si el gen té algun efecte en la prevalenca de certes
condicions patologiques.

En resum, el benestar animal és probablement una de les arees on l'efecte del gen de
I'halota s'ha inferit més freqiientment a partir d'altres parametres, sense dur a terme estudis
exhaustius que integressin els diferents indicadors recomanats per la seva avaluaci6

complerta.

5. ALTERNATIVES COMERCIALS AL GEN DE L'HALOTA.

Tal 1 com s'ha suggerit, existeix en l'actualitat en determinats paisos un canvi d’actitud
del consumidor de carn, que sembla estar preparat a pagar més si es garanteix una certa
qualitat de vida dels animals 1 del producte final que se n’obté. En el cas del gen de
I’halota, s'ha suggerit que els avantatges en qualitat de la canal que van promoure la seva
seleccid, no compensen els problemes que comporta a nivell de qualitat de carn (PSE), ni
els efectes negatius sobre el benestar animal. Per aquest motiu, sembla que les estratégies
futures dels productors de porci s’hauran de fer resso de les demandes dels consumidors i

plantejar-se la substitucio del gen per altres alternatives (Webb, 1998).
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Una de les possibilitats que s'han comengat a avaluar €s la utilitzaci6 de linies paternes
lliures del gen. En aquest sentit, estudis recents han suggerit que un gen associat amb el
locus IGF?2 i que s'expressa exclusivament a través de la linia paterna podria explicar una
bona proporcié de les variacions en contingut en magre i muscularitat, sense presentar
efectes negatius sobre la qualitat de carn (Nezer et al., 1999). Sembla que aquest gen
estaria fixat en races ben conformades com la Pietrain. Aquesta raca ha estat
tradicionalment coneguda no sols per les seves caracteristiques morfologiques (té al voltant
d'un 6 a un 8% més de contingut muscular que les races Large White i Landrace), sind
també per les seves peculiaritats a nivell productiu. Es tracta de porcs de creixement lent
(fins a tres setmanes més per assolir els 100 kg), perd amb un index de conversio
comparable a altres races. Alhora, també s'han descrit diferéncies en els seus patrons
alimentaris, com un menor consum voluntari (Webb, 1989; Labroue et al., 1999) o una
estratégia alimentaria més propera als “mossegadors” que no als “goluts” comparat amb
altres races com la Large White (Labroue et al., 1999). La raca Pietrain també estava
inclosa fins ara entre les que presentaven una alta inclusi6 de gen de I'halota. Pero si es
confirmés que les linies de Pietrain lliures del gen poden aportar els avantatges de la raga a
nivell de quantitat de magre i rendiment de peces nobles, sense efectes pejoratius sobre la
qualitat de carn, podria representar una alternativa comercial al gen. Existeixen altres
possibilitats que el sector esta avaluant com 1'is de races amb baixa freqiiéncia de gen de
I'halota com la Duroc o la Large White. En aquest sentit, l'eleccié de la linia finalitzadora
determina el creixement i les caracteristiques de la canal, perd encara existeixen
relativament pocs estudis que avaluin el seu efecte en la qualitat de la carn i el seu
processament (Miller et al., 2000).

En general, si les demandes 1 preferéncies dels consumidors evolucionen en el nostre
pais com ho han fet en altres paisos europeus, és previsible que el nombre d'estudis per
trobar alternatives economicament viables per eliminar el gen de l'halota vagin en
augment. El resultat, en aquest cas, haurien de ser tot un seguit de possibilitats en les quals
es tinguessin en compte no sols parametres productius, de qualitat i economics, sin6 també

de benestar animal.
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OBJECTIUS

Els experiments presentats en aquest treball formen part d'un projecte finangat amb fons
FEDER (2FD97-0022-CO3), la responsabilitat cientifica del qual va ser compartida entre
el CTC i el CCP de I'IRTA i el Departament de Ciéncia Animal i dels Aliments de la UAB,
amb la col-laboraci6o de dues empreses (Pinsos Baucells i PIC). L'objectiu generic del
projecte era avaluar els avantatges “reals” del gen de l'halota pel sector porci. Per a

respondre aquesta qiiestié general, es van definir els seglients objectius especifics:

1. Estudiar en condicions comercials l'efecte del genotip halota en la conducta

social i individual en porcs des de la maternitat fins 1'engreix.

2. Estudiar i comparar en condicions comercials I'efecte del genotip halota i de
la linia paterna en diferents parametres d'estrés i qualitat de canal i carn en

porcs sotmesos a tractaments ante-mortem diferents.

3. Estudiar i comparar en condicions controlades 1'efecte del genotip halota i
de linies paternes lliures del gen en parametres productius, en el

comportament alimentari i la qualitat de canal.

4. Avaluar en condicions comercials l'impacte del genotip halota en la

mortalitat durant el transport i espera a l'escorxador.

5. Avaluar la influéncia que els anteriors efectes podrien exercir sobre el

benestar animal.
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GENERAL MATERIAL AND METHODS

ABSTRACT

The results presented in this thesis have been organized in 5 chapters according to the
type of experiment or effects evaluated. The chapters are based on scientific papers that
have been submitted to scientific journals to be considered for publication. At the
beginning of each chapter, the authors of the related paper are mentioned.

A general consideration is that the experimental set up included two batches of pigs
which were observed from the farrowing pens to the abattoir. The main difference between

these two batches was the terminal sire line used.
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ORGANIGRAMA GENERAL

Els resultats que es presenten en aquesta tesi estan agrupats en cinc capitols segons la
seva tematica o el conjunt d'experiments dels quals provenen i escrits en el format
d'articles cientifics. Abans de cada capitol s'especifica l'article en el qual esta basat aixi
com els seus autors.

Cal esmentar que els experiments van consistir en el seguiment des de la maternitat fins
a l'escorxador de dos lots de porcs. La diferéncia fonamental entre aquests lots fou el tipus
de mascles finalitzadors que es van utilitzar, a banda de 1'época de 1'any en qué es van dur a
terme els experiments. La resta de la metodologia va ser molt similar en tots dos lots, tal i

com es detalla a cada article.

Large White x Pietrain Nn
Lot 1 (Agost 1999-Gener 2000): Mascles finalitzadors

Pietrain Nn

Pietrain nn
Lot 2 (Gener 2000-Juliol 2000): Mascles finalitzadors
Pietrain NN

Tal i com s'observa en el seglient organigrama (Figura 2), els garrins nascuts a cada lot
van ser observats en granja de maternitat i després traslladats un grup al CCP 1 l'altre grup
a una granja comercial, on es van conduir tota una altra s¢rie d'experiments. Al marge del
seguiment d'aquests dos lots d'animals, també es va fer un estudi de mortalitat durant el

transport i I'espera en dos escorxadors al llarg de dos mesos.
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Figura 2. Organigrama general del disseny experimental en ambdés lots i els capitols

obtinguts de cada experiment
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El capitol 1 esta basat en
Behavioural patterns and responses to novelty in pigs: the effect of age, time of day and halothane
genotype. E. Fabrega , J. Font , D. Carrion, A. Velarde, J.L. Ruiz-de-la-Torre, A. Diestre, X. Manteca.
Enviat a Applied Animal Behaviour Science, desembre 2001
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CAPITOL 1

Behavioural patterns and responses to novelty in pigs: the effect of age,

time of day and halothane genotype

ABSTRACT

The aim of this study was to investigate the effect of halothane genotype on the
behavioural patterns performed by pigs both in a social group and at an individual level.
A total of 110 piglets (50 Nn and 60 NN) and 80 gilts (40 Nn and 40 NN) were
observed in their farrowing or fattening pens at four commercial farms. The
observations were carried out in two trials (51 piglets and 40 gilts in trial 1 and 59
piglets and 40 gilts in trial 2). Instantaneous scan sampling was used to record the
frequencies of resting, non-sucking activity, sucking/eating or interactions between
individuals. Besides, fifteen Nn and fifteen NN gilts were subjected to three replicates
of an open field test to assess their response to novelty, measuring the number of lines
crossed and number of defecations. Halothane genotype had, in general terms, a small
and inconsistent effect on the behavioural patterns recorded in the piglets’ and gilts’
observations. In contrast, the “time” factor (i.e. age) increased the non-sucking activity
and decreased resting performed by the piglets and had the opposite effect on the gilts'
behaviour (P<0.01). Piglets and gilts were also seen to be more active in the afternoon
compared with the morning (P<0.01). In the open field tests, NN gilts crossed the grid
lines significantly more times compared with Nn gilts (P<0.05), but no differences in
defecation score between genotypes were observed. These results suggest that, whereas
in a social context, factors such as age or time of day have a greater influence on
behaviour than halothane genotype, the gene may have an effect on the appraisal of

novelty or the response to a stressful situation.

Keywords: halothane gene; Pig —social behaviour; open field test; stress.
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INTRODUCTION

The halothane gene (n) has been widely associated with a genetic susceptibility to suffer
stress, since stressful stimuli are likely to trigger a potentially lethal condition known as
malignant hyperthermia (MH) in homozygous positive pigs (nn). Both heterozygous (Nn)
and homozygous positive pigs present a mutation in the ryr-/ gene, which encodes the
skeletal muscle ryanodine receptor (Fujii et al., 1991). The mutation is linked to an
abnormal regulation of the Ca’'-release channel, thereby inducing muscle contracture,
hypermetabolism and hyperthermia (O’Brien et al., 1990). An important research effort has
been directed towards understanding the physiology of these pigs (Marple and Cassens,
1973; Schaefer et al., 1987; O’Brien et al., 1990) and the consequences of the gene on
productive and economical grounds (Larzul et al., 1997; Fisher et al., 2000 Gispert et al.,
2000) as well as to define predictive tests to identify the three halothane genotypes (Fujii et
al., 1991). This research has concluded that nn and Nn individuals present significantly
higher mortality rates during transport and lairage (McPhee et al., 1994; Murray and
Johnson, 1998) and poorer meat quality associated with a higher incidence of Pale, Soft
and Exudative meat (PSE) than NN pigs (Gregory, 1998; Fisher et al., 2000; Gispert et al.,
2000). However, few studies have attempted to unravel how the stress response interacts
with the muscle metabolism of the pigs carrying the gene or whether the gene itself has an
effect on the behaviour or temperament of those individuals.

