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ABSTRACT

In the finishing phase of beef cattle, various pre-slaughter factors can negatively
affect efficiency, welfare, carcass, and meat quality. These factors include the production
system, farm management and installations, and pre-slaughter management such as
transportation and lairage duration. They can impact meat pH and color, which may
compromise meat commercialization. This thesis aimed to identify the factors that most
affect the stress of fattening bulls and ultimately the quality of the carcass and meat.
Through three studies, the objective was to establish strategies at the farm, transport, and

slaughter level to improve the intensive fattening system.

In the first study, various intensive production systems of fattening cattle were
evaluated to assess their performance, behavior, carcass, and meat quality. The study
involved three systems, which differed in sex, breed, and days on the farm. However, the
results showed no significant differences in efficiency, intramuscular fat, or meat
tenderness between the production systems. Nevertheless, crossbred Holstein with Angus
bulls had a higher ultimate meat pH than Holstein bulls, resulting in a negative impact on
the shelf life of crossbred Holstein with Angus bulls. Additionally, the meat color of
crossbred Holstein with beef breed heifers was suboptimal, possibly due to unadjusted

levels of antioxidants in their diet.

The second study aimed to evaluate the use of ceiling fans as a strategy for mitigating
heat stress in crossbred bulls during the summer months in the finishing phase, and their
impact on efficiency, behavior, carcass, and meat quality. The findings revealed that the
installation of ceiling fans was not optimal, which impaired the behavior of the bulls by
increasing their activity and reducing their rumination, and their performance by
decreasing their daily gain. However, the ultimate meat pH improved in bulls that were

housed in barns with ceiling fans.

The management practices within 24 hours before slaughter, such as handling during
loading and unloading, transportation, and lairage duration, can also affect the ultimate
meat pH. The third study conducted in this thesis aimed to evaluate the impact of lairage
time on behavior, physiology, carcass, and meat quality in crossbred bulls raised in
intensive production systems after a short (~3 h) or long (~10 h) transport. The results
showed that the behavior of the bulls during lairage time differed depending on the

duration of transport. Moreover, in short transports, lairage time had no significant impact
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on meat quality, but in long transports, extended lairage time negatively affected the
ultimate meat pH, increased the prevalence of DFD (dark, firm, and dry) meat, and
impaired the shelf life of the meat.

Despite variations observed in efficiency, behavior, and carcass and meat quality in
the three studies conducted in this thesis, the occurrence of negative impacts on meat
quality was minimal, indicating that overall, the pre-slaughter management in the
production systems under investigation is satisfactory.
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RESUMEN

Los factores pre-sacrificio pueden tener un impacto negativo en la eficiencia
productiva, el bienestar animal y la calidad de la canal y la carne durante la fase de
finalizacion de los terneros de engorde. Los factores que pueden afectar el pH y el color
de la carne incluyen el sistema productivo, el manejo en granja y las instalaciones, asi
como el manejo previo al sacrificio, como el transporte y el tiempo de espera en el
matadero, lo que puede afectar la comercializacion de la carne de ternera en la industria
carnica. A lo largo de esta tesis, se ha intentado identificar los factores que tienen el mayor
impacto para establecer estrategias de mejora en nuestro sistema intensivo de engorde de
terneros. El objetivo de la tesis fue identificar los factores que afectan el estrés de los
terneros de engorde, que estan estrechamente relacionados con la calidad de la canal y la
carne, y definir estrategias de mejora a nivel de granja, transporte y sacrificio en el sistema
de produccion intensivo de terneros. Para lograr este objetivo, se llevaron a cabo tres

estudios que cubrieron cada una de las fases previas al sacrificio.

El primer estudio de la tesis evalud tres sistemas intensivos de produccion de vacuno
de engorde criados simultaneamente bajo las mismas condiciones de alojamiento y
cuidado, pero con diferencias en sexo, raza y tiempo en la granja, con el objetivo de
describir su rendimiento, comportamiento y calidad de la canal y la carne. Los resultados
demostraron que no habia diferencias significativas en la eficiencia de produccion, la
grasa intramuscular o la terneza de la carne entre los diferentes sistemas productivos. Sin
embargo, se observé que el pH de la carne fue mas alto en terneros cruzados Angus en
comparacion con los terneros frisones, lo que afectd negativamente la vida util de la carne
en terneros cruzados Angus. El color de la carne de las hembras cruzadas con razas
carnicas no fue éptimo, probablemente debido a que el nivel de antioxidantes en la dieta

no se ajusté adecuadamente.

El segundo estudio se centrd en evaluar la eficacia de los ventiladores como estrategia
para mitigar el estrés por calor en la Gltima fase de engorde durante los meses de verano
y su impacto en el comportamiento, la productividad y la calidad de la canal y la carne.
Se observo que la instalacion de los ventiladores no fue 6ptima y tuvo un efecto negativo
tanto en el comportamiento, con un aumento de la actividad y una reduccion del tiempo
de rumia, como en la productividad con menor ganancia diaria. Sin embargo, los
resultados mostraron una mejora en el pH y en el color de la carne en los terneros alojados

en naves con ventiladores.
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El manejo previo al sacrificio, que incluye la carga y descarga de los animales, el
transporte y el tiempo de espera en el matadero, es otro de los factores que pueden influir
en el pH de la carne. En el tercer estudio de la tesis se investigo el efecto del tiempo de
espera en el matadero después de transportes cortos (~3 h) y largos (~10 h) en terneros de
engorde producidos en sistemas intensivos sobre su comportamiento, parametros
fisiologicos y calidad de la canal y carne. Se observé que el comportamiento de los
terneros en los corrales de espera fue diferente segun la duracién del transporte. Mientras
que en los transportes cortos el tiempo de espera no tuvo un impacto significativo en la
calidad de la carne, en los transportes largos, el tiempo de espera prolongado tuvo un
efecto negativo en el pH de la carne, aumentando el riesgo de aparicion de carne DFD y

reduciendo su vida util.

A pesar de que se detectaron variaciones en la eficiencia, el comportamiento y la
calidad de la canal y la carne en los tres estudios realizados en esta tesis, los problemas
de calidad de la carne fueron poco frecuentes, lo que sugiere que, en general, el manejo
pre-sacrificio en los sistemas productivos estudiados fue adecuado.
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RESUM

Els factors pre-sacrifici poden tenir un impacte negatiu en I'eficiencia productiva, el
benestar animal i la qualitat de la canal i la carn durant la fase de finalitzacio dels vedells
de greix. Els factors que poden afectar el pH i el color de la carn inclouen el sistema
productiu, el maneig a la granja i les instal-lacions, aixi com el maneig previ al sacrifici,
com ara el transport i el temps d'espera a l'escorxador, el que pot afectar la
comercialitzacio de la carn de vedella a la industria carnica. Al llarg d'aquesta tesi, s'ha
intentat identificar els factors que tenen el major impacte per establir estratégies de
millora en el nostre sistema intensiu de vedells de engreix. L'objectiu de la tesi va ser
identificar els factors que afecten l'estrés dels vedells d’engreix, que estan estretament
relacionats amb la qualitat de la canal i la carn, i definir estratégies de millora i nivell de
granja, transport i sacrifici en el sistema de produccié intensiu de vedells d’engreix. Per
assolir aquest objectiu, es van dur a terme tres estudis que van cobrir cadascuna de les

fases préevies al sacrifici.

El primer estudi de la tesi va avaluar tres sistemes intensius de produccié de bovi d’
engreix criats simultaniament sota les mateixes condicions d‘allotjament i cura, perd amb
diferencies en sexe, raca i dies en la granja, amb I'objectiu de descriure el seu rendiment,
comportament i qualitat de la canal i la carn. Els resultats van demostrar que no hi havia
diferéncies significatives en l'eficiéncia de produccio, el greix intramuscular o la tendresa
de la carn entre els diferents sistemes productius. No obstant aixo, es va observar que el
pH de la carn era més alt en vedells creuats Angus en comparacié amb els vedells frisos,
el que va afectar negativament la vida atil de la carn en vedells creuats Angus. El color
de la carn de les femelles creuades amb races carnies no va ser optim, probablement degut

al fet que el nivell d'antioxidants a la dieta no es va ajustar adequadament.

El segon estudi es va centrar en avaluar I'eficacia dels ventiladors com a estrategia
per mitigar l'estrés per calor en I'Gltima fase d'engreix durant els mesos d'estiu i el seu
impacte en el comportament, la productivitat i la qualitat de la carn i la canal. Es va
observar que la instal-lacié dels ventiladors no va ser optima i va tenir un efecte negatiu
tant en el comportament, amb un augment de I'activitat i una reduccio del temps de rumia,
com en la productivitat amb menor guany diari. No obstant, els resultats van mostrar una

millora en el pH i en el color de la carn en els vedells allotjats en naus amb ventiladors.
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El maneig previ al sacrifici, que inclou la carrega i descarrega dels animals, el
transport i el temps d'espera a I'escorxador, s6n uns altres dels factors que poden influir
en el pH de la carn. En el tercer estudi de la tesi es va investigar I'efecte del temps d'espera
a l'escorxador després de transports curts (~3 h) i llargs (~10 h) en vedells d'engreix
produits en sistemes intensius sobre el seu comportament, parametres fisiologics i qualitat
de la canal i carn. Es va observar que el comportament dels vedells en els corrals d'espera
va ser diferent segons la durada del transport. Mentre que en els transports curts el temps
d'espera no va tenir un impacte significatiu en la qualitat de la carn, en els transports
llargs, el temps d'espera prolongat va tenir un efecte negatiu en el pH de la carn,

augmentant el risc d'aparicid de carn DFD i reduint la seva vida util.
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1. Introduccion

I. Descripcion de sistema de produccion de carne de vacuno en Espafia y en
Catalufia con especial atencion en los problemas de calidad de la canal y de la carne:

pH alto y carnes oscuras, duras y secas.

1. Sistema de produccidn de vacuno de carne en Espafia y en Catalufia

La produccion de carne de vacuno en el Estado Espafiol se diferencia de los sistemas
de produccion del resto de Europa y del mundo. Espafia se encuentra entre los veinte
primeros productores mundiales de carne de vacuno, representando alrededor del 15,3%
del ealor de la Produccion Final Ganadera y el 5,7% del valor de la Produccion Final
Agraria (Subsecretaria de Agricultura, 2022). La produccion de carne de vacuno es una
de las principales producciones ganaderas de la Union Europea (UE), en el afio 2018
aporto 35.000 millones de € (Ministerio de Agricultura Pesca y Alimentacion, 2019) con
un volumen de 6.636.950 toneladas de carne (Eurostat, 2022). Espafia se sitia como tercer
pais en importancia para este sector ganadero dentro del entorno comunitario de la UE en
el 2021 generando 3.196 millones de € tras Francia y Alemania (Sitran, 2022).

Espafa tiene un censo total de bovino alrededor de los 6.5 millones de cabezas en
éstos Ultimos afios. Estos animales estan distribuidos en aproximadamente 140 mil
explotaciones donde el 61% del total de estas corresponde a explotaciones de carne
(88.358 explotaciones de cebo). En 2021, se produjeron 717.879 toneladas de carne a
partir de 2.552.368 cabezas sacrificadas (Sitran, 2022). La produccion de vacuno de carne
en Espafia varia en funcién de cada comunidad autonoma siendo Catalufia, Aragon y
Galicia las comunidades auténomas con un mayor censo de cebaderos (Figura 1), aunque
el tamafio de estos cebaderos es mucho menor en Galicia en comparacion a las
comunidades auténomas de Catalufia y Aragon. Al analizar la distribucién del volumen
de carne producido, Catalufia ocupa el primer lugar siguiéndole Castilla y Leon, Galicia
y Comunidad Valenciana. Castilla la Mancha, Castilla y Leon, y Extremadura son otras
comunidades autonomas donde el cebo de vacuno también es importante, sin embargo,

éstas Ultimas estan mas especializadas en terneros pasteros, tienen censos y tamafio de
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cebaderos un poco menor que en Catalufia y Aragon, los cuales estan especializados en

el ternero lactante que proviene de granjas lecheras.

() (b)
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3 B >1001 50.001-150.000
501-1.000 25.001-50.000
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Figura 1. (a) Distribucion provincial del n° de cebaderos de vacuno y (b) N° de animales en cebaderos
(Ministerio de Agricultura Pesca y Alimentacién, 2019)

En cuanto al tipo de animal cebado en Espafia segun el sexo, el 30,8% de todos los
animales cebados fueron hembras y el 69,2% fueron machos (Ministerio de Agricultura
Pesca y Alimentacion, 2019). Por otro lado, las razas mayoritariamente cebadas en
Espafia son animales cruzados (mayoritariamente entre raza frisona con Limousine o
Charolais), situandose en segundo lugar la raza frisona y en menor proporcion otras razas
mas carnicas puras como la Limousine, Montbeliard, Charolais y Blue Belga.

El 52% de la produccion total de carne de vacuno de Espafia se centra en Catalufia
con un total del 18,4% de volumen de carne producidos (Sitran, 2022). De la totalidad de
los cebaderos en Cataluiia, el 33,9% posee una capacidad de cebo entre 501 a 1000
animales, y el 31,9% posee una capacidad de mas de 1001 animales anuales (Sitran,
2021). Por lo tanto, Catalufia se caracteriza por ser una comunidad autbnoma donde la
produccidn de vacuno se realiza en grandes cebaderos con mucha capacidad y esta basado
mayoritariamente en un sistema de produccion intensiva. La mayoria de los terneros
cebados en Catalufia tienen origen lechero y son machos (72% del total). Estos terneros

entran a las granjas con menos de 2 meses de edad y son alimentados con
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lactoreemplazante y pienso durante 6-8 semanas antes de entrar en la fase de engorde.
Muchos de estos terneros provienen de otros paises de la Unién Europea principalmente
Francia (52% de terneros importados), Alemania (8%) o Irlanda (8%) (Ministerio de
Agricultura Pesca y Alimentacion, 2019). La principal raza que se ceba en Catalufia es la
Holstein o frisona con un 51,2% (94.5% machos y 5.5% hembras), siguiéndole la raza
Montbeliard con un 6,7% (59.9% machos y 40,3% hembras) y en tercer lugar la raza
Limousine con un 2,9% (66,4% de machos y 33,5% de hembras). Sin embargo, estos
Gltimos afios la produccion de ternero cruzado con Limousine, Charolais, o Angus han
incrementado en Esparia con el objetivo de mejorar la calidad de la canal y de la carne
(Figura 2).

N Fleckvieh Angus
Blonda de Aquitania 080%  0.70%

1.40%
Blue Belga

2.00%
00 0Charolais

2.80%

Montbeliard
2.80%

Figura 2. Distribucion de razas cebadas en Espafia (Ministerio de Agricultura Pesca y Alimentacion, 2019)

2. Relacion entre el sistema de produccion y la calidad de la canal y carne
Europa tiene un rango muy diverso de sistemas de produccion de carne que depende

de factores tales como las regiones agroclimaticas, la escala de produccién ganadera de

la region y los requerimientos comerciales. El sistema de produccion es un factor

determinante para la caracterizacién de la canal y la carne y puede definirse por los
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siguientes factores, como lo son: el sexo (Weglarz, 2010), la raza (Chambaz et al., 2003),
la nutricion (Barton et al., 2010), el tipo de alojamiento (intensivo, extensivo o mixto;
Greenwood, 2021), la edad de sacrificio (Weglarz, 2010; Wulf et al., 1996) y el manejo
previo al sacrificio (Raesa et al., 2003; Bures et al., 2006; Mach et al., 2008). El sistema
de produccion de vacuno en Espafia se clasifica en extensivo (incluyendo pastizales y
pastoreo), agricultura mixta e intensiva. Los sistemas extensivos de produccion de carne
tipicamente incluyen terneras y terneros que se alimentan principalmente en pasturas, los
cuales estan sujetos a altos niveles de variacion ambiental a los que se adaptan mejor los
genotipos especificos y es posible que se requiera una suplementacién nutricional
estratégica dentro de estos sistemas. Por el contrario, los sistemas de produccion
intensivos pueden mantener un mayor control sobre la nutricion y el medio ambiente, y
se utilizan durante el acabado para asegurar la calidad y las especificaciones del producto
(Greenwood, 2021). A diferencia de los terneros cebados en un sistema intensivo de
engorde de vacuno, los terneros engordados en pastura tienen menor crecimiento (Keane
y Allen, 1998) y disminuyen el rendimiento de la canal, la conformacion y engrasamiento
(Sami et al., 2004). Ademas, la carne de los terneros cebados en pastura es mas oscura
(Priolo et al., 2001; Mancini y Hunt, 2005) y tiene menor contenido de grasa
intramuscular (Leheska et al., 2008) que la de los terneros cebados en un sistema intensivo
con concentrados. La industria carnica bovina espafiola debe tener en cuenta que el
consumidor esta dispuesto a pagar por carnes con mayores porcentajes de CLA y mejor
relaciéon m6:m3, oriundas de animales en pastoreo, asi como también las caracteristicas
fisicas de la carne, como terneza, y suculencia, oriunda de animales terminados en
confinamiento (Castafieda y Pefiuela, 2010), los cuales se clasifican como indicadores de
frescura y salubridad (Mancini y Hunt, 2005)

Los diferentes sistemas de produccion se diferencian entre si principalmente por la
raza, sexo, edad de sacrificio, y tipo de alimentacién. En cuanto a la nutricién,
concretamente la concentracion energética, puede afectar a la calidad de la canal y de la
carne. El posible efecto del tipo de alimentacion (forraje vs concentrados) es dificil de
extraer debido a la interaccion de este factor con otros factores vinculados al sistema
productivo de cebo (edad, tasa de crecimiento, actividad fisica). No obstante, aunque
parece que la alimentacion influye en el color de la carne (Cabrero, 1991), Alberti et al.
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(1991) encontraron un color similar en la carne de animales alimentados con piensos o
forrajes, y Zea et al. (1999) y Craig et al. (1966) no observaron diferencias al considerar
distintos niveles de pienso en la dieta. En un sistema intensivo, durante la fase de acabado,
los terneros requieren una alimentacion de alto valor energético para garantizar un
crecimiento rapido y eficiente, asi como los niveles especificos de crecimiento y engorde
que pueden incluir el marmoleado de la carne para cumplir con las especificaciones del
mercado objetivo (Hynd, 2014). El programa nutricional afecta a la calidad de la canal y
de la carne, pero también puede afectar al de peso de sacrificio. Estos dos efectos suelen
estar confundidos y por ello, es importante que las comparaciones del efecto del de

alimentacion durante el acabado se hagan al mismo peso de sacrificio (Zea, 2005).

En cuanto al factor genético y la edad de sacrificio durante el crecimiento y el
engorde, se produce sucesivamente un crecimiento del tejido muscular (aumento de la
relacion musculo/hueso), seguido de un crecimiento del tejido adiposo (aumento de la
relacion grasa/masculo) (Lonergan et al., 2019). Sin embargo, esta evolucion varia de una
raza a otra dependiendo de su madurez. Las razas de maduracion tardia, como las razas
europeas continentales (en particular, las razas Charolais, Limousine, y la Blue Belga),
producen canales pesadas con poca grasa. Una proporcion mas alta de la relacion
musculo/hueso es el pardmetro deseado en el caso que se quiera aumentar al maximo el
rendimiento de la canal. Ademas, las razas de maduracién tardia tienen una proporcion
mayor de la relacion musculo/hueso que las razas lecheras (Irshad et al., 2013). Las razas
de maduracién tardia suelen engordarse a mayor peso vivo aumentando el porcentaje de
depdsito de grasa para mejorar la calidad de la canal (Weglarz, 2010). Las razas de
maduracion temprana, como las razas tradicionales britanicas (por ejemplo: Angus,
Hereford, Shorthorn) tienen una mayor deposicion de grasa intramuscular en
comparacion con las razas de maduracion tardia (Irshad et al., 2013). La edad a la que se
sacrifica un animal no sdlo determina el peso sino también la composicion de la canal en

funcién del estado de madurez alcanzado (Pethick et al., 2007).

En cuanto a la influencia del sexo del animal sobre la calidad de la canal y carne,
debemos de tener en cuenta que se suelen disefiar programas diferenciados segun el sexo,

especificamente en el tipo de nutricién y en la edad de sacrificio. Los machos tienen
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mayor capacidad para depositar masculo gracias a la testosterona (Rotta et al., 2009),
favoreciendo a la deposicién de un mayor contenido magro, menor grasa y mayor
contenido de huesos en comparacién con las canales de hembras (Modzelewska-Kapituta
y Nogalski, 2014, Venkata 2015). Los machos también son sexualmente mas activos y
mas susceptibles a los factores estresantes previos al sacrificio (manipulacién en granja,
mezcla de animales, transporte) que las hembras (BureS y Bartoni 2012; Daza et al., 2014).
Por eso la carne de ternera de machos a menudo tiene parametros de calidad indeseables,
especialmente pH alto y color oscuro (Bartos et al., 1993; Kreikemeier et al., 1998;
Mounier et al., 2006), duras y secas (Monin, 1991) en comparacion a las carnes que se
obtienen de las hembras. Las hembras al tener mayor engrasamiento favorecen a un
enfriamiento de la canal méas lento promoviendo una reduccién de pH mas rapida y como
consecuencia mejorar otros parametros de calidad como la terneza (Priolo et al., 2001).
Cuando el pH final de la carne es superior a 6,0 la terneza de la carne puede verse afectada
negativamente (Silva et al., 1999), se observan aumentos de la capacidad de retencion de
agua (Apple et al., 2005; Zhang et al., 2005), mala palatabilidad (Viljoen et al., 2002;
Wulf et al., 2002), crecimiento de microorganismos hasta niveles inaceptables con
desarrollo de malos olores, y a menudo formacién de hongos sobre la superficie de la
carne (Gardner et al., 2001). El pH esta determinado directamente por la capacidad de los
musculos para retener agua y por el agotamiento del glucdgeno debido a las condiciones
previas al sacrificio. A medida que aumenta el pH de la carne, aumenta también su
capacidad de retencion de agua y la tasa de transferencia de calor (Meynier y Mottram,
1995). Se ha demostrado que la carne de vacuno con un pH a las 24 h post-sacrificio
superior a 5,5 es el resultado del agotamiento del glucogeno previo al sacrificio y la
consiguiente incapacidad del muasculo para acumular una concentracion adecuada de
acido lactico (Kannan et al., 2002). No obstante, cuando las carnes tienen un pH > 5,8, el
pH ya no se considera 6ptimo e las carnes ya presentan caracteristicas de carnes oscuras,
duras y secas (Hughes et al., 2020), y las carnes con pH > 6,0 ya representan un problema
de calidad de la carne mayor, por lo que la industria carnica directamente las desecha ya
gue son menos deseables para el consumidor (Pipek et al., 2003; Viljoen et al., 2002;

Wulf et al., 2002) y representan problemas de vida Gtil a posteriori.
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La importancia del pH y la retencion de agua en los musculos radica en que existe
una relacion lineal entre la acidez activa de la carne y los valores de luminosidad (L*).
Por ejemplo, un aumento de los niveles de pH en la carne contribuye a una disminucion
en la luminosidad del color, contrario a ello, una disminucion de los niveles de pH hace
que los valores de L* de la carne aumenten (Strzyzewski et al., 2008). Las condiciones
previas al sacrificio definen el agotamiento fisico y del estrés fisioldgico (Immonen y
Puolanne, 2000; Nockels et al.,1996) y se definen por varios factores como los son: el
tiempo y manejo durante el transporte desde la granja al matadero (Arthington et al.,
2003; Hoffman et al., 1998; Honkavaara et al., 2003; Schaefer et al.,1997), tiempo de
espera en el matadero (Warriss, 2003), factores climéticos (Kreikemeier et al., 1998; Silva
et al., 1999), disrupcion social (Apple et al., 1995; Hambrecht et al., 2005), y la novedad

del entorno previo al sacrificio (Hambrecht et al., 2005; Mounier et al., 2006).

En Espafia, la industria carnica penaliza el precio de la canal con descuentos de entre
el 30% y el 60% cuando el pH final de la carne es superior a 5,8 clasificandose como
carnes devaluadas dentro de la industria carnica espafiola (Viljoen et al., 2002). Mach et
al. (2008) observo una incidencia de un 13.9% de canales con un de pH final > 5,8 a
partirde la observacion de 5494 animales. Los autores atribuyen estos resultados al sexo,
a la cobertura grasa de la canal, o tiempo de espera en el matadero.
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Figura 3. Principales factores que afectan la calidad de la canal y de la carne contemplados dentro del
estudio de la tesis.

ii. Factores relacionados con el manejo y alojamiento y su efecto sobre la calidad de la
canal y de la carne durante la fase de engorde de terneros en un sistema de
produccidn intensivo.

En Espafia, el sistema de engorde de carne de vacuno es un sistema tradicionalmente
intensivo donde los terneros se alojan durante el periodo de engorde cominmente en
naves parcialmente abiertas con lecho de paja (Alberti et al., 2008; Devant et al., 2016).
Dentro de este sistema de produccion existen factores de granja que afectan a la calidad
de la canal y de la carne, como el manejo, movimientos de terneros, entornos novedosos,
fatiga, lesiones, o temperaturas extremas (Grandin, 1996; Gallo, 2003).

El tipo de manejo en las granjas de cebo, la interaccion hombre-animal, es un factor
que esta directamente relacionado con el estado conductual y fisioldgico de los animales
y este estado conductual y fisioldgica tiene también un impacto sobre la calidad final de
la carne. Se han realizado grandes intentos para disminuir el agotamiento de la glucosa

en los rumiantes antes del sacrificio a través de practicas de manejo para disminuir la
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incidencia pH final altos (Ferguson and Warner, 2008). Aun asi, un porcentaje de
animales independiente de las estrategias realizada siguen presentando pH finales altos
(Mach et al. 2008).

