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RESUMEN

El objetivo de este trabajo fue identificar los efectos del control de la intensidad de
pastoreo del campo natural, a través del manejo de la oferta de forraje, sobre
caracteristicas asociadas al requerimiento de mantenimiento [composicion corporal y
de masa, composicion, indices de celularidad y expresion de genes que codifican
proteinas mitocondriales en las visceras del tracto gastrointestinal (TGI) e higado] de
vacas de cria puras (Angus/Hereford; PU) y sus cruzas reciprocas (F1; CR). Se
utilizaron 32 vacas adultas en un disefio de bloques completos al azar con un arreglo
factorial de oferta de forraje (OF; promedio 2.5 vs. 4 kg MS/d; BOF vs. AOF) y
grupo genético (GG; PU vs. CR). El experimento comenzé en junio 2007 y durante
el tltimo afio (2009), a los 150, 210 y 240 + 10 dias de gestacion invernal y 190 + 10
dias posparto (otofio; mayo 2010) se estimo la composicion corporal mediante la
técnica de dilucion de urea. A su vez, al final del tercer afio (192 £ 10 dias posparto)
las vacas fueron sacrificadas y los érganos, la sangre y la carcasa fueron pesados (kg;
peso absoluto) y se colectaron muestras para el andlisis de su composicion quimica
(MS, N, lipidos y cenizas) y acidos nucléicos (ADN, ARN). Las vacas pastoreando
AOF presentaron mayor condicion corporal (CC) y reservas corporales en términos
de masa lipidica (pero no proteica) tanto durante la gestacion invernal como en el
otofio siguiente (al sacrificio) que las vacas en BOF. Sin embargo, presentaron menor
deposicién de grasa visceral (mas grasa mesentérica/lomasal 0 mayor concentracion
de lipidos en érganos del TGI en CR-BOF o PU-BOF, respectivamente). A su vez, el
peso de las visceras del TGI e higado expresado como proporcion del peso corporal
vacio (g/kg peso cuerpo vacio; peso relativo) no difirié entre vacas en AOF y BOF.
Las vacas CR presentaron mayores CC y reservas corporales, asociadas a una mayor
masa lipidica y proteica absoluta y una mayor masa proteica relativa de proteinas. A
su vez, la movilizacion de reservas corporales durante el invierno (balance energético
negativo) difirid entre CR y PU ya que las primeras movilizaron mas masa proteica
que las PU. Ademas, presentaron un mayor peso relativo del higado explicado por
mayor hiperplasia e hipertrofia en vacas AOF-CR pero solo por hipertrofia en vacas
BOF-CR. Las expresion de genes que codifican para proteinas mitocondriales del
complejo | y/o 11l fue mayor en AOF y en vacas CR en el intestino delgado y en
BOF-CR en higado. Estos resultados sugeririan que el mejor estado nutricional de las
vacas en AOF que en BOF no se acompafiaria de mayores requerimientos de energia
para el metabolismo basal y que las vacas CR tendrian una mayor plasticidad de
adaptacion que las vacas PU a ambientes y/o momentos restrictivos.

Palabras clave: ganado de carne, pastoreo, composicion corporal, visceras.
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SUMMARY

The aim of this study was to identify the effects of controlling the intensity of
grazing natural pastures, through forage allowance on characteristics associated with
maintenance energy requirements [body composition and mass, composition,
cellularity indexes and expression of genes encoding mitochondrial protein on
viscera of the gastrointestinal tract (GIT) and liver] in purebred (Angus/Hereford,;
PU) and reciprocal crosses (F1; CR). Adult cows n=32 were used in a design of
randomized complete block with a factorial arrangement of herbage allowance (HA;
mean 2.5 vs. 4 kg DM/ d; LO vs. HI) and cow genotype (CG; PU vs. CR). The
experiment began in June 2007 and during the last year (2009), at 150, 210 and 240
+ 10 days of gestation in winter and 190 * 10 days postpartum (fall; May 2010) body
composition was estimated by the urea dilution technique. In addition, at the end of
the third year (192 + 10 days postpartum) cows were sacrificed and individual
organs, blood and carcass were weighed (kg; absolute weight) and samples for
chemical (DM, N, lipids and ash) and nucleic acids (DNA, RNA) composition
analyses were collected. Cows grazing HI-HA had greater body condition score
(BCS) and body reserves in terms of fat mass (but not protein mass) during
pregnancy in winter and in the following fall (sacrifice) than LO-HA cows.
However, they had less deposition of visceral fat (more mesenteric/omasal mass or
greater fat concentrations in GIT organs in LO-CR or LO-PU cows, respectively). In
turn, the weight of the GIT viscera and liver weights as a proportion of empty body
weight (g/kg empty body weight; relative weight) did not differ between HI and LO
cows. The CR cows had greater BCS and body reserves, associated with increased
total lipid and protein mass and greater relative protein mass. Mobilization of body
reserves during winter (negative energy balance) differed between CR and PU cows
as CR cows mobilized more protein mass than PU cows. They also had a greater
relative liver weight explained by increased hyperplasia and hypertrophy in HI-CR
cows but only by hypertrophy in LO-CR cows. The expression of genes encoding for
mitochondrial proteins of | and/or Il complexes was greater in HI cows and CR
cows in the small intestine and in LO-CR cows in the liver. These results suggest that
the better nutritional status of HI than LO cows was not accompany by greater
energy requirements for basal metabolism and that CR cows would have greater
adaptive plasticity to restrictive environments and/or peridos than PU cows.

Keywords: beef cattle, body composition, grazing, viscera.
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1. INTRODUCCION

1.1. PLANTEO DEL PROBLEMA

La produccion de carne basada en ecosistemas pastoriles (campo nattivo), resulta en
importantes aportes a la economia nacional (segundo rubro en importancia en las
exportaciones, totalizando (1626 millones de ddlares en venta de carne y animales en
pie ejercicio 2012-2013; DIEA, 2013). La cria de bovinos de carne (primer eslabon
de la cadena carnica) en Uruguay involucra 7,1 millones de cabezas y 7,6 millones
de hectareas, que significan el 51% de las hectéareas de pastoreo con bovinos de carne
y ovinos. Sin embargo, el promedio nacional del porcentaje de destete en los ultimos
afios ha sido de 64% (DIEA, 2013), y se ha mantenido por debajo del 65% durante
las 3 Gltimas décadas. A su vez, el sector criador presenta una baja productividad (96
kg de carne/ha; IPA, 2013). Estos resultados reproductivos y productivos obtenidos
por la cria vacuna en el pais constituyen una de las principales limitantes para su
desarrollo y expansion, al reducir el potencial de ingreso econdmico de los
productores. Por otro lado, si bien la coyuntura de precios actual es favorable para la
produccion de carne, la expansion de la forestacion y de la agricultura ha provocado
aumentos en la competencia entre rubros y en el precio de la tierra (DIEA, 2010;
2013). En este contexto, ha ido incrementando la vulnerabilidad de los sistemas,
especialmente en lo referido a la respuesta productiva frente a los cambios climaticos
(Prins y Van Langevelde, 2008). Es asi, que incrementos en la produccion por unidad
de superficie acompafados de reducciones 0 mantenimiento de los costos unitarios
de produccion, constituyen estrategias centrales para continuar con la competitividad
del sistema criador.

En nuestros sistemas de produccion la cria vacuna se lleva a cabo
principalmente en pastoreo sobre campo nativo, un tipo de cobertura vegetal formada
por una gran diversidad de gramineas y plantas herbaceas que comprende mas del
70% del territorio nacional (Berretta y Do Nascimento, 1991; bioma Campos). La
diversidad floristica que caracteriza al campo nativo en interaccion con la
variabilidad en los suelos, la topografia y el clima, determinan un ambiente pastoril

con un alto de grado de heterogeneidad en la distribucién de los recursos forrajeros



(Rosengurtt et al., 1939; Chapman et al., 2007). Asi mismo, la produccion
estacional, las variaciones climéticas intra e inter anuales, y las diferencias en la
calidad y cantidad de la pastura (Berretta et al., 2000), determinan que el aporte de
nutrientes ofrecidos a la vaca resulte la principal limitante del proceso. Ademas, las
necesidades de nutrientes de ganado de carne también fluctian a lo largo del afio
debido a la presién de la reproduccion y la lactancia. En este contexto, las vacas de
carne pastoreando campo nativo transitan por cambios en el peso vivo (PV) y
condicion corporal (CC) a través del ciclo de produccién anual (Quintans et al.,
2010; Soca et al., 2013a; Laporta et al., 2014) que impactan negativamente sobre el
comportamiento reproductivo de los rodeos de cria (Soca el al. 2013a).

Freetly et al. (2008) sugirieron que la capacidad de la vaca para adaptar su
metabolismo a periodos de restriccion alimenticia y realimentacion (“weight-
cycling”) permitiria el desarrollo de estrategias de manejo de los recursos
alimenticios (qué, cuanto y cuando) con el fin de reducir los costos de alimentacion.
Sin embargo, el momento y la severedad de la restriccion durante el ciclo anual de
produccién de ganado de carne podrian afectar el comportamiento productivo y
reproductivo de la vaca y su ternero (Freetly et al., 2005; Houghton et al., 1990g;
1990b; Funston et al., 2010).

Por lo tanto, en sistemas criadores bajo pastoreo de campo nativo, el manejo
de la intensidad de pastoreo mediante el control de la oferta de forraje estacional
permitiria controlar la disponibilidad de forraje por vaca, con el fin de beneficiarse
de la capacidad de “weight-cycling” de la vaca, geneando efectos minimos sobre su
comportamiento productivo y reproductivo. Se ha reportado que la oferta de forraje
modificé la produccion de forraje (Soares et al., 2003), el consumo (Chapman et al.,
2007) y los requerimientos de energia para mantenimiento de los animales (ej. costos
energéticos pastoreo en costos de energia; Brosh et al., 2007). En sistemas de cria, el
aumento de la oferta de forraje se ha asociado con un mayor PV y CC de la vaca, asi
como con aumentos en la produccion de leche de la madre y PV del ternero (Nicol,
1979; Baker et al., 1981).



Por otra parte, la productividad del sistema criador (peso al destete y
eficiencia reproductiva) esté influenciado por componentes genéticos. El genotipo de
la vaca esta representado por la o las razas que la compongan (efectos raciales), asi
como por la interaccion que se genera entre ellas, vigor hibrido o heterosis y
complementariedad (Koch et al., 1985). Se ha reportado que el uso de vacas cruza
(Hereford/Angus) puede mejorar la produccién fisica hasta 30% en su vida util, sin
incrementar los costos de produccion (Morris et al., 1987). A su vez, la eficiencia
global en el uso del alimento por vacas de cria, depende de la interaccion entre el
genotipo y el ambiente. Jenkins y Ferrell (1994) revelan diferencias a nivel de
consumo, produccion de leche, composicién corporal y resultados productivos de
diversos materiales genéticos frente a cambios en la cantidad de alimento ofrecido.

En este marco, desde el afio 2007 en la Estacion Experimental Bernando
Rosengurtt [(EEBR), Facultad de Agronomia, Cerro Largo] se ha llevado adelante un
experimento con un disefio de bloques al azar con repeticion en el espacio y un
arreglo factorial de oferta de forraje y grupo genético. Vacas adultas (multiparas,
n=60) de dos grupos genéticos (puras: Aberdeen Angus y Hereford y cruzas: sus
respectivas cruzas F1, PU vs. CR fueron asignadas a dos tratamientos de oferta de
forraje (4 vs. 2.5 kgMS/kg PV en promedio, AOF vs. BOF; respectivamente).
Resultados de este experimento (Carriquiry et al., 2012; Soca et al., 2013b) muestran
que control de intensidad de pastoreo a través del cambio en la oferta de forraje
permitié en AOF incrementar la produccion de forraje sin modificaciones en la
capacidad de carga del sistema. La AOF mejord la respuesta productiva y
reproductiva de las vacas de cria, incrementando la eficiencia global del sistema
criador (ej. +19% en kg ternero destetado/vaca entorado/afio). Las vacas CR (F1)
presentaron una superioridad (heterosis) productiva y reproductiva (ej. +15% en kg
ternero destetado/vaca entorado/afio) frente a las vacas PU (Angus y Hereford). Esta
mejor respuesta productiva y reproductiva de las vacas en AOF y vacas CR se asocid
a un mejor balance energético, reflejado no solo en la CC sino también en el perfil de
hormonas metabolicas o de expresion géenica en higado a lo largo del ciclo gestacion-
lactacion (Laporta et al., 2014). Esta mejora en el balance de energia de las vacas en

AOF y vacas CR podria ser el resultado no solo de un mayor consumo sino también



de una reduccion en los costos energéticos de mantenimiento (metabolismo basal y
actividad). Estas respuestas diferenciales probablemente estén asociadas a diferencias
en los mecanismos de particion de la energia, priorizando diferentes funciones ante
cambios ambientales.

Es asi que, este trabajo busca investigar sobre los mecanismos bioldgicos que
podrian explicar reducciones en el costo de mantenimiento (a nivel del metabolismo
basal) modificando la particion de la energia y por lo tanto la productividad de vacas
CR y PU pastoreando AOF y BOF de campo nativo. Este trabajo aportara
informacion sobre caracteristicas asociadas al costo energético de mantenimiento que
contribuyan a incrementar la eficiencia biol6gica de produccién. Una disminucion de
estas exigencias energéticas (menores gastos energéticos para el mantenimiento de
los vientres) contribuira a una mayor eficiencia de alimentacidn (ej. para vacas de
cria, kg terneros destetados/kg alimento consumido), disminuyendo los costos de

produccion.

1.2. ENERGIA DE MANTENIMIENTO EN VACA DE CRIA

En la produccion de carne vacuna, solo el 5% del total de energia consumida durante
el ciclo de vida es utilizado para la deposicién de proteinas, mientras que la
produccién de carne de cerdo y aves de corral son mas eficientes (14 y 22%
respectivamente del total de energia consumida; Ritchie, 2000). Las principales
razones de la ineficiencia de la produccion de carne vacuna, puede deberse a la
relativamente baja y lenta tasa de reproduccién y el alto costo energético de su
mantenimiento.

Es asi que, la cria vacuna se caracteriza por ser un proceso largo e ineficiente
en el uso de la energia, en donde el costo de mantenimiento significa entre el 40 a
50% del total de energia ingerida por el animal (desde la concepcion a la faena;
Montafio-Bermudez et al., 1990). En el ciclo de cria vacuna, méas del 70% de los
costos energéticos son debidos al mantenimiento de los vientres (Ferrell y Jenkins,
1985). EI mantenimiento es el estado fisioldgico en cual no hay cambio neto en la
energia corporal o alternativamente cuando el balance de energia es cero (Baldwin,

1995), o sea la energia de mantenimiento de un animal es la fraccion de la energia



neta consumida necesaria para mantener el equilibrio energético del animal (NRC,
2000). Esta comprende a la energia destinada a mantener constantes los tejidos
corporales y actividades vitales basicas. Segun NRC (2000), la estimacion de la
energia requerida para el mantenimiento incluye: la energia requerida para el
metabolismo basal (MB), la termorregulacién y la actividad voluntaria del animal, en
confinamiento y en un ambiente no estresante. Sin embargo, para animales en
pastoreo se le debe sumar la energia necesaria para el pastoreo, la rumia y la
busqueda del alimento.

Dentro del MB estén incluidas las funciones de servicio y el mantenimiento
celular (Baldwin, 1995). Las funciones de servicio estan relacionadas a la propia
existencia del individuo, e incluyen todas aquellas vinculadas al funcionamiento de
los sistemas respiratorio y circulatorio, actividades de excrecion y la transmision
nerviosa, fundamentalmente. Estas representan del 40 al 50% de la energia utilizada
para el MB y estdn muy poco influenciadas por factores externos al animal (Smith y
Baldwin, 1974; Baldwin et al., 1980). La energia destinada al mantenimiento celular
incluye el transporte de iones y la renovacion de proteinas y lipidos que representan
del 50 al 60% de la energia utilizada para el MB y son dependientes de factores
propios y externos al animal (Smith y Baldwin, 1974; Baldwin et al., 1980).

La transferencia de iones través de la membrana es fundamental para el
mantenimiento del gradiente de concentracion extra e intracelular (ej. movimiento de
entrada y salida de Na' de las células nerviosas durante el impulso nervioso,
reabsorcion de Na* filtrado por los rifiones, y movimiento hacia dentro y fuera del
Ca™" del reticulo sarcoplasmico durante la actividad muscular). Existe una intima
relacién entre el movimiento de iones y la transduccion energética. El resultado es un
circuito continuo de transporte de iones que sirve como el enlace entre la utilizacion
de la energia (ATP), con la conservacion de la energia en una forma util desde el
punto de vista metabolico (Milligan y Mc Bride 1985, Gill et al., 1989). Estudios
realizados por Wang et al. (2009) demostraron que el nivel de alimentacion modifico
la expresion de la Na*K*-ATPasa en el pancreas, pero no en otros érganos del TGI.
Milligan y Mc Bride (1985) estimaron que por ejemplo, la actividad de la Na'K*-

ATPasa representa del 20 al 70% del consumo de energia in vitro de varios tejidos, y



esta muy ligada al crecimiento y proliferacion celular. Estos autores en ensayos de
proliferacion celular en presencia de mitdgenos, demostraron que la activacion de
Na'K*-ATPasa es esencial, tanto para el crecimiento hiperplasico como hipertréfico
de las células.