Although originally the term “stress” was used to refer to the physiological responses
involved in adaptation to the environment, nowadays the term usually refers to the
animal’s state when it is challenged beyond its behavioural and physiological capacity to
adapt to its environment (Terlouw et al., 1997). Thus, suffering stress is generally
associated with a compromise in animal welfare. During the last decade, the study of
individual behavioural differences in “coping styles” in pigs confronted with a challenging
or stressful situation has received much attention, in an attempt to provide information on
the selection of animals that are better adapted to their environment and, thereby, enhance
their welfare (Lawrence et al., 1991; Forkman et al., 1995; Jensen et al., 1995; Erhard and
Mendl, 1999; Thodberg et al., 1999; Ruis et al., 2000). The results of these investigations
searching for individual consistency over a period of time and situations, which would
reflect a general reactivity pattern or temperament, have been somewhat contradictory.

Moreover, most of these studies have not considered the halothane genotype of the pigs as
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playing a role in their potential coping strategy, whereas the assumption of a genetic
predisposition to stress linked to the gene underlies most of meat quality research.

Stress assessment is usually based on physiological and behavioural measurements.
Along that line, the few studies that have investigated the effect of halothane gene on
behaviour or stress physiology have found some differences in some behavioural patterns
(Robert and Dallaire, 1986; Schaefer et al., 1989), cortisol or creatin-phopho kinase rises
after stressful situations (Geers et al., 1994; Gispert et al., 2000) or sympatho-
adrenomedullary functioning (Gregory and Wotton, 1981; de Roth et al., 1989) between
genotypes.

The present study is part of a bigger investigation which aims to elucidate the benefits
of eliminating the halothane gene from the Spanish breeding schemes, taking into account
welfare, productivity and meat quality aspects. The behavioural study aimed at elucidating
whether heterozygous and homozygous negative pigs differed in their behaviour in the
typical social groups in commercial farms or when subjected to a non-social challenge like
an Open Field test. Homozygous positive pigs (nn) were not used because they represent a

low percentage of the Spanish slaughter pigs.

MATERIAL AND METHODS

Experimental housing and animals

The experiments were conducted at four commercial farms with similar housing
conditions and consisted of two trials of observations in farrowing and fattening pens (first
trial from August 1999 to January 2000 and second trial from January 2000 to July 2000)
and one trial of open field tests (June 2000). Piglets were born in standard farrowing crates,
provided with a warm creep area and a nipple drinker. Fattening pigs were kept in groups
of 10 at an space allowance of 1.3 m?/pig, in pens with partly slatted floor and a drinking
bowl. They were fed ad libitum with a standard pelleted growers food. In the first trial, the
pigs observed were crosses of Large White” Landrace halothane free (NN) sows with two
different heterozygous (Nn) terminal sires (Pietrain or Large White” Pietrain). In the
second trial, the same sows were selected but crossed with three different terminal sires, a
Pietrain homozygous positive (nn) and two Pietrain homozygous negative (NN). The rest

of the experimental set up was identical for both trials.
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Between 2 and 4 days of age, eye-teeth and tails were clipped, and iron was injected.
Tail samples were used to determine the halothane genotype of the offspring in the first
trial, using PCR amplification and digestion with restriction enzymes as described by Fujii
et al. (1991). (The HAL-1843 trademark is licensed from Innovations Foundation, Toronto,
Canada). Since sows and boars were all homozygous in the second trial, the halothane
genotype of the offspring only needed to be confirmed with a random sample from 30
piglets. On the first day of age, 8 piglets (4 males and 4 females) were selected from 8
litters to be observed at their farrowing pens according to the protocol described in section
2.2. Removing data from individuals not identified genetically and from piglets which died
during the experiments, a total of 51 individuals (21 Nn and 30 NN) were observed in the
first trial and 59 (29 Nn and 30 NN) in the second one in the farrowing pens.

Piglets were weaned at 3 weeks of age and moved to a transition farm. At 9 weeks of
age pigs were moved to the fattening pens with partly slatted concrete floors, where they
were housed until 25 weeks of age (age of slaughter). There, 20 Nn and 20 NN gilts were
selected and randomly assigned to 4 groups consisting of 10 gilts each (2 groups of Nn
gilts and 2 of NN gilts) and were observed as described in section 2.2. Food (commercial
pelleted dry diets) and water (from nipple drinkers) were available ad libitum.

The observed piglets were weighed one day after birth and at 20 days of age (on the day
before weaning) and the gilts at 180 days of age (two days before slaughter).

Behavioural measurements

The behaviour of the animals in the farrowing and fattening pens was observed directly
using instantaneous scan sampling. The sample intervals were of 1 min for the observation
of the piglets and 3 min for the gilts. Each litter was observed during a total of 12 hours,
distributed in two morning (09:00-12:00) and two afternoon (15:30-18:30) observations of
3 hours each.

In the first trial, each group of gilts was observed for 32 hours, distributed in 16 hours of
morning observations (08:00-12:00) and 16 hours of afternoon observations (13:00-17:00).
Therefore, each group had 4 morning and four afternoon observations of 4 h each.
However, the gilts had to be treated because of a respiratory problem just before the last
observation, thus, these data have been discarded. In the second trial, all four groups were

observed within a day, dividing the 4 hours of the morning and afternoon observations into
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periods of 2 hours. Then, each group in the second trial had 8§ morning and 8 afternoon
observations.

The observations of the 8 litters and 4 groups of gilts were fitted to a Latin square
design so that all groups were observed an equal number of times in the morning and
afternoon. The ethograms defined to record the behaviour are summarised in Table 1 and
Table 2 and were based on those used by Blackshaw et al. (1994) concerning the behaviour
of the piglets and on Jensen (1980) and Schaefer et al. (1989) in relation to the behaviour
of the gilts. These behavioural patterns were reduced to main categories for the analysis.
Concerning the piglets' ethogram, three main categories were defined: non-sucking activity
(including walking, running, interacting with another piglet or the pen or active at udder),
resting (standing, lying or sitting) and sucking. The behaviour of the gilts was reduced to
four general categories: activity (walking, running or exploring the pen), resting (standing,
lying or sitting), eating and interactions (including agonistic and non-agonistic

interactions).

Table 1. Ethogram showing the behavioural categories of the observations of the piglets

Behaviour Definition

Lying Lying on side or sternum in the pen or at the udder
Standing Standing on four legs without movement

Walking Walking through the pen

Running Trotting, galloping through the pen

Sitting Standing on fore-legs, hind quarter on the floor
Exploring Sniffing, rooting, touching the walls or ground of the pen

Interacting with piglet Contacting with another piglet (nudging, pushing, biting, playing)
Sucking From the quiet phase after the piglets stopped massaging the
udder and began sucking with slow movements and the rapid

phase which corresponds to milk flow

Active at udder Nudging udder, scrambling from teat to teat or moving around 25
cm of udder

Other Piglet unsighted or behaving differently from above
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Table 2. Ethogram showing the behavioural categories of the observations of the gilts

Behaviour Definition

Lying Lying on side or sternum

Standing Standing on four legs without movement

Walking Walking through the pen

Running Trotting, galloping through the pen

Sitting Standing on fore-legs, hind quarter on the floor
Exploring Sniffing, rooting, touching the walls or ground of the pen

Agonistic interactions

Non-agonistic interactions

Performing an aggressive (i.e. biting or replacing another gilt) or
submissive (i.e. being replaced or bitten) act towards another gilt

Performing a neutral act towards another gilt (i.e. nudging, nose-
nose contact, nose-body contact)

Eating Head in the feeder
Other Gilt unsighted or behaving differently from above
Open Field tests

Fifteen Nn gilts and fifteen NN of 19 weeks of age were randomly assigned to the open

field (OF) tests. All tests were performed between 08:00 and 10:00. The subjects were

individually tested for 5 min in a test room located in the same building but isolated from

the home pen and measuring 4.5 3.5 m? with 25 equal sized squares painted on the floor.

A video camera was suspended above the centre of the arena and recording commenced

before each pig was introduced to the pen. After the gilt was released in spot number 1, an

observer in a neighbouring room also recorded the following behavioural patterns: number

of lines crossed (i.e. both forelimbs crossed a line), occurrence of defecation (separated by

>10 s) and latency to eat. The arena was cleaned between each test. Tests were carried out

on 6 consecutive days so that each gilt was subjected to three replicates of this test two

days apart from each other.



Behavioural patterns in piglets and growing pigs and individual responses to novelty 55

Statistical analysis

Live weights of both genotypes at 2, 20 and 180 days of age were compared by means
of a Student's t-test.

Mean frequencies of occurrence of the behavioural categories defined were calculated
for each individual and genotype and time (i.e. age) were considered to be repeated
measurements through time. Time of day of observation (i.e. morning or afternoon) proved
to have an effect on behaviour, thus, the comparison of both genotypes was carried out for
the morning and afternoon observations separately. Since only two measurements were
recorded on the piglets’ observations, a t-test for paired data was carried out to compare the
two morning and two afternoon observations and a Student's t-test to compare the
genotypes within each morning and afternoon. For the gilts’ observations, the repeated
measurements analysis was carried out using a PROC MIXED model, with time, genotype
and its interaction as fixed effects. In the first trial, the covariance structure chosen was the
autoregressive (AR(1)). In the second trial, the period in the morning or afternoon (i.e. first
two hours or second two hours) was also considered alongside time and, therefore, the
covariance structure chosen was Unstructured (@ Autoregressive (UN @ AR(1)).