Hoy en dia, debido a las consecuencias del cambio climatico, una causa de estrés que
puede tener un gran impacto sobre la produccion bovina y esta relacionada con las
instalaciones es el estrés por calor. El estrés por calor causado por las altas temperaturas
influye en el metabolismo muscular y la calidad de la carne (Lee et al., 1976; Ngoka &
Froning, 1982); ademas el estrés por calor afecta negativamente el bienestar, la salud, y
el rendimiento de los terneros (Morignat et al., 2015), y contribuye a un aumento de la
mortalidad (Vitali et al. 2009). EI estrés por calor ademas de la concentracion de gases
debido a una mala ventilacién son factores que estan ligados directamente al manejo y
alojamiento e indirectamente a la alimentacion. Dependiendo del disefio y tipo de
corrales, los animales pueden experimentar el calor radiante de la tierra o las superficies
de hormigon y, sin un manejo adecuado, se podria obtener una pérdida de rendimiento
como resultado del estrés fisiol6gico (Mader et al., 2006). Ademas, el estado de salud de
los animales puede empeorar por los gases nocivos los cuales son promovidos por una
mayor fermentacion del material del encamado Yy las heces de los animales si estos no son
bien gestionados a través de la limpieza y ventilacion. Des de hace muchos afios se han
implementado estrategias para reducir el estrés por calor; modificaciones ambientales,
seleccidn genética para mejorar la termotolerancia, estrategias nutricionales para mejorar
el consumo de alimento y disminuir la produccion de calor metabdlico (Beede y Collier
1986; Chauhan et al. 2015), o el manejo del encamado y retirada del estiércol para reducir
el estrés por calor en los corrales a través de la limpieza regular del estiércol son algunas
de ellas. Los umbrales de referencia para la temperatura, la humedad y las
concentraciones de gases nocivos se pueden encontrar en la literatura para evaluar el
bienestar de los terneros alojados en naves durante el verano (SCAHAW, 1999 y 2001,
Holt et al., 2004).

Como se comenta en el parrafo anterior, las altas temperaturas hacen que los terneros
incrementen el calor inducido por la digestion/fermentacion sobre todo en dietas ricas en
concentrados (Mader, 2002) produciendo el incremento del estrés por calor. Una de las
estrategias usadas por los animales para reducir el estrés por calor es la reduccion del
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consumo de alimento en las horas mas calidas y concentrar la mayoria del consumo
durante las horas mas frescas (Soriani et al., 2013). No obstante, este cambio en los
patrones de alimentacion podria perjudicar las fermentaciones ruminales (De Nardi et al.,
2016; Salvati et al., 2015) y si se prolonga en el tiempo, puede conducir a una disfuncion
ruminal, hasta la aparicion de trastornos metabolicos como la acidosis ruminal (Plaizier
etal., 2009). Estas practicas son mas comunes en animales alimentados con raciones altas
en forraje ya que el alimento se sirve varias veces al dia; en animales alimentados con
altos niveles de concentrado esta practica es mas complicada de implantar.

Otras estrategias serian las relacionadas con la modificacion del ambiente, como
proporcionar sombra, una mejor ventilacién y aumentar el acceso a agua. La sombra en
el caso de terneros en produccién intensiva es proporcionada por el alojamiento en naves
ya sea total o parcial. La temperatura se puede reducir ain mas rociando agua fria en los
corrales (Briggs y Rood, 2003), sin embargo, esta practica hace que las camas se mojen
con mayor frecuencia y los animales descansen sobre una superficie himeda (Shiao et
al., 2011) desencadenando un aumento del riesgo de lesiones en los animales por
resbalones (Wechsler, 2011) y una reduccién del tiempo de descanso, asi como también
aumentaria la frecuencia de la limpieza de las camas. Este Ultimo aspecto no debe
subestimarse ya que, como sefiala la Guia sobre produccion e higiene de la carne (Food
Standards Agency, 2012) las canales con un nivel elevado de suciedad aumentan el riesgo
de contaminacion microbioldgica de la carne, poniendo en peligro la seguridad
alimentaria del consumidor, lo que se conoce como foodborne diseases. Otra alternativa
que se ha propuesto como método de disipacién de calor es la utilizacion de ventiladores
axiales o de techo; sin embargo, en los estudios realizados hasta el momento con el uso
de ventiladores se reduce la eficiencia productiva, aumenta la actividad de los animales y
se reduce comportamientos como la rumia cuando se finalizan pasteros en granja que no
han estado confinados previamente (Magrin et al., 2016). Lo que si se ha observado, es
qué los ventiladores reducen la humedad del encamado manteniendo los animales mas
limpios por lo que el uso de ventiladores podria mejorar el bienestar animal (Magrin et
al., 2016).
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iii. Efecto del manejo horas previas al sacrificio, el transporte y manejo en el
matadero sobre la calidad de la canal y la carne.

Las horas previas al sacrificio (24 horas) conllevan a situaciones que pueden
desencadenar potenciales factores de estrés. Durante el periodo mas proximo al sacrificio,
los terneros estan sometidos a un manejo que causa estrés como consecuencia del proceso
de traslado de los animales de la granja al matadero (Schaefer et al., 1990; Ferguson y
Warner 2008; Huertas et al. 2010). Especificamente, el tiempo y la manipulacién durante
el transporte de la granja al matadero (Schaefer et al., 1997; Hoffman et al., 1998;
Arthington et al., 2003; Honkavaara et al., 2003), el tiempo de espera en el matadero
(Warriss, 2003), los factores climéticos (Kreikemeier et al., 1998; Silva et al., 1999), los
cambios en la estructura social (Warriss et al., 1984; Jones et al. 1990), las largas
distancias (méas de 300 km; Arik y Karaca 2017) y la larga duracion del transporte (mas
de 16 h; Gallo et al. 2003; Amtmann et al. 2006), privacién del agua y de la comida
(Ferguson y Warner, 2008), la interaccién humano-animal (Capper, 2001) y la novedad
del entorno previo al sacrificio (Hambrecht et al., 2005; Mounier et al., 2006) son algunos
ejemplos de manejo que podrian afectar a la calidad de la carne.

Previo al transporte, los terneros de engorde se cargan en camiones en diferentes
compartimentos (grupos de 10 a 12 animales por compartimiento, dependiendo del tipo
de camidn). A menudo los camiones recogen terneros de una sola granja, aunque a veces
el camidn realiza varias paradas para cargar terneros de diferentes granjas donde terneros
de diferentes granjas no se mezclan en un mismo compartimiento. Una vez cargados, se
inicia su traslado al matadero. Las condiciones de carga, especialmente los equipos
(rampa de carga y muelle), determinan en gran medida los niveles de estrés psicoldgico
y esfuerzo fisico. Todo el procedimiento de carga provoca un aumento en la tasa de
cortisol en sangre y un aumento en la frecuencia cardiaca de aproximadamente un 80 %
en comparacion con los niveles basales que estos animales tienen en los corrales de
engorde (Lensink et al., 2001; Van de Water et al., 2003).

Las condiciones de transporte como la densidad y la posicion de los animales en el
camion influyen en las respuestas fisiologicas y de comportamiento de los terneros
(Kenny y Tarrant, 1987; Van de Water et al., 2003). Durante el transporte, los terneros
generalmente tratan de mantener el equilibrio de pie mientras el vehiculo esta en
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movimiento. Cuando el vehiculo esta parado, por ejemplo, a su llegada, los animales
pueden comenzar a moverse (Knowles, 1999), y es muy probable que haya interacciones
agresivas entre ellos (Kenny y Tarrant, 1987). Durante un transporte prolongado a baja
densidad, los terneros pueden llegar a acostarse, probablemente expresando fatiga (Grigor
et al., 2004). Aunque esto les permite descansar, los terneros que permanecen de pie
pueden lesionar a los que estan acostados ya que a las densidades actuales no se tiene en
cuenta el espacio que necesitan los terneros para levantarse, tumbarse o moverse por el
compartimiento (EFSA, 2022). Por otra parte, el impacto del ayuno durante las largas
horas de transporte conlleva drasticamente a la pérdida de peso del animal. La tendencia
suele ser exponencial, por lo que la tasa de pérdida de peso vivo es mas rapida durante
las 12 h iniciales de restriccion de alimentos y agua y mas lenta a partir de entonces
(Shorthose y Wythes,1988). Por ello, las normas europeas han establecido duraciones
méaximas de transporte de 14 h para terneros adultos. Para duraciones mas largas, los
animales deben recibir un periodo de descanso y agua y, si es necesario, alimentos
(Directiva de la UE 95/29/EC del 29 de junio de 1995 y Reglamento del Consejo (EC)
No. 1/2005 del 22 de diciembre de 2004; VVon Borell y Schaffer, 2005; Cockram, 2007).
Ademas, es obligatorio que los mataderos proporcionen alimentos a los animales que no
hayan sido sacrificados dentro de las 12 h posteriores a su llegada (Directiva del Consejo
93/199/EC).

Una vez los animales llegan a matadero, el estrés de la descarga y el tiempo de espera
en corrales puede tener un efecto sobre la calidad de la canal. Periodos de espera largos
previos al sacrificio permiten tiempo a los animales para establecer nuevas jerarquias
generando comportamientos agresivos e incremento de lesiones y magulladuras en la
canal devaluando su valor (Gregory, 2003). Este aumento de la actividad puede comportar
un incrementando el nivel de lactato y cortisol en sangre, reduciendo asi la reserva de
glicogeno en el musculo, pudiendo afectar asi la calidad de las canales (Faucitano, 2001).
Algunos estudios muestran que tiempos cortos de la espera en matadero aumentan la
incidencia de carnes oscuras, ya que los terneros no tienen suficiente tiempo para
descansar o recuperarse del efecto de la privacion de alimento y agua durante el transporte
(Schaefer et al. 1990; Jarvis et al. 1996; Van de Water et al., 2003; Knowles 1999) ademas

de desencadenar efectos negativos sobre el bienestar animal (Kannan y Mench, 1996;
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Nijdam et al., 2005). El periodo de espera varia mucho, y los efectos sobre el bienestar
animal y sobre la calidad de la canal y la carne son uno de los aspectos més discutidos de
la produccion de carne de vacuno (Gallo et al. 2003; Ferguson y Warner 2008; Diaz et al.
2014). Otros estudios han demostrado que los periodos largos de descanso previo al
sacrificio podrian permitir que el ganado reponga las concentraciones de glucdgeno
muscular, reduzca la deshidratacion y la pérdida de peso de la canal y se recupere del
estrés fisico y emocional causado por el transporte (Jarvis et al. 1996; Liotta et al. 2007;
Hogan et al. 2007; Liste et al. 2011; Costa et al. 2019). La dificultad de acceso a los
bebederos de agua durante el tiempo de espera en el matadero también influye sobre los
pardmetros de bienestar animal, la respuesta fisioldgica y la calidad de la canal y de la
carne. Los animales necesitan beber agua para rehidratar los tejidos, restaurar los
electrolitos y las enzimas en el higado y los musculos, asi como la funcion renal (Hogan
et al. 2007). Ademas, el aumento de la actividad durante la espera en matadero,
dependiendo de la intensidad y la duracién, conducen a cambios en la concentracion de
metabolitos musculares (p. ej., fosfato de creatina, glucdgeno), temperatura y pH en el
momento del sacrificio (Warner et al., 2000; Warner et al., 2005).

Asi también, tras el sacrificio del animal, se desencadenan una serie de reacciones
que determinan los cambios en el pH durante el periodo post-mortem que influyen
negativamente en las caracteristicas intrinsecas de la carne (Mounier et al., 2006)
especialmente en las cualidades més apreciadas por los consumidores, como lo son la
terneza, jugosidad y sabor. La glucdlisis post-mortem y la disminucion del pH del
musculo se detiene, dando lugar a &cido lactico y su consecuente descenso del pH. En
condiciones normales de refrigeracion de la canal, cuando el pH del musculo desciende a
aproximadamente 5,45 se inhibe la actividad de las enzimas glucoliticas, ésta glucolisis
debe de ser lenta y completa para disminuir el pH rapidamente (Casellas, 2008). Ademas,
este pH final tiene gran influencia en la textura de la carne, la capacidad de retencién de
agua, la resistencia al desarrollo microbiano y el color. Factores como la fuerza iénica, el
pH, o la oxidacion afectan la protedlisis post-mortem del musculo (Hopkins y Thompson,
2002). Los radicales libres acumulados en respuesta al estrés oxidativo dafian la
membrana celular y la integridad mitocondrial a través de la peroxidacion lipidica, lo que
aumenta considerablemente el riesgo de reacciones oxidativas durante el envejecimiento
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post-mortem de la carne y el procesamiento de productos carnicos (Estevez, 2015).
Ademas, la carne se vuelve susceptible a los procesos oxidativos debido a los altos niveles
de &cidos grasos insaturados y multiples iniciadores que incluyen pigmentos, metales de
transicion y ciertas enzimas oxido reductasas (Xiong, 2000). Por lo tanto, la oxidacion se
ha identificado como una de las principales causas que afectan la funcionalidad de la
proteina muscular y la calidad sensorial, nutricional y de vida util de los productos
animales (Zhang et al., 2013). El resultado de la oxidacién por causa del pH final obtenido
al momento del sacrificio hace que las industrias carnicas desechen la carne con pH altos

e indeseados ya que afectaria a la vida Gtil del producto, provocando pérdidas econémicas.

Sistema Productivo Medio ambiente B
y de la carne

Factor Animal:

Altas temperaturas en * Transportescortosy largos
Sexo verano: » Tiempo de espera en
* Raza » Estréspor calor matadero
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Figura 4. . Resumen de los 3 estudios contemplados en la tesis y la influencia de los factores previos al
sacrificio durante la fase de engorde del ternero, relacionados con la obtencidn final de la calidad de canal
y de la carne.

Finalmente, hay una gran variabilidad individual entre canales y carnes
provenientes de un mismo ganadero o genotipo. EI consumidor tiene como criterio de
compra el color y la distribucion de la grasa de la carne, pero dicha variabilidad de la
calidad (sobre todo de textura) afecta la decision de compra (repeticion) del consumidor
(Clinquart et al., 2022). Las causas son multifactoriales por lo que definir las estrategias
de manejo permitiria mejorar esta variabilidad sobre la carne como producto final,

proporcionando una estabilidad en la preferencia de compra del consumidor. Sin
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embargo, muy a menudo ciertos factores ligados al sistema de produccion de carne de
vacuno (en particular la fase previa al sacrificio) influyen significativamente en la calidad
sensorial, nutricional e incluso tecnolégica de la carne, como asi también afectando la

vida atil del producto.
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Obijetivo General

Identificar los factores que inciden en el estrés de los terneros de engorde los
cuales estan intimamente relacionados con la calidad de la canal y la carne, a fin
de definir estrategias de mejora a nivel de granja, transporte y sacrificio de dentro
de un sistema de produccion intensivo.

Objetivos Especificos

Caracterizar tres diferentes sistemas de produccion vacuno de engorde en un
sistema de produccidn intensivo mediterrdneos criados simultdneamente en las
mismas condiciones de alojamiento y cuidado, los cuales difieren en sexo, raza,
nutricion y dias de alimentacion, con el fin de describir su rendimiento,
comportamiento y calidad de la canal y la carne (Estudio 1).

Evaluar el efecto de ventiladores de techo sobre el comportamiento, parametros
productivos, y calidad de canal y carne en terneros de engorde en la fase de
acabado en un sistema de produccion intensivo durante los meses de verano, con
el fin de implementar estrategias de manejo para reducir el estrés por el estrés por
calor previo al sacrificio (Estudio 2)

Evaluar el efecto de tiempo de espera en matadero en transportes cortos (~ 3 h) y
largos (~ 10 h) de terneros de engorde sobre el comportamiento, parametros
fisiolégicos y calidad de canal y de carne, con el fin de identificar factores que
inciden en la aparicion de carnes oscuras duras y secas, y de petequias en la canal
(Estudio 3).
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SUMMARY

Beef fattening systems present a large diversity according to the effect of
the type (genetics and gender) of animals fattened, the nutrition programs, the
housing conditions, and days on feed, resulting in different carcass traits and meat
qualities. New beef fattening systems are arising in Mediterranean countries raising
crossbred Angus bulls seeking new marketing opportunities. One of the strengths
of the present study is that all animals of the three compared different production
systems, two conventional (crossbred heifers, Holstein bulls) and one innovative
(crossbred Angus bulls), were raised following their own commercial program
(days on feed, nutrition) under the same housing, care, and weather conditions.
Furthermore, the carcass and meat quality parameters were analyzed by using a
common methodology. With this experimental design, potential factors like the
housing conditions or the methodology used to analyze carcass and meat quality
(aging time, cooling temperatures, lab equipment) did not interfere in data
interpretation. The results indicated that fattening crossbred Angus bulls is suitable
in an intensive fattening program but technical data (performance, meat quality or
consumer preferences) do not support it as a better alternative to the current

Holstein bull production.
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ABSTRACT

The aim of this study was to characterize three different commercial dairy beef
fattening systems for intensive Mediterranean fattening programs differing in gender,
breed, nutrition, and days of feed in order to describe their performance, behavior,
and carcass and meat quality when they were raised simultaneously under the same
housing and care conditions. Treatments were three different production systems: (1)
crossbred Holstein x beef breeds such as Charolais or Limousine heifers, slaughtered
at 10 months of age (CBH10, n = 41); (2) Holstein bulls, slaughtered at 11 months of
age (HB11, n =42); and (3) crossbred Holstein x Angus bulls, slaughtered at 12 months
of age (CAB12, n = 37). According to our results, moving from a production system
based on Holstein bulls to the crossbred Angus production system has no technical
support as no large production and meat quality improvements were observed, and
only marketing strategies for meat differentiation and consumer trends could favor this

decision.

Keywords: beef cattle; Angus bulls; growth rate; carcass; crossbred Holstein
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1. Introduction

Beef fattening systems differ widely among European Union countries, with a large
diversity in the type (genetics and gender) of animals fattened, in the nutrition programs,
in the housing conditions, and in the days on feed, resulting in different carcass traits and
meat qualities (Hocquette et al., 2018; Clinquart et al., 2022). These beef fattening
systems can range from extensive systems in Ireland to very intensive systems in Italy
(Savoia et al., 2019; Serrapica et al., 2021). In Spain, the beef fattening system is
traditionally an intensive system where calves are housed during the fattening period,
commonly in partially open barns with straw bedding (Alberti et al., 2008; Devant et al.,
2016). Briefly, 30% of the animals fattened are females (mainly crossbred) and from the
remaining 70% of males, 30% are Holstein calves (Sitran, 2019). Dairy calves (dairy beef
system) account for 40% of the fattened calves, and these calves are fed ad libitum
concentrate from very young ages (before the weaning period) (Sitran, 2019). In this dairy
beef fattening system, commercially, crossbred females are fattened for shorter periods
of time (slaughtered around 10 months of age) to avoid the decrease in feed efficiency
(Bures y Barton, 2012) Commonly, these crossbred females are fed the same fattening
concentrate with a moderate energy content during the growing and finishing periods
(Alberti et al., 2008). Holstein bulls are usually slaughtered later, before 12 months of
age, as the decline of the efficiency with age takes place later compared with the crossbred
females. These males are traditionally fed a growing concentrate with moderate energy
content until 9-10 months of age and a finishing concentrate with a greater energy content
until slaughter (Mach et al., 2009). The carcass and meat quality of females and males
differ; bulls are sexually more active and more susceptible to suffering pre-slaughter
stressors (handling, transportation, lairage) than heifers, and the meat of their carcasses is
more prone to become DFD (dark, firm, and dry) (Monin, 1991) than females. In addition,
heifer meat has greater intramuscular fat and is more tender than bull meat Modzelewska-
Kapituta y Nogalski, 2014, Venkata, 2015). Recently, in Mediterranean countries, raising
crossbred Angus bulls in the dairy beef fattening system has been suggested as a new
marketing opportunity. The expectations (hypotheses) are that these crossbred Angus

animals would perform close to the Holstein males in terms of growth and close to
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crossbred females in terms of meat quality (Sinclair et al., 2001). However, there is a lack
of data describing crossbred Angus raised in intensive production systems, where calves
are fed high-concentrate diets from very young ages as is usual in Mediterranean
production systems. Moreover, it is difficult to analyze and compare different production
systems as they are the result of a combination of type of animal (breed, gender) and
housing, management, nutrition programs (days on feed), and carcass and meat handling
procedures (Clinquart et al., 2022). Therefore, one of the strengths of the present study is
the comparison of three different beef production systems following their own
commercial fattening program (days on feed, nutrition) and raising animals under the
same housing, care, and weather conditions; moreover, carcass and meat quality
parameters were analyzed with the same methodology. The aim of this study was to
characterize three different commercial beef fattening systems in intensive Mediterranean
fattening programs differing by gender, breed, nutrition, and days on feed and to describe
their performance, behavior, and carcass and meat quality when raised simultaneously
under the same housing and care conditions. Data generated from this study are the first
step for decision making and offer technical information to consider whether raising
crossbred Angus bulls can be a good alternative to Holstein bulls in a Mediterranean dairy

beef fattening system.

2. Materials and Methods
2.1. Experimental Design, Animals, Housing, and Diets

Animals were reared in a commercial farm of Agropecuaria Montgai S.L. (Montgali,
Spain) and were managed following the principles and guidelines from the Animal Care
Committee of the Institute for Research and Technology in Agrifood (IRTA, Caldes de
Montbui, Spain). This study was conducted in accordance with the Spanish guidelines for
experimental animal protection (Royal Decree 53/2013 of 1 February on the protection
of animals used for experimentation or other scientific purposes; Boletin Oficial del
Estado, 2013).

The experiment was designed as a randomized, balanced design with covariance

adjust- ment with 3 treatments. Pen was the experimental unit and animals were the
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sampling units. Treatments were the three different production systems: (1) crossbred
Holstein x beef breeds such as Charolais or Limousine heifers, slaughtered at 10 months
of age (CBH10); (2) Holstein bulls, slaughtered at 11 months of age (HB11); and (3)
crossbred Holstein x Angus bulls, slaughtered at 12 months of age (CAB12). A total of
41 crossbred heifers (CBH10; 165 + 24.8 kg BW and 141 £ 12.6 d age), 42 Holstein bulls
(HB11; 176 + 18.7 kg BW and 142 + 4.2 d age) and 37 Angus crossbred bulls (CAB12;
192 + 52.5 kg BW and 154 + 34.0 d age) were used to evaluate 3 different production
systems and their potential effects on performance, animal behavior, and carcass and meat
quality. At arrival, animals belonging to each production system (treatment) were
weighed and distributed in pens to equalize initial BW among pens, and then pens were
randomly allocated to the 3 treatments (2 pens/treatment; 18—21 animals/pen). Thereafter,
animals were weighed at the start of study (d 0) and every 14 d until the end. The CBH10
heifers were slaughtered on d 168 and d 174 of study (BW 425 + 46.9 kg), HB11 bulls
were slaughtered on d 209 and d 216 of study (BW 518 + 45.7 kg), and CAB12 bulls
were slaughtered on d 226 and d 230 of study (BW 554 + 58.8 kg), simulating commercial

criteria in intensive beef fattening in Mediterranean countries.

Animals were allocated in pens (12 m x 6 m) that were equipped with a single-space
feeder (0.50 m long x 0.26 m wide x 0.15 m depth) with 10 kg of concentrate capacity,
and it was protected by two lateral barriers (1.50 m length x 0.90 m height) forming a
chute. Width of chute was regulated from 0.45 to 0.60 m throughout the study to
accommodate the increase in animal size and provide sufficient space to allow only one
animal to eat comfortably at a time (Verdu et al., 2017) one water bowl (0.30 m length,
0.30 m width, 0.18 m depth) and straw was offered in a separated straw, five-space feeder
(3.00 m length, 1.12 m wide, and 0.65 m depth). Animals were offered concentrate, straw,
and water ad libitum. Each concentrate feeder was equipped with a scale that consisted
of 4 load cells (Ultilcell, Barcelona, Spain), where the feeder was suspended and
concentrate contained was continuously weighed, and its weight was displayed by digital
screen reader. The scales were calibrated weekly. Every morning, concentrate refusals
were recorded as final feed weight of day before; after that, all feeders were automatically
refilled via refilling system, and concentrate offers were recorded as initial feed weight
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of the current day. All feeders were refilled daily by an auger conveying automated
feeding distribution system and had a reservoir with storage capacity of 200 kg of
concentrate to ensure continuous feed availability, which was dispensed slowly by gravity
fall maintaining a continuous and low level of concentrate in the trough. Concentrate
intake was considered as concentrate disappearance from feeder, which referred to both
concentrate consumption and wastage without discriminating between them because feed
spillage was not measured (Verdu et al., 2017). The amount of straw offered to each pen
was recorded weekly to estimate the total amount of straw consumed; however, these data
were only an approximation of straw intake because straw was also used for bedding.
Before the beginning of the study, animals had a 1-month adaptation period by widening
the chute to facilitate feeder access; from then, the width of the chute was adapted to the
animal size to allow them to eat easily (Paniagua et al., 2019). Pens were totally covered,
i.e., a thick black curtain was installed from the roof to the floor of the barn to avoid eye
contact and smelling between heifers and bulls, which could enhance sexual behavior of
the bulls. Following commercial feeding practices, heifers (CBH10) were fed the growing
concentrate (Table 1) throughout the study, whereas bulls (HB11 and CAB12) were fed
the growing concentrate from d 1 to d 168 and the finishing concentrate (Table 1) from d
168 to d 230. Ingredient and nutrient composition from the growing and finishing
concentrates (Table 1) were formulated according to FEDNA recommendations (Ferret
et al., 2008). Main differences between the growing and finishing concentrates were
metabolizable energy, CP, and fat content. Moreover, animals also had access to barley
straw (35 g/kg CP, 16 g/kg EE, 796 g/kg NDF, and 61 g/kg ash; DM basis) and fresh

water.