Por otra parte, la energia necesaria para el mantenimiento esta correlacionada
con la cantidad de proteinas y grasa presentes en el animal. La distribucion,
ubicacion y cantidad de proteina y grasa depositadas afecta los requerimientos de
mantenimiento. Se ha propuesto que el costo asociado con el mantenimiento de los
tejidos resulta de un proceso continuo de sintesis, degradacion y remplazo de parte
del tejido corporal que se renueva, existiendo una considerable diferencia en la
energia retenida por unidad de peso (eficiencia de sintesis) en la deposicion de
proteina y grasa (10 al 40% vs. 60 al 80%, respectivamente; Ferrell y Jenkins, 1985),
asi como en la tasa de renovacion de la proteina y grasa corporal. Determinaciones
de la sintesis proteica in vitro en homogenizado de distintos tejidos demuestran que
el musculo, el TGI, el higado y la piel contribuyen 12 a 16%, 38 a 46%, 7 a 8% Yy del
14 a 20% al total de sintesis proteica corporal, respectivamente. Lobley et al. (1980)
estudiando vacas Frisian y Hereford x Frisian que consumian una dieta basada en
concentrados, estimaron que el recambio total de las proteinas del TGI se lleva a
cabo aproximadamente cada 3 dias. Es asi que, si bien en los distintos sistemas de
alimentacion de rumiantes (NRC, CSIRO, AFRC), el costo energético de
mantenimiento se estima como constante en relacion al PV adulto ajustado por
diferencias en tamafio corporal (peso metabélico; PV®™) existe cada vez mas
evidencia en ratas, cerdos, ovinos y vacas lecheras que la tasa metabolica depende
mas de la masa proteica corporal que del PV total de los animales (Agnew y Yan,
2000).

Existen otros factores que modifican los requerimientos de mantenimento
como lo son: el consumo de materia seca (MS) (Burrin et al., 1989; Reynolds et al.,
1992; Freetly and Ferrell, 1995), actividad y conducta de pastoreo (Brosh et al.,
2006), la masa y composicion corporal (Kock y Preston, 1979; Ferrell y Jenkins,
1985; Goodrich et al., 1985; Agnew et al., 2005), el tamafio de visceras del tracto
gastrointestinal (TGI) y otros 6rganos (McLeod, y Baldwin, 2000; Baldwin et al.,



2004) y la actividad metabolica de los mismos (Milligan y Mc Bride, 1985; Herd y
Arthur, 2009; Wang et al., 2009).

Particularmente, los costos de energia para el mantenimiento varian entre
vacas de diferentes genotipos (Jenkins y Ferrell, 1994). Estos autores indican que
existe un 16% de diferencia entre los costos de requerimientos energéticos de
mantenimiento entre razas. Vacas con mayor potencial de produccién de leche
tienden a tener requerimientos de mantenimiento mas altos, asociado a una mayor
masa de los 6rganos del TGI e higado (Ferrell y Jenkins, 1984; Montafio-Bermudez
et al., 1990; Nielsen, 1995).

A su vez, se ha reportado que la variacion genética de las necesidades
energéticas de mantenimiento del ganado es de moderada a alta, con
heredabilidadades de 0,22 a 0,71, sugiriendo la posibilidad de obtener pregreso
genético al seleccionar por animeles mas eficientes (Carstens et al,. 1989; Bishop,
1992). El consumo de alimento neto (o residual; CRA) o la entrada neta de alimentos
se ha utilizado como una caracteristica de eficiencia alimenticia independiente de
tamafo corporal (Koch et al., 1963). Se ha reportado que los mecanismos bioldgicos
que explican el CRA estdn muy relacionados mecanismos que determinan las
necesidades de energia de mantenimiento, fundamentalmente MB (Richardson y
Herd, 2004; Herd et al., 2004).

1.2.1. Composicion corporal

La composicion corporal es la anatomia quimica del animal, y es la suma de los
diversos componentes (agua, grasa, proteina, minerales) de los tejidos y sistemas que
conforman el organismo (lo cual difiere de la anatomia morfoldgica). Varios
experimentos en vacas de carne han demostrado que los requerimientos de
mantenimiento por unidad de peso metabolico son menores en vacas con mayor
proporcion de grasa (Klosterman et al., 1968; Thompson et al., 1983; Goodrich et al.,
1985; Houghton et al., 1990a; DiCostanzo et al., 1990;1991). Sin embargo, Ferrell et
al. (1986) trabajando con corderos alimentados en distintos planos nutricionales,
sugieren que las diferencias en los costos de mantenimiento no son el resultado de la

composicion corporal per se, sino del incremento en el gasto de energia



correlacionado, pero no directamente asociado, con la sintesis de proteina de
corporal, indicando que la masa de los oOrganos viscerales [ej. del tracto
gastrointestinal (TGI) e higado] es determinante del gasto energético de
mantenimiento. Es asi que, la composicion corporal y el tamafio de las visceras
contribuyen de forma importante a los costos energéticos de mantenimiento. Se ha
estimado que diferencias en la composicion corporal de los animales explican
aproximadamente 5% de las variaciones en CRA entre animales, fundamentalmente
relacionado a la acumulacién de proteinas corporales (Richardson et al., 2001;
Basarab et al., 2003; Richardson y Herd, 2004; Herd et al., 2004).

1.2.2. Masay actividad de las visceras del TGl e higado

Existe considerable evidencia que indica que el peso de las visceras difiere entre
genotipos, entre estados fisioldgicos y entre planos nutricionales (Smith y Baldwin,
1974; Baldwin, 1995; Jenkins et al., 1986; Baldwin et al., 2004) y que estas
diferencias pueden traducirse en variaciones en las necesidades de energia de
mantenimiento (Jenkins et al., 1986; Baldwin, 1995).

Si bien el musculo representa del 30 al 50% del cuerpo, las visceras del TGl e
higado presentan una alta irrigacion con un importante flujo de sangre y son
responsables de una porcion sustancial (40%) del total de consumo de oxigeno de los
animales (Baldwin et al., 2004). Es asi que, las visceras del TGI (y el higado) juegan
un rol critico en la determinacion de los requerimientos energéticos de
mantenimiento, ya que son tejidos que presentan una tasa muy alta de recambio
celular, con una tasa metabdlica muy alta (intercambio de iones y recambio
proteico). Se ha estimado que de los costos energéticos del mantenimiento la mitad
estd representada por la actividad del higado y de los intestinos, aunque solo
representan del 10 al 13% de la masa corporal (Seal y Reynolds, 1993). Ksiazek et
al. (2004) reportaron en lineas de ratones con seleccion divergente por tasa
metabolica (alto vs. bajo tasa de MB) que si bien los animales no diferian en PV, los
de alto MB presentaban mayor consumo de alimento y mayor peso de los 6rganos
(higado, rifiones, intestino delgado y corazon). En particular el higado presento una

diferencia del 17% entre las lineas genéticas divergentes, siendo mayor en las de alto



MB. De manera similar, DiCostanzo et al. (1990) determinaron que la energia que se
requiere para el mantenimiento de vacas Angus tiene una correlacion positiva con el
peso del higado y el corazon y el higado en relacion al peso de cuerpo vacio (PCV).
Los gastos energéticos derivados de los procesos mecanicos y metabdlicos
asociados con la ingestion y digestion de los alimentos asi como con la absorcion de
nutrientes, contribuyen a los gastos de mantenimiento y estdn fuertemente
influenciados por la cantidad y tipo de alimento ingerido. EI consumo de oxigeno in
vivo de visceras se eleva con el aumento de la ingesta de energia alimentaria (Burrin
et al., 1989; Reynolds et al., 1992; Freetly y Ferrell, 1995). Es asi que, el plano
nutricional tiene un impacto directo sobre las actividades de digestion y de absorcion
de nutrientes afectando el requerimiento de energia de las visceras. Por ejemplo,
Kozloski et al. (2001) sugiere que un aumento en la ingestion de alimento, llevaria a
un mayor gasto energético debido a una mayor actividad metabolica de las células
epiteliales y a una mayor actividad contractil de las células musculares en el tracto
digestivo. Por otra parte, el tipo de alimento y la concentracidn energética del mismo
influencian el tamafio de las visceras del tracto digestivo, el desarrollo de la capa
epitelial de todo el TGI, llevando a cambios en la masa de estos 6rganos (McLeod y
Baldwin, 2000). Susenbeth et al. (1998) comprobaron que el requerimiento de
energia para comer y rumiar es alto y varia segun el tipo de alimento. Cuando se
alimentan novillos con forrajes muy fibrosos (paja sin tratar), aproximadamente el
30% de la energia proporcionada por el alimento se utiliza para cubrir la demanda
energética de las actividades de ingesta y rumia. A su vez, cuando se suministra un
forraje de alta calidad, sélo el 10% de la energia que aporta el alimento es utilizado
para estas funciones fisioldgicas. A su vez, el consumo de forraje provoca el
incremento del tamafio de las visceras frente a dietas basadas en concentrados.
Webster et al. (1975; 1980) determinaron que el consumo de forrajes provoca un
mayor aumento del calor de fermentacion y actividad de las visceras en comparacion
con el consumo de granos. Efecto similar se observa frente al incremento en la
cantidad de alimento ingerido. El costo energético de la ingestion de una misma
cantidad de forraje por el animal es del doble si se compara el pastoreo directo con el

suministro del forraje picado suministrado in situ (Holmes et al., 1978).



1.2.3. Energia de mantenimiento y metabolismo mitocondrial

En las mitocondrias se produce el 90% de la energia celular y estan integradas en
numerosas funciones de diferentes redes metabdlicas y sefializacion con otros
compartimentos celulares. Rolfe y Brand (1997) estimaron que aproximadamente el
90% del consumo de oxigeno en los mamiferos ocurre en la mitocondria, siendo este
organelo un lugar apropiado para estudiar la variacion de los requerimientos de
energia de mantenimiento entre animales. Esta variacion puede contribuir a explicar
las diferencias fenotipicas observadas entre los animales (Herd y Arthur, 2009).

El ciclo del acido citrico (o del acido tricarboxilico) es el eje central del
metabolismo celular, representando la via final comun de oxidacién de las moléculas
energéticas. De hecho, todos los compuestos energéticos (carbohidratos, lipidos y
proteinas) acaban siendo metabolizados hasta acetil-CoA o a algin componente del
ciclo del &cido citrico. Este ciclo también es fuente de precursores para la biosintesis
de otras moléculas, e incluye una serie de reacciones de Oxido-reduccion que
conducen a la oxidacién de un grupo acetilo hasta dos moléculas de didxido de
carbono. Esta oxidacion genera electrones de alta energia que se utilizaran para la
sintesis de ATP. La funcién especifica del ciclo del acido citrico es proporcionar
electrones a partir de compuestos carbonados para la formacién de compuestos
transportadores de electrones (NADH y FADH;) que luego son oxidados
nuevamente mediante O, en la fosforilacion oxidativa. Los electrones liberados del
NADH y/o FADH, fluyen a través de una serie de proteinas de membrana
denominada cadena de transporte de electrones o cadena respiratoria situada en la
membrana interna de la mitocondria y que consiste en cinco complejos enzimaticos
(multiproteicos): Complejo 1 (NADH: ubiquinona reductasa), Complejo I
(succinato: ubiquinona reductasa), Complejo Il (ubiquinol: citocromo C reductasa),
Complejo 1V, (ferrocitocromo c: oxigeno oxidoreductasa) y Complejo V (ATP
sintasa). A través de los Complejos | al 1V se da el transporte de electrones, que se
acopla al bombeo de protones hacia el espacio intermembrana (a través de los
complejos I, 111y IV), generando un gradiente de protones a través de la membrana.
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Los protones luego fluyen a través de la ATPsintasa (Complejo V) y la disipacion del
gradiente se acopla a la sintesis de ATP (Berg y Tymoczko, 2008).

Los complejos mitocondriales no son entidades separadas, sino que estan
formados por subunidades multiprotéicas, que tienen una gran dependencia
estructural y funcional de las subunidades individuales, donde la alteracion de uno de
ellos puede causar perturbacion parcial o global de toda la funcionalidad de uno,
varios o todos los complejos. La cadena de transporte de electrones es también un
sitio reconocido de la produccion de especies reactivas de oxigeno (ROS),
principalmente complejos | y 11l (Bottje y Carstens, 2009). Una elevada produccion
de ROS implica una alta susceptibilidad de los diversos componentes celulares al
dafo oxidativo. Este dafio puede determinar un aumento en el recambio de
componentes corporales, fundamentalmente proteinas, que al estar alteradas por el
dafio oxidativo no cumplen su funcion y es necesario renovarlas con el eventual
gasto de energia que conlleva. Se ha demostrado que la actividad de los complejos
respiratorios mitocondriales y la expresion de varias proteinas de estos complejos
(Sandelin et al., 2005), asi como la expresion de varios genes codificadores de
proteinas de estos complejos (Connor et al., 2009), es mayor en novillos de alta vs.
baja eficiencia alimenticia. Recientes hallazgos sugieren que la actividad de la
cadena respiratoria puede tener impactos criticos sobre el estrés oxidativo, lo que
resulta en cambios en el equilibrio metabolico contribuyendo a las diferencias
fenotipicas en la eficiencia alimenticia en bovinos de carne (Kolath et al., 2006).
Varios estudios han identificado posibles regiones en el genoma relacionadas con las
diferencias entre animales en eficiencia de alimentacién (Moore et al., 2009). Parte
de las diferencias en CRA se ha asociado a cambios en el equilibrio metabdlico,
fundamentalmente a la actividad de los complejos respiratorios mitocondriales y la
expresion de varias proteinas de estos complejos y al dafio oxidativo (Kolath et al.,
2006; Bottje y Carstens, 2009). Barendse et al. (2007) determinaron que el mayor
namero de polimorfismos de una sola base (SNPs) asociados con eficiencia
alimenticia se encontraban en regiones no-codificantes del genoma bovino, muy
frecuentemente en elementos promotores y motivos de microARN. Estos resultados

junto con los anteriores sugieren que una proporcion sustancial de la variacion entre
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animales en eficiencia alimenticia, es debido a diferencias en la regulacion de la
expresion genica, en particular de los complejos respiratorios mitocondriales. Sin
embargo, a pesar de su importancia potencial, la informacion disponible en esta area
en bovinos es escasa Yy la existente se ha generado en novillos en crecimiento,
mientras que no se dispone de informacion en vacas de carne bajo condiciones
pastoriles.

En resumen, el costo de mantenimiento tiene un impacto significativo entre la
particion de la energia metabolizable entre pérdidas de calor y energia neta de
produccion y por lo tanto puede afectar la eficiencia bioldgica y econémica de la
produccion de carne (Montafio-Bermudez et al., 1990; Johnson et al., 2003). Es asi
que, una mejor comprension de los factores asociados al costo de mantenimiento y
balance energético de la vaca de cria pastoreando campo nativo, como son la
nutricion, la genética y la etapa fisioldgica en interaccion con el momento del afio,
permitira generar manejos/tecnologias que aumenten la eficiencia global del sistema

criador.

1.3. HIPOTESIS Y OBJETIVOS

1.3.1. Hipotesis
Este trabajo tiene como hipotesis que el control de la intensidad de pastoreo de
campo nativo, a través del manejo de la oferta de forraje, afecta la composicién
corporal y la masa, celularidad y actividad metabdlica de los 6rganos y visceras.
Estos efectos, podrian diferir en vacas de cria puras (Hereford y Angus) y cruzas (F1)
y podrian contribuir a explicar diferencias en el comportamiento productivo-
reproductivo entre vacas de carne PU y CR pastoreando AOF y BOF de campo
nativo (Carriquiry et al., 2012; Soca et al., 2013b; Gutiérrez et al., 2013; Laporta et
al., 2014).
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1.3.2. Objetivo general

Conocer los efectos del control de la intensidad de pastoreo del campo nativo, a
través del manejo de la oferta de forraje, sobre caracteristicas asociadas al
requerimiento de mantenimiento (composicion corporal y de la masa, celularidad,
composicion y expresion de genes que codifican proteinas mitocondriales en las
visceras del TGI e higado) de vacas de cria puras (Herford y Angus) y sus cruzas
reciprocas (F1), contribuyendo a la comprension de mecanismos bioldgicos que

explican diferencias en la eficiencia bioldgica de produccion del sistema criador.

1.3.3. Objetivos especificos:

1- Evaluar el efecto de dos ofertas de forrajes de campo nativo sobre sobre la
composicion corporal durante el ciclo anual de produccion en vacas de cria puras
(Hereford y Angus) y cruzas (F1) (Capitulo 2; Articulo 1).

2- Evaluar el efecto de dos ofertas de forrajes de campo nativo sobre la masa,
composicion, indices de celularidad y expresion de genes que codifican proteinas
de los complejos respiratorios mitocondriales de las visceras del TGI e higado en

vacas de cria puras (Hereford y Angus) y cruzas (F1) (Capitulo 3; Articulo 2).