Individual consistency across the three replicates of the open field tests was assessed by
calculating Spearman correlations of the number of lines crossed and defecations (inter-
replicate correlation). Besides, Spearman correlation between number of defecations and
lines crossed within each replicate was estimated (intra-replicate correlation). Latency to
eat was not considered in the analysis because most of the animals did not perform this
behaviour. Since inter-replicate correlations were significant for both number of lines
crossed and defecations, the comparison between genotypes was carried out calculating the
mean value of the three tests for each individual and comparing their rank by the Mann-
Whitney test.

Statistical analysis was performed using the computer software Statistical Analysis
System (SAS system for windows, version 8.1, 1999-2000). Level of significance was set

at P<0.05.
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RESULTS

Live weights

No significant differences were found between the live weights of the piglets or gilts of

each genotype in any of the trials (Table 3).

Table 3. Mean live weights (S.E.) of the animals observed at the farrowing and fattening

pens in trial 1 and 2

Trial 1 Trial 2
NN Nn NN Nn
Live weight at 1 day 1.82 (0.08) 1.77 (0.06) 1.69 (0.06) 1.59 (0.04)
Live weight at 20 days 6.75 (0.26) 6.79 (0.19) 5.64 (0.18) 5.57 (0.14)
Live weight at 180 days  108.53 (2.84)  102.94 (2.49) 102.58 (2.86)  104.85 (2.36)

No significant differences were observed between genotypes

Piglets’ behaviour

Mean frequencies and standard errors of the behavioural patterns performed by the
piglets are summarised in Table 4 and Table 5.

In trial 1 (Table 4), halothane genotype did not affect any of the behaviours defined and
time affected both genotypes equally. Non-sucking activity increased (P<0.01) throughout
the studied period and resting decreased (P<0.05) significantly both in the morning and
afternoon observations. Sucking was not affected significantly by time, but in the
comparison between morning and afternoon, piglets showed a higher frequency of sucking
in the afternoon (P<0.01).

In trial 2 (Table 5), NN individuals showed a higher frequency of sucking in the two
morning observations compared with Nn pigs (P<0.01). Conversely, frequency of non-
sucking activity in the first morning (P<0.05) and resting in the first morning (P<0.01) and
first afternoon (P<0.01) was higher for Nn than NN individuals. As for the changes
through time, in the morning observations, resting increased (P<0.01) for NN piglets and

sucking decreased for both genotypes (P<0.01). In the afternoon observations, resting for
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Nn piglets and sucking for both genotypes (P<0.001) decreased and non-sucking activity
for both genotypes increased (P<0.001).

Table 4. Mean frequencies (S.E.) of the behavioural patterns of the two halothane
genotype piglets (NN and Nn) observed in the farrowing pens in trial 1'

Morning observations Afternoon observations
Ml M2 Al A2
Behaviour NN Nn NN Nn NN Nn NN Nn
Resting 78.5%  77.4° 72.8% 705" 763 77.6° 67.1°  68.1°
(1.47)  (1.43) (3.08) (2.36) (1.67)  (1.20) (2.69) (1.91)
Non-
sucking g2* 9.7° 16.0°  18.0° 98*  92° 18.9°  17.0°
activity (1.14)  (1.02) (2.37)  (1.86) (1.37)  (0.95) (2.41)  (1.65)
Sucking 9.8 99® 9.1  85° 11.1° 104 9.9%  103®
(0.69)  (0.49) (0.58)  (0.44) (0.91)  (0.68) (0.73)  (0.68)

Table 5. Mean frequencies (S.E.) of the behavioural patterns of the two halothane
genotype piglets (NN and Nn) observed in the farrowing pens in trial 2'

Morning observations Afternoon observations
M1 M2 Al A2
Behaviour NN Nn NN Nn NN Nn NN Nn
Resting 68.5* 73.9° 76.5°  78.3° 70.7%  75.2° 73.1%®  704°
0.86) (1.21) (1.46)  (1.56) (1.28)  (0.92) (1.31)  (1.39)
Non-
sucking 10.1*  13.6° 11.4%®  122% 13.1%  103® 16.6°  19.5°
activity 0.67) (1.36) (1.01)  (1.39) (1.01)  (1.08) (1.08)  (1.34)
Sucking 19.8*  10.9° 108>  8.1° 144> 13.1° 8.4° 7.9°¢
(1.11)  (0.58) (0.59)  (0.55) 0.67)  (0.63) (0.46)  (0.39)

! Mean values with different superscripts in the same row differ at P<0.05
M= First morning; M2= Second morning,; Al1= First afternoon; A2= Second afternoon
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Fattening gilts’ behaviour

Mean frequencies and standard errors of the behavioural patterns seen in the fattening
pens are shown in Table 6, 7, 8 and 9.

In the first trial (Table 6 and 7), activity decreased and resting increased (P<0.001)
throughout the period both in the morning and afternoon observations. Interactions were
also affected significantly by time in the afternoons, the first two afternoons showing a
higher frequency compared with the last one (P<0.001). Genotype of the gilts had an effect
on agonistic behaviour the first morning and second afternoon, halothane carriers
performing a higher frequency of interactions compared with halothane free gilts (£<0.05).
The frequency of visits to the feeding trough was also affected by halothane genotype the
first and second morning. In both observations, halothane free gilts showed a higher
frequency of eating behaviour compared with halothane carriers (P<0.05). Halothane did
not affect activity or resting frequencies. In the general comparison between morning and
afternoon, the gilts were observed to be significantly more active during the afternoons
(16.4 £ 5.12 vs. 8.9 + 3.8%, P<0.001).

In the second trial (Tables 8 and 9), activity decreased and resting increased
significantly throughout time in the afternoon observations (P<0.001). In the morning
observations, frequency of interactions was higher during the first morning and then
decreased and kept steady after the third morning (P<0.001). Halothane genotype had an
effect on several behavioural patterns, but it was related to the observation (i.e. the
interaction between genotype and time was significant). In the morning observations, the
frequency of resting was higher for NN individuals in morning 1 (P<0.01), but higher for
Nn gilts in morning 8 (P<0.05). Activity was higher for Nn gilts in morning 1 (P<0.01),
but higher for NN individuals in mornings 2, 3 and 8 (P<0.05). The frequency of eating
behaviour was higher for Nn gilts in mornings 1, 3, and 5 (P<0.01), but it was higher for
NN gilts in morning 6 (P<0.01). In the afternoon observations, halothane carriers showed a
higher frequency of inactivity in afternoon 4 than NN gilts (P<0.01). Frequency of
interactions was found to be higher for NN gilts in afternoon 1 and 4 compared with Nn
gilts (P<0.001), but higher for Nn gilts in afternoon 7 (P<0.05). Halothane carriers were
seen visiting the feeding trough more frequently in afternoon 1 (P<0.01), but halothane

free gilts showed a higher frequency of eating than Nn gilts in afternoon 4 (P<0.05).
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The general comparison between mornings and afternoons showed the same results as

trial 1 (i.e. gilts were more active and visited the feeding trough more frequently in the

afternoons, P<0.001).

Table 6. Mean frequencies (S.E.) of the behavioural patterns of the two halothane

genotype gilts recorded in the morning observations in trial 1'

Morning 1 Morning 2 Morning 3
Behaviour NN Nn NN Nn NN Nn
Resting 70.0° 69.8° 72.1% 76.9° 79.0 € 76.5
(2.46) (2.99) (1.91) (1.63) (1.72) (1.97)
Activity 129 % 16.2° 10.2° 7.6 6.2° 8.1
(1.62) (2.56) (1.15) (0.97) (1.02) (1.19)
Interactions 38° 6.1° 59® 63° 43%® 58%®
(0.56) (0.63) 0.91) (0.84) (0.59) (1.04)
Eating 11.4° 6.5° 104° 7.1° 8.4°% 7.9
(1.01) (0.89) (0.93) (0.70) (1.19) (0.91)

Table 7. Mean frequencies (S.E.) of the behavioural patterns of the two halothane

genotype gilts recorded in the afternoon observations in trial 1'

Afternoon 1 Afternoon 2 Afternoon 3
Behaviour NN Nn NN Nn NN Nn
Resting 53.7° 50.8° 59.6° 56.3° 65.5°¢ 67.7°¢
(2.61) (3.94) (2.01) (2.17) (3.67) (1.99)
Activity 21.1° 25.5° 14.8° 16.8° 11.8°¢ 13.1 %
(1.67) (3.78) (1.31) (1.36) (1.33) (1.35)
Interactions 9.3% 8.7% 9.7% 13.1° 7.6 % 55°¢
(0.83) (1.10) (1.17) (0.84) (1.28) (0.67)
Eating 12.5° 11.2° 13.0° 10.8* 11.5° 10.3®
(1.16) (1.04) (1.11) (0.88) (1.01) (0.75)

! Mean frequencies with different superscripts in the same row differ at P<0.05
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Table 8. Mean frequencies (S.E.) of the behavioural patterns of the two halothane genotype gilts recorded in the morning observations in trial 2

Morning 1 Morning 2 Morning 3 Morning 4 Morning 5 Morning 6 Morning 7 Morning 8
Behaviour NN Nn NN Nn NN Nn NN Nn NN Nn NN Nn NN Nn NN Nn
Resting 80.1° 682° 83.8" 85.6° 91.9° 90.5° 87.2° 883° 913° 88.6° 774 832° 828" 82.8° 748° 81.8°
(2.62) (2.62) (2.38) (2.29) (2.30) (1.85) (1.98) (2.02) (1.29) (0.17) (1.72)  (4.62) (1.52) (2.19) (2.99) (2.27)
Activity 113* 19.8° 113%  65° 484 23°¢ 569 374 439 504 104* 94° 69¢ 79° 123*  65°
(1.86) (2.49) (2.03) (1.41) (1.22) (0.98) (0.88)  (0.69) (1.09)  (0.93) (1.73)  (3.88) (0.92) (1.10) (2.06)  (0.94)
Interactions 3.7%  43° 23°  29° 1.9° 18" 23° 33%® 26° 18" 32 31%® 32%  21° 3.7 29°
(0.58) (0.61) (0.45) (0.74) (1.05)  (0.61) (0.72)  (0.79) (0.55)  (0.56) (0.66) (0.82) (0.81) (0.59) (0.74)  (0.65)
Eating 38 65° 17*  34° 1.1°  38° 39 41° 12¢ 33° 735 34° 54°  54° 63°  6.6°
(0.95) (0.82) (0.69) (0.94) (0.56)  (0.96) (1.14)  (1.05) (0.57)  (0.78) (1.20)  (0.86) (0.93) (1.27) (1.21)  (1.05)