2.2. Feed Ingredient Analyses

Feed samples were collected every feed manufacturing for growing and finishing
concentrate to analyze dry matter (DM) (method 925.04), ash (method 642.05), crude
protein (CP) by the Kjeldahl method (method 988.05) (AOAC, 2005), neutral detergent
fiber (NDF) (Van Soest et al., 1991) using sodium sulfite and alpha-amylase, and ether
extract EE by Soxhlet with a previous acid hydrolysis (method 920.39; AOAC, 2005).
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2.3. Animal Behavior Evaluation

Animal behavior was recorded for general activities (standing, lying, eating,
drinking, and ruminating) and social behavior (non-agonistic, agonistic, and sexual
interactions) with a visual scan observation of 2 pens at the same time from 8:00 to 10:00
h (Paniagua et al., 2019) for each pen on d 13, 37, 49, 62, 76, 90, 104, 118, 132, 146, 160,
174,188, 202, and 216, and the last sampling day was 160, 202, or 216 for CBH10, HB11,
and CAB12, respectively. General activities were scored using 3 scan samplings of 10 s
at 5 min intervals, and social behavior was scored during three continuous sampling
periods of 5 min. This scanning procedure of 15 min was repeated twice consecutively in
each pen, starting randomly in a different pen every scanning day (Paniagua et al., 2019).

2.3. Measurements and Sample Collection

Animals from CBH10, HB11, and CAB12 were transported to the slaughterhouse
(La Closa, Guissona, Spain) by truck between on d 167 and 174, on d 209 to 216, and on
d 226 and 230 of study, respectively, following the EU Regulation 1099/2009 using a
captive- bolt pistol and dressed according to commercial practices. Animal transport was
organized in six different loads without mixing animals of different treatments and pens.
Transport distance was less than 35 km. The hot carcass weight (HCW) was recorded and
degree of carcass fatness and conformation were graded according to the EU
classification system into 1.2.3.4.5 (EU Regulation No. 1208/81) and into (S)EUROP
categories (EU Regulation No. 1208/81, 1026/91), respectively. Dressing percentage was
calculated dividing the HCW by the final BW. At 24 h post-mortem of carcass chilling at
6.9 °C, pH was measured with a pH meter (pH 25 DL; Crison, Alella, Spain) by
penetration of the probe equipped with a xerolyt electrode between the lumbar vertebrae
L4 and L5 of the left side of the carcass.

Eighteen samples per treatment (total of 54 carcasses) were selected at random
(avoiding the extreme HCW) for meat quality evaluation. At 48 h post-mortem, samples
from the central part of the longissimus thoracis (LT) from rib 12 to 13 were removed
from each carcass and cut in 5 steaks of 2.5 cm. Thereafter, three steaks of 2.5 cm were
individually packaged in modified atmosphere (MAP; 70% 02:30% CO2) with
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polypropylene trays (day 0 of MAP), and the remaining steaks were vacuum-packaged

and frozen at —20 °C until determination of intramuscular fat and tenderness.

Table 1. Ingredient and nutrient composition of the growing and finishing concentrates.
Item

Ingredient, g/kg Growing Finishing
Corn 421 398
Barley 107 149
Wheat middlings 103 67
Wheat 100 99
Corn DDG 120 99
Peas meal 59
Palm kernel 100 80
Palm oil 10 22
Calcium carbonate 18 14
Urea 8 3
Sodium bicarbonate 4 4
White salt 2 2
Vitamin—mineral premix &° 3 2

Nutrient, per kg DM

Metabolizable energy (ME), 3.18 3.34
Mcal/kg

CP,g 158 144
Ether extract, g 55 65
Ash, ¢ 54 47
NDF, g 220 198
NFC, g¢ 511 545

@ Premix of the growing concentrate (Montgai, Spain). Vitamins and minerals contained per kg of DM: 3052 kIU of
vitamin A, 610 kIU of vitamin D3, 10.2 g of vitamin E, 0.04 g of vitamin K, 10.2 g of vitamin B1, 0.34 g of vitamin
B2, 0.04 g of vitamin B6, 0.007 g of vitamin B12, 1.7 g of vitamin B3, 0.2 g of Co, 1.7 g of Cu, 0.2 g of I, 15.3 g of
Mn, 0.1 g of Se, 16.7 g of Zn, 200 g of sodium sulfate, 152 g of magnesium oxide, 42.4 g of etoxiquine, 1 kg of barley
as excipient. b Premix of the finishing concentrate (CAG, Guissona, Spain). Vitamins and minerals contained per kg
of DM: 3575 klIU of vitamin A, 858 klU of vitamin D3, 101 g of vitamin E, 2.3 g of vitamin B1, 0.2 g of Co, 2.5 g of
Cu, 0.3 gof I, 15.7 g of Mn, 0.2 g of Se, 20.6 g of Zn, 250 g of magnesium oxide, 75.7 g of etoxiquine, 1 kg of barley
as excipient. ¢ NFC = nonfiber carbohydrates calculated as 1000 — (CP + ash + NDF + ether extract).

2.4. Meat Analyses

The MAP steaks were displayed for 9 d (11 d post-mortem) in an illuminated cooling
room (5 £ 0.5 °C) with a homogeneous fluorescent light (900 Ix) activated for 12 h a day.
From one steak, instrumental color was evaluated on d 2, 6, and 9 post packaging using
a Minolta chromameter (CM600d, Minolta Inc., Osaka, Japan) in the CIE-Lab space (L*:
lightness, a*: redness, and b*: yellowness; Commission Internationale de I’Eclairage,
1976) with illuminant D65 and 10° viewing angle. In addition, a group of 3 trained
panelists evaluated daily a color perception and purchase decision until d 9 post packaging
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from Monday to Friday. The subjective perception of color and purchase decision were
recorded using a 5-point scale (Color perception: (1), highly undesirable; (2), moderately
undesirable; (3), slightly desirable; (4), moderately desirable; and (5), highly desirable.
Purchase decision: (1), would not buy; (2), would probably not buy; (3), buy dubiously;
(4), would probably buy; (5), would buy) (AMSA, 1995). Intramuscular fat was analyzed
by using near infrared spectroscopy at wavelengths between 850 and 1048 nm (Foodscan;
FOSS, Hillergd, Denmark), previously removing subcutaneous fat and connective tissue
and homogenizing with a conventional meat grinder. Instrumental tenderness (Warner—
Bratzler shear force (WBSF)) was measured using a texturometer (Stable Micro Systems,
Godalming, United Kingdom); samples were thawed for 24 h at 2°C and wrapped in
aluminum foil and baked at 200 °C until the internal temperature reached 71°C (AMSA,
1995). Cooked steaks were cut into six 1.25 cm diameter cores with a cork borer, parallel
to the muscle fiber orientation. The Warner—Bratzer shear blade was perpendicularly
oriented to the direction of the fibers (Marti et al., 2011).

2.5. Statistical Analysis

The pen was considered the experimental unit, as the pen was the unit on which all
uncontrolled factors were occurring at random. In the case where data were registered
individually, the animal was included in the analysis as a sampling unit. A power analysis
was conducted to ensure that 2 replicates were appropriate for the statistical power (Marti
etal., 2013).

Initial BW, initial age, final BW, days of study, HCW, and dressing percentage data
were analyzed using a mixed-effects model (version 9.4, SAS Inst., Inc., Cary, NC, USA),
including treatment as a main effect and pen as a random effect. Initial BW was used as

a covariate.

Concentrate intake and average daily gain data were analyzed using a mixed-effect
model with repeated measures. The model included initial BW as a covariate, treatment,
period, and the interaction between the treatment and period as main effects and pen,
animal within pen, and the interaction of treatment and pen as random effects. Period was

considered a repeated factor, and the pen nested within treatment was subjected to 2
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variance—covariance structures: compound symmetry and autoregressive order. The co-
variance structure that minimized Schwarz’s Bayesian information criterion was

considered the most desirable analysis.

In behavior data, due to the lack of normality of the data analyzed in a previous
analysis, the non-parametric Kruskal-Wallis test was performed, and then the data were
transformed. Percentage of general activities data were transformed into natural logarithm
from behavioral performances, and data from social behavior was transformed into root-
square to achieve a normal distribution. These data were analyzed with repeated

measures, as described above.

Data from carcass conformation and fatness were analyzed with the FREQ procedure
of SAS with the y2 distribution procedure (version 9.4, SAS Inst., Inc., Cary, NC, USA).

Meat quality data, such us pH ultimate, instrumental color and texture at 48 h, and
intramuscular fat, were analyzed using a mixed-effects model (version 9.4, SAS Inst.,
Inc., Cary, NC, USA), including treatment as a main effect and the pen as a random effect.
The variables of evolution of instrumental color, color preference, and purchase decision
were analyzed using a mixed model with repeated measures as described above, where
temperature of the refrigeration room was included as a covariate, treatment day and their
interactions were included as fixed effects, and pen, animal within pen, and the interaction
of treatment and pen were included as random effects. Least square mean values were

compared with Tukey’s HSD test.

Differences were declared significant at p < 0.05, and trends were discussed at 0.05
<p <0.10 for all models.

3. Results
3.1. Performance and Carcass Quality

Performance and carcass quality data are presented in Table 2. During the first 168
days, total concentrate consumption was greater (p < 0.001) only in the last period (Figure
1) for CAB12 and HB11 compared with CBH10 (interaction between production system
and period, p < 0.001). However, during this 168-day period, ADG of CBH10 were less
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(p < 0.05) than HB11 and CAB12 in most of the periods studied (interaction production
system and period was p < 0.05) as can be observed in Figure 2. Additionally, as a
consequence, feed efficiency data were slightly lower in most of periods studied for
CBH10 than for HB11 and CAB12 bulls (interaction production system and period were
p < 0.001; data not shown). When global performance data were analyzed, as the days in
the study differed, differences in total concentrate intake, ADG, and final BW and HCW
were observed (Table 2). Total intake of CAB12, despite being slaughtered 16 days later,
was close to HB11 (Table 2). Final global efficiency did not differ between both beef
fattening systems (Table 2). Moreover, the global efficiency did not differ between raising
crossbred heifers and slaughtering them at 10 months of age (CBH10) versus the tested
bull production systems (HB11 and CAB12). The HCW of CAB12 slaughtered at 382 d
of age was 6.4% greater (p < 0.001) than that for HB11 slaughtered at 354 d of age, and
the HCW of the HB11 was 14.8% greater (p < 0.001) than that for CBH10 slaughtered at
311 d of age. When analyzing the global carcass efficiency (carcass yield expressed by
total concentrate consumption) of the fattening bulls, both HB11 or CAB12 were 14%
less efficient (p < 0.001) than the fattening crossbred heifers slaughtered at 10 months of
age. Differences were observed in carcass conformation (p < 0.001), resulting CAB12
treatment with the best carcass conformation scoring rate (more “U” and “R” scoring
percentages), followed by the carcasses of CBH10 heifers, while the carcasses of the
HB11 bulls had the poorest conformation carcasses (greatest percentage of carcasses
scored as “P”). However, no differences in the dressing percentage or carcass fatness

among the production systems were observed.

3.2. Animal Behavior

In Table 3, animal behavior data are presented. A significant interaction (p < 0.001)
between production system and periods was observed in general activities such as
standing, lying, and rumination. Although standing and rumination differed among
treatments, both behaviors did not follow a regular pattern, as can be observed in Figure
3a—c. Social behavior of CAB12 was less (p < 0.05) than CBH10 and HB11 in period 1,
HB11 was less (p < 0.05) compared with CBH10 and CAB12 in period 4, and CBH10

was greater (p < 0.05) compared with HB11 and CAB12 in period 8 (data not represented
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in figures). Among the agonistic and sexual behaviors, the effect of the production system
was more regular. Fighting was less (p < 0.01) for CBH10 compared with HB11 and
CAB12. Displacement of HB11 was greater (p < 0.05) compared with CBH10 and
CAB12 in period 8 (Figure 3d). Moreover, HB11 was greater (p < 0.01) in chasing
compared with CBH10 and CAB12. Flehmen, attempt to mount and complete mount,
was less (p < 0.001) for CBH10 compared with HB11 and CAB12. Finally, CBH10
performed more stereotyped behaviors (p < 0.001) compared with CAB12, and the latter
performed more stereotyped behaviors than HB11 (p < 0.001).
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Table 2. Performance and carcass characteristics for the first 168 days and whole study in different
Mediterranean beef production systems.

Production System! SEM? p-value®
CBH10 HB1l1 CABI12 Production _. Production system
Item Time -
system X Time
Numbers of animals 39 42 37 - - - -
Initial age, days 140 141 154 17.2 0.83 - -
Initial BW, kg 171 172 188 21.4 0.83 - -
Performance from 0 to 168 d of study
Concentrate intake, kg/d 6.24 6.49 6.38 0.138 0.45 <0.001 <0.001
ADG, kg/d 1.53 1.70 170 0.030 <0.04 <0.001 0.02
Efficiency, kg/kg 0.25 0.26 0.26  0.010 0.54 <0.001 <0.001
Global performance
Days of study 171° 212° 2282 0.3 <0.001 - -
Final age, days 310° 354% 3822 16.3 <0.01 - -
Final BW, kg 425°¢ 523° 5532 7.8 <0.001 - -
ADG, kg/d 1.53° 1.63* 1.60*® 0.027 <0.05
Total concentrate consumption, kg 1064° 1437* 14902 22 <0.001
Efficiency, kg/kg 0.24 0.24 0.24  0.003 0.45
Carcass parameters
HCW, kg 243° 2790 2972 4.0 <0.001 - -
Carcass efficiency, kg/kg 0.222 0.19°  0.19° 0.003 <0.001
Dressing percentage, % 55.6 53.7 54.4 0.58 0.17 - -
Conformation®, % <0.001
E 2.6 - -
U 23.1 - 324
R 333 - 67.6 -
o) 35.9 54.8 - i i
P 5.1 45.2 -
Fatness®,% 1.00
1 - - -
2 2.6 2.4 2.7
3 97.4 976 973 i i

ac Rows with different superscripts differ (p < 0.05).

! Treatments CBH10 = crossbred Holstein x beef breeds like Charolais or Limousine heifers slaughtered at 10 months
of age; HB11= Holstein bulls slaughtered at 11 months of age, CAB12= crossbred Holstein with Angus bulls
slaughtered at 12 months of age.

2 SEM= Standard error of the mean.

3 Production system effect; Time = time effect (period of 14 d); Production system x Time = production system by time
interaction effect.

4 The conformation class designated by the letter “E” (excellent) describes carcasses with all profiles convex to super-
convex, and with exceptional muscle development, and the conformation classified as “U” (very good) describes
carcasses with profiles on the whole convex, and with very good muscle development. The carcasses classified as “R”
(good) present profiles, overall, straight and with good muscle development. Carcasses classified as “O” (fair) present
profiles straight to concave and with average muscle development, and carcasses classified as “P” (poor) present all
profiles concave to very concave with poor muscle development.

5 The carcass fat cover that classifies as 1 (low) describes none to low fat cover, the class of fat cover classified as 3
(very high) describes an entire carcass covered with fat and with heavy fat deposits in the thoracic cavity.
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Figure 1. Daily concentrate intake over the time in crossbred Holstein x beef breeds like Charolais or
Limousine heifers slaughtered at 10 months of age (CBH10), Holstein bulls slaughtered at 11 months of
age (HB11) and crossbred Holstein with Angus bulls slaughtered at 12 months of age (CAB12) (*P
significant differences P < 0.05 between production system within the same period).
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Figure 2. Average daily gain over the time in crossbred Holstein x beef breeds like Charolais or Limousine
heifers slaughtered at 10 months of age (CBHZ10), Holstein bulls slaughtered at 11 months of age (HB11)
and crossbred Holstein with Angus bulls slaughtered at 12 months of age (CAB12) (* significant
differences p < 0.05 between production system within the same period).
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Table 3. Animal behavior for the first 168 days in different Mediterranean beef production systems.

Production System?* SEM? P-value®
CBH10 HB11 CABI12 Production . Production system
Item Period .
system X Period
General activities, %
Standing 67.7 76.9 779 085 <0.000 <0.001 <0.001
Lying 32.3 23.1 221 085 <0.001 <0.001 <0.001
Concentrate intake 5.0 4.7 5.3 0.05 <0.001 0.22 <0.01
Straw intake 9.7 9.5 122 0.89 0.06 <0.001 <0.01
Drinking water 11 1.7 15 0.28 0.32 0.93 0.48
Ruminating 13.8 10.1 105 031 <0.001 <0.01 <0.01
Behavior, each 15 min
Self-grooming 16.6 9.9 10.5 0.20 <0.001 <0.001 <0.001
Social 3.8 29 2.7 0.13 0.10 <0.001 < 0.001
Oral 51 6.4 4.8 0.13 0.22 <0.01 0.52
Fighting 0.7° 2.9 212 021 <0.01 0.29 0.27
Butting 0.4 1.3 1.3* 014 0.01 0.92 0.50
Displacement 0.2 0.2 0.2 0.05 0.37 0.03 0.03
Chasing 0.1° 0.6 0.1°  0.09 <0.01 <0.01 0.24
Chasing-up 0.0 0.1 0.0 0.01 0.26 <0.001 0.12
Flehmen 0.1° 3.3 27% 016 <0.001 <0.001 0.12
Attempt to mount 0.8 3.78 2.28 0.20 0.03 <0.001 0.15
Complete mount 0.4 2.82 23* 024 <0.01 <0.001 0.98
Stereotype 1.42 0.1° 0.4°> 0.06 <0.001 <0.001 0.05

abc Rows with different superscripts differ (p < 0.05).1 Treatments CBH10 = crossbred Holstein x beef breeds like
Charolais or Limousine heifers slaughtered at 10 months of age; HB11= Holstein bulls slaughtered at 11 months of
age, CAB12= crossbred Holstein with Angus bulls slaughtered at 12 months of age.

2 SEM= Standard error of the mean.

3 Production system effect; Period= time effect (period of 14 d); Production system x Period = production system by
period interaction effect.

3.3. Meat Quality

Meat pH was greater (p < 0.001) for CBH10 and CAB12 compared with HB11 (Table
4). The maximum force and the total area from WBSF were not affected by the production
system. Only the slope was significant (p = 0.03), but the differences were not relevant.
Intramuscular fat had no significant differences between production systems. Lightness
(L*) of CBH10 were greater (p < 0.001) compared with HB11 and CAB12 during all the
conservation time in MAP on days 2, 6, and 9 post-packaging (Figure 4a). Redness (a*)
of CBH10 was less (p < 0.05) than HB11 and CAB12 at 2 and 9 d, and only less than
HB11 at 6 d (Figure 4b). Yellowness (b*) of CBH10 was lower (p < 0.05) than HB11 and
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CAB12 on day 2, higher than CAB12 on day 6, and lower than HB11 at day 9 (Figure
4c). On days 6 and 9, color perception differed among treatments: CBH10 had a less
preferred color (p < 0.05) than CAB12, which had a less preferred color than HB11. No
differences in color perception by meat from different treatments were found at day 2
(Figure 4d). Similar results were obtained by purchase decision (Figure 4e).

Table 4. Meat pH, shear force, intramuscular fat and evolution of the shelf life parameters (instrumental

color, color perception and purchase decision) over the time in MAP of meat of animals raised in different
Mediterranean beef production system.

Production System! SEM? p-value®
CBH10 HB11 CAB12 Production Production system
Item Days
system x Day

pH, 24 h 5.72 5.5P 57¢@ 001 <0.001 - -
WBSF

Maximum force (kg) 6.6 7.3 6.6 0.38 0.27 - -

Total area (kg.mm) 69.5 76.9 644 543 0.27 - -

Slope (kg.mm) 0.9 1.0° 1.0°  0.03 0.03 - -
Intramuscular fat (%) 1.9 1.7 1.7 0.17 0.60 - -
Instrumental colour*

L* 36.2 32.3 330 009 <0.001 <0.001 0.03

a* 14.9 16.7 169 053 <0.001 <0.001 <0.001

b* 15.6 16.2 16.3 0.36 0.03 <0.001 <0.001
Color perception® 2.9 4.2 3.5 0.10 <0.001 <0.001 <0.001
Purchase decision® 2.9 4.3 35 011 <0.001 <0.001 <0.001

& Rows with different superscripts differ (p < 0.05).

! Treatments CBH10 = crossbred Holstein x beef breeds like Charolais or Limousine heifers slaughtered at 10 months
of age; HB11= Holstein bulls slaughtered at 11 months of age, CAB12= crossbred Holstein with Angus bulls
slaughtered at 12 months of age.

2 SEM= Standard error of the mean:

3 Production system effect; Day = time effect (2, 6 and 9 d after packaging in MAP); Production system x Day =
production system by time interaction effect.

4 Instrumental color: L*= lightness, a*= redness, and b*= yellowness.

5 5-point scale: color perception: 1= highly undesirable, 2= moderate undesirable, 3= slightly desirable, 4= moderately
desirable and 5= highly desirable.

6 5 5-point scale: purchase decision: 1= would definitely not buy, 2= would probably not buy, 3= buy dubious, 4=
would probably buy, 5= definitely buy.
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Figure 3. (a) Standing, (b) ruminating, (c) self-grooming, and (d) displacement behaviour during the first
168 days of study in crossbred Holstein x beef breeds like Charolais or Limousine heifers slaughtered at 10
months of age (CBH10), Holstein bulls slaughtered at 11 months of age (HB11) and crossbred Holstein
with Angus bulls slaughtered at 12 months of age (CAB12) (*°¢ significant differences p <0.05) between
production system within the same period).
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Figure 4. Evolution of the instrumental colour ((a) lightness, (b) redness, (c) yellowness)), (d) colour
perception (5-point scale: 1= highly undesirable, 2= moderate undesirable, 3= slightly desirable, 4=
moderately desirable and 5= highly desirable), and (€) purchase decision (5-point scale: 1= would definitely
not buy, 2= would probably not buy, 3= buy dubious, 4= would probably buy, 5= definitely buy) of meat
over the storage time in refrigeration and MAP conditions by production system (crossbred Holstein x beef
breeds like Charolais or Limousine heifers slaughtered at 10 months of age (CBH10), Holstein bulls
slaughtered at 11 months of age (HB11) and crossbred Holstein with Angus bulls slaughtered at 12 months
of age (CAB12)) @bcsignificant differences p <0.05 between production system within the same day).

4, Discussion

When crossbred heifers, Holstein bulls, and Angus—Holstein crossbred bulls were
raised under the same housing and management conditions and fed similar diets (concen-
trate and straw) during the first 168 d of study, heifers, as expected, had a reduced growth
and worse efficiency in several growing periods. Some studies have reported that bulls
gain weight more rapidly and efficiently than heifers (Bure§ y Barton, 2012), which has
been attributed to the anabolic properties of androgens, in particular testosterone
(Heitzman, 1976).

Furthermore, meat from heifers has more intramuscular fat and is more tender than
meat from bulls slaughtered at the same age (Modzelewska-Kapituta y Nogalski, 2014;
Venkata et al., 2015); however, in the present study, bulls were slaughtered 41 to 56 days
later (Holstein or crossbred Angus, respectively) than heifers, and this could explain the

lack of significant differences in intra-muscular fat content since it has been reported that
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in Holstein bulls intramuscular fat increases around 0.3% every 30 d (Marti et al., 2013).
It was expected that bulls would be more sexually active and more susceptible to stress
than heifers, and they would be more susceptible to pre-slaughter stressors (handling,
transportation, lairage), and the meat of their carcasses would be more prone to become
DFD (dry, firm, and dark) (Monin, 1999). However, in the present study, Holstein bulls
had the lowest meat pH even if their sexual and agonistic behaviors were not significantly
different than those of the crossbred Angus bulls. Some authors have reported differences
in pH in bulls slaughtered at different ages and showed that pH was higher at 12 than at
10 and 14 months (Marti et al., 2013). Nevertheless, comparisons between works are
difficult since the production systems are, not the same, and there are many factors that
could affect the pH. The meat pH plays a very important role in technological quality as
it largely determines shelf life and processability as well as water holding capacity and
may affect sensory quality attributes, such as the visual perception of color or its
tenderness. However, in the present study, differences observed among the three
production systems were not considered as relevant since the mean pH was below 6.0 in
all production systems. Maybe unrecorded factors such as temperature during transport,
waiting time in lairage pens prior to slaughter, or other stressors before slaughtering
(Flores et al., 2008), as well as cooling conditions, could have affected meat quality
parameters, such as the pH. In addition, when analyzing the performance data of the
global production system, no great differences in efficiency (expressed as growth divided
by total concentrate intake) were observed; these results are probably related to the
impairment of growth and efficiency with increasing slaughter age (Marti et al., 2013).
However, a greater impairment of global carcass efficiency (carcass yield expressed as
percentage of total concentrate intake) was observed in Holstein or Angus crossbred bulls
than in crossbred heifers. Meat quality data, such as intramuscular fat content and meat
tenderness, were also very similar among production systems; these data are indicative
that each production system had optimized the slaughter age and nutrition program and
similar meat quality could be achieved. However, this affirmation is not fully supported
by the meat color and purchase decision data. The evolution of the color of the heifer
meat (lightness, redness), color perception, and purchase decision were indicative of an

unexpected decrease in meat quality and duration of meat shelf life. These data are not
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surprising as meat color is the first criterion for consumer appreciation of meat at the time
of purchase (Font-i-Furnols y Guerrero, 2014). Meat color can be affected by many
factors (age, gender, type of muscle, intramuscular fat content), but in the present study,
the intake of antioxidants via feed may be one of the potential reasons behind this
impaired meat color in the heifer meat (Castillo et al., 2013). The vitamin E content of
the growing concentrate was 30 Ul per kg, less than the vitamin E content of the finishing
concentrate, which was 202 Ul per kg; in the present, study animals were fed the same
concentrate from day 0 to 168 to be able to compare the different production systems, and
the vitamin E concentration was not adapted for the females that were slaughtered at day
170 of the study and, consequently, were not fed finishing concentrate. The authors
suggest that supplementing feedlot cattle, especially Holstein steers, with vitamin E
extended the color display stability of fresh beef (Arnold et al., 1992). This was
accomplished whether an additional 300 1U/d was supplemented for 9 months, 1140 1U/d
for 67 d, or 1200 1U/d for 38 d. In the present study, all animals consumed less than 200
IU daily for 168 days; thereafter, heifers were slaughtered and bulls consumed the
finishing concentrate, in which vitamin E was highly increased so that bulls consumed
around 1400 IU daily before slaughter, either for 40 or 57 days before slaughter for
Holstein bulls or crossbred Angus, respectively. To be able to confirm that vitamin E
content was causing the lowest meat color perception scores and the lightness and redness
meat, an additional study should be performed. Another unexpected result was that when
comparing meat from Holstein bulls vs. crossbred Angus bulls after 6 and 9 days of
display in MAP, Holstein bull meat had higher color preference and purchase decision
scores than Angus bull meat, although the amount of Vitamin E consumed was higher in
the Angus bulls. According to the results of the present study (performance and meat
quality data, purchase decision), moving from a production system based on Holstein
bulls slaughtered at 11 months to the crossbred Angus bulls slaughtered at 12 months has
no technical (performance, animal behavior or meat quality) data support, and only
marketing strategies for meat differentiation could support this decision. The decision of
crossing dairy cows with Angus was based on the hypothesis that meat from Angus
animals is perceived by the consumers as the meat with the best quality (Bures y Barton,

2018); however, the Angus meat that consumers perceive as a good quality meat is usually
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coming from pure breeds, castrated, probably hormone-implanted animals with a
different meat aging protocols, improving meat intramuscular fat, tenderness, and flavor
(Reichhardt et al., 2021). At the point of purchase, aspects such as color, freshness,
appearance, and fat quantity, as well as price and expiration date, are the most important
factors for Spanish consumers (Magalhaes et al., 2022), and, partly, they can be modified
with the production system, including breed, age at slaughter, type of feeding, and
transport conditions. Thus, any change in the production system should consider all these
factors aiming to match consumer demands. As discussed previously, non-technical-
based marketing strategies favoring specific claims, such as the production system type,

could bias the consumer’s choice, thus pushing the farmers to match market demands.