1.4. ESTRUCTURA GENERAL DE LA TESIS
Consiste en dos articulos cientificos, el primer articulo, titulado “Body composition
of mature beef cows grazing different herbage allowances of native grasslands”
constituye el segundo capitulo de esta tesis, en el mismo se presenta la evaluacién del
efecto de la oferta de forraje del campo nativo sobre la composicion corporal (agua,
proteina, lipidos y energia bruta) predicha a partir la técnica de dilucidn de la urea en
vacas de cria puras (Hereford y Angus) y sus cruzas reciprocas (F1) durante el
periodo de gestacién invernal (Objetivo especifico 1). Este articulo sera enviado a la

revista Animal Production Science, y

El segundo articulo, titulado “Visceral organ mass, cellularity and expression of
genes encoding for mitochondrial respiratory chain proteins in pure and

crossbred mature beef cows grazing different forage allowances of native
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pastures”, constituye el capitulo 3 de esta tesis y se presenta la evaluacién del
efecto de la oferta de forraje del campo nativo sobre la masa, celularidad,
composicion y expresion de genes que codifican proteinas mitocondriales de las
visceras del TGI e higado en vacas de cria puras (Hereford y Angus) y sus cruzas
reciprocas (F1) (Objetivo especifico 2). Este articulo, fue enviado a la revista

Livestock Science, y esta en proceso de revision.

En el cuarto capitulo de esta tesis se presenta una discusion general y conclusiones

globales de los dos articulos.
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2.2. ABSTRACT
The aim of this study was to evaluate the effect of controlling the grazing intensity of
native pastures, through the herbage allowances (HA) on body composition (water,
protein and fat) of beef cows of different cow genotype (CG; purebred: Angus and
Hereford; PU, and crossbred: reciprocal F1; CR). Mature beef cows (n = 32) were
used in a complete randomized block design with a factorial arrangement of HA (2.5
vs. 4 kg DM/d; LO vs. HI) and CG (PU vs. CR). The experiment was conducted
during three years and at the end of the third year at 150, 210 and 240 + 10 days of
gestation and 190 + 10 days pospartum body composition was estimated using the
urea dilution technique. At 192 + 10 days postpartum cows were slaughtered.
Samples including all tissue were collected for chemical composition analyses. At
slaughter cow live weight (LW) and empty body weight (EBW) tended to be greater
(P =0.07) in HI than LO cows and in CR than PU cows. Body water mass did not
differ between HA, but tended (P = 0.10) to be greater in CR than PU cows. Body fat
mass was not affected by HA, CG or their interaction, but body protein mass tended
(P =0.06) to be greater in HI than LO cows and was greater (P = 0.03) in CR. During
the winter gestation period, maternal LW tended (P = 0.09) to be greater in HI than
LO cows and was greater (P = 0.02) in CR than PU cows. Body water mass was
greater (P = 0.05) in CR than PU cows and decreased (P < 0.01) from 150 to 210
days to gestation, remaining stable thereafter at 240 days to gestation. Relative body
water (g’kg of EBW) was greater (P < 0.02) in HI than LO cows and CR than PU
cows while relative body protein did not differ between HI and LO but tended (P =
0.10) to be greater in CR than PU. Relative body water increased (P < 0.01) while
relative body fat decreased (P < 0.01) from 150 to 210 days of gestation, remaining
constant at 240 days. Body fat mass tended (P = 0.10) to be greater HI than LO cows
and was greater (P = 0.03) in CR than PU cows. Body fat per unit of EBW tended (P
= 0.10) to be greater in HI than LO cows, while it did not differ between CR and PU
cows. Body protein mass was greater (P = 0.02) in CR than PU cows and tended (P =
0.06) to decrease from 150 to 210 days to gestation, remaining stable thereafter at
240 days to gestation. Relative body fat and protein, as the body fat decrease and the

body protein increase from 150 to 210 days of gestation were more sharply for PU
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than CR cows. Body fat mass was not affected by HA, CG or their interaction, but
body protein mass tended (P = 0.06) to be greater in HI than LO cows and was greater
(P = 0.03) in CR than PU cows. However, these differences disappeared when body
composition was expressed in relative terms. These results suggest that HI maintained
greater body fat mass and retained GE increased when compared with LO cows, and
CG affected not only body composition (greater body fat and protein in CR than PU
cows) but also composition of mobilized/retained weight during the winter gestation
period with a greater protein tissue mobilization in CR than PU cows.

Key words: beef cattle, body composition, rangelands, urea space.

2.3. INTRODUCTION

Beef cow-calf systems transform less than 30% of the annual metabolizable energy
(ME) intake into calf product as the greater proportion of the total energy consumed
is used for maintenance of the cow herd (Ferrell and Jenkins, 1985). Total energy
expenditure has been related to animal metabolic weight (live weight (LW) adjusted
by body size; LW®™®; NRC, 1996). However, evidence in different species (rats, pigs,
sheep, and dairy cows) indicates maintenance metabolic rate depends more on body
protein mass rather than total animal LW (Agnew and Yan, 2000). Thus, body
composition could affect maintenance energy requirement (Thompson et al., 1983).
In the mature beef cow, body composition is not static but may vary in response to
genotype (Laurenz et al., 1992; Jenkins and Ferrell, 1994) and nutrition (Ball et al.,
1997).

Beef production is often conducted in extensive grazed forage-based
production systems (ie. Campos region) where nutrient availabilty flucutates
throughout the year, as forage quantity and quality vary according with seasonal
changes in rainfall and temperature (Berretta et al., 2000). Beef cow nutrient
requirements also fluctuate throughout the year due to the pressure of reproduction
and lactation. Thus, rangeland beef cows undergo changes in LW, body condition
score (BCS) and body composition (Laurenz et al., 1992) througout the annual
production cycle (Quintans et al., 2010; Soca et al., 2013). Freetly et al. (2008)

suggested cow ability to adapt its energy metabolism during periods of feed
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restriction and re-feeding (weight cycling) would allow the development of
management strategies of feed resources in order to reduce feed costs. However,
timing and severity of restriction during the beef cow annual production cycle could
affect cow and calf productive and reproductive performance (Freetly et al., 2005;
Houghton et al., 1990a; 1990b; Funston et al., 2010). Therefore, in beef cow-calf
management of grazing intensity by controlling seasonal herbage allowance (HA)
would allow to control feed availability per cow, in order to benefit on weight
cycling without or with minimal effects on beef cow (and calf) productive and
reproductive performance.

Our hypothesis was that HA of native grasslands would affect body
composition and the priorities for body protein and fat mobilization or recovery
through the annual production cycle in spring-calved beef cows. In addition, the
impact of HA on body composition could differ according with beef cow genotype
(CG). The objective of this research was to evaluate the effect of two HA of native
grasslands (Campos region) on body composition during the winter gestation period
and after weaning in fall of rangeland purebred (A: Angus and H; Hereford; PU) and

the reciprocal F1 crossbred (AxH and HxA; CR) mature beef cows.

2.4. MATERIALS AND METHODS
Location, animals and experimental design
Animal procedures were approved by the Animal Experimentation Committee of
Universidad de la Republica.

The experiment was carried out at the Experimental Station Bernardo
Rosengurtt (School Agronomy, Universidad de la Repablica, Uruguay, 32°S 54°W)
from June 2007 to May 2010. Thirty-two multiparous cows (4 to 5 year-old), were
used in a randomized block design with two replications (block 1: sandy loam soil,
60 ha and block 2: clay loam soil, 35 ha) and four plots in each block to which a 2 x
2 factorial arrangement of HA and CG (PU vs. CR) was allocated. Native pastures
were dominated by summer-growing C4 grasses (Poaceae), with few C3 grasses
associated with the winter cycle. The main forb families included Asteraceae,

Fabaceae, Rubiaceae and Umbelliferae.
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Herbage allowance, the ratio between forage mass and stocking rate (kg of
dry matter (DM) per kg of LW; Sollenberger et al., 2005), represented 4 and 2.5 kg
DM/kg LW of annual mean (HI and LO, respectively) and varied with season of the
year (Table 1). Herbage allowance was adjusted monthly after measuring the herbage
mass available in each plot (Haydock and Shaw, 1975) by the “put-and-take” method
(Mott, 1960). Experimental cows were maintained in the plot throughout the
experiment, and ‘put-and-take’ cows of similar genotype and physiological status to
the experimental ones were added or removed based on the herbage mass available.
Herbage allowance treatments differed in forage mass and height throughout the year
but did not differ in chemical composition (Table 1).

Table 1. Herbage allowances (HA), forage mass, height and chemical composition,
by season, during the three experimental years.

Season’
Fall Winter Spring Summer se

HA (kg DM/kgBW)®

HI 5 3 4 4
LO 3 3 2 2
Forage mass (kg DM/ha)
HI 2556 1459 1892 2382 160
LO 1422 971 1587 1371 160
Height (cm)
HI 54 4.1 5.0 6.2 0.3
LO 3.4 2.9 3.7 3.6 0.3
Chemical composition
DM, %
HI 53.1 55.0 41.7 53.9 25
LO 536 525 38.9 46.6 2.5
CP, % of DM
HI 7.5 8.3 104 8.4 0.5
LO 7.0 9.0 10.6 8.7 0.5
ADF, % of DM
HI 426 399 35.5 41.2 1.6
LO 42,7 430 36.5 39.2 1.6
ME, MJ/kg DM?
HI 8.4 8.7 9.3 8.6 0.2
LO 8.4 8.4 9.1 8.7 0.2

Fall (April, May, and June), Winter (July, August, and September), Spring (October, November, and December), Summer
(January, February and March).?HA:Herbage allowance treatments. Mean annual allowance represented 4 and 2.5 kg DM/kg
BW (HI and LO, respectively) and changed seasonally. *Estimated according to Rohweder, (1984).
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Experimental cows belonged to a group of experimental animals generated as
part of a diallel crossbreeding experiment carried out for 10 years at the
Experimental Station (Espasandin et al., 2010). Eight cows were evaluated per
treatment (HI-CR, HI-PU, LO-CR, and LO-PU; n = 4 for each individual genotype:
H and A for PU or HXA and AxH for CR). Cows grazed on the same HA (HI or LO)
since June 2007, and gestated and lactated one calf every year from 2007 to 2010. At
the beginning of the experiment (June 2007) cow LW and BCS (scale 1 to 8;
Vizcarra et al., 1986) did not differ among groups and average 447 + 58 kg and 4.1

+ 0.5 units, respectively.

Data and sample collection
During the pregnancy-lactation cycle 2009-2010 at 150, 210 and 240 + 10 days to
gestation (middle and end of winter and beginning of spring, respectively) and 190 +
10 days from calving (late fall; 45 days after calf weaning), LW (after a 16 h-
fasting) and BCS were determined and body composition was estimated using the
urea dilution technique (Kock and Preston, 1979). Briefly, cows were infused with
0.65 ml/kg LW of a urea solution (20% urea in 0.9% saline solution, wt/vol) by
jugular venipuncture, and blood was collected in tubes with heparin (BD Vacutainer
tubes; Becton Dickinson, NJ, USA) before and 12 min after the mean infusion time.
Samples were centrifuged (2000 x g, 15 min), and plasma was harvested. The plasma
was stored at -20° C to determine the difference in plasma urea—nitrogen (PUN)
between blood samples (before and after infusion) and to calculate urea space (USV
or US). Urea space volume (USV, kg) was calculated by dividing the amount of urea
(mmol of urea) infused by the difference in PUN between samples (mmol of urea-
N/L) while urea space as a proportion of LW (% LW; US) was calculated by
dividing the USV by LW.

All cows were slaughtered at 192 + 10 days postpartum (48 h after the last
day of measurements) in a commercial abattoir (PUL S.A; Cerro Largo, Uruguay; 10
km from the Experimental Station). Prior to transport, cow BW and BCS were
recorded. Cows were stunned with a captive bolt gun and exsanguinated. Blood

volume was estimated according to Hansard et al. (1953) and blood samples were
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collected for chemical composition analysis. Exsanguinated cow bodies were divided
into hide, feet, head, gastrointestinal tract (GIT) (including omental/mesenteric fat),
pluck (trachea, lungs, heart, diaphragm, liver, kidneys, and tail), and carcass, and
individual organs of the GIT and pluck were dissected. The weight of each
component or individual organ was recorded and representative samples (100 to 200
g) samples were collected and stored at -20°C for chemical composition analyses.
Carcass samples were collected for the right half carcass at the 9" to 11" rib section.
This section was dissected into soft tissues and bone, which were individually

weighed and frozen at -20°C for chemical composition.

Chemical analyses

Samples of all organs/tissues were ground in liquid nitrogen and analyzed for DM,
nitrogen, total lipid, and ash according to AOAC (2000). Concentrations of PUN
were determined by a colorimetric assay using a commercial kit (Urea UV cinética
AA liquida, Wiener Laboratorios, Rosario, Argentina) on Vitalab Selectra 2
autoanalyzer (Vital Scientific, Dieren, The Netherlands). The intra-assay coefficient

of variation did not exceed 11%.

Calculations and statistical analyses
During the winter gestation period, maternal LW was calculated as the difference
between cow LW and estimated weight of the gravid uterus adjusted for the actual
calf birth weight (Ferrell et al.,, 1976). Cow empty body weight (EBW) was
estimated as carcass weight plus total offal weight and maternal LW x 0.891 (NRC,
2000). Body composition (water, protein, and lipids) was estimated from the
weighted average of the each individual organ/tissue weight and its composition.
Gross energy (GE) was calculated using retained combustion values of 23.85 MJ/kg
protein and 39.75 MJ/kg fat (Brouwer, 1965).

Data were analyzed using the SAS Systems program (SAS 9.0V; SAS Inst.,
Cary, NC, USA). Prediction equations for body composition, and GE content were
developed using either USV or US as a single predictor in the linear regression

(equation [i]) or using USV or US together with other animal factors (e.g., maternal
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LW, BCS, and milk yield and calf weights obtained by Gutiérrez et al., 2013) as
predictors in multiple regression (equation [ii]). Single and multiple regressions were
adjusted using the REG procedure. Model in multiple regressions was selected using
the maximum adjusted r> (ADJRSQ) method.

y =a+ bx[i]

y=a+blxl+hb2x2+..+bnxn/ii]

Body composition during gestation was analyzed using a mixed-model
repeated measures analysis using the MIXED procedure. The model included the
HA, CG, days of gestation (repeated measure) and their interactions as fixed effects,
block as a random effect, and the spatial power law (SP(POW)) as the covariance
structure. The paddock was used as the experimental unit to evaluate HA effect and
cow as the experimental unit to evaluate CG and the HA by CG interaction. The
interaction between HA and block was included in the model as a random effect and
when covariance parameter estimates were zero or close to zero it was removed from
the model. Body composition at slaughter was analyzed with the same model without
the effect of days. Mean separation was performed using the Tukey test (o = 0.05),
Changes in LW, BCS and body composition between 240 days gestation and 192
days postpartum (at slaughter) were assessed from a comparison of confidence
intervals (oo = 0.05) within each group. Differences were considered significant when
P < 0.05 and a trend when 0.05 < P < 0.10. Results were presented as least square

means * pooled standard error.
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RESULTS

Cow BCS, LW and chemical body composition at slaughter

Cow LW and EBW at slaughter tended to be greater (P = 0.07) in HI than LO cows
and in CR than PU cows (Table 2). Cow BCS at slaughter was not affected by HA,
CG or their interaction (Table 2). Body water mass (kg) did not differ between HA,
but tended (P = 0.10) to be greater in CR than PU cows (Table 2). Body fat mass was
not affected by HA, CG or their interaction, but body protein mass tended (P = 0.06)
to be greater in HI than LO cows and was greater (P = 0.03) in CR than PU cows.
The retained GE tended (P = 0.08) to be greater in HI than LO and CR than PU
cows. However, when body composition was expressed in relative terms (g/kg
EBW), these differences disappear except for relative protein mass that tended (P =
0.06) to be greater in CR than PU cows (Table 2).

Tabla 2. General data and chemical body composition (absolute and relative) at
slaughter.

Main effects! P-value

HA CG

HI LO se CR PU se HA CG

General data

LW, kg? 433 406 155 436 403 155 ns. 0.02
EBW, kg® 356 334 108 356 334 10.8 0.07 0.07
BCS* 39 38 01 39 38 01 ns ns
Milk production at 120 days, kg/day 57 46 06 59 44 06 0.01 <0.01
Calf weight at birth, kg 35 36 12 34 34 13 ns. ns
Calf weight at weaning, kg 115 107 4.4 118 104 45 ns. 0.03

-Body composition-
Absolute composition

Water, kg 248 236 79 250 233 79 ns. 010
Lipids, kg 37 34 25 36 34 25 ns  ns
Protein, kg 7% 68 32 75 68 32 0.06 0.03
Gross energy, MJ 3241 2963 171.4 3237 2966 171.4 0.08 0.08
Relative composition
Water, g/kg EBW 693 699 74 701 691 74 ns. ns.
Lipids, g/kg EBW 103 102 4.7 102 102 47 ns. ns.
Protein, g/lkg EBW 208 203 36 210 201 36 ns. 0.06
Gross energy, MJ/kg EBW 91 89 03 91 89 03 ns. ns.