Mean frequencies with different superscripts in the same row differ at P<0.05
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Table 9. Mean frequencies (S.E.) of the behavioural patterns of the two halothane genotype gilts recorded in the afternoon observations in trial 2

Afternoon 1 Afternoon 2 Afternoon 3 Afternoon 4 Afternoon 5 Afternoon 6 Afternoon 7 Afternoon 8
Behaviour NN Nn NN Nn NN Nn NN Nn NN Nn NN Nn NN Nn NN Nn
Resting 5857 64.8° 71.6° 749° 789° 81.7° 726° 824° 85.0° 848° 80.7° 81.1° 91.1¢ 8931 90.5¢ 91.3¢
(4.71)  (1.90) (2.85) (1.63) (2.52) (2.32) (2.93) (3.28) (2.98) (3.09) (3.10) (3.27) (2.04) (2.05) (1.94)  (1.75)
Activity 23.1°% 17.5° 17.1% 145° 93° 76° 132® 93" 6.7° 69° 73> 77° 43°  33° 39¢ 28°¢
(1.77)  (1.51) (2.55) (1.51) (142) (1.21) (2.67) (1.51) (1.48) (1.29) (1.93) (1.72) (0.88) (0.89) (1.02)  (0.57)
Interactions 120 5.0° 33°  21° 33°  31° 52° 23° 18° 27° 44 23° 06¢ 19° 27° 13°
(1.38)  (0.72) (0.82) (0.44) (0.59)  (1.05) (0.87) (0.74) (0.68)  (0.79) (1.43)  (0.72) (0.30)  (0.65) (0.83) (0.57)
Eating 64° 104° 48° 52° 54% 57° 6.1° 43 52 38« 59 65° 2849 44 19¢ 39«
(1.60)  (0.98) (0.74)  (0.72) (1.53) (1.61) (0.96) (1.36) (1.29) (1.27) (1.17)  (1.43) (0.85) (1.11) 0.97) (1.17)

Mean frequencies with different superscripts in the same row differ at P<0.05
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Open field tests

Spearman inter-replicate correlations were found to be significant for all paired
comparisons both for number of grid lines crossed and defecations (P<0.05). Conversely,
intra-replicate correlations (i.e. number of grid lines crossed vs. defecations) were not
significant. According to the mean value of the three tests (Table 10), NN individuals
crossed the grid lines significantly more times than Nn gilts (P<0.05). Mean number of

defecations did not differ between genotypes.

Table 10. Mean values (S.E.) of the parameters recorded during the open field tests for
the two halothane genotypes

Overall mean

Test 1 Test 2 Test 3 rank
Data category NN Nn NN Nn Nn Nn NN Nn
Number of grid ~ 69.8 60.9 79.7 62.4 68.1 57.4 18.6°  12.4°
lines crossed (7.09) (4.78) (7.82) (3.73) (5.15) (6.76)
Number of 1.5 1.4 1.5 1.5 2.0 1.5 16.3*  14.7°
defecations (0.45) (0.24) (0.36) (0.27) (0.40) (0.25)

Overall mean ranks with different superscripts in the same row differ at P<0.05.

DISCUSSION

Although the main objective of this study was to investigate the effect of halothane
genotype on behaviour, the experimental design also enables us to discuss the effects of
age (time factor in the analysis) or period of observation (morning or afternoon).
Moreover, the latter factors surpassed the effects of the genotype in relation to the
behaviour of the pigs in the fattening and farrowing pens. Accordingly, this aspect will be

discussed first.

Effects of age and period of day on the behaviour of piglets and gilts

The results obtained in the farrowing pens are similar to those reported by Blackshaw et
al. (1994, 1997). The increase of non-sucking activity and decrease of resting throughout
the experimental period may be explained not only by the achievement of a certain degree

of physiological and locomotive maturation, but also by the appearance of play behaviour
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and exploration. Previous studies have described how play behaviour appears at about 3-5
days and increases with age, although levelling off at 26-30 days in farm conditions
(Blackshaw et al., 1997) or having a peak between 2 and 6 weeks in semi-natural
conditions (Newberry and Wood-Gush, 1988). Naso-naso contact and piglet play with the
sow, which are believed to be important behavioural patterns in establishing the maternal-
infant bond (Blackshaw and Hagelsa, 1990), also appear one to two days after birth. Also
in agreement with previous investigations (Newberry and Wood-Gush, 1988), the
frequency of sucking decreased throughout the experimental period in the second trial, but
this difference was not significant in the first trial. This lack of accord between results may
be an indication that the age of weaning in the present study (an average of 20 days) is still
a “borderline” period in terms of sucking motivation and physiological maturation. Along
that line, Weary et al. (1999) suggested that separation distress and frustration of sucking
motivation were significant problems when piglets were weaned at less than 4 weeks of
age.

Time of day of observation also significantly affected the behavioural patterns recorded
in the farrowing pens. In line with findings presented by Blackshaw et al. (1997), a higher
frequency of activity was observed in the afternoon. These authors suggested that this was
a reflection of a general increase in wakefulness and physical activity at that time.
However, in contrast to their results, frequency of sucking was found to differ between
morning and afternoon, the latter being higher. This may be associated with
methodological differences, since we recorded frequency whereas they recorded duration
of sucking period, which varies over a period of time (Niwa et al., 1951), but is expected to
be similar at different times of the same day. Moreover, it may possible to speculate that
this higher frequency of sucking in the afternoon could be a reflection of the future daily
food intake patterns in growing pigs, for which two peaks of feeding activity have been
described: a smaller one in the morning and a larger one at the beginning of the afternoon
(de Haer and Merks, 1992).

In general terms, the frequencies of the behaviours performed by the growing gilts are
similar to those reported previously in other works (Marotta et al., 1985; Schaefer et al.,
1989). In this case, time had the opposite effect on gilts’ behaviour compared with the
piglets’: it increased resting and decreased activity. Juvenile individuals may be engaged in
a major non-sucking activity mainly as a result of play behaviour and the physical activity

involved in it. As reported previously, Newberry and Wood-Gush (1988) described a peak
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in play behaviour between 2 and 6 weeks of age and noted that afterwards some of the
behavioural patterns related to it could generate social tension, since pigs would be
establishing their dominance relationships. In the present study, agonistic or non-agonistic
interactions were not included in the “activity” parameter in the gilts’ observations and
were less affected by time, remaining steady throughout most of the observations. This
may be due to the fact that social play behaviour helps to determine dominance patterns
and group hierarchies (Blackshaw et al., 1997), but once these relationships have been
established the physical activity and play contacts decrease and agonistic interactions
appear only in conflict situations. It is also interesting to point out that the decrease in
activity during the experimental period was more important in trial 2 compared with trial 1.
This may be related to the effect of environmental conditions on behaviour, as observations
of trial 1 were carried out from October to December whereas those of trial 2 from April to
June when the increasing heat may have resulted in higher inactivity frequencies.

Time of day of observation also had an effect on behaviour of the gilts, being the
general frequency of activity and eating more in the afternoon like in the piglets’
observations. As reported previously, daily food intake patterns in growing pigs include
two feeding peaks, the one at the beginning of the afternoon being more pronounced (de
Haer and Merks, 1992; Labroue and Malbert, 1995). In natural conditions, behavioural
synchronization in animals living in groups by means of social facilitation has been given
an adaptive value (Pulliam and Caraco, 1984). Although this benefit does not apply in farm
conditions, Morgan et al. (1999) argued that the underlying behavioural mechanisms may
remain. Thus, these preferred feeding peaks may be a consequence of social facilitation
which may also have an effect on general activity. Another interesting remark is the fact
that, in the second trial, even though the general feeding frequency (i.e. the average of the
8 morning or 8 afternoon observations) was found to be higher in the afternoon, the
morning peak increased throughout time and was higher than the afternoon peak in the last
observations. This may be attributed again to the environmental conditions, as in summer

most species have been observed to concentrate their activities at dawn and dusk.

Effect of halothane genotype on behaviour

In general terms, halothane genotype had a small effect on the behaviour of the piglets

and gilts in both trials. The two halothane genotypes piglets and gilts differed significantly
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in several behavioural patterns, but the differences were not consistent during the
experiments (for example, in trial 2 Nn pigs were seen to be more active than NN the first
morning but less active the second morning). Although the results of Schaefer et al. (1989)
suggested that there could be some specific differences in behaviour among halothane free,
halothane carriers and halothane positive individuals, the present study does not provide
enough evidence to support clear-cut different behavioural strategies between Nn and NN
pigs in normal farm groups. It is interesting to point out that Schaefer et al. (1989) found
that the major differences lie between nn and NN pigs, whereas in the present study nn
pigs were not included because they represent a low percentage of the Spanish fattening
pig population. Furthermore, as discussed previously, factors such as age and time of day
proved to have a more important impact on social group behaviour and dynamics than the
halothane background of the individuals.