5. Conclusions

No great differences in efficiency (expressed as ADG divided by total concentrate
intake), intramuscular fat, or meat tenderness among the three Mediterranean productions
systems evaluated (crossbred Holstein x beef breeds such as Charolais or Limousine
heifers slaughtered at 10 months of age, Holstein bulls slaughtered at 11 months of age
and crossbred Holstein with Angus bulls slaughtered at 12 months of age) were observed.
Surprisingly, Holstein bulls had the lowest meat pH even if their sexual and agnostic
behavior was not significantly different from the crossbred Angus bulls. However,
carcass conformation of crossbred Angus bulls was greater than in Holstein bulls. The
evolution of color of heifer meat (lightness, redness), color perception, and purchase
decision were indicative of an unexpected impairment in meat quality and meat shelf life;
maybe reduced antioxidant consumption could be one of the potential explanations.
Additionally, meat shelf life was less in crossbred Angus bulls than in Holstein bulls. In
summary, according to the present study (performance and meat quality data), moving
from a production system based on Holstein bulls to crossbred Angus has no technical
support except if carcass conformation wants to be improved, and only marketing

strategies for meat differentiation could support this decision.
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CAPITULO IV

The effect of ventilation on productive parameters, animal
activity, and carcass and meat quality in fattening bulls
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SUMMARY

Escalating frequencies of heat waves, drought and flooding events will negatively
impact crop and livestock productivity. Livestock production although is affected by the
effects of global warming, it may implement management and nutritional strategies to
reduce the effects of heat stress. Heat stress becomes critical when ruminants experience
upper critical temperatures and can cause production losses in the beef industry by
increasing mortality and feed conversion as well by the incidence of meat with high
ultimate pH and dark color. The aim of this study was to evaluate the effect of ceiling
fans installed in partially open barns during the last two month of the finishing period
during summer on performance, behavior, ultimate pH, meat color and color stability in
dairy-beef crossbred bulls fed high concentrate diets. In contrast to the expectations,
ceiling fans did not mitigate high temperatures although the air flow improved pen
conditions. Ceiling fans impaired daily gain and rumination of bulls but improved

ultimate pH and color stability.
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ABSTRACT

The aim of this study was to evaluate the effect of ceiling fans installed in partially
open barns during the last 42 days of the finishing period of dairy-beef bulls during
summer. A total of 432 crossbred bulls were involved in a study with two treatments: a
natural ventilated barn (control; CTR) and a barn with natural and forced ventilation using
ceiling fans (ventilated; VEN). Animal behavior was recorded, and blood samples were
collected to evaluate lactate and creatine kinase throughout the study. Additionally, meat
samples from the Longissimus muscle were collected to measure instrumental color, pHu,
and shelf life. Ceiling fans did not mitigate high temperatures although the air flow
improved pen conditions (dryness of the pen). The VEN bulls allocated in ceiling fans
barn had lower final body weight and average daily gain, reduced rumination time and
had greater serum creatine kinase activity than CTR. The meat pH was greater in CTR
than in VEN animals, however other differences observed among treatments in in meat
quality and shelf life had minimal consequences. Therefore, ceiling fans as they were
installed in the present study are not a good investment to mitigate heat stress, on the
contrary it has detrimental effects on performance.

Keywords: fattening bulls; heat stress; ventilation system

78



1. Introduction

The world’s climate is continuing to change at rates that are projected to be
unprecedented in recent human history (Thornton et al., 2007). The prediction models
have indicated that temperature would increase 0.2°C per decade. And addition to global
warming a weather variability is likely to increase, escalating frequencies of heat stress,
drought and flooding events that will have adverse effects on crop and livestock
productivity (Reay et al., 2007). It is likely that in the boreal hemisphere the effects of
global warming will be more severe (Nardone et al., 2010). In these areas the livestock
production is more industrialized so the indirect effects of global warming (soil infertility,
water scarcity, grain yield, etc.) may impair the productivity at more extend than the direct
effects of heat on animals as these intensive systems have more capacity to implement
nutritional and management strategies to reduce heat stress (Nardone et al., 2010).
Specifically, in Spain, the average increase of temperature in the last 60 years have been
1.3°C, with 38% of the territory with increases between 1.5 and 1.9°C, and 12% of the
territory with increases higher than 2°C (Agencia Estatal de Meterologia, 2023;
Observatorio de Sostenibilidad, 2023). Therefore, in Spain the increase of temperature is
higher than the global increase (1.1°C). Some of these areas with higher increases are
areas where cattle are fattened for meat. The beef fattening system in Spain is traditionally
an intensive system where calves are housed commonly in partially open barns with straw
bedding (Sanchez et al., 2022). Most of the cattle are bulls, and they are fed a growing
concentrate with moderate energy content until 9-10 months of age and a finishing
concentrate with a greater energy content until slaughter (Mach et al., 2009).

In general, ruminants have wide comfort zones and a high degree of thermal tolerance
(Rowlinson, 2008), but it is known that body functions are more efficient within the
thermo-neutral zone, and stress become critical when ruminants experience upper and
lower critical temperatures or rapid changes of these conditions (Nardone et al., 2010).
The higher threshold temperature for beef cattle is 30°C with relative humidity below
80% and 27°C with relative humidity above 80% (SCAHAW, 2001). Heat stress causes
production loss in the beef industry (Sprott et al., 2001), increase mortality (Vitali et al.,
2009) and increases the incidence of meat with a high ultimate pH (pHu) and dark (Kadim

etal., 2004).
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Some techniques implemented by the farmers that may help acclimation and im-
prove production are changing the feeding regimen (Fregley, 1996), providing additional
drinking water points (Mader et al., 2002), use of cooling systems such as ventilation
(Mazzenga et al., 2006), water sprinkling or misting (Calegari et al., 2014). Our barns
take advantage of natural ventilation; however, it might be not enough when temperatures
are higher than 35°C and with low humidity. The installation of additional water though
did not increase the amount of water consumed in fattening bulls (Marti et al., 2017). The
use of cooling systems where water is involved may increase slipperiness with increased
risk of injuries (Calegari et al., 2014), increase of dirtiness of the cattle that can be
economically punished at the slaughterhouse (Brscic et al., 2015), and increase of use of
bedding material to maintain the bedding dry and clean increasing the production cost
(Brscic et al., 2015). Alternatively, although our barns have natural ventilation, the
installation of ceiling fans may help to reduce the negative effects of heat stress. Magrin
et al. (2017) and Parrini et al. (2022) evaluated the use of ceiling fans in beef cattle fed
total mixed ration entering to confinement in the last period of the finishing phase in pens
of 6 animals. In their studies the air flow provided by ceiling fans did not improve the
performance, but changes in the physiology and behavior were observed. The type of diet,
previous management and location of the calves and fattening location may influence the
outcomes observed in the cited studies. Nowadays scare studies available, and studies
based in the dairy-beef animals are not published. Therefore, knowing that in our area
there are days in summer that temperatures are higher than 41°C, that the calves are from
a dairy-beef system and brought to the farm between 21 and 28 d of age, and the diet of
the calves was high concentrate pellets and straw fed separately, we hypothesized that
cattle that are finished during summer may suffer heat stress affecting growth and meat
quality. The aim of this study was to evaluate the effect of ceiling fans installed in partially
open barns during the last two month of the finishing period during summer on
performance, ultimate pH, meat color and color stability when meat is packaged in MAP

in dairy-beef crossbred bulls fed high concentrate diets.
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2. Materials and Methods

2.1. Animals housing and diet

A total of 432 crossbred bulls (452 + 51.0 kg of body weight (BW) and 303 + 34.3d
of age) reared in a commercial farm (Agropecuaria Montgai S.L., Montgai, Spain) were
used to evaluate the effect of ceiling fans. The study was repeated over two years during
July and August of 2018 and 2019. Each year, two partially open barns were used and
assigned to one of the two treatments: a natural ventilated barn (control; CTR) and a barn
with natural and forced ventilation using ceiling fans (ventilated; VEN). Animals in each
barn were weighed and randomly allocated in 6 pens (a total of 12 pens; 6 pen/treatment;
16-21 animals/pen). The study lasted for 42 days. Ceiling fans (Zefiro Line, CMP
Impianti Srl, Italy) were installed in the beams between two pens at 3.5 m high, therefore
3 ceiling fans were mounted in the VEN barn and they were programed according to the
thresholds of Temperature-Humidity Index (THI) described for heat stress (Amstrong et
al., 1994; Jeelani et al. 2019); when ambient temperature achieved 23°C (71 THI),
ventilation speed was 30% of the maximum speed of the fan, and when ambient
temperature achieved 31°C (79 THI) the ceiling fan worked at maximum speed. The total
of hours of fans working was recorder daily. Two HOBO (EasyLog EL-USB-1
standalone USB temperature data logger) were installed in each barn to measure the
ambient temperature and humidity each hour. The THI was obtained using the
temperature and humidity recorded (THI = (0.8 x T°) + {[(RH®/100) x (RH*— 14.4)] +
46.4}) (Gaughan et al., 2008).

Pens (12 m x 6 m; 72 m?/pen) were deep bedded with straw and equipped with a five-
space concentrate feeder (0.50 m long x 0.26 m wide x 0.15 m depth), a seven-space straw
feeder (3.00 m length, 1.12 m wide, and 0.65 m depth) and one water bowl (0.30 m length,
0.30 m width, 0.18 m depth). The same finishing concentrate and straw was offered
separately and ad libitum in both barns. Each barn was equipped with two concentrate
silos suspended in 4 load cells and equipped with a scale. Barn feed intake was recorder
daily by recording the concentrate disappearance in 24 hours. Barn water intake was also
recorded daily using a water meter by recording the amount of water consumed in 24

hours.
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2.2. Animal performance and animal behaviour

Animals were weighed at the beginning of study (d 0) and every 14 d until d 42 of

study. Animal behavior was recorded for each penond 0, 7, 14, 21, 28 and 35 from 0800

to 1030 (Table 1). The general activity recording was performed by scan sampling and

included postures standing or lying, also drinking and rumination. General activities were

scored using 4 scan samplings of 10 s at 5 min intervals (Devant et al., 2016). Moreover,

non-agonistic interactions and agonistic behaviors were recorded during three continuous

sampling periods of 5 min, with 15 min of each sampling and repeated twice for each pen,

starting randomly in a different pen every scanning, and two pens were scored at the same

time (Paniagua et al., 2018).

Table 1. Description of interactions observed from general activities, agonistic and non-agonistic
interaction of animals at the farm.

Interaction Definition
General activities

Standing Standing was recorded when the animal was standing on its 4 legs, independently
of any activity the animal might perform.

Lying Lying was recorded as soon as the animal was not standing on its 4 legs,
independently of any activity the animal might perform.

Drinking Drinking was recorded when the animal had its mouth in the water bowl. An
observation was recorded as drinking when the bull was with its muzzle in the
water bowl or swallowing the water.

Ruminating Ruminating, included the regurgitation, mastication, and swallowing of the bolus

Non-agonistic interactions
Self-grooming

Oral non-nutritive
behavior
Agonistic interactions

Fighting
Butting
Displacement

Chasing

Chasing-up
Sexual interactions

Flehmen

Attempted mounts

Completed mounts
Stereotypies

Oral stereotypies

Nonstereotyped licking of its own body, scratching with a back limb or against the
fixtures.
Licking or biting fixtures with non-nutritive finality.

When bulls pushed vigorously head against head.
When one bull push vigorously its head against any part of another bull's body.

When one bull jostle itself between 2 other bulls or between a bull and any
equipment.
When a bull follow fast or run behind another bull.

When a bull push a resting animal and make him to stand up.
Upper lip reversed.
Head on the back of another animal.

Forelimbs on the back of another animal.

Tongue rolling, stereotyped licking or biting any equipment.
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2.3. Blood sample collection

A blood sample was collected through coccygeal vein from 20 animals per pen se-
lected from a BW median 14 days before d 0 using a non-additive tube (BD Vacutainer,
Plymouth, UK) to analyze lactate and creatine kinase (CK). Samples were centrifuged at
2,000 g for 15 min and serum was frozen at -20°C for further analysis. Serum CK cat-
alytic concentration was determined by the IFCC kinetic method (OSR 6179, Beckman
Coulter Inc.) and lactate was determined by a fluorescence-based assay (Cayman
Chemical, USA).

2.4. Humidity of bedding material

Every 14 days, in each pen beeding material in front of the water through and
feeder was collected to evaluate the humidity of the beeding. Samples were dryied in an

oven an 100°C temperature during 24 hours.
2.5. Carcass sample collection

Animals were transported to the slaughterhouse (Vifias Group, Vic, Spain) by truck
at 42 days of study. Before each loading, animal BW was recorded as final BW. Transport
distance was approximately 108 km to the slaughterhouse. Animals were slaughtered
following commercial practices according to the EU Regulation 1099/2009 using a
captive-bolt pistol for stunning and dressed according to commercial practices. Hot
carcass weight (HCW) was registered for each animal. Carcasses were classified
according to its conformation into (S)EUROP categories and fatness into 1.2.3.4.5

categories, according to the EU classification system (EU Regulation No. 1208/81).

2.6. Meat sample collection

A subset of 48 animals (24 animals/treatment) were selected for the subsequent
analysis of meat quality. After 24 h post-mortem, carcass pH was measured by a pH meter
(pH 25 DL; Crison, Alella, Spain) with a xerolyt penetration probe in the Longissimus
lumborum (LL), between the lumbar vertebrae L4 and L5 of the left carcass.

Measurements of pH above 5.8 were indicative of dark, firm, and dry (DFD) meat
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(Hughes et al., 2020), according to the Spanish meat industry carcass penalization (Mach
et al., 2008). From each carcass, LL samples between L2 and L4 were obtained in the
cutting plant after the pH measurement. The LL was cut in steaks of 2.5 cm width starting
at last rib level. In the first LL sample, instrumental color was measured on the exposed
cut surface after 30 min blooming, using a Minolta spectrophotometer (CM-600d,
Minolta Inc., Osaka, Japan) in the CIE-LAB space (Commission Internationale de
’Eclairage, 1978) with illuminant D65 and 10° viewing angle for L* (lightness), a*
(redness), and b* (yellowness). Thereafter, the four consecutive steaks were individually
packaged in MAP (70% 02:30% CO2) with polypropylene trays, to obtain the samples
considering the shelf life analysis on day 3, 7, 10 and 13 after packaging. Steaks in MAP
were transported to IRTA’s pilot plant (Monells, Girona, Spain), and displayed for 13
days in a cooler illuminated room (5 £ 0.5 °C), with a homogeneous fluorescent light
(illuminated with 900 Ix fluorescent lighting), activated for 12 hours a day in order to
evaluate the evolution of instrumental color and color perception at day 3, 7, 10 and 13.
A group of trained panelists evaluated the color perception using a 5-point scale (color
perception: 1: highly undesirable, 2: moderate undesirable, 3: slightly desirable, 4:
moderately desirable and 5: highly desirable).

2.7. Statical analyses

The design of the study was a design in randomized complete blocks. Pens were as
the experimental unit. Initial and final BW, initial age and average daily gain (ADG), and
pHu were analyzed using a mixed-effects model (SAS, version 9.4, SAS Inst., Inc., Cary,
NC), including treatment as a main effect, and year and pen as a random effect. Initial
BW was used as covariate for final BW and ADG, and final BW was as covariate for
pHu. Total dry matter intake, total water intake, serum concentration of lactate and CK in
MAP were analyzed using a mixed-effects model (SAS, version 9.4, SAS Inst., Inc., Cary,
NC) with repeated measures. The model included treatment, period (every 14 days), and
the interaction between the treatment and period as main effects, and year and pen as
random effect. Period was considered a repeated factor, and it was subjected to 2
variance-covariance structures: compound symmetry, autoregressive order one. The

covariance structure that minimized Schwarz’s Bayesian information criterion was
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considered the most desirable analysis. General activities were calculated as percentage,
and data from agonistic and non-agonistic behaviors were transformed into root-square
to achieve normal distribution. Behavioral data were analyzed using a mixed model (SAS
version 9.4, SAS Inst., Inc., Cary, NC) with repeated measures fol-lowing the same model
described above. Conformation and fatness, and percentage of DFD meat were analyzed
using the chi-square model of SAS (version 9.4, SAS Inst., Inc., Cary, NC). Instrumental
color in MAP was analyzed also using a mixed model with repeated measures (SAS
version 9.4, SAS Inst., Inc., Cary, NC) treatment and storage time and its interaction as
main effects, and year and temperature of the cooler as covariate. Finally, color perception

score was analyzed using Glimmix procedure with Laplace method and multi distribution.

3. Results

Environmental conditions during the study are reported in Figure 1 as THI values for each
year. The THI inside the CTR and VEN barns were similar during the 42 days of study in both
years. In year 1, The average THI and average maximum temperature were 74.8 and 26.9°C, and
74.9 and 26.9°C for the CTR and VEN barns, respectively. During the second year, there was a
problem with the recordings during the first 16 dies therefore we missed that data. From day 17
of the study, the average THI and average maximum temperature were 74.5 and 27.1°C, and 74.7
and 26.9°C for the CTR and VEN barns, respectively. Similar conditions were observed during
the two years of the study.
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Figure 1. Temperature Humidity Index (THI) from year 1 (&) and from year 2 (b) during the 42 days of
study. The CTR was the control barn without ceiling fans, and the VEN was the barn with ceiling fans.
(VEN) ("significant differences p <0.05 between treatment within the same day).

However, the total hours that the ceiling fans worked seemed (data not analyzed)

greater for the summer of year 2 than year one (Table 2).

Table 2. Average, minimum and maximum hours of ceiling funs functioning a day.

Year Average Min Max
1 18.1 10.5 23.8
2 23.5 17.8 24.0
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When the humidity of the bedding material was evaluated, the bedding material in
CTR pens had greater (p = 0.02) humidity than in VEN pens (68.0% and 64.6%,
respectively).

The effect of ventilation system on performance is reported in Table 2. The
ventilation system affected the final performance of the bulls. Bulls in CTR pens grew
more and had a greater final BW (p < 0.001) than bulls in the VEN pens. The average
concentrate intake and average water intake was similar for CTR and VEN bulls.

Table 3. Performance, concentrate and water intake of finishing bulls allocated in a natural ventilated barn
(CTR) and a barn with natural and forced ventilation using ceiling fans (VEN).

Item Treatment! p -value®
CTR VEN SEM? T Time T x Time

Number of animals 215 217 - - - -
Days of study 42 42 - -
Initial age, d 303 304 335 0.84
Initial BW, kg 449 455 56.3 0.60
Final BW, kg 508? 497° 1.81 <0.01
ADG, kg/d 1,52 1.2° 0.04 <0.01 -
Avg concentrate intake, kg MS 7.0 7.2 0.63 0.73 0.26 0.68
Avg water intake, L 44 4 46.4 1.69 0.28 <0.01 0.71

& Rows with different superscripts differ (p< 0.05).

L CTR = barn without natural ventilation; VEN= with natural and forced ventilation using ceiling fans.

2 SEM= Standard error of the mean.

3T = Treatment effect; Time = time effect (period of 14 d); T x Time = interaction between treatment and time.

Animal behavior data are presented in Table 3. The VEN bulls had a reduced
ruminating activity (p < 0.01) and tended (p < 0.10) to have an increased number of
stereotypies than CTR bulls. On day 0, bulls in CTR pens had grater (p < 0.05) percentage
of animals standing compared with bulls in VEN pens; on day 14, bulls in VEN pens had
greater (p < 0.05) percentage of animal standing compared with CTR pens (Figure 2a).
Self-grooming in bulls of CTR pens was greater (p < 0.05) on day 35 compared with bulls
in VEN pens (Figure 2b). Social behavior was greater (P< 0.05) for bulls in VEN pens on
day 21 compared with CTR pens, however on day 35 bulls in CTR pens had greater (p<
0.05) social behaviors compared with VEN pens (Figure 2¢). Additionally, bulls in VEN
pens had greater (p< 0.05) social behaviors compared with CTR pens on day 35 (Figure
2¢). In day 35 chasing was greater (p< 0.05) for VEN compared with CTR (Figure 2d).
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Table 4. Animal behavior from finishing bulls allocated in a natural ventilated barn (CTR) and a barn with
natural and forced ventilation using ceiling fans (VEN).

Item Treatment! p-value®
CTR VEN SEM? T Time T x Time
General activities, %
Standing 74.3 749 289 0.80 <0.01 0.01
Lying 25.7 249 292 0.75 <0.01 0.01
Ruminating 11.02 8.3 0.48 <0.01 0.01 0.36
Behavior, each 15 min
Self-grooming 10.3 9.4 1.22 0.58 0.03 0.01
Social 9.6 105 450 0.27 <0.01 <0.01
Oral 5.6 55 1.03 0.94 0.43 0.12
Fighting 6.2 5.3 1.37 0.26 0.02 0.65
Butting 4.9 5.9 0.74 0.18 <0.01 0.40
Displacement 3.7 3.0 1.39 0.41 <0.01 0.42
Chasing 1.2° 218 0.74 0.03 0.02 0.03
Chasing up 0.3 0.3 0.10 0.99 0.01 0.04
Flehmen 8.5 8.8 4.70 0.83 0.16 0.06
Attempt to mount 4.9 5.5 1.17 0.73 <0.01 0.40
Complete mount 3.2 3.9 1.46 0.64 <0.01 0.09
Stereotype 1.6 3.1 1.12 0.07 0.03 0.75

ab Rows with different superscripts differ (p < 0.05).

LCTR = barn without natural ventilation; VEN= with natural and forced ventilation using ceiling fans.

2 SEM= Standard error of the mean.

3 Treatment effect; Time = time effect (period of 14 d); Treatment x Time = treatment without or with fan by time
interaction effect.
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Figure 2. (a) Standing, (b) self-grooming, (c) social behavior, and (d) chasing during the finishing period
(CTR = barn without natural ventilation; VEN= with natural and forced ventilation using ceiling fans)
("significant differences between treatment within the same day; p< 0.05).

Serum lactate concentration was greater (p <0.001) for bulls in VEN pens on d 14
and 35 compared with CTR pens (Figure 3a) while on day 28 were the bulls in CTR pen
that had greater concentrations of lactate compared with VEN pens. Moreover, serum
concentration of CK were greater (p < 0.05) for bulls in VEN pens compared with bulls
in CTR pens (Figure 3b).
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Figure 3. (a) Blood lactate concentrate and (b) creatine kinase (CTR = barn without natural ventilation;
VEN= with natural and forced ventilation using ceiling fans) *-2¥?significant differences between treatment
within the same day; p < 0.05).

Hot carcass weight was affected by the ventilation system (Table 5). At 24 h post-
slaughter, the meat pHu was greater (p < 0.05) for bulls in CTR pens compared with VEN
pens. Instrumental color at 24h post-slaughter after 30 min blooming showed that L* of
bulls in VEN pens tended to be darker (p < 0.10) compared with bulls of CTR pens; and

the a* and b* of bulls in VEN were also greater (p < 0.05) compared with bulls in CTR
pens.
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Table 5. Carcass quality, meat pH, instrumental color and color stability of a subset (n=48) of finishing
bulls allocated in a natural ventilated barn (CTR) and a barn with natural and forced ventilation using ceiling
fans (VEN).