THA: Herbage allowance (High and Low: 4 and 2.5 kg DM / kg BW on average; HI vs. LO). CG: Cow genotype (Pure Breed:
Hereford and Angus vs. Crosses F1, PU vs. CR). “Live weight. *EBW: Empty body weight estimated as carcass weight plus
total offal weight. “BCS: Body condition score by visual assessment (scale of 1 = very thin to 8 = very fat, Vizcarra et al.,
1986).
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Prediction equations of body composition

At slaughter, the correlations between the actual chemical composition (water, fat,
protein, GE) in absolute (kg) or relative (g/kg EBW) terms and USV or US,

respectively, were significant (P < 0.03 data not shown). Prediction equations for

body water, fat, protein and retained GE using USV or US as the sole predictors were

all significant (P < 0.03; Table 3). Multiple regressions (Table 4) were all significant
(P < 0.01) and each predictor had an effect (P < 0.15) on the relationship. Using USV
or US with other predictors (ie. LW, calf weight, etc.) for the prediction of body

components improved the relationships, which showed greater r2.

Table 3. Linear relationships between urea space volume (USV) or absolute
chemical composition (kg or MJ) and urea space (US) or relative chemical

composition (g or MJ/kg EBW) (values in parentheses are SE).

Equations*?

2

(o} r

Absolute composition
Water, kg = 0-775(0.08) (USV) + 79.83(13.01) 13.6 0.79
LlpldS, kg = 0.152(0_03) (USV) + 3-11(6.61) 10.7 0.48
PrOtEin, kg = 0.255(0_04) (USV) + 16.36 (8.16) 7.2 0.63
Gross energy, MJ = 10.086(1_52) (USV) + 864.591(330.3) 0.3 0.64

Relative composition
Water, g/kg EBW =1.50.6) (US) + 575.97 325 13.3 0.16
LlpldS, g/kg EBW = -1.1(0.40) (US) + 14887(202) 50 0.24
Protein, g/kg EBW = 0.773025) (US) + 153.95(15.4 6.1 0.25
Gross energy, MJ/kg EBW = -0.033(.01) (US) + 10.1030.67) 259.4 0.20

1USV: Urea space volume (kg). US: Urea space as percent body weight.
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Tabla 4. Regression equations for absolute chemical composition using urea space and live weight with other variables (values in
parentheses are SE)

US (%) Usv Maternal BCS I\félllg carwednid) Constant r?
0 (kg)? LW (kg)®  (units)* )(/kg)S birth  weaning Gain® °

Absolute composition

Water, kg = - 0.1(0.05) 0.4(0.04) - - 0.3(0_2) - - 22.4(3_3) 10.2 0.97
LIpIdS, kg = - 0.05(0_05) 0.06(0.03) - - - - 0-1(0.06) -7.7(7.5) 9.7 0.65
Protein, kg = - 0.07(0'03) 0.14(0.02) - - - - - '3.6(5.6) 6.9 0.88
Gross energy, MJ = - 2.2 6.5 - - - - - . 03 089

ay (1.5) (0.9) 128.3(245_5)

Relative composition

Water, g/kg EBW = 2-5(0.6) - -0.06(0.05) -26.1(11_1) -3.2(2_1) 1.44(0.5) -0.35(0.2) - 661.2(43.5) 4.8 0.65
LIpIdS, g/kg EBW = -1.4(0.4) - 0.08(0.04) - -1.9(1_4) - - 0.3(0.1) 115.9(23.2) 4.6 0.47
PrOtEin, g/kg EBW = 0.9(0'03) - - - 1.1(1.1) - - -0.14(0_09) 154.4(12.5) 3.7 0.40

Gross energy, MJ/kg EBW = '0.05(0_01) - 0.002(0.001) - - - 0.006(0_005) 9-5(0.8) 1531 041

1US: Urea space as percent body weight. 2USV: Urea space volume. *Body weight: cow live weight minus gravid uterine weight estimated by Ferrell et al. (1976). “BCS: Body condition score
by visual assessment (scale of 1 = very thin to 8 = very fat, Vizcarra et al., 1986). ® Milk production at 120 days, kg/day. *Gain pre weaning.
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Maternal LW, BCS and body composition during the winter gestation period

During the winter gestation period (150 to 240 days of gestation), maternal LW
tended (P = 0.09) to be greater in HI than LO cows and was greater (P = 0.02) in CR
than PU cows (Table 5). Maternal LW decreased (P < 0.01) 18 + 5 kg from 150 to
210 days remaining stable at 240 days (Figure 1A, 1B). Cow BCS was greater (P <
0.02) for HI than LO cows and CR than PU cows (Table 5) and decreased (P = 0.01)
0.5 + 0.1 units during the winter gestation period (Figure 1C, 1D).
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Figure 1: Maternal LW (A) (B) and BCS (C) (D) throughout the gestation (150 to 240 days of
gestation) in purebred and crossbred beef cows (n = 32) and herbage allowances (HA) treatments
grazing high and low (4 and 2.5 kg DM/kg LW in average, respectively herbage allowances of native
pastures). Purebred cows (Hereford and Angus; dash lines and open circles), Crossbred cows
(reciprocal cross F1; solid lines and circles), High HA cows (solid lines and triangles), and Low HA
cows (dash lines and open triangles).

Total body water, fat and protein mass (kg) were greater (P < 0.05) in CR
than PU cows (Table 5). Body fat and protein mass tended (P = 0.10) to be greater in
HI than LO cows (Table 5). Total body water and protein mass decreased (P < 0.01)
from 150 to 210 days of gestation, remaining stable thereafter at 240 days (Figure
2A, 2C). Body water was affected (P = 0.03) and body fat tended (P = 0.07) to be
affected by the interaction between CG and days of gestation as they were greater (P
< 0.05) in CR than PU cows only at 150 days of gestation (beginning of winter) and
decreased from 150 to 210 days of gestation only in the former ones (Figure 2A, 2B).
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The decrease of 0.5 units BCS between 150 and 240 days of gestation represented a
decrease of 18 + 5 kg of maternal LW (140 to 215g/kg EBW of protein and 95 to 200
o/kg EBW of fat. Maternal LW and BCS did not change between 240 days gestation
and 192 days postpartum (at slaughter). However, relative body composition varied
during this period; relative water and protein mass increased for HI and CR while

only relative water mass increased in LO and PU cows.

Tabla 5. Effects of herbage allowance (HA) and cow genotype (CG) on LW,
Maternal LW, EBW, BCS and chemical composition during the winter gestation
period (150-240 days of winter beginning to spring beginning).

Main effects

P-value
HA CG
HIL LO s CR PU s HA CG DG
LW, kg3 428 402 17.6 433 397 176 ns. 0.04 <0.01
Maternal LW, kg4 409 382 17.2 414 377 17.2 0.09 0.02 <0.01
EBW, kg5 363 340 159 368 336 16.0 n.s. 0.04 <0.01
BCS® 4.3 3.8 0.1 4.2 3.9 0.1 <0.01 0.02 0.01
-Body Composition-
Water
kg 236 226 10.1 240 223 10.0 ns. 0.05 <0.01
o/kg EBW 632 657 3.4 640 649 3.4 <0.01 0.02 <0.01
Lipids
kg 35 33 15 35 32 14 0.10 0.03 n.s.
o/kg EBW 95 91 14 93 93 14 010 ns. 0.01
Protein
kg 68 64 3.1 69 63 31 NS 0.02 0.07
o/kg EBW 191 192 0.9 192 190 09 NS 010 ns.
Gross energy
MJ 2995 2797 1355 3033 2759 1355 n.s. 0.03 <0.01
MJ/kg EBW 8.7 86 0.04 8.6 86 0.04 <0.01 ns. 0.05

'HA: Herbage allowance (High and Low: 4 and 2.5 kg DM / kg BW on average; HI vs. LO); CG: Cow genotype (Purebreed:
Hereford and Angus vs. Crosses F1, PU vs. CR). *Days of gestation; Effect of CG * DG interaction was significant (P < 0.03) in
Water (kg) and Gross energy (MJ) and tended (P < 0.10) in Lipid (kg) Protein (g / kg EBW) and Gross energy (MJ / kg EBW).
3Live weight. “Cow live weigth minus gravid uterine weight estimated by Ferrell et al. (1976). *EBW: Empty body weight
calculated according to NRC 2000. °BCS: Body condition score by visual assessment (scale of 1 = very thin to 8 = very fat,
Vizcarra et al., 1986).
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Relative body water (g/kg of EBW) was greater (P < 0.02) in HI than LO
cows and CR than PU cows while relative body protein did not differ between Hi
and LO but tended (P = 0.10) to be greater in CR than PU cows (Table 5). In contrast
body fat per unit of EBW tended (P = 0.10) to be greater in HI than LO cows, while
it did not differ between CR and PU cows. Relative body water increased (P < 0.01)
while relative body fat decreased (P < 0.01) from 150 to 210 days of gestation,
remaining constant at 240 days (Table 5; Figure 2D, 2E). The interaction between
CG and days of gestation tended (P < 0.10) to affect both, relative body fat and
protein, as the body fat decrease and the body protein increase from 150 to 210 days
of gestation were more sharply for PU than CR cows (Figure 2E, 2F).
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Figure 2: Evolution of body composition in absolute terms (kg) or relative [g/kg EBW] of water (A)
[D], lipid (B) [E] and protein (C) [F]. In purebred (Hereford and Angus; dash lines and open circles)
crosshred beef cows (reciprocal cross F1; solid line and circles) from 150 to 240 days of gestation.
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Retained GE was greater (P = 0.03) in CR than PU cows (Table 5) and
decreased (P < 0.01) from 150 to 210 days of gestation, remaining constant at 240
days of gestation. However, there was an interaction between CG and days of
gestation (P = 0.03) on the retained GE as it was greater (P < 0.05) in CR than PU
cows only at 150 days of gestation and decreased from 150 to 210 days of gestation
only in the former ones (Figure 3A). Gross energy content per unit of EBW (MJ/kg
EBW) was greater (P < 0.01) in HI than LO cows but did not differ between CR and
PU cows (Table 5). Gross energy content per unit of EBW decreased (P = 0.05) from
150 to 210 days of gestation to be maintained at 240 days. However, the interaction
between CG and gestation days tended (P = 0.08) to be significant as the content of
GE per unit EBW decreased (P < 0.05) from 150 to 210 days of gestation and
increased from 210 to 240 days of gestation only PU cows (Figure. 3B). Gross
energy content was positive correlated with BCS (P =0.01, r =0.30, n = 84).
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Figure 3: Evolution of gross energy in absolute terms MJ (A) or relative MJ/kg EBW [B]. In purebred
(Hereford and Angus; dash lines and open circles) and crossbred beef cows (reciprocal cross F1; solid

line and circles) from 150 to 240 days of gestation.

2.5. DISCUSSION

Prediction equations of body composition using the urea dilution technique

The urea dilution technique is based on the principle that there is a relatively constant
relationship between EBW and body components such as water, lipid, and protein
(Reid et al., 1955). Previous research has reported significant relationships between
USV and body components (kg of water, lipid and protein) in beef (Kock and
Preston, 1979; Bennett et al., 1982; Bartle et al., 1987; Hammond et al., 1988) and
dairy (Hammond et al., 1990; Agnew et al., 2005) cattle. In addition, validation
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studies (Rule et al., 1986; Bartle et al., 1987; Wells and Preston, 1998; Agnew et al.,
2005) have shown that the urea dilution technique can be used to predict body
composition in terms of absolute (kg) or relative (g/kg) body composition in beef and
dairy cows. In agreement with previous studies in beef and dairy cows (Bartle et al.,
1987; Agnew et al., 2005), regression equations to estimate body total water, protein
and fat mass as well as and GE retained were significant and had moderate to high
r’. Regressions to estimate relative body composition (g/lkg EBW) were significant
and had a moderate r> similar to those reported for beef cows (Bartle et al., 1987) but

lower than those reported in dairy cows (Agnew et al., 2005).

Maternal LW, BCS and body composition during the winter gestation period
During the winter gestation period (150 to 240 days of gestation), the trend for
greater maternal LW, associated with greater BCS in HI than LO cows, could be
mainly explained by for greater body fat mass with no differences in body protein
mass. This determined that HI cows presented less body water, and greater body fat
and GE per unit of EBW than LO cows. Greater percentages of body fat in cows
with greater BCS have been reported (NRC, 1996). An increased energy intake
during the gestation and/or the annual production cycle (Laporta et al., 2014; Casal et
al., unpublished), a decreased energy expenditure for grazing activity (Scarlato et al.,
2011) or a combination of both factors, could explained the greater deposit of body
fat and GE retained in HI than LO cows. Similar, beef cows fed a high-energy diet
during the last 190 days of gestation had greater body fat and GE in comparison to
those fed a low-energy diet (Thompson, et al., 1983; Houghton et al., 1990a, 1990b)
In addition, during this period maternal LW and BCS were also greater in CR
than PU cows but these differences were accompanied by greater total body water,
protein and fat mass. However, CR cows had greater relative body water and protein
content but did not differ in body fat content when compared to PU cow. Gaines et
al. (1967) evaluated the use of crossbreeding of British breeds reported heterosis
values of 3 to 4% for carcass weight and longissimus muscle area adjusted for
carcass weight but did not observed significant advantages in carcass fat content. In

contrast others (Long and Gregory, 1975) reported significant heterosis not only in
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longissimus muscle area but also in dressing percentage and fat thickness adjusted
for carcass weight. Probably, sex, paternals breed and feeding regimes would explain
differences in heterosis values reported (Long, 1980; Marshall, 1994).

Changes in maternal tissues and organs occurred during pregnancy, which are
reflected an altered maternal body composition (ie. tissue hydration, fat deposition;
Robinson, 1986). However, moderate sub-nutrition imposed by the environment,
during pregnancy not only prevented the deposition of nutrients in the maternal body
but actually induced substantial losses of fat and protein (Robinson, 1986). In this
study, cows of all groups lost maternal LW and BCS during the winter gestation
period. Nevertheless, this loss in maternal LW was accompanied by changes in body
composition. Body water content (per unit weight) increased during this period
indicating retention of water in the body and greater loss of energy per unit of weight
mobilized. The increase in body water retention results from an increase in tissue
hydration, and particularly in the amounts of extracellular fluid (i.e blood volume)
that occurs during pregnancy in a number of species (sheep, Foot, 1969; cows,
Degan and Young, 1980).

Changes in relative contents of body fat and protein during the winter
gestation period depended on CG, which indicated that composition of mobilized
weight during this period of negative energy balance was different between CR and
PU cows. Purebred cows showed a preference towards fat mobilization while in CR
cows both fat and protein were presented in mobilized weight in a similar proportion
than the present in the body weight. Fat mobilization is expected in pregnant cows
when feed/energy intake does not meet their requirements. Although, the fetus
cannot take direct advantage of lipid substrates mobilized by its dam as a source of
energy, they serve for decreasing maternal glucose utilization, and amino acids
which are prioritized nutrients for fetal growth (Bell, 1995). In contrast, protein
mobilization may imply a differential adaptation to negative energy balance in CR
than PU cows.

In a dairy cows during the transition period, van der Drift et al. (2012)
showed that protein tissue started before than fat mobilization (4 wk before calving

vs. 1 wk after calving) and that the extent of protein tissue mobilization was
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associated with muscle thickness. In agreement with these results, CR cows that
mobilized more protein tissue presented greater body protein mass at 150 days of
gestation (beginning of winter). Regulation mechanisms of protein tissue
mobilization are poorly understood but it has been suggested that reduced
concentrations of insulin as well as amino acid deficiency may favor it (Tesseraud et
al., 2007). In agreement with this, CR cows had a greater fall in insulin
concentrations from 150 to 240 days when compared to PU cows (Laporta et al.,
2014), when forage CP content was low. Protein tissue mobilization may impact on
animal health (i.e reduced ketogenesis as gluconeogenic precursors increase; van der
Drift et al., 2012), as well as in the reduction of energy requirements for maintenance
as energy cost for basal metabolism cost depends more on animal body protein mass
than total LW or metabolic weight (Agnew and Yan, 2000). Changes in the
composition of weight lost and retained can have a significant influence on the
energy value of mobilized weight and in maintenance energy requirements.