However, the results of the open field tests suggest that individual differences may be
found between Nn and NN pigs when challenged by a presumably frightening or stressful
situation. Behaviour of an individual in an open field test results from the conflicting
motivations between exploration and fear-aversion of a new environment (Gray, 1987).
The usual interpretation of the open field data in rodents has been that a high defecation
rate and low activity indicate a high level of fear or emotionality (Broadhurst, 1954). Other
investigations on rodents, however, have suggested that measurements of defecation and
locomotion in the open field test load on two different independent components, which
represent emotionality and activity, respectively (Ramos et al., 1997). In pigs, the
interpretation of the open field test has also been somewhat contradictory. Some
investigations (Spoolder et al., 1996; Thodberg et al., 1999) have found that the biggest
proportion of the variance was explained by behaviour related to fear, whereas some other
studies have described exploration-activity as the major component of the variance (Jensen
et al., 1995; Andersen et al., 2000). These differences may be linked to a certain age
dependency in exploratory behaviour (Wood-Gush et al., 1990). Piglets, as used by Jensen
et al. (1995), are in an earlier developmental stage and have no previous experience with
novelty, and this can explain a higher motivation to explore compared with gilts as used by
Thodberg et al. (1999). Thus, in the present study, the higher immobility of Nn gilts may
be related to a more fearful appraisal of novelty. Shea-Moore (1998) also found that pigs
selected for high levels of lean gain showed lower levels of activity in an open field test

than pigs selected for low levels of lean gain, even though straightforward comparisons are
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not possible because they did not determine halothane genotype. Along that line, disturbed
corticosteroid levels (i.e. very low or very high) have been found to influence the
behavioural reactivity to novelty in rats (Oitzl et al., 1994) and this relationship may also
exist in pigs (de Jong et al., 2000). Unfortunately, no data on cortisol levels were available
in the present study. However, other investigations (Marple and Cassens, 1974; Fabrega et
al., 2001) have found higher cortisol rises in halothane carriers after stressful situations.
Therefore, it can be argued that differences in behavioural reactivity to novelty between
NN and Nn pigs could be mediated by cortisol circulating levels, although further research
is necessary to test this hypothesis.

Another interesting result was the lack of correlation between defecation and
locomotive activity. In line with this finding, Hutson et al. (2000) found that elimination in
open field tests failed to discriminate between different aversive stimuli and Andersen et
al. (2000) also reported no correlation between the defecation score and locomotion or the
rotated factors in their principal component analysis (i.e. “fear of novelty” or “activity”).
For this reason, the latter authors suggested that defecation in pigs may not represent a
general response to frightening situations in the same manner as for rodents.

Literature on consistency of replicates of tests and on inter-test correlations also
presents controversial results, which have been attributed to differences in the stability of
the underlying motivations of the behavioural and physiological reactions to a certain test
(Erhard and Mendl, 1999; Ruis et al., 2000). To some extent, the time span between
subsequent tests may be one of the explanations for these conflicting results, since
perception of novelty may change not only by habituation but also by aging. The replicates
in the present study were two days apart and, in agreement with studies with a similar time
span (Hessing et al., 1994; Jensen et al., 1995), a significant correlation was found between
them for both genotypes. Other studies have reported that susceptibility to tonic immobility
changes across different test days (Erhard and Mendl, 1999) or that willingness of pigs to
move from their home pens voluntarily increases upon reexposure (Geverink et al., 1998).
In the present investigation, it could be that a larger number of repetitions should have

been required in order to observe a reduction in fearfulness.
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CONCLUSIONS

Although halothane gene had a non-consistent effect on the behavioural patterns of
piglets and gilts in their social groups, the results of the open field test indicate that
differences in the reactions of Nn and NN gilts to a novel environment may exist. This
would support the assumption that halothane gene influences the stress response not only
because of the differences in muscle metabolism, but also because of a different perception

of aversive or novel situations.
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CAPITOL 2

Effects of halothane genotype and pre-slaughter treatment on meat

quality and welfare from two pig crosses

ABSTRACT

Pigs from the crosses of a Pietrain (Pi) and a Large White” Pietrain (LwP1i) heterozygous
(Nn) boar lines with Landrace” Large White homozygous negative (NN) sows, were used
to study the effect of halothane genotype and pre-slaughter treatment on animal welfare
and meat quality. A total of 83 gilts (47 NN and 36 Nn) were assigned to a long treatment
(3 h 15 min transport and 12 h lairage) and 73 (39 NN and 34 Nn) to a short treatment (30
min transport and 2 h lairage). Heart rate was recorded throughout loading and transport.
Blood samples were collected before loading, after transport, and at exsanguination to
measure cortisol, creatine phospho-kinase (CPK) and lactate dehydrogenase (LDH).
Carcasses were classified and commercial cutting was carried out. Meat quality was
assessed on the Longisimus thoracis muscle by measuring electrical conductivity (PQM),
colour (Minolta CR 200 and Japanese scale) and ultimate pH. Loin drip losses were
assessed at 24 h. Halothane carriers showed a higher increase in cortisol levels after
transport and exsanguination in the long treatment (P<0.05) as well as in LDH and CPK
after exsanguination in the short treatment (P<0.05). In this treatment, halothane free pigs
recovered during lairage when comparing LDH and CPK increases after exsanguination to
their increases after transport. No effect of halothane genotype on heart rate was observed.
Pi sired pigs were leaner and had higher yields of leg and loin compared with LwPi sired
pigs (P<0.001), but no differences in meat quality were observed between crosses.
Halothane carriers had a higher estimated lean content (P<0.01) and shoulder and leg
yields (P<0.01), but poorer meat quality than non-carriers (i.e. higher incidence of PSE
meat, P<0.001). Although pre-slaughter treatment and halothane genotype did not
significantly affect pHu, significantly higher L*, a* and b* values found in the short
treatment and Nn individuals indicated paler meat. These results suggest that for improving
meat quality and welfare the halothane gene should be removed from the present breeding

schemes.

Keywords: Pigs; Halothane genotype; Pre-slaughter; Meat quality; Welfare.
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INTRODUCTION

The pre-slaughter handling of pigs has been divided in two major periods: the transit
from the production unit to the slaughter plant and lairage at the abattoir. Both transport
and lairage have important implications on economic and welfare grounds (Lambooij,
2000). Many factors interact during the pre-slaughter period (i.e. ambient temperature,
humidity, stocking densities, transport or lairage duration, management). Along that line,
the halothane status of the pig has been thought to play a role in the response of the
individual to pre-slaughter handling (Grandin & Dessen, 1998; Fisher, Mellett & Hoffman,
2000). The halothane gene (n) has been associated with genetic susceptibility to stress,
because stressful conditions such as transportation can trigger Malignant Hyperthermia
Syndrome (MHS), especially in homozygous positive pigs (nn), ultimately leading to death
(Cassens, Marple & Eikelenboom, 1975; Webb, Cardin, Smith & Imlah, 1982). The
commercial interest of this gene is associated with the superior lean content and
conformation of nn pigs compared with pigs free of this mutation (NN), due to lower fat
and bone proportions and better carcass weight distribution (Webb & Simpson, 1986;
Oliver, Gispert & Diestre, 1993). However, nn pigs have also been found to show higher
mortality rates during transport and lairage, and thus impoverished welfare, and be more
prone to produce pale, soft and exudative meat (PSE; McPhee, Daniels, Kramer, Macbeth
& Noble, 1994; Murray & Johnson, 1998). The scientific literature on the characteristics of
heterozygous pigs (Nn) is more controversial. Recent studies indicate that carriers (Nn) do
have certain advantages compared with halothane negative (NN) pigs such as better feed
efficiency, greater carcass yield and higher carcass lean contents, but also a higher
incidence of PSE (Leach, Ellis, Sutton, McKeith & Wilson, 1996; Larzul et al., 1997; de
Smet, Bloemen, van de Voorde, Spincemaille & Berckmans, 1998; Fisher et al., 2000).
Nevertheless, other studies conducted by McPhee & Trout (1995) and Garcia-Macias et al.
(1996) found that the n allele has very little effect on carcass traits. Moreover, mortality
rate during transport and lairage has also been found to be higher in Nn individuals
compared with NN (Murray & Johnson, 1998; Fabrega, Diestre, Carrion, Font & Manteca,
2001).

Since the interaction between genotype, pre-slaughter treatment and environmental
conditions is considered important in determining welfare conditions and final quality,

recent studies have tried to undertake a broader approach in correlating stress and meat
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quality parameters (Barton Gade & Christensen, 1998; Warriss et al., 1998; Gispert et al.,
2000). However there are few published reports which relate halothane genotype, carcass
and meat quality traits with a complete stress assessment (including blood profile,
behaviour and other physiological measurements such as heart rate). Geers et al. (1994)
compared the three halothane genotypes in a 2 h transportation and concluded that heart
rate and body temperature could be used to assess stress during handling and transport. In
their experiments, halothane negative pigs (NN) showed higher cortisol concentrations and
emotionality, but lower heart rate. However, they did not measure meat and carcass quality
traits. Other investigations have reported the effect of different pre-slaughter conditions on
blood profile indices (Warriss, Brown, Edwards & Knowles, 1998), but have not related
their results to the halothane status of the pigs.

The aim of this study was to investigate the effect of halothane genotype on carcass and
meat quality traits and welfare of Nn and NN pigs subjected to two different pre-slaughter

treatments involving different transport and lairage durations.

MATERIAL AND METHODS

Animals

The 194 pigs (156 gilts and 38 castrates) used in this study were obtained from crosses
of Landrace” Large White homozygous (NN) sows with two different terminal sires, a
Pietrain (Pi) and a Large White” Pietrain (LwPi) boar lines, both heterozygous (Nn). The
pigs were reared on a commercial farm. The halothane genotype of the progeny and
offspring was determined from a hair or tail sample by PCR amplification and digestion
with restriction enzymes as described by Fujii et al. (1991). (The HAL-1843 trademark is
licensed from Innovations Foundation, Toronto, Canada). The distribution of the halothane
genotype in the studied animals was 123 NN and 71 Nn. All the pigs were weighed the day
before slaughter using the Allflex FX11? electronic weighing system.