Item Treatment! p -value®
CTR VEN SEM? T Time T x Time
Number of animals 24 24 - - - -
pH (24h) 5.92 560 0.21 0.02 - -
Slaughter age 381 385 14.1 0.63 - -
HCW, kg 282 284 21.9 0.59 - -
Conformation*,% 0.75 - -
E 4.2 4.2
U 20.8 29.2
R 20.8 29.2
(0] 41.7 33.3
p 12.5 4.2
Fatness®,% 0.76 - -
1 - -
2 66.7 62.5
3 33.3 375
Instrumental colour®, 24h
L* 27.7 29.7 1.55 0.08 - -
a* 9.6° 11.12 1.33 0.02 - -
b* 9.7° 11.3@  0.18 0.03 - -
Evolution in MAP at 3, 7, 10
and 13 d
Instrumental colour?
L* 31.9° 33.62 2.88 0.02 <0.01 0.04
a* 14.4 15.2 0.95 0.11 <0.01 0.41
b* 14.2° 15.32 0.25 <0.05 <0.01 0.25

a Rows with different superscripts differ (p < 0.05).

L CTR = barn without natural ventilation; VEN= with natural and forced ventilation using ceiling fans.

2 SEM= Standard error of the mean.

3 Treatment effect; Time = time effect (period of 14 d); Treatment x Time = treatment without or with fan by time
interaction effect.

4The conformation class designated by the letter “E” (excellent) describes carcasses with all profiles convex to super-
convex, and with exceptional muscle development, and the conformation classified as “U” (very good) describes
carcasses with profiles on the whole convex, and with very good muscle development. The carcasses classified as “R”
(good) present profiles, overall, straight and with good muscle development. Carcasses classified as “O” (fair) present
profiles straight to concave and with average muscle development, and carcasses classified as “P” (poor) present all
profiles concave to very concave with poor muscle development.

5 The carcass fat cover that classifies as 1 (low) describes none to low fat cover, the class of fat cover classified as 3
(very high) describes an entire carcass covered with fat and with heavy fat deposits in the thoracic cavity.

Parameters L* (brightness), a* (tendency to red), b* (tendency to yellow), of the instrumental color at 24 h.
"Evolution of the parameter L* (lightness), a* (redness), b* (yellowness), of the instrumental color over the storage
time (days 3, 7 10 and 13) in refrigeration and packaging in MAP (70% 02:30% CO2).
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Figure 4. Evolution of lightness (L*) of meat when packaged in MAP in steaks finishing bulls allocated in
a natural ventilated barn (CTR) and a barn with natural and forced ventilation using ceiling fans (VEN) ¢
significant differences p < 0.05; { p < 0.1 between treatment within the same day).

When meat was placed in MAP, steaks of bulls in VEN pens had greater (p < 0.05)
L* (p = 0.04) compared with steaks of CTR pens on day 7 and 13, and tended to be greater
on d 10. In addition, an interaction (p < 0.05) between color stability of steaks and time
placed in MAP was observed; steaks of CTR pens had greater (p < 0.01) odds ratio to

have lower scores on day 10.
4. Discussion

This study was carried out during two consecutive years in the same farm under the
same partially open barns during the summer months with crossbred dairy beef bulls at
their finishing phase. The summer months in this particular area where the study was
conducted are characterized by high temperatures and low humidity environmental
conditions. In the recent years have been one of the areas with greater increases of heat
waves and tropical nights in Spain (Servei meteorologic de Catalunya, 2023) obstructing
the capacity of the animals to cool down for several days or weeks. Some authors have
described the critical THI thresholds for young calves (Segnalini et al., 2011; Morignat
et al., 2015), however this indicator is questioned as it does not have in consideration the
heat load (Gaughan et al. 2008; Parrini et al. 2022). Although ceiling fans had worked
more than 20 hours a day, they were incapable to reduce the THI inside the partially open
barns. This may be an indication that that there is no need for ceiling fans to reduce heat
stress when bulls are allocated in partially open barns with natural ventilation and/or that
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higher temperatures are needed to be observed to see reductions of THI inside the barn.
Other studies have observed slightly reductions of THI when ceiling fans were installed
in one farm, however in a second farm no differences in THI when ceiling fans were
installed were observed (Parrini et al. 2022). In another study THI inside the barn was
higher than the ambient THI even when ceiling fans were installed (Magrin et al. 2016).
Therefore, ceiling fans may increase air flow but its capacity to reduce the temperature
inside the barn may be minimal. Marchesini et al. (2018) compared ceiling fans with axial
fans but they did not observed differences between the two systems on average daily THI
although the ceiling fans had greater airspeed at animal level. compared ceiling fans with
axial fans which have greater airspeed at animal level, but they also did not observed
differences between the two systems on average daily THI. The greatest effect observed
in the barns with ceiling fans was the dryness of the pen bedding. Similar results were
observed by Margin et al. when bulls were evaluated as the ones allocated in the pens
with ceiling fans were cleaner (Magrin et al., 2016). As reported for these authors these
results have a benefit for the animals as they can lie down in and cleaner and dry bedding,

and for the farmers that it might reduce the frequency of bedding renewal.

In the present study animal behavior was observed during the first daylight hours of
the day as bulls are more active during these hours with the hypothesis that bulls under
ceiling fans would be calmer as the fans would reduce the ambient temperature so they
would be more comfortable. Opposite than that, it was observed that the percentage of
animals ruminating were greater in pens without ceiling fans. In addition, although it was
not registered, it was observed that bulls were standing under the ceiling fans next to the
separation fence between two pens most of the day (Figure 5) while in the barn without
ceiling fans bulls were lying down. In the present study, the ceiling fans were mounted in
the lower beam between two pens, therefore there was one ceiling fan for two pens; this
standing behavior under the ceiling fans might be due to the air flow that animals felt
when standing as they were closer to the fan, and instead of making them rest, promoted
an increase of some activities like chasing or social behavior. Similar results were
observed by Magrin et al. (2016) that observed an increase of mounting and other

activities in Charolais bulls when ceiling fans were mounted in between two pens.
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Therefore, further research should be conducted when each pen is provided with its own
ceiling fan (a different ceiling fan allocation from the present study) to see if the animals
would increase their lying time as the air flow would be in the middle of the pen instead

next to the separation pen fence.

Figure 5. Animals from barn with fan (VEN) standing under the ceiling fans.

The mean serum lactate concentration was close to values reported for other authors
in response to exercise (Marchesini et al.,, 2018). The pattern of serum lactate
concentration during the study was not clear in favor of any ventilation system indicating
that handling might have interfered in the serum lactate concentration values. In contrast,
serum concentration of CK was greater for bulls allocated in the barn with ceiling fans
that had greater activity in accordance with the results observed in behavior and
performance. Higher serum CK concentrations were also observed in cattle during

transport where they remain standing for hours (Knowles, 1999; Tadich, 2005).

Dry matter intake decreases during summer season in all livestock species (Abeni et
al., 2007) to diminish metabolic heat production to decrease metabolic heat production
(Soriani et al., 2013). Installation of ceiling fans to reduce heat production in the present
study led to a 20% decrease in growth in bulls with ceiling fan pens without a reduction

on feed intake or water intake compared with the natural ventilated barn. The energy
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expenditure de-rived from the increase standing activity during many hours (data not
recorded), the increased agonistic activities (chasing), the reduction of rumination and
increase of stereotypes indicative of increase of stress may have caused the reduction in
growth. Magrin et al. (2016) did not observed differences in growth, TMR intake or water
intake in Charolais bulls allocated in barns with or without ceiling fans. However, in
Marchesini et al. (2018) study when different type of fans were compared in Charolais
bulls allocated in barns with ceiling fans performed better than that allocated in barns
with axial fans. Other studies where cooling systems were combined (water spray and
fans), it was observed a greater daily gain compared to pens without cooling systems
(Garner et al. 1989).

Heat stress may result in higher pHu, which leads to less shrinkage of the my-
ofilament lattice and results in a darker meat color (higher light absorption, less light
scattering, higher oxygen consumption) (Weglarz, 2010; Nardone., 2010). In this study,
although bulls allocated in barns with ceiling fans reduced their perfor-mance, the pHu
measured 24 hours after slaughter was lower than bulls allocated in natural ventilated
barns. One possible explanation could be that the air flow of the ceiling fans did reduce
heat stress and therefore ceiling fans had an impact on meat pH. Another explanation
could be that the higher activity and social stress to be under the ceiling fans had reduced
the impact of transport stress; instead, the CTR animals that spent most of the time lying
were more susceptible to transport stress influencing the pHu and the proportion of DFD
meat. The pH influences meat color and tender-ness due to the amount of intramuscular
fat, pigment content, water holding capacity, and oxidation stress (Ferguson y Warner,
2008). Instrumental color values also are affected by carcass fatness, animal age, pH,
moisture content, changes in muscle myoglobin content and intramuscular fat (Ferguson
y Waner, 2008). Instrumental color 30 min after blooming showed that meat from bulls
allocated in ceiling fan barns tended to be lighter, and more red and yellow and it may be
due to lower intramuscular fat (not measured in the present study) in the LM due the
reduc-tion in growth observed in those bulls. Shelf life may be conditioned by the atmos-
phere where the meat is placed (Insausti et al., 2001). Although an interaction was
observed between the use of ceiling fans and storage time on color preference on day 10

of storage time, differences in the preference score of meat packaged in MAP (mixture of
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carbon dioxide, oxygen and nitrogen) was under normal range indicating that the impact

of ceiling fans was minimal on shelf life.

5. Conclusions

In the present study, in contrast to the expectations, ceiling fans did not mitigate high
temperatures although the air flow improved pen conditions (bedding dryness) poten-
tially reducing bedding renewal costs. Moreover, ceiling fans impaired daily gain and
behavior activities related with animal wellness (rumination decreased and stereotypes
increased); if in the coming future heat waves can become more extreme these welfare
problems could be exacerbated and these ceiling fans should be avoided. Finally, besides
an improvement in meat pH, minimal effects of the ceiling were observed on car-cass and
meat quality. Further studies are needed to elucidate if this increase of activity of the

animals under the fans could be attributed to a poor design on the installation of the fans.
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CAPITULO V

The effect of lairage time at the slaughterhouse after a short
or long transport in dairy beef bulls on animal behavior,
carcass quality and meat quality
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SUMMARY

Several stressors such as handling, transport and lairage time at the slaughterhouse
are common practices in pre-slaughter cattle management. Those managements may
compromise animal welfare and carcass and meat quality; some studies are focused on
the effect of the transport while others are only focused on the lairage time. Depending
on the duration of the journey, extended lairage times increase aggressiveness and
agonistic behaviors of cattle, and reduce their resting time. In this study, conducted under
Spanish commercial conditions, different lairage times were evaluated considering two
types of transports by road, short (3 hours) and long (10 hours). Results indicated that
cattle increased their resting during the first 6 hours of lairage after short transports, while
they reduced their resting time and increased their active behavior after a long transport.

However, the impact on meat quality was almost negligible.
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ABSTRACT

The aim of this study was to evaluate the effect of lairage time of bulls before
slaughter, after a short (3 hours) or long (10 hours) transport. A total of 8 commercial
livestock trucks per transport distance were loaded with Holstein crossbred bulls (12-13
mo old) and followed from commercial fattening farms to a slaughterhouse over a year
in 4 replicates. At the abattoir each truck was split in two treatments: short lairage time
(SLT; 1-2 hours) and long lairage time (LLT; 7-8 hours). Animal behavior at the lairage
was recorded, a blood sample was collected at exsanguination for stress biomarkers (beta-
hydroxybutyrate and creatine kinase) and glucose level analysis, and meat samples from
the Longisimus lumborum were collected to measure instrumental color, ultimate pH, and
the evolution of color and microbiology during shelf life in modified atmosphere
packaging-MAP. No differences were observed in meat quality (pHu, instrumental color,
color perception) and microbiology among the effects of transport duration and lairage
time. However, short lairage times prior to cattle slaughter when transports are longer

than 10 h based on behavior indicators it might favor their welfare.

Keywords: smeat pH, lairage time, animal behavior, transport in cattle
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1. Introduction

Some level of stress is experienced prior to slaughter in animals destined to produce
meat (Ferguson and Warner, 2008). However, the type, duration and intensity of the
stress, together with the susceptibility of the animals to it, will determine the magnitude
of the stress (Ferguson et al., 2001). The pre-slaughter stage combines different phases
since when the animals are loaded at farm until they are stunned at the knocking box at
the slaughterhouse (Ferguson and Warner, 2008). Each one of these phases may
compromise animal welfare (Gebresenbet et al., 1998; Terlouw et al., 2008) which could
negatively affect beef car-cass and meat quality (Dalmau et al., 2009; Honkavaara and
Kortesniemi, 1994). Some of the challenges that animals suffer during the pre-slaughter
phase comprises unfamiliar environments and scenarios, such as an intensive handling
and human contact, food and water deprivation, changes in social structure, and changes
in climatic conditions (Ferguson and Warner, 2008). Some of the consequences that ani-
mals may suffer during those challenges are fear, dehydration and hunger, increase of
physical activity and fatigue causing physical injury (Eldrige et al., 1989; Terlouw et al.,
2008).

It is well described that animal transportation causes physical, psychological and
climatic stress, being the magnitude of the stress directly proportional to the intensity and
duration of the causing factors (Earley et al., 1989). Some authors have described that
transport within moderate distances (< 400 km) and short duration (< 4 h) is unlikely to
affect pHu (Eldridge and Winfield, 1988; Tarrant, 1989; Tarrant et al., 1992; Grandin,
2000). But, when cattle are transported over much larger distances (> 2000 km) or
durations (> 24 h) small increases of ultimate pH (pHu) can be observed, indicating a
positive tendency for dark cutting incidence (Tarrant, 1989; Wythes et al., 1981).
However, the ultimate pH could significantly increase depending on several factors, such
as the type of animal (genetics, sex, weight, age), the road conditions, the waiting time
before unloading the animals, thus increasing the transport duration, the stocking density,
or the lairage time, among others. Under Spanish commercial conditions, 63% of the
cattle destined to slaughter weighted between 326 and 550 kg with a high percentage of
young bulls (Averos et al., 2011). Also, it is described that more than 75% of the
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transports to the slaughterhouse lasted less than 3 h, and that 21% lasted more than 8 h.
Only 26% of them used motorway as often, due to economic reasons, cattle are
slaughtered in slaughterhouses closer to the farms (Averos et al., 2011). These conditions
are different than most of the studies published in the literature where journey time and
lairage are longer (Gallo et al., 2003; Teke et al., 2014) than in the Spanish conditions.

Ferguson and Warner (2008) described lairage time as one of the phases where stress
can escalate significantly depending on the length and conditions at lairage. Ad-
ditionally, the inability of the animals to resolve the stress caused by previous challenges
as transportation may produce further physiological distress during lairage. Although
some authors have shown that behavior, physiological and metabolic status of cattle was
similar to the basal one prior to transport when lairage lasted up to 24-48 h (Warriss et
al., 1984; Knowles, 1999; Mounier et al., 2006); other authors have observed that
reducing lairage time decreased the probability of incidence of dark cutting meat, due to
a reduced energy reservoir loss and muscle glycogen degradation (Loredo-Osti et al.,
2019). Considering the overall Spanish production system, the lairage time is mostly
shorter than 24 h and therefore lairage may have a negative impact due to the inability of
animals to recover. Furthermore, our production system fattens a high percentage of
young bull calves; this type of cattle has great agonistic and sexual interactions that during
transport and at the lairage can cause additional fatigue and glycogen depletion (Kenny
and Tarrant, 1987) having a big impact on pHu and meat quality characteristics such us
color, texture, flavor, water-holding capacity and shelf life of the meat (Hoffman et al.,
1998). Therefore, a reduction of lairage time may benefit the quality of the meat.

Fasting before slaughter decreases muscle glycogen and as long is that feed dep-
rivation period lower is the levels of muscle glycogen. When an animal also needs to do
work such the effort to stay still during the journey, the muscle depletion is further
accelerated (Warris, 1990). The level of muscle glycogen before slaughter determines the
reduc-tion of meat pH which reaches its lower level approximately 24 h after slaughter
(Sanz et al., 1996), Therefore, the meat of a muscle low in glycogen will have higher pH
and darker color (Wirth, 1987), indicating that those animals have been fasted for many

hours and/or were physically exhausted at the moment of slaughter. Meat with these
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characteristics will be less visually acceptable to consumers and it is also more prone to
microbial contamination (Brown et al., 1990; Narbona, 1995; Warriss, 2000).

Considering that the impact of lairage time on animal recovery and meat quality, we
expected that short lairage time would reduce aggressive behaviors and therefore reduce
the risk of dark, firm and dry (DFD) meat compared with long lairage time in commercial
raised dairy beef bulls. We expected that the effect of a short lairage time on meat quality
would be more evident in animals arriving after a long transport duration as this long
journey could predispose by itself the DFD incidences. For this reason, this hypothesis
was tested under two transport distances (short and long). The aim of this study was to
evaluate the effect of lairage time before slaughter in crossbred bulls after a short or long
transport.

2. Materials and Methods

This study was conducted in accordance with the Spanish guidelines for experi-
mental animal protection (Real Decreto 53/2013 of 1 February on the protection of ani-
mals used for experimentation or other scientific purposes; Boletin Oficial del Estado,
2013).

2.1. Study 1. Short length transports (3 h)

Eight commercial livestock trucks loaded with a total of 334 Holstein bulls (12-13
mo old) were involved commercial fattening farms (Lleida, Spain) to a slaughterhouse
(Vic, Spain) over a year in 4 replicates. Transport duration and distance were 3 hours and
175 km, approximately. Two trucks (approximately 40-42 animals/truck) were fol-lowed
in each replicate. At arrival to the slaughterhouse, animals were unloaded (be-tween 10:30
and 11:00 for study 1) and allocated into lairage pens of 20 m? (1.9 m?%animal

approximately).

2.2. Study 2. Long length transports (10 h)

Similarly, eight commercial livestock trucks loaded with a total of 343 of Holstein
and crossbred bulls (12-13 mo old) were involved from commercial fattening farms

(Lleida, Spain) to a slaughterhouse (Bufiol, Spain) over a year in 4 replicates. Transport
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duration and distance were 10 hours and 340 km, approximately. Two trucks
(approximately 41-43 animals/truck) were followed in each replicate. At arrival to the
slaughterhouse, animals were unloaded (between 05:00 and 06:00 for study 2) and

allocated into lairage pens of 65.8 m? (2.6 m?/animal approximately).

2.3. Animals and data collection

The methodology and data collection were similar for both studies. At arrival to the
slaughterhouse they were randomly assigned to one of two treat-ments according to the
time spending at the lairage before slaughter: short lairage time (SLT; between 1 to 2
hours at the lairage pens before slaughter) and long lairage time (LLT; between 7 to 8
hours at the lairage pens before slaughter).

2.3.1. Animal Behavior

Since the animals from the SLT treatments were slaughtered in a short period of time,
animal behavior at the lairage was observed only from the animals of LLT treatment.
Animal behavior was recorded for each pen during the first 6 hours at the lairage (H1,
H2, H3, H4, H5, H6) (Paniagua et al., 2019). The general activity was recorded by scan
sampling and included postures as standing or lying, drinking and rumination. General
activities were recorded using 4 scan samplings of 10 s at 5 min intervals (Devant et al.,
2016). Moreover, non-agonistic interactions and agonistic behaviors were recorded
during three continuous sampling periods of 5 min, with 15 min of each sampling and
repeated twice for each pen, starting randomly in a different pen each scanning (Table 1).
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Table 1. Description of interactions observed from general activities, agonistic and non-agonistic
interaction of animals waiting at the lairage during 6 hours at the slaughterhouse.

Interaction Definition
General activities

Standing Standing was recorded when the animal was standing on its 4 legs,
independently of any activity the animal might perform.

Lying Lying was recorded as soon as the animal was not standing on its 4 legs,
independently of any activity the animal might perform.

Drinking Drinking was recorded when the animal had its mouth in the water bowl.
An observation was recorded as drinking when the bull was with its
muzzle in the water bowl or swallowing the water.

Ruminating Ruminating, included the regurgitation, mastication, and swallowing of

the bolus.
Non-agonistic interactions

Self-grooming Non-stereotyped licking of its own body, scratching with a back limb or
against the fixtures.

Oral non-nutritive Licking or biting fixtures with non-nutritive finality.

behavior
Agonistic interactions
Fighting When bulls pushed vigorously head against head.
Butting When one bull push vigorously its head against any part of another bull’s

Displacement

Chasing
Chasing-up
Sexual interactions
Flehmen
Attempted mounts

body.

When one bull jostle itself between 2 other bulls or between a bull and
any equipment.

When a bull follow fast or run behind another bull.

When a bull push a resting animal and make him to stand up.

Upper lip reversed.
Head on the back of another animal.

Completed mounts Forelimbs on the back of another animal.
Stereortypies

Oral stereotypies Tongue rolling, stereotyped licking or biting any equipment.

2.3.2. Blood sample collection and analyses

Blood samples were collected during the exsanguination from all animals using a
plastic container and rapidly placed into a 10 mL non-additive tube (BD Vacutainer,
Plymouth, UK) for beta-hydroxybutyrate (BHB) and creatine kinase (CK) analysis.
Another 6 mL of blood were collected and placed into a tub containing sodium fluoride
(BD Vacutainer, Plymouth, UK) for glucose analysis. All samples were centrifuged at
2,000 g for 15 min and stored at -20 °C for further analyses. Serum concentration of
glucose measured was determined following the hexokinase method (OSR 6121,
Beckman Coulter Inc.) A kinetic enzymatic method (Randox Laboratories Ltd.) was used

to determine serum BHB concentration. Serum CK catalytic concentration was
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determined by the IFCC kinetic method (OSR 6179, Beckman Coulter Inc.). Glucose,

BHB and CK were determined in a Beckman Coulter AU analyzer.

2.4. Carcass sample collection

Animals were slaughtered following commercial practices according to the EU
Regulation 1099/2009 using a captive-bolt pistol for stunning and dressed according to
commercial practices. Hot carcass weight (HCW) was registered for each animal.
Carcasses were classified according to its conformation into (S)EUROP categories and
fatness into 1.2.3.4.5 categories, according to the EU classification system (EU
Regulation No. 1208/81).

2.5. Meat quality

A total of 96 animals (6 animals/treatment/truck) for each study were selected to
represent the normal distribution of the BW within the group, for the subsequent analysis
of meat quality. After 30 to 36 h post-mortem, carcass pH was measured by a pH meter
(pH 25 DL; Crison, Alella, Spain) with a xerolyt penetration probe in the Longissimus
lumborum (LL), between the lumbar vertebrae L4 and L5 of the left carcass.
Measurements of pH above 5.8 were indicative of dark, firm, and dry (DFD) meat
(Hughes et al., 2020), according to the Spanish meat industry carcass penalization (Mach
et al., 2008).

From each carcass, LL samples between L2 and L4 were obtained in the cutting plant
after the pH measurement. They were vacuum packaged and transported to IRTA’s pilot
plant (Monells, Girona, Spain), and after 5-6 d kept at 3 °C they were cut in steaks of 2.5
cm width starting at last rib level. In the first LL sample, instrumental color was measured
on the exposed cut surface after 30 min blooming, using a Minolta spectrophotometer
(CM-600d, Minolta Inc., Osaka, Japan) in the CIE-LAB space (Commission
Internationale de 1’Eclairage, 1978) with illuminant D65 and 10° viewing angle for L*
(lightness), a* (redness), and b* (yellowness). Thereafter, the four consecutive steaks
were individually packaged in MAP (70% 02:30% CO2) with polypropylene trays, to
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obtain the samples considering the shelf life analysis on days 1, 5, 8 and 12 after
packaging. The MAP steaks were displayed for 12 d in a cooler illuminated room (5 £
0.5 °C), with a homogeneous fluorescent light (illuminated with 900 Ix fluorescent
lighting), activated for 12 h a day in order to evaluate the evolution of instrumental color,
color perception and microbiology at d 1, 5, 8 and 12. A group of trained panelists
evaluated the color perception using a 5-point scale (color perception: 1: highly
undesirable, 2: moderate undesirable, 3: slightly desirable, 4: moderately desirable and 5:
highly desirable). Microbiology counts were carried out from MAP samples each target
day in order to determine enterobacteriaceae (REBECCAREB, 37 °C, 24 h), mesophiles
(PCA, 30 °C, 72 h), lactic acid bacteria (MRS, 30 °C anaerobiosis, 72 h) and
psychrophiles (PCA, 8 °C, 10 d).

2.6. Statistical analyses

The design of the study was a randomized complete block design. The HCW, meat
pH and instrumental color at 30-36 h after slaughter, glucose, BHB and CK were analyzed
using a mixed effect model (SAS version 9.4, SAS Inst., Inc., Cary, NC) with lairage time
as a main effect and truck and day as random effect. Glucose, BHB and CK were log-
transformed to achieve a normal distribution. Conformation and fatness, and percentage
of DFD meat were analyzed using the Chi-square model of SAS (version 9.4, SAS Inst.,
Inc., Cary, NC). Instrumental color in MAP and microbiology data were analyzed using
a mixed model with repeated measures (SAS version 9.4, SAS Inst., Inc., Cary, NC) with
lairage time and storage time and it interaction as main effects, truck and day as random
effect, and temperature of the cooler as covariate. Color perception score was analyzed
using glimmix with Laplace method and multi distribution. Regarding the behavioral
data, general activities were calculated as percentage, and data from agonistic and non-
agonistic behaviors were transformed into root-square to achieve normal distribution.
Behavioral data were analyzed using a mixed model (SAS version 9.4, SAS Inst., Inc.,
Cary, NC) with hours at the lairage as main effect, truck and day as random effect and

number of animals per pen as covariate.