In conclusion, HI-HA allowed beef cows to maintained greater body fat mass
and retained GE increased when compared with LO-HA. However, CG affected not
only body composition (greater body fat and protein in CR than PU cows) but also
composition of mobilized/retained weight during the winter gestation period with a
greater protein tissue mobilization in CR than PU cows. These differences could
explain, at least partly, the greater milk yield and calf weight and shorter
commencement of luteal activity in the postpartum period (Gutiérrez et al., 2013;
Laporta el al., 2014) in HI and CR cows, improving efficiency of the cow-calf

system.
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3.1. ABSTRACT
Visceral tissues impact on the partitioning of metabolizable energy between
maintenance and production. The aim of this study was to evaluate long-term effects
of two herbage allowances of native pastures on mass, composition and expression of
mitochondrial respiratory protein encoding genes on gastrointestinal tract (GIT)
organs and liver in pure (Angus and Hereford, PU) and crossbred (reciprocal F1, CR)
beef cows. Mature beef cows (n = 32) were used in a complete randomized block
design with a factorial arrangement of herbage allowance (2.5 vs. 4 kg DM/d; LO vs.
HI) and cow genotype (PU vs. CR). The experiment was conducted during three
years and at the end of the third year, cows were slaughtered at 190 + 10 d
postpartum, and GIT organs and liver were dissected, weighed, and samples
collected and immediately frozen. Reticulum-rumen (P = 0.02) and total intestine (P
= 0.02) absolute mass (kg) was greater in HI than LO cows and greater in CR than
PU cows, while reticulum-rumen (P = 0.02) and liver (P < 0.01) mass were greater in

HI than LO cows. Abomasum protein content was greater (P < 0.01), while omasum
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protein content tended (P = 0.10) to be greater for HI-PU than LO-PU cows. The
reticulum-rumen and abomasum lipid contents tended to be less (P < 0.10) in HI than
LO cows. Except for the large intestine and liver, concentration of DNA and
protein:DNA ratio did not differ in GIT viscera of different cow groups. The
protein:DNA ratio of the large intestine was greater (P = 0.03) in HI-CR than LO-
CR cows, while the hepatic protein:DNA ratio was less (P = 0.04) in HI-CR than
LO-CR cows while not differing of HI-PU and LO-PU cows that presented
intermediate values. The small intestine expression of NDUFB8 and COX5B mRNA
were greater (P < 0.05) and NDUFS4 mRNA tended (P = 0.06) to be greater in HI
than LO cows. The expression of UQCRC1 mRNA was greater (P = 0.04) and SDHA
MRNA tended to be greater (P = 0.08) in CR than PU cows. Hepatic NDUFBS,
NDUFS4 and COX5B mRNA was greater (P < 0.05) in LO-CR than HI-CR and LO-
PU cows being intermediate in HI-PU cows. The CYC1 mRNA was greater (P =
0.05) in LO than HI cows. These results suggest that CR cows would have greater
plasticity in order to adapt their visceral mass and gene expression to sparse

environments.

Key words: beef cattle, gastrointestinal, liver, MRNA, rangelands, viscera.

3.2. INTRODUCTION
Gastrointestinal tract (GIT) viscera and liver comprise 10 to 13% of whole-body
tissue mass, but account for 45 to 50% of whole-body heat energy (Seal and
Reynolds, 1993) and are an important source of variation for maintenance
requirements within a breeding herd (DiCostanzo et al., 1991) and among breeds and
breed crosses (Jenkins et al., 1991). Thus, visceral mass can contribute to determine
differences in cow-calf productivity efficiency (Ferrell and Jenkins, 1985).

Several experiments have determined a positive relationship between feed
intake and total and individual GIT organ and liver mass in ruminants (reviewed by
Ortigues and Doreau, 1995). Recently, Meyer et al. (2012) reported nutrient
restriction during mid-gestation affected maternal visceral mass changes during

gestation which may partially explain differences observed in calf performance.
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However, to our knowledge there are no studies that evaluate long-term effect of
nutrition (various restriction-refeeding cycles) on viscera weight and cellularity of
rangeland beef cows.

Mitochondria produce 90% of cellular energy (90% of oxygen consumption)
and are integrated into numerous functional, metabolic, and signaling networks with
other cellular compartments (Rolfe and Brand, 1997). Thus, this organelle is an
appropriate place to study variation in maintenance energy requirements that may
contribute to the phenotypic differences observed among animals (Herd and Arthur,
2009). Despite its potential significance, information available in this area for cattle
IS scarce.

Previous reports indicated grazing intensity of native pastures, controlled through
herbage allowances, can affect energy intake (Chapman et al., 2007) and modified
forage as well as animal BW and production (Soares et al., 2003; Gutierrez et al.,
2013; Laporta et al., 2014). In addition, research (Morris et al., 1987; Espasandin et
al., 2010) evaluating reciprocal crossbreeding between Angus (A) and Hereford (H)
cattle in rangelands conditions, have estimated a crossbred F1 superiority (heterosis)
for cow-calf system productivity between 15 and 30% over the purebred mean and it
has been indicated that this difference could depend on herbage allowance of native
grasslands through the gestation-lactation cycle (Espasandin et al., 2012). Thus, our
hypothesis was that control of grazing intensity through management of herbage
allowance (HA) of native rangelands, would affect, in the long-term, visceral mass,
composition, and mitochondrial function of the GIT organs and liver of mature beef
cows. The different HA could impact differently in pure than crossbred beef cows,
explaining — at least partially — differences in productivity between pure and
crossbred cows in both environments. Our objective was to evaluate the long-term
effect of two HA of native pastures on mass, composition and expression of genes
encoding for mitochondrial respiratory complex proteins on GIT organs and liver in
pure (A and H) and the reciprocal crossbred (F1) beef cows which could explain, at

least in part, differences in productivity between environments and genotypes.

3.3. MATERIALS AND METHODS
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Animal procedures were approved by the Animal Experimentation Committee of
Universidad de la Republica.
Location, animals and experimental design

The experiment was conducted on 95 ha of native grasslands (Campos biome)
located at the Professor Bernardo Rosengurtt Experimental Station (School of
Agronomy, UdelaR, Uruguay; 32°S, 54°W) from June 2007 to May 2010. Native
pastures were dominated by summer-growing C4 grasses (Poaceae), with few C3
grasses associated with the winter cycle. The main forb families included Asteraceae,
Fabaceae, Rubiaceae and Umbelliferae.

Thirty-two multiparous cows (4 to 5 year-old), were used in a randomized
block design with two replications (block 1: sandy loam soil, 60 ha and block 2: clay
loam soil, 35 ha) and four plots in each block to which a 2 x 2 factorial arrangement
of HA and cow genotype (CG) was allocated.

Herbage allowance the ratio between forage mass and stocking rate (kg of dry
matter (DM) per kg of body weight (BW) (Sollenberger et al., 2005)) represented 4
and 2.5 kg DM/kg BW of annual mean (HI and LO, respectively) and varied with
season of the year (Table 1). Herbage mass (kg DM/ha) was estimated monthly by
the comparative yield method (Haydock and Shaw, 1975). A continuous stocking
method was applied throughout the year, thus herbage allowance in each plot was
adjusted monthly by the “put-and-take method” (Mott, 1960). Experimental cows
were maintained in the plot throughout the experiment, and ‘put-and-take’ cows of
similar genotype and physiological status to the experimental ones were added or
removed based on the herbage mass available to adjust forage allowance and thus
stocking rate. Herbage samples were collected monthly and composite by season for
chemical analyses (AOAC, 2000) and metabolizable energy (ME) was estimated
according to Reid et al. (1991) as [-0.027 + 0.0428 x (88.9 - 0.779 x acid detergent
fiber)] x 0.82. Herbage allowance treatments determined differences in forage mass
and height throughout the year but did not differ in chemical composition (Table 1).

Spring-calved purebred (PU; A and H) and reciprocal crossbred F1 (CR; AxH
and HxA) cows belonged to a group of experimental animals generated as part of a

diallel crossbreeding experiment carried out for 10 years at the Experimental Station
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(Espasandin et al., 2010). Eight experimental cows were evaluated per treatment (HI-
CR, HI-PU, LO-CR, and LO-PU; n = 4 for each individual genotype: H and A for
PU or HxA and AxH for CR). Cows grazed on the same HA (HI or LO) since June
2007, and gestated and lactated one calf every year from 2007 to 2010.

Table 1. Herbage allowances (HA), forage mass, height and chemical composition,
by season, during the three experimental years.

Season*
Fall Winter Spring Summer se

HA (kg DM/kgBW)®

HI 5 3 4 4

LO 3 3 2 2
Forage mass (kg DM/ha)

HI 25567 1459  1892°  2382° 160

LO 1422 971¢ 1587°  1371° 160
Height (cm)

HI 54%  4.1° 5.0° 6.2 0.3

LO 3.4° 2.9° 3.7 3.6° 0.3

Chemical composition

DM, %

HI 53.1*  55.0° 41.7° 53.9° 25

LO 53.6° 52.5° 38.9° 46.6° 2.5
CP, % of DM

HI 7.5° 8.3 10.4° 8.4° 0.5

LO 7.0° 9.0° 10.6° 8.7 0.5
ADF, % of DM

HI 42.6°  39.9° 35.5° 41.2° 1.6

LO 4270 43.0° 36.5° 39.2° 1.6
ME, MJ/kg DM?

HI 8.4° 8.7 9.3 8.6 0.2

LO 8.4° 8.4° 9.1° 8.7 0.2

Fall (April, May, and June), Winter (July, August, and September), Spring (October, November, and December), Summer
(January, February and March).?HA:Herbage allowance treatments. Mean annual allowance represented 4 and 2.5 kg DM/kg
BW (HI and LO, respectively) and changed seasonally. *Estimated according to Rohweder, (1984). *® Means with different
literals differed with P < 0.05.

At the beginning of the experiment (June 2007) cow BW was 447 + 58 kg
and body condition score (BCS) (scale 1 to 8; Vizcarra et al., 1986) was 4.1+ 0.5.
Milk yield and milk composition were individually measured by direct milking
previous injection with oxytocin at 15 days post-partum and from 30 days to weaning
(142 + 15 days) in 30-day intervals and presented by Gutierrez et al. (2013). On
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average, during the three experimental years, BCS and BW were greater for HI than
LO the differences being more evident during the last gestation-lactation cycle (2009
— 2010, Figure 1). In addition, during the last gestation-lactation cycle (2009-2010)
milk energy output was 22% greater (P < 0.05), calf BW and ADG at weaning were
10% greater (P < 0.05) in HI than LO and CR than PU cows (Gutierrez et al., 2013)
and commencement of luteal activity was 59 and 34 earlier (P < 0.05) for HI than LO
and for CR than PU cows, respectively (Laporta et al., 2014). Estimated ME intake
(MEI) during the three experimental years, was calculated based on cow
requirements (Macoon et al., 2003; Smit et al., 2005) according National Research
Council equations (NRC, 2000) using individual cow for maintenance (BW°"),
gestation (calf birth weight) or lactation (milk yield and composition), and retained
energy (changes in protein and fat tissues based on changes in BW and BCS).
Estimated MEI was greater for HI than LO cows (73.8 vs. 66.7 = 3.9 MJ/d) and for
CR than PU cows (73.7 vs. 67.8 = 3.9 MJ/d).
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Figure 1. Cow BW (A) and BCS (B) throughout the three experimental years (2007-2010) in in purebred (Hereford and
Aberdeen Angus; triangles) and crosshred (F1; squares) beef cows grazing high (solid symbols and lines) and low (open
symbols and dashed lines) herbage allowances (2 vs. 4 kg dry matter (DM)/kgBW of annual mean, respectively) of native

grasslands [n = 32, 8 cows per treatment]. Data are presented as Ismeans + standard error.
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Data and sample collection

At the end of the third experimental year (May 2010), at 190 + 10 d postpartum (45 d
after calf weaning), cows were slaughtered in a commercial abattoir (PUL S.A; Cerro
Largo, Uruguay; 10 km from the Experimental Station). Prior to transport, cow BW
and BCS were recorded. Cows were stunned with a captive bolt gun, exsanguinated,
the organs and the carcass were weighed and GIT organs and liver were dissected.
Forestomachs (reticulum-rumen, omasum and abomasum), and small and large
intestines were separated from connective and adipose tissue, flushed with warm
water to remove all digest, blotted and weighed. The liver was separated from
surrounding connective tissue and weighed. The omental/mesenteric fat was
weighed. Samples (100 to 200 g) including all tissue layers of reticulum-rumen (from
dorsal sac), omasum and abomasum (at small curvatures), small (at central jejunum)
and large (at central colon) intestines and liver (caudal lobe) were collected and
immediately frozen at -20 °C for chemical composition analysis. Additionally,
samples (20 g) of small intestine and liver were snhap-frozen in liquid nitrogen and
then stored at -80 °C for analysis of gene expression and cellularity indexes.
Measurements of gene expression and cellularity indexes have been previously
determined in samples obtained from slaughtered animals (Burrin, et al., 1992;
Connor et al., 2010). All organs were weighed, processed, and frozen within 35 min
of exsanguination. Cow empty BW (EBW) was estimated as carcass weight plus
total offal weight (Hersom et al., 2004).

Chemical composition and DNA analyses

Samples were ground in liquid nitrogen and analyzed for moisture, fat (ether extract),
protein (Kjeldahl nitrogen) according to AOAC (2000). Isolation of DNA was
performed using the high salt protocol (Sunnucks and Hales, 1996). Concentration of
DNA was determined by measuring absorbance at 260 nm (NanoDrop ND-1000
Spectrophotometer; Nanodrop Technnologies Inc., Wilmington, DE, USA), and
purity and integrity of all DNA isolates were assessed from 260/280 nm (>1.8) and
260/230 nm (>1.9) absorbance ratios.
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Quantitative real time PCR
Total RNA from hepatic and small intestine samples was isolated using TRIzol
(Invitrogen, Life Technologies, Carlsbad, CA, USA), followed by precipitation with
lithium chloride and by DNase-treatment with a DNA-Free kit (Applied
Biosystems/Ambion, Austin, TX, USA). Concentration of RNA was determined by
measuring absorbance at 260 nm (NanoDrop ND-1000 Spectrophotometer), and
purity and integrity of all RNA isolates were assessed from 260/280 nm (>1.8) and
260/230 nm (>1.9) absorbance ratios and by electrophoresis in 1 % agarose gel.
Isolated RNA was stored at -80 °C until analyzed. The SuperScript Il Transcriptase
(Invitrogen), with random hexamers and 1 pg of total RNA as a template, was used
to conduct the reverse transcription. The cDNA was stored at -20 °C until its use.
Primers (Supplementary Table S1) to specifically amplify cDNA of three
internal control genes: fS-actin (ACTB), hypoxanthine phosphoribosyltransferase
(HPRT1) and ribosomal protein S9 (RPS9) and nine target genes of the
mitochondrial respiratory complex were obtained from literature or specifically
designed using the Primer3 website (http://frodo.wi.mit.edu/primer3/) based on

bovine nucleotide sequences available from NCBI (http://www.ncbi.nlm.nih.gov/).

The mitochondrial respiratory chain protein genes analyzed included: NADH
dehydrogenase (ubiquinone) 1 beta subcomplex, 8 (NDUFB8, complex 1), NADH
dehydrogenase (ubiquinone) Fe-S protein 4 (NDUFS4, complex 1), succinate
dehydrogenase complex, subunit A, flavoprotein (Fp) (SDHA, complex 1), succinate
dehydrogenase complex, subunit D, integral membrane protein (SDHD, complex I1),
ubiquinol-cytochrome c¢ reductase core protein I (UQCRC1, complex IlI),
cytochrome c¢ oxidase subunit Vb (COX5B, complex IV); cytochrome c-1 (CYC1,
complex 1V), ATP synthase subunit beta (ATP5B, complex V); and ATP synthase
subunit O (ATP50, complex V). Before use, primer product size (as estimated by
1% agarose gel separation) and sequence (Macrogen Inc., Seoul, Korea) were
determined to ensure that primers produced the desired amplicons (data not shown).
Real time PCR reactions were performed in a total volume of 15 pL using
KAPA SYBR FAST Universal 2X gPCR Master Mix (Kapa Biosystems, inc.
Woburn, MA, USA) according to Astessiano et al. (2012) using the following
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standard amplification conditions: 3 min at 95°C and 40 cycles of 3 s at 95°C, 40 s at
60°C, and 20 s at 72°C in a LineGeneK thermocycler (Bioer Technology CO., LTD,
China). Dissociation curves were run on all samples to detect primer dimers,
contamination, or presence of other amplicons. Each run included a pool of total
RNA from bovine liver or small intestine samples analyzed in triplicate to be used as
the basis for the comparative expression results (exogenous control) and duplicate
tubes of water (non-template control). Gene expression was measured by relative
quantification (Pfaffl, 2004) to the exogenous control and normalized to the
geometric mean expression of internal control genes (f-actin, HPRT1, and RPS9).
Expression stability of 3 selected housekeeping genes was evaluated using the MS-
Excel add-in Normfinder (MDL, Aarhus, Denmark). The stability values obtained
with Normfinder they were 0.341, 0.380, and 0.287 in liver, and 0.368, 0.296 and
0.141 in small intestine for g-actin, HPRT1, and RPS9, respectively. Amplification
efficiencies or target and endogenous control genes were estimated by linear
regression of a dilution cDNA curve (n = 5 dilutions, from 100 to 6.25 ng/tube
(Supplementary Table S1). The intra and inter-assay CV for all genes were less than

1.2% and 3.7%, respectively.

Calculations and Statistical analyses
Tissue concentrations of protein and nucleic acids were used as indicators to estimate
relative cell number (hyperplasia; DNA concentration), cell size (hypertrophy;
protein:DNA ratio) or protein synthesis capacity (RNA concentration and
RNA:protein ratio) (Burrin et al., 1992; Sainz and Bentley, 1997; Noziére et al.,
1999).

Data were analyzed using the SAS Systems program (SAS 9.0V; SAS Inst.,
Cary, NC, USA). Univariate analyses were performed on all variables to verify
normality of residual. Cow BW and BCS, individual absolute (kg) and relative (g/kg
EBW) mass, chemical composition and cellularity indexes of the GIT organs and
liver as well as small intestine and hepatic gene expression were analyzed as a mixed
model using the MIXED procedure. The model included effects of HA, CG and their

interaction as fixed effects and block as a random effect. The block was used as the
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experimental unit to evaluate HA effect and cow as the experimental unit to evaluate
CG and the HA by CG interaction. The interaction between HA and block was
included in the model as a random effect but as covariance parameter estimates were
zero or close to zero it was removed from the model. Mean separation was performed
using the Tukey test, and differences were considered significant at P < 0.05 and a
trend when 0.05 < P < 0.10. Results were presented as least square means + pooled

standard error.