Pre-slaughter conditions

The experiment was carried out during one week in winter (28 February-2 March 2000).

Both gilts and castrates were transported together, but for statistical analysis only the data
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obtained from the gilts was used, because the number of castrates was not equally
distributed between the different pre-slaughter treatments. These two different pre-
slaughter treatments (short and long) were defined according to the length of the transport
and the lairage times. The duration of the transportations was 30 min, and 3 h and 15 min
for the short and long conditions, respectively, and duration of lairage was 2 h and 12 h,
respectively. Animals from both pre-slaughter treatments were slaughtered together at
12:00. The pigs subjected to the long pre-slaughter conditions were loaded the day before
slaughter from 19:30 to 20:30 and unloaded at the abattoir at 23:45. In the short treatment
the pigs were loaded the day of slaughter from 8:30 to 9:30 and unloaded at the abattoir at
10:00. A total of 83 gilts were delivered in the long treatment distributed between 47 NN
(19 Pi sired and 28 LwPi sired pigs) and 36 Nn (13 Pi sired and 23 LwPi sired pigs) gilts.
A total of 73 gilts were delivered in the short treatment, distributed between 39 NN (21 Pi
sired and 18 LwPi sired pigs) and 34 Nn (23 Pi sired and 11 LwPi sired pigs) individuals.
The average outdoor temperature during transport and unloading ranged from 7 to 13 °C
and from —1 to 4 °C for the long and short treatments, respectively.

All pigs were subjected to the same on-farm fasting time (12 h) and stocking density
during transport (0.5 m*/100 kg pig). The same lorry was used for the long and short pre-
slaughter treatment, but with a different driver. The lorry was a rigid truck with three decks
divided in eight compartments each deck (1.40” 2 m each compartment) and equipped with
natural ventilation and hydraulic lifts for loading and unloading. No electric goads were
used, either during transport or lairage. Mixing of unfamiliar animals was avoided during
transport, but not at lairage. Stocking density at lairage was 0.45 m*/100 kg pig, in pens of
70-80 individuals. The animals were showered after unloading and drinking water was
available throughout the lairage period. Electrical stunning was used with an automatic
head-to-heart electrical system combined with a chest belt restrainer, with 225-300 V and
2-2.95 A in the head electrodes and 1.5-2 A in the cardiac electrode (MIDAS® Stunning
System, Stork RMS, Holland). The slaughter line speed was 600 pigs/h.

Physiological measurements

For each treatment, 10 gilts (5 NN and 5 Nn) were selected to record their heart rate and
blood indices of stress such as cortisol, creatine phospho-kinase (CPK) and lactate

dehydrogenase (LDH). These gilts were transported in the same conditions and lorry as the
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rest of animals, but placed individually to prevent damage to the heart rate monitors,
dividing each of five compartments of the upper tier into two.

Measurements of heart rate were taken using the Polar system (Polar Vantage NV, Polar
Electro, Oy, Finland). This heart rate monitor is composed of a chest band inside which are
the conductive electrodes, a sensor/transmitter connected to the chest strap and a wrist
monitor storing the information which is later transferred to an electronic reading device.
The electrode belt with built-in transmitter was fitted around the thorax of the pig caudal to
the forelimbs. The receiver was protected positioned on the belt on the dorsal midline.
Medical tape (OmniplastO, Hatmann) was fitted around the belt and receiver for
protection. The devices were attached to the pigs 2 h before they were loaded, but for the
statistical analysis only the 30 min corresponding to the loading procedure were
considered. The frequency of heart beats was measured every minute. The arithmetic mean
of heart rate values was calculated for every 5 min period. Two gilts in the long treatment
and three in the short treatment were discarded because their recordings contained more
than 60% missing data. Therefore, the analysis has been performed for 4 NN pigs and 4 Nn
in the long treatment and 3 NN and 4 Nn in the short one. Heart rate devices were removed
in the lorry when the animals arrived at the abattoir.

Three blood samples were collected for each of the 20 gilts monitored. The first one was
taken on the farm before loading, when the animals were restrained prior to attaching the
heart rate devices. This sample was considered the basal index of each pig, taking care that
the sample was collected within 2-3 min before the beginning of the blood sampling
procedure to avoid major influences of the sampling procedure itself. The second sample
was collected just after the arrival of the lorry at the abattoir after unloading, and the third
one at exsanguination. Samples one and two were collected from the jugular vein using 10
ml sodium heparin-coated evacuated tubes (Vacutainer™). Immediately after blood
collection tubes were stored in a cooler at 5-10 °C. Within 30 min blood samples were
centrifuged (15 min at 10 xg). Plasma obtained was put into cryotubes of 1 ml and frozen
and stored at —20 °C pending analysis. Cortisol concentrations were determined by
competitive enzyme-immunoassay (Cortisol ELISA, DRG Diagnostics, EIA-1887) and
expressed in ng/ml. Each sample was analysed twice to determine cortisol concentration
and the average between both determinations was used for statistical analysis. CPK and

LDH were assessed by enzyme kits (COBAS MIRA) at 37 °C, by standard methods
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recommended by the International Federation of Clinical Chemistry (IFCC). The results

were expressed in UI/I.

Measurements of carcass and meat quality

The carcass weight and its estimated lean content using the Fat-o-Meater grading probe
(FOM; Gispert & Diestre, 1994) were recorded for each carcass after slaughter before
chilling. The carcasses were in a chilling tunnel for 1 h and 45 min at -7, -3 and 1 °C and
after kept in conventional chilling rooms at 1-3 °C for 2 h. The left carcass was
commercially cut and the shoulder, leg, loin and belly were weighed at 4 h post-mortem.

The trimmed loins were kept in refrigeration (3-4 °C) for 24 h and re-weighed to
determine drip losses. Then, meat quality was assessed by measuring ultimate pH (pHu) in
the Longisimus thoracis muscle using a hand held Crison micro pH 2001 meter, with a
xerolite electrode. The pH meter was calibrated in pH 4 and pH 7 buffers and re-calibrated
after every 20 readings. Also at 24 h after slaughter, electrical conductivity with the Pork
Quality Meter (PQM-I-INTEK, Gmbh, Germany) was measured and the colour of the loins
in the transversal cut at the level of the last rib was evaluated subjectively using the
Japanese scale (1-5) and objectively determining the Comission Internationale de
I’Eclairage (1976) (CIE) values (L", ¢ and b") with the Minolta CR200. Loins showing
PQM values >4 were classified as PSE, whereas the loins showing pHu values >6.00 were

classified as Dark, Firm and Dry (DFD).

Statistical analysis

The data were analysed statistically by the Statistical Analysis System (SAS system for
Windows, v. 8.1, 1999-2000). Differences between the variables were accepted as being
significant if P<0.05.

The effects of halothane genotype and terminal sire on carcass quality traits were
analysed by least-square procedures, using the General Linear Models (GLM). The
following model was fitted for main effects (genotype and terminal boar) as well as

interactions between main effects, using the carcass weight at slaughter as a covariate:

Yig =w+ H; + T;+ HT; + bWy + e
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where Y =dependent variable; u=overall mean; H=ith halothane genotype effect
(7=Nn or NN); T;=jth terminal boar effect (/=Pi or LwPi); HT,=interaction between

genotype and terminal sire; bW =carcass weight; e;=residual error.

The model to analyse the effect of halothane genotype and pre-slaughter treatment on

the meat quality traits was the following one:

Ylj:M+]_Il+Pj+HPlj+e’j

where Y;=dependent variable; u= overall mean; H;=ith halothane genotype effect (i=Nn
or NN); P=jth pre-slaughter treatment effect (j=short or long); HP;=interaction between
genotype and pre-slaughter treatment; e;=residual error.

In a preliminary analysis, terminal sire did not have any significant effect on meat
quality traits and, therefore, was not included in the final model. Because none of the
interaction terms in the analysis of variance were significant, all models were reduced to
main effects only.

A Chi Square test was applied to compare the distribution of the frequencies of PSE
carcasses, according to the halothane genotype or pre-slaughter treatment. Following the
classification criteria described previously, only 4 carcasses were classified as DFD.
Therefore, Chi Square could not be performed in this case.

Physiological measurements of both genotypes were only compared within each pre-
slaughter treatment, because of the different individual and environmental conditions or
circadian rhythms which could have affected the results.

The effect of halothane genotype on heart rate was analysed by the PROC MIXED
procedure with the means of heart rate every five min as a repeated measure. The model
was fitted for the autoregressive (1) (AR (1)) covariance structure. Genotype, time and
their interaction were included in the model as main effects. The analysis was carried out
for the whole period of loading and transport, and, also, for the 30 min corresponding to
the loading procedure and the lorry period separately.

In a preliminary statistical analysis, differences in the absolute starting levels (sample 1)
of cortisol, LDH and CPK between genotypes were analysed by means of an ANOVA test
(cortisol) and a Mann-Whitney test (LDH and CPK). No significant differences were

observed and, then, cortisol, LDH and CPK were analysed estimating the ratio between the
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value obtained in sample 2 (after transport) and sample 3 (after exsanguination) and the
baseline level before transport (sample 1). The ratios obtained from NN and Nn individuals
were compared using a Student’s t-test. Ratio 1 (R1, increase after transport) and ratio 2
(R2, increase after lairage and slaughter) were compared also using a Paired t-test, within

pre-slaughter treatment.

RESULTS

Physiological measurements

Mean starting levels and standard errors of cortisol (ng/ml) were 41.38 (S.E.=6.73) and
55.88 (S.E.=10.61) in the short treatment and 40.41 (S.E.=9.13) and 29.39 (S.E.=8.47) in
the long treatment, for NN and Nn individuals, respectively. Mean starting levels of LDH
(UI/T) were 982.40 (S.E.=73.67) and 961.80 (S.E.=97.04) in the short treatment and 770.80
(S.E.=90.88) and 962.6 (S.E.=117.15) in the long treatment, for NN and Nn individuals,
respectively. Mean starting levels and standard errors of CPK (UI/I) were 2931.80
(S.E.=660.13) and 5364.0 (S.E.=976.06) in the short treatment and 3117.00 (S.E.=425.35)
and 4866.00 (S.E.=951.41) in the long treatment, for NN and Nn individuals, respectively.
No significant differences between genotypes were observed in any of these parameters.