113



3. Results

3.1. Study 1. Short length transports (3 hours)

3.1.1. Animal Behavior

Percentage of animals standing at the lairage pens decreased (p < 0.001) as hours at

the lairage increased (Figure 1). All animals in the pen remained standing during the first

hour (H1), and 6 hours later it decreased and 66% of the animals were standing at the

lairage pen. Contrary, percentage of animals ruminating increased from 22.4% to 36.3%

(p < 0.001) as hours at the lairage increased (Figure 1).

Furthermore, the only behavior that evolved (p = 0.02) with hours at the lairage was

the non-nutritive oral behaviors being greater at H1, H4 and H5, and lower at H3 and H6

(Table 2).

Table 2. Social behavior (counts every 15 min) of bulls at the lairage pens during 6 h of lairage time at the
slaughterhouse after a short transport (3 hours).

ltem Lairage time p-value?
H1 H2 H3 H4 H5 H6 SEM!? Lairage hours
Social behavior
Self-grooming 0.8 0.6 0.8 0.6 0.6 0.5 0.11 0.34
Social 2.3 2.2 2.4 2.2 2.2 2.2 0.17 0.69
Oral 3.4%  26° 29 30 31% 25k 0.28 0.02
Fighting 0.2 0.5 0.3 0.3 0.4 0.5 0.13 0.27
Butting 0.3 0.1 0.3 0.3 0.2 0.4 0.19 0.13
Displacement 0.9 0.8 1.0 0.8 0.9 0.8 0.11 0.91
Chasing 0.1 0.3 0.5 0.2 0.3 0.2 0.18 0.10
Chasing-up 0.0 0.0 0.0 0.0 0.0 0.0 0.22 0.51
Flehmen 0.3 0.2 0.2 0.4 0.3 0.4 0.08 0.50
Attempt to mount 0.8 1.0 0.7 0.6 0.8 0.5 0.29 0.19
Complete mount 0.3 0.2 0.2 0.2 0.2 0.2 0.09 0.67
Stereotype 0.1 0.1 0.0 0.0 0.1 0.0 0.04 0.78

abc Rows with different superscripts differ (p < 0.05).
1SEM= Standard error of the mean obtained from root-square transformed data

2 p-value of root-square transformed data
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Figure 1. Standing (a) and ruminating (b), of bulls at the lairage pens during 6 h of lairage time at the
slaughterhouse after a short transport (different superscripts indicate significant differences p < 0.05)

3.1.2. Physiological parameters in blood

Plasma glucose concentration analyzed in blood samples obtained immediately after
slaughter was greater (p = 0.03) for LLT than SLT bulls (Table 3). No differences were
observed in BHB and CK serum concentration between treatments.

Table 3. Blood parameter measured in a subset of bulls that spent a short lairage time (SLT) and long
lairage time (LLT) at the slaughterhouse pens after 3 hours of transport.

Lairage time! p-value*
Item SLT? LLT? SEM3 Lairage time
Number of animals 47 44
Glucose, mg/dL 98.5° 104.12 0.17 0.03
BHB, mmol/L 0.2 0.2 0.06 0.50
CK, U/L 529.3 660.5 0.08 0.12

& Rows with different superscripts differ (p < 0.05).

L SLT = short lairage time: 1-2 hours; LLT= long lairage time: 7-8 hours.
2 Mean values were transformed from log data.

3 SEM: Standard error of the mean of the log-transformed data.

4 p-value of log-transformed data.

3.1.3. Carcass and meat quality

The HCW, conformation and fatness distribution did not differ between animals with
SLT and LLT treatments (Table 4). When comparing meat pHu and presence of DFD
meat at 30-36 h after slaughter no differences were observed between treatments (Table
5). However, L*, a* and b* measured 30-36 h after slaughter were greater (p < 0.01) for

SLT compared with LLT (Table 5).
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Table 4. Carcass quality of a subset of bulls that spent a short lairage time (SLT) and long lairage time

(LLT) at the slaughterhouse pens after 3 hours of transport.

Lairage time! p-value
Item SLT LLT SEM? Lairage time

Number of animals 176 158
Hot Carcass weight, kg 243.7 256.5 20.35 0.19
Conformation?®, % - 0.86

E - -

U - -

R 7.4 7.0

0] 83.5 85.4

P 9.1 7.6
Fatness*, % - 0.15

1 0.0 1.3

2 65.3 58.2

3 34.7 40.5

LSLT = short lairage time: 1-2 hours; LLT= long lairage time: 7-8 hours.
2 SEM= Standard error of the mean.

3 The conformation class designated by the letter “E” (excellent) describes carcasses with all profiles convex to super-
convex, and with exceptional muscle development, and the conformation classified as “U” (very good) describes
carcasses with profiles on the whole convex, and with very good muscle development. The carcasses classified as “R”
(good) present profiles, overall, straight and with good muscle development. Carcasses classified as “O” (fair) present
profiles straight to concave and with average muscle development, and carcasses classified as “P” (poor) present all

profiles concave to very concave with poor muscle development.

4 The carcass fat cover that classifies as 1 (low) describes none to low fat cover, the class of fat cover classified as 3
(very high) describes an entire carcass covered with fat and with heavy fat deposits in the thoracic cavity.
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Table 5. Meat pH, instrumental color and microbiology of a subset of bulls that spent a short lairage time
(SLT) and long lairage time (LLT) at the slaughterhouse pens after 3 hours of transport.

Lairage time! SEM? p-value
Item SLT LLT Lairage time  Storage time Lairage time x
Storage time
Number of animals 160 137
Meat pH, 30-36 h 557 5.60 0.019 0.11 - -
DFD? meat, %
No presence 952 95.1 - 0.96 - -
Presence 4.8 49
Instrumental color?, 30-36 h
L* 2992 27.7b 0.89 <0.01 - -
a* 14.72  13.4b 0.96 <0.01 - -
b* 1532  13.5b 0.97 <0.01 - -
Number of animals 42 36
Meat parameters at 5, 8 and
12d
Instrumental color? in
MAP
L* 329 314 1.37 0.19 <0.01 0.15
a* 159 16.6 0.66 0.30 <0.01 <0.01
b* 169 17.0 0.66 0.72 <0.01 <0.01
Number of animals 18 11
Microbiology®, log CFU/g
Enterobacteria 14 1.1 0.14 0.10 <0.01 0.24
Mesophiles 4.8 4.8 0.53 0.99 <0.01 0.78
Lactic acid bacteria 2.2 2.3 0.65 0.47 <0.01 0.39
Psychrophiles 5.1 5.1 0.71 0.94 <0.01 0.63

ab Rows with different superscripts differ (p < 0.05).

LSLT = short lairage time: 1-2 hours; LLT= long lairage time: 7-8 hours.

2 SEM= Standard error of the mean.

3 DFD: dark, firm, and dry meat.

4 Instrumental color: L*= lightness, a*= redness, and b*= yellowness.

5 Microbiology (CFU/g) in modified atmosphere (MAP) (70% 02: 30% CO2) evaluated atd 1, 5, 8 and 12.

When samples were stored in MAP and placed in a cooler for 12 days, results from
instrumental color showed an interaction between lairage time and storage time (Table
5). On d 12 of storage, the last day of the evaluation, a* was greater (p < 0.01) in LLT
compared with SLT; b* values were greater (p < 0.01) for SLT compared with LLT ond
1 of MAP (Figure 2). When meat was stored in MAP no differences were observed in
color perception between storage time and lairage time. However, it was observed a
storage time effect with greater (p < 0.01) odds ratio to have higher scores when the time
in MAP was shorter. Finally, no differences were observed for the microbiology analysis
of meat storage in MAP ond 1, 5, 8 or 12 (Table 5).
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Figure 2. Evolution of the instrumental color (redness (a), yellowness (b)) of meat stored in MAP from
short lairage time (SLT) and long lairage time (LLT) at the slaughterhouse after a short transport
(“significant differences p < 0.05 between treatments within the same day).

3.2.  Study 2. Longt length transports (10 hours)

3.2.1. Animal Behavior

Percentage of animals standing decreased (p < 0.001) after the first hour at the lairage
(70% to 32%), but after 3 hours, percentage of animals standing started to increase until
H6 (63%) (Figure 3a). Percentage of animals drinking water increased (p < 0.01) from
the H1 to the H5 (8.7% to 14.0%) and decreased (p < 0.01) the last hour at the lairage
(10.1%). In addition, the percentage of animals ruminating increased (p < 0.001) after the
first hour at the lairage (17.2% to 26.4 %) but decreased again (p < 0.001) from H4 to H6
(14% to 7%) (Figure 3c).

Moreover, social behavior did not differ during the first 5 hours, but at the last hour
increased (p < 0.05). Non-nutritive oral behavior decreased (p < 0.01) during the first
three hours, but after that the non-nutritive oral behavior increased (p < 0.01) again until
H6. Aggressive behavior such as butting tended to be different (p < 0.10) between lairage
times (Table 6). Also, chasing increased from H1 at H5 (p < 0.001) and decreased from
H5 until H6. Furthermore, sexual behaviors such as flehmen, attempt to mount and

complete mounts decreased the first three hours (p < 0.05).
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Table 6. Social behavior (counts every 15 min) of bulls at the lairage pens during 6 h of lairage time at the
slaughterhouse after a long transport (10 hours).

Lairage time p-value?
H1 H2 H3 H4 H5 H6 SEM? Lairage time

Item

Social behavior

Social 1.4%  1.0° 1.1° 1.3° 1.1° 1.92 0.15 <0.01
Oral 1.1¢8 0.8° 0.8 1.28 1.42 152 0.18 0.03
Fighting 0.4 0.2 0.1 0.3 0.4 0.3 0.22 0.08
Butting 0.6 0.4 0.4 0.8 0.8 0.8 0.21 0.07
Displacing 0.2 0.1 0.1 0.1 0.1 0.1 0.06 0.24
Chasing 0.0° 00> 0.0° 0.0° 01*@ 0.0° 0.06 <0.01
Flehmen 0.5% 0.3 0.2° 0.6# 0.6* 0.72 0.10 0.05
Attempt to mount  0.4®  0.0° 0.0° 028 028 0.0° 0.11 <0.01
Complete mount 0.3* 0.0° 0.0° 02* 00> 0.0° 0.10 <0.01
Stereotype 0.0 0.0 0.0 0.0 0.0 0.1 0.07 0.15

a Rows with different superscripts differ (p < 0.05).
1 SEM= Standard error of the mean obtained from root-square transformed data
2 p-value of root-square transformed data.
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Figure 3. Standing (a), drinking (b) and ruminating (c) of bulls at the lairage pens during 6 h of lairage
time at the slaughterhouse after a long transport (2°¢ significant differences p < 0.05)
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3.2.2. Physiological parameters in blood

No difference was observed in plasma glucose concentration, neither in serum BHB

and CK concentrations between treatments after slaughter (Table 7).

Table 7. Blood parameter a subset of bulls that spent a short lairage time (SLT) and long lairage time (LLT)
at the slaughterhouse pens after 10 hours of transport.

Lairage time! p-value*
Item SLT? LLT? SEM3 Lairage time
Number of animals 43 43
Glucose, mg/dL 106.0 103.9 0.13 0.45
BHBA, mmol/L 0.1 0.1 0.06 0.20
CK, U/L 464.8 513.7 0.08 0.34

LSLT = short lairage time: 1-2 hours; LLT= long lairage time: 7-8 hours.
2 Mean values were transformed from log data.

8 SEM: Standard error of the mean of the log-transformed data.

4 p-value of log-transformed data.

3.2.3. Carcass and meat quality

The HCW and fatness did not differ between treatments, but conformation was
greater (p < 0.01) for SLT compared with LLT (Table 8).

Meat pH was lesser (p < 0.01) for SLT than LLT with a tendency for increased
percentage of meat classified as DFD (pH > 5.8) (Table 9). In addition, the a* and b* at
30-36 hours were greater (p < 0.05) for SLT compared with LLT.

An interaction (p < 0.01) between lairage time and time in MAP were observed for
L*; values of L* were greater (p <0.01) in LLT compared to SLT on d 1 in MAP storage.
No differences were observed between storage time and time in color perception when
meat was stored in MAP. However, it was observed a time effect with greater (p < 0.01)
odds ratio in which there where higher scores when the time in MAP was shorter. Lastly,
no differences between lairage treatments were observed for the microbiology analysis of
meat stored in MAP ond 1, 5, 8 or 12 (Table 9).
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Table 8. Carcass quality, meat pH, instrumental color and color perception of a subset of bulls that spent a
short lairage time (SLT) and long lairage time (LLT) at the slaughterhouse pens after 10 hours of transport.

Lairage time? p-value
Item SLT LLT SEM? Lairage time

Number of animals 179 165 -
Hot Carcass weight, kg 270.4 271.9 15.79 0.58
Conformation?®, % - <0.01

E - -

U - -

R 22.92 8.5°

0] 69.8 82.4

P 7.3 9.1
Fatness*, % - 0.45

1 1.7 2.4

2 97.2 97.6

3 1.1 0.0

a Rows with different superscripts differ (p < 0.05).

1 SLT = short lairage time: 1-2 hours; LLT= long lairage time: 7-8 hours.

2 SEM= Standard error of the mean.

3 The conformation class designated by the letter “E” (excellent) describes carcasses with all profiles convex to super-
convex, and with exceptional muscle development, and the conformation classified as “U” (very good) describes
carcasses with profiles on the whole convex, and with very good muscle development. The carcasses classified as “R”
(good) present profiles, overall, straight and with good muscle development. Carcasses classified as “O” (fair) present
profiles straight to concave and with average muscle development, and carcasses classified as “P” (poor) present all
profiles concave to very concave with poor muscle development.

4 The carcass fat cover that classifies as 1 (low) describes none to low fat cover, the class of fat cover classified as 3
(very high) describes an entire carcass covered with fat and with heavy fat deposits in the thoracic cavity.
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Table 9. Meat pH, instrumental color and microbiology of a subset of bulls that spent a short lairage time
(SLT) and long lairage time (LLT) at the slaughterhouse pens after 10 hours of transport.

Lairage time! SEM? p-value
Item SLT LLT Lairage time  Storage time Lairage time x
Storage time
Number of animals 179 165
pH, 30-36 h 5.63° 5.69°  0.053 0.01 - -
DFD, % 0.06
No presence 75.5 83.6 - - -
Presence 245 164
Number of animals 44 43
Instrumental color?, 30-
36 h
L* 289 293 1.10 0.60 - -
a* 16.3* 15.1° 0.94 0.01 - -
b* 16.7% 15.6 1.53 <0.01 - -
Meat parameters at 5, 8 and
12d
Instrumental color* in
MAP
L* 326 328 1.33 0.66 <0.01 0.02
a* 17.4 18.3 1.50 0.77 <0.01 0.13
b* 18.8 18.0 0.71 0.58 0.03 0.49
Number of animals 14 11
Microbiology®, log CFU/g
Enterobacteria 12 1.1 0.12 0.49 0.11 0.09
Mesophiles 4.0 4.0 0.27 0.89 <0.01 0.85
Lactic acid bacteria 1.8 1.9 0.24 0.60 <0.01 0.83
Psychrophiles 4.5 4.5 0.36 0.88 <0.01 0.99

a Rows with different superscripts differ (p < 0.05).

LSLT = short lairage time: 1-2 hours; LLT= long lairage time: 7-8 hours.

2 SEM= Standard error of the mean.

4 Instrumental color: L*= lightness, a*= redness, and b*= yellowness.

5 Microbiology (CFU/g) in modified atmosphere (MAP) (70% O2: 30% CO2) evaluated at d 1, 5, 8 and 12.
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4. Discussion

It has been described that lairage brings benefits at reducing the negative effects of
transport (Cockram et al., 1997; Mounier et al., 2006), however, cattle need sufficient
space to lie down, and time to recover (Jongman et al., 2008). In addition, some authors
suggested that access to water and feed are also needed at the lairage to facilitate the
recovery of the cattle (Jongman et al., 2008) and to mitigate the effect of muscle glycogen
depletion (Gallo et al., 2003). However, under the Spanish production system no feed is
provided during lairage time. In the present study, two different lairage times were
evaluated after a short and long transport according to our industry characteristics. Results
showed that after a short transport of less than 3 h (study 1) cattle could benefit from
lairage times greater than 6 hours as an increase of lying time and rumination overtime
was observed, but it does not affect carcass and meat quality. Contrary, after a transport
of 10 hours (study 2) cattle might be exhausted from the transport and preferred to rest
the first hours at the lairage (\Von Borell and Schéaffer, 2005); but as lairage time increased
cattle became more active increasing standing time and non-nutritive oral behaviors that
could be indicative of hunger and stress. Moreover, a long lairage time increased meat
pH although and 33% of meat classified as DFD. Surprisingly, the time spent at the lairage
pens did not cause and increase of serum CK as expected, probably because handling,
transportation and establishment of new hierarchies in the lairage pens was not severe
enough to cause physical stress and muscle damage to the animals (Knowles and Warriss,
2007; Grzyb and Skorkowski, 2005).

Gallo et al. (2003) indicated that longer periods of food deprivation caused lower
levels of muscle glycogen and consequently higher pHu. Similar to the present study
when cattle were transported for longer duration and spent longer lairage times at the
slaughterhouse, as mentioned previously. However, the increase of pHu was low with
very low impact on the meat quality parameters and it could be explained because in the
present study the lairage time was shorter compared with Gallo et al. (1995). Those
authors transported calves for 24 hours, spent 29 hours of lairage time and consequently
animals had a total of 55 hours of food deprivation. Food deprivation during transport and
lairage has been described to have a negative impact on live weight (Gallo, 2015) live

weight can be reduced by 0.42 kg for each hour kept at the lairage while the effect of
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lairage time on carcass was accounted by 0.10 kg reduction for each hour at the lairage
(Qiu et al., 2022). In the present study live weight was not measured before loading at the
farm neither after unloading at the slaughterhouse due to lack of infrastructures, also
animals were randomly placed in different pens assigned to the different lairage times;
for this reason, carcass weight and carcass classification were only additional information
to characterize the type of carcasses evaluated. Additionally, based on the serum
concentration of BHB none of the lairage groups of short or long transport showed
mobilization of fat reserves; therefore, under the Spanish industry practices animals do
not suffer a severe negative energy balance (Qiu et al., 2022; Agenés et al., 2006).

Muscle glycogen concentration at the time of slaughter is one of the most important
factors that affects beef quality (Teke et al., 2014). When muscle glycogen reserves are
low, the pHu increases. It is defined that an undesirable pHu is the one above 5.8, and
when pHu is greater, serious problems of dark cutting could appear (Ferreira et al., 2006).
In non-stressed cattle, muscle glycogen is restored mainly by blood glucose synthesis
(Immonen, 2000). Plasma glucose concentration increases as animals wait at the lairage
because of the stress and also due to hunger associated to the metabolism to maintain the
activity (Grandin, 2013). Plasma basal concentration of glucose in non-stressed cattle is
around 58.8 mg/dL (Tarrant et al., 1992). When Moura et al (2021) evaluated glucose
concentration pre- and post-lairage and at the exsanguination time, they observed and
increase of its concentration at the exsanguination compared to the pre- and post- 12 hours
lairage time. In the present study, lower plasma glucose concentration was observed
compared with Jarvis et al. (1996) and Moura et al. (2021); this lower concentration could
be due to the shorter lairage time evaluated in the present study compared with the
mentioned studies. However, plasma glucose concentrations when animals suffered a
short transport and long lairage time were close to the once of animals that suffered a long
transport regardless lairage time; these data may indicate that those animals were starving
and/or stressed.

The pH influences meat color and tenderness due to the amount of intramuscular fat,
pigment content, water holding capacity, and oxidation stress (Muchenjea et al., 2009).
Instrumental color values also tend to be affected by carcass fatness, animal age, pH,
moisture content, changes in muscle myoglobin content and intramuscular fat (Ferguson
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and Warner, 2008; Muchenjea et al., 2009). Color is the most important characteristic
that consumers use when purchasing meat (Kropf, 1980) Although there were differences
in L*, a* and b* after 36 hours in the present study, values are within the expected range
of a non DFD meat and differences between treatments were not relevant, as it happened
with pHu. Similar values were found in Holstein bulls and crossbred bulls under the same
production system (Sanchez et al., 2022).

The storage and the atmosphere where the meat is placed may determine the shelf
life (Insausti et al., 2001). Packaging using modified atmosphere (mixture of carbon
dioxide, oxygen and nitrogen) together with pHu will have an effect on meat quality. It is
described that when pHu was higher than 6 the growth of aerobic gram-negative bacteria
and lipid oxidation meat quality decreased more rapidly (Foegeding et al., 1983; Insausti
etal., 2001). In the present study only a time effect was observed in color perception and
microbiology after 12 days on MAP. Therefore, the effect of transport time or lairage

time did not affect the evolution of shelf life of these meat.
5. Conclusion

No great differences in meat quality, instrumental color, color perception, and
microbiology) were found between 1 to 2 or 7 to 8 h of lairage time evaluated for
transports shorter than 3 hours. Long lairage times after long transports may increase pHu
and predispose animals to increase the DFD meat. Moreover, the behavior of the animals
changed depending on the transport duration and lairage time. Therefore, stablishing
different lairage time protocols based on transport duration may improve animal welfare
and potentially avoid DFD meat incidences. It is recommended to slaughter cattle after
short lairage time (< 3 hours) when transports are longer than 10 hours to reduce negative
impacts on animal welfare and meat quality. In short transports of less than 3 hours,
lairage times longer than 3 h could benefit the recovery of the animals without affecting

meat quality.
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CAPITULO VII

Discusién General
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En este capitulo se intentara analizar todos los estudios en conjunto para ver si s
posible responder a los objetivos de forma conjunta; para ello primero se resumiran todos
los estudios analizando factores diferenciales y ofreciendo una vision global (Tabla 1).
En segundo lugar, se intentara responder a preguntas clave, aun sabiendo que hay factores
que dificultan la comparacion entre los diferentes estudios, un analisis global nos puede
permitir visualizar futuras lineas de investigacién y nos puede ayudar a dar algunas
recomendaciones.

Analizando primero los datos que han caracterizado el sistema productivo de la
presente tesis y tomando como referencia el macho frison sacrificado a los 11 meses de
edad que proviene del ternero tipo mamon por ser el animal base del sistema productivo
de Espafia de los ultimos 10 afios (actualmente se estd cambiando hacia un macho frisén
cruzado con raza carnica e mayor edad de sacrificio), con la produccién de hembras y
machos cruzados con razas carnicas 0 machos frisones cruzados con raza Angus
sacrificados desde los 10 hasta los 13 meses de edad (Tabla 1), se puede observar que las
caracteristicas de la canal estan fuertemente influenciadas por factores relacionados con
el animal, como el sexo, la edad al sacrificio y los factores genéticos, especialmente la
raza (Raesa et al., 2003; Bures et al., 2006; Mach et al. 2008). En relacién con la
conformacién de la canal, cuando la base animal (sexo y raza) se analiza en global, los
animales cruzados con razas carnicas suelen tener mejor conformacion. Se espera que los
cruces con una raza de carne, especialmente las de maduracién tardia como la Charolaise
o Limousine, contribuya a aumentar el peso de la canal y el porcentaje de carne en
comparacion con los animales frisones de raza pura, o los cruces con las razas de
maduracion temprana, mejorando asi su la eficiencia (Keane et al., 1989; Andersen et al.,
2001; Huuskonen et al., 2014). En el estudio 1, donde las hembras eran cruces de razas
de frisona con raza carnica, se observo una buena clasificacion de la canal y esto pudo
estar influenciado por el cruce con animales de raza carnicas en comparacion con una
hembra frisona de raza pura. Sorprendentemente también se puede observar qué la
clasificacion de la canal del macho frisén del estudio 1 fue muy inferior (45% canales
tipo “P”’) que en los machos frisones del estudio 3 (maximo 18.3% tipo “P”) a pesar de
que el peso canal fue superior. Dichos resultados no fueron los esperados; es por todos

conocido qué el transporte causa perdidas de peso vivo debido a las perdidas de orina,
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defecacion a parte del estrés y las horas en ayunas qué pueden estimular la movilizacion
de reservas (Guardia et al., 2009; Faucitano 2001); pero en el estudio 3 la duracion del
transporte fue superior que en el estudio 1, esperando una reduccién del peso de los
animales mayor afectando negativamente la conformacion. Al no observarse dicho
impacto negativo sobre la conformacion, puede que las distancias y horas de transporte
deban ser superiores a las estudiadas en la presente tesis para observar dichos efectos.
Otra explicacion podria ser que el matadero por si mismo puede tener un impacto sobre
la valoracion de la conformacion. A pesar de los esfuerzos para uniformizar los criterios
para clasificar las canales, la clasificacion de la canal depende mucho del matadero (por
ello evitamos sacrificar animales de un mismo estudio en diferentes mataderos si
queremos comparar conformaciones). Los animales del estudio 1 se sacrificaron en el
matadero de Guissona y los del estudio 3, correspondiente al transporte largo, se
sacrificaron en el matadero de Bufiol- Valencia, por lo tanto, estas diferencias en
conformacion si qué podrian ser debidas a la diferente manera de clasificar canales en
cada matadero. La alimentacion y el manejo también podrian afectar a la conformacién
de la canal. Pero la alimentacion durante la fase de acabado fue una alimentacion similar
entre estudios con ligeras diferencias en el contenido de energia (debido a diferencias en
el contenido en grasa bruta e hidratos de carbono no estructurales) y proteina bruta.
También observamos un manejo similar entre estudios (se alojaron en corrales con cama
de paja y con un disefio de corral parecido). No parece pues que la alimentacién ni el
manejo hayan tenido un impacto sobre la calidad de la canal. Otros factores de manejo
que pudieran haber afectado a la conformacion de la canal podrian haber sido las
densidades de los corrales (1.7 a 2.6 animales/m?) de espera en el matadero, pero a priori

no parece haber ninguna relacion.