3.4.RESULTS

Cow BCS, EBW and visceral mass

During the last 50 d before slaughter (from calf weaning in March 2010 to slaughter
in May 2010) estimated ME intake was greater in HI than LO cows (52.5 vs. 49.3 £
1.23 MJ/d) and for CR than PU cows (52.0 vs. 49.3 + 1.23 MJ/d). During this
period of time, cow BCS and BW did not vary for any group (-0.30, -0.11, 0.33,
0.33 £ 0.30 units of BCS change and -2.9, -2.7, -10.4, -11.9 *+ 6.7 kg of BW change
for LO-CR, LO-PU, HI-CR and HI-PU, respectively). Cow BCS at slaughter was not
affected by HA treatment, CG or their interaction (4.0, 3.8, 3.8, 3.8 £ 0.1 units for
LO-CR, LO-PU, HI-CR and HI-PU, respectively). Cow EBW at slaughter tended (P
= 0.07) to be greater for HI than LO cows and CR than PU cows. (Table 2).

The mass of the reticulum-rumen was greater (P = 0.02) for HI than LO cows
and greater for CR than PU cows. However, there were no effects of HA treatment,
CG or their interaction in omasal and abomasal mass. Total intestinal mass was
greater (P = 0.02) in HI than LO cows as the mass of both small and large intestines
tended to be greater (P < 0.10) in HI than LO cows, but it was not affected by CG.
Liver mass tended (P = 0.09) to be greater in HI than LO cows and it was greater (P
< 0.01) in CR than in PU cows. The omental/mesenteric fat mass was affected (P =
0.05) by the interaction between HA treatment and CG as it was greater (P < 0.05)
for LO-CR than HI-CR cows, while HI-PU and LO-PU cows presented intermediate
values (Table 2).

Purebred cows tended (P = 0.10) to present a greater relative mass of stomach

complex as expressed on an EBW basis than CR cows, mainly due to a trend (P =
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0.09) to greater relative omasal mass in the former ones. Relative mass of liver
tended (P = 0.07) to be greater in CR than PU cows. However, neither total intestine,
nor omental/mesenteric fat relative mass were affected by HA treatment, CG or their

interaction (Table 2).

Table 2. Effects of herbage allowance (HA) and cow genotype (CG) and their
interaction (HAXCG) on gastrointestinal tract viscera and liver absolute (kg) and
relative (g/kgEBW) weights.

Treatment* P-value

Item HI-PU LO-PU HI-CR LO-CR SE HA CG HAXCG

No. of animals 8 8 8 8

EBW, kg2 349.5Y 319.7Y 362.4¢ 349.6Y 13.4 0.07 0.07 0.44

Absolute organ mass, kg
Reticulum-rumen 0.8 86Y 104*° 9.8™ 04 002 002 041
Omasum 7.8 7.0 7.1 6.5 0.6 0.29 0.32 0.94
Abomasum 3.9 4.3 41 3.7 0.3 096 042 0.21
Small intestine 3.0 2.6 3.4 2.7 0.3 0.09 0.40 0.68
Large intestine 3.9 34 41 377 03 006 035 0.82
Total stomachs 21.4 20.1 21.5 19.8 0.7 0.06 0.87 0.81
Total intestine 7.8 6.8” 8.45¢ 7.2¢ 05 0.02 0.22 0.87
Liver 4.4 39Y  49° 47 02 0.09 <001 037
Omental/mesenteric fat 2.7Y 249 23 27 0.3 061 095 0.05

Relative organ mass, g/kg EBW
Reticulum-rumen 27.6 26.8 285 27.3 0.7 0.5 0.32 0.78
Omasum 22.1¢  22.4¢ 195 19.1Y 1.7 0.95 0.09 0.84
Abomasum 11.3 13.4 11.5 10.5 1.0 056 0.20 0.12
Small intestine 8.7 8.1 9.4 1.7 0.7 014 0.89 0.48
Large intestine 13.6 13.4 13.8 12.8 0.6 036 0.81 0.52
Total stomachs 61.2¢ 629° 595 571Y 24 087 010 0.34
Total intestine 22.3 215 23.2 20.5 1.0 0.11 0.96 0.37
Liver 125 123 129 134" 04 0.73 0.07 0.42
Omental/mesenteric fat 8.1 7.8 7.1 7.9 0.6 0.70 051 0.33

Treatment : purebred and crossbred beef cows grazing high and low in average herbage allowances of native pastures: High-
crossbred cows (HI-CR); High-purebred cows (HI-PU); Low-crossbred cows (LO-CR); Low-purebred cows (LO-PU). 2EBW =
Empty body weight.*” Means with different literals differed with P < 0.05;*Y Means with different literals differed with 0.05< P
<0.10.
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Visceral chemical composition and cellularity indexes

The protein content of the abomasum was affected (P < 0.01) and the protein
content of the omasum tended to be affected (P = 0.10) by the interaction between
HA treatment and CG as they were greater in HI-PU than LO-PU cows (Table 3).
The lipid content of the reticulum-rumen and abomasum tended to be less (P < 0.10)
in HI than LO cows. The protein and lipid contents of the omasum, small and large
intestines, and liver were not affected by HA treatment, CG or their interaction
(Table 3).

Except for the large intestine and liver, concentration of DNA and
protein:DNA ratio did not differ in the GIT organs of the different cow groups. Large
intestine DNA tended to be less (P = 0.06) in HI than LO cows (Table 3). The
protein:DNA ratio of the large intestine was greater (P = 0.03) in HI than LO cows
and was affected by the interaction between HA treatment and CG (P = 0.02) as it
was greater (P < 0.05) in HI-CR than LO-CR cows while not differing between HI-
PU and LO-PU cows (Table 3). Although hepatic DNA concentration did not differ
among cow groups, the protein:DNA ratio was less (P = 0.01) in HI than LO cows
and was also affected by the interaction between HA treatment and CG (P = 0.04) as
it was less (P < 0.05) in HI-CR than LO-CR cows but did not differ between HI-PU
and LO-PU cows which presented intermediate values (Table 3).

The small intestine RNA concentration and RNA:protein ratio were affected
by the interaction between HA treatment and CG (P < 0.01) being greater (P < 0.05)
in the LO-CR than in the other three cow groups (Table 3). The hepatic RNA and
RNA:protein ratio tended (P = 0.10) to be affected by the interaction between HA
treatment and CG since was greater (P < 0.05) in HI-CR than HI-PU and
intermediate in LO (CR and PU) cows (Table 3).

49



Table 3. Effects of herbage allowance (HA) and cow genotype (CG) and their
interaction (HAXCG) on gastrointestinal tract viscera and liver chemical composition

and cellularity.

Treatment P-value
Item HI-PU LO-PU HI-CR LO-CR SE HA CG HAXCG
No. of animals 8 8 8 8
Water, g/kg tissue
Reticulum -rumen 850.8 851.2 853.5 844.2 4.7 0.39 0.65 0.31
Omasum 8225 810.6 813.1 807.9 6.4 021 0.33 0.59
Abomasum 8445 847.2 841.1 8489 5.7 0.23 0.73 0.55
Small intestine 8395 8456 842.8 845.6 3.2 0.20 0.59 0.61
Large intestine 7276 736.7 737.7 736.6 6.1 054 041 0.40
Liver 831.8° 818.77 829.6Y 827.2¢Y 4.2 0.08 0.44 0.20
Lipids, g/kg tissue
Reticulum - rumen 9.3Y 18.5¢ 10.00 12.0¢ 0.3 0.09 0.32 0.22
Omasum 6.6 12.1 10.6 11.8 0.2 0.12 0.34 0.26
Abomasum 40.77 63.8" 56.1Y 59.4 0.7 0.08 0.42 0.14
Small intestine 141 19.6 188 1338 05 095 0.88 0.16
Large intestine 20.5 15.1 13.9 15.6 0.4 0.65 0.37 0.29
Liver 66.2 59.1 69.7 58.1 0.8 0.11 0.82 0.68
Protein, g/kg tissue
Reticulum - rumen 150.0 1549 153.2 153.3 5.1 0.60 0.86 0.57
Omasum 136.2 130.2 130.7 137.6 3.9 091 0.80 0.10
Abomasum 129.0* 1155 119.3* 126.1° 3.2 0.30 0.88 <0.01
Small intestine 136.2 128.8 133.2 133.3 2.6 0.18 0.77 0.13
Large intestine 132.6 131.8 136.9 131.9 2.8 0.34 0.43 0.46
Liver 190.6 189.8 181.6 191.7 4.1 0.24 0.34 0.14
DNA, pg/mg tissue
Reticulum - rumen 0.54 0.5 0.44 0.47 0.07 0.88 0.35 0.61
Omasum 0.45 0.51 0.52 053 0.08 070 0.58 0.76
Abomasum 0.90 0.93 0.96 0.76 0.14 0.57 0.69 0.40
Small intestine 0.71 0.78 0.85 0.67 0.11 0.60 0.92 0.19
Large intestine 0.60 0.66 0.62 0.88 0.08 0.06 0.13 0.19
Liver 1.34 1.44 1.20 1.13 0.20 0.90 0.28 0.66
Protein:DNA
Reticulum -rumen 284.6 329.3 3376 3125 424 0.82 0.67 0.41
Omasum 3229 297 267.3 3035 494 092 0.61 0.51
Abomasum 155.1 133.5 136.9 224.1 39.3 0.44 0.35 0.17
Small intestine 243.2 209.2 209.3 238.7 385 091 091 0.15
Large intestine 204.7% 206.7* 237.6° 133.6% 214 0.03 034 0.2
Liver 138.3" 154.0"° 104.2° 1859* 37.0 0.01 0.96 0.04
RNA, pg/mg tissue
Small intestine 098" 1.02> 1.10° 216° 016 <0.01 <0.01 <0.01
Liver 0.64" 0.77% 0.90¢ 0.68% 0.10 0.71 043 0.10
RNA:Protein
Small intestine 0.007° 0.008° 0.008" 0.016° 0.001 <0.01 <0.01 <0.01
Liver 0.003¥ 0.004% 0.005° 0.004¢ 0.0005 0.66 0.45 0.10

"Treatment : purebred and crossbred beef cows grazing high and low in average herbage allowances of native pastures: High-
crossbred cows (HI-CR); High-purebred cows (HI-PU); Low-crosshred cows (LO-CR); Low-purebred cows (LO-PU).*°
Means with different literals differed with P < 0.05;*Y Means with different literals differed with 0.05< P < 0.10.
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Gene expression of mitochondrial respiratory chain proteins in small intestine and
liver

The small intestine expression of NDUFB8 and COX5B mRNA was greater (P <
0.04) in HI than LO cows and a similar trend (P = 0.06) was observed in NDUFS4
MRNA (Table 4). The expression of UQCRC1 mRNA was greater (P = 0.04) and
SDHA mRNA tended (P = 0.08) to be greater in CR than PU cows (Table 4). The
MRNA expression of SDHD, CYC1, ATP5B and ATP50O in the small intestine was
not affected by HA treatment, CG or their interaction (Table 4).

Table 4. Effects of herbage allowance (HA) and cow genotype (CG) and their
interaction (HAXCG) on small intestine of gene expression encoding mitochondrial
complex proteins.

Gene' Complex® Treatment P-value
HI-PU LO-PU HI-CR LO-CR SE HA CG HAXCG
NDUFB8 [ 213% 124° 1.71® 148 021 0.04 0.68 0.13
NDUFS4 | 1.42%  0.99Y 130  0.94 0.17 0.06 062 0.83
SDHA I 1.03¥ 079 140 1.29Y 027 050 0.08 0.72
SDHD I 1.71 1.41 2.29 1.92 040 048 020 0.92
UQCRC1 1 115 126 190 150Y 021 056 004 0.25
COX5B \Y; 1.24%  0.91® 1.22° 0.77° 0.13 0.02 054 063
CYC1 \Y; 1.30 1.21 1.71 1.50 0.22 057 0.14 0.80
ATP5B \Y; 1.66 1.28 1.59 1.79 024 073 033 019
ATP50 \Y; 1.83 1.29 2.13 2.07 0.33 043 0.13 047

INDUFB8 = NADH dehydrogenase (ubiquinone) 1 beta subcomplex. 8; NDUFS4 = NADH dehydrogenase (ubiquinone) Fe-S
protein 4; SDHA = succinate dehydrogenase complex. subunit A. flavoprotein (Fp); SDHD = succinate dehydrogenase
complex. subunit D. integral membrane protein; UQCRC1 = ubiquinol-cytochrome c reductase core protein I; COX5B =
cytochrome c oxidase subunit Vb; CYC1 = cytochrome c-1; ATP5B = ATP synthase subunit beta; ATP50 = ATP synthase
subunit O. *Mitochondrial respiratory complex number belonging protein codified by the gene.3Treatment : purebred and
crossbred beef cows grazing high and low in average herbage allowances of native pastures: High-crossbred cows (HI-CR);
High-purebred cows (HI-PU); Low-crossbred cows (LO-CR); Low-purebred cows (LO-PU). ** Means with different literals
differed with P < 0.05;*Y Means with different literals differed with 0.05< P <0.10.

Hepatic expression of NDUFB8, NDUFS4 and COX5B mRNA was affected
by the interaction between HA treatment and CG (P < 0.05) due to greater (P < 0.05)
expression in LO-CR than HI-CR and LO-PU cows and intermediate in HI-PU cows
(Table 5). The expression of CYC1 mRNA was greater (P = 0.05) and ATP5B
MRNA tended (P = 0.10) to be greater in LO than HI cows (Table 5). The mRNA
expression of SDHA, SDHD, UQCRC1 and ATP50 in the liver was not affected by

HA treatment, CG or their interaction (Table 5).
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Table 5. Effects of herbage allowance (HA) and cow genotype (CG) and their
interaction (HAXCG) on hepatic gene expression encoding mitochondrial complex
proteins.

Gene' Complex” Treatment P-value
HI-PU LO-PU HI-CR LO-CR SE HA CG HAXCG
NDUFB8 [ 091® 069° 063 1.09% 0.12 040 0.62 0.01
NDUFS4 | 127 058" 0.82° 1.50° 0.20 0.97 0.27 <0.01
SDHA Il 0.69 0.39 074 075 017 043 023 032
SDHD Il 1.16 2.12 197 232 055 0.22 027 0.50
UQCRC1 I 0.76 0.47 066 096 020 098 035 017
COX5B \Y; 1.39%  0.79° 0.93*® 1.42° 0.24 0.85 073 0.04
CYC1l Y4 0.96®  1.36° 0.54° 1.31° 039 0.05 034 0.44
ATP5B \Y; 1.02¢ 184 069 1.23° 052 010 019 0.69
ATP50 \Y; 0.96 0.58 068 0.64 017 031 051 031

INDUFB8 = NADH dehydrogenase (ubiquinone) 1 beta subcomplex. 8; NDUFS4 = NADH dehydrogenase (ubiquinone) Fe-S
protein 4; SDHA = succinate dehydrogenase complex. subunit A. flavoprotein (Fp); SDHD = succinate dehydrogenase
complex. subunit D. integral membrane protein; UQCRC1 = ubiquinol-cytochrome c reductase core protein I; COX5B =
cytochrome c oxidase subunit Vb; CYC1 = cytochrome c-1; ATP5B = ATP synthase subunit beta; ATP50 = ATP synthase
subunit O. *Mitochondrial respiratory complex number belonging protein codified by the gene.3Treatment : purebred and
crossbred beef cows grazing high and low in average herbage allowances of native pastures: High-crossbred cows (HI-CR);
High-purebred cows (HI-PU); Low-crossbred cows (LO-CR); Low-purebred cows (LO-PU). ** Means with different literals
differed with P < 0.05; Y Means with different literals differed with 0.05< P <0.10.
3.5. DISCUSSION

This study evaluated long-term effects of nutrition, on weight, cellularity and gene
expression of GIT organs and liver of rangeland pure and crossbred beef cows
through controlling grazing intensity (herbage allowance) during the gestation-
lactation cycle. Results have shown that GIT organ and/or liver weight and
characteristics (cellularity indexes, expression of gene encoding for mitochondrial
respiratory chain proteins) were responsive to differences in HA (high vs. low) and

CG (pure vs. crossbred beef cows).

Absolute and relative visceral mass

Reticulum-rumen, total intestine (small and large) and liver absolute weights (kg)
were less or tended to be less in LO than HI cows in agreement with their reduced
estimated ME intake during both, the three experimental years (June 2007 to March
2010) and during the last 50 days of experiment (March to May 2010). Absolute
reticulum-rumen, small or large intestine or liver weights decreased with reduced
DM intake in growing steers (McLeod et al., 2007; Wang et al., 2009) and in feed-
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restricted (60 to 70% of energy requirements) mature ewes (Scheaffer et al., 2004)
and beef cows (Meyer et al., 2012) during mid to late gestation.