Means and standard errors of cortisol, LDH and CPK increase after transport (R1) and
after lairage (R2) from the two halothane genotypes within each pre-slaughter treatments
are given in Table 1.

In the short treatment, halothane genotype affected significantly LDH and CPK
increase. LDH increase after exsanguination was higher in Nn pigs compared with NN
(P<0.01). There was also a significant difference between LDH RI1 and R2 in NN
individuals, the increase after transport being higher than the increase after exsanguination
(P<0.05). In relation to CPK concentrations, the increase after transport was significantly
higher in NN individuals compared with Nn (P<0.05), but higher in Nn pigs after
exsanguination (P<0.05). Halothane NN pigs experienced a significantly higher increase of
CPK after transport compared with their increase after exsanguination (P<0.05). However,
no differences were observed in cortisol increase in the short pre-slaughter treatment. In

the long treatment, cortisol increased significantly more in Nn pigs NN both after transport



Carcass and meat quality and welfare under different pre-slaughter treatments 81

and after exsanguination (P<0.05). LDH and CPK increase after either transport or

exsanguination were not different between genotypes.

Table 1.- Means and standard errors of cortisol, LDH and CPK increase after transport
(R1) and exsanguination (R2) in the different halothane genotypes compared within pre-

slaughter treatments

Short Treatment Long treatment
Halothane status Halothane status

Blood index Ratio NN Nn P NN Nn P

R1 2.9 (0.64) 2.0(0.13) NS 1.2(0.28) 3.2(0.73) *
Cortisol

R2 2.2(0.19) 2.4(0.45) NS 1.9 (0.67) 3.2(0.29) *

R1 2.2 (0.36)" 1.8(0.23) NS 2.5(0.51) 1.6 (0.4) NS
LDH

R2 1.1 (0.15)b 1.9 (0.15)  ** 1.3(0.36) 3.6(2.16) NS

R1 3.2(0.49)* 1.7(0.11) * 1.9 (0.41) 1.7(0.36) NS
CPK

R2 09 (0.19)b 2.7(0.79) * 2.1(039) 5.2(3.56) NS

P refers to differences between halothane genotypes within each pre-slaughter treatment
(*¥* P<0.01; * P<0.05.)

“b Different superscripts indicate a significant difference between ratios within a genotype
(P<0.05).

In Fig.1, the changes in heart rate of both genotypes (NN and Nn) in the long and short
treatment (a and b, respectively) are shown. Halothane genotype did not affect heart rate
significantly either during loading, transportation or in both combined in any of the two
pre-slaughter treatments studied. Mean heart rates during the short treatment were 137.4
(S.E.=3.39) and 130.3 (S.E.=3.38), and, during the long treatment, 121.3 (S.E.=2.46) and
119.6 (S.E.=2.43), for NN and Nn pigs, respectively. In the short treatment, the interaction
between genotype and time was highly significant (P<0.001) both in the combined loading
and transport analysis and during the loading period. Mean heart rates for NN pigs were
higher during the loading compared with Nn pigs (150.43 vs. 136.5), but were similar
during the transport time (122.8 vs. 123.4), as shown in Figure 1 b. In the long treatment,

there was a significant effect of time on heart rate during transport (P<0.05). As shown in
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Figure 1 a, during transportation both halothane genotypes experienced an increase in their

heart rates in the period between 90 and 150 min after the beginning of transport.

Figure 1. Means of heart rate during loading and transport of the two halothane

genotypes in the long treatment (a) and short treatment (b)
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Carcass and meat quality

As shown in Table 2, there was a significant effect of terminal sire on all the parameters
of carcass quality, except for shoulder proportion. The progeny of the LwP1 sire line had a
significantly higher live weight (P<0.001), carcass weight (P<0.001), backfat thickness
(P<0.001) and belly yield (P<0.001) compared with Pi progeny. Conversely, Pi
descendants had a significantly higher killing out (£<0.05), loin depth (P<0.001), lower
backfat thickness (P<0.001) and, consequently, more estimated lean content (608.5 vs.
586.9 g/kg) compared with LwPi pigs. Loin and leg proportions as well were significantly

higher (P<0.001) in Pi sired pigs.

Table 2. Least Square Means and standard errors of carcass quality traits in the different

terminal sires and halothane genotypes

Terminal Sire

Halothane genotype

LwPi Pi P NN Nn P

Live weight (kg) 105.4 (1.23) 94.9(1.22) *** 100.6 (1.14) 99.7 (1.28) NS
Carcass weight (kg) 80.2(0.97) 72.3(0.98) *** 76.4(091) 76.2(1.01) NS
Killing out (g/kg) 757.5(0.20) 764.9 (0.21) *  758.8(1.81) 763.6(2.01) NS
Last rib backfat (mm) 12.1(0.26) 10.6(0.26) *** 11.5(0.23) 11.1(0.25) NS
_ last rib backfat (mm) 13.4(0.26) 11.8(0.26) *** 12.9(0.23) 12.3(0.26) *
_ loin depth (mm) 56.8(0.48) 60.6 (0.5) *** 57.9(0.43) 59.6(0.48) **
Estimated lean content (g/kg) 586.9 (2.73) 608.5 (4.90) *** 592.7 (2.40) 602.7 (2.71) **
Carcass Weight Distribution

Loin (g/kg) 41.6 (0.39) 44.0(0.38) *** 429(0.34) 42.9(0.39) NS

Leg (g/kg) 146.4 (0.66) 151.0(0.69) *** 147.1 (0.61) 150.3 (0.68) ***

Belly (g/kg) 34.5(0.63) 30.2(0.65) *** 31.9(5.76) 32.8(6.49) NS

Shoulder (g/kg) 61.5(0.44) 62.1(0.45) NS 60.8(0.41) 62.8(0.45) **

* P<0.05; ** P<0.01; *** P<0.001

Halothane genotype had a significant effect on backfat thickness measured at the level

of the 3-4 last rib, loin depth, estimated lean content, leg and shoulder proportions.
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Halothane Nn individuals had a lower backfat thickness (£<0.05) and higher loin depth
(P<0.01) and, consequently, a higher estimated lean content (602.7 vs. 592.7 g/kg, P<0.01)
compared with NN pigs. Leg (P<0.001) and shoulder (P<0.01) proportions were also
significantly higher for halothane carriers.

Pre-slaughter treatment only significantly affected (P<0.05) the Minolta measurements
of colour (Table 3). The long treatment resulted in darker loins than the short one (L* 49.5
vs. 47.8, respectively). Halothane genotype had a significant effect on all meat quality
parameters, except for pHu. Halothane carriers had a higher PQM value than NN pigs
(P<0.001) and, therefore, PSE incidence was significantly higher (P<0.001) for halothane
carriers (32.8 vs. 9.5%). Meat colour was paler for Nn pigs compared with non-carriers,
both according to the Minolta measurements and subjective colour evaluation (P<0.001).

Loin drip loss was also significantly higher for Nn than for NN pigs (15.5 vs. 11.0 g/kg).

Table 3.- Least Square Means and standard errors of meat quality traits in the different

pre-slaughter treatments and halothane genotypes

Pre-slaughter treatment Halothane genotype
Short Long P NN Nn P
pHoy LT 5.6 (0.02) 5.7 (0.02) NS 5.8 (0.02) 5.7(0.03) NS
PQMy LT 5.3(0.35) 49(0.35) NS 3.1(0.32) 7.2(0.36)  H**
Minolta L * 49.5(0.48) 47.8(0.56) * 46.9 (0.45) 50.4 (0.52)  ***
Minolta a " 7.9 (0.17) 7.3 (0.17) * 7.5 (0.15) 8.4(0.24)  x**
Minolta b * 1.8 (0.14) 1.4 (0.14) * 1.3 (0.13) 1.9 (0.15) *x
Subjective colour 2.6 (0.07) 2.6(0.08) NS 2.7 (0.07) 24(0.07)  H*x

Loin drip loss (g/kg) ~ 12.9(0.62) 13.5(0.64) NS  11.0(0.59) 15.5(0.67) ***

PSE (%) 212 21.2 NS 9.5 32.8 Hkk

* P<0.05; ** P<0.01; *** P<0.001
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DISCUSSION

Physiological measurements

A direct comparison between pre-slaughter treatments is not possible, because of the
effect of environmental conditions (i.e. ambient temperature on body temperature) on the
parameters studied, of circadian rhythm on cortisol levels or the effect of individual
variation in their response to aversive stimuli. Stress assessment using blood indices raises
some problems in the interpretation of data, because there is relatively little information
about the exact time responses to stress and the half-lives of these substances in the blood.
Moreover, these parameters have been said to vary with the intensity of the stress or the
time of day of stressor application (Ruis et al., 1997). However, the most frequently
monitored physiological response to acute stress is increased secretion of
glucocorticosteroids. Based on the results shown in Table 1, halothane carriers suffered a
significantly higher increase of cortisol both after transport and exsanguination in the long
treatment. These findings are in agreement with the generalized idea that the halothane
gene is linked to a higher susceptibility to stress. As argued by Geers et al. (1994), these
results may reflect a different appraisal or reaction to stress between genetic lines.