136



Tabla 1. Resumen de las caracteristicas del sistema productivo, comportamiento animal, manejo e instalaciones, alimentacion, eficiencia productiva, época y afio en los que fueron
sacrificados y calidad de la canal y de la carne los animales de los estudios 1, 2 y 3.

Estudio 1 Estudio 2 Estudio 3
Sistema productivo Manejo e mstalz_;lcmnes Transportes y tiempo de espera en matadero
de la granja
M Holstein Transportes Cortos Transportes Largos

., Animales Animales
. Hcruzada M frisén cruzado . . .
Tratamiento sin con Tiempo de Tiempo de

(10 m) (11m)  con Angus Tiempo de espera

Tiempo de espera corto

(12m) ventilacion  ventilacion espera corto espera largo largo
Frison x - Frison x Frison x Frison x Frisén x
Raza del animal raza Frison FXE;ESX raza raza Frison Frison Frison raza Frison raza
carnica carnica carnica carnica carnica
Sexo del animal Hembra Macho Macho Macho Macho Macho Macho Macho Macho Macho Macho
Edad inicial, dias 142 143 155 298 300 - - - - - -
Peso inicial, kg 165 176 192 441 450 - - - - - -
Comportamiento animal en granja
Tumbado, % 32,3 23,1 22,1 25,7 74,9 - - - - - -
Rumiando, % 13,8 10,1 10,5 11,0 8,3 - - - - - -
Peleando, cada 15 min 0,7 2,9 2,1 6,2 5,3 - - - - - -
Comportamiento animal en
matadero
Tumbado, % - - - - - - 31,7 - - 14,7 19,8
Rumiando, % - - - - - - 20,6 - - 19,4 10,8
Peleando, cada 15 min - - - - - - 0,4 - - 0,2 0,5
I?;”ano de los corrales, m 12x6 12 x 6 12x 6 12 x 6 12 x 6 - - - - - -
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Tabla 1. Resumen de las caracteristicas del sistema productivo, comportamiento animal, manejo e instalaciones, alimentacion, eficiencia productiva, época y afio en los que fueron
sacrificados y calidad de la canal y de la carne los animales de los estudios 1, 2 y 3.

Estudio 1

Estudio

2

Estudio 3

Sistema productivo

Manejo e instalaciones

Transportes y tiempo de espera en matadero

de la granja
H M Holstein Animales Animales Transportes Cortos Transportes largos
. M frison cruzado . - ) ] ]
Tratamiento cruzada (11m)  con Angus e con Tiempo de Tiempo de Tiempo de espera Tiempo de espera
(10 m) (12 m) ventilacion  ventilacion  espera corto espera largo corto largo
Frison Frisén X Frisén x Frison x Frisén Frisén x
Raza del animal X raza Frison Anaus raza raza Frison Frison Frison X raza Frison raza
carnica 9 carnica carnica carnica carnica
Nutricion, en MS
Energia metabolizable, 3.2 33 33 34 34 34 34 34 34 34 34
Mcal/kg
Proteina bruta, g/kg 158 144 144 119 119 119 119 119 119 119 119
Grasa bruta, g/kg 55 65 65 51 51 51 51 51 51 51 51
Cenizas, g/kg 54 47 47 50 50 50 50 50 50 50 50
FND, g/kg 220 198 198 193 193 193 193 193 193 193 193
CNF, g/kg 511 545 545 587 587 587 587 587 587 587 587

L CNF = Carbohidratos no fibrosos calculado como 1000 — (Proteina bruta + cenizas + NDF + extracto de éter).
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Tabla 1. Resumen de las caracteristicas del sistema productivo, comportamiento animal, manejo e instalaciones, alimentacién, eficiencia productiva, época y afio en los que fueron
sacrificados y calidad de la canal y de la carne los animales de los estudios 1, 2 'y 3.

Estudio 1 Estudio 2 Estudio 3
Sistema productivo Manejo e mstalguones Transportes y tiempo de espera en matadero
de la granja
M Holstein . . Transportes Cortos Transportes largos
L, Animales Animales
. H cruzada M frison cruzado . . . . .
Tratamiento sin con Tiempo de Tiempo de Tiempo de espera Tiempo de espera
(10 m) (11m) con Angus ilacis 1aci6
(12m) ventilacion  ventilacion  espera corto  espera largo corto largo
Frisén x . Frisén x Frisén x Frisén x Frison x
. . Frison x - ., ., y
Raza del animal raza Frison Anaus raza raza Frison Frison Frison raza Frison raza
carnica g carnica carnica carnica carnica
Ingesta media diaria, kg/d 6,2 6,5 6,4 8,0 8,2 - - - - - -
Ganancia media diaria, kg/d 15 1,6 1,6 1,5 1,2 - - - - - -
Peso final, kg 425 523 553 508 497 - - - - - -
Edad de sacrificio, meses 311 350 380 330 352 334 334 340 365 340 365
Distancia del transporte 35 35 35 175 175 175 175 340 340 340 340
Duracién de transporte ~1 ~1 ~1 ~3 ~3 ~3 ~3 ~10 ~10 ~10 ~10
Tiempo de espera en matadero ~2 ~2 ~2 ~2 ~2 ~2 ~6 ~2 ~2 ~6 ~6
Superficie de cuadras en 11,9 11,9 11,9 20,2 20,2 20,2 20,2 65,8 65,8 65,8 65,8
matadero, m
Densidad animal, m¥animal 1,7 1,7 1,7 1,9 1,9 1,9 1,9 2,6 2,6 2,6 2,6
Estacion del afio Verano Otofio Otofio Verano Verano Verano/Otofio/Invierno Primavera/Verano/Invierno
Afio 2019 2019/2020 2021/2022 2021/2022
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Tabla 1. Resumen de las caracteristicas del sistema productivo, comportamiento animal, manejo e instalaciones, alimentacion, eficiencia productiva, época y afio en los que fueron
sacrificados y calidad de la canal y de la carne los animales de los estudios 1, 2 y 3.

Estudio 1 Estudio 2 Estudio 3
Sistema productivo Manejo e mstalgmones Transportes y tiempo de espera en matadero
de la granja
M Holstein . . Transportes Cortos Transportes Largos
., Animales Animales
T . Hcruzada M frisén cruzado . . . . .
ratamiento sin con Tiempo de Tiempo de Tiempo de espera Tiempo de espera
(10 m) (11 m) con Angus 1aci6 Jaci6
(12 m) ventilacion  ventilacion espera corto espera largo corto largo
Frison x Frisén X Frisén x Frisén x Frison x Frisén x
Raza del animal raza Frisén ANGUS raza raza Frison Frisén Frisén raza Frisén raza
carnica g carnica carnica carnica carnica
Peso de la canal, kg 243 279 297 282 284 244 256 258 282 260 283
Rendimiento canal, % 57,2 53,4 53,7 55,5 57,1 - - - - - -
pH medio, 24 h postmortem 57 55 57 59 5,6 - - - - - -
pH medio, 36 h postmortem - - - - - 5,6 5,6 5,6 5,7 5,6 57
pH>5.38,% 5,6 0,0 11,1 40,9 26,1 4,8 49 3,4 46,5 1,2 33,3
pH > 6, % 0,0 0,0 0,0 31,8 8,7 2,4 49 2,3 4,7 0,0 2,6
Conformacion de la canal?, %
E 2,6 - - 42 42 - - - - - -
U 23,1 - 32,4 20,8 29,2 - - - - - -
R 33,3 - 67,6 20,8 29,2 7.4 7,0 - 46,1 - 16,9
0] 35,9 54,8 - 41,7 33,3 83,5 85,4 85,4 53,9 81,7 83,1
P 5,1 452 - 12,5 42 91 76 14,6 - 18,3 -

! La clase de conformacidn designada por la letra "E" (excelente) describe canales con todos los perfiles convexos a superconvexos, y con un desarrollo muscular excepcional, y la conformacién clasificada
como "U" (muy buena) describe canales con perfiles en su conjunto convexos, y con muy buen desarrollo muscular. Las canales clasificadas como "R" (buena) presentan perfiles, en conjunto, rectos y con
buen desarrollo muscular. Las canales clasificadas como "O" (regular) presentan perfiles de rectos a concavos y con un desarrollo muscular medio, y las canales clasificadas como "P" (pobre) presentan
todos los perfiles de concavos a muy cdncavos y con un desarrollo muscular pobre.
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Tabla 1. Resumen de las caracteristicas del sistema productivo, comportamiento animal, manejo e instalaciones, alimentacion, eficiencia productiva, época y afio en los que fueron
sacrificados y calidad de la canal y de la carne los animales de los estudios 1, 2 y 3.

Estudio 1

Estudio 2

Estudio 3

Sistema productivo

Manejo e instalaciones

de la granja

Transportes y tiempo de espera en matadero

M Holstein Ani . Transportes Cortos Transportes Largos
L nimales  Animales
Tratamiento H(i:)uﬁ)d a l\éllflrlrsno)n cgrzu,iidzs sin con Tiempo de Tiempo de Tiempo de espera Ti d |
(12 m% ventilacion  ventilacion  esperacorto  espera largo corto 1€MPO de espera 1argo
_ Frison x o Erisén x Frison x Frison x o o - Frison - Frisén x raza
Raza del animal raza Frison raza raza Frison Frison Frison X raza Frison .
P Angus A~ . L carnica
carnica carnica carnica carnica

Engrasamiento de la canal2, %

1 - - - 66.7 62.5 0 1.3 3.4 0 2.5 2.3

2 2.6 2.4 2.7 33.3 37.5 65.3 58.2 95.5 98.8 97.5 97.7

3 97.4 97.6 97.3 5.9 5.6 34.7 40.5 1.1 1.1 0 0
Grasa intramuscular del
Longissiumus thoracis, % 19 L7 L7 i i i i i i i i
Color instrumental3, 24 h

L* 36,2 32,3 33,0 27,7 29,7 29,9 27,7 30,2 31,6 27,6 27,1

a* 14,9 16,7 16,9 9,6 11,1 14,7 13,4 14,5 13,7 18,0 16,5

b* 15,6 16,2 16,3 9,7 11,3 15,3 13,5 13,9 13,5 19,5 17,9
Percepcion del color4,%, 48 h

3 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 53 0,0

4 27,7 0,0 11,1 20,0 0,0 2,3 0,0 0,0 0,0 26,2 0,0

5 72,2 100,0 88,9 80,0 100,0 95,2 100,0 100,0 100,0 68,4 100,0

2 La clase de cobertura de grasa de la canal clasificada como 1 (baja) describe una cobertura de grasa de nula a baja, la clase de cobertura de grasa clasificada como 3 (muy alta) describe una canal entera
cubierta de grasa y con grandes depdsitos de grasa en la cavidad toracica.
3 Color instrumental: L*= luminosidad, a*= tendencia al rojo y b*= tendencia al amarillo.
4 Escala de 5 puntos: percepcion del color: 1= muy indeseable, 2= moderadamente indeseable, 3= ligeramente deseable, 4= moderadamente deseable y 5= muy deseable.
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En cuanto a al engrasamiento de la canal, y contrario a nuestros resultados, Wheeler
et al. (2004) observaron que los machos frisones tenian menos grasa subcutanea que los
terneros Hereford y Angus a los 15 meses de edad y Marshall (1994) observo que los
terneros de raza frisona tenian canales con peor engrasamiento de la canal que muchas de
las razas britanicas tradicionales. En dichos estudios, a diferencia de la presente tesis, la
edad de sacrificio fue superior y los animales estaban castrados aumentando la capacidad
de depositar grasa y ello podria explicar que se observaran diferencias entre razas a
diferencia de los resultados de la presente tesis. La literatura sugiere que las practicas
actuales de seleccion y produccion estan asociadas con la infiltracion grasa y los depositos
grasos en el animal y que la influencia de la alimentacion y de la castracion juegan un rol
muy importante para la mejora de calidad de la canal durante el periodo de engorde de
terneros. La castracion (Amatayakul-Chantler et al., 2013; Mach et al., 2009; Marti et al.,
2017) y la alimentacion final (Steen y Kilpatrick, 1995; French et al., 2000) son factores
clave para mejorar la infiltracion grasa y el color, y obtener una buena calidad final del
producto. Sin embargo, a pesar de que se puede esperar una mejoria de la calidad de la
canal y la carne con estas practicas, no es necesariamente rentable para el ganadero incluir
una alimentacion de finalizacion o realizar la castracion ya que éstas pueden aumentar los
costes de produccion (Blanco et al., 2011; Murphy et al., 2017). En Espafia, a diferencia
de otros paises, las canales se pagan por peso, y la calidad de la carne (infiltracion grasa)
no se tiene en cuenta. Por lo que cualquier estrategia para mejorar la calidad de la carne
tiene que estar asociada a una “marca” para recuperar los costes. Las investigaciones
actuales indican la necesidad de seleccionar animales que depositen menos grasa externa
durante el periodo de crecimiento y finalizacion, pero manteniendo un nivel de
infiltracion grasa, ademas, de seleccionar razas para el aumento de ganancia productiva
y la eficiencia alimentaria.

Finalmente, los diferentes estudios se han realizado en diferentes épocas del afio,
principalmente en verano y otofio. El impacto que ello pueda tener sobre la calidad de la
carne y canal se debatira a en la siguiente seccion.

Un aspecto importante a resaltar es que, excepto los datos de machos cruzados con
razas carnicas en el estudio 2 sin ventilacion y en el estudio 3, el pH medio de la carne a
las 24 horas postmortem, aun habiendo diferencias significativas entre tratamientos, el
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valor medio se encontraba debajo de 5,8. El valor de 5,8 es el valor aceptado por la
industria carnica como umbral critico para que una canal sea aceptada para un envasado
con atmdsfera modificada (Hughe et al., 2020). Por lo tanto, podriamos decir que en
general los factores estudiados tuvieron poca incidencia sobre el pH de la carne, indicando
que el manejo que se realiza en nuestro sistema de produccion en general es bueno. Y
como se analizara posteriormente, el animal macho cruzado con raza carnica podria ser

un factor predisponente para la aparicion de canales con pH elevados.

1. Lainfluenciade los factores pre-sacrificio sobre el pH y la calidad de la carne.

1.1. ¢Sobre cudl sistema productivo deberiamos centrar los esfuerzos en
controlar los factores previos al sacrificio? ¢algunos factores ambientales como la
estacion del afio deberian tenerse en cuenta cuando se quieren establecer protocolos

para evitar la aparicion de carnes DFD?

Para dicho analisis se teniendo en cuenta los datos de diferentes estudios en conjunto
y graficado los datos mas relevantes. De todos es sabido que las decisiones de compra de
los consumidores de carne de bovino a menudo estan influenciadas por caracteristicas
especificas, como lo son el color y la vida util, los cuales estan altamente correlacionados
con el pH final de la carne. Las carnes oscuras a menudo estan asociadas con pH elevados
a las 24 h; aunque recientemente se esta debatiendo si el color oscuro de la carne sélo esta
asociado con un pH alto, ya que los mecanismos especificos detras de esta aparicion ain
son relativamente desconocidos (Hughes et al., 2020). Los consumidores punttian mejor
(aceptacion) a los cortes de carne del longissimus thoracis y lumborum si el pH es < 5,8
en comparacion con las carnes con un pH alto > 5,8, que tenian una apariencia mas oscura
y las describieron como "vieja” o "no fresca” (Figura 1; Viljoen, de Kock y Webb, 2002).
Ademas, pH y consecuentemente el color de la carne son particularmente importantes al
elegir cual va a ser el formato de su comercializacion, sobre todo si la carne debe ser
posteriormente envasada en atmosfera modificada (Wulf y Wise, 1999; Page et al., 2001;
Goni et al., 2007).
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pH <5,8 pH >6,0

Figura 1. Clasificacion de los lomos de terneros en funcién del pH (normal: pH < 5,8) y pH alto o DFD
(carnes scuras duras y secas: pH > 6,0).

Tal y como se ha comentado anteriormente, a pesar de que la incidencia de carnes
DFD o pH elevados en la carne observada en los 3 estudios es relativamente baja; la base
animal “macho cruzado con razas carnicas” parece tener mayor incidencia de pH elevados
y deberia ser estudiado en mayor profundidad. Aun asi, se debe de tener en cuenta que
los machos cruzados normalmente se sacrifican a mas edad y esto también puede
predispone a tener pH finales més elevados (Marti et al. 2013). Algunos autores resaltan
la influencia del sexo sobre la calidad de la carne de ternera; la carne de macho entero
suele tener un impacto negativo sobre el pH final atribuida a la propiedad anabdlica de
los androgenos especialmente la testosterona (Mach et al. 2009); en consecuencia, la
incidencia de carnes oscuras es mas elevada afectando negativamente a sus propiedades
tecnolodgicas haciéndola menos adecuada para la venta directa (Weglarz et al., 2002; Gil
et al., 2005; Mach et al., 2008). En el estudio 1 las hembras frisonas cruzadas sacrificadas
a los 10 meses de edad y los machos cruzados Angus sacrificado a los 12 meses de edad
tuvieron un valor de 3,5% superior al valor del pH del macho frison sacrificado a los 11
meses de edad. Este resultado nos sorprendio, pues esperdbamos que tal y como observé
Weglarz (2010) el pH medio de la carne de las terneras fuera aproximadamente de 5,5
difiriendo significativamente de lo que encontr6 en los terneros (pH = 5,9). Normalmente
se cree que los machos son sexualmente méas activos que las hembras, propiciando el
gasto de energia antes del sacrificio y en consecuencia el pH tras el sacrificio no
descenderia tanto. Analizando todos los estudios en conjunto, una posible causa de que

el pH de las hembras y de los machos cruzados Angus fuera mas alto que los machos
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frisones en el primer estudio, fuera porque tanto las hembras como los machos cruzados
Angus eran cruzados con razas carnicas (Figura 2). Contrariamente a esta hipotesis
diferentes autores no observaron diferencias entre razas, aunque el sistema de produccién

era distinto al nuestro (macho Angus vs macho frison; pH= 5,5) (Bures y Barton, 2018).

El pH afectado por las diferentes razas

6.5
6.3 Estudio 1 Estudio 2 Estudio 3
Sistema Ventiladores Estudio 3 Tansportes
6.1 productivo Transportes Largos
5.9 ,_% I Cortos —r H frisona x raza carnica

I u M frison
57 -

I |
55
51 a a b a
4.9

Figura 2. Influencia de las razas sobre el pH del estudio 1y 2 (24 h post-mortem) y el estudio 3 (transportes
cortos: 24 h post-mortem; transportes largos: 36 h post-mortem). Estudio 1: Sistema Productivo (a:
hembras frisonas x raza carnica sacrificadas a los 10 meses de edad; b: machos frisones sacrificados a los
11 meses de edad; ¢: macho frison x Angus sacrificados a los 12 meses de edad); estudio 2: Ventiladores
(a'y b : machos frisones x raza carnica sacrificados a los 11 meses d edad) y estudio 3: transportes cortos
(a'y b: machos frisones sacrificados a los 11 meses de edad) y transportes largos (a: machos frisones X raza
carnica sacrificados a los 12 meses de edad; b y ¢: machos frisones sacrificados a los 11 meses de edad).

m M frisén x Angus

M frisén X raza carnica

Por otra parte, tal y como se ha comentado anteriormente, los animales se sacrificaron
en diferentes estaciones del afo; las estaciones afectan a la temperatura ambiental y al
fotoperiodo pudiendo tener un impacto sobre la calidad de la carne. El estudio 2 donde
precisamente se queria observar el impacto de las altas temperaturas en el
comportamiento y la calidad de la carne, se observé un indice de Temperaturay Humedad
(ITH) medio de 75, indicando inicialmente que el efecto del estrés por calor no fue severo
en general; sin embargo, hubo dias donde el ITH fue superior a 80 (estrés por calor
moderado; Akyuz et al., 2010 y Kohli et al., 2014) y hubo muchas noches consideradas

tropicales en las que la temperatura nocturna no bajé de 20°C (el indice ITH no tiene en
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cuenta la capacidad de disipacion de calor). En este estudio se pudo observar como la
temperatura ambiental tuvo un impacto sobre el pH de la carne y el color instrumental
(terneros alojados en naves sin ventiladores) (Figura 3). Sin embargo, aunque en los otros
estudios también se sacrificaron animales en verano, lamentablemente no tenemos
registros de temperatura y humedad detallados para los estudios 1 y 3, pero los resultados
obtenidos nos hacen pensar que durante los periodos estudiados en estos estudios no se
registraron valores de ITH tan altos. Generalmente, el color més oscuro puede explicarse
por un cambio en la distribucion de las fibras musculares, que estan mas orientadas hacia
el metabolismo oxidativo (Mancini y Hunt, 2005) y esto puede ser debido al desgaste
muscular a causa del estrés por calor. Al igual de lo observado en la presente tesis, otros
autores también han observado que la carne de ternera tenia valores de pH final mas altos
durante el verano (Kim et al., 2003; Mach et al., 2008; Weglarz, 2010). Por otro lado,
también se observan pH elevados en los terneros sacrificados en primavera en los
transportes largos. Al analizar mas detenidamente estos resultados se observo que habia
un efecto del tipo de animal en el estudio 3 (Figura 4) con relacion al pH final.
Observamos que en primavera sélo se sacrificaron machos cruzados. Por lo tanto, es
dificil conocer cudl es el factor causante de dicho aumento de pH: la estacion y/o la raza.
Por eso, deberia estudiarse con profundidad dichos resultados con estudios disefiados para
contrastar ambos factores.
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El pH afectado por las estaciones

6.5

) Estudio 2 Estudio 3
6.3 Estudio 1 Ventiladores Estudio 3 Transportes

Sistema Transportes Largos

6.1 i
productivo {_A_\ Cortos

5.9 A I
5.7 - I (—%

. = INVIERNO
3.5 I = PRIMAVERA
b

VERANO
= OTONO

5.3
51
4.9

Figura 3. Influencia de las estaciones sobre el pH del estudio 1 y 2 (24 h post-mortem) y el estudio 3
(transportes cortos: 24 h post-mortem; transportes largos: 36 h post-mortem). Estudio 1: Sistema
Productivo (a: hembras frisonas x raza carnica sacrificadas a los 10 meses de edad en verano; b: machos
frisones sacrificados a los 11 meses de edad en otofio; ¢: macho frisén x Angus sacrificados a los 12 meses
de edad en otofio); estudio 2: Ventiladores (a y b : machos frisones x raza carnica sacrificados en verano)
y estudio 3: transportes cortos (machos frisones sacrificados en a: verano, b: otofio y ¢: invierno) y
transportes largos (a: machos frisones x raza carnica sacrificados en primavera; b: machos frisones
sacrificados en verano y c¢: machos frisones sacrificados en invierno).

El pH afectado por el transporte, el tiempo de espera, la estacion y

5.9 la raza
Transportes largos
A
5.8 p .
i
5.7 Transpojr\tes cortos
g A
VERANO
5.6 I N
b1 L o
55 I ® INVIERNO
um PRIMAVERA

54 1 2 1 1 " i 1
5.3 v L § )

Machos frisones Machos cruzados

Figura 4. Influencia sobre el pH final de la carne del estudio 3 (transportes cortos: 24 h post-mortem;
transportes largos: 36 h post-mortem): la duracion del transporte (cortos: ~3h; largos: ~10 h), el tiempo de
espera en matadero (1: tiempo de espera corto; 1 a 2 h; 2: tiempo de espera largo; 6 h), las diferentes
estaciones (verano, otofio, invierno y primavera) y las diferentes razas (machos frisones; machos cruzados:
raza frisona x raza cérnica).
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Observando la figura 3 y 4, se evidencia que los machos frisones (faltaria comprobar
su sacrificio en primavera) tienen medias de pH mas bajos y lejos de acercarse a pH =
5,8, que ya hemos comentado que suele ser critico para la industria cérnica. Si
comparamos la influencia del tiempo de espera y la duracién de los transportes
observamos que los machos frisones de los transportes cortos y largos mantienen un pH
por debajo de la media (Figura 4) y no varian segun la estacion en las que fueron
sacrificados. No obstante, como lo veniamos observando en las figuras anteriores
correspondiente a la influencia de las estaciones, los terneros machos cruzados con razas
carnicas transportados con transportes largos tienen valores de pH mas altos
independientemente del tiempo de espera; al solo tener datos de primavera y en
transportes largos se deberia contrastarse dicho resultado en otra estacion del afio e en
transportes cortos. Asi pues, el foco debe centrarse en los machos cruzados con razas
carnicas, explorar el efecto que pueda tener en diferentes estaciones (verano y
primavera) para saber si hay que focalizar los esfuerzos en dicho sistema
productivo. Parece ser que el macho frison no deberia tener problemas, pero faltaria
comprobar si en primavera seria asi. Ademas, la tendencia a producir mas macho
cruzado en nuestro sistema de produccion crea la necesidad de profundizar mas como
optimizar y mejorar la produccion de este tipo de animal, ya que la mayoria de los datos

qué tenemos actualmente estan basados en el engorde de ternero frison.

1.2. ¢Laactividad de los animales antes del sacrificio se relaciona con el pH de la
canal? ¢Podria ser la actividad animal un buen indicador del riesgo de tener carnes
con elevados pH; dicha respuesta es diferente segun la estacion del afio?