Kozloski et al. (2001) suggested that decreased DMI leads to a decreased GIT size
due to the decreased metabolic activity of the epithelial cells and decreased
contractile activity of muscle cells of the GIT. Absolute ruminal and intestinal
weights seem to be influenced by dietary fiber intake as it increased in growing
steers and lambs when increasing intake of a forage-based but not concentrate-based
diet (Sainz and Bentley, 1997; McLeod et al., 2000). In addition, liver weight
appears to respond to dietary energy-yielding nutrients and amino acids and thus
overall metabolic workload (Sainz and Bentley, 1997; McLeod et al., 2000; 2007).

Absolute reticulum-rumen and liver weights (kg) were also greater in CR than
PU cows. Ferrell and Jenkins (1985) reported that differences in maintenance energy
requirements among genotypes of beef cows were associated with the potential of
milk production, which determined differences in the mass of the liver and GIT
organs. Similarly, Baldwin et al. (2004) reported that liver size was greater in dairy
cows with higher milk production potential. Indeed, in the present study, milk
production during the last lactation (2009-2010; 140 d) was greater in CR than PU
cows (Gutiérrez et al., 2013) associated with a greater estimated ME intake (Laporta
et al., 2014). The greater milk production and energy intake of a forage-based fiber
of CR cows could have lead to an increased activity of the reticulum-rumen
(contractile and absorptive), then to a greater mass of these organs.

Contrary to previous results (Ortigues and Doreau, 1995; Hersom et al.,
2004), in the current experiment, differences in absolute reticulum-rumen, and/or
intestine weights disappeared when expressed as a proportion of EBW (g/kg EBW),
suggesting that the mass of these organs followed BW. Meyer et al. (2012) reported
that after re-feeding (above requirements) during late gestation, beef cows that were
restricted during mid-gestation presented similar absolute and proportional ruminal
and liver weight that control cows. On the other hand, Carlson et al. (2009) found
that ewe lambs that were nutrient restricted during mid-gestation then fed according
to their requirements during late gestation had less absolute ruminal and liver weight

but greater proportional liver weight than control ewes near term. In the present
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experiment, all cows were fed at maintenance or above maintenance requirements
during the last lactation (Laporta et al., 2014) and were fed to maintain BW and BCS
during the last 50 d before slaughter (from calf weaning in March 2010 to slaughter
in May 2010), which could have allowed cows to regain organ mass.

However, proportional weight of the stomach complex and omasum tended to
be less in CR than PU cows, although the latter ones presented lower estimated
energy intake and milk production. This difference due to CG was more evident in
LO grazing cows, and could suggest a greater ability of CR cows to adapt their
maintenance requirements to sparse nutritional environments. In contrast, liver
proportional weight tended to be greater in CR than PU cows which reflected the
need of nutrient processing (i.e. gluconeogenesis, oxidation, fatty acid) for milk
production as previously reported in beef and dairy cows (Ferrell and Jenkins, 1985;
Baldwin et al., 2004).

Visceral chemical composition and celluarity indexes
The chemical composition in terms of protein and lipid contents showed minor
variations. Protein content in omasum and abomasum was greater for HI-PU than
LO-PU cows while lipid concentration in the tissue structure of the reticulum-rumen
and abomasum was less for HI-PU than LO-PU cows. It has been reported that dairy
cows and goats in early lactation lost lipids from the GIT, but gained (when food
intake was increased), or at least did not lose (when feed intake remained constant),
proteins in the GIT (Ortigues and Doreau, 1995). In contrast, Drouillard et al. (1991)
observed that severe undernutrition increased the proportion of lipids in the viscera
of growing lambs, especially when dietary protein was limiting. Therefore, these
results would suggest that when forage mass and height increased in spring and cows
are able to maintain or regain body reserves lost during the negative energy balance
of winter-gestation (Laporta et al., 2014), the GIT would regain mass through protein
accretion in HI-PU or lipid accretion in LO-PU cows.

Differences in protein and lipid content in GIT organs were not evident
between CR cows in different HA treatment. However, omental/mesenteric fat
absolute weight (kg) was greater for LO-CR than HI-CR which is consistent with
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reports that showed increased abdominal fat deposition when restricted animals were
re-fed (Lim et al., 1996; Duarte et al., 2012). Taken together, these results would
indicate that long-term dynamics of protein and lipid loss and accretion in organs or
around organs of the GIT differed between PU and CR cows, depending on HA
treatment.

The DNA concentration has been used to estimate the number of organ cells
(hyperplasia), while the concentration of RNA was used as an indicator of the ability
of protein synthesis and protein:DNA and RNA:protein ratios have been used to
estimate the cell size (hypertrophy) and ribosomal capacity (indicating the in vivo
rate of synthesis of fractional tissue protein), respectively (Burrin et al., 1992; Sainz
and Bentley, 1997; Noziere et al., 1999). No differences among cow groups were
found in DNA, protein and protein:DNA ratio in the reticulum-rumen, therefore, the
greater reticulum-rumen size in HI than LO cows was due to increased cellularity as
previously have been shown in growing steers (Sainz and Bentley, 1997; Wang et al.,
2009) and dairy cows (Baldwin et al., 2004) with increased DM intake and days in
milk.

However, LO-CR cows had greater DNA content and reduced protein:DNA
ratio in the large intestine when compared with the other groups. Sainz and Bentley
(1997) indicated that the intestines maintained constant cell sizes and became larger
or smaller in response to nutrition due to changes in cell number. Results of the
present study would indicate that reduced hypertrophy (but not hyperplasia) was the
main mechanism involved in nutritional effects on reducing large intestinal mass in
LO-CR cows but not in LO-PU cows, suggesting differential adaptation mechanisms
of these genotypes in severe restricted environments. Hersom et al. (2004) reported
greater protein synthetic capacity in the duodenum of growing steers grazing a wheat
pasture to maintain a low rate of BW gain vs. to achieve a high rate of BW gain. In
agreement with these authors, LO-CR cows showed increased protein synthetic
capacity (RNA) and a fractional synthesis rate of tissue protein (RNA:protein) when
compared with LO-PU in the small intestine. This could be a strategy of the former
to compensate for the smaller size registered in both LO-CR and LO-PU cows (when

55



compared with HI cows) in order to be able to maintain the workload of this organ
associated to a greater intake in LO-CR than LO-PU cows.

Although differences among groups in hepatic DNA concentration were not
verified in this study, the greater protein:DNA ratio in the liver of LO-CR than HI-
CR cows indicated that the greater absolute (and relative) liver size of CR than PU
cows was achieved mainly by increasing cell size (hypertrophy) in LO-CR cows
while both hyperplasia and hypertrophy explained the increased liver size of HI-CR
cows. This could suggest a differential mechanism of LO-CR cows to increase liver
mass, in order to increase its workload capacity to meet its physiological demands
(i.e. gluconeogenesis for milk production), sparing the energy cost of mitosis.
Greater RNA content and RNA:protein ratio was determined in the liver of HI-CR
than HI-PU indicating a higher hepatic fractional synthesis and protein turnover,
thus, a greater metabolic activity per unit of mass. This was probably due to an
increased intake and nutrient absorption (Sainz and Bentley, 1997) in the former

when herbage mass and height allowed it.

Gene expression of mitochondrial respiratory chain proteins in small intestine and
liver

On the basis of the importance of mitochondria in cellular energy production,
Rolfe and Brand (1997) have hypothesized that differences in the mitochondrial
functional activity may contribute to the phenotypic differences observed between
animals. However, despite its potential significance, information available in this
area for cattle is scarce and has been generated in growing steers while no
information is available for beef cows in rangelands. The greater expression of
various genes encoding for respiratory chain protein complexes in the small intestine
of HI than LO cows (NDUFB8, COX5B and NDUFS4 mRNA) and of CR than PU
cows (UQCRC1 and SDHA mRNA) could be associated with the greater estimated
energy intake in these cows which, if translated to protein, could boast a higher
metabolic activity. In vivo oxygen consumption of viscera rises with increasing
intake of dietary energy (Burrin et al., 1989; Reynolds et al., 1992; Freetly and

Ferrell, 1995). Indeed, increased oxygen consumption of small intestine not only has
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been observed due to greater mass but also to greater weight-specific oxygen
consumption (Hersom et al., 2004).

In contrast to what was observed in the small intestine, in the liver an
increased expression of genes encoding for proteins of mitochondrial respiratory
complexes, particularly of genes associated to complex I, was determined in LO-CR
cows compared to other groups. Together with the greater protein:DNA ratio, this
increase in gene expression could indicate a higher metabolic activity of cells,
particularly related to protein synthesis which in turn, could suggest differential
adaptation of CR vs. PU cows in more restrictive environments.

Mitochondrial complexes are not separate entities, but assembled multiproteic
subunits, which have a great structural and functional dependence of the individual
subunits, wherein the alteration of one of them can cause partial or global
disturbance of the whole complex functionality. The electron transport chain is also a
recognized site of production of reactive oxygen species (ROS), mainly complexes |
and Il (Bottje and Carstens, 2009). Elevated ROS involve high susceptibility of the
various cellular components to oxidative damage. This increased expression of genes
encoding proteins of complex | and Il in the small intestine of HI and CR cows and
the complexes | and by the LO-CR in liver could indicate a reduction in ROS
production, therefore less severe oxidative damage with impacts on metabolic
balance and efficiency in the use of nutrients. Indeed, increased expression of several
proteins (or genes encoding for these proteins) of these respiratory complexes in
various tissues in high vs. low feed efficiency chickens (Bottje et al., 2002; Ojano-
Dirain et al., 2007) or steers (Connor et al., 2009). These results would suggest that a
substantial proportion of the greater productivity of HI vs. LO cows as well as LO-
CR vs. LO-PU cows (Gutierrez et al., 2013; Espasandin et al., 2012) could be due
differences in the regulation of gene expression of mitochondrial respiratory
complexes in GIT organs or liver. The differential regulation of genes encoding for
mitochondrial respiratory chain proteins between the small intestine and liver may
reflect that the energy expenditure pattern in an organ is associated with its specific

metabolism. However, further research is needed in this area.
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3.6. CONCLUSION

Control of grazing intensity of native grasslands through changes in HA treatment,
affected in the long-term consequences of nutrition, related to GIT organ mass,
cellularity, or gene expression of proteins thought to be important in regulating
energy utilization and efficiency, and these effects differed between PU and CR
breed cows. Results suggest that CR cows had a greater plasticity in order to adapt
their visceral mass, cellularity and or gene expression to sparse environments than

PU cows.
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4. DISCUSION GENERAL Y CONCLISIONES

El control de la intensidad de pastoreo a través del manejo de la oferta de forraje tuvo
como resultado una mejora en el aprovechamiento de la energia por parte del sistema
criador. Las vacas que pastorearon AOF y las vacas CR presentaron una mejor
respuesta productiva/reproductiva (ie.  +19% y +15% de kg de ternero
destetado/vaca entorada en AOF vs. BOF y en CR vs. PU, respectivamente;
Carriquiry et al., 2012; Soca et al., 2013b). Esta mejora se asocio a un mejor estatus
metabdlico (ej. disponibilidad de nutrientes y energia para los tejidos; Blache et al.,
2007), como resultado de un mayor consumo de energia (Articulo 2) y/o un menor
gasto de mantenimiento, que se reflejo6 en mayores reservas corporales en las vacas
AOF como en vacas CR (mayor BCS; Articulo 1). El presente trabajo identifica el
efecto del control de la intensidad de pastoreo del campo nativo, a través del manejo
de la oferta de forraje, sobre caracteristicas asociadas al requerimiento de
mantenimiento (composicion corporal y de la masa, celularidad, composicion y
expresion de genes que codifican proteinas mitocondriales en las visceras del TGI e
higado) de vacas PU y CR, sugiriendo que existen mecanismos diferenciales de
adaptacion de los distintos genotipos a las distintas ofertas de forraje que podrian

explicar las diferencias productivas en la produccién global del sistema criador.

4.1. EFECTO DE LA OFERTA DE FORRAIJE
Las vacas en AOF presentaron o tendieron a presentar mayor PV y CC que las vacas
en BOF, lo cual estuvo asociado a un contenido de grasa tanto en términos absolutos
(masa corporal, kg) como relativos (g/kg PCV) (Articulo 1). De manera similar,
resultados previos (NRC, 1996; Houghton et al., 1990a; 1990b) reportan que una
mejora en la alimentacion o en la CC de vacas de carne se refleja en un mayor
contenido de grasa corporal. Sin embargo, a pesar del mayor contenido de grasa
corporal total, al momento del sacrificio (otofio, 45 dias postdestete), las vacas en
AOF presentaron una menor deposicion de grasa asociada a las visceras del TGl
(menor concentracion de lipidos del reticulo-rumen y abomaso en vacas AOF-PU

que en vacas BOF-PU y menor peso de grasa omental/mesentérica (kg) en vacas
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AOF-CR que vacas BOF-CR; Articulo 2). Esta mayor deposicion de grasa abdominal
ha sido reportada previamente (Lim et al., 1996; Duarte et al., 2012) durante la re-
alimentacion de animales previamente restringidos en su consumo de energia (ej.
BEN invernal).

Durante la gestacion invernal (150-240 dias de gestacion), tanto las vacas en
AOF como vacas en BOF perdieron PV (17-18 = 5 kg) y CC (0.5 £ 0.1 unidades),
con disminucién de la masa de agua, proteina y grasa corporal (Articulo 1). A su vez,
el contenido relativo de agua corporal se incrementd durante este periodo tanto en
vacas en AOF comoen vacas en BOF, indicando una retencion de agua a nivel
corporal, en detrimento de una mayor pérdida relativa de proteinas y grasa y por lo
tanto de un mayor contenido energético por unidad de peso movilizado que retenido
(Articulo 1). Se ha reportado en varias especies que una de las adaptaciones
fisioldgicas del organismo materno durante la gestacion es una mayor hidratacion
de los tejidos y un aumento del volumen sanguineo y liquido extracelular (Foot,
1969; Degan y Young, 1980). Sin embargo, no se evidenciaron cambios en el
contenido de proteinas y grasa por unidad de peso retenido (g/kg PCV), indicando
que la composicion del peso movilizado durante el periodo de balance energético
negativo (BEN) de invierno no difiri6 entre vacas en AOF y vacas en BOF (Articulo
1).

A su vez, el mayor PV (y PCV) de las vacas en AOF al sacrificio se
acompafié de una mayor masa de reticulo-rumen, intestinos (intestino delgado +
grueso) e higado (Articulo 2). Investigaciones previas en novillos (McLeod et al.,
2007; Wang et al., 2009) y vacas de carne (Meyer et al., 2012) reportan un aumento
del tamafio del TGI con el aumento de la ingesta de alimento. Kozloski et al. (2001)
sugiere que el aumento de la ingesta conduce a un aumento de la actividad
metabolica de las células epiteliales y de la actividad contractil de las células
musculares del TGI, determinando aumento de la masa del TGI. Asimismo, la masa
hepética parece responder a la cantidad de nutrientes en la dieta y por lo tanto a la
carga de trabajo metabolico general (Sainz y Bentley, 1997; McLeod y Baldwin,
2000; McLeod et al., 2007). Sin embargo, en contraste con resultados previos

(Ortigues y Doreau, 1995; Hersom et al., 2004), las diferencias en masa de reticulo-
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rumen, intestinos e higado desaparecieron cuando Se expresaron cCOmo una
proporcion del PCV (g/kg PCV), lo que sugiere que la masa de estos drganos
acompario las variaciones en el PV de los animales (Articulo 2).

En acuerdo con resultados previos en novillos (Sainz y Bentley, 1997) y
vacas lecheras (Baldwin et al., 2004), el incremento en la masa de reticulo-rumen e
intestino delgado en vacas en AOF se debiod principalmente a un incremento en la
celularidad de los mismos (combinacion de hiperplasia e hipertrofia), ya que no se
encontraron diferencias en el contenido de ADN ni en la relacion proteina:ADN de
éstos organos entre vacas en AOF y vacas en BOF (Articulo 2). Sin embargo, el
analisis de éstos indices de celularidad en el intestino grueso e higado muestra una
interaccion entre la OF y el GG, siendo diferentes en vacas CR y vacas PU en AOF y
BOF (ver mas abajo). A su vez, la interaccion entre OF y GG, afectd también el
contenido de ARN Yy la relaciébn ARN:proteina del intestino delgado e higado que
indican la capacidad y tasa fraccional de sintesis proteica diferenciandose entre vacas
CR yPU y en vacas en AOF y BOF (ver mas abajo) .

Existe evidencia que la expresion de genes (o proteinas) de los complejos
mitocondriales, principalmente complejos | y Ill, en varios tejidos afectan la
eficiencia alimenticia de los animales (a mayor expresion, mayor eficiencia; Kolath
et al. 2006; Connor et al. 2009). Estos resultados se han asociado a produccion de
especies reactivas de oxigeno (ROS), que ocurre también en cadena de transporte de
electrones (Bottje y Carstens, 2009), cuya elevada produccion aumenta la
susceptibilidad de los diversos componentes celulares al dafio oxidativo. La
expresion de genes que codifican para el complejo | de la cadena respiratoria en el
intestino delgado fueron mayores en vacas en AOF que en vacas en BOF (ARNm de
NDUFB8 y NDUFS4). Sin embargo, la expresion de estos genes en higado fue
afectada por la interaccion entre OF y GG, difiriendo entre vacas BOF-CR y vacas
AOF-CR y entre vacas BOF-CR y vacas BOF-PU (ver debajo).