LDH and CPK are commonly used as indicators of muscle damage, even though they
can be released into the blood under other circumstances such as vigorous exercise. The
results obtained in the present study do not allow us to draw clear conclusions about the
effect of the gene on these parameters, since halothane carriers showed a higher increase of
LDH and CPK after exsanguination in the short treatment, but the increase was higher for
NN pigs after transport. However, there are two points which may be discussed. First, the
fact that NN individuals experienced a significant decrease of LDH and CPK ratios after
exsanguination in relation to the ratio after transport in the short treatment, whereas this
ratio tended to increase for Nn pigs. Provided circulating levels of these substances
respond and recover quite rapidly (Kramer & Hoffman, 1997), the sample obtained after
exsanguination may measure mainly the physical exertion suffered in the race system
immediately before stunning and to some extent the effect of lairage. Thus, the results
related to the sample obtained after exsanguination, may suggest either that pre-slaughter
handling at the abattoir may affect both genotypes differently in terms of physical stress or

that recovery associated with lairage rest may be more important amongst halothane free
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pigs than halothane carriers. Secondly, it is also important to note that halothane carriers
showed a wider variation in their individual response than halothane free gilts, especially
regarding the LDH and CPK increase in the long treatment after exsanguinations (R2).
Consistent individual differences in their behavioural and physiological responsiveness to
aversive situations have been observed in pigs (Lawrence, Terlouw & Illius, 1991; von
Borell and Ladewig, 1992). Further research would be required to elucidate whether
halothane gene is related to more individual variability in the stress response.

As for heart rate, halothane genotype did not show a significant effect. This is in
agreement with the findings reported by Geers et al. (1994), who found higher heart rate
and lower body temperature means for nn pigs compared with NN and Nn after transport,
but did not find significant differences between heterozygous and dominant homozygous.
These authors suggested that handling and transport had a greater effect on halothane nn
pigs, even though halothane NN showed a higher emotional response during loading. Our
results do not provide evidence to support the idea that the n allele in the heterozygous
individuals has a significant effect on heart rate. However, the continuous recording of data
showed that loading imposed more stress than transport itself, as reflected in the higher
mean heart rates recorded in this period. This ties in with the assumption that loading and
unloading represent the highest stress during transport, which may be attributable to
climbing and descending the ramp or being handled (Geverink et al., 1998). In the repeated
measures analysis, the fact that the factor time showed in the long transport a significant
effect indicates that the actual procedure of transportation also generates stressful stimuli,
as described previously (Vill¢ et al., 1993; Geverink et al., 1998). Unfortunately, not
enough data on driving conditions was recorded to explain the increase in heart rate
observed in the long transportation in the period between 90 and 150 min. However, rough
journeys have been found to be more stressful to the animals (Bradshaw, Hall & Broom,
1996; Ruiz-de-la-Torre et al., 2001), and this peak could be related to rougher road
conditions. The significant interaction between time and genotype in the short treatment
may be explained by the fact that halothane NN pigs had higher heart rate during loading
but they decreased more rapidly with time, compared with Nn pigs which presented

steadier heart rates.
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Carcass and meat quality

The higher lean content for Nn individuals obtained compared with NN is in agreement
with previous findings (Leach et al., 1996; Larzul et al., 1997; de Smet et al., 1998). Other
studies (McPhee & Trout, 1995; de Smet, Pauwels, de Bie, Demeyer, Calewier &
Eeckhout, 1996; Garcia-Macias et al., 1996) found no significant differences between NN
and Nn individuals in relation to lean content. Furthermore, O’Brien, Ball, and MacLennan
(1994) suggested that the increase in lean yield associated with heterozygosity could be
breed dependent. In the present study, breed effects on carcass composition surpassed
those of halothane gene, but no significant interaction was found between halothane status
and breed in contrast with the findings of O’Brien et al. (1994). Halothane genotype also
affected the cut distribution of the carcass, providing a higher yield, expressed as a
percentage of total carcass weight, of two priced primal cuts (leg and shoulder). Similar
trends have been reported by other investigations (Leach et al., 1996; Fisher et al., 2000),
even though the present study did not aim to determine cut composition and, therefore,
straightforward comparisons are not possible. However, the scientific literature has
conflicting ideas to explain the higher yield associated with halothane gene in some cuts,
relating it either to a better bone to lean ratio (Aalhus, Jones, Robertson, Tong & Sather,
1991; Fisher et al., 2000) or a lower content of soft tissues (Leach et al., 1996).

In the present study, halothane genotype was shown to have an important effect on meat
quality traits producing, as expected, paler meat with higher PQM values and loin drip
losses. A thorough review of the role of halothane as a major gene that affects pig meat
quality is given by Sellier & Monin (1994) and the frequently found inverse relationship
between carcass lean content and meat quality related to the gene is well documented
(Oliver et al., 1993; de Smet et al., 1998; Fisher et al., 2000). As reported previously, the
mutant (n) allele had no significant effect on ultimate muscle pH (Garcia-Macias et al.,
1996; Larzul et al., 1997; Gispert et al., 2000). Larzul et al. (1997) attributed this lack of
difference to a similar glycolytic potential in the two genotypes. However, in the present
study, PSE incidence based on PQM values, was clearly influenced by halothane status and
this finding was in agreement with the differences observed in meat colour evaluation. The
higher L* (reflectance) value found in Nn pigs is in accordance with previous findings
(Garcia-Macias et al., 1996; Leach et al., 1996; Fisher et al., 2000), confirming the increase

in light scattering associated with PSE meat, which is due to denaturation of the
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sarcoplasmic proteins. Thus, the higher reflectance is perceived by the observer as
increased paleness, which in the present study was confirmed by significantly lower values
in the subjective evaluation according to the Japanese scale. The higher drip loss found in
Nn genotype may be the cause of the a* and b* differences between genotypes, since
moisture being lost may increase the concentration of muscle pigment (Ahmed, Miller,
Lyon, Vaughters & Reagan, 1990). Even though water holding capacity and colour have
been said to be the results of different pre-rigor biological phenomena (de Smet et al.,
1996), in the present experiment they evolved alongside and were clearly affected by
halothane status.

Under our conditions, breed effects were more important with respect to carcass
composition than halothane status, but had no influence on meat quality traits compared
with the important effects shown by halothane genotype. Pi sired pigs had a lower live and
carcass weights, but their killing out percentages, estimated lean contents and weight of
two primal cuts (leg and loin) were higher. No significant terminal sire” halothane
genotype interaction was apparent in this study, as also reported previously by de Smet et
al. (1995) when working with Belgian Landrace and Pietrain” Belgian Landrace crosses.
This lack of interaction between halothane genotype and terminal sire combined with the
fact that the terminal sire effects were of minor importance to meat quality, suggests that
some of the advantages of the halothane gene in carcass traits (i.e. higher leanness) could
be gained by improved terminal sires free of the gene. Sellier (1988) concluded in his
review on the antagonistic relationship between meat quantity and meat quality, that
correlations of meat quality traits with the carcass conformation score were higher than
those with lean content, irrespective of the halothane status. Thus, as argued by de Smet et
al. (1995), selection for improved muscle shape may be more detrimental to meat quality
than selection for improved leanness. Currently, there is no national payment system in the
European meat industry against poor meat quality, even though PSE pork constitutes an
important problem, especially in countries with a high frequency of the halothane gene in
slaughter pigs (Gispert et al., 2000). As confirmed in this study, the halothane gene seems
to play a major role in PSE incidence. In view of this, new breeding schemes based on the
combination of improved terminal sires and the removal of the gene would reduce the
incidence of downgraded or rejected meat without compromising carcass quality.

When interpreting the effects of pre-slaughter treatment, the potential interactions

between different factors have to be taken into account. Long transport and lairage times
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are considered undesirable because of the additive stressful problems of long food
deprivation, muscle glycogen depletion and skin blemishes. In this study, long pre-
slaughter treatment was expected to have an effect on meat quality, increasing the
percentage of DFD carcasses. Even though the long treatment produced darker meat
evaluated by L*value of the Minolta system, only 4 carcasses were classified as DFD
according to pHu and there were no differences between treatments. Murray, Robertson,
Nattress & Fortin (2001) also found little impact of long feed withdrawal (about 20 h) on
pH ultimate and DFD incidence. Even though differences in pHu were not significant, the
higher L*, a* and b* values found in both, the short pre-slaughter treatment and Nn
individuals may be related to a higher proportion of myoglobine in the oxygenated form on
the loin surface, which has been recently associated with lower pHu (Juncher, Ronn,
Mortensen, Henckel, Karlsson, Skibsted & Bertelsen, 2001). Morcover, the interaction
between genotype and pre-slaughter treatment was not significant for meat quality traits,
including PSE incidence. De Smet et al. (1996) found that the beneficial effect of lairage
on the reduction of PSE-related traits was more pronounced in nn pigs, but the effect on
NN and Nn pigs was small. However, in this study the short lairage consisted of 2 hours,
which has been recommended as allowing sufficient time to recover from previous stresses
(Warriss et al., 1998), whereas de Smet et al. (1996) laired the pigs for <1 h. Thus, the lack
of interaction between pre-slaughter treatment and halothane genotype in the present study

may be the result of the animals having recovered after the 2 h lairage.

CONCLUSIONS

This investigation confirms that Nn pigs have certain advantages, such as a higher lean
percentage or yield of some primal cuts, as compared with NN pigs. However, these
effects were linked to a higher incidence of pale, soft and exudative meat. Moreover,
terminal sire advantageous effects on carcass traits surpassed those shown by halothane
genotype without the disadvantages of PSE meat. This suggests that new breeding
strategies using improved halothane-free terminal boars could bring similar benefits in
terms of muscular development or carcass quality without compromising meat quality.
Under the present conditions, pre-slaughter treatment had a small effect on meat quality
traits compared with halothane genotype. Some of the physiological measures of stress

indicated that halothane carriers had a higher response to some stressful conditions such as
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handling prior to slaughter. The higher increases of cortisol and individual variability of
Nn pigs may suggest different physiological and behavioural responses to aversive
situations, which could compromise the welfare of these individuals. This aspect warrants
further research to elucidate clearly the welfare implications associated with the n allele in

heterozygous pigs.
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