La actividad animal, es decir, el tiempo que pasan los terneros realizando las
actividades (p. ej., acostarse, pararse, comer, beber), se ha utilizado para determinar el
bienestar de los animales (Overton et al. 2003; Cook et al. 2005). Pero, ademas, la
actividad animal relacionarse con el gasto energético y el estrés previo al sacrificio
pudiendo ser una herramienta para la mejora de la calidad de la carne (Cafe et al., 2011).
Respecto a la actividad en granja, se registraron datos en el estudio 1 y 2; las hembras
frisonas del estudio 1 y los machos cruzados del estudio 2 se finalizaron durante los meses
de verano y se sacrificaron también en el verano, en el caso de los machos frisones y los
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machos Angus fueron sacrificados en otofio. Respondiendo a la pregunta de si la actividad
puede relacionarse con el pH de la carne segun la época del afio, en la Figura 5 se puede
observar que no existe una relacion clara entre la estacion del afio y la actividad (tumbados
0 rumia) cuando se tiene en cuenta el comportamiento en granja. Algunos autores han
observado que el tiempo de descanso disminuye en condiciones ambientales mas calidas
(Zohner et al., 2004; Tucker et al., 2008; Schiitz et al., 2010). Sin embargo, Uzal y Ugurlu
(2010) observaron una mayor duracion del comportamiento de reposo en primavera y
verano (12,12 h/24 h para la primavera y 11,55 h/24 h para el verano). Como esta descrito
en el estudio 2, los animales alojados en corrales con ventilacion no serian un buen
ejemplo para comparar el comportamiento normal de reposo con condiciones ambientales
ya qué se cree que estos pasaron menos tiempo tumbados probablemente debido a que
los animales compitieron para estar debajo de los ventiladores (Figura 6). En el caso de
la rumia, se ha descrito que hay una relacion estrecha entre el tiempo que los animales
pasan tumbados en los corrales de la granja y el tiempo de rumia (Figura 5); aunque los
terneros pueden rumiar de pie o acostado, con mayor frecuencia lo hacen cuando estan
acostados (Phillips, 1993). El tiempo que pasan acostados puede indicar mejor y bienestar
y la salud de los animales (Haley et al., 2000; del Campo et al. 2021). En la presente tesis
no se registro el tiempo total de estas actividades, sino un porcentaje de la actividad en
un punto del dia, esta limitacion deberia tenerse en cuenta. Es mas, si relacionamos la
actividad (tumbado) o la rumia con parametros de calidad de la carne (pH) parece ser que
no hay relacion. Ello podria ser porque la actividad en granja no es un parametro tan
decisivo sobre la calidad de la carne y/o porque el registro puntual puede haber limitado
el potencial del uso como predictor de la calidad de la carne.
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Actividad animal en granja de los estudios 1y 2

45 .
Estudio 1

40 /\ Estudio 2
o M A

30 - I
; 1 1
20
15 a e b
10 \

5

0

H frisona x raza M frisén M frison x Angus ~ Animales sin Animales con
cérnica ventilacion ventilacion

s % de animales tumbados =0/ de animales rumiando

Figura 5. Relacion de la actividad animal y el efecto de las esaciones del afio: porcentaje de los animales
tumbados (representados en barras por el color amarillo: sacrificio en verano y por el color naranja:
sacrificio en otofio) y porcentaje de los animales rumiando (representados por la linea de color roja) de los
diferentes tratamientos del estudio 1 (a: Hembra frisona x raza carnica sacrificada a los 10 meses de edad;
b: macho frison sacrificado a los 11 meses de edad y c: macho frison x Angus sacrificado a los 12 meses
de edad) y del estudio 2 (a: animales sin ventilacion y b: animales con ventilacion).
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Figura 6. Imagen tomada en granja de los animales con ventilacion donde se puede observar a los animales
de pie debajo de los ventiladores.

Cuando nos centramos en la actividad animal en matadero (registrada en tiempos de
espera largos en el estudio 3), dicha actividad puede estar relacionada con el disefio y
tamanio del corral (Haskell et al., 2014; Tucker et al., 2006, Drissler et al., 2005; Fregonesi
et al., 2007a), densidad (Fregonesi et al. 2007b), ubicacion y disposicion del corral
(Wagner-Storch et al., 2003) y tipo de suelo del corral (Fregonesi et al., 2004; Uzal &
Ugurlu., 2010). Si observamos las medidas de los corrales del matadero de Bufiol
(Valencia) correspondientes a los transportes largos, los corrales fueron un 27% mas
grandes que los corrales del matadero de Vic (Barcelona) correspondientes a transportes
cortos. Aun asi, en ambos mataderos los animales tuvieron un espacio dentro de las
recomendaciones. Kline et al. (2019) recomend6 un espacio minimo de 1.86 m%/animal
cuanto estos tenian un peso vivo de 544 kg para poder tener espacio suficiente para
tumbarse y levantarse. Asi como lo mencionan los autores citados, el disefio de corrales
puede afectar a la actividad aumentando el nimero de actividades cuando los terneros
disponen de mas espacio debido a la curiosidad que les genera el nuevo entorno. Por otra
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parte, cuando los corrales son de menor tamario se podria reducir el tiempo de reposo de
los animales. En el estudio 3, se observa los animales con transportes cortos un aumento
de la actividad en las primeras horas, aunque los corrales fueron de menor tamafio que en
los de los transportes largos (Figura 7). Sin embargo, en el caso de los transportes largos
con corrales de mayor tamafio a diferencia de los transportes cortos, el porcentaje de
animales tumbados es superior en un inicio, por lo tanto, no solo se debe considerar el
tamarfio de los corrales, sino también el tiempo de transporte qué puede afectar con mayor
impacto comportamiento esperado; Si tenemos en cuenta que en los transportes largos
el tiempo de espera si afecta a la calidad de la carne (pH); se podria estudiar si la
rumia en los corrales de espera en el matadero seria un buen indicador de estrés
animal y calidad de carne si su descenso fuera de 20% a un 10% podria siendo un

primer indicador de alarma.

Actividad animal en el matadero del estudio 3
80

. !
: | &

40
1 ~1 TI[
30 :F i T l J_ J.
1 1
20 {/L N
10 I 3 I 3
I —
0
1 2 3 4 5 6
Animales tumbados (Transporte corto) Animales tumbados (Transporte largo)

Animales rumiando (Transporte corto) === Animales rumiando (Transporte largo)

Figura 7. Relacion de la actividad animal del estudio 3: porcentaje de los animales tumbados
(representados en barras) y porcentaje de los animales rumiando (representados en lineas) a lo largo del
tiempo de espera (6 h) del tratamiento tiempo de espera largo en matadero.
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Otro aspecto a valorar seria si algunos marcadores fisioldgicos relacionados con el
comportamiento y el estrés nos podrian predecir problemas de calidad de la carne,
entendidos principalmente como afectaciones en el pH de la carne. Como hemos visto
existe una relacion entre el comportamiento animal y calidad de la carne, ademas también
las respuestas fisiologicas estan vinculadas al comportamiento animal, por lo tanto, seria
de esperar encontrar biomarcadores para predecir la calidad de la carne (Mller y von
Keyserlingk, 2006; Petherick et al., 2009). En los estudios realizados se han analizado el
lactato e la creatina quinasa (CK) como biomarcadores relacionados con el estrés
(Chulayo y Muchenje, 2017). En el estudio 2, la concentracion sérica de lactato varia en
funcion del dia y tratamiento, y no termina de ser un buen indicador. En el estudio 2,
también se observo que los ventiladores tuvieron un efecto negativo sobre el descanso y
la rumia y sobre la concentracion sérica de CK en granja, pero curiosamente el pH de la
carne no fue tan elevado como en el caso de los terneros sin ventiladores, por lo que en
este caso la creatinina quinasa tampoco seria un biomarcador de la calidad final de la
carne optimo cuando estdn medidos en granja. Hubiera sido interesante ver los niveles
de CK en el momento del sacrificio y relacionarlo con el comportamiento en granja y la
calidad final de la carne. Asi podriamos tener una mejor idea de ver si este marcador
podria predecir la calidad de la carne. Aunque en el estudio 3 no se observé ninguna

relacion entre la concentracion sérica de creatinina quinasa y el pH de la carne.

Por otra parte, existe un gasto energético previo al sacrificio generado por la cantidad
de estrés del transporte, el ayuno, y de las condiciones de los lugares de estabulacion en
el matadero (Gregory, 2008; Grandin, 2010). Chulayo et al., (2012); como hemos
comentado anteriormente, Romero et al., (2014) indicaron que la magnitud de la respuesta
al estrés depende en gran medida del disefio del camidn y las condiciones de transporte
(es decir, densidad, temperatura y humedad del microambiente, vibracion, estilo de
conduccidn y paradas, y ayuno) porque los animales no estan acostumbrados a estos
entornos, lo que conduce a cambios en el metabolismo y a reducir la concentracion sérica
de glucosa. Asi también, mezclar terneros desconocido durante el proceso de matanza
aumenta las peleas, montas y otras actividades fisicas que aumentan la incidencia de

carnes DFD (Grandin, 1980; Kenny y Tarrant, 1987; Tennessee y Price, 1980), aunque
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no es una practica comun en nuestro sistema de produccion. En cuanto a la concentracion
sérica de glucosa en los estudios realizados, sélo se observo en el estudio 3 un incremento
en los animales que tuvieron transportes cortes y tiempos de espera largos, probablemente
porque los niveles séricos de glucosa en transportes largos ya eran elevados
independientemente del tiempo de espera. A pesar de ello, la concentracion sérica de
glucosa y la incidencia de pH elevados en la carne no parece estar relacionado. En
resumen, ningun biomarcador sérico parece ser un buen indicador del pH de la

carne a las 24-36 horas.

1.3.  Otros aspectos de la calidad de la carne registrados en los estudios como el
color y su relacion con los factores pre-sacrificio estudiados.

1. Elcoloralas24036h

El color se ve afectado por la raza, el manejo, el peso en el sacrificio, y el transporte
(Chulayo et al., 2016). Se ha descrito que el color (valores de L*, a*, b*) es un pardmetro
atil para caracterizar la carne de vacuno de diferentes razas de ganado espafiol (Insausti
et al., 1999). En concreto, los valores de luminosidad (L*) pueden verse afectados segun
las referencias bibliogréaficas por la grasa de la carne, la edad del animal, el pH, la
humedad, o el contenido y oxidacion de la mioglobina muscular (Ferguson y Werner,
2008; Muchenije et al., 2009; Guzek et al., 2013). El color es importante ya que es uno de
los criterios que el consumidor utiliza para escoger que carne comprar. Los consumidores
buscan un color rojo atractivo y muestran menos preferencia por carnes extremadamente
oscuras o palidas (Jeremiah et al., 1972). El color rojo brillante proviene de la estructura
de la mioglobina qué se modifica generando cambios en la refaccion de luz y por lo tanto
produce cambios en la coloracion de la carne (Mancini y Hunt, 2005). En la presente tesis
debido a que los niveles de vitamina E consumidos por las terneras cruzadas del estudio
1 no fue el mismo (ni el 6ptimo) comparado con el resto de los machos, es dificil de saber
si los valores de L* fueron debido a la raza o a la falta de vitamina E. Excluyendo a las
hembras, comparando el resto de los datos, si parece que haya un efecto de la base

animal sobre la luminosidad, tendencia al rojo o amarillo (Figura 8). Bure$ y Barton
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(2018) observaron diferencias significativas de los pardmetros de calidad entre las razas
Angus Yy diferentes razas cruzadas (entre ellas la frisona) asocidndolo con la cantidad de
grasa intramuscular en la carne, pero en nuestros estudios no se han visto dichas
diferencias en el contenido de grasa intramuscular a diferencia de los estudios
mencionados. Cuvelier et al. (2006) observaron que la carne del Angus es mas oscura en
comparacion a los animales de raza Limousine y Blue Belga. Para profundizar sobre la
base animal y su efecto sobre la luminosidad y la tendencia al rojo o amarillo de la
carne harian falta mas estudios con hembras cruzadas con razas carnicas y machos

frisones cruzados con Angus.
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Figura 8. Influencia de las razas sobre la luminosidad (L*), tendencia al rojo (a*) y tendencia al amarillo
(b*); (24 h post-mortem: estudio 1 y 2; 36 h post-mortem: estudio 3). Estudio 1: Sistema Productivo (a:
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Cuando analizamos el tiempo de espera de los transportes largos y cortos (Figura 9)
no se observo que estos factores tuvieran un efecto sobre la luminosidad de la carne. No
obstante, una ligera diferencia sobre la tendencia al rojo o al amarillo se observé cuando
comparamos la duracion del transporte siendo mayor para los transportes largos (~ 10 h)
en comparacion con los transportes cortos (~ 3 h) sin tener un efecto del tiempo de espera.
Sin embargo, en los transportes largos se pude confundir, la duracién del transporte y la
raza del animal sacrificado ya qué en transportes largos habia terneros cruzados de razas

carnias, cuya carne suele ser mas oscura, mas roja y mas amarilla.
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Figura 9. Influencia del tiempo de espera y la duracion de los transportes sobre la luminosidad (L*), la
tendencia al rojo (a*) y la tendencia al amarillo (b*) del estudio 3 (transportes cortos: 24 h post-mortem;
transportes largos: 36 h post-mortem) contemplados dentro del estudio 3: la duracién del transporte (cortos:
~3 h; largos: ~10 h), el tiempo de espera en matadero (1: tiempo de espera corto; 1 a 2 h; 2: tiempo de
espera largo; 6 h).

159



2. Laevolucion del color de las carnes envasadas en MAP

Tal y como se ha indicado el color es el pardmetro mas importante porque en el punto
de venta los consumidores suelen asociar el color rojo cereza brillante de la carne fresca
y el color rojo purpura de la carne envasada al vacio como indicadores de salubridad
(Faustman y Cassens, 1990, Hood y Riordan, 1973). Pero la estabilidad de color también
es muy importante para la industria carnica ya que los cortes de carne oscura suelen
venderse a precios rebajados o se trituran para obtener productos de menor valor (como
la carne picada), y si la carne es muy oscura, el producto puede llegar a desecharse.

En el estudio 3 se observé que la estacion del afio tenia un efecto sobre el color de la
carne sobre todo en los primeros dias de estar envasada en MAP. En los transportes cortos
(~3 h) en invierno y verano se observaron diferencias en la tendencia al rojo de la carne
afectando la vida atil del producto final en comparacién con el otofio (Figura 10). Autores
indican que la degradacion del color de carne vacuno se ve favorecida por la disminucion
de la a* (Smulders y Van Laack, 1989; Moore y Young; 1991). Es decir, el transporte
corto en tiempo de espera corto afectd la evolucion de la tendencia al rojo, y cuando
los tiempos de espera son largos, en otofio la tendencia al rojo puede ser baja (no
deseable) desde un inicio (Figura 10). Se deberian hacer més estudios para
corroborar el factor estacion (comprobar efecto otofio y afiadir efecto primavera),
profundizar en los factores que causan dichos efectos y analizar si el impacto sobre
la tendencia color rojo afecta a la decision de comprar (a priori no parece que
alcance valores criticos) para saber si habria que tomar medidas correctoras. En
cuanto a los transportes largos ~10 h (Figura 10) existen claras diferencias en el valor
inicial de tendencia al rojo segun la época del afio y el tiempo de espera, asi como de
la posterior evolucion con los dias en MAP. Mientras la carne de animales sacrificados
en verano parte de un valor de tendencia al rojo (<16) a las otras estaciones estudiadas y
se va reduciendo independientemente del tiempo de espera hasta valores de
aproximadamente 14; los animales sacrificados en invierno parten de un valor de
tendencia al rojo superior (18-19) y dicho valor desciende linealmente hasta valores de

12 a los 12 dias en MAP. Finalmente, las carnes de animales sacrificados en primavera

160



parten de valores entre 18 y 22 y se mantienen elevados durante todos los dias en MAP
(Figura 11).

En el caso la L* de la carne de terneros despues de un transporte corto, tiene una
variacion de valores mayores que en el verano en comparacion con las demas estaciones
estudiadas concretamente de los animales que esperaron en matadero un menor tiempo,
aunque dicha diferencia no es significativa. No obstante, existe un efecto de la duracion
de transportes largos de animales que se sacrificaron en primavera, destacando una menor
luminosidad a tiempo 1 post-envasado, pero aumentando los valores de L* a lo largo del
tiempo en MAP. Como lo comentamos anteriormente, una variacion de la luminosidad
sin una estabilidad en las bandejas MAP pueden tener un efecto negativo en la vida util.
Esta estabilidad no necesariamente debe de estar relacionada con el contenido de
mioglobina que representa el color rojo de las carnes, las cuales, si fueron estables
teniendo valores por debajo de los 22, sin un efecto importante del tiempo de espera en
matadero. No existe una explicacion clara para explicar la diferente evolucion segin la
época del afio, sin embargo, el impacto que pueda tener sobre las preferencias del
consumidor puede que no sea significativa (entendiendo que no se han alcanzado valores
de a* bajos (<10) y luminosidad altos (>40) a los 12 dias de MAP (Insusati et al., 1999).
Un estudio realizado por Kim et al. (2003) el valor a* de la carne de terneros sacrificados
en otofio fue superior al de otras estaciones (primavera, verano, invierno) y el valor de b*
fue significativamente menor en la estacion de invierno que en otras estaciones. Por lo
tanto, en transportes largos parece ser que la estacion, mas que el tiempo de espera,
pueden afectar a la tendencia al rojo y por lo tanto a la aceptabilidad de la carne.
Faltaria estudiar el efecto de la primavera en las carnes de los terneros después de

un transporte corto y su variacion sobre la vida Gtil para poder compararlo.
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Figura 10. Influencia de las estaciones del afio y del tiempo de espera en matadero (1: tiempo de espera
corto; 1 a 2 h; 2: tiempo de espera largo; 6 h) luego de un transporte corto sobre la luminosidad (L*) y la
tendencia al rojo (a*) del estudio 3, evaluadas en los dias 1, 5, 8 y 12 post-envasado en MAP.
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Figura 11. Influencia de las estaciones del afio y del tiempo de espera en matadero (1: tiempo de espera
corto; 1 a 2 h; 2: tiempo de espera largo; 6 h) luego de un transporte largo sobre la luminosidad (L*) y la
tendencia al rojo (a*) del estudio 3, evaluadas en los dias 1, 5, 8 y 12 post-envasado en MAP.
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Si comparamos el posible efecto de la estacion del afio en los terneros frisones
cruzados con razas cérnicas (estudios 2 y 3), que recordamos eran los que tenian pH
finales superiores a los otros estudios, observamos que la estabilidad de la carne envasada
en MAP parece ser diferente segun la estacion del afio; la carne de los machos cruzados
sacrificados en verano tuvo mayor luminosidad que la carne de los machos cruzados
sacrificados en primavera (Figura 12). No se observo asi con la tendencia al rojo, donde
la carne de los machos cruzados sacrificados en primavera tuvo mayor tendencia al rojo
en comparacion con la carne de los machos cruzados sacrificados en verano (Figura 12).
Esto puede ser debido al pH de la carne como mencionamos anteriormente. A pesar de
que a dia 1 la luminosidad de los terneros sacrificados en primavera sea menor, el valor
de L* aumenta con los dias cuando las carnes estan envasadas en MAP. Contrario a ello
la tendencia al rojo se mantiene estable hasta el dia 12. De nuevo, se pone de manifiesto
que la carne de ternero cruzado con raza carnicay en estaciones de verano e invierno

con transportes largos es una carne que podria sufrir problemas de vida util.
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Figura 12. Influencia de las estaciones del afio y de la raza (cruzados: frisones x raza carnica) del
estudio 2 sacrificados en verano (1: Animales sin ventilacion; 2: Animales con ventilacién) y del estudio
3 sacrificados en primavera (1: tiempo de espera corto; 1 a 2 h; 2: tiempo de espera largo; 6 h) sobre la
luminosidad (L*) y la tendencia al rojo (a*) evaluadas en los dias 1, 5, 8 y 12 post-envasado en MAP.
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MAP ventilacion ventilacion Transportes Cortos Transportes Largos

Figura 13. Imégenes de los cortes de carne de 2,5 cm con pH normal (5,6 > pH < 5,8) dispuestas en bandejas
con atmdsfera modificada (MAP; 70% O?: 30% CO?) observadas en los dias 1, 5, 8 y 12 post-envasado de
los estudios 2 y 3.
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Conclusiones

La presente tesis tenia como objetivo general identificar los factores que inciden en el
estrés de los terneros de engorde los cuales estan intimamente relacionados con la calidad
de la canal y la carne, principalmente el pH y el color de la carne, a fin de definir
estrategias de mejora a nivel de granja, transporte y sacrificio de dentro de un sistema de

produccidn intensivo. Tras la realizacion de diferentes estudios y la discusion general:
En cuanto a los sistemas productivos se podria concluir que:

1. Tras comparar el comportamiento, la calidad de la canal y la calidad de la carne
de tres sistemas productivos, hembras cruzadas con razas carnicas sacrificadas a
los 10 meses de edad, machos frisones sacrificados a los 11 meses de edad y
machos frisones cruzados con Angus sacrificados a los 12 meses de edad,

- Los machos frisones a pesar de tener una mayor actividad sexual y
agonista tuvieron el menor pH de la carne

- Las hembras tuvieron la peor calidad de carne, color, percepcion de
color y vida util, probablemente debido a un consumo de antioxidantes
deficiente

- Lavida util de la carne de los machos cruzados fue menor que la de
los machos frisones y no hubo ninguna mejora en la calidad de la carne

del cruce con machos Angus

Asi, pues, excepto en el caso de las hembras, los sistemas productivos (raza, sexo,
edad de sacrificio) estudiados no tuvieron un gran impacto sobre el

comportamiento y la calidad de la carne.

2. Sin embargo, cuando se realiza vision conjunta de todos los estudios de la tesis,

- La carne proveniente de los machos frisones cruzados con razas
carnicas sacrificados a los 12-13 meses de vida podrian tener una
predisposicion a tener pH de la carne elevados; ello podria variar en
funcion de la estacion del afio (la primavera y el verano podrian ser las

estaciones mas criticas).
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- En el caso de la carne de macho frison sacrificados a los 11 meses de
edad, tal y como se observo en el primer estudio, no parece ser un
sistema productivo critico para la aparicion de pH de carne elevados,

aunque faltaria comprobar dicha hipotesis en los meses de primavera.

En cuanto a factores ambientales en la granja como el uso de ventiladores para

reducir el estrés por calor:

3. Tras comparar el crecimiento, comportamiento, y la calidad de la carne al utilizar
ventiladores de techo durante los meses de verano en el periodo de acabado de

terneros cruzados,

- Al contrario de lo esperado, los ventiladores de techo instalados en
naves parcialmente abiertas redujeron el crecimiento, y el bienestar de
los animales (menos rumia, mas estereotipias) ya que la densidad
animal debajo del ventilador aumentaba incrementando las
interacciones y el tiempo que los animales permanecian de pie.

- Sin embargo, los ventiladores redujeron la humedad del encamado y
esto podria reducir el coste de produccion por menor uso de paja y
horas de limpieza.

- A pesar los efectos negativos en crecimiento e bienestar, el pH de la
carne fue menor en los corrales con ventiladores sin grandes impactos

sobre las restantes caracteristicas de la calidad de la carne.
Por lo tanto, no se recomienda el uso de ventiladores tal y como se instalaron

(entre 2 corrales), pues podria empeorarse el bienestar animal en caso de olas de

calor mas severas.
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En cuanto al tiempo de transporte al matadero y espera en los corrales:

4. Tras comparar el comportamiento, la calidad de la canal y la carne en terneros
transportados durante 3 h vs 10 h que tuvieron tiempos de espera < 2 h o entre 7-

8 h en los corrales de espera en el matadero,

- Por lo general, las distancias de transporte estudiadas y la duracion de la
espera en los corrales en el matadero, representativos de situaciones
extremas en Esparia, tuvieron un impacto leve sobre la calidad de la canal
y de la carne.

- Enlos transportes cortos (hasta 3 horas) el tiempo de espera en matadero
(hasta 6 horas) no tuvo un impacto sobre la calidad de la carne.

- Por el contrario, cuando los transportes son largos no se deberian superar
tiempos de espera superiores a 3 horas ya que la rumia descendiod y el pH
de la carne aumentd ligeramente con el riesgo de tener mas carnes oscuras,

secas y firmes.

5. Analizando todos los estudios en conjunto, parece ser que la base animal y la
duracion del transporte y tiempo de espera en el matadero deberian estudiarse con
mayor profundidad en funcidén de la estacion del afio. Se deberia comprobar, si la
carne de ternero frison cruzado con raza cérnica y en estaciones de verano e

invierno con transportes largos podria conllevar problemas de vida Gtil en la carne.

En la basqueda de biomarcadores para predecir la calidad de la carne:

6. Ningln biomarcador sérico ya sea en granja o al sacrificio parece ser un buen
indicador del pH de la carne a las 24-36 horas.

7. Si tenemos en cuenta que en los transportes largos el tiempo de espera si afecta a
la calidad de la carne (pH); se podria estudiar la rumia como un buen indicador de

estrés animal y calidad de carne.
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Finalmente, como conclusion final:

8. La incidencia de problemas de calidad de carne es baja, indicando que en general

el manejo pre-sacrificio en los sistemas productivos estudiados es bueno.

9. Pero se deberia profundizar en los siguientes factores:

Transportes largos con
Ventiladores instalados mas de 3 horas de

en cada corral espera en verano y

primavera |

Macho frisén
cruzado con raza
carnica

g g

Inicio de cebo Fina

Indicador de calidad de carne:

Rumia previa al sacrificio

Figura 1. Principales factores de pre-sacrificio con influencia sobre los indicadores de calidad de la canal
y de la carne y las mejoras de estrategias a implemetar segun resultados obtenidos en los estudios 1, 2 y 3.
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