Tomando estos resultados en su conjunto, la mayor productividad de las
vacas pastoreando AOF frente a vacas pastoreando BOF podria, entre otros factores,
ser explicado por:

1) las mayores reservas corporales en términos de masa lipidica pero no proteica
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que determinaria una mayor disponibilidad de sustratos energéticos en
periodos de BEN (Houghton et al., 1990a) sin incrementar el requerimiento
de mantenimento (masa proteica total similar entre vacas en AOF y vacas en
BOF (Agnew y Yan, 2000); peso relativo de los 6rganos del TGI e higado
similar entre vacas en AOF y vacas en BOF)

2) la menor deposicion de grasa visceral (menor resitencia a la insulina con
impactos positivos en productividad, salud y fertilidad; Sinclair, 2010)

3) la mayor expresion de genes que codifican para las proteinas mitocondriales
del complejo | en intestino delgado, que permitiria una menor produccién de
ROS, impactando sobre el equilibrio metabdlico y la eficiencia en el uso de

los nutrientes (Connor et al., 2009).

4.2. EFECTO DEL GENOTIPO DE LA VACA DE CRIA (HETEROSIS) Y SU
INTERACCION CON LA OFERTA DE FORRAJE
Las vacas CR presentaron mayor PV y CC que las vacas PU, asociados a una mayor
masa corporal de agua, proteinas y grasa en términos absolutos y a un mayor
contenido relativo de agua y proteinas (pero no de lipidos) en las vacas CR en
comparacién con vacas PU (Articulo 1). En acuerdo con el mayor contenido proteico
de las vacas CR, se han reportado efectos de la heterosis sobre el peso de la canal
(Espasandin et al., 2006), la proporcion muscular y el area del musculo longissimus
(Long, 1980; Marshall, 1994) entre razas britanicas puras y sus cruzas reciprocas F1.
Durante la gestacion invernal (150-240 dias de gestacion), tanto las vacas CR
como vacas PU perdieron PV y CC disminuyendo la masa corporal de agua, lipidos
y proteina corporal. Sin embargo, la composicion por unidad de peso retenido (o
movilizado) durante la gestacion invernal difirio entre vacas CR y vacas PU
(Articulo 1). Si bien la cantidad de agua por unidad de peso se incrementd durante
este periodo en todas las vacas, las vacas PU movilizaron fundamentalmente grasa
mientras que las vacas CR movilizaron grasa y proteina en relacion a su composicion
corporal. La movilizacidn de grasa en vacas gestantes cuando el consumo no cumple
con sus requerimientos es una estrategia de los animales para cubir el déficit de

energia. Aunque el feto no es capaz de utilizar los sustratos lipidicos movilizados,
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éstos aseguran una menor utilizacion de glucosa (y aminoacidos) por parte de los
tejidos maternales, lo que permite que se prioricen estos nutrientes para el
crecimiento fetal (Bell, 1995). Esta movilizacién de lipidos durante el BEN invernal
ocurre tanto en vacas CR y vacas PU, sin embargo, el punto diferencial entre ambos
GG es la movilizacion de masa proteica que ocurre fundamentalmente en las CR y
que indicaria una adaptacion diferencial entre GG. van der Drift, et al. (2012)
demostraron en vacas lecheras, que el grado de movilizacion proteica durante el BEN
durante la transicion esta directamente asociado al espesor muscular. Entonces, con
estos resultados, las vacas CR presentaron mayor masa proteica a los 150 dias de
gestacion (comienzo del invierno). Los mecanismos involucrados en la movilizacion
proteica no estan tan profundamente estudiados pero se ha sugerido que bajas
concentraciones de insulina, asi como deficiencias de aminoacidos especificos
favoreceria la movilizacion proteica (Tesseraud et al., 2007, van del Drift et al.,
2012). En este experimento, las vacas CR durante los dias 150 a 240 de gestacion
presentaron una mayor caida en las concentraciones de insulina (Laporta et al.,
2014) durante el periodo de invierno cuando la concentracion de proteina cruda del
fooajr en baja. Esta movilizacion de proteinas puede impactar posteriormente en la
salud animal (ie. reducir cetogénesis por aumento de precursores neoglucogénicos) y
a su vez reducir los costos de mantenimiento ya que se ha indicado que el costo de
metabolismo basal depende méas de la masa proteica corporal que del PV o peso
metabolico (Agnew y Yan, 2000).

El mayor PV (y PCV) de las vacas CR que vacas PU al sacrificio se
acompafié de una mayor masa de reticulo - rumen e higado (kg) (Articulo 2) Se ha
informado que diferencias en los requerimientos de energia de mantenimiento entre
genotipos de vacas de carne (Ferrell y Jenkins, 1985) y vacas de leche (Baldwin et
al.,, 2004) se asociaron al potencial de produccion de leche, que determina
diferencias en la masa de los 6rganos TGl e higado. En efecto, en el presente
experimento, la produccion de leche durante la Gltima lactacion (120 d) fue mayor en
vacas CR que PU (Gutiérrez et al., 2013). Sin embargo, cuando los pesos de éstos
Organos se expresaron como proporcion del PCV (peso relativo; g/kg PCV), el peso

relativo del complejo estomacal tendié a ser menor en vacas CR que vacas PU
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debido a una tendencia de las primeras a presentar menor peso relativo del omaso
pero el peso relativo del higado tendié a ser mayor en vacas CR que vacas PU
(Articulo 2). Es asi que el peso relativo del total de érganos del TGI e higado no
difirid entre vacas CR y vacas PU, compensandose el mayor peso relativo del higado
con un menor peso relativo de omaso en vacas CR. Esto sugeriria una mayor
capacidad de vacas CR para adaptar sus requerimientos de mantenimiento para
ambientes nutricionales diversos.

De manera similar a los ocurrido en vacas pastoreando AOF, el incremento en
la masa de reticulo-rumen e intestino delgado en vacas CR se debi6 principalmente a
un incremento en la celularidad de lo mismo (combinacién de hiperplasia e
hipertrofia), ya que no se encontraron diferencias en el contenido de ADN ni en la
relacién proteina:ADN de estos 6érganos entre vacas en AOF y vacas en BOF
(Articulo 2). Asimismo la disminucion de la masa relativa del omaso, estuvo
explicada por una disminucién tanto en la hiperplasia como en la hiptertrofia. Sin
embargo, el contenido de ADN fue mayor y la relacion proteina:ADN fue menor en
el intestino grueso de las vacas BOF-CR en comparacion con los otros grupos. Sainz
y Bentley (1997) indicaron que los intestinos mantienen constantes el tamafio de las
células y varian su masa en respuesta a la nutricion debido a los cambios en el
nimero de células. Los resultados del presente estudio indicarian que la menor
hipertrofia (pero no hiperplasia) fue el principal mecanismo implicado en los efectos
de una nutricion restringida sobre la reduccion de la masa intestinal en las vacas
BOF-CR pero no en las vacas BOF-PU, lo que sugiere mecanismos de adaptacion
diferenciales de las vacas CR y vacas PU en ambientes con alimentacion restringida.

A su vez, si bien no se evidenciaron cambios en la concentracion hepatica de
ADN, la mayor relacion proteina:ADN en el higado de vacas BOF-CR que vacas
AOF-CR indicaria que el mayor tamafio del higado de vacas CR seria principalmente
debido a un aumento del tamafio de las células (hipertrofia) en vacas BOF-CR,
mientras que en vacas AOF-CR estaria dado por mayor hiperplasia e hipertrofia. Esto
podria sugerir un mecanismo diferencial de vacas BOF-CR para aumentar la masa
del higado, con el fin de aumentar su capacidad de carga de trabajo para satisfacer

sus demandas fisioldgicas (ie. la gluconeogénesis para la produccion de la leche),
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ahorrando el costo de energia de la mitosis. Asimismo, el contenido de ARN y la
relacion ARN:proteina que indican la capacidad y tasa fraccional de sintesis proteica
en el intestino delgado fue mayor en vacas BOF-CR que vacas AOF-CR y que en
vacas BOF-PU. Esto indicaria una estrategia de las vacas CR en BOF (pero no de las
PU) para compensar, en términos de sintesis proteica, la reduccion en el tamafio de
este drgano frente a las vacas en AOF. A su vez, el mayor contenido de ARN vy
ARN:proteina en el higado de vacas AOF-CR que en vacas AOF-PU, indicaria una
mayor sintesis hepética y recambio de proteinas, por lo tanto, una mayor actividad
metabdlica por unidad de masa asociado probablemente a la mayor ingesta y
absorcion de nutrientes (Sainz y Bentley, 1997) asi como al mayor trabajo
metabolico (ie. gluconeogénesis) debido a la mayor produccion de leche ( Gutiérrez
etal., 2013).

La expresion de genes que codifican para proteinas del complejo | de la
cadena respiratoria no difirid en el intestino delgado de vacas CR y vacas PU pero las
vacas CR presentaron una mayor expresion de ARNm de UQCRC1 (complejo 11I)
que las vacas PU, lo que podria estar asociado con una mayor eficiencia alimenticia
de las primeras. En contraste, en el higado la expresion de genes que codifican para
las proteinas del complejo | de la cadena respiratoria fue mayor en vacas BOF-CR
que en vacas AOF-CR y que en vacas BOF-PU, lo que sugeriria una reduccién en la
produccién de ROS, por lo tanto, un menor dafio oxidativo, y un posible aumento en
la eficiencia en el uso de los nutrientes.

Tomando estos resultados en su conjunto, la mayor productividad de las
vacas CR frente a las vacas PU podria, entre otros factores, ser explicada por:

1) las mayores reservas corporales, en términos tanto de masa lipidica como
proteica, que permitiria en periodos de BEN una movilizacion mayor de la
masa proteica que junto con la movilizacién de grasa permitirian aumentar la
disponibilidad de sustratos no solo para ser usados como fuente de energia
sino también como precursores glucogénicos (Houghton et al., 1990a; 1990b;
van der Drift et al., 2012). Esta movilizacion de la masa proteica durante el
BEN les permitiria a las vacas CR reducir requerimiento de mantenimento

(masa proteica total similar entre vacas CR y vacas PU al fin del invierno,
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2)

3)

Agnew y Yan, 2000) y contar con ventajas metabdlicas (van der Drift et al.,
2012)

la capacidad de compensar el mayor peso relativo del higado (asociado a una
mayor produccion de leche; Montafio-Bermudez et al., 1990) con un menor
peso relativo de omaso en vacas CR, determinando que el peso relativo del
total de érganos del TGI e higado no difiera entre vacas CR y vacas PU.

la mayor expresion de genes que codifican para las proteinas mitocondriales
del complejo Il en intestino delgado, que permitiria una menor produccion
de ROS, impactando sobre el equilibrio metabodlico y la eficiencia en el uso
de los nutrientes (Sandelin et al., 2005; Connor et al., 2009).

A su vez las vacas CR pastoreando BOF presentaron algunas estrategias

diferenciales asociadas a la mayor productividad de estos animales frente a las

vacas PU en ambientes restrictivos:

1)

2)

3)

un mayor ahorro en el costo energético de mitosis asociado al aumento del
tamafo del higado (debido a la demanda metabolica) frente a las vacas AOF-
CR (Sainz y Bentley, 1997)

una mayor capacidad de compensacion, en términos de sintesis proteica, la
reduccion en el tamafio del intestino delgado (frente a las vacas en AOF) que
las vacas BOF-PU

una mayor expresion de genes que codifican para las proteinas del complejo |
de la cadena respiratoria en el higado que en vacas AOF-CR y que en vacas
BOF-PU que sugeriria una reduccion en la produccion de ROS impactando
positivamente sobre la eficiencia en el uso de los nutrientes (Connor et al.,
2009).

4.3. CONCLUSIONES

El control de la intensidad de pastoreo a través del manejo de la OF del campo nativo
tuvo consecuencias en el largo plazo en relacion a factores que regulan eficiencia de
la utilizacion de la energia como lo son el contenido de grasa y proteina corporal y su
movilizacion, en el tamafio y masa de los érganos del TGI y/o la expresion de genes
que codifican para proteinas de la cadena de transporte mitocondrial. Y estas
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diferencias a su vez varian de acuerdo al GG de las vacas, dado que las vacas CR
obtuvieron los mejores resultados tanto vacas en AOF y vacas en BOF de forraje.
Los resultados sugieren que las vacas CR tienen una mayor plasticidad con el fin de

adaptarse a entornos mas escasos que las vacas PU.
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6. ANEXOS

ANEXO 1. Composicion corporal y técnica de dilucién de la urea.

La medicion de la composicién corporal real se basa en el analisis quimico directo de
los 6rganos y tejidos del cuerpo del animal, estos son muy exactos pero no se pueden
aplicar en el animal vivo. Por ello se desarrollaron distintos métodos para su
estimacion indirecta como los métodos de dilucion, de ultrasonografia, y mediciones
corporales. EI método de dilucion se basa en dos conceptos fundamentales la
composicion quimica del cuerpo del animal esta en relacion a su contenido de agua
(Moulton, 1923) y el agua del cuerpo se puede medir utilizando un marcador
quimico (6xido de deuterio, agua tritiada o urea entre otros). Es asi que, la estimacion
del contenido de agua corporal puede ser utilizado para predecir la grasa y las
proteinas corporales y por consiguiente, la composicién corporal (Panaretto y Till,
1963). En particular, la técnica de dilucion de la urea (TDU; Kock y Preston, 1979)
implica la infusion en la sangre de los animales a estudiar, una cantidad conocida de
urea, determinando in vivo el espacio urea (EUL) definido como el volumen (litros)
de liquido necesario para que la solucion total de urea se encuentre en el cuerpo a
una concentracién igual que la determinada en sangre. Partiendo del supuesto que el
EUL esta relacionado con la proporcion de agua en cuerpo vacio, y que el agua en el
cuerpo se espera que muestre una fuerte relacion positiva con el tejido magro y una
relacion inversa con la de la grasa corporal, las mediciones del EUL pueden
utilizarse como predictores para la estimacion de la composicién corporal en el
ganado. Otra forma de expresion es el espacio urea (EU) como porcentaje del PV del
animal.

La prediccion de la composicion corporal mediante esta técnica ha
demostrado buenas correlaciones respecto con la composicion quimica real del
animal en animales en crecimiento (Hammond et al., 1988; Rule et al., 1986) en
vacas de cria (Kock y Preston, 1979) y en vacas de leche (Agnew et al., 2005)
especialmente si el EU se combina con datos de PV, condicion corporal y otras

variables productivas.
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ANEXO 2: Table S1. Primers used for real time RT-PCR quantification.

Gene! Accession# Primer sequence® Length(bp) Ag?fli'g:zzyn
ACTB  BT030480 F CGTGGC TACAGCTTCA CC 53 2.00
R GAA ATCGTCCGTGACATCAA
ATP5B  NM_175796 F CCCTCAAGGAGACCATCAAA 112 2.00
R GCTTTTGCCACAGCTTCTTC
ATP50 NM_1742441 F CCTCTCACGTCCAACCTGAT 131 2.00
R GCAGTGGTAACTGTGCATGG
COX5B NM_001034046.2 F CTGGGCTAGAGAGGGAGGTC 120 1.98
R TGGTGATGGAGGGGACTAAA
CYC1  NM_001038090.2 F ATGAAGCGGCATAAGTGGTC 85 2.00
R AGCAAACAGACACCGGGTAG
HPRT  XM_580802 F TGGAGAAGGTGTTTATTCCTCATG 105 1.98
R CACAGAGGGCCACAATGTGA
NDUF8 NM_175826.4 F CTATCCGAAACTGCCTGACC 250 2.00
R AAGCCGAAGAGGTGCTTACA
NDUFS4 NM_175800.2 F CGCAATAACATGCAGTCTGG 124 1.89
R CCAGGTTGGATAAGGGATCA
RSP9 NM_001101152.2 F CCT CGA CCA AGA GCT GAA G 63 1.87
R CCTCCAGACCTCACGTTTGTTC

SDHA NM_1741782 F ACATGCAGAAGTCGATGCAG 155 2.00
R GGTCTCCACCAGGTCAGTGT

SDHD  NM_174179.2 F TTTGGCTAGGATGGATGGAG 92 2.00
R ACTGAACAGAGGGGGAGGTT

UQCRC1 NM_174629.2 F CAGTCTTCCCAGCCTACCTG 105 1.87

R AGCCAGATGCTCCACAAAGT

IACTB = R-actin; ATP5B = ATP synthase subunit beta; ATP50 = ATP synthase subunit O; COX5B = cytochrome ¢ oxidase
subunit Vb; CYC1 = cytochrome c-1; HPRT1= hypoxanthine phosphoribosyl transferase; NDUFB8 = NADH dehydrogenase
(ubiquinone) 1 beta subcomplex, 8; NDUFS4 = NADH dehydrogenase (ubiquinone) Fe-S protein 4; RSP9 = ribosomal protein
S9; SDHA = succinate dehydrogenase complex, subunit A, flavoprotein (Fp); SDHD = succinate dehydrogenase complex,
subunit D, integral membrane protein; UQCRC1 = ubiquinol-cytochrome ¢ reductase core protein I. ?Gene bank sequences. *F
= foreword; R = reverse.